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Foreword
The Environment Protection Authority acknowledges
the responsibility entrusted to it by the parliament and
people of South Australia to periodically assess and report
on the condition of the state’s environment. We hope
that, in presenting this sixth state of the environment
report for South Australia, we will continue to improve
understanding of the key environmental issues we face,
and through greater knowledge, reduce the risks to a
sustainable South Australia.
The context within which state of the environment
reports have been produced since first published about
25 years ago has seen major changes. This, the most
recent report on the environment of South Australia,
looks back over a period in which the effects of a
changing climate became more pronounced, including
in the form of unseasonal and extreme weather events.
It is a period in which concern about the resilience of
our natural environment to the many pressures it faced
reached new heights.
The South Australian environment is in a moderate and
finely balanced state, and there is much work to do to be
able to report even a steady condition in five years’ time.
The impacts on the state of our natural assets are
mainly the result of the collective decisions and
behaviour of people — yet it is we humans who stand
to lose most from a degraded and dysfunctional
natural environment. Perhaps this disjunction reflects
weaknesses in the availability, accessibility and
communication of environmental information. For
this reason, at the same time as releasing the 2013

state of the environment report, the Environment
Protection Authority is also releasing a plan to improve
future state of the environment reporting. The plan
includes a recommendation for a whole-of-government
environmental information plan to fill important gaps in
environmental knowledge, and to coordinate, integrate,
better use and share the many sources of environmental
information available within and outside government.
This report would not have been possible without the
contributions of many people in a number of government
departments and the input of expert peer reviewers, and
we express our thanks and appreciation to all for their
valuable effort.
We trust that this report will prove to be a valuable
resource for policymakers, natural resource managers,
students and all other custodians of our state’s
natural assets.

Dr Campbell Gemmell
Chief Executive

Ms Mia Hanshin
Presiding Member
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Summary
Bushfires, storms, floods and extreme temperatures are
tangible and often traumatic events that remind us of the
close interrelationship between people and the natural
environment. There are also less visible but important
changes in the environment that escape attention
because they develop over a long time or because they
occur in remote areas, under the ground, in water, out in
the ocean or up in the atmosphere. Some environmental
changes may be overlooked because of inadequate data,
and their significance may only become clear with the
collection of long-term information.

such as further decline of already poor biodiversity,
increased use of natural resources, increased average
temperatures, increased development and industrial
activity in sensitive areas such as the coastal zone,
increased use of private motor vehicles, reduced water
flows for the natural environment from the River Murray,
and changes in the acidity, salinity and temperature of the
marine environment.

Because of the strong relationships between the natural
environment, human wellbeing and economic progress, it
is important to have good information about the health of
our natural resources and trends in environmental quality.
One important source of environmental information for
government, business and the community is the state of
the environment report produced by the Environment
Protection Authority at least every five years, under
the Environment Protection Act 1993. These reports
assess the condition of South Australian environmental
resources, identify significant trends in environmental
quality, and review the effects of programs and activities
by public authorities to protect, restore and improve
the environment.

The report’s assessments have been prepared based on
the driving forces, pressures, state, impact, response,
outlook (DPSIRO) reporting framework (see Figure 6
in the Introduction). In this framework the state of the
environment (S) is the result of specific drivers (D) and
pressures (P), which impact (I) on the environment.
The response (R) represents the policies, programs and
projects of government agencies to improve or maintain
the state, while the outlook (O) considers what is
expected to happen to the environment into the future.

The 2013 report reveals mixed results in the condition
of the state’s natural assets and trends in environmental
quality over the last five years. There is good news—such
as sustained growth in generation of renewable energy,
more efficient use of water and electricity, and continued
increases in recycling. There is also cause for concern—

Reporting approach

The report examines what is happening overall in South
Australia, and in the key themes of people and places,
climate change, water, biodiversity, and the coastal and
marine environment.

Opposite page: Port Adelaide, 1846
State Library of South Australia B15276/7
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Driving forces and pressures

Impacts

Many of the drivers and pressures of environmental
change in South Australia are similar to those for other
Australian states and territories, and for many other parts
of the world, with some variation in scale and intensity.
Many significant environmental trends are the result of
global socio-economic and environmental drivers and
pressures (also called mega-trends), such as:
• a growing and ageing population that is highly
urbanised and more affluent and in which the average
person consumes more, releases more carbon and
wastes more resources than previous generations; on
average, Australians consume more than most other
peoples in the world
• a global economic system that relies on exponential
growth in production and consumption of many
products that are reliant on scarce or non-renewable
natural resources and that are often produced by
industries with large environmental impacts, including
high water and energy use, and harmful emissions
• historic and current human activities such as largescale land clearing, contamination of land and
introduction of pest plants and animals
• rapid technological change and innovation with
profound effects on production systems and
consumerism
• global climate systems (the Southern Oscillation
system and related La Niña and El Niño events) and
their impact on species, ecosystems and natural cycles
• global climate change; the concentration of carbon
dioxide in the atmosphere is higher than it has been
for at least 800 000 years (397 parts per million—25%
higher than 1960) and the global warming effect is
profoundly changing our climate.

The expected impacts of these forces and pressures
include:
• loss of species, ecosystems and biodiversity
• pollution and degradation of air, land and water
• increase in volume and diversity of waste products
• increase in extreme weather events and escalation of
damage from floods and bushfires
• pressures on food supply
• unsustainable use of natural resources, including
mineral and energy resources, and on waste
management and minimisation generally
• pressures on freshwater supplies, including predicted
declines in stream flow.

All of these mega-trends are well established and are
expected to persist for at least the next few decades
(Australian Academy of Science 2012), if there are no
dramatic interventions or culture changes.
In addition to these global drivers, environmental quality
in South Australia is also affected by more local pressures,
as discussed in individual chapters in the report. For
example, water quality is affected by dryland salinity, loss
of riparian vegetation, intensive agricultural practices, soil
and stream bank erosion, sedimentation, changes in land
use and pollution.

Given the scale and persistence of key drivers and
pressures such as a growing population and a growing
economy, the only feasible approach for mitigating some
of the identified impacts is to ‘decouple’ the drivers from
the impacts. For example, the pressures on water supplies
can be reduced by increasing water efficiency, especially
in agriculture and industry; increased resource use can be
offset by recycling; and the carbon production associated
with increased energy needs can be reduced through the
use of renewable energy sources.
In addition, some pressures will resolve naturally—for
example, through depletion of non-renewable resources,
including coal, even if at significant impacts and costs.

State and condition
The following is a summary of the condition of
environmental resources and significant trends in
environmental quality in South Australia by theme—
people and places, climate change, water, biodiversity,
and the coastal and marine environment.

People and places
Population and economic growth have major impacts
on the environment, particularly in urban areas.
South Australia’s population increased by 4.5% (about
70 000 people) between 2006 and 2011—the largest
increase since the early 1970s (ABS 2012). The economy
also continued to grow, fuelled by exports of food
and minerals. Nearly 40% of South Australia’s exports
are agricultural products reliant on healthy soils and
adequate water. Growth (in average annual gross state
product between 2002–03 and 2011–12) was highest in
agriculture, forestry and fishing (more than 8% in

xi

Summary
Gum trees lining Norton Summit Road
Barbara Hardy Institute

Summary

xii

comparison with the average of 2.5%), and third highest
in mining (6%) (Government of South Australia 2013a).
Mineral exports contribute significantly to greenhouse gas
emissions, and mineral extraction and processing rely on
large amounts of water.
The historical trend of urban sprawl (typically onto
productive land) has been arrested to some degree by an
increase in infill development and legislation to protect
agricultural land in the Barossa and McLaren Vale regions.
This trend is expected to increase with the government’s
new policy for a more sustainable, compact urban design
based on higher density development (Government of
South Australia 2010).
The new policy also focuses on efficient transport.
Currently, South Australia has low public transport
use and high and growing private car use, which
contributes to air pollution and noise. It is expected
that the government’s investment in public transport
infrastructure and compact urban design will reduce the
walking distance to schools, work, shops and services.
This should see a reduction in private car use and an
increase in public transport. The increasing number of
people cycling to and from the city is a positive trend
which is expected to continue with the assistance
of active promotion and improvement of cycling
infrastructure, including Bikedirect (Government of South
Australia 2013b).
The number of households and residential dwellings
increased more rapidly than population growth over
the past five years, with the trend expected to continue
with an ageing population and smaller household size
(ABS 2012). These trends affect planning for waste
management and other services.
The volume of waste generated has increased per person
(up 50% since 2003–04) and in total (up 62% since
2003–04) (EPHC 2010). This has been offset to some
degree by increases in recycling; 75% of South Australian
waste is now recycled.
In general, air quality has improved, in spite of an
increase in emissions reported under the National
Pollutant Inventory and an increase in the number of
activities of environmental significance licensed under
the Environment Protection Act 1993. There had been a
decreasing trend in significant air pollutants including
nitrogen dioxide and particulate matter, with some
exceptions in specific locations (EPA 2013).

Climate change
Atmospheric concentrations of greenhouse gases
continued to increase. Australia accounts for about 0.33%
of the world’s population but produces 1.35% of the
world’s carbon dioxide emissions—four times the global
average. In South Australia, emissions per person and
emissions per unit of gross state product have decreased
over the reporting period (2006–07 to 2011–12), but
remain high in comparison with the world average
and other Organisation for Economic Cooperation and
Development countries (Garnaut 2008).
Energy production is still the dominant source of state
emissions (74%) but renewable energy production and
use has increased. Wind energy is now contributing nearly
30% of electricity production in South Australia—on
schedule to meet the South Australian Government’s
target to generate 33% of its electricity needs from
renewable sources by 2020 (Government of South
Australia 2011).
Wide-ranging effects of climate change are already being
seen, and more challenging changes are expected.
Global average temperatures rose by just over 0.7 °C in
the 100 years from 1910 to 2009. The reporting period
included the warmest year on record, with further
increases in average and extreme temperatures expected.
There has been a clear decline in average rainfall in
southern Australia since 1970, which has been linked
to rising temperatures; this drying trend is likely to
persist. We are also seeing increased climate variability,
demonstrated by the fact that the reporting period
included the third and fifth wettest years on record, in
spite of the long-term declining rainfall trend (BoM 2011).
This variability and decline have obvious implications
for future water supplies and agriculture. The Adelaide
desalination plant will significantly reduce the risks of
future variability in water supply.
Increased climate variability is also leading to increased
frequency and severity of extreme weather events such
as heatwaves (BoM 2011). In addition to the effects of
high maximum temperatures, high minimum (overnight)
temperatures during heatwaves have been found to affect
the ability of people and other species to recover from
heat stress. Adelaide recorded its hottest night in January
2009 and this was linked to a steep increase in mortality
from heart disease.

Water

Since the previous state of the environment report in
2008, total and per person water use decreased with
water restrictions and more efficient use. Increase in
rainfall together with increased flows in the River Murray
made more water available, and groundwater levels
increased. Of the state’s 67 water management areas,
35 areas were managed within sustainable limits in 2012,
25 areas were partially within sustainable limits and
7 areas were not within sustainable limits (Government of
South Australia 2012).
Agriculture remains the largest consumer of the state’s
water. The diversity of water sources has increased,
including wastewater recycling, stormwater reuse and
desalination. South Australia has the highest percentage
of households with rainwater tanks in Australia
(ABS 2010).
Long-term planning and knowledge of water resources
have improved with the South Australian Government’s
Water for Good plan and establishment of the Goyder
Institute for Water Research. A program for monitoring
and assessing the ecological condition of rivers, lakes and
coastal waters was put in place. This program found that
the quality of aquatic ecosystems is variable, with 50%
of the sites assessed between 2008 and 2011 rated as
poor to very poor, only 9% as good or very good, and the
remaining 41% as fair (EPA 2012).
Salinity levels in the main channel of the River Murray
are stable and those in Lake Albert are lower than were
recorded in the previous state of the environment report.
Ephemeral water courses and wetlands in agricultural and
pastoral areas responded well to above-average rainfall
in 2010–11 (EPA 2012). Anecdotal information suggests
a number of community supplies in arid regions are
becoming increasingly saline, with decreasing levels in
some bores.

Biodiversity
South Australia has many important and endemic species.
Biodiversity is critical to human life, helping to regulate
air and water quality, control erosion and pests, pollinate
plants, and contribute resources for food, fibre, fuel and
medicines.
The state’s biodiversity has been greatly altered and
affected by historic human activities, including large-

The trend in status of 20 indicator species is variable
to positive (SASP Audit Committee 2012) and there has
been an increase in the number of recovery plans and
actions. However, the status of threatened species and
ecological communities remains poor and is declining,
with the number of threatened species and ecological
communities increasing (EPBC Act 2012). Good progress
has been made with trials by the Wentworth Group
of Concerned Scientists to develop regionally based
environmental accounts in 56 regions across Australia,
including one on the Eyre Peninsula in South Australia.
The trials include standards for more consistent longterm measurement of changes in the condition of
environmental assets (Wentworth 2008).
There has been an increase in the number, distribution
and abundance of most pest plants, animals and diseases,
with nine confirmed detections of new weeds and pest
animals since 2008 (Biosecurity SA 2013).
The changing climate is impacting biodiversity by
affecting gene pools, species ranges, biological patterns
and ecosystem dynamics, such as increased acidity and
temperature of the ocean and changes in major currents
(Hughes et al. 2010). Climate change is likely to magnify
the effects of existing pressures on biodiversity—for
example, the influence of climate change on newly
arrived pests and diseases has the potential to create
greater and more widespread problems.

Coastal and marine environment
The coast, estuaries and adjacent marine waters are a
unique part of the South Australian environment. Over
90% of South Australians live within 50 kilometres of
the coast (ABS 2002), and many commercial, industrial
and recreational activities rely on coastal and marine
resources.
The coast and adjacent marine waters are subject to
a diverse range of pressures including pollution from
wastewater and stormwater, physical development
(residential, marinas, ports), commercial and recreational
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South Australia’s water resources and trends in water
quantity and quality are critical issues for the state’s
future, particularly given the changes in rainfall expected
as climate change progresses.

scale clearance of vegetation for settlement and
farming. Remaining native vegetation is in fair to
moderate condition but declining. Less revegetation was
undertaken during this reporting period than the previous
one and illegal clearing increased. The area of land under
some form of formal protection increased about 10%. Soil
erosion decreased through improved farming techniques
(no-till sowing) and soil condition remained stable except
for some increase in soil acidification. Dryland salinity
and depth to groundwater is variable, with most trends
positive and some negative (DEWNR 2012).
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xiv

fishing, shipping and aquaculture. The good news is that
the quality and reuse of treated wastewater is increasing
as is the capture and reuse of stormwater (SA Water
2013). Better regulation and management practices have
seen a decrease in impacts arising from aquaculture from
nutrients, disturbance and waste, even though the area
occupied by aquaculture is increasing.
There is a strong correlation between human disturbance
and the ecological health of the coastal zone. An
assessment of the six coastal regions found the extent
and condition of coastal ecosystems (including foreshore,
rocky reefs, seagrass, saltmarsh and mangroves) is highly
variable and declining.
As with terrestrial species and ecosystems, climate
change is starting to have major impacts on coastal and
marine species and ecosystems. This includes an increase
in ocean temperature and acidity, changes in ocean
salinity and currents, rising sea levels, saline incursion
through permeable coastal geologies and the introduction
of new pests.

Response
Many individuals, groups and organisations make
important contributions to protecting and managing
our natural environment. This report focuses on the
environmental policies, programs and projects of public
agencies in particular, which are discussed in more detail
under the section ‘What we are doing about it?’ in each of
the theme chapters.
As noted above, some significant drivers of environmental
change operate at a global or continental scale and
require national and international coordination
and cooperation to address. There are more than
250 agreements to support Australia’s participation in
international cooperation on the environment.
Within Australia there are a number of mechanisms for
national coordination and cooperation such as the 1992
Intergovernmental Agreement on the Environment, and
more recent initiatives such as the National Centre for
Cooperation on Environment and Development, the
National Plan for Environmental Information, the National
Waste Policy and the Murray–Darling Basin Plan.
There are also measures being taken at state, regional
and local levels to protect, restore and enhance the
environment. These include examples of all five forms
of activity (statutory instruments, education and
information, land-use planning system, economic
instruments, and advice to government and others)
recently identified as important for environmental

management (Gemmell and Scott 2013). Some of the most
significant policy initiatives during the reporting period
include the development and establishment of:
• 2009
-- marine parks
• 2010
-- Water for Good Plan
-- The 30-Year Plan for Greater Adelaide
-- Goyder Institute for Water Research
-- National Waste Policy
-- Environment Protection (Waste to Resources)
Policy
• 2011
-- Renewable Energy Plan for South Australia
-- Adelaide Coastal Water Quality Improvement Plan
-- Carbon Farming Initiative
• 2012
-- Climate Change Adaptation Framework for South
Australia
-- State Natural Resources Management Plan
-- Water Industry Act.

Outlook for the environment
The outlook for the South Australian environment is
mixed, and is strongly linked to global climate change,
ongoing and future patterns of economic activity,
and the effectiveness of the range of measures taken
by governments, business, industry, the community
and individuals to protect and improve the natural
environment. Some changes such as climate change
and the strain on freshwater supplies are essentially
unavoidable, as is the likelihood of further irreversible
loss of biodiversity. This highlights the need to improve
adaptation and resilience, and to decouple economic
activity from environmental impacts.
There are both negative and positive challenges and
changes that need to be taken into account in managing
the South Australian environment into the future,
including:
• increase in population
• continued economic growth, including increase in
mining
• changes in land use
• long-term shift from primary and secondary industries
towards service industries

•

•

•

Outlook for environmental reporting
The most significant challenge for reporting on the
state of the environment remains inadequate access to
relevant, up-to-date information. A number of recent
initiatives promise to improve this, including:
• the NRM state and condition reporting framework
developed under the State Natural Resources
Management Plan
• a system of environmental–economic accounts and
regional environmental accounting model trials by the
Wentworth Group of Concerned Scientists
• the National Plan for Environmental Information
• national sustainability indicators
• the Economics of Ecosystems and Biodiversity study

•

•

•

United Nations Environment Programme Working
Group on decoupling natural resource use and
environmental impacts from economic growth
ecosystem services analysis and the analytical
backdrop such as the Seventh European Union
Environment Action Programme to 2020, resulting in
global progress in policy and data deployment
the fifth report of the Intergovernmental Panel on
Climate Change, expected in 2014.

More effective monitoring and evaluation of the state
and condition of South Australia’s natural resources are
still needed, including the collection of data that allow
meaningful analysis of trends in environmental quality
over time and the targeting of suitable and resourced
interventions. Ideally, this data collection should be
consistent, aligned nationally and internationally, and
make better use of the multitude of data from individuals,
community groups, research organisations and published
research. Clearly, over the next five years we can expect
crowd-sourcing, citizen science and other trends in
open data and public engagement to become even more
prominent and significant, as will the need for more and
better visualisation of information.

Solar installation, Adelaide Showground
Department of Manufacturing, Innovation, Trade, Resources and Energy

xv

Summary

•

long-term depletion of reserves of fossil fuels
and minerals
new technology and products, including
nanotechnology and new chemicals
transition to new sources of energy, including
unconventional gas extraction, non-domestic solar,
geothermal and wind
climate change impacts.

Summary

xvi

As part of its own commitment to continued
improvement of the value and effectiveness of state of
the environment reporting, the Board of the Environment
Protection Authority have adopted a plan that includes:
• a new reporting model based on a combination
of thematic and regional assessments, including
significant global trends
• a set of long-term reporting indicators that reflect
best practice, adopt environmental accounting
standards and concepts, and optimise alignment with
other environmental reporting, to be developed in
consultation with key stakeholders
• implementation of a system and ongoing program
for collecting and maintaining the data required
for reporting on the indicators selected, including
mechanisms and processes for community
participation
• formal agreements with government agencies that
have roles related to the reporting topics, for the
collection and provision of specified data at specified
intervals to support reporting against the selected
indicators
• priority research into key issues to inform state of the
environment reporting
• more effective communication of environmental
information.
Over the next reporting period, there will ideally
be a full integration of the multiple environmental
reporting processes, preferably within a whole-ofgovernment environmental information strategy and
plan. Additionally, effective sharing and presentation of
data needs to be developed to implement web-based,
accessible—and more useful and used—state of the
environment reporting.

Conclusion
The 2013 South Australia state of the environment report
shows that some progress has been made since the 2008
report to better protect the state’s natural environment.
However, the natural resources of the state are declining
and environmental quality is variable. This supports the
findings reflected in other research and reports.
There are significant challenges in maintaining and
protecting our environment. Resolving these will rely on
more responsible economic development, more effective
implementation of existing environmental measures,
and new and innovative solutions to some of the more
intractable problems, such as those related to decoupling
economic growth from environmental impacts.
The South Australian environment is in a moderate and
finely balanced state, and there is much work to do to
be able to report even a steady condition in five years’
time. An important aspect of this work is to improve
environmental information and knowledge. Goodquality, relevant, up-to-date and accessible information
is key to understanding the drivers of environmental
change and to informing the coordinated response
needed to manage the many and diverse impacts on
our environmental resources. To deliver the required
information as efficiently and effectively as possible,
the Environment Protection Authority recommends the
development of an environmental information strategy
and plan for South Australia. This would identify key
environmental information needs; prioritise, coordinate
and integrate the collection of environmental data;
and improve access and communication of available
environmental information.
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The story of Lake Eyre in a changing climate
‘At the heart of Australia, framed by desert,
Lake Eyre, the country’s biggest lake, seldom
sees water. Most of the time is a vast salt pan,
eerily empty, devoid of all life. But when the rains
come and the great rivers flow down to its basin,
an astonishing transformation takes place: the
landscape fills with colour, with bird and animal
life and with crowds who have come to witness
nature’s grandest performance.’ Lockyer (2012)

name, ‘Kati Thanda’. Native title over Kati Thanda–
Lake Eyre and surrounding region is held by the
Arabuna people.

The Lake Eyre Basin, located some 700 kilometres
north of Adelaide, is the lowest point in Australia
at about 15 metres below sea level when empty. It
includes parts of South Australia, Queensland, the
Northern Territory and New South Wales. The lake
was formed by aeolian processes after tectonic
deformation at the end of the Pleistocene epoch.
On the rare occasions that it fills it is Australia’s
largest lake and 18th largest in the world, with a
surface area of 9500 square kilometres.

The lake is divided into two sections joined by
the Goyder Channel. These are known as Lake
Eyre North which is 144 kilometres long and
65 kilometres wide, and Lake Eyre South which is
65 kilometres by 24 kilometres. The lake is fed by
local rain and the large north-eastern catchments
of the Diamantina and Warburton rivers which
provide on average 64% of the flow volume to the
lake, with the Cooper River providing 17% of the
volume (Kotwicki 1986). The lake typically floods to
about 1.5 metres every three years, 4 metres every
10 years and fills or near fills a few times in every
100 years. The water soon evaporates by the end of
the following summer, leaving a massive saltpan.
Some water remains in over 200 smaller sub-lakes.

The Lake Eyre Basin is one of the few unregulated
dryland river systems in the world, and the largest
unregulated river system in Australia. The lake’s
official name was changed in December 2012 to
combine the name ‘Lake Eyre’ with the Aboriginal

The filling of the lake is greatly influenced by
climate patterns, with highest water levels
occurring during strong La Niña years. The highest
flood level of 6 metres occurred in 1974. Kati
Thanda–Lake Eyre experienced a four-year run of

xix

A recent assessment of the health of its rivers
found them to be in near-natural condition
(LEBSAP 2008). Kati Thanda–Lake Eyre, Coongie
Lakes and Goyder Lagoon are unique ecosystems
that support massive booms in populations of
waterbirds (such as Australian pelicans, silver
gulls, red-necked avocets, banded stilts and gull-

billed terns), fish, macroinvertebrates, vegetation
and other biota during large flood events. These
sites are considered unique at a national and
international level and provide outstanding
examples of the evolution of aquatic ecosystem
and biological processes in arid environments with
few counterparts elsewhere in the world (Morton
et al. 1995). After reaching peak water levels in
2012, within weeks the lake was again essentially
empty with all of the ecological consequences one
might expect, waiting on the next big rains.
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flooding events from 2009 to 2012. In 2009, the
flood peaked at 1.5 metres with 9 cubic kilometres
of water crossing the Queensland–South Australia
border. Most of the water came from massive
floods in the Georgina River. The greater proportion
soaked into the desert or evaporated en route
to the lake leaving less than 4 cubic kilometres
in the lake, covering 800 square kilometres or
12% of the lake. High rainfall in 2010 sent flood
water into the Diamantina, Georgina and Cooper
Creek catchments with Cooper Creek reaching
the lake for the first time since 1990. In 2011,
heavy local rain filled Lake Eyre South, with Lake
Eyre North about 75% covered with water firstly
from the Neales and Macumba, and later from
the Warburton River. In 2012, a combination of
heavy floods in Queensland and significant local
rainfall saw the lake covered by water over 90% of
its area.
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Introduction
This is the sixth state of the environment report for
South Australia since the first in 1988; it provides the
latest assessment of the condition of the state’s natural
resources and trends in environmental quality.
Good-quality, up-to-date information is needed to allow
us to manage and protect our environment effectively.
We need to know the condition of our natural assets,
about trends in condition over time, about the causes
of changes in environmental quality and about the
effectiveness of management responses to those changes.
Statutory state of the environment reports, produced
every five years under the Environment Protection Act 1993
(SA), are an important contribution to public information
about the South Australian environment. The Environment
Protection Authority (EPA) synthesises information from
multiple sources to identify and describe trends in the
condition of the natural environment. This information is
reported to the government and to the people of South
Australia, and informs policy, management and behaviour.

The role of the environment
Good information on the health of the natural
environment is at least as important as information
about public health and the economy because the health
and wellbeing of people, the environment and the
economy are inextricably linked and interdependent.
The economy is dependent on finite natural resources
(renewable and nonrenewable) and essential ecosystem
goods and services; our quality of life is influenced by a
healthy economy and also relies directly and indirectly on
healthy environmental conditions and ecosystem services
(Millennium Ecosystem Assessment 2005).

Opposite page: Currakalinga looking over St Vincent’s Gulf, 1846
State Library of South Australia B15276/33

Ecosystem goods and services are the benefits arising
from the ecological functions of healthy ecosystems.
Ecosystem goods and services include (Costanza et al.
1997, CBD 2010):
• goods (provisioning services)
-- food, fibre and fuel
-- genetic resources
-- biochemicals (e.g. medicines)
-- fresh water
-- breathable air
•

•

People believe environmental ‘bads’ are the price we
must pay for economic ‘goods.’ However, we cannot,
and need not, continue to act as if this trade-off is
inevitable. (Achim Steiner, UNEP Executive Director
and UN Under Secretary-General, UNEP 2011)

Natural capital

cultural services
-- spiritual and religious values
-- knowledge system
-- education and inspiration
-- recreation and aesthetic values
regulating services
-- invasion resistance
-- herbivory
-- pollination
-- seed dispersal
-- climate regulation
-- pest regulation
-- disease regulation
-- natural hazard protection
-- erosion regulation
-- water purification
supporting services
-- primary production
-- provision of habitat
-- nutrient cycling
-- soil formation and retention
-- production of atmospheric oxygen
-- water cycling
-- waste treatment.

The important interrelationship between the
environment and human society can be viewed as a set
of stocks, divided into five essential capitals: natural
(ecosystem services), social (networks, consensus),
human (knowledge, labour), manufactured (tradeable
goods, public infrastructure) and financial (wealth). As
represented in Figure 1, all of these capitals and their
stocks are linked (with flows and transfers of energy,
matter and information between them). For the system
to operate optimally, it needs sufficient availability of,
and freedom to move and price, all capitals, and trading

Manufactured
capital
Financial capital

an capita
l
Hum

•

mechanisms to facilitate exchange. The figure also reflects
that there is a finite stock of natural capital within which
the other capitals can accumulate.

al capital
Soci
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Source: Forum for the Future (2013)

Figure 1

Five essential capitals for human
wellbeing

As context for the rest of the report, it is useful to
consider the main aspects of South Australia’s physical
and socio-economic environment, how these have
changed over time and how they relate to one another.

Natural environment
Land
South Australia has a land area of 984 221 square
kilometres (of which about 4600 square kilometres are
on islands) and a coastline of 5067 kilometres
(3816 kilometres of mainland coastline and
1251 kilometres of island coastline). The land area is
12.7% of Australia’s total and the state is fourth largest of
Australian states and territories. South Australia’s coastal
waters cover 60 032 square kilometres. More than 80%
of the state is less than 300 metres above sea level;
Mount Woodroffe is the highest peak at 1435 metres. The
lowest place is Lake Eyre at 15 metres below sea level. The
vicinity of Lake Eyre is also the area of South Australia’s
(and Australia’s) lowest rainfall. The area occupied by
agriculture makes up 53.6% of South Australia and this
increased from 49 126 square kilometres in 2009 to
52 786 square kilometres in 2011 (ABS 2012a).
South Australia’s land area is divided into eight natural
resource management regions (Figure 2):
• Adelaide and Mount Lofty Ranges
• Alinytjara Wilurara
• Eyre Peninsula
• Kangaroo Island
• Northern and Yorke
• South Australian Arid Lands
• South Australian Murray–Darling Basin
• South East.
Climate
South Australia’s rainfall and temperatures are highly
variable, both in range and location. After an extended
drought, 2010 was South Australia’s third wettest year
and 2011 the fifth wettest year on record. This was
followed by, in 2012, the driest year since 2006, with
December 2012 the driest December in 18 years. The
first three months of 2011 were the wettest since records
began in 1900 for South Australia as a whole. The spring
of 2012 was the warmest on record; 2009 was the
warmest year on record and the 17th consecutive year
of above-average temperatures. Temperatures for the
past decade have averaged 0.7% above the 1961–90

mean temperature, showing a steady rise in annual
temperatures since the 1970s. The warmest year on
record for maximum temperatures across the state was
2007, and 1956 was the coldest. The highest maximum
temperature ever recorded in South Australia (and
Australia) was 50.7 ºC in Oodnadatta on 2 January 1960
(BoM and CSIRO 2012).
Ecosystems and biodiversity
No species loss—a nature conservation strategy for South
Australia 2007–2017 (DEH 2007), divides the state
into three biomes (areas with similar climates and
ecosystems): two terrestrial (arid and mediterranean)
and one marine. The arid biome makes up 87% of the
state, and is characterised by a warm-to-hot and dry
climate with low and erratic rainfall, with mostly winter
rains in the south and summer rains in the north. The
mediterranean biome, which makes up the remaining
13%, has a cool-to-warm climate, tending to winter rains.
There is some form of conservation protection on 28%
of the arid biome and 14% of the mediterranean biome.
The marine biome, of which 5% is protected, covers the
equivalent of 6% of the South Australian land area. The
marine biome is characterised by variable and diverse
currents with low-nutrient, sheltered, salty gulf waters;
warmer waters in the bight; and cooler, nutrient-rich
waters in the south-east (DEH 2007).
About one-quarter (more than 1000 species) of all
terrestrial vascular plants and vertebrate animals in South
Australia are considered to be threatened—63% of the
state’s mammals and 22% of the state’s vascular plants
are formally listed as threatened. There are insufficient
data to assess the status of some vascular plants and
vertebrate animals and virtually all nonvascular plants
and invertebrates (DEH 2007).
The paucity of information on a number of aspects
of the natural environment is a key constraint on the
effectiveness of state of the environment reporting. For
50% of the 14 indicators of natural resource condition in
the state, confidence in the supporting data is described
as low. The confidence in the data for six other indicators
is described as medium and there are no data of high
confidence (Government of South Australia 2012).
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Figure 2

South Australia’s eight natural resource management regions
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People
Aboriginal Australians lived in Australia and South
Australia for at least 40 000 years before the arrival of
European settlers. The Kaurna people, who occupied the
Adelaide Plains, used the natural resources efficiently
and had a skilled pattern of guardianship of the land
that included the effective use of fire to hunt game and
to promote the growth of particular types of vegetation.
The first migrants arrived in South Australia in 1836,
and at the end of the first year the estimated migrant
population was 546. The first census held in 1844 showed
a population of 17 366. By 1921 the state’s population
passed 500 000 and in 1963 it passed 1 000 000 (Atlas
South Australia 2012). In June 2011 the state’s population
was 1.64 million—an increase of 4.5% since 2006 (ABS
2012b).
Impact on the environment
The main interactions between people and the
environment come from the direct and indirect use
of natural resources such as air, land (especially its
geological assets), water and energy, and from the
generation of waste and pollution.
In spite of limitations of the methodology, human impact
on the environment is often described in terms of an
‘ecological footprint’, which estimates the amount of land
and ocean area required to sustain human consumption
patterns and absorb human wastes. The footprint
provides a measure of the extent to which humanity is
using nature’s resources faster than they can regenerate.
When human resource extraction and waste generation
exceed an ecosystem’s ability to regenerate resources and
to absorb the generated waste, it leads to a depletion of
Earth’s life-supporting natural capital and a build up of
wastes.
The ecological footprint is typically expressed in global
hectares per person. Earth’s biological capacity (the
capacity of an area to provide resources and absorb
wastes) to sustain the world population was estimated as
1.8 global hectares per person in 2008. At the same time
the average global ecological footprint was 2.7 global
hectares per person, which means that we are depleting
the planet’s future ecological stocks faster than they
can regenerate.
Australia’s footprint is estimated at 6.7 global hectares per
person—the seventh highest of all nations (Figure 3; GFN
2012). If everyone in the world consumed the same as the
average Australian, we would need the natural resources
of 3.76 Earths. There is some variation between states,
with the average, footprint in Victoria estimated to be
somewhat higher than the national average at 6.8 global

hectares, and the Australian Capital Territory estimated
at 9.2 global hectares (OCSE 2011). In comparison, the
footprint of the average person in India is less than
1 hectare; in China, 2.1 hectares; and in New Zealand,
4.3 hectares. Australia’s, including South Australia’s,
large footprint is caused by our lifestyles, which use
large amounts of natural resources in an inefficient way
(State of the Environment 2011 Committee 2011), and,
significantly, for export rather than our own use.
Seen in isolation from the rest of the world, the large
Australian footprint does not seem to be a major
concern considering that Australia’s biological capacity
is estimated at 14.6 hectares per person (GFN 2012).
However, there is a steady convergence of Australia’s
ecological footprint and its biological capacity. The
footprint is increasing as the population increases and
becomes more affluent, and the capacity is decreasing
with environmental changes—it has more than halved
since 1960. Also, because of globalisation of trade,
markets and economies, it is not practical to take a singlecountry perspective on the sustainable use of resources.
Australia’s comparatively poor global environmental
performance in terms of the ecological footprint is also
evident from the Environmental Performance Index
(EPI), which ranks 132 countries on 22 environmental
performance indicators. The 2012 EPI (the seventh
iteration of this measurement project) ranks Australia
48th in current performance and 79th in trend
performance over the past decade. This ranking
becomes of greater concern if divided into its two main
components: environmental health (effects on human
health) and ecosystem vitality. Australia is ranked 10th on
environmental health’s effects on human health but 106th
on ecosystem vitality (Yale University 2012).
Environmental understanding
To reduce depletion of the world’s natural resources
and to make our lifestyles more sustainable requires
an awareness of the relationships between production,
consumption and natural resources. From 2007–08
to 2011–12 there was no discernible change in
environmental conditions other than improved rainfall,
and evidence pointed to an ongoing declining trend in
key environmental indices. Yet Australians were about
20% less concerned and more optimistic about the
environment in 2011–12 than they were in 2007–08 (ABS
2012c).In that four-year period, the percentage of people
who think the environment is in good condition has
more than doubled (Figure 4a). The percentage of people
who think it is in bad condition has more than halved.
The same is true for the perception of the trend in the
condition of the environment (Figure 4b). Interpretation

Australia
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Source: GFN (2012)

Figure 3

Australia’s ecological footprint versus its biocapacity, and that of the rest of the world

of these findings should consider that perceptions are
influenced by a number of factors and can change quickly
(ABS 2012c).
In spite of this increased optimism, more than 60% of
Australians were still concerned about environmental
issues. This apparent concern and awareness of
environmental decline is, however, not reflected in our
behaviour (Macquarie University 2010). Environmental
considerations seem to play a relatively small part in
decisions about what and how much we consume. The
reasons for this disconnect include:
• the ‘economic invisibility of nature’ (the general lack
of monetary values of natural resources)
• the effects of marketing and consumer attitudes
• a lack of science education and consumer information
• a growing separation between an increasingly
urbanised and affluent society and its awareness of,
and connection to, the natural world.

Economy
Mining and agriculture have played a key role in South
Australia’s economic development since the start of
settlement. Following the discovery of copper in Kapunda
in 1842 and subsequent discoveries in what became
known as the Copper Triangle, mining contributed
significantly to the prosperity of the state in its early days.

Soon after settlement, the first pastoral leases were
granted and the first winery in the Barossa Valley started
operating. Both mining and agriculture continue to
grow, with South Australia’s mineral exports earning
$4.22 billion in 2010–11 (up from $2.85 billion in 2009–10)
and agriculture contributing close to $5 billion (almost
half) of the state’s overseas exports annually. However,
today about 45% of the state’s economy is based in
services, while traditional economic sectors of mining
and agriculture collectively make up about 10%. The
remainder is made up of construction, housing and
utilities (19%), manufacturing (9%), and retail and
wholesale trade (9%). The food and wine industry,
agricultural exports and tourism rely on a healthy
environment. More than 30% of South Australia’s exports
consist of agricultural products (EDB 2013).
Figure 5 shows the growth in the South Australian
economy measured in changes in gross state product
(Figure 5a), and in the import and export of goods and
services between 2003–04 and 2011–12 (Figure 5b).
Export of goods is clearly the largest proportion of trade
and is growing. South Australia’s average annual goods
and services export growth over the last five years
was 3.3%.

a

b
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Source: ABS (2012c)

Figure 4

Perceptions of the condition of the environment, (a) 2008 and (b) 2011

a

b

Source: ABS (2012d)

Figure 5

South Australia’s (a) gross state product and (b) international trade, 2003–04 to
2011–12

level government reference group. Final editorialising of
content was undertaken by the Chief Executive under
delegation from the EPA Board.

In 2011–12, South Australia had 4.3% of Australia’s exports
in goods and 3.8% of Australia’s exports in services
(Table 1).

A five-member senior-level government committee
supported the project with advice and direction, and
promoted consistency and links across themes. The
committee reviewed draft chapters, identified potential
peer reviewers, contributed to the terms of reference for
peer review and facilitated approval of draft content for
the theme chapters by their heads of department.

Table 1

South Australia’s trade, 2011–12
Goods ($m)
% share of
Australian
trade

Services ($m)
% share of
Australian
trade

Total ($m)
% share of
Australian
trade

Exports

11 416
4.3

1 927
3.8

13 343
4.2

Imports

7 261
3.0

2 198
3.6

9 459
3.2

Source: DFAT (2012)

South Australia’s major exports in 2011–12 were
(DFAT 2012):
• wheat $1627 million
• wine $1146 million
• copper $1140 million
• copper ores and concentrates $960 million
• iron ores and concentrates $945 million
• meat (excluding beef) $499 million
• lead $408 million
• vegetables $272 million
• passenger motor vehicles $272 million
• seeds and vegetables $206 million.

Approach to State of the Environment
reporting
The approach and processes for preparing the 2013 state
of the environment report for South Australia had a
number of key features.

Content development
Authors were nominated by key government agencies
that are the main custodians of data required for the
report. These authors drafted content with the support
of their own and other agencies based on guidelines
prepared by the EPA, and under the guidance of a senior-

Inter-agency coordination

Peer review
Each chapter was reviewed by two external peer
reviewers with expertise in the particular areas. This
resulted in a number of revisions and generated valuable
additional information that was incorporated into the
final version of the report. The peer review process
confirmed the importance of considering information and
perspectives from a broad range of sources to ensure a
balanced and complete picture.

Edit and design
Biotext, a company with expertise in drafting, editing
and publishing science-based publications, professionally
edited, proofread and designed the final report. We hope
that the editing and design of the report demonstrates
the value of presenting scientific information in an easyto-understand and accessible language and format. This
includes the addition of assessment summaries at the
start of each chapter, which are based on judgments
of the overall trend and condition of selected aspects
covered in the report. The topics in the assessment
summaries are composed of a number of related
elements, some with a positive trend and others with a
negative trend, reflecting the complexity of the many
environmental interactions.

Format
The content of the report has been organised under five
broad themes reflecting the key environmental issues for
South Australia. All themes follow the same structure,
reporting on the driving forces, pressures, state, impact,
response and outlook (DPSIRO) model (Figure 6) to meet
the requirements of the South Australian Environment
Protection Act 1993.
For efficiency, consistency and alignment, the EPA used
existing information reported under key environmental
policies, strategies and plans, wherever available.
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As international trade increases, the production of
goods can become increasingly detached from direct
consumption. Goods exported carry with them embodied
consumption of materials such as water, minerals, metals
and chemicals, as well as carbon emissions.
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Figure 6

State of the environment reporting framework—driving forces, pressures, state,
impact, response, outlook (DPSIRO)

Improving reporting effectiveness

There is also a need for improvements in the synthesis
and communication of available data to a broad
audience on a more regular basis, and for better
integration of environmental data with relevant socioeconomic data. This requires agreement on clear
indicators, including for sustainability and wellbeing,
and commitment to the maintenance of core datasets
required to measure progress against those indicators. It
also requires improvement in communicating complex
scientific information in a coherent and easy-tounderstand manner.
The following points made in the 2011 Australia state of
the environment report (State of the Environment 2011
Committee 2011) about the future of environmental
reporting are equally applicable to South Australia:
• Improved data collection and use of alternative
data sources are vital for understanding and
effectively managing important aspects of Australia’s
environmental systems.
• Of particular value would be partnerships with the
resources sector, which collects rich datasets on
coastal and marine environments (where publicly
available data are particularly scarce) as part of its
environmental approvals and compliance processes;
and the agricultural sector, where industry consultants
collect a wide variety of environmental datasets on
soil, water and pests.
• Collecting information is not enough. Creating
and using systems that allow efficient access to
environmental information remain a great challenge.

•

Measuring sustainability
There has been a growing recognition of the need for new
measures of wellbeing that better reflect environmental
costs and benefits and their sustainable use. Economic
valuation of ecosystem services and environmental assets
is notoriously difficult and controversial in spite of its
obvious and significant value.
Measurement of sustainability or sustainable
development has been an issue of public interest since
at least the 1992 Earth Summit in Rio de Janeiro, and has
been raised in a number of significant reports in recent
times (Stiglitz et al. 2009, UNEP 2011, The Royal Society
2012, WWF 2012).
Measuring sustainability is a challenging concept because
it requires modelling an unknown future and integrating
information about widely divergent aspects with complex
interactions. Other challenges in measurement are causeand-effect relationships spanning multiple geographic
and time scales. This complexity is reflected in the
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Consecutive reports on the environment in South
Australia and for the whole of Australia have highlighted
areas for improvement. For environmental reporting
to inform and help shape environmental management
and sustainable behaviour more effectively, there is
a need for better coordination and integration of the
substantial amount of environmental data collected by
governments at federal, state, regional and local levels,
and by the private sector, universities, researchers and
nongovernment organisations. Such changes would not
just improve environmental reporting, but would also
make meaningful information available on long-term
trends in priority areas and assess the effectiveness of
the significant investment in conservation and natural
resource management. There are increasing opportunities
to benefit from developments in crowdsourcing (the
practice of obtaining services, ideas or content from
a large group of people, and especially from an online
community), citizen science and other forms of open data
generation and sharing.

Such systems would allow scientists and managers
to analyse and make connections in the data, so that
they can begin to understand the links among various
aspects of ecological processes. It is also important
that socio-economic data relevant to environmental
issues are available, so that connections between the
environment and society can be understood. Finally,
the usefulness of environmental and related data will
be magnified if they can be effectively transformed
into information products and transferable knowledge
likely to be meaningful to a broad audience and
relevant to the issues and policy needs of today
and tomorrow.
There is a need for
-- more intelligent and powerful (quicker, integrated,
open) monitoring
-- increased standardisation of measurement and
reporting systems
-- better data management and environmental
modelling platforms
-- standardisation and sharing environmental data
between jurisdictions and industry
-- tracking changes in environmental conditions
through community-based environmental
accounting, or through benchmarks and standards
for environmental sustainability
-- innovation and commitment to increase the
value derived from environmental monitoring
and reporting against agreed benchmarks
and standards.
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multiple attempts to develop indices, as well as different
versions, of sustainability indicators, including the
Genuine Progress Indicator, Ecological Footprint, Human
Development Index, Environmental Sustainability Index
and, OECD Better Life Index (Stiglitz et al. 2009).

The development of South Australia–specific
sustainability measures is likely to benefit from the
outcomes of the national process; coordination with that
process is likely to maximise advantages of consistent
indicators and related efficiencies in data collection.

In response to the 2008 state of the environment report,
the South Australian Government announced a project ‘to
determine economy-wide measures of sustainability that
may be applicable to the assessment of Government
policy, enabling consistent measurement and providing a
more inclusive assessment of sustainability’ (Government
of South Australia 2009). In its 2011–12 Budget, the
Australian Government provided $10.1 million for a
program to develop a set of sustainability indicators to
measure Australia’s progress towards sustainability. The
Australian Government committed to indicators than can
be factored in at a regional level, and with data regularly
released at national, state and, where available, regional
level (DSEWPaC 2012).

Internationally, to contribute to the integration of
environmental science into economic and political
decision-making, the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES)
was established in April 2012. IPBES is an independent
body similar to the Intergovernmental Panel on Climate
Change and is made up of 92 nations, including Australia.
IPBES brings together the International Mechanism of
Scientific Expertise on Biodiversity and various follow-up
processes to the 2005 Millennium Ecosystem Assessment,
including a growing number of subglobal assessment
initiatives (IPBES 2012).

Juvenile central netted dragon near Stuart Creek Station
Angus Kennedy

Progress

In this spirit, the EPA has initiated a program to
improve the effectiveness of future state of the
environment reporting, both in terms of content and its
communication. The program includes a new reporting
model, improved quality of data (including consistent,
robust, longitudinal datasets and use of citizen science),
and more effective communication and engagement
(including improved accessibility and visualisation). It also
promotes the development of a whole-of-government
environmental information strategy and plan, which
coordinates comprehensive, trusted, timely and highquality environmental information to assist decisionmaking by government, industry and the community. We
expect that, collectively, these changes will deliver better
and more regular information on the environment.
Better information on the state of the environment,
ecosystems and biodiversity is essential for
both private and public decision-making that
determines the allocation of natural capital
for economic development. (UNEP 2011)

Ultimately, the objective is not to report environmental
information, but to use the information to help us
prevent, reduce and repair environmental harm and risk
through good policy and regulation, targeted programs
and projects, and changing culture and behaviour.

This report
The following five chapters of the 2013 state of the
environment report provide a detailed assessment of
the South Australian environment. The first two chapters
reflect key drivers of environmental change, namely
population and climate change, and the subsequent three
chapters cover three critical aspects of the environment:
water, biodiversity, and the coastal and marine
environment.

13

Introduction

Since the start of South Australian state of the
environment reporting more than 20 years ago, there
have been significant changes in the amount, quality,
nature and sources of environmental information, in
how it is used, in the way the information is and can
be communicated, and its potential value. There have
also been significant advances in reporting methods
and approaches, such as sustainability reporting and
environmental accounting. At the same time, the
requirements for good reporting are still as important
today as they were 20 years ago, such as a robust
set of indicators supported by good science, good
data collection, proper trend analysis, and systematic
evaluation of the effectiveness of responses to
environmental challenges. The EPA is committed to
continual improvement of state of the environment
reporting, taking into account these essential
requirements and the changing context in which
reporting takes place.

Our challenge is to understand, explain and
indeed act to ensure that environmental risk
and environmental challenges are tackled in a
sustainable manner. (Gemmell and Scott 2012)

Introduction
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Why is it important?

The state of the natural environment is the result of
natural processes and, increasingly, the interaction of
people with those processes. As population and industry
increase, the natural environment comes under pressure
from increased consumption of resources, increased
production of pollutants (such as greenhouse gases and
nutrient enrichment of stormwater and streams), and the
encroachment of residential and industrial activities into
natural areas. Habitat loss, fragmentation and disruption
of natural systems cause a significant loss of biodiversity
and can affect an area’s ability to respond to other
pressures such as climate change.

economic growth, are important for human wellbeing.
They are also a vital part of the economy because
they attract people to move to—and remain living and
working in, and enjoying—a region. The protection and
enhancement of the natural environment and the careful
development of industry and the built environment are
essential to maintain sustainable economic growth and
human welfare.
This chapter examines South Australia’s population
growth and the impacts of that population on urban and
regional areas. It also looks at the state’s heritage, which
is an important part of the human environment.

The aesthetic and amenity elements of the natural
environment, which may be degraded by population and

Opposite page: Hindley Street from the corner of King William Street, Adelaide, 1846
State Library of South Australia B15276/41
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In summary
Aspect and observation

Assessment grade
Very poor

Population
Between 2006 and 2011 the population of South
Australia increased by about 70 000—the largest
increase since the early 1970s.
Most population growth has occurred on the
northern and southern fringes of the Adelaide
Statistical Division, with decline in some
regional areas.
The number of residential dwellings increased
more rapidly than population growth. This trend is
expected to continue as the population ages and
household sizes decrease.
There has been an increase of infill residential
development and this is expected to accelerate over
the long term.
Economy
The growth in world demand for food and minerals
supported an upward trend in exports.
Nearly 40% of South Australia’s exports are
agricultural, and these rely on a healthy
environment.
Protection of agricultural land has increased,
including legislation to better protect the McLaren
Vale and Barossa regions from urban sprawl.
An increase in mining exports led to increased
greenhouse gas emissions and use of water
and energy.
Transport
Private car use is high and growing.
The number of cyclists travelling to and from the
city increased by more than 50% between 2006
and 2011.
Public transport use is low but increased from
43.8 million to 48.5 million passenger-kilometres,
and is expected to increase more rapidly
with investment in public transport and new
urban design.

Poor

Good

Very good

Confidence
In grade

In trend

•

 

•

 

•
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Assessment grade
Very poor

Poor

Pollution
Air quality remains good in terms of national
standards, with only some exceptions in specific
locations.
The quality of water in rivers and streams has
generally improved as a result of increased rainfall.
The quality of treated water released into coastal
waters has improved.
Knowledge and remediation of site contamination
has increased.
The number of licences to handle radioactive
substances and operate radioactive apparatus has
increased.
Noise complaints increased by about 20% from 2006
to 2011.

Grades

•
•

Improving
Deteriorating

Very poor

•
•
Poor

Stable

•

Level of
confidence

Unclear

Good

Very good

•

Waste
Total waste generated has increased by 40% to
3250 kg per person. About 75% of this is recycled.

Recent
trend

Good





Very good

Confidence
In grade

In trend

 

 

Evidence and consensus too low to make an assessment
Limited evidence or limited consensus
Adequate high-quality evidence and high level of consensus
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2 What do we know about it?
Most of the indicators of the relationship between
South Australians and their natural environment have
remained stable since the 2008 South Australian state of
the environment report (EPA 2008). There was a modest
increase in the rate of population growth and related
urban and regional development. Trends in public and
private transport behaviour were stable, as were trends in
air quality and water quality. Waste generation increased
markedly, but so did the rate of recycling.

2.1 Population trends
The estimated resident population (ERP) of South
Australia in June 2006 was 1.57 million. Comparison with
the preliminary census rebased ERP of 1.64 million in
June 2011 (ABS 2012a) indicates a population increase
of 70 300 over the period, equivalent to an annual
rate of increase of 0.88%. This represents an average
annual increase of 14 070 people—significantly above
the average annual increase of 11 230 (0.73% per year)
between 2001 and 2006—and is the highest since
the early 1970s. Overseas immigration was the most
important driver of this accelerated rate, accounting for
more than 70% of the growth.
This growth estimate is significantly lower than the
estimated population increase of 88 400 (an average annual
growth rate of 1.1%) based on the intercensal component of
growth estimates. The Australian Bureau of Statistics (ABS)
recommends (ABS 2012abc) that this figure should be used
to estimate intercensal growth before the final census-based
ERPs for 2011 and earlier censuses are released in June 2013.
Comparisons of growth rates within this report are made to
the first, more conservative, figure (0.88%).
Despite the relatively rapid population growth between
2006 and 2011, South Australia’s share of the Australian
population has decreased consistently, from 9.4% in 1966
to 7.3% in 2011. This means that population growth has
been more modest in South Australia than in most other
states and territories.
Estimates of growth components (ABS 2012a) reveal that
net overseas migration contributed approximately 71 200

people to the state’s growth, and natural increase (births
minus deaths) contributed another 35 700 people. However,
between 2006 and 2011 South Australia experienced a
net loss of 18 400 residents to interstate destinations. An
increase in the fertility rate since 2001 boosted the number
of 0–4 year olds in the population in 2011, but losses
through net migration interstate reduced the number of
young adults in South Australia, although there is some
evidence of return migration of adults in their thirties
(G Hugo, University of Adelaide, pers. comm., 1 November
2012). A major increase in net overseas migration—from
an annual net intake of 4300 in 2003–04 to a peak of
17 980 in 2008–09—was the dominant factor in the state’s
population increase. Much of this increase was driven by
an upsurge in long-term temporary migration, particularly
of overseas students, but because many of these return to
their home countries on completion of their studies, their
long-term contribution to the migration stock is not as large
as their net flow numbers suggest. It has been estimated
that 15–20% of Adelaide City’s population comprises
overseas students (G Hugo, University of Adelaide, pers.
comm., 1 November 2012).
Over the last decade, South Australia’s population has
continued to age (Table 1). In 2001, 19.3% of the state’s
population was less than 15 years old and by 2011 this
proportion had decreased to 17.7%. The proportion of
persons of working age (15–64 years) increased slightly
from 66.1% in 2001 to 66.4% by 2011, but the proportion
of people aged 65 or over increased from 14.6% in 2001
to 15.9% in 2011, equivalent to an absolute increase of
39 600 people over the decade. It is projected that the
number of people in Greater Adelaide aged over 65 will
increase from 194 000 in 2006 to 407 000 in 2036 (a
110% increase). The projected continued ageing of the
state’s population, and particularly a projected tripling
of the size of the 85+ age group from 31 000 in 2006 to
98 000 in 2036 (Government of South Australia 2010),
will demand specialised support services and appropriate
amenities in housing, health and public transport. This
increased demand on government may be partly offset
by a trend for the younger elderly (aged 65–74 years) to
take advantage of improvement in their general health to
remain longer in the workforce.
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Table 1

South Australia’s changing age structure: estimated resident population in 2001, 2006
and 2011

Age group
(years)

2001

2006

No. people

%

0–14

291 687

19.3

15–64

999 041

65+
Total

No. people

2011
%

No. people

%

287 287

18.3

289 166

17.7

66.1

1 044 040

66.6

1 088 480

66.4

221 000

14.6

236 561

15.1

260 586

15.9

1 511 728

100.0

1 567 888

100.0

1 638 232

100.0

Source: ABS (2012d)

2.2 Urban population change and
development
Adelaide and its surrounding areas continue to show
a high rate of population growth, while holiday
and retirement homes are an increasing feature of
coastal areas.

2.2.1

Adelaide

The growth of the Greater Adelaide region and the
accompanying increase in employment has been the
major driver of urban development in South Australia
in 2006–11. Adelaide Statistical Division (ABS 2005) has
experienced the largest population growth of 59 000,
which is 80% of the state’s growth over 2006–11 (ABS
2012e). This growth has been accommodated by several
major urban infill projects, ongoing demolition and
redevelopment of the existing housing stock, plus large
developments on the northern and southern fringes
of the statistical division. Adelaide Statistical Division
accounted for 73% of the state’s population in 2011, and
its average annual growth rate of 1.0% over 2006–11 is
similar to the state’s average annual growth rate of 0.9%.
With the release of the 2011 census, the ABS adopted a
new geographical classification termed the Australian
Statistical Geography Standard (ASGS). Under this
classification, statistical divisions and statistical local
areas have been abolished and a new greater capital
city statistical area has been defined to identify the
functional areas of the state capital cities. In the case of
Adelaide, this is known as the Adelaide Greater Capital
City Statistical Area, or Greater Adelaide. In 2011 the ERP
of Greater Adelaide was 1 262 940, some 5.3% larger
than Greater Adelaide’s ERP in 2006 of 1 199 605 (2011
ASGS boundaries), and equivalent to an average annual
growth rate of 1.03% per year between 2006 and 2011.
Given current uncertainty about the census rebasing of

the ERP totals between 2006 and 2011 (ABS 2012b,c),
growth estimates between the 2001 and 2011 censuses
are perhaps a more reliable indication of recent growth.
In the decade between the censuses of 2001 and 2011,
the population of Greater Adelaide grew from 1 154 742
to 1 262 940—an increase of 108 198 people, or 10 819
people per year, and an average annual growth rate
of 0.9% (Table 2).
The Outer Adelaide Statistical Division has absorbed an
increased population of 10 000 over 2006–11 (14% of the
state’s population growth). Its proximity to Adelaide and
the availability of land led to an average annual rate of
population growth in this division of 1.5% between 2006
and 2011—the most rapid rate of population increase of
all the state statistical divisions and substantially higher
than the state’s annual rate of population growth of
0.9%. As this division includes a large share of the state’s
most productive agricultural land and critical water
catchment areas, this growth has placed considerable
pressure on infrastructure and services to meet the
increased demands, and may have increased impact on
the environment.
The 30-Year Plan for Greater Adelaide (30-Year Plan; DPLG
2010b) projected that the population of the Greater
Adelaide planning region (comprising a larger area than
the ABS definition of Greater Adelaide) will increase from
1.29 million in 2006 to 1.85 million people by 2036.

2.2.2 Housing
The demand for housing, as measured by the number of
private dwellings, has increased more rapidly than the
population since 1976 (Figure 1). This has been caused by
population ageing, increased rates of family dissolution
and generally good economic times that increased the
demand for dwellings and reduced the size of households.
Since the 1996 census, the rate of decrease in the number
of people per private dwelling in the Greater Adelaide

ERP = estimated resident population
Notes:
1 Because of the lack of comparable information on the number of
people per private dwelling (occupied and unoccupied) before 1986,
the population estimate used is the ERP divided by the total number of
private dwellings.
2 The recent decrease in people per dwelling may be underestimated
because of an increase in the proportion of overseas students included in
the ERP since 2006, and because most overseas students do not reside in
private dwellings.
3 The Greater Adelaide region (as defined in the 30-Year Plan) includes
the Adelaide metropolitan area, the Outer Adelaide Statistical Division
(except for Kangaroo Island) and the Rural City of Murray Bridge.
Sources: Australian Bureau of Statistics selected census ERP tabulations
1976 to 2011, ABS (2012e)

Figure 1

Comparison of growth in
population and private dwellings,
Greater Adelaide Region, 1976–2011

Analysis of the floor area of detached dwellings (Figure 2)
shows that, until 2006, rising incomes and aspirations
were reflected in a consistent increase in the proportion
of detached dwellings with large floor areas (more than
300 square metres). Large houses use more energy
to heat and cool, and more materials and energy to
construct and eventually demolish, and thus have a
large influence on the environmental footprint of a city.
However, since 2006 this trend has reversed slightly, with
the proportion of detached dwellings with floor areas
greater than 300 square metres declining from 7.8% in
2006 to 7.6% in 2011. The median floor area of detached
dwellings increased rapidly from 1986 to 2001, but has
since declined modestly from a peak of 181 square metres
in 2001 to 176 square metres in 2011. It is likely that
increased energy prices, more demanding building code
requirements (including a six star energy efficiency rating)
and smaller lot sizes may be dampening the demand for
houses with large floor areas.

Note: The data exclude Kangaroo Island.
Source: June 2012 property cadastre and valuation snapshot, Department
of Planning, Transport and Infrastructure, unpublished

Figure 2

Floor area of detached dwellings by
year of completion, Adelaide and
Outer Adelaide Statistical Divisions,
1986–2011
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planning region has slowed (Figure 1), with decreased
affordability of housing possibly being a factor in 2001–11
(G Hugo, University of Adelaide, pers. comm., 1 November
2012). When overseas visitors are excluded from the
analysis, the average household size at the national level
shows a very small increase from 2.532 to 2.537 people
per household (defined as people in private dwellings)
between 2006 and 2011 (idblog 2013), the first halt in
the decline since the baby boom of the 1950s. In South
Australia as a whole, the very slow downward trend
continued from 2.386 to 2.383 people per household
from 2006 to 2011, due to the ageing of South Australia’s
population. Single-person households have been the
fastest growing household type in South Australia during
the last 10 years.
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2.2.3 Urban expansion
Historically, a large proportion of new housing in South
Australia has occurred on cheaper land on the fringe of
the established metropolitan area, encroaching onto land
that may have been better suited to primary production,
or into natural areas, leading to an alteration of the
natural environment, including a loss of biodiversity.
This type of development increases the heat island effect
(where cities are hotter than the surrounding rural areas),
increases demand for energy and water, and increases
the cost of providing transport and other infrastructure.
Most importantly, broadhectare development is usually
located some distance from the workplaces of most
of its residents and on sites that are (at least initially)
poorly served by public transport. Therefore, it generates
an increase in car use, which leads to an increase in
greenhouse gas emissions.
Figure 3 shows the historical spread of urban
development in Adelaide. It shows the contrast between
the compact spatial extent of the city for the first century
of its development and the sprawl of the city after World
War 2. This spread was particularly rapid during 1960–89,
as a result of increased car ownership and rapid post-war
population growth. In the two decades since, residential
development has been slower and more spatially
constrained. It is the intention of the 30-Year Plan to
constrain the next 25 years of residential development
within the 2038 boundaries identified in Figure 3.

2.2.4 Other urban centres
Many of the population trends for urban centres
identified in the 2008 South Australian state of the
environment report (EPA 2008) are still evident (Figure 4).
For example, the urban centres with the highest rates
of population growth between 2006 and 2011 are those
either on the fringes of the Greater Adelaide Capital City
Region (such as Mount Barker, Nairne, Hahndorf, Gawler
and Angle Vale) or those just outside the Greater Adelaide
Capital City Region but within easy commuting distance
(such as Murray Bridge, Victor Harbor–Goolwa and
Strathalbyn), and Nuriootpa in the Barossa Valley. There
has also been significant growth of mining centres such
as Roxby Downs, and a low rate of growth in major urban
centres that service those developments, such as Whyalla
and Port Augusta. Growth in these centres will likely
slow with the delay in the Olympic Dam expansion. The
major regional centre of Mount Gambier has experienced
significant growth.
The populations of coastal towns such as Moonta, Victor
Harbor–Goolwa and Normanville have continued to be
boosted by retirement migration (mainly from Adelaide

but also from rural areas in the hinterland) and the
construction of holiday homes. Many coastal settlements
in the state experienced a more rapid increase in
unoccupied rather than occupied private dwellings
between 2006 and 2011. This is indirect evidence of an
increase in holiday homes and future retirement homes.
At the 2011 census, the coastal local government areas
of Robe, Yorke Peninsula, Yankalilla, Barunga West
and Elliston each had more than 40% of their private
dwellings categorised as unoccupied, and Mid Murray
District Council, with its attractive riverside sites, had
42% of its private dwellings unoccupied (ABS 2011).
All-of-state analysis of population change in coastal local
government areas in 2001–06 and 2006–11 indicates
that, despite the total population growth rate accelerating
from 0.7% to 0.9% per year, the average annual rate of
growth in ERP of coastal local government areas (defined
as outside the greater capital city statistical areas that
border the coastline) halved from 1.0% to 0.5% per year
between 2001–06 and 2006–11 (idblog 2012). Population
growth is still strong on the Fleurieu Peninsula and on the
Copper Coast, but has slowed in many small centres on
Eyre and Yorke peninsulas.
There has also been a noticeable decrease in the
population of towns serving dryland farming areas such
as Bordertown, Keith and Peterborough, and a similar
decrease of population in several Riverland centres such
as Berri and Loxton, related to the decreased availability
of irrigation flows during the drought years from 1998 to
2010. Local reports from the Riverland region (ABC 2012)
indicate that low fruit prices, high input costs (especially
for electricity) and lingering debt have combined to
force as many as 300 local residents to temporarily move
out of the region to take part in fly-in fly-out mining
industry work each year. Mining industry–related work
offers steady salaries, predictable shift work and a stable
income that is difficult to obtain from farm work alone.
Although it is hoped that the short-term economic fix
from mining will allow farmers to remain residents of
the Riverland, many of the smaller blocks of land are
marginally economically sustainable, suggesting that
there may be long-term depopulation of the Riverland’s
farm and town populations.
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Source: Valuation data supplied by the Department of Planning, Transport and Infrastructure

Figure 3

Residential development of Adelaide and environs, pre-1910–2011, and planned
development areas to 2038
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Source: ABS (2012f)

Figure 4

Estimated resident population of urban centres, 2011, and average annual change in
estimated resident population, 2006–11

2.2.5 Liveability

2.3 Regional population change and
development
The regional pattern of population change over 2006–11
is summarised in Table 2 and Figure 5. Apart from the
Adelaide and Outer Adelaide statistical divisions (see
Section 2.2.1), population growth in the other divisions
since 2006 has been relatively minor at 1000 people
or less over the five years. Indeed, both South East and
Murray Lands statistical divisions have experienced minor
population declines, largely because of ABS adjustments.
Like Victor Harbor in the Outer Adelaide Statistical
Division, the Yorke and Lower North Statistical Division
(particularly the Copper Coast) has been the recipient
of retirement migration from other parts of the state.
This has resulted in the third highest annual growth
rate between 2006 and 2011 of 0.45%, and the oldest
population in the state. Eyre and Northern statistical
divisions witnessed modest rates of population increase
(0.2% compared with 0.9% per year for the state) as a
result of the development of mineral resources and an
increased demand for labour.

2.3.1

Local area population change

Spatial differences in population change are most
pronounced, and environmental impacts are likely to be
most evident, at the larger scale of the statistical local
area (SLA) and local government area (LGA). Figures 6
and 7 show the spatial patterns of population change at
the SLA level, the total absolute change over 2006–11 and
the average annual percentage change.
Substantial absolute increases in population have the
potential to significantly affect the natural environment.
The largest absolute increases over 2006–11 occurred
in the SLAs on the southern and northern edges of
the Adelaide metropolitan area: increases of 7860 in
Onkaparinga–South Coast, 7530 in Salisbury Balance,
3850 in Playford–West and 3250 in Playford–West Central.
As these population increases were generally on new
broadhectare residential sites with very little residential

Other SLAs in the Adelaide Statistical Division have
experienced significant population growth over the
last five years, particularly those in the councils of Port
Adelaide Enfield (increase of 9960), Marion (4050) and
Adelaide City (3320), where there has been substantial
urban redevelopment and apartment construction in
established residential areas. In these areas, the annual
rate of increase was between 1.5% and 3.5%, significantly
higher than the state rate. Population increases in the
range of 1000–2000 over 2006–11 have been driven by
residential redevelopment in the established inner city
councils of Charles Sturt (increase of 4180), West Torrens
(2800) and Campbelltown (1850), where increasing
housing density has resulted in a more intensive use
of existing urban infrastructure. However, the loss of
backyards and tree cover has the potential to increase
both the heat island effect and the level of stormwater
run-off if care is not taken to offset these effects with
more open space, tree plantings and water-sensitive
urban design. The loss of backyards can also lead to a loss
of suburban habitats for some species.
Other areas on the fringes of metropolitan Adelaide have
absorbed some of the spillover growth from Adelaide—
for example, Mount Barker Council and Gawler have
had population gains of 2800 and 1500, respectively.
Significant population gains of more than 1000 have also
occurred in the regional LGAs of Alexandrina (increase of
2560), Murray Bridge (1800) Victor Harbor (1620), Copper
Coast (1230) and Light (1120), with the rate of growth
more than double the state’s average annual growth
rate. Mount Gambier and Lower Eyre Peninsula also
experienced significant growth in 2006–11. These regional
LGAs gained population because of their desirable coastal
locations and associated retirement migration, their
status as regional population centres or their proximity
to Adelaide.
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Adelaide ranked ninth among 140 world cities on the
2012 Economist Intelligence Unit’s liveability index and
retained its place as the most liveable Australian city
according to the Australian City Liveability Index. In 2012,
Adelaide hosted 7.5 million international visitor nights,
up from 5.7 million in 2008, but saw a drop in domestic
visitor nights from 8.1 million in 2008 to 7.2 million in
2012 (DIT 2012a).

population in 2006, the percentage increases were high
at 4.5% to 11.1% per year—five to ten times the annual
population growth rate of the state. Over 2006–11, these
areas have witnessed the greatest and most intense
environmental impacts from population growth—impacts
that need to be addressed by environmentally sensitive
urban design and biodiversity conservation principles.
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Table 2
Statistical
division

Estimated resident population, population shares, population change and average
annual growth rates of the seven South Australian statistical divisions, 1976–2011
1976

1981

1986

1991

1996

2001

2006

2011a

Estimated resident population
Adelaide
923 868
953 696
Outer
60 648
69 839
Adelaide
Yorke and
40 646
41 721
Lower North
Murray Lands
60 658
63 267
South East
59 525
61 628
Eyre
32 962
34 454
Northern
95 763
94 164
Total
1 274 070 1 318 769
Population distribution (%)
Adelaide
72.5
72.3
Outer
4.8
5.3
Adelaide
Yorke and
3.2
3.2
Lower North
Murray Lands
4.8
4.8
South East
4.7
4.7
Eyre
2.6
2.6
Northern
7.5
7.1
Total
100.0
100.0
1976–81
Growth
Adelaide
29 828
Outer
9 191
Adelaide
Yorke and
1 075
Lower North
Murray Lands
2 609
South East
2 103
Eyre
1 492
Northern
–1 599
Total
44 699
Average annual growth rate (% per year)
Adelaide
0.64
Outer
2.86
Adelaide
Yorke and
0.52
Lower North
Murray Lands
0.85
South East
0.70
Eyre
0.89
Northern
–0.34
Total
0.69

1 003 802

1 056 561

1 078 437

1 107 986

1 145 812

1 204 940

81 894

93 231

104 331

113 992

128 770

138 682

43 592

43 996

44 150

44 398

45 494

46 522

65 520
62 893
34 935
89 914
1 382 550

68 012
62 855
33 165
88 479
1 446 299

68 185
62 707
33 011
83 432
1 474 253

68 557
69 483
62 588
64 492
34 020
34 828
80 187
79 009
1 511 728 1 567 888

68 989
64 105
35 123
79 871
1 638 232

72.6

73.1

73.2

73.3

73.1

73.2

5.9

6.4

7.1

7.5

8.2

8.5

3.2

3.0

3.0

2.9

2.9

2.9

4.7
4.5
2.5
6.5
100.0
1981–86

4.7
4.3
2.3
6.1
100.0
1986–91

4.6
4.3
2.2
5.7
100.0
1991–96

4.5
4.1
2.3
5.3
100.0
1996–01

4.4
4.1
2.2
5.0
100.0
2001–06

4.3
4.1
2.2
4.9
100.0
2006–11

50 106

52 759

21 876

29 549

37 826

59 128

12 055

11 337

11 100

9 661

14 778

9 912

1 871

404

154

248

1 096

1 028

2 253
1 265
481
–4 250
63 781

2 492
–38
–1 770
–1 435
63 749

173
–148
–154
–5 047
27 954

372
–119
1 009
–3 245
37 475

926
1 904
808
–1 178
56 160

–494
–387
295
862
70 344

1.03

1.03

0.40

0.54

0.67

1.01

3.24

2.62

2.30

1.79

2.47

1.49

0.88

0.18

0.10

0.11

0.49

0.45

0.70
0.41
0.28
–0.92
0.95

0.75
–0.01
–1.03
–0.32
0.91

0.10
0.00
–0.1
–1.2
0.40

0.11
–0.04
0.60
–0.79
0.50

0.27
0.60
0.47
–0.30
0.73

–0.14
–0.12
0.17
0.22
0.88

a Preliminary estimated residential population figures rebased to the preliminary 2011 census results.
Sources: ABS (2012e, and earlier years)
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Source: ABS (2012e)

Figure 5

Population trends for the statistical divisions of South Australia, 2006–11
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Figure 7 highlights the regional SLAs where the
average annual growth rates exceed 1.0%, including
Unincorporated Far North, Ananga Pitjantjatjara, Roxby
Downs, Unincorporated West Coast, Unincorporated
Lincoln and Unincorporated Flinders Ranges. However,
all these SLAs had small populations in 2006 and the
increases represent less than 500 people over 2006–11.
Some of these SLAs also have large proportions of
Indigenous people and some of the population change
is an artefact of a more complete enumeration of these
populations in 2011 than in 2006.
Adjustments made by the ABS have resulted in a major
downgrading of growth rates in the regional areas of
the state (ABS 2012bc). This is evident in Figure 6, which
shows the absolute change in population between the
2006 and 2011 censuses. Of the 127 SLAs mapped, 28
had population decreases of at least 100 people, mostly
in the dryland agricultural areas of Eyre Peninsula,
Yorke and Lower North, Murray Lands and South East
Statistical Divisions.

The largest absolute population decreases were in the
metropolitan area. The populations of Tea Tree Gully–
North, Tea Tree Gully–Central, Onkaparinga–Morphett
and Onkaparinga–Woodcroft decreased by approximately
200 to 1055 people as young adults moved away from
home. Examination of the proportional losses in the
metropolitan area (Figure 7) indicate that, because of
the large base populations, these losses comprised less
than 1.0% of the population. Figure 7 also indicates that
losses in the range of 200–500 in areas such as Loxton
Waikerie (East and West), Northern Areas District Council
(DC), Peterborough DC, Renmark Paringa DC, Tatiara DC
and the Coorong DC are a more significant percentage
of these populations. This may have an adverse effect
on the sustainability of the agricultural workforce and
ultimately on the quality of environmental management
in these more marginal areas, particularly as the rural
workforce continues to age and is not fully replaced by
young people. A further 33 SLAs on the northern margins
of these SLAs had essentially stable populations between
2006 and 2011 (i.e. population gains or losses of 99
people or less).

Adelaide central business district from the eastern suburbs
Department of Planning, Transport and Infrastructure
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Source: ABS (2012e)

Figure 6

Absolute change in estimated resident population by statistical local area, 2006–11
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Source: ABS (2012e)

Figure 7

Average annual percentage change in estimated resident population by statistical local
area, 2006–11

2.3.2 Regional development

The growth in the mining sector, and its associated
high wages, has led to a shift in rural employment, with
significant numbers of farm owners and employees
leaving the land for employment in the mining sector.
This trend is likely to continue.
In addition to this, many people who are employed in
the mining sector choose to fly in and fly out to work.
Although most of these employees live in Greater
Adelaide, a shift may occur with some employees seeking
a lifestyle change (now affordable because of higher
incomes) by relocating to regional centres.
The primary production sector has continued to perform
strongly over the last five years. However, there is a
continuing trend towards farm amalgamation and the loss
of small family farms as a result of market volatility and
prolonged drought, which damaged the dairy industry in
the Lower Murray.

2.4 Heritage
South Australia’s heritage is made up of aspects of the
past and the present that are considered worth protecting

The significance and location of the heritage help to
determine the type of protection needed—for example,
World Heritage listings protect and conserve heritage
of global importance, and there are also national, state
and local listings. Local heritage places are listed in Local
Council Development Plans through the Development Act
1993, and state heritage places are entered into the South
Australian Heritage Register by a Register Committee
appointed by the independent South Australian Heritage
Council. Both processes require compliance with
prescribed criteria for listing.
South Australia’s various heritage listings include:
• more than 6400 local heritage places and areas
• more than 2200 state heritage places and areas
• seven heritage places and areas in the Commonwealth
Heritage List
• five heritage places and areas in the National
Heritage List
• one heritage place (Naracoorte Fossil Mammal Site) in
the World Heritage List.
The distribution of South Australian heritage sites in 2012
is shown in Figure 8.

Houseboats at Mannum on the River Murray offer regional development through tourism
Belinda Scott
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The South Australian Government has invested more than
$30 million to support minerals exploration and mining
in the state, and the number of mines has more than
doubled in the past five years. In 2008, the mining sector
contributed $2.8 billion to gross state product (4.3%) and
employed about 7500 workers. In 2011, it contributed
$3.9 billion to gross state product (5.1%) and employed
about 8800 workers.

for the benefit of future generations. This heritage can
include:
• wilderness, coastlines, native vegetation and
threatened species
• historic buildings and monuments
• shipwrecks, lighthouses and whaling stations
• art, artefacts, fossils, and agricultural and industrial
heritage
• customs, language and beliefs.
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Source: Data from the Australian Heritage Database, Australian Government Department of Sustainability, Environment, Water, Population and Communities

Figure 8

Heritage sites in South Australia, 2012
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3 What are the pressures?
The pressures resulting from population and economic
growth include transport, pollution and waste, which
impact on the environment and human wellbeing. These
and other pressures also affect the heritage features of
the state.

3.1 Transport
Transport is essential to the economic and social
functioning of communities; however, vehicle use and
transport infrastructure can have negative impacts on the
environment, communities and people through pollution
and energy use.
There has been a modest rise in the total traffic flow
as measured by the vehicle-kilometres (the number of
vehicles on a given road or traffic network multiplied by
the average length of their trips measured in kilometres)
travelled in the state from 2007 to 2010 (from 14 212 to
14 615 million vkm per year), but overall the estimates
have changed little from earlier estimates in 2002
and 2005, suggesting only minor changes in total
environmental impact.

3.1.1

Trend

Passenger vehicles (essentially private cars) dominate
road use in South Australia, consistently accounting for
76% of kilometres travelled (Figure 9). Light commercial
vehicles account for another 15% of the kilometres
travelled. Other vehicles such as articulated trucks, rigid
trucks, buses and motorcycles each account for less than
5%. The total distances travelled by these vehicles have
seen little change over the years (Figure 9). In 2007–12,
South Australia had the smallest growth in number of
motor vehicle registrations of Australian states and
territories, with a total increase of 10.2% and an average
annual increase of 2%, compared with the Australian
average of 13.3% and 2.6%, respectively (ABS 2012f). In
Adelaide, 81.4% of people travel to work by car and 9.7%
by public transport (DIT 2012a).
Cars used for private transport have increased on
our roads by 3.6% in the last five years. Although

this potentially presents issues relating to increased
greenhouse emissions and urban air quality impacts, newmodel vehicles are becoming increasingly fuel efficient
and are turning to alternative fuels and electrified drive
trains. The number of motor vehicles per 1000 people
increased by 8%, from 732 in 2006 to 793 in 2012. Light
commercial vehicle (panel vans and utilities) registrations
increased by 41% between 2007 and 2012 and now
total 167 360, and light commercial tonne-kilometres
(a tonne-kilometre corresponds to one tonne of freight
carried over one kilometre) travelled have been steadily
increasing, consistent with the increase in freight haulage
noted below.

3.1.2

Freight

The state’s road freight vehicles carried 184 million tonnes
in 2008–09, an increase of 8.7 million tonnes or 4.9%
over the previous 12 months. This suggests a significant
increase in fuel usage and emissions. Despite a decline
in the average laden distance of 0.6% in 2008–09,
an increase in tonnes carried ensured that the annual
South Australian road freight task increased by 2.7%
or 0.5 billion tonne-kilometres to 18.7 billion tonnekilometres in 2008–09 (Pekol 2011).
To date, the road transport sector has depended on
petroleum-based fuels. Growth in the Australian road
transport task has led to a corresponding increase in fuel
consumption, which, in turn, has led to an increase in
greenhouse gas emissions from the sector. The principal
greenhouse gas is carbon dioxide but vehicles also
produce nitrous oxide and methane, which contribute to
climate change (DIT 2012).
Heavier loads from transporting goods use more fuel. As
the state’s freight task expands in response to growing
manufacturing and mining sectors, the freight industry
will need to consider further emissions abatement and
offsetting, including alternative fuel use, vehicle design
and modification, and maximising efficiencies through
logistics planning.
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Source: CTEE (2011)

Figure 9

Annual road kilometres travelled by vehicle type in South Australia, 2005–06 to
2008–09

Growth in economic activity is projected to increase the
state’s road freight tonnes by 15.7 million tonnes or 18.6%
by 2018–19. Given expectations for average distance
travelled, average loads and road freight productivity, the
annual road tonne-kilometre task is projected to increase
by 19.5% to 22.8 billion tonne-kilometres in 2018–19
(Pekol 2011). Increases in volumes of freight on our roads
can lead to associated increases in vehicle emissions.
It is important that industry adopts measures to help
mitigate or offset such increases and gradually transfer
more freight to rail. The South Australian Government
and the Australian Government have committed to the
construction of the Goodwood and Torrens Junctions
projects, which will enable longer, more reliable and
more efficient trains to operate on the train network,
and increase rail’s competitiveness with other forms of
transport. Further investment by the private sector and
the Australian Rail Track Corporation in more facilities,
increased capacity and increased axle loads will ensure
that rail will remain competitive with road, enabling a
transfer to rail where this is economically sustainable.

3.1.3

Public transport

Total patronage of public transport (tram, train and
bus) has remained reasonably stable in the Adelaide
metropolitan transport area since 2005–06 (Figure 2.10),
with some evidence of increased patronage (especially of
trams) as the service has been extended and improved.
Train patronage remained relatively stable between
2005–06 and 2009–10 at 11.7 million boardings per
year, but decreased in 2010–11 because of the temporary
closure of lines for track upgrading. Bus boardings
increased from 50.1 million in 2005–06 to 53.7 million in
2009–10. Boardings appear to have decreased in 2010–11,
but this is due to additional through-running bus services
that reduced the number of bus transfers required
by passengers.

3.1.5

Source: DPTI (2011)

Figure 10

Boardings of public transport in
Adelaide metropolitan area by
mode, 2005–06 to 2010–11

Estimates of annual passenger-kilometres travelled by
public transport are perhaps one of the best indicators of
the use of public transport in metropolitan Adelaide. In
2006–07, the total annual passenger-kilometres travelled
by public transport was estimated at 43.8 million,
with usage increasing by between 0.9 and 1.5 million
passenger-kilometres a year to reach 48.5 million
passenger–kilometres in 2010–11, equating to increases
of 0.9% to 3.4% per year (DPTI 2012, unpublished data).
The biggest increase of 1.5 million passenger-kilometres
occurred between 2006–07 and 2007–08 when the new
inner city tramline from Victoria Square to City West
was opened. Extension of this system to the Adelaide
Entertainment Centre in March 2010 also boosted
passenger usage.

3.1.4

Private vehicles

Although there has been an encouraging increase
in the patronage of public transport in the Adelaide
metropolitan area since 2005–06, car travel still
accounts for more than 70% of the passenger-kilometres
travelled on metropolitan roads, and for most of the
greenhouse gas emissions. Adelaide residents still prefer
the flexibility and comfort of private vehicle transport,
except where there may be obvious time or financial
gain from using public transport. This appears to be the
case with suburban residents employed in the central
business district (CBD), where carpark fees and delays

Bicycles

The number of cyclists travelling to and from the city
increased from 6153 in 2006 to 9443 in 2011. Cordon
counts of cyclists (12-hour counts of cyclists entering or
leaving Adelaide CBD on an average weekday between
7am and 7pm collected in October, an ‘average’ month for
cycling) have grown by 51% over the past five years—an
average annual increase of 9.5%. As measured by the 2011
cordon counts, cycling accounted for 9500 trips to and
from the city, or about 4.3% of all vehicle trips in and out
of the city. Although counts are collected at 33 locations,
they do not account for all cyclists since there are possible
routes that are not covered.

3.2 Pollution
To sustainably maintain our population and economic
activity, it is essential to effectively manage the impacts
of pollution and waste created by human activities. This
includes protection of air and water quality, protection
from harmful noise and radiation, and improved
management of waste. (Trends in air quality, noise,
radiation and waste are covered in this chapter; water
quality is discussed in the Water chapter).
A key approach to the monitoring and control of
pollution in South Australia is the licensing of activities of
environmental significance by the Environment Protection
Authority (EPA). Over 2006–11, the EPA licensed 2100
such activities that included petroleum and chemical
facilities, manufacturing and mineral processing,
waste treatment and disposal, animal husbandry, food
processing, and materials handling and transportation. In
addition to controlling these significant point sources of
potential pollution, the EPA also monitors the pollution
from diffuse sources and evaluates the cumulative
impacts from all sources on the community and
environment.
The South Australian Environment Protection Act 1993
creates a general environmental duty for everyone to take
reasonable and practicable measures to avoid harm to
the environment. The EPA maintains a pollution reporting
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from congestion appear to discourage private vehicle
use, provided there is a readily available and timely
public transport alternative. Recent planning decisions
to discourage additional car park construction, and the
proposed levy on certain car park spaces in the CBD,
are aimed at fostering this trend. Motorcycle (including
scooters) registrations continued to grow at a faster rate
than any other vehicle type, with an annual increase
of 7.7%.
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and enquiries line to receive calls about environmental
concerns. In terms of the number of reports, noise stands
out as an issue of concern to most people (Figure 11). If
complaints about noise to local councils and the police
are added, the figure becomes even more substantial. The
main sources of complaints and measures to deal with
noise are discussed in Section 3.2.2.

3.2.1

Air pollution

The human health effects of air pollution include
aggravation of asthma, cancer, fibrosis, bacterial and
fungal infection, allergic reactions and absorption of
toxic materials into the blood. The risks are highest for
sensitive groups such as children and the elderly.
The impacts of air pollution on ecosystems are also
significant and can include loss of soil function (e.g. from
acid deposition), reduction of yield of food crops and
changes in the structure of plant communities. High
concentrations of particulate matter can clog stomatal
openings of plants and interfere with photosynthesis,
leading to growth stunting or death in some plant species.

Elements of air pollution and their impact include:
• fine particles from motor vehicles, industry,
agriculture, bushfires and solid fuel fires; these impact
on public health, climate change, rainfall and amenity
• gaseous pollutants such as sulfur dioxide, fluoride,
carbon monoxide and nitrogen oxides from industry,
solid fuel fires and coal combustion; these impact on
public health, flora and fauna (agriculture), corrosion
of the built environment, rainfall and climate change
• air toxics and volatile organic compounds from
automobiles, industry, solid fuel fires and coal
combustion; these impact on public health and are
contributing to an enhanced greenhouse effect
• photochemical smog; this affects the respiratory
system and contributes to an enhanced
greenhouse effect
• lead (heavy metals) and sulfur dioxide; these
affect the central nervous and respiratory systems,
particularly of children.

Note: Reports associated with site contamination were not recorded separately before 2010–11.
Source: EPA (2008–12)

Figure 11

Number of reports received by the South Australian Environment Protection Authority,
2008–09 to 2011–12

In metropolitan Adelaide, the amount of fine particulate
matter (particulate matter smaller than 10 micrometres
[PM10] and smaller than 2.5 micrometres [PM2.5]) in the
atmosphere has decreased slightly since 2008. However,
the trend remained stable over the years leading up to
2010, which was a period of serious drought in South
Australia. During the drought, major dust storms and
bushfires occurred on several occasions; in addition,
particles normally generated in urban areas were likely
to remain in suspension as they were not washed away
by rain. As a result, the PM10 daily standard was exceeded
regularly within the Adelaide metropolitan area and in
the regional centres of Whyalla and Port Pirie. Trends for
nitrogen dioxide, carbon monoxide, sulfur dioxide and
ozone remained relatively stable from 2008–11 across
metropolitan Adelaide, but sulfur dioxide levels increased
at Port Pirie. There has been an overall decrease in lead
particles measured at all monitoring sites.

In addition to the network of monitoring stations, an
important source of information about air pollution
emissions is the web-based database for the National
Pollutant Inventory (www.npi.gov.au). A wide range
of industries, if they exceed reporting thresholds, are
required to provide estimates of their emissions each
year. In addition to industry-reported data, aggregate
emissions data are calculated, which include emissions
from a broader range of sources including vehicles, lawn
mowers, small engines, wood heaters and petrol stations.
The last time aggregate data were updated was in
2002–03, partly because it is a resource-intensive
process that requires inputs from many sources including
modelling, surveys, socio-economic statistics, emission
factors, fuel usage and traffic data.
Figure 12 compares the most recent industry data from
2011–12 with aggregate data from 2002–03, indicating
the relative significance of industry and aggregate air
emissions for key air pollutants. In South Australia,
total volatile organic compounds, benzene and carbon
monoxide emissions are dominated by aggregate sources
while PM10, lead and sulfur dioxide are dominated by
industrial sources. Approximately equal shares can
be attributed to industry and aggregate sources for
nitrogen oxides.

PM10 = particulate matter less than 10 micrometres in diameter; TVOCs = total volatile organic compounds
Source: National Pollutant Inventory

Figure 12

Comparison of aggregate and industrial sources of air emissions in South Australia
2002–03 and 2011–12
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In South Australia there is particular concern about:
• particulate matter in Adelaide, Port Pirie and Whyalla
• wood smoke in Mount Gambier and Mount Barker
• sulfur dioxide at Oliver Street in Port Pirie
• lead in Port Pirie
• ozone levels in Elizabeth.
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Trends in key substances from industrial sources were
stable over 2007–12 for most emissions except PM10,
carbon monoxide, and lead (Figure 13a–d). The increase
in PM10 reported under the National Pollutant Inventory
is not mirrored in the data from monitoring stations
discussed below, presumably because the increase was
caused by an increase in regional mining activities not
captured by the network of monitoring stations.
Generally, during dry conditions and when winds are
high, dust blown from regional areas may combine with

other forms of particle pollution, such as those from
industry, motor vehicles, bushfires and sources in the
metropolitan area, to cause dust levels above National
Environment Protection (Ambient Air Quality) Measure
1998 (Air NEPM) standards. However, increased rainfall
and humidity have been major factors in reducing these
levels in 2011 (Figure 14). The metropolitan monitoring
network provides a comprehensive picture of particle
concentrations across Adelaide.

Source: National Pollutant Inventory

Figure 13

Trends in emissions in South Australia reported under the National Pollutant Inventory,
2007–08 to 2011–12
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NEPM = National Environment Protection (Ambient Air Quality) Measure; PM10 = particulate matter smaller than 10 micrometres
Note: No exceedences of the Air NEPM standard or goal occurred in 2011.
Source: Environment Protection Authority data

Figure 14

Annual exceedences of the Air NEPM PM10 standard at Adelaide monitoring sites,
2002–12

Air monitoring in Whyalla
The Whyalla monitoring network measures particle
concentrations at residential and near-industry sites
across Whyalla. Exceedences of the Air NEPM standard
have reduced in recent years as a result of improved
industry emission controls and wetter weather (Figure 15).
Air monitoring in Mount Gambier
Air quality monitoring of particle concentrations in Mount
Gambier showed numerous exceedences of the Air NEPM
standards during winter, resulting in poor winter air
quality. The data also showed a decrease in PM10 particles
between 2010 and 2011 winter monitoring. Overall,
winter patterns of fine particle pollution continued to
be consistent with the dominance of wood smoke on
cold winter nights. Episodes of pollution comprising
coarser particles from sources on the fringes of Mount
Gambier were recorded and were possibly contributed by
industries in the region.
Spring monitoring in 2011 showed a decrease in fine
particles from residential areas and improved air quality,
with no exceedences of Air NEPM standards during this
period. There was, however, an increase in both PM2.5 and
PM10 particles from the industrial sector.

3.2.2 Noise pollution
Noise above safe levels leads to a number of known
health impacts such as stress, high blood pressure, loss of
sleep, inability to concentrate and loss of productivity. It
has similar effects on the wellbeing of animals, and noise

has been shown to affect the reproductive capacity of
some animals.
Main sources of noise are:
• industrial noise (including mining, freight terminal
operations, etc.)
• transport noise (from roads, vehicles, trains and
airports)
• construction and garbage collection noise
• domestic tool and machine noise
• dogs barking.
At present, the most significant noise issues arise from
transport (particularly rail). With the proposed increase
of residential dwellings adjacent to transport corridors by
the 30-Year Plan, there will be an increase in the number
of people potentially exposed to noise. However, as
detailed in Section 4.3.5, new building code specifications
have been put in place to mitigate the noise exposure
of residents. Some local councils also provide assistance
to reduce noise exposure in existing dwellings, such as
the acoustic advisory service and noise management
incentive scheme offered by the Adelaide City Council
(Adelaide City Council 2013).
The number of noise complaints recorded by the EPA
during 2007–12 were:
• 2007–08: 939
• 2008–09: 1029
• 2009–10: 1186
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•

•

2010–11: 1241 (and 329 enquiries; the EPA started
recording noise-related enquires [as distinct from
complaints] from 2010–11)
2011–12: 1170 (and 354 enquiries).

Although the numbers show a general increase, the
following qualifications apply:
• The same person may complain about the same
noise source more than once and, as each complaint
is recorded separately, this could lead to double
counting.
• Noise complaints may be included as a secondary
complaint in other complaints and thus not be
captured separately.
• The data above is only for complaints made to the EPA
and exclude complaints to councils and the police.
The number of complaints to local councils in relation to
barking dogs exceeds the total number of complaints
about noise from all sources made to the EPA (Table 3).
The trend remains stable, indicating that current
measures (a fine for the dog’s owner) are ineffective.

Table 3

Complaints to South Australian
councils about barking dogs,
2008–12
Metropolitan
area

Rural and
regional areas

Total

2008–09

2767

1479

4246

2009–10

2638

1838

4476

2010–11

2262

1974

4236

2011–12

2979

1006

3985

Year

South Australia has a significant wind resource, which
has been the focus of development in the renewable
energy sector over the past 10 years. The result has been
significant development of wind farms across the state,
the majority of which have concentrated in the Mid
North and South-East regions. In recent years, wind farm
installations have been associated with an increase in
noise complaints. The focus of these complaints centres
on ‘low frequency’ sound output of the wind farm, which
is currently the topic of further research by the National
Health and Medical Research Council (NHMRC 2010) and
targeted monitoring by the EPA.

NEPM = National Environment Protection (Ambient Air Quality) Measure; PM10 = particulate matter smaller than 10 micrometres
Note: Compliance with the Air NEPM is assessed at Schultz Reserve only. Monitoring at Walls Street commenced on 2 July 2004; monitoring at Schultz
Reserve commenced on 27 April 2007.
Source: Environment Protection Authority data

Figure 15

Annual exceedences of the Air NEPM PM10 standard at Whyalla monitoring sites,
2004–12

3.2.3

Site contamination

The EPA has developed a set of guidance material and
other publications to communicate site contamination
issues and requirements to affected parties. Property
owners, occupiers and others have a legal obligation
pursuant to section 83A of the Environment Protection
Act to advise the EPA of any site contamination that
affects or threatens underground water. When the EPA
becomes aware of off-site contamination via groundwater,
they or an appropriate person advise the people who are
potentially directly affected of the level of, and evidence
for, any risk. In addition to advising potentially affected
residents, the EPA maintains a searchable web-based
index of notifications of impacts to groundwater. To
further ensure the protection of human health, the
South Australian Government discourages the use of
groundwater from a well or bore unless it has recently
been tested and shown to be safe for that purpose.
On 1 July 2009, amendments to the Environment
Protection Act were introduced to specifically deal with
site contamination. The EPA has recorded the following
information specific to site contamination on the public

Increases in population and population density are
likely to lead to redevelopment of previous industrial
sites for more sensitive purposes (e.g. residential),
and development closer to landfills and contaminated
sites. This will necessitate careful investigation and
spatial monitoring of contaminated sites, including
those abandoned after industrial uses decades ago.
Information about current and recent site contamination
investigations can be viewed on the EPA’s website (www.
epa.sa.gov.au/environmental_info/site_contamination).
One of the complexities of site contamination is that
chemical substances can migrate to surrounding
properties through the soil or groundwater, causing
offsite contamination. This poses obvious risks where, for
example, the site contamination affects groundwater that
is used by surrounding residents through a bore or other
means. (See the Water chapter for further information
about groundwater.)

SC = site contamination
Source: Environment Protection Authority data

Figure 16

Site contamination information recorded on the South Australian public register,
2009–10 to 2011–12
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Site contamination in South Australia is regulated through
specific provisions in the Environment Protection Act 1993
and the Environment Protection Regulations 2009. These
provisions define site contamination, assign responsibility
and give the EPA authority to retrospectively deal with
site contamination.

register under section 109 of the Environment Protection
Act up to 15 June 2012 (Figure 16):
• 217 notifications of the commencement of a site
contamination audit under section 103Z(1)
• 52 site contamination reports received and accepted
under section 103Z(3)
• 303 notifications of site contamination of
underground water under section 83A
• 11 exclusions or limitation of liability for site
contamination under section 103E
• 2 approved voluntary site contamination assessment
proposals under section 103I.
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3.2.4 Radiation
Ionising radiation
Natural radiation sources contribute around 65% of
the annual per person radiation dose to the Australian
population, with around 35% of the dose coming from
the diagnostic use of radiation (X-rays) in health care and
from radiation treatment for cancer (Figure 17).

into the foreseeable future. Although the main radiation
exposure from uranium mining is to workers at sites, all
doses received by workers who are exposed to radiation
are well below the occupational limits prescribed in
state, national and international legislation. Radiation
monitoring continues to indicate that doses to workers
who are not exposed to radiation, and other workers
offsite, are not above normal background levels.
Figure 18 shows the locations of uranium deposits in
South Australia (DMITRE 2012).

3.3 Waste
With an increasing and more affluent population and
a growing diversity of consumer goods, waste is a
significant environmental, social and economic issue.
In addition to the waste generated by the disposal of
products, urban renewal generates demolition and
building wastes, and agricultural and industrial processes
generate chemical and other hazardous wastes.

3.3.1
mSv = millisievert
Source: Hardege (2005)

Figure 17

Australian annual per person
radiation dose from natural and
medical sources

Non-ionising radiation
Sources of non-ionising radiation include mobile
telephones and base stations, power lines, lasers and
cosmetic tanning units. The harmful effects of exposure
to high levels of non-ionising radiation are well known
(such as high exposure to ultraviolet [UV] radiation,
which increases the risk of skin cancer), but there is little
scientific evidence of harmful effects from chronic low
levels of exposure. The greatest source of exposure of
South Australians to UV radiation is the sun, although
exposure can also be associated with the use of a range
of industrial, medical, domestic and cosmetic devices.
The public perception of UV radiation risk associated with
the use of cosmetic tanning units has changed and the
number of businesses operating cosmetic tanning units
has decreased, falling from 35 in 2010–11 to 27 in 2011–12.
Radiation from uranium and mineral sands
Uranium mining and mineral sands industries play
a significant role in South Australia’s economic
development, and are expected to continue to do so

Waste trends

Table 4 and Figure 19 provide a summary of total waste
generated in South Australia since 2003–04 and the
changes over time in the proportion of recycled waste
and waste going to landfill.
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Source: DMITRE (2012)

Figure 18

Location of uranium deposits in South Australia
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Table 4

Annual South Australian resource recovery, landfill quantities and waste per person,
2003–11
Change (%)
2003–04 2005–06

Total recycling
reported

2006–07

2007–08

2008–09 2009–10

2010–11

2009–10 2003–04
to 2010–11 to 2010–11

2 042 000 2 396 000 2 434 000 2 611 000 2 552 000 2 760 000 4 310 000

56

111

Recycling
1 880 000 2 088 000 2 110 000 2 248 000 2 309 000 2 340 000 2 850 000
data (tonnes)a

22

52

420 000 1 460 000

248

801

Waste to
landfill
(tonnes)

1 278 000 1 158 000 1 144 000 1 130 000 1 072 000 1 035 000 1 084 000

4.7

–15

Total waste
generation
(tonnes)

3 320 000 3 554 000 3 578 000 3 741 000 3 624 000 3 795 000 5 394 000

42

62

79.9

10

30

74.8

2.9

22

1 534 000 1 550 042 1 584 500 1 601 800 1 622 700 1 644 600 1 657 000

0.8

8

Separately
reported
recycling data
(tonnes)b

Recovery rate
(%)

162 000

61.5

308 000

67.4

324 000

68.0

363 000

69.8

243 000

70.4

72.7

Excluding
extra soil
from major
infrastructure
projectsc
South
Australian
population
Per person
diversion to
recycling (kg)

1 330

1 550

1 540

1 630

1 570

1 680

2 600

55

95

Per person
landfill (kg)

830

750

720

710

660

630

650

3.2

–22

Per person
total waste
(kg)

2 160

2 300

2 260

2 340

2 230

2 310

3 250

41

50

a Includes most of the traditionally reported material categories
b Data for recycled soil, sand, rock and fly ash materials
c Includes waste fill generated from projects such as the Adelaide Desalination Plant and the Royal Adelaide Hospital
Source: Rawtec (2012)
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Source: Rawtec (2012)

Figure 19

Annual South Australian recovery and landfill disposal, 2003–04 to 2010–11

In 2010–11, 5.4 million tonnes of waste was generated in
South Australia, an increase of 42% since 2009–10 and of
62% since 2003–04 (Figure 19; Rawtec 2012).
In 2010–11, South Australians diverted 79.9% (4.3 million
tonnes) of materials from landfill to recycling—a
56% increase from the 2.76 million tonnes recycled
in 2009–10 and a 111% increase from the 2.04 million
tonnes recycled in 2003–04 (Rawtec 2012).
The large increase in 2010–11 was attributed to
approximately 1.26 million tonnes of waste fill diverted
to recycling from major infrastructure projects
including the Adelaide Desalination Plant and the Royal
Adelaide Hospital. After subtracting the effects of these
infrastructure projects from South Australia’s 2010–11
resource recovery data, South Australia still achieved
a recovery rate of approximately 74.8%, an increase of
2.9% from 2009–10.
The total waste generated per person has risen by
50% since 2003–04. The per person recycling rate has
increased to the second highest level of the last seven
years at 2600 kilograms.
Along with conventional types of household waste such
as paper and plastics, the amount of waste generated
from electrical and electronic products has increased
substantially. In 2007–08, 31.7 million new televisions,
computers and computer products were sold in Australia.
In the same year, 16.8 million televisions, computers

and computer products were disposed of in Australia,
with 84% going to landfill. The phase-out of analogue
televisions is contributing to this figure. Waste volumes
are expected to increase dramatically: the number of
these items reaching their end of life is anticipated to
increase to 44 million by 2027–28 (Hyder Consulting and
PricewaterhouseCoopers 2009).
In South Australia, it is estimated that the total waste for
televisions and computers in 2011–12 was 427 700 units.
By 2015–16, this is expected to grow to 668 200 units, an
increase of 56% (Equilibrium 2012).

3.3.2

Waste management

Mounting pressure on global energy and mineral
resources (as reflected in rising prices and resource
scarcity) is a key driver for the reuse, recycling and
recovery of resources as measures to use materials
and energy more efficiently. This is consistent with the
waste hierarchy, an internationally accepted guide for
prioritising waste management (Figure 20).
Costs associated with recycling and disposal of waste
influence behaviour. Costs include transport, government
levies and charges, and infrastructure operating costs. In
particular, regional and outback areas of South Australia
find it difficult to support recycling programs because
of transport costs, limited access to end markets for
recyclable materials, and lack of sufficient volumes
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to make resource recovery and waste management
financially viable. The level and volatility of international
commodity prices place pressure on recycling and
recovery of materials, and make it difficult for recyclers to
respond to market conditions.

composite materials (metallised plastics or copolymers)
means that waste from these products becomes more
complex, and often more difficult to separate into their
component elements.
Although there is no current scientific evidence regarding
the health and environmental risks from televisions,
computers and other electrical products in Australian
landfills, it is recognised that there are potential risks
associated with leaching and evaporation of hazardous
substances from landfill into soil and groundwater (Hyder
Consulting and PricewaterhouseCoopers 2009).
The trend of increasing use of toxic substances (e.g. in
pharmaceuticals, paint, herbicides, insecticides) and the
unrecorded stockpile of banned substances in sheds and
on farms also places pressure on the proper collection,
treatment and disposal of these substances.
Food waste is often overlooked as an important waste
type because it is biodegradable and is typically thrown
away with other household waste. A large part of wasted
food is made up of scarce soil-derived water, minerals
and energy; after this enters landfill it produces methane,
a powerful greenhouse gas. In the context of South
Australia’s generally poor soils, food waste is a potentially
important source of organic fertiliser. Following a
successful trial in 2010, a number of local councils are
now providing a food waste recycling service.

3.4 Heritage
Source: Zero Waste SA (2011)

Figure 20 Waste hierarchy
As detailed above, electrical and electronic products
are an increasing component of waste. Televisions,
computers and other electronic items contain valuable
resources such as tin, nickel, zinc, aluminium and
copper, and hazardous materials such as lead, mercury,
cadmium, and brominated and antimony compounds.
Close to 100% of the materials in televisions and
computers can be recovered (Hyder Consulting and
PricewaterhouseCoopers 2009); however, it is labour
intensive to separate these components.
Materials recovery infrastructure in the Adelaide
metropolitan area is ageing and in need of modernisation
and refurbishment. New technologies make it more
efficient to sort materials and reduce contamination
of recycled materials. Changes in the materials of
commonly used products (such as from wood to plastics),
or the introduction of completely new materials (such
as rare tantalum and neodymium) and the use of

Development pressure, insufficient resources, a shortage
of conservation skills and divergent views about the
importance of some places all contribute to the risk of
inadequate protection for South Australia’s heritage
places. There are also pressures on remote natural
heritage places from development such as mining, which
may require special responses to manage. One example
is the South Australian Government’s ban on mining in
Arkaroola through special-purpose legislation.
Heritage expertise is held by a small group of highly
skilled craftspeople and professionals, and there is a risk
of future gaps in skills. Many heritage places are also at
risk of deterioration as a result of declining resources for
maintenance and renewal.

49

People and places

4 What are we doing about it?
The South Australian Government has established
overarching policies and programs, as well as controls and
activities to address specific pressures.

create less waste and pollutants by decreasing car travel,
promoting public transport and shortening the journey to
work (Gray et al. 2010). It also offers improved access to
services and employment.

4.1 Policies and programs

The 30-Year Plan has set a target ratio of infill-to-fringe
residential development of 70:30 by 2036. This will be
achieved by locating the majority of new housing in
existing zoned urban areas, particularly around transport
corridors. With new building codes and planning policy,
this should not increase exposure to noise and air
pollution. In addition, to further protect rural lands from
residential development, the government has introduced
measures to protect the McLaren Vale and Barossa
regions from residential subdivision.

South Australia has a number of policies and programs
in place to address the pressures of population and
economic growth in urban and regional areas.

4.1.1

Adelaide

Adelaide is characterised by low population densities,
with mostly detached dwellings on medium-sized blocks
of land (although the median lot size in South Australia
is now one of the smallest in Australia), and residential
areas sited some distance from places of employment.
This dispersed, low-density type of urban design is
very energy intensive and wasteful of land and other
resources (Newman and Kenworthy 1989, Newman 1999,
Trubka et al. 2007). The 30-Year Plan promotes a more
sustainable, compact urban design while still enabling
growth. This is to be achieved through a variety of means,
including:
• increasing density
• co-locating services with transport and mixed-use
development
• promoting walkable environments
• reducing overall reliance on car travel
• promoting short-distance travel and public transport
• increasing energy efficiency of buildings
• promoting alternative energy use
• promoting green technologies
• establishing networks of greenways and open space
• incorporating water-sensitive urban design techniques
into new developments
• requiring new developments to be connected to
alternative water sources.
The 30-Year Plan, as a whole-of-government policy,
offers an opportunity to reduce the use of resources and

In the first stage of the process, the government has
developed a range of new land-use planning zones.
These zones:
• allow a combination of major land-use types (such
as residential, retail, office, commercial and civic) in
compact and higher density growth and regeneration
areas
• support an innovative mix of higher density urban
development on land that abuts key transit corridors.
Higher density living within the Adelaide metropolitan
area presents opportunities for more effective waste
management and promotion of reuse, and redevelopment
of existing infrastructure.
Initiatives to reduce the lot size of recently completed
detached dwellings within Greater Adelaide and planning
policy that promotes redevelopment in established urban
areas have had a significant impact in slowing Adelaide’s
urban sprawl. Since 2001, the number of small lot sizes
(less than 600 square metres) had increased to such an
extent that by 2006 they accounted for the majority of
the detached dwelling completions in the Adelaide and
Outer Adelaide Statistical Divisions (Figure 21). This trend
has continued since 2006 and, by 2011, the median lot
size in these two statistical divisions was just 416 square
metres, significantly smaller than comparable estimates
from other metropolitan areas interstate (HIA Economics
Group 2011).
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Note: The data are for calendar years and exclude Kangaroo Island.
Source: June 2012 property cadastre and valuation snapshot, Department of Planning, Transport and Infrastructure

Figure 21

Lot size of detached dwellings by year of completion, Adelaide and Outer Adelaide
statistical divisions, 1986–2011

In addition to, and complementing, the change to a
compact urban design, the government is developing
a range of water-sensitive urban design policies and
initiatives, including a blueprint for urban water for
Greater Adelaide that integrates use of all water sources,
including stormwater and recycled wastewater. The
blueprint will provide overall strategic direction for water
planning in South Australia; refer to the Water chapter for
more details.

Progress on this target is rated as ‘steady or no
movement’ but ‘within reach’. A decrease in
population between the 2010 baseline and 2011 and
a change in boundaries mean that an increase of
25 400 people is required by 2020 to reach the target
population of 320 000. At the current rate of net
regional population growth, this target is likely to be
met after 2020.
•

SASP Target 56: Ensure the provision of key economic
and social infrastructure accommodates population
growth.
The target does not lend itself to ready assessment
and the SASP Audit Committee recommended
that the wording be reviewed. The formation
of a new Department of Planning, Transport
and Infrastructure in 2011 will help ensure that
transport and infrastructure needs are considered
in the early planning stages for areas of identified
population growth.

•

SASP Target 63: Increase the use of public transport
to 10% of metropolitan weekday passenger vehiclekilometres travelled by 2018.
Progress towards the target has been assessed as
positive and its achievement as within reach, although
public transport use is required to increase at an

4.1.2 South Australia’s Strategic Plan
Progress against South Australia’s Strategic Plan (SASP)
(SASP Audit Committee 2012) includes:
• SASP Target 45: Increase South Australia’s population
to 2 million by 2027.
This target is unlikely to be achieved because it
requires an average annual growth rate of 1.26%,
which is higher than the average annual growth rate
recorded between 2003 and 2011 (0.9%). The target is
also above the 1.1% ‘high growth’ scenario projection
issued by the ABS (ABS 2008). Achievement of the
target will be influenced by net overseas migration.
•

SASP Target 46: Increase regional populations outside
Greater Adelaide by 20 000 to a total of 320 000 or
more by 2020.

•

•

SASP Target 67: Reduce waste to landfill by 35%
by 2020.
This is an ambitious goal, but achievement of the
target is within reach. The government released
an updated waste strategy (Zero Waste SA 2011) in
December 2011 with two key objectives: maximising
the useful life of materials through reuse and
recycling, and avoiding and reducing waste.
SASP Target 68: By 2036, 70% of all new housing
in metropolitan Adelaide will be being built in
established areas.
This is a new target in the 2011 SASP and was tracking
at 57% in 2010. This reflects current levels of land
supply in the various locations at the beginning of
the intended life of the 30-Year Plan. In addition, in
2010, 43.5% of the newly built houses in metropolitan
Adelaide were built within 800 metres of the current
or extended transit corridors indicated in the 30-Year
Plan. Opportunities for more infill around transit
corridors will increase as local development plans are
amended to introduce new zoning policies.

In SASP 2012, the South Australian Government
announced seven strategic priorities that identified the
areas of the SASP that the government has chosen to
focus on (DPC 2012). The work, budgets, policymaking
and legislative agenda of the government will reflect
these priorities. The seven priorities are:
• creating a vibrant city
• safe communities, healthy neighbourhoods
• an affordable place to live
• every chance for every child
• growing advanced manufacturing
• realising the benefits of the mining boom for all
• premium food and wine from our clean environment.

4.1.3

Planning Strategy for South Australia

Progress against the Planning Strategy for South Australia
(PSSA; Government of South Australia 2011a) (to
December 2011) includes:
• The share of overall new housing in the established
areas of metropolitan Adelaide as a proportion of the
total housing built across the remainder of Greater
Adelaide, including fringe areas and towns and rural
locations, has tracked between 56% and 58% in
2008–10.

•

•

•

•

•

•

•

Ecosystem restoration initiatives, including tree
planting and revegetation, are being undertaken
by the natural resource management (NRM) boards
(see the Introduction for more information on NRM
regions) and local councils. Work undertaken by
the Adelaide and Mount Lofty Ranges NRM boards
during 2009–10 to increase the extent of functional
ecosystems included reconstruction of 243 hectares
of land, and management of native vegetation on
7339 hectares of land.
Climate change modelling indicates that new urban
design will contribute to an overall decline in the
state’s greenhouse gas emissions.
Air quality is being addressed as part of the
government’s planning policy reforms, the first stage
of which was completed in 2011.
The government has committed $12 million over
four years towards the development of greenways
(including cycling and walking corridors) along major
transit corridors. Work commenced in 2010–11 on
developing a greenway from Adelaide to Marino Rocks
along the Noarlunga rail line.
Water-sensitive urban design and natural resource
management will be addressed as part of PSSA
reforms, likely to be undertaken from 2013–15.
In 2010–11, renewable energy comprised 22% of South
Australia’s electricity production. This is considerably
higher than the 4.1% recorded in 2004–05 and the
9.7% in 2007–08, and is already above the Strategic
Plan target of 20% renewable energy production by
2014 (DPC 2012).
New dwellings, or additions of more than 50 square
metres that include a wet area, are required to be
connected to rainwater tanks and have hot water
systems that are either solar heated, gas heater
compliant or wood combustion heated.

4.2 Transport
Complementing the new urban design, which supports
compact development and less reliance on individual car
travel, the South Australian Government is attempting
to decrease the impact of transport on the environment
by promoting active travel (e.g. cycling and walking) and
expanding and modernising the state’s public transport.
The government has developed a ‘Streets for People’
(South Australian Active Living Coalition 2012ab)
compendium to provide guidance for a rethink of
conventional street design to support increased physical
activity. The compendium presents key principles to shape
pedestrian and cycling-friendly streets, introduces the
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accelerated rate to achieve the target by 2017–18.
Significant activity is focused on improving public
transport, supported by implementation of the
30-Year Plan.
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Link and Place street design approach, and clarifies the
approval process and addresses risk and liability issues.
The Streets for People principles have already influenced
emerging designs in the Bowden Development and the
Leigh and Bank streets revitalisations.
Significant public transport works are currently under
way to improve the public transport network. A reliable
and effective public transport system is a key tool to
successfully implementing new urban design. In 2008
the South Australian Government began a decade-long
investment ($2.6 billion including Australian Government
funding) to provide faster, more frequent, less energy
intensive, less polluting and more efficient services
for train, tram and bus customers, and a safer public
transport system. Changes include the following:
• An extra 100 buses are now on the network, providing
more than 750 additional services focusing on highdemand areas and incorporating an extension of
Adelaide Metro bus services to Gawler. Adelaide’s
most used public transport corridor, the O-Bahn bus
way, is now serviced by more buses.
• An extended tram line to the Adelaide Entertainment
Centre provides a free public transport option to
customers, along with a park-and-ride facility.
• The tram line has been extended, providing a service
from Glenelg to the city and Hindmarsh. An additional
four trams were introduced in 2011–12, bringing the
total fleet number to 21.
• The South Australian Government has committed to
a long-term investment in public transport, including
a 5.5-kilometre extension of the Noarlunga rail line

to Seaford. Future plans include completing the
electrification of the Seaford line and adding up to
66 new electric railcars. Complete electrification of the
Gawler and Outer Harbour lines remains a target.
• The train line upgrades are the first steps towards
electrification of the metropolitan network, which
will result in significant reductions of carbon dioxide
emissions for the state.
• Almost 300 extra buses over the next decade will
deliver bus feeder services, linking local areas to
dedicated rail corridors and high-frequency bus
corridors.
The average age of South Australia’s vehicle fleet
decreased from 11.1 years to 10.1 years between 2006
and 2012. Vehicles manufactured in 2010 are the most
prevalent in the state’s fleet, with 70 895 of these vehicles
registered on our roads. Newer, more fuel-efficient
vehicles will increase the fuel efficiency of the vehicle
fleet and result in reduced emissions.
Of the 730 885 cars registered in South Australia in May
2012, 1858 (0.25%) were hybrid electric vehicles (ABS
2012f). Although this represents a small fraction of the
total, hybrid technology vehicles have been available
in fewer models and with relatively higher prices
compared with traditional internal combustion engine
vehicles. Uptake has been at the slower rates normally
experienced by new technologies, with early adopters
and government fleets assisting uptake in South Australia.
Given the average age of the state’s vehicle fleet, it
will take several more years for this category of more
fuel-efficient vehicles to substantially affect the private

Optional modes of travel in southern Adelaide
Department of Planning, Transport and Infrastucture

vehicle emissions of our communities. To this end, the
government has committed to developing a low-emission
vehicle strategy for South Australia, which will aim to
reduce greenhouse gas and toxic air emissions from roadbased freight and passenger vehicles by increasing the
proportion of low-emission vehicles on our roads.

•
•
•

As of 2011, more than 22% of Adelaide’s metropolitan bus
fleet runs on compressed natural gas, which produces
lower carbon dioxide emissions compared with traditional
diesel. Research has also shown that heavy vehicles using
compressed natural gas generally produce significantly
less particulate matter (PM10), sulfur and nonmethane
volatile hydrocarbons (air toxics) (Beer et al. 2001).
Compared with their diesel counterparts, the Adelaide
Metro’s gas buses produce up to 50% less carbon dioxide,
up to 80% less carbon monoxide and up to 90% less
nitrogen oxide emissions, as well as reducing traffic noise.

The number of EPOs issued by the EPA has remained
steady, and the number issued by police and local
councils has declined (Table 5). The reason for this
significant downward trend for police and local councils
is not known; it could be the result of an increase in
verbal orders in place of written orders, a decrease in
reporting of orders issued, a drop in contraventions, or a
reduction in resources allocated to pollution matters by
these authorities.

Table 5

Organisation
EPA
Police

4.3 Pollution
Pollution control and monitoring is an important role of
the South Australian EPA.

4.3.1

Pollution-related enforcement and
compliance

The EPA administers approximately 2100 licences for
activities of environmental significance and undertakes
a risk-based approach to ensuring compliance with
requirements. The number of inspections of high-priority
sites during 2009–12 were as follows:
• 2009–10: 961
• 2010–11: 257
• 2011–12: 283.
The inspections resulted in a range of actions, including
verbal and formal written warnings and environment
protection orders (EPOs). For a small number of more
serious cases of noncompliance, the EPA commenced civil
or criminal prosecutions.

4.3.2 Environment protection orders
EPOs can be issued for the purpose of securing
compliance with:
• the general environmental duty

Councils
Total

53

Environment protection orders
recorded, 2007–12
2007– 2008– 2009– 2010–
08
09
10
11

2011–
12

15

22

25

15

21

139

144

128

53

20

53

7

23

8

0

207

173

176

76

41

EPA = Environment Protection Authority

4.3.3 Investigations and prosecutions
More serious incidents of pollution may result in civil
or criminal prosecutions. The EPA has a dedicated
investigations branch that examines breaches of the
Environment Protection Act 1993, and the number of
investigations has remained relatively steady over the
past four years (Table 6).

Table 6

Pollution investigations by the
Environment Protection Authority,
2008–12

Year

Investigations
undertaken

Investigations
finalised

2008–09

30

14

2009–10

44

25

2010–11

36

17

2011–12

35

20
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The metropolitan bicycle network (Bikedirect) has
expanded rapidly over the past five years. The total
length of shared-use paths and roadways with bike lanes
or sealed shoulders increased by 76% between 2006
and 2011.

•

a condition of an environmental authorisation
a condition of a beverage container approval
any other requirement imposed by or under the
Environment Protection Act 1993
an environment protection policy.
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4.3.4 Air
Air quality is affected by actions controlled at all levels of
government. For example, standards for emissions from
vehicles and small engines are a national responsibility,
control of dust from a residential development is the
responsibility of local councils, emissions from large
industries are regulated by the EPA, planning authorities
must consider air quality in assessing new developments,
and emergency services authorities are involved in
protecting public health from smoke and toxic fumes.
The key measures and actions for managing air quality in
South Australia are described in this section.
National standards
Australia has national standards for six pollutants
contained in the Air NEPM:
• carbon monoxide
• nitrogen dioxide
• ozone
• sulfur dioxide
• lead
• particles (PM10 and PM2.5).
The Air NEPM came into effect in 1998 and has recently
undergone a comprehensive 10-year review. The review
confirmed the higher risk of particles relative to the
other pollutants and, in response, a project to develop
a National Plan for Clean Air is now under way, under
the auspices of the Standing Council on Environment
and Water, which consists of environment ministers
from the Australian Government and all state and
territory governments (COAG 2012).
An important source of air pollutants is vehicle fuels,
which are regulated under the Fuel Quality Act 2001
(Cwlth). South Australia is an active participant in the
development of fuel standards that include consideration
of air quality, such as through limiting components
and additives that contribute to toxic emissions to
the atmosphere. The South Australian Government
also released a low-emission vehicle strategy in 2012
that promotes the use of alternative fuels and the
development of vehicle technologies that have smaller
impacts on air quality, including through support of the
Automotive Collaborative Research Centre.
Other areas where South Australia is actively participating
in the development of national standards to improve
air quality are the establishment of product standards
for the import, manufacture and sale of wood heaters,
small engines used in garden equipment, generators and
marine engines.

National Plan for Clean Air
The National Plan for Clean Air has its main focus on
reducing the exposure of the Australian population to
fine particles, but it will also examine the risks of nitrogen
dioxide, ozone and sulfur dioxide. The carbon monoxide
standard is not being reviewed at this stage, because
carbon monoxide generally occurs at very low levels in
ambient air that are well below the standard and are
not considered to be a significant risk to people living in
Australian cities.
There are no identified threshold concentrations for
particles below which there are no effects on humans.
This means that, even when concentrations are below
the current standards, there is still some risk to our
communities. Although the effects on individuals may
appear relatively small, the costs of air pollution impacts
may add up to substantial amounts in a population of
a million or more. That means that it is important that
air quality is as good as can be achieved in balance
with other lifestyle, social and economic needs of our
communities. There are benefits to any improvement
in air quality, even if the national standards are not
always achieved.
Recognising this value of improving air quality, the
National Plan for Clean Air project is considering a longterm exposure reduction goal, which will complement
current standards and provide a basis for measuring the
performance of each state and territory government in
improving the risks to its communities from air pollution.
Its final form and how it will be measured will become
clearer as the plan takes shape in 2013–14.
The plan is projected for completion in late 2014 and will,
for the first time, provide a national framework to help
jurisdictions implement abatement programs, including
performance measures towards achieving the Air NEPM
particle standards over the next 10 years and beyond. The
South Australian Government is actively involved in the
development of the National Plan for Clean Air, through
the EPA and the Department for Health and Ageing.
Environment protection
The Environment Protection Act 1993 is the legislative
foundation for regulating air quality in South Australia.
The Act creates a general duty to take all reasonable and
practical steps to prevent environmental harm. It enables
the development of specific environment protection
policies such as the Environment Protection (Air Quality)
Policy; provides the basis for imposing conditions on
business and industries to improve their performance in
minimising risk from emissions to air through a licensing
system; and allows for input to conditions on new

developments to minimise their impacts on air quality,
such as through guidelines on separation distances.

sensitive developments to minimise adverse impacts to
communities from major transport corridors.
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Specific actions to improve air quality under the Act
include:
• improving information for communities about
air quality through the EPA website and targeted
campaigns (e.g. more effective operation of wood
heaters)
• establishing emission limits and ground-level
concentrations (EPA 2006)
• establishing guidelines on methods and standards
for monitoring emissions, including for stack testing,
quality requirements and reporting
• developing environment improvement programs
as part of licensing conditions for industries with
significant emissions
• requiring the use of best available technology and
practice in managing emissions
• monitoring and modelling air quality through a
network of monitoring stations
• establishing licence conditions that focus on risk
management
• establishing tight controls on the management of dust
from transportation or materials handling activities
• developing an air quality health warning system
• developing an emergency response to emission
incidents to support emergency services.

The South Australian planning policy promotes more
consistent and better development policies across
local councils, including the creation of overlays for
transport corridors in development plans. The policy
requires development authorities to consider air quality
issues from major road and rail traffic when assessing
development proposals.
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Development
The Development Act 1993 requires the development of a
planning strategy for the state, which sets planning and
development policy. As part of the planning strategy, the
South Australian Government published the 30-Year Plan
in 2010 (DPLG 2010a), which provides the overarching
strategic direction for planning Adelaide, and incorporates
a range of targets and policies for improving air quality
for people living or working in the city.
In support of this objective, in September 2011 the
government released Healthy connected communities:
creating healthy urban villages for the future—transitoriented developments through a health lens (Government
of South Australia 2011b) that provides guidance on
incorporating healthy design into developments,
including designing for good air quality.
In 2012, the government also released Reducing noise
and air impacts from road, rail and mixed land use: a guide
for builders, designers and the community (DPTI 2012),
which provides guidance on the principles and possible
approaches for designing residential, mixed-use or other

The flow of traffic has a major impact on air quality (the
slower the traffic, the higher the pollution) and a number
of initiatives have recently been undertaken or are in
progress to improve traffic flow in Greater Adelaide.
This includes major road upgrades such as the North–
South Corridor, improvements to roads in the eastern
suburbs, introduction of bus-only lanes in Adelaide City,
rail extension projects (Gawler and Seaford), overpasses
(Keswick and Oaklands) and promotion of alternative
transport (bicycle lanes, Greenways project, cycling
information program).
Public health
The South Australian Public Health Act 2011 provides
for the protection of South Australians’ health and the
reduction of the incidence of preventable illnesses such
as those caused by air pollution. The Act requires that
a state public health plan is developed that assesses
the state of public health in South Australia, identifies
existing and potential public health risks, and develops
strategies for addressing (eliminating or reducing) those
risks. It also needs to identify opportunities and outline
strategies for promoting public health in the state.
A draft of the first state public health plan was released
for public consultation at the time of writing and
clearly includes clean air as a requirement for and
determinant of good health, noting that exposure to
urban air pollution accounts for 2.3% of all deaths. The
plan anticipates an increase in respiratory diseases and
allergies from the likely increase in air pollution (from
dust and bushfires) under a changing climate. It identifies
the health benefits of a focus on green infrastructure—an
interconnected network of physical assets that deliver
landscape and environmental values or functions—for
improving air quality.
Local government
One of the functions of South Australian local councils
is to manage, develop, protect, restore, enhance and
conserve the local environment, and improve amenity.
Councils are therefore often at the forefront of air
quality issues.
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Greater Adelaide is a large and diverse city, comprising
older, established areas and young suburbs that are
actively growing around new commercial hubs; more
industrialised areas with particular problems at interfaces
between competing land uses; and areas in the Adelaide
Hills with a unique mix of activities. While some air
quality issues are common to all urban areas, many
councils may face individual issues. Many councils have
been highly active in developing their own environmental
strategies, addressing issues ranging from adaptation to
climate change to improving lifestyle choices for residents
regarding local transport, many of which have the
potential for direct benefits for air quality.
Reflecting this multipronged approach to managing air
quality, the EPA has developed an Air Quality Framework
for prioritising and coordinating actions in response to
pressures on air quality. The framework aims to:
• promote increased engagement with communities
with readily accessible and good-quality information
on air quality
• improve mechanisms for coordinating air quality
management actions
• integrate air quality considerations early in planning
and design (including through guidelines, standards
and model policies)
• review the Environment Protection (Air Quality) Policy
• provide better guidance for industry on monitoring,
modelling and reporting
• improve knowledge through targeted research and
investigations.
In accordance with the new population exposure
approach, the EPA is building two new monitoring
stations in support of the 30-Year Plan. One will be in the
Adelaide CBD and another on the Le Fevre Peninsula. The
locations of existing monitoring stations are shown in
Figure 22.
Air pollution from transport
The EPA is working on a number of research projects
to better understand air pollution from transport
and its impact on the Adelaide airshed, including the
development of a model for reducing the population’s
exposure to emissions. The EPA is also involved in
quantifying the impact on air quality of the government’s
future programs and targets, such as the railway
electrification and the reduction in vehicle-kilometres
travelled by motorists under the 30-Year Plan.
During 2012, the EPA extended its collaboration with
the University of South Australia to support a PhD
project aimed at improving calculations of motor vehicle
emissions in the inventory database and producing

the framework for reducing the population’s exposure
to traffic emissions. The EPA also partnered with the
University of Adelaide and the Department for Health
and Ageing in a project investigating the benefits of
alternative transport on air quality and public health.
Air pollution from significant industries
Nyrstar operates one of the world’s largest lead-smelting
facilities in Port Pirie. Historically, the smelter has been
the source of the well-documented lead contamination
in the township and high levels of blood lead in the
local community.
The tenby10 program, a five-year partnership between
Nyrstar, the state government and the local council,
concluded at the end of 2010. The Port Pirie monitoring
site has recorded declining levels of lead (Figure 23).
This program made significant progress in reducing
the number of children with blood lead levels above
10 micrograms per decilitre from 60% to 25%; however,
the blood lead levels of some children were still above
the National Health and Medical Research Council
recommended levels.
The EPA has continued to oversee Nyrstar’s compliance
with current lead emission reduction programs, to
ensure that all available measures are in place to reduce
emissions as far as practicable with the existing plant
technology. During 2011–12, the EPA reviewed and
strengthened Nystar’s EPA licence by including additional
challenging requirements for the company, with the aim
of substantially reducing emissions from the smelter
and the blood lead levels in the community. This was
followed by an announcement that the South Australian
Government and the Australian Government would
support upgrades to the ageing smelter.
The EPA also conducts monitoring for sulfur dioxide at
Port Pirie according to the requirements of the Air NEPM.
Table 7 shows the trends in sulfur dioxide exceedences of
the 1-hour and 24-hour NEPM standards. The goal for the
1-hour and 24-hour standards is that they should not be
exceeded more than once per year.
The annual average sulfur dioxide concentration at the
monitoring station in Port Pirie does not exceed the Air
NEPM standard of 0.02 parts per million (Figure 24).
Other significant industries with impacts on air quality
include:
• OneSteel iron ore plant at Whyalla
• Shell Bitumen fuel storage and bitumen processing
and blending at Birkenhead
• Penrice Quarry at Angaston
• Adelaide Brighton Cement at Port Adelaide.
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Figure 22		

South Australian air monitoring stations
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μg/m3 = micrograms per cubic metre; NEPM = National Environment Protection (Ambient Air Quality) Measure

Note: Daily sampling commenced at the Ellen Street and Port Pirie West Primary School sites on 28 October 2010.
Source: Environment Protection Authority data

Figure 23

Annual lead concentrations at Port Pirie monitoring sites, 2003–12

Source: Environment Protection Authority data

Figure 24 Sulfur dioxide concentration against the National Environment Protection (Ambient Air
Quality) Measure standard at the Environment Protection Authority Oliver Street site in
Port Pirie, 2003–12

Table 7

Year

Number of exceedences of the 1-hour standard
for sulfur dioxide (0.2 ppm)

Number of exceedences of the 24-hour
standard for sulfur dioxide (0.08 ppm)

2003

21

1

2004

31

0

2005

29

0

2006

33

0

2007

35

0

2008

28

0

2009

29

2

2010

35

0

2011

40

0

2012

33

0

ppm = parts per million

4.3.5 Noise
South Australian Government agencies consider noise
impacts when developing planning policy and assessing
development applications from all significant industrial,
transport and infrastructure projects. Construction occurs
in accordance with noise and vibration management
plans.
A draft Minister’s Specification was developed in 2011
for construction requirements for the control of external
sound, which mandates building standards for residential
developments near major road and rail transport
corridors. The intent of this specification is to protect the
occupants of residential buildings from existing or future
road and rail sound, and from mixed land-use sound
sources. The specifications set minimum standards that
the external walls, windows, external doors, roof, ceilings,
ground floor and ventilation of a building must meet to
prevent loss of amenity to the occupants against external
sound intrusion from road and rail movements, and from
people in public places and entertainment venues where
music is played. The specifications set internal sound
criteria (in decibels) for bedrooms and other habitable
rooms that must not be exceeded.
The EPA has commenced a strategic noise monitoring
program in the Greater Adelaide region, particularly in
areas adjacent to major transport corridors such as the
Bowden Urban Village.
The EPA takes into account the need for specific
conditions relating to noise when licensing activities

under the Environment Protection Act 1993. The licensees
are subject to strict environmental and noise impact
rules, and the operations must meet requirements in
the Environment Protection (Noise) Policy 2000. In
addition to the policy, the EPA has developed guidelines,
information sheets and other relevant documents to
assist developers, planning authorities and other agencies
to predict and assess environmental noise.
Despite the current lack of firm evidence that wind farms
are sources of excessive infrasound, or that wind farm
noise is deleterious to the health of nearby residents, in
2009 the EPA developed noise guidelines for wind farms
to protect the community from excessive noise exposure.
Australian states and territories are working together
to develop noise-labelling requirements for a range
of household devices. The EPA is conducting research
into improving methods and procedures for measuring
and assessing noise to inform compliance and noise
mitigation measures.

4.3.6 Site contamination
The EPA is continually improving available information
of historical site contamination, and provides advice to
ensure that site contamination is identified, assessed and
managed for all new developments in South Australia.
The Adelaide-based Cooperative Research Centre for
Contamination Assessment and Remediation of the
Environment (CRC CARE) is developing new ways of
dealing with and preventing contamination of soil,
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Sulfur dioxide exceedences of the 1-hour and 24-hour National Environment Protection
(Ambient Air Quality) Measure standards, 2003–12
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water and air. The EPA is a shareholder of CRC CARE and
participates in its research programs.

4.3.7 Radiation
South Australian radiation protection legislation
(Radiation Protection and Control Act 1982) requires X-ray
machines and radioactive sources to be registered. The
number of radioactive sources to be registered has not
significantly increased over the last decade; however, the
number of X-ray apparatus has. Although applications
for individual years vary according to factors such as the
economy, machine replacement cycles and uptake of new
technologies, there has been a significant upward trend
in applications to register these apparatus (Figure 25),
with an increase in the complexity and use of dental and
medical imaging apparatus. Changes to the Medicare
system flagged by the Australian Government (e.g. setting
a lifespan of 10 years for apparatus) is likely to increase
further applications for new apparatus in coming years.

Amendments to the Radiation Protection and Control
Act 1982 were proposed in 2013 that will incorporate
modern administrative and enforcement provisions, as
well as nationally agreed provisions aimed at ensuring
the security of radioactive sources. In response to
reported research on the adverse health impacts on
users of tanning salons, legislation is also planned to
ban the commercial use of cosmetic tanning units from
31 December 2014.
Employers of radiation workers, owners of X‑ray
apparatus or sealed radioactive sources, and occupiers of
premises where unsealed radioactive substances are used
or handled are required by law to report any radiation
accidents to the EPA. Radiation accidents include
situations where the control of a radiation source has
been lost, or a person has or may have been accidentally
exposed to ionising radiation. The EPA investigates
radiation accidents and incidents to determine the cause
and any remedial action that could be taken to prevent
recurrence. More details about the nature of these
incidents are available from EPA annual reports, and
details of environmental spill events at uranium mines
are available on the Department for Manufacturing,
Innovation, Trade, Resources and Energy website (www.
pir.sa.gov.au/minerals/licensing_and_regulation/mining_
operations/uranium_mine_incident_reporting).
The South Australian Health and Medical Research
Institute intend to install a cyclotron to produce nuclear
medicine isotopes. It is anticipated that the cyclotron will
be ready for commissioning in 2013.

4.4 Waste

Source: Environment Protection Authority data

Figure 25

Applications for registration of
dental, medical and veterinary X-ray
apparatus, 2000–01 to 2011–12

There were approximately 7500 radiation workers in
South Australia in 2012, with approximately 75% required
to hold an appropriate radiation licence to use or handle
radioactive substances, or operate radiation apparatus.
There is a shortage of radiation protection professionals
across a wide range of industries, including in the
medical, mining and scientific sectors. For example, South
Australia has approximately half the required number
of diagnostic imaging medical physicists (based on
internationally accepted staffing level criteria).

South Australia signed the 2009 National Waste Policy:
less waste, more resources (DEWHA 2009). The policy
sets a 10-year framework of priorities and principles
aimed at tackling problems such as electronic waste
(e-waste), hazardous materials and product stewardship.
A first priority under the policy was a national scheme
for televisions and computers. The Product Stewardship
Regulations (Televisions and Computers) 2011 came into
effect on 3 November 2011 and provide for national,
industry-run arrangements for collecting and recycling
end-of-life televisions, computers and computer products
under the National Television and Computer Recycling
Scheme. This has led to the emergence of new industries
that recycle these products and their components,
and a decrease in the amount of e-waste going to
landfill. Currently in South Australia, more than 50 local
companies are reprocessing paper, metal, glass, plastics,

tyres, concrete, asphalt, timber, e-waste and garden
organics.

South Australia’s Environment Protection (Waste to
Resources) Policy 2010 (EPA 2010) came into operation
on 1 September 2010. It progressively banned certain
wastes from going to landfill and required waste (subject
to specified exemptions) to be subject to approved
resource recovery.
Implementation of South Australia’s Waste Strategy
(2005–10) included a range of programs such as:
• support for local councils to improve kerbside
recycling by providing approximately 685 000
households with access to two or three-bin systems
• financial incentives to regional areas for upgrading
or building new infrastructure that improves
recovery and recycling of materials in all South
Australian regional areas. As at November 2012,
$6.4 million has been awarded to 102 projects

•
•

Litter in creek
Zero Waste SA
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For example, to assist in the reuse of contaminated soils,
the EPA has developed a standard (released in January
2010) for the production and use of waste-derived fill.
This details the information and processes required
to support the beneficial reuse of a range of wastes
that are specifically recovered for use as fill, including
contaminated soils.

under Zero Waste SA’s Regional Implementation
Program since 2005. Projects have been awarded in
all regional local government areas—Central, Eyre
Peninsula, South East, Murray Mallee, and Southern
and Hills—to support infrastructure projects that
improve the effectiveness of sorting processes. As at
November 2012, $4.5 million has been awarded for
20 metropolitan infrastructure projects, leveraging
about $10 million in industry investment under Zero
Waste SA’s Metropolitan Infrastructure Program
since 2005. This has contributed to new ventures
in the areas of e-waste, composting, recycling of
construction and demolition waste, and improved
regional waste planning and infrastructure.
The Southern Hemisphere’s first television and
computer glass screen processing plant was funded
under this program at Gepps Cross
grants to schools and community groups to
promote recycling
incentives to improve and expand recycling in the
business sector. For example, Zero Waste SA’s Industry
Program helps a diverse range of businesses and
government agencies to improve resource efficiency
practices. Since the inception of the program in 2007,
191 organisations across 436 sites have been directly
engaged to participate in projects funded under the
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•
•

program. A further 249 organisations have attended
one or more of the 28 training programs offered
a plastic bag ban
household e-waste collections. For example, Zero
Waste SA has provided funding to councils for a
range of programs to help recover unwanted e-waste.
These have included establishing 29 drop-off points
in regional areas affected by the switchover from
analogue to digital signalling from December 2010
to February 2011, and coordinating two-day e-waste
collection events that were funded by a major brand
owner in September 2010 and December 2011. A
government free e-waste drop-off program held
during May 2012 in partnership with 13 inner regional
councils collected 1039 tonnes of e-waste, which
included 16 583 televisions and 6196 computers.
Nationally, the Australian Government and the
television and computer industry are rolling out
the National Television and Computer Recycling
Scheme for the collection and recycling of end-oflife televisions and computers. As at December 2012,
South Australia had 13 services under this scheme.

Other initiatives of the South Australian Government
include:
• allocating more than $930 000 to 17 organisations to
assist projects that focus on sustainable markets for
industry sectors, and to increase and support markets
for recycled materials. These grants have targeted
waste streams such as aggregate and soil products,
composts, mulches and recycled organic products,
plastics, alternatives to chromated copper
arsenate–treated timber products, glass, reused
or second-hand products, and products that use
industrial residues and slags, and their associated
recycling industries
• supporting recycling collection for small to medium
businesses under Zero Waste SA’s Recycling at Work
program by working with waste collection companies
to introduce source-separated commingled dry
recycling and/or organics collection. From October
2008 to April 2012, 3274 new customers took up
3570 new recycling services. This yielded 19 612 tonnes
of recycled materials
• establishing an illegal dumping unit to investigate and
enforce illegal dumping of demolition and industrial
waste, illegal waste operations, illegal recyclers and
illegal waste transfer stations
• using the waste levy as a market-based incentive
for reducing disposal of some materials to landfill,
increase recycling, and to invest in waste management
programs and projects.

A remaining area for improvement is to harmonise the
regulatory requirements for waste and recycling between
states and territories through common frameworks for
waste assessment, data collection and measurement. This
could further improve the efficiency of recycling.

4.5 Heritage
Specific legislation provides for the registration,
conservation and development of places and areas of
heritage significance. In support of the legislation, the
South Australian Government released Heritage directions
2012: a future for heritage in South Australia (Government
of South Australia 2012) as an update to the government’s
heritage policy framework released in 2003.
Since 2008, two South Australian places have been added
to the National Heritage List, bringing the total number
to five:
• Adelaide Park Lands and City Layout (new)
• Wiltjira–Dalhousie Springs (new)
• Australian Fossil Mammal Sites (Naracoorte)
• Ediacara Fossil Site, Nilpena
• Old and New Parliament Houses.
The Australian Fossil Mammal Site (Naracoorte) is also on
the World Heritage List.
There are 17 state heritage areas (created under the
provisions of the Development Act 1993) in South
Australia. The number of local heritage places designated
in council development plans has increased by 480
since 2008.
The total number of shipwrecks protected has increased
by 13 since the last state of the environment report
(from 392 to 405). Shipwrecks serve as artificial reefs
and thus are important marine habitats. Conservation
and protection of these sites is important not only for
maintaining the heritage value of the site, but also for
protecting the natural environment associated with the
wreck. Increased development pressure on the marine
environment has the potential to affect underwater
cultural heritage sites.
The South Australian Government assists local
government with desired character provisions, heritage
policies and design guidelines in council development
plans. The government provides funding and heritage
advisers to assist local councils and owners of local
heritage places to assess and manage heritage assets.
The government also has an asset management program
for maintaining its own heritage buildings; since the
2008 state of the environment report, the approximately

400 heritage sites have been reviewed to prioritise
program funding.

The future of heritage places of world, national, state
and local significance located in South Australia will
rely on systematic ongoing assessments to inform a
comprehensive register of heritage assets, and adequate
resources (both funding and skills) for managing those
assets. This requires periodic evaluation of the extent to
which current systems succeed in identifying places of
heritage value and the effectiveness with which heritage
assets are managed.

Woodards House, Adelaide
Tobias Hills
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As part of the new urban design being promoted by the
South Australian Government, there will be increased
opportunity to adaptively reuse heritage buildings. This
protects the heritage of the building and the surrounding
neighbourhood character, and reduces the need for new
construction with the associated use of raw materials and
energy. Guidelines on sympathetic development of state
heritage places and within state heritage areas have been
developed to assist owners in lodging well-considered
applications that can be processed more quickly and
efficiently, and improve consistency in assessment. The
development of heritage works plans will enable owners
to prioritise and plan the maintenance and repair of
heritage places.

Developments in and near shipwrecks require the
development application to be referred to the Department
of Environment, Water and Natural Resources (DEWNR)
under the provisions of the Development Act 1993 and the
Development Regulations 2008. In addition, the DEWNR
undertakes an awareness program to reduce potential
damage to shipwreck sites from anchors, recreational
divers and boat owners.
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5 What can we expect?
If current trends continue, South Australia’s population
and economy will continue to grow, waste generation and
traffic congestion will increase (despite an increase in the
use of public transport), and urban design will change
to reflect the need for more efficient use of energy and
natural resources, and to adapt to a changing climate,
while providing appropriate protection of heritage places.
The most recent revision of the state’s population
projections (DPLG 2010b) and release of the 2011 rebased
ERP figures suggest that population growth may be
more restrained than suggested in earlier projections.
However, planning for population growth and population
ageing is essential to ensure that there is sufficient
housing, infrastructure and services to support the
changes. Implementation of the Planning Strategy for
South Australia, alongside a range of other government
initiatives, will play an important role in guiding the
state’s progress towards sustainable development.
Planning in South Australia must also position the state
to be able to cope with possible future events such as
accelerated global warming and associated sea level
rises (which may be more rapid than predicted), arrival
of climate refugees from island nations in the Pacific,
increased coastal erosion, a higher frequency of more
extreme weather events such as prolonged droughts and

extreme high temperature days, and a possible serious
decrease in future economic growth rates. Australia and
South Australia may also consider increasing mining of
uranium resources to meet demand from developing
countries that aim to reduce emissions associated with
generating electricity. In the face of challenging future
events such as these, it is essential that South Australians
design maximum resilience and flexibility into our built
environments, and protect and enhance our natural
ecosystems and biodiversity.
The Australia state of the environment 2011 report
considers the prospect of a changing climate as the
major environmental challenge that we will have to
face in the near future, followed by the risks posed
by the impacts of population and economic growth.
Although more people and more economic activity may
well result in more resource use, ‘the actual impact
on the environment depends on where and how the
growth occurs, and how we live our lives’ (State of the
Environment 2011 Committee 2011). The National Urban
Policy (DIT 2011) emphasises that only by being mindful
of the impacts of future development of Australian cities
and regions on the physical environment will we be able
to deliver the greatest net benefits of future growth
to the community—a priority reflected in the policy
interventions detailed in this chapter.

Magill Estate, Adelaide
Department of Planning, Transport and Infrastructure
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Climate change
1

Why is it important?

Earth’s surface is warming rapidly, and our global climate
is changing, with impacts already discernible to the
present generation. Rising air temperatures, increasing
severity and frequency of heatwaves, changing rainfall
patterns with more extreme and frequent drought and
flood, altered ocean temperature and chemistry, and
sea level rise all present potential significant risks to our
environment, economy, society and way of life.
South Australia is already seeing the effects of climate
change (Box 1). South Australia’s future climate challenges
include:
• securing a reliable urban water supply
• coping with the effects on
-- agricultural productivity of higher temperatures,
more frequent extreme weather events,
reduced rainfall and greater variability of
rainfall distribution

-- biodiversity of higher temperatures, reduced
and altered patterns of rainfall, and changes in
the severity and frequency of extreme weather
and bushfire
-- coastal settlements, infrastructure and coastal
ecosystems of sea level rise and storm surge
-- marine ecosystems, fisheries and aquaculture
of warmer, more acidic oceans and altered
ocean currents
-- human health and infrastructure of an increased
number and severity of heatwaves, bushfires and
extreme weather events.

Opposite page: The junction of the River Murray with the Southern Ocean, 1846
State Library of South Australia B15276/43
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In summary
Aspect and observation

Assessment grade
Very poor

State greenhouse gas emissions
Per capita emissions and emissions per unit of gross
state product have decreased.
Per capita emissions are still one of the highest in
the world.
Atmospheric concentrations of greenhouse gases
are increasing.
State sources of greenhouse gases are increasing.
Rainfall
The reporting period includes the third and fifth
wettest years on record.
The long-term trend is for a decline in rainfall.
Temperature
The reporting period includes the warmest year
on record.
The long-term trend is for increases in average
(air and sea surface) and extreme temperatures.
Energy
Energy production is still the dominant source of
state emissions (74%).
Renewable energy has increased as a proportion
of total installed capacity and of the proportion
supplied and used.
Sea level
The global trend is for a rise in sea level, with
variances based on local geomorphology, wind
direction/strength, etc.
Oceans
Sea temperature and acidity are increasing; salinity
is changing.

Poor

Good

Very good

Confidence
In grade

In trend

•

 

•

 

•

 
•

 

•

 

•
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Assessment grade
Very poor

Marine and terrestrial biodiversity
Trends in biodiversity are negative to variable, with
changes in gene pools, species ranges, biological
patterns and ecosystem dynamics.
Human health, infrastructure, agriculture and
forestry
Reduced rainfall will affect water supplies
and agriculture.
Climate variability has increased, leading to
increased frequency and severity of some extreme
weather events such as heatwaves.
The increased frequency of extreme events will
impact police, emergency services, infrastructure
maintenance, volunteers, etc.

Recent
trend

Grades

•
•

Improving
Deteriorating

Very poor

•
•
Poor

Stable

Level of
confidence

Unclear

Good





Very good

Poor

Good

Very good

Confidence
In grade

In trend

•

 

•

 

Evidence and consensus too low to make an assessment
Limited evidence or limited consensus
Adequate high-quality evidence and high level of consensus
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Box 1

The critical decade: extreme weather for South Australia

Hot days and heatwaves
• The summer of 2012–13 was the hottest
on record and included the highest sea
surface temperatures on record for the
Australian region.
• In Adelaide, from 1993 to 2006, an increase in
total hospital admissions of 7% was recorded
during heatwave periods compared with nonheatwave periods.
• The nature of heatwaves has already changed
in many parts of Australia. Over 1971–2008,
the duration and frequency of heatwaves
have increased, and the hottest days during a
heatwave have become even hotter.
• In Adelaide, the long-term average (1961–1990)
number of days per year above 35 °C was 17.5,
but during 2000–09 the average number of
such days rose to 25.1. This increase is more
rapid than climate model projections.
• Research at the Natural Hazards Research
Centre has shown that heatwaves are the most
significant natural hazard in Australia in terms
of loss of life.

Rainfall
• Over 2010–11, every state and territory had sites
that either set all-time rainfall records for a twoyear period or were very much above average.
• Across Australia, it is more likely than not that
heavy rainfall events will become more frequent
as the temperature increases.

Drought
• During 2002–03, drought is estimated to have
reduced Australia’s agricultural output by 26%.
Source: Climate Commission (2013)

• During the drought of 1997–2009, the inflows
into the Murray–Darling system were the lowest
on record.
• In 2006–07, it is estimated that drought
reduced national gross domestic product by
almost 1%.
• For both south-west and south-east Australia,
nearly all of the climate models used in a recent
analysis project a significant increase in drought
by the end of the century.

Bushfires
• The Forest Fire Danger Index, one of the
measures of bushfire threat, increased
significantly at 16 of 38 weather stations across
Australia between 1973 and 2010, with none of
the stations recording a significant decrease.
• The increase has been most prominent in
south-east Australia, and has been manifest as
a longer duration fire season, with fire weather
extending into November and March.

Sea level rise
• A sea level rise of 0.5 metres (compared
with 1990), which lies near the lower end of
the estimates for 2100, leads to surprisingly
large impacts.
• For coastal areas around Australia’s largest
cities, a sea level rise of 0.5 metres would
lead to very large increases in the incidence of
extreme events, typically by a factor of several
hundred and, in some places, by as much as
one thousand.
• A multiplying factor of 100 means that a socalled one-in-a-hundred-year event would occur
on average every year.
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2 What do we know about it?
Strong and clear evidence supporting climate change
science has been derived from a range of sources,
including our historic climate record (palaeoclimatic
evidence from tree rings and lake sediments, etc.),
climate measurements from the recent past and
sophisticated climate models. A number of scientific
disciplines contribute to our understanding of climate
change, including atmospheric physics, chemistry,
biology, oceanography, hydrology and geology.

2.1 Past climate change
Climate change refers to long-term change in the average
pattern of weather over decades or longer. Earth’s climate
has varied enormously many times since Earth formed
4.5 billion years ago; it has been both warmer and cooler
than today, driven by changes in the sun’s intensity,
Earth’s orbit around the sun, the changing configuration
of continents and oceans, and natural variations in the
level of greenhouse gases in the atmosphere (Australian
Academy of Science 2010, CSIRO 2011).
The geological records show us that past temperature
changes have affected the world dramatically, altering
atmospheric and oceanic circulation, rainfall patterns
and water availability, ice cover, vegetation, ocean
acidity and sea level. Past climate change also shows
us that global climate is sensitive to small influences
(Australian Academy of Science 2010). Processes similar
to past climate change can act to amplify current
human influences.
Our evolutionary history can be, at least in part, linked
to past climate change, with a growing body of work
in palaeoanthropology showing a correlation between
evolutionary events and times of natural climatic
variability. Modern human civilisation has evolved and
developed during a relatively stable period of climate
following the last glacial period, known as the Holocene.
Humanity has dealt with small variations in climate
in the past. However, recent human-induced climate
change presents a challenge for today’s much larger and
more urbanised population, which depends on complex

infrastructure and globally interdependent agricultural
systems (CSIRO 2011).

2.2 Current climate change
Our current climate is changing far more rapidly than in
the geological past. Global average temperatures both on
land and over the ocean rose by just over 0.7 °C in the
100 years from 1910 to 2009 (Figure 1). Average surface
air temperature has increased by nearly 1 °C in Australia
and South Australia, higher than the global average, and
will continue to rise (Climate Commission 2011a, CSIRO
2011). The rate of global warming is increasing, with the
past 50 years warming at nearly twice the rate as over
the past 100 years (CSIRO 2011). South Australian average
temperatures have been rising steadily since the 1970s,
and temperatures for the past decade (2001 to 2010)
were the warmest since records began in 1900 (BoM
2011). There has been a clear decline in average rainfall
in southern Australia since 1970, which has been linked
to rising temperatures, and this drying trend is likely
to persist.
Around the world, many changes have been observed
that are consistent with the increase in global average
temperature: warming oceans, widespread retreat
of mountain glaciers and ice caps, ice loss from the
Greenland and Antarctic ice sheets, sea level rise,
continued decreases in the extent and volume of arctic
sea ice, increasing water vapour in the atmosphere,
decreasing ocean alkalinity, shifting weather systems,
and changes to animal and plant behaviour (Australian
Academy of Science 2010).

Note: The blue bars show uncertainty estimates.
Source: NASA and GISS (2012)

Figure 1

2.2.1

Global annual mean surface air
temperature change, 1880s to the
present

Causes of climate change

Greenhouse gases are those gases in Earth’s atmosphere
that selectively absorb radiation. They are transparent
to incoming short-wave solar radiation but absorb the
longer wavelength radiation emitted by Earth. This means
that atmospheric greenhouse gases have little effect on
incoming solar radiation but absorb outgoing radiation,
thereby warming the lower atmosphere and surface of
the planet. The basic physical principle—that greenhouse
gases such as carbon dioxide trap energy emitted by Earth
and keep the planet warmer than it otherwise would be—
was established more than a century ago.
There is compelling evidence that the recent global
warming is being caused largely by human emissions
of greenhouse gases, emitted since the start of the
agricultural and industrial revolutions (Australian
Academy of Science 2010). Scientific understanding of
anthropogenic climate change has been built over a long
period and continues to advance strongly.
Given the complexity of the climate system, some
uncertainties remain in the science of climate change, but
these relate more to precise timescales or magnitudes
of expected future impacts and do not affect the major
conclusions (Australian Academy of Science 2010, Climate
Commission 2011b).

2.2.2 The future of climate change
Projections of future climate are dependent on the level
of future human greenhouse gas emissions and how the

A number of future greenhouse gas emission scenarios
have been published by the Intergovernmental Panel
on Climate Change (IPCC) (Box 2). Climate models have
enabled projected warming to be estimated for these
different emissions scenarios. While it is considered
too early to reliably assess which emissions scenarios
are the more likely, the lack of global effort to reduce
emissions has focused recent attention on the high-end
scenarios for mapping our future (Betts et al. 2011). Since
the emissions pathways were produced in 2000, there
have been unprecedented increases in global emissions
of greenhouse gases, reflecting ongoing high emissions
levels in developed nations, coupled with the very rapid
industrialisation of many developing nations, particularly
China and India (Anderson and Bows 2011). Not only are
global emissions increasing, but the rate at which they
are increasing is growing. Between 2003 and 2007, actual
emissions rose at a rate faster than the highest emissions
scenario (A1FI) and, despite a temporary slowdown due to
the global recession, emissions growth reached a record
high in 2009 and 2010 (IEA 2011, Peters et al 2012).
In the late 1990s, a globally averaged warming of 2 °C
above pre-industrial levels was proposed as the guardrail
beyond which the effects of climate change start to
have dangerous risks and impacts on water supplies,
ecosystems, food production, coasts and human health
(Council of the European Union 2004, CSIRO 2011).
The characterisation of 2 °C as the threshold between
acceptable and ‘dangerous’ climate change is premised
on an early assessment of the scope and scale of the
accompanying impacts. More recent research, however,
has revised the impacts associated with 2 °C sufficiently
upwards that 2 °C can now be regarded as extremely
dangerous’ (Anderson and Bows 2011). A 2 °C warming
may not sound significant—we are used to greater
temperature fluctuations on a day-to-day basis—but
normal weather variability should not be confused with
a sustained increase in average global temperature. The
difference in average global temperature between an ice
age and an interglacial period is only 5 °C.
Because future temperature increases correlate closely
with the cumulative emissions of the main greenhouse
gas—carbon dioxide—the dramatic emissions growth
in developing nations highlights the urgent mitigation
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climate system responds to these emissions. It should
be noted that there is generally a significant period of
time before changes to the inputs of the climate system
result in changes to the system. As a result of these long
system lags, existing greenhouse gas concentrations in
the atmosphere will commit Earth to a further warming
of 0.5 °C, irrespective of future levels of emissions
(CSIRO 2011).
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task before us. Reducing the emissions of carbon dioxide
will only slow the rate of increase of atmospheric
concentrations, rather than stabilise them. Stabilising
atmospheric concentrations requires emissions to be
reduced to very near zero and even, depending on
timescales and pathways to stabilisation, for some
existing greenhouse gases to be removed from the
atmosphere. The latest scientific assessments emphasise
that long-term gradual reductions in global greenhouse
gas emissions are insufficient—rapid, deep and ongoing
reductions are required (Climate Commission 2011b,
CSIRO 2011, Garnaut 2011, New et al. 2011). A number
of recent analyses suggest that, without immediate,
concerted mitigative action at a global scale, there is now
little to no chance of maintaining the global mean surface
temperature increase at or below 2 °C, and temperature
rises of 3 °C or 4 °C (relative to the pre-industrial period)
by as early as 2060–70 are much more likely (Anderson
and Bows 2011, Betts et al. 2011, Climate Commission
2011b, CSIRO 2011, New et al. 2011).
Given the difficulty of achieving rapid and large
reductions in global emissions, we need to increase our
understanding of the impacts of high-end climate change
and the implications these have for adaptation planning.

2.3 Concentrations of greenhouse gases
Earth’s atmosphere consists mainly (about 99%) of
nitrogen and oxygen—non-greenhouse gases that exert
almost no warming effect. The natural greenhouse
effect is caused by several different gases that exist in
very small concentrations but act to maintain a warmer,
life-supporting temperature on Earth. Atmospheric
concentrations of greenhouse gases are the net result
of emissions of gases (sources) and the removal of
gases from the atmosphere (sinks). Human activities
have increased the concentration of greenhouse gases
by increasing sources of greenhouse gases, such as
the burning of fossil fuels and industrial processes
(e.g. cement production), and reducing sinks through
changed agricultural practices and deforestation.
Atmospheric concentrations of greenhouse gases are
known from recent measurements taken at a number of
monitoring stations around the world (including Cape
Grim in Tasmania) and, for past eras, from the analysis
of air trapped in ice cores (Figure 2). These observations
reveal that atmospheric concentrations of greenhouse
gases have been rising over the past 250 years, but
particularly in the past few decades, after being relatively
stable since the end of the last ice age.

Water vapour, which exists naturally in the lower
atmosphere as part of the water cycle, is the most
abundant greenhouse gas and accounts for about half of
the present-day greenhouse effect (Australian Academy of
Science 2010). It is an important greenhouse gas because,
although it is not directly influenced by humans, its
atmospheric concentration increases as the atmosphere
warms, providing an amplifying effect.
The second most prevalent greenhouse gas in the
atmosphere is carbon dioxide (CO2), which contributes
about 64% of radiative forcing—the influence of
greenhouse gases on Earth’s temperature (WMO 2011).
CO2 is also an important gas because a significant fraction
remains in the climate system for hundreds to thousands
of years (Australian Academy of Science 2010). The
influence of CO2 on the radiation balance of Earth is the
largest single contributor to human-induced climate
change (CSIRO 2011).
CO2 is constantly transferred between the atmosphere,
oceans and land vegetation as part of the natural
carbon cycle. Before human influences, these natural
exchanges were largely in balance. Since industrialisation,
CO2 concentrations have increased by about 40%,
from 278 parts per million (ppm) in the mid-18th
century to 389.6 ppm in June 2012 (CSIRO 2012a). CO2
levels are rising mainly as a result of the burning of
fossil fuels (increasing sources of greenhouse gases)
and deforestation (reducing sinks). The Northern
Hemisphere’s CO2 concentration, as measured at Mauna
Loa Observatory in Hawaii, peaked at 400 ppm on 4 May
2013, 25% higher than in 1960, and increasing at a faster
rate than previously. (Continuous monitoring at the
observatory started in 1956.) The concentration of CO2
falls during the Northern Hemisphere’s summer when
plant growth absorbs the gas, and then goes up again
during the colder seasons.
Just over half of the emissions of CO2 have been absorbed
by natural ocean and land sinks, with the remaining
45% remaining in the air and causing atmospheric
concentrations to rise (Australian Academy of Science
2010). There has been a recent acceleration of CO2
emissions since 2000, coinciding with a period of
rapid economic growth in China, India and developing
economies (CSIRO 2011).
Methane (CH4) is the next most important greenhouse
gas in terms of its impact on the radiative imbalance,
contributing about 18% (WMO 2011). Although at a lower
concentration in the atmosphere, CH4 has a much higher
warming effect than CO2 for a given mass. Wetland
emissions are the dominant natural source, but, in recent
decades, emissions from human activities exceeded those
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Intergovernmental Panel on Climate Change emissions scenarios

A number of future greenhouse gas emissions scenarios were published by the Intergovernmental Panel
on Climate Change (IPCC) (IPCC 2000). The IPCC was jointly established by the World Meteorological
Organization and the United Nations Environment Programme to assess the scientific, technical and socioeconomic information relevant for understanding the risk of human-induced climate change (IPCC 2000). The
IPCC emissions scenarios are based on observed emissions until 2000 and then reflect different assumptions
about future global population, economic growth and technological development (Betts et al. 2011).
The projected emissions from the IPCC special report are shown in Figure A. Since 2005, global GHG
emissions have continued to track above the middle of the IPCC’s scenario range—between A1B and A1FI.
The A1FI emissions scenario is the highest emissions category, characterised by an integrated world with
rapid economic growth, an emphasis on fossil fuels and a global population that reaches 9 billion in midcentury. The A1FI scenario is considered by the IPCC to be one of a number of plausible future greenhouse
gas projections if our global society does not take mitigative action.

Source: Manning et al. (2010)
Note: Black circles represent the years 1990–2008, and the open circle represents 2009. Emissions fall within the range of all 40 emission
scenarios (grey shaded area) and six illustrative marker scenarios (coloured lines) of the IPCC special report. The inset in the upper left
corner shows these scenarios to the year 2000.

Figure A

Annual industrial carbon dioxide (CO2) emissions for 1990–2008 and 2009

The best IPCC estimate of future warming for A1FI is a 4.5 °C global average surface temperature increase
above pre-industrial levels (or 4 °C above 1980–99 levels; Figure A), with a likely range of 2.9–6.9 °C above
pre-industrial levels by 2100 (IPCC 2000, 2007). Since the release of the fourth IPCC assessment report,
produced in 2007, evidence available from the more recent climate models supports a best estimate of
around 5 °C rise relative to pre-industrial temperatures by the 2090s, with a temperature rise of 4 °C by
the 2070s. If carbon cycle feedbacks are strong, the 4 °C could be reached in the 2060s (Betts et al. 2011).
The other scenarios describe a world with lower emissions and corresponding temperature rises, reflecting
differing rates of change in economic structures and different adoption of clean and efficient technologies.
Recently, the IPCC has established a new set of emissions pathways, known as the Representative
Concentration Pathways, as the basis for the next stage of scenario modelling and impact assessment
(Moss et al. 2010). These differ from the earlier emissions pathways in that they are based on different
levels of planned mitigation and consider a wider range of greenhouse gas concentrations.
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from natural sources by two-fold or more (CSIRO 2011).
Atmospheric concentrations of CH4 have increased by
more than 150% since industrialisation to 1763.7 parts per
billion (ppb) in June 2012. Human-induced CH4 emissions
arise from ruminant livestock production; rice cultivation;
landfill waste; losses from coal, oil and gas extraction; and
biomass burning. CH4 is removed from the atmosphere
through chemical degradation.
The long-term upward trend in CH4 atmospheric levels
slowed between 1999 and 2006 but has been increasing
again since 2007. Scientists are currently investigating
the possible role of the thawing of the CH4-rich northern
permafrost in this recent increase.
Human-made synthetic greenhouse gases—
chlorofluorocarbons (CFCs), hydrochlorofluorocarbons
(HCFCs) and hydrofluorocarbons (HFCs)—which are
used in refrigeration and air-conditioning systems,
contribute about 12% to radiative imbalance. Although
CFC concentrations are decreasing in the atmosphere
as a result of international action to protect the ozone
layer, concentrations of HCFCs and HFCs, which are less
damaging to the ozone layer and so are being used to
replace CFCs, are rapidly increasing. These are potent
greenhouse gases with much longer atmospheric
lifetimes than CO2.
Nitrous oxide (N2O) has contributed about 6% of
the overall global increase in radiative imbalance,
and concentrations have increased by 20% since
industrialisation, to 324.1 ppb. Agriculture is the main
anthropogenic source of N2O emissions, including
soil cultivation, fertiliser use and livestock manure
management. Fossil fuel burning also produces N2O
(WMO 2011).

Note:

Cape Grim measurements are from 1976; older measurements are based
on air extracted from ice samples collected from Antarctica (Law Dome).
Sources: Bureau of Meteorology, CSIRO (2012a)

Figure 2

Atmospheric concentrations of carbon
dioxide, methane and nitrous oxide

Global climate change will affect South Australian
temperature and rainfall.

2.4.1 Temperature
The average South Australian surface air temperature has
risen by just under 1 °C over the past 100 years (Climate
Commission 2011a), a greater increase than the global
average value of about 0.7 °C. Most of this increase has
occurred in the second half of the 20th century, and this
trend is continuing. The past decade (2000–09) has been
the warmest since records began in 1900 (CSIRO 2011).
From around 1950, there has been a steady temperature
rise—approximately 1 °C—in South Australia (Figure 3).
Minimum (overnight) temperatures increased more
rapidly than maximum (daytime) temperatures over
most of the 20th century. There has also been an overall
increase in the frequency of heatwaves, while the
frequency of extremely cold weather has decreased
(CSIRO 2011).

Southern and Atlantic oceans is also occurring (Climate
Commission 2011b).
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Global sea surface temperatures also show a warming
trend, rising on average by 0.7 °C, while the temperatures
of the surface waters surrounding Australia have
increased by about 0.9 °C since 1900 (CSIRO 2011).

Climate change

2.4 Observed and projected changes in
climate

The latest best estimates for projected additional average
temperature increases for South Australia from 1990 to
2030 range from 0.8 °C to 1.5 °C, depending on region
and emissions scenario (Table 1). By 2070, additional
warming is expected to be between 1.2 °C and 3.5 °C,
compared with 1990. These regional temperature
projections have been produced by the South Australian
Research and Development Institute (SARDI) from a
synthesis of the projections contained in the 2006
CSIRO report Climate change under enhanced greenhouse
conditions in South Australia (Suppiah et al. 2006), and the
2007 CSIRO and Bureau of Meteorology Climate change
in Australia: technical report. These reports are based
on global climatic models prepared for the IPCC (SARDI
2010).

The rate of warming of the atmosphere has been
moderated by the vast amounts of heat that the oceans
have absorbed in recent decades. The upper layer of the
ocean has warmed significantly, and recent observations
indicate that warming of the deeper waters of both the

Source: Climate Commission (2013)

Figure 3

Long-term trend in South Australia’s average temperature, measured as the difference
from the 1961–90 average
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Table 1

Best estimate of the range
of annual average additional
temperature increase in South
Australia (relative to 1990) for low–
high emissions scenario

South Australian NRM
region

2030
(°C)

2070
(°C)

0.8

1.3–2.8

0.8–1.0

1.6–3.5

Eyre Peninsula

0.8

1.2–2.3

Kangaroo Island

0.8

1.3–2.8

Northern and Yorke

0.8

1.3–2.8

0.8–1.5

1.8–3.5

SA Murray–Darling Basin

0.8

1.2–2.8

South East

0.8

1.3–2.3

Adelaide and Mount Lofty
Ranges
Alinytjara Wilurara

SA Arid Lands

a

b

Note:

The temperature ranges are best estimates based on the 50th
percentile and range from a low emissions to a high emissions
scenario. See the source document for a description of the
methods and a full range of results. Note also that the 2030
estimates are largely insensitive to future emissions because of
the lag times of the climate system, and therefore show little or
no difference under the low and high emissions scenarios. There
is some uncertainty in the regional projections as they are based
on low-resolution global model results that may not accurately
represent regional outcomes.
Source: SARDI (2010)

2.4.2 Rainfall
Australia’s rainfall has changed over recent decades,
with a general trend towards decreasing late autumn and
winter rainfall over the south, east and western fringes,
but increasing spring and summer rainfall in many parts
of the north and west (Figure 4). There has been a clear
decline in South Australian rainfall since 1970, which has
been linked, at least in part, to changes in large-scale
atmospheric circulation associated with global warming
(CSIRO 2010).
Year-to-year and decadal rainfall in Australia is influenced
by several modes of natural variability caused by changes
in relative sea surface temperatures and atmospheric
circulation patterns; this results in Australia’s rainfall
being naturally highly variable over time and from
region to region. The modes of variability with the
most important impact on Australian rainfall are the
El Niño–Southern Oscillation, relating to the tropical
Pacific Ocean; the Indian Ocean Dipole; and the Southern
Annular Mode, which operates in the higher latitudes
(Climate Commission 2011b).

Source: BoM (2012a)

Figure 4

Trends in (a) Australian and (b) South
Australian total annual rainfall
(millimetres per 10 years), 1970–2011

Although it has been difficult to distinguish human
influences on rainfall from natural variations (this is an
area of active research), a number of recent studies have
detected likely signals of climate change. In particular,
a pronounced drying trend that is large compared with
historical natural variations has emerged over the past
15–30 years in south-eastern Australia and the south-west
of Western Australia (CSIRO 2011).
Higher temperatures and warming oceans affect
atmospheric circulation and may be altering the
behaviour of these natural modes (IPCC 2010). The
Southern Annular Mode (also known as the Antarctic
Oscillation) reflects the north–south movement of
strong westerly winds in the mid to high latitudes of the
Southern Hemisphere that bring storm systems, cold

The Indian Ocean Dipole is a measure of differences in
the temperatures of the western and eastern equatorial
Indian Ocean. A ‘positive’ event is caused by warmer than
usual waters in the tropical west, and cooler than normal
waters (due to altered ocean circulation) in the tropical
east. This is associated with a reduction in late winter and
spring rainfall over southern Australia. The number of
positive events has been increasing since 1950 (reaching
a record high frequency over the past decade), while the
number of negative events (bringing increased rainfall)
has been decreasing (Abram et al. 2008, Cai et al. 2008,
Ihara et al. 2008, BoM 2012c).
There is some evidence to suggest that global warming is
increasing the likelihood of dry states associated with the
El Niño–Southern Oscillation (CSIRO 2010), by causing
a weakening of the Walker Circulation in the Pacific and
leading to conditions similar to the El Niño phase of the
Southern Oscillation. El Niño events are linked to lower
spring and summer rainfall in Australia. Climate model
forecasts support this weakening over coming decades,
but the research in this area is ongoing and is still not
settled (Darren Ray, Senior Meteorologist/Climatologist,
South Australian Regional Climate Services Centre,
Bureau of Meteorology, pers. comm., 24 April 2010).

Recent research has also shown that much of the
observed rainfall decline since 1970 in southern South
Australia and Victoria is linked to changes in atmospheric
circulation via an expansion of the tropics (CSIRO 2010,
2012b). The Hadley Circulation is a fundamental part of
the global climate system. It is the atmospheric circulation
that transports warm, dry air poleward from the equator.
As this cools and sinks, it creates an east–west band of
high atmospheric pressure known as the subtropical ridge
over the mid-latitudes of both hemispheres (including
southern Australia) and is responsible for the relative
aridity at these latitudes.
During the warmer half of the year (November to April),
the subtropical ridge sits south of the Australian continent
and acts to block southern rain-bearing fronts. It then
moves north during the cooler months, thereby allowing
autumn and winter rains to reach southern Australia. The
intensity of the subtropical ridge has been expanding and
increasing in strength since 1970, and this correlates well
with rising global temperatures over this time. The 13year period from 1997 to 2009, known as the millennium
drought, was the driest in the last 110 years of rainfall
records. The millennium drought was unprecedented
in that it was largely constrained to southern Australia;
there was an absence of wet months and wet years; and
the seasonal pattern of rainfall decline differed from
previous droughts, with reductions occurring mainly in
autumn. The change in seasonality of rainfall contributed
to a disproportionately high drop in stream flow: soils
were drier at the start of the run-off season because more
winter rain was taken up by vegetation and dry soils
(CSIRO 2011, 2012b).

Adelaide skyline
Barbara Hardy Institute
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fronts and rainfall to southern Australia. Over the past
several decades, there has been an increasing tendency
for this mode to remain in a ‘positive’ phase, with
the westerly winds remaining contracted towards the
Antarctic, leading to reduced winter rainfall over southern
Australia (BoM 2012b).
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One of the implications of these findings for water
planning and management is that the traditional filling
season of water supply systems across most of southeastern Australia may not be as reliable in the future.
It is also uncertain to what extent the reduced coolseason rainfall will be offset by higher warm-season falls.
The expansion of tropical influences on climate will be
important in influencing stream flow. Record rainfalls in
2010–11 were brought about by a strong La Niña event
(the wet phase of the El Niño–Southern Oscillation),
and wet phases of the Indian Ocean Dipole and the
Southern Annular Mode, coupled with the warmest sea
surface temperatures on record to the north of Australia.
Abundant rainfall can still be expected even if, overall, the
climate becomes drier. In 2011, late autumn and winter
rainfalls continued to be below average, consistent with
the expansion of the Hadley Circulation (CSIRO 2012b).
Rainfall predictions do not have as high a degree
of confidence as temperature predictions; however,
all global climate models generally agree that there
will be decreased rainfall in the mid-latitudes, where
southern Australia sits (CSIRO 2011). Consequently, South
Australia’s drying trend is likely to continue, and this,
together with higher temperatures, poses significant
risks to agriculture and urban water supplies (Climate
Commission 2011a).
Estimates for reductions in rainfall for South Australia
vary by region, but show the possibility of decreases
in annual rainfall across all regions of South Australia,
particularly in autumn and winter. Since rainfall is
much harder to predict than temperature, the range of
possibilities is relatively large compared with temperature
projections. The estimates in Table 2 have been produced
by the South Australian Research and Development
Institute. Since they are based on low-resolution global
model results, caution should be exercised, as they may
not accurately represent regional outcomes.

Table 2

Best estimate of the range of
additional rainfall reductions
(relative to 1990) for a low–high
emissions scenario

South Australian natural resource
management region

2030
(%)

2070
(%)

4.5

8–15

3.5–4

8–15

3.5

7.5–15

Kangaroo Island

3

8–15

Northern and Yorke

3

7–30

SA Arid Lands

3–4

8–10

SA Murray–Darling Basin

3.5

7.5–15

3

8–15

Adelaide and Mount Lofty Ranges
Alinytjara Wilurara
Eyre Peninsula

South East
Note:

These rainfall reduction ranges are a best estimate based on
the 50th percentile and range from a low emissions to a high
emissions scenario. See the source document for the full range of
results. Note also that the 2030 estimates are largely insensitive to
future emissions and therefore show little or no difference under
the low and high emissions scenarios.
Source: SARDI (2010)

Despite a decline in average rainfall, there may be an
increase in flood risk due to an increase in extreme
rainfall events, driven by a warmer, wetter atmosphere
and warmer oceans around Australia (CSIRO 2011). This
may particularly occur during wetter phases of natural
variability, such as La Niña events, as seen with record
rainfall falling across south-eastern Australia over the
past two years, coinciding with strong, record-breaking
La Niña events (Darren Ray, Senior Meteorologist/
Climatologist, South Australian Regional Climate Services
Centre, Bureau of Meteorology, pers. comm., 24 April
2010). This rainfall was unusual because it fell during
spring and summer, rather than the normal southern
rainfall season.

We are already seeing changes in both marine and
terrestrial ecosystems due to climate change. We are
starting to see impacts in human agriculture and health,
and impacts on infrastructure and water supplies will
increase.

2.5.1

Impacts on oceans and marine
ecosystems

The world’s oceans slow the rate of warming in the
atmosphere. More than 90% of the extra heat energy
stored by the planet over the past 50 years has been
absorbed in the ocean, causing them to expand and rise
(ACE CRC 2011). The increasing heat content of the oceans
and sea level rise provide further measurable evidence
of the warming of the planet (CSIRO 2011). Oceans have
also absorbed about 30% of the CO2 released by human
activities during this time, increasing their acidity. Further
acidification could have profound effects on organisms
that form carbonate shells, such as corals and plankton.
These organisms are a critical part of the marine food
chain (CSIRO 2011).
Ocean currents are changing as a result of altered
patterns of salinity (related to increased evaporation,
ice melt and changing rainfall), ocean temperature
and winds. Ocean currents are a key component in the
distribution of heat around the planet (CSIRO 2011). The
Southern Ocean plays a critical role in the global climate
system and carbon cycle, because of the unique ocean
currents in this region. Vast amounts of heat and about
40% of the total global ocean uptake of anthropogenic
CO2 are absorbed by the Southern Ocean. The Southern
Ocean also influences weather patterns over southern
Australia. Observations indicate that the Southern Ocean
is warming, and becoming less saline and more acidic,
while ocean currents are changing (ACE CRC 2011).
Climate change represents a significant risk to the
sustainability of ecosystems, fisheries and aquaculture
in Australia; however, potential impacts are complex
and still largely unknown. In addition to altered ocean
temperature, currents, rainfall, winds and chemistry,
changes in the nutrient supply (provided by the ocean
circulation), altered river run-off into the coastal
environment and an increase in extreme events (such
as floods and storms) will significantly affect marine life.
Australia’s marine environment is diverse, with many
specialised environments, and the impacts of climate
change will differ among them (Hobday et al. 2008).

Projected climate change impacts on South Australia’s
highly diverse marine environments are likely to be large
and negative. Seamounts and inverse estuaries (where
the water is more saline than the open ocean, such as
the Spencer Gulf) could be subjected to corrosive waters
that will preclude or reduce the occurrence of many
calcareous species, such as molluscs, and the larval stages
of all commercial species. Increases in ocean temperature
are causing the range of several species of kelp to
contract southwards, and in some cases these species
are disappearing altogether from coastal waters close to
Adelaide. The combined impact of ocean warming and
acidification on kelp is predicted to be profound. The
Great Australian Bight is a region of high marine and
coastal biodiversity, and many species will be affected by
the projected weakening of ocean currents and increased
ocean temperatures. The endemic Australian sea lion,
80% of the population of which occurs in South Australia,
is a non-migratory animal that is at high risk from climate
change as a result of reduced food availability and
increased risk of disease, due to rising temperatures and
habitat disruption. The leafy sea dragon, South Australia’s
marine emblem, is likely to suffer from storm events
and habitat degradation caused by ocean warming,
acidification and sea level rise (NCCARF 2011, Pecl
et al. 2011).
A risk assessment of South Australia’s 10 most valuable
wild fishery and aquaculture species has indicated that
4 of these (southern rock lobster, blacklip and greenlip
abalone, and King George whiting) are at high risk from
potential climate change impacts. The South Australian
coastline has two gulfs, which are zones of upwelling.
Upwelling brings nutrients from the deep ocean to
shallower waters, providing food for marine ecosystems.
Effects of climate change on the marine environment
may lead to changes in the frequency and intensity of
upwelling events, potentially affecting food availability
for southern bluefin tuna and the abundance of sardines.
Other stressors, such as overfishing, pollution, habitat
loss and disease, are likely to exacerbate the threat from
climate change (Pecl et al. 2011). Increased sea water
temperatures are expected to increase competition from
marine pests to the detriment of native species.
Recent evidence of deaths of fish and marine mammals,
and reductions in numbers of regional species, including
the giant cuttlefish, seem to be in the short term
connected to low oxygen levels from excessive algal
blooms caused by high sea water temperature, and could
be related in the long term to climate change drivers.
There are insufficient data at this time to draw more
definite conclusions about the causes.
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2.5.2 Impacts on terrestrial plants and animals
Australia and South Australia both have rich species
diversity, with many species unique to the continent.
Biodiversity is a critical part of our life-support system.
It provides us with fresh water, regulation of air and
water quality, climate regulation, erosion control, and
pest control and pollination services, as well as genetic
resources for medicines, food, fibre and fuel (Steffen et al.
2009). Terrestrial biodiversity also has intrinsic, heritage
and ethical values. Maintaining biodiversity and healthy
ecosystems is important to assist adaptation in other
sectors, such as coastal wetlands that protect human
infrastructure from storm surges (Hughes et al. 2010).
Climate change will have both direct and indirect impacts
on species. Increasing atmospheric CO2 concentrations
can directly affect important physiological processes, such
as photosynthesis, plant growth, water-use efficiency
and decomposition. Indirectly, climate change acts on
species through increasing temperatures, altered patterns
of precipitation, and changes in the frequency and
severity of extreme events (Steffen et al. 2009). Different
responses by species to climate change will result in
changes in the structure and composition of many
ecological communities and ecosystems (Hughes et al.
2010). Indirect effects from climate change also include
disturbance of predator–prey relationships.
Ecosystems are responding in a consistent way to a
warming Earth, with observed changes in gene pools,
species ranges, timing of biological events and ecosystem
dynamics (Climate Commission 2011b). Australian
and global observations show that significant impacts
are already under way with only a modest amount of
warming. Examples include the migration of several bird
species to higher altitudes or latitudes, changing fire
regimes in southern Australia and the earlier flowering of
flora such as the South Australian donkey orchid (TREND
2010). Climate change is exacerbating existing threats to
biodiversity from vegetation clearing, introduced species,
highly modified and overcommitted water resources,
fertiliser and chemical use, urbanisation, agriculture and
mining (Steffen et al. 2009).
Both the magnitude and rate of future climate change
pose a threat akin to past geological mass-extinction
events, with a high risk of an accelerating wave of
extinctions this century and beyond (Steffen et al. 2009).

2.5.3 Impacts on human health,
infrastructure, agriculture and forestry
Climate change affects human health directly through
a rise in extreme events such as heatwaves, bushfires,
floods and storms. Indirectly, it affects human health
through impacts on natural systems on which we rely and
through social, economic and demographic disruptions
(CSIRO 2011).
Average temperature increases of 1–2 °C can lead to a
disproportionately large increase in the frequency and
intensity of extreme weather events. The number of
high temperature extremes in Australia has increased
significantly over the past decade (Climate Commission
2011b). In March 2008, Adelaide set a heatwave record
for an Australian city, with 15 consecutive days of
temperatures above 35 °C, and recorded its hottest
night in January 2009 during another exceptional
heatwave (BoM 2009, DCCEE 2012a). The intensity of
the 2009 event—with four consecutive days over 43 °C,
accompanied by unusually hot nights—has been linked to
a steep increase in mortality from both renal and ischemic
heart disease (Nitschke et al. 2011).
Human health is predicted to be adversely affected
by the spread of mosquito-borne infectious diseases
such as dengue fever, malaria and Ross River virus
infection (Doctors for the Environment Australia 2011).
The combination of a greater number of extremely hot
days and drier conditions in South Australia increases
bushfire frequency and intensity, resulting in human
fatalities, injuries and burns, and loss of buildings and
infrastructure (Climate Commission 2011a).
In addition to the potential damage from extreme events
such as bushfire, storms and floods, built infrastructure
is at risk from higher temperatures, changed rainfall
regimes, altered groundwater and soil conditions, and sea
level rise (CSIRO 2011).
Infrastructure impacts are predicted to include:
• increased flooding due to rainfall events that exceed
the capacity of stormwater and drainage infrastructure
• structural damage due to increased wind speed and
hail intensity during storms
• exacerbated coastal erosion, coastal inundation
and damage to coastal infrastructure, including
stormwater infrastructure and roads, due to more
intense and frequent storm surges
• degradation of road and building materials, and
damage to building foundations and gas and water
piping caused by higher temperatures, increased
flooding and bushfires

•

rail buckling and signal failure, and road fatigue, due
to increased temperatures
power disruptions from surges in electricity demand
caused by more frequent heatwaves (Engineers
Australia 2010).

With most of Australia’s settlements in the coastal region,
sea level rise presents a widespread risk of inundation
and damage to a significant stock of residential housing,
commercial buildings and infrastructure, such as ports,
roads and railways. Mean sea level rise may lead to
eventual permanent inundation of low-lying areas. Sea
level rise (combined with more storminess as a result of
climate change) will also contribute to extreme shortterm coastal inundation events, which may become
increasingly severe and frequent in many coastal places.
Coastal environments such as beaches, estuaries,
wetlands and low-lying islands are at risk of salinisation
and inundation in the coming decades. In South Australia,
up to 43 000 residential buildings, with a value of
$7.4 billion, and 1500 commercial buildings valued at

$27 billion have been identified as at risk of inundation
(DCCEE 2009).
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Increased temperatures, reduced rainfall and more
frequent extreme weather events are expected to
reduce crop and livestock production in South Australia.
Since 1997, South Australia’s agricultural regions have
experienced a marked decline in growing season rainfall.
Forestry and plantation industries are at greater risk
from bushfire (CSIRO 2011, DCCEE 2012a). Viticulture
is sensitive to climate change on a number of fronts,
including changes in mean temperature, extreme
temperatures, rainfall, the quality and quantity of
water available for irrigation, and the atmospheric
concentrations of greenhouse gases (Hayman et al.
2009).
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•

Reduced rainfall and higher rates of evaporation are
expected to significantly reduce the reliability of South
Australia’s water supply, resulting in less water being
available for irrigation, domestic use and industry
(CSIRO 2011).

Moon over eroded mesas near the Painted Hills, Woomera Prohibited Area
Angus Kennedy
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3 What are the pressures?
The key pressure in climate change is the emission of
greenhouse gases. Pressure indicators therefore include
sources of greenhouse gases, greenhouse gases per
head of population and greenhouse gases per unit of
economic output.

and gas) to create energy for electricity production, heat
generation and transportation. Energy-related emissions
accounted for approximately 60% of global emissions in
2000 (Baumert et al. 2005). Deforestation is estimated to
account for 15% of global emissions (van der Werf et al.
2009), and agriculture contributes a similar proportion.

3.1 Sources of global and Australian
greenhouse gas emissions

Significantly, Australia is one of the top (highest)
25 greenhouse gas emitting nations, ranked 15th in the
world based on total emissions in 2005 and contributing
1.5% to total emissions (Figure 5; Table 3). Australia’s
emissions per capita are the 7th highest in the world,
higher than any of the top 25 emitting nations and the
highest in the Organisation for Economic Co-operation
and Development (OECD) (Garnaut 2008). Compared
with other OECD nations, Australia’s reliance on coal for
generating electricity is a key cause of our high per-capita
emissions (Garnaut 2008).

Global emissions of greenhouse gases have risen
steeply since the start of the industrial revolution, with
the largest increases coming after 1945. A relatively
small number of countries produce the majority of
greenhouse gas emissions: the 25 largest emitters
produce approximately 83% of global emissions (Table 3).
Emissions of greenhouse gases from human sources
come primarily from the burning of fossil fuels (coal, oil

CO2-e = carbon dioxide equivalent; Mt = million tonne
Source: Baumert et al. (2005)

Figure 5

Global comparison of overall and per-person emissions of greenhouse gases, 2005

Table 3

Top 25 greenhouse gas emitting nations (excluding land use change), 2005

China
United States
of America
European Union (27)a
Russian Federation
India
Japan
Brazil
Germanya
Canada
United Kingdoma
Mexico
Indonesia
Iran
Korea (South)
Italya
Australia
Francea
Ukraine
Spaina
South Africa
Turkey
Saudi Arabia
Polanda
Thailand
Argentina
Top 25
Countries ranked 26th
to 186th
Total world emissions

Rank
(total
emissions)

% of world
total
Cumulative %

7 242.1
6 900.9

1
2

19.2
18.3

5 046.7
1 939.6
1 865.0
1 349.2
1 010.5
977.5
741.8
642.2
631.0
576.5
568.1
567.8
565.6
560.6
550.3
493.6
436.7
422.6
390.6
375.3
372.2
351.1
328.4
31 361.4
6 435.1

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

13.4
5.1
4.9
3.6
2.7
2.6
2.0
1.7
1.7
1.5
1.5
1.5
1.5
1.5
1.5
1.3
1.2
1.1
1.0
1.0
1.0
0.9
0.9

50.8

26–186

17.0

100

76.7

79.1

83.0

Per capita
emissions
(t of CO2-e)

Rank
(per-capita
emissions)

5.6
23.3

82
9

10.2
13.5
1.7
10.6
5.4
11.9
23
10.7
5.9
2.5
8.1
11.8
9.7
27.5
8.7
10.5
10.1
9
5.7
15.6
9.8
5.3
8.5

42
21
148
40
86
28
10
39
76
120
61
30
49
7
55
41
45
51
79
16
48
88
58

37 796.5

a European Union includes 27 countries; those in the top 25 are also listed separately. The inclusion of the European Union places Australia 16th in the table.
Note: Excludes bunker fuels (fuels in tanks of marine and air vessels in international transport) and land-use change emissions. ‘Land-use change’ refers to
the emissions and removals of greenhouse gases from human land use, land-use change and forestry activities.
CO2-e is ‘carbon dioxide equivalent’, which is a measure of how much global warming a given type and amount of greenhouse gas may cause,
using the functionally equivalent amount or concentration of CO2 as the reference. Gases include CO2, methane (CH4), nitrous oxide (N2O),
perfluorocarbons, hydrofluorocarbons, and sulfur hexafluoride (SF6).
Sources: South Australian Department of Environment, Water and Natural Resources modelling, and global emissions data from the World Resources Institute
Climate Analysis Indicators Tool (http://cait.wri.org/cait.php?page=yearly&mode=view&sort=val-desc&pHints=shut&url=form&year=2005&sector=natl
&co2=1&ch4=1&n2o=1&pfc=1&hfc=1&sf6=1&update=Update)
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3.2 Sources of South Australian
greenhouse gas emissions
South Australia contributed 5% of Australian emissions
in 2010, at 30.4 million tonnes (Mt) of CO2 equivalents
(including net emissions from the land use, land-use
change and forestry [LULUCF] sector—afforestation,
reforestation and deforestation activities). CO2 equivalent
(CO2-e) is a measure of how much global warming a given
type and amount of greenhouse gas may cause, using the
functionally equivalent amount or concentration of CO2
as the reference. If the reduction in LULUCF emissions
over this period is included (the sector was a 1.5 Mt
source in 1990 but a 1.4 Mt sink in 2010, as a result of
reduced deforestation and increased forestry plantings),
overall net emissions fell by 6%, from 32.2 Mt to 30.4 Mt.
Excluding LULUCF, total South Australian emissions
increased by 4% between 1990 and 2010 (Table 4).
The energy sector is the dominant source of state
emissions, contributing 73% of the total inventory in
2010 (Figure 6). Emissions from the energy sector include
emissions from the generation of electricity, the direct
combustion of fuels onsite (such as gas and diesel to

Table 4

produce stationary energy), the combustion of fuel for
transport and interconnector emissions. Total energy
sector emissions (excluding the land-use sector) rose
10% between 1990 and 2010 (Table 3.5). Electricity
generation contributed to a 2.6 Mt increase in emissions
between 1990 and 2010, with emissions peaking in 2000.
The impact of the recent increase in renewable energy
generation is evident, with emissions declining slightly
in the past few years. However, the underlying electricity
consumption in the commercial, industrial and residential
sectors has continued to grow.
South Australia has two coal-fired generators: Northern
Power Station and Playford B Power Station, both located
at Port Augusta. These consume approximately 3.8 Mt
of coal annually from the Leigh Creek coal mine (AEMO
2011a). In 2011–12, fossil fuels provided just under 75% of
electricity generation, with gas contributing 50% and coal
24% (AEMO 2012).
Transport was the source of 19% of the state’s total
emissions in 2010. Transport emissions grew by 0.5 Mt
(8%) from 1990 to 2010, caused by increasing road freight
emissions, while passenger road emissions remained
steady over this period (DCCEE 2012b).

South Australian greenhouse gas emissions
Change from 1990 to
2010

Emissions (Mt of CO2-e)
1990

2000

2007

2008

2009

2010

Mt

20.7

21.7

23.6

24.1

22.3

22.1

1.4

7

Net electricity
imports

0.6

4.5

1.4

0.4

0.7

1.1

0.5
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Industrial
processes

2.7

3.1

3.3

3.2

2.8

3.1

0.4

15

Agriculture

5.5

5.6

5.1

4.9

4.8

4.7

–0.8

–15

Waste

1.2

0.7

0.7

0.8

0.8

0.8

–0.4

–33

LULUCF

1.5

–2.1

na

–1.3

–1.4

–1.4

–2.9

–193

Total excluding
LULUCF

30.7

35.6

34.1

33.4

31.4

31.8

1.1

4

Total including
LULUCF

32.2

33.5

32.1

30.0

30.4

–1.8

–6

Energy

%

CO2-e = carbon dioxide equivalent; LULUCF = land use, land-use change and forestry; Mt = million tonne; na = not available
Sources: Australian Government Department of Climate Change and Energy Efficiency, and South Australian Department of Environment, Water and Natural
Resources modelling

Table 5

South Australian energy sector emissions
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1990

2000

2007

2008

2009

2010

% change

Electricity (including
interconnector)

7.1

11.4

10.7

9.8

9.7

9.7

37

Other stationary energy

4.8

4.8

5.2

5.5

5.5

5.4

15

Transport

5.4

5.8

5.8

5.9

5.8

5.9

8

Fugitivea

4.0

4.2

3.2

3.3

2.0

2.2

a

21.3

26.2

25.0

24.5

23.0

23.2

10a

Total

CO2-e = carbon dioxide equivalent; Mt = million tonne
a Because of a change in the calculation methodology for fugitive emissions (unintended emissions related to the production, storage, transmission and
distribution of fossil fuels) by the Australian Government Department of Climate Change and Energy Efficiency, the 1990 reported figure may be an
overestimate.
Sources: Australian Government Department of Climate Change and Energy Efficiency, and South Australian Department of Environment, Water and Natural
Resources modelling

Analysis of emissions on an economic sector basis
highlights the growth in residential emissions beyond
what would be expected as a result of the increase in
population. Residential emissions took up a larger share
of the state’s emissions in 2010 than in 1990. The South
Australian population grew by 15% over this period, while
emissions from residential electricity increased 33%
(Table 6).

3.3 South Australian greenhouse gas
emissions per capita
Sources: Australian Government Department of Climate Change and Energy
Efficiency, and South Australian Department of Environment, Water
and Natural Resources modelling

Figure 6

South Australia’s greenhouse gas
emissions by sector (excluding
land use, land-use change and
forestry), 2010

On a per-capita basis, South Australian emissions trended
upwards to peak in 2000, but then declined back to 1990
levels by 2007–08. They have fallen below 1990 levels
in the past three years, primarily under the influence of
increases in the generation of renewable energy in the
state (Table 7). This can be contrasted with the Australian
trend in the past few years, where, after following a
similar upward trend, emissions per capita were at 1990
levels in 2010. South Australian per-capita emissions were
substantially (8–22%) lower than the national figures
throughout the period 1990–2010.
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3.4 South Australian greenhouse gas
emissions per gross state product
There has been a 42% reduction in the greenhouse gas
intensity of the South Australian economy—that is, the
tonnes of CO2-e produced per million dollars of gross state
product—since 1990 (Table 3.8). The similar reduction
in the greenhouse gas intensity of the Australian
economy has been attributed to a strong growth in
the lower emissions service industries and improved

Table 6

energy efficiency (ABS 2010). In addition, Australian
manufacturing has been in decline, in parallel with the
growth in manufacturing productivity of developing
economies (Commonwealth of Australia 2008).

Residential electricity emissions and population

Residential
electricity
emissions
(Mt of CO2-e)
Population

1990

2000

2007

2008

2009

2010

% change

2353

3606

3392

3154

3080

3137

33%

1 438 882

1 508 028

1 593 743

1 613 346

1 634 468

1 649 947

15%

CO2-e = carbon dioxide equivalent; Mt = million tonne
Sources: Australian Government Department of Climate Change and Energy Efficiency, Australian Bureau of Statistics. and South Australian Department of
Environment, Water and Natural Resources modelling

Table 7

South Australian and Australian emissions per capita
1990

2008

2009

2010

1 438 882

1 613 346

1 634 468

1 649 947

SA emissions per capita including LULUCF
(tonnes of CO2-e/person)

22.4

19.9

18.4

18.4

Australian emissions per capita including LULUCF
(tonnes of CO2-e/person)

32.0

26.8

25.9

25.0

SA population

CO2-e = carbon dioxide equivalent; LULUCF = land use, land-use change and forestry
Sources: Australian Government Department of Climate Change and Energy Efficiency, Australian Bureau of Statistics (catalogue number 3101.0) and South
Australian Department of Environment, Water and Natural Resources modelling

Table 8

South Australian emissions per million dollars of gross state product and Australian
emissions per million dollars of gross domestic product
1990

2008

2009

52 043

81 942

83 231

84 269

SA emissions per $million GSP including LULUCF
(tonnes of CO2-e)

619

391

361

360

–42%

Australian emissions per $million GDP including
LULUCF (tonnes of CO2-e)

797

467

454

434

–46%

SA GSP ($million)

2010

% change

CO2-e = carbon dioxide equivalent; GDP = gross domestic product; GSP = gross state product; LULUCF = land use, land-use change and forestry
Sources: Australian Government Department of Climate Change and Energy Efficiency, Australian Bureau of Statistics (catalogue number 5220.0) and South
Australian Department of Environment, Water and Natural Resources modelling
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4 What are we doing about it?
The Australian and South Australian Governments are
developing policies and programs to reduce the level
of climate change by reducing emissions. Governments
are also preparing for inevitable climate change by
developing guidelines and programs to cope with change.

4.1 Emissions reduction in Australia
The Australian Government has submitted its official
emissions reduction targets to the international climate
negotiations. Australia has now committed to domestic
emissions reductions of 5–15% or 25% (depending on the
extent of international action) below 2000 levels by 2020.
It has also committed to a longer term target of 80%
reductions on 2000 levels by 2050. Existing Australian
climate change policies, such as the Renewable Energy
Target (DCCEE 2012c) and the Carbon Farming Initiative
(DCCEE 2012d), are inadequate to achieve these emissions
cuts. Emissions are expected to be around 22% higher
than 2000 levels by 2020 without further intervention
(DCCEE 2011).
Since electricity generation is Australia’s largest source of
carbon pollution, the Australian Government introduced
its plan for Securing a clean energy future (Australian
Government 2012) in July 2011. The key element of the
Clean Energy Future legislative package, passed in the
Senate in November 2011, is the introduction of a carbon
price, commencing with a fixed price from July 2012 and
moving to an emissions trading scheme in July 2015. The
carbon price mechanism will be linked to international
carbon markets from the start of the flexible price
period, allowing liable Australian businesses to purchase
emissions reductions overseas. The carbon price will
be supported by the three other elements of the plan:
investing in renewable energy, energy efficiency and landbased carbon sequestration (DCCEE 2011).

4.2 Emissions reduction in South
Australia
South Australia’s key existing emissions reduction
initiatives are summarised in Table 9. Given the rapidly
evolving nature of climate change policy in Australia,
the South Australian Government is currently reviewing
its climate change policies and strategies to ensure a fit
with the national agenda. South Australia is also working
to remove policy and regulatory barriers to reducing
greenhouse gas emissions in the state and to facilitate
community access to funding from the Australian
Government. South Australia is, however, increasingly
moving the focus pragmatically from mitigation to
adaptation, as efforts in South Australia and Australia are
modest in a global context.
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South Australia’s key current emissions reduction initiatives

Initiative

Purpose

Impact and progress

Climate Change and
Greenhouse Emissions
Reduction Act 2007

To establish voluntary mechanisms to
encourage and support action to reduce
greenhouse gas emissions and increase the
use of renewable energy. The Act includes a
long-term emissions reduction target for the
state of 60% below 1990 levels by 2050, and
renewable electricity targets of at least 20%
of electricity generated and consumed by
2014. The Act requires a state government
commitment to the development of policies
and programs to reduce greenhouse gas
emissions, encourage energy efficiency
and the commercialisation of renewable
energy, and support measures to facilitate
adaptation

Between 1990 and 2010, South Australia’s net
greenhouse gas emissions decreased by 6%,
mainly due to the contribution of the LULUCF
sector (see Section 3.2). Excluding LULUCF,
emissions increased by 4%. The renewable
electricity targets have been achieved three
years ahead of schedule, and this has slowed
the growth in energy-sector emissions. Strong
growth trends remain in the energy emissions
of the residential, commercial building and
industrial sectors. Road freight transport and
industrial processes are also growth areas

Tackling climate change
— South Australia’s
Greenhouse Strategy
2007–2020

Provides a framework for meeting South
Australia’s greenhouse gas emissions
targets and commitments in a planned and
coordinated way. Lists objectives, strategies
and actions grouped by sector (community,
industry, energy, transport and planning,
buildings and natural resources)

Given the change in national policy, many
of the actions currently in the strategy are
undergoing review

A renewable energy plan for
South Australia (2011)

Outlines the role of the state government
in achieving the state’s target of 33%
renewable energy by 2020 contained in
South Australia’s Strategic Plan

Plan released late 2011

Electricity (Feed-in Scheme— To encourage the uptake of residential roofSolar Systems) Amendment top solar photovoltaic (PV) systems through
Act 2008
the provision of a tariff for electricity fed
back into the grid

More than 100 000 South Australian
households have now installed or received
approval to connect solar panels. As at
February 2012, PV systems made up 3% of
the state’s installed electricity generation
capacity (South Australian Department for
Manufacturing, Innovation, Trade, Resources
and Energy, pers. comm., 8 March 2012)
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continued
Purpose

Impact and progress

Residential Energy
Efficiency Scheme (REES)

Establishes obligations on energy retailers
(with 5000 or more customers) to provide
energy audits and recommend energyefficiency activities to South Australian
households to reduce energy consumption.
REES is given effect through Regulations
made under the Electricity Act 1996 and the
Gas Act 1997.
The objectives of the REES are to:
• improve energy efficiency and reduce
greenhouse gas emissions within the
residential sector
• help households prepare for likely energy
price increases resulting from carbon
pricing
• reduce total energy cost for households,
particularly low-income households

Targets for energy efficiency activities to
reduce greenhouse gas emissions have been
set. All targets were met in aggregate for the
first stage of the scheme (2009–11), with
657 011 tonnes of CO2-e of potential future
energy-related greenhouse gas reduction
over the lifetime of the activities (ESCOSA
2012). The second stage of the scheme
(2012–14) has a target of 1 million tonnes of
CO2-e of lifetime energy-related greenhouse
gas reduction. However, there is no
obligation for householders to undertake the
recommended activities

Various programs,
including the Low
Emission Vehicle Strategy,
Sustainable Development
and Climate Smart
Precincts, Building
Innovation Fund, Cool
Roofs, and Mini Wind
Turbine Trial
CO2-e = carbon dioxide equivalent; LULUCF = land use, land-use change and forestry

These initiatives are of a transformative nature
and have the potential to substantially lower
emissions in the longer term
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To date, the most effective initiative to reduce South
Australia’s greenhouse gas emissions has been the drive
to increase renewable energy generation in the state.
The Climate Change and Greenhouse Emissions Reduction
Act 2007 has a target for renewable electricity generated
and consumed to comprise at least 20% of electricity
generated and consumed in the state by 2014.
In 2010–11, renewable electricity provided 22% of the
state’s generation (Table 10; Figure 7), three years
ahead of the 2014 target schedule. Wind generation
capacity reached 1203 megawatts from 15 wind farms

Table 10

by the end of 2011 (South Australian Department for
Manufacturing, Innovation, Trade, Resources and Energy,
pers. comm., 8 March 2012). For 2011–12, electricity from
wind reached 26% of generation, and 2.4% is estimated
to have come from roof-top solar photovoltaic systems
(AEMO 2012). South Australia’s success in this area is
attributable not only to world-class renewable resources,
but to the deliberate actions of the state government to
tailor regulatory frameworks appropriately and provide
investment clarity and certainty (Government of South
Australia 2011a).

Renewable electricity as a percentage of total South Australian generation

Year 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07 2007–08 2008–09 2009–10 2010–11
%

0.7

0.6

0.7

1.8

4.0

7.7

7.4

9.7

14.8

18.8

22.0

Solar installation, Adelaide Showground
Department of Manufacturing, Innovation, Trade, Resources and Energy (DMITRE)

•

Sources: South Australian Department of Environment, Water and Natural
Resources; Australian Energy Market Operator (South Australian
Supply and Demand Outlook), Electricity Supply Industry Planning
Council (annual planning reports), ETSA Utilities (solar statistics
for 2009–10), former Australian Government Department of
Environment, Water, Heritage and the Arts (solar statistics from
the Solar Homes and Communities Program)

Figure 7

Renewable electricity as a
percentage of total South Australian
generation

The 20% target established under the Climate Change
and Greenhouse Emissions Reduction Act 2007 has since
been strengthened under this legislation and is reflected
in South Australia’s Strategic Plan (Government of South
Australia 2011b). The Strategic Plan sets a further target
to support the development of renewable energy so that
it comprises 33% of the state’s electricity generation by
2020.
In 2011, the South Australian Government recognised
the need for continued state government intervention to
achieve the 33% renewable energy target and outlined
its plan in the strategy document A renewable energy
plan for South Australia. This outlines the critical role of
South Australia in providing complementary policy to
support the Australian Government’s renewable energy
investment programs and policies. Specifically, the
principal roles for the South Australian Government are:
• dissemination of detailed, timely and commercially
relevant information to ensure that the investment
market is fully informed of opportunities within
the state
• provision of efficient regulation and a competitive
government fee-charging regime
• intervention to address market failures created by
specific regional circumstances

Many more high-quality wind resource sites exist in
addition to those already developed. A number of
further wind projects have been publicly announced,
although none of these are yet under construction or
committed to construction (AEMO 2011b). Significant
potential geothermal prospects have been identified in
South Australia (AEMO 2011a), and the state government
continues to support geothermal research, exploration
and proof-of-concept projects. Three of the most
advanced Australian geothermal projects are located
in South Australia: in the Cooper Basin, the northern
Flinders Ranges and the Otway Basin. These sites are
projected to supply energy to pilot electricity plants
within 2–5 years (Betina Bendall, Principal Geologist,
South Australian Department for Manufacturing,
Innovation, Trade, Resources and Energy, pers. comm.,
10 March 2012).
South Australia’s Strategic Plan (Government of South
Australia 2011b), contains a target to limit the carbon
intensity of total South Australian electricity generation
to 0.5 tonnes of CO2‑e per megawatt hour (CO2-e/MWh)
by 2020. South Australia’s current electricity emissions
intensity factor is 0.65 tonnes of CO2-e/MWh, including
both South Australian generation and imported electricity
(Table 11). This falls to 0.6 tonnes of CO2-e/MWh in 2010 if
only South Australian grid generators are included.
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•

leading by example to establish an environment that
builds investor confidence in renewable energy
acting early to position the state to benefit from
imminent national policies and to better respond to
cost impacts (Government of South Australia 2011a).
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Table 11

South Australian electricity emissions factors
1990

1995

2000

2005

2006

2007

2008

2009

2010

Latest estimate

South Australian
grid including
imports (tonnes
CO2-e/MWh)

0.81

0.87

0.92

0.89

0.87

0.83

0.77

0.72

0.67

0.65

South Australian
grid generators
(tonnes CO2-e/
MWh)

0.78

0.78

0.75

0.73

0.66

0.65

0.60

0.56

CO2-e = carbon dioxide equivalent; MWh = megawatt–hours
Source: Australian Government Department of Climate Change and Energy Efficiency, National Greenhouse Accounts Factors ( July 2012), Table 40: Scope 2
emissions factors

South Australia’s Strategic Plan (Government of South
Australia 2011b), contains a residential energy efficiency
target to improve the energy efficiency of dwellings by
15% by 2020 (compared with 2003–04). This is through a
number of state programs, such as the Residential Energy
Efficiency Scheme (Table 6), 6-star energy efficiency
requirements for new homes, managing energy use of airconditioners and residential water heater requirements
(Government of South Australia 2011c).

4.3 Adapting to climate change
Along with reducing emissions to limit the level of climate
change, South Australia also aims to mitigate the impacts
of climate change through planning and development.
Prospering in a changing climate—a climate change
adaptation framework for South Australia (Government
of South Australia 2010) was launched in August 2012.
The framework aims to guide action in preparing for
the impacts of climate change by government agencies,
local government, non-government organisations,
business and the community. It also aims to facilitate
the development of more detailed adaptive strategies
at regional, sectoral and statewide levels. A range of
adaptation activity is under way across South Australia at
a state government, local government and regional level.
This includes the development of policies and plans that
begin to address sea level rise, sustainable water supplies,
natural resource management impacts, primary industry
impacts and community health impacts. A wide range of
research projects are informing adaptation responses for
natural and human systems (DEWNR 2012).
Work is also taking place in particular sectors affected by
climate change. For example, South Australia already has
a comprehensive and integrated water planning system
and expertise in water management technologies, which

will form the basis for adaptation in the water sector. The
South Australian State Emergency Service and key South
Australian Government departments have developed
an Extreme Heat Plan to ensure a coordinated approach
to increasing community awareness, preparedness and
response to extreme heat events (SA SES 2010).
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5 What can we expect?
A global average temperature increase from preindustrial levels of 4 °C is well outside the relatively stable
temperature regimes that have allowed the development
of modern civilisation, and that have probably prevailed
for our species at all times in our history. Potential
impacts of climate change range from highly disruptive to
catastrophic. There is a risk that the climate system may
reach a ‘tipping point’ at which a small additional change
may trigger a large, abrupt response. These responses can
be irreversible in a timeframe that is relevant to humans
(Garnaut 2011, New et al. 2011).
In Australia, the effects of a 4 °C global average
temperature rise would include:
• temperature increases of 3–5 °C in coastal areas and
4–6 °C inland
• increases in the occurrence of extremely high
temperatures
• likely significant declines in annual rainfall in southern
Australia
• increases in evaporation and drought
• an increase in extreme rainfall events, increasing the
risk of flooding
• an increase in extreme fire weather
• sea level rise of up to 1.1 metres by 2100, increasing to
more than 7 metres over subsequent centuries, even
with no further warming
• substantial loss of marine and terrestrial ecosystems
and biodiversity, with the resilience of many or most
ecosystems being exceeded (Whetton et al. 2011).
The magnitude of future climate impacts will depend on
what global effort is made this decade to substantially
reduce greenhouse gas emissions, and the impact of
inevitable change will depend on the preparations
made now.

5.1 Reducing emissions
Effective global emissions reductions will require action
on many fronts, including international agreements,
economic reform, government regulation, investment
in technological innovation and societal change. It will
require the united efforts of government, industry and the
public at large (Ackerman and Stanton 2011, CSIRO 2011).
Achieving deep cuts in Australia’s greenhouse gas
emissions will require a major alteration to public
attitudes and understanding of climate change, to
provide the incentive for cuts in personal energy demand
and acceptance of low-emissions technologies, so
that governments are empowered to rapidly transition
Australia to a low-carbon economy (CSIRO 2011). Recent
research indicates that, since the 1990s, there have been
increases in public levels of uncertainty and diversity
of opinion about the causes of climate change and the
extent of the problem. There is also a perception of
disagreement among scientists and a lack of confidence
in the ability of science to predict the nature and effects
of climate change (Ashworth et al. 2011, Washington
and Cook 2011). Attitudes have also been affected by the
bitterly partisan public policy debates associated with the
carbon tax (Climate Institute 2012).
Although the Australian Government is now leading the
domestic mitigation agenda, it recognises the important
role of the states and territories in the national initiative,
particularly in the promotion of renewable energy and
energy efficiency, land-use planning and public transport
(State of the Environment 2011 Committee 2011). Many
emissions sources will not be impacted sufficiently or at
all by a carbon price, and this is where state governments
have a clear leadership role.
If South Australia is to play its part in the timely reduction
of global emissions, only a government-wide, coordinated
and concerted approach to mitigation will be successful in
rapidly moving the state to a low-carbon economy. Some
of the current abatement initiatives focus on improved
efficiencies against a backdrop of population and
economic growth endeavours, while other projects are of
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a demonstrative nature with potential abatement benefits
to be realised well into the future.

et al. 2011). The impacts on society associated with a 4 °C
warming present great challenges for adaptation.
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With a natural endowment of renewable resources, South
Australia is well placed to build on its success in attracting
renewable energy investment, and delivering significant
and timely greenhouse gas abatement. A low-carbon
economy also provides hedging against carbon prices
and a competitive advantage in a global carbon-sensitive
market (Government of South Australia 2011a).

South Australia is highly vulnerable to projected
climate change, and adaptation planning is important
to reduce exposure and vulnerability, and increase
resilience to potential adverse impacts. South Australia’s
key vulnerable areas are water supply, the natural
environment, cities and infrastructure, the coastal zone,
agriculture and human health. Climate impacts on
other countries will affect South Australia’s import and
export markets. Adaptation planning will also enable
the state to position itself to take advantage of potential
opportunities in new markets (DCCEE 2012a, IPCC 2012).

An extensive opportunity for wind generation has been
identified in the Eyre Peninsula. With new transmission
investment, this region is capable of meeting the state’s
entire average electricity needs in times of high wind
(Baker and McKenzie et al. 2010). South Australia also has
significant potential for geothermal energy, world-class
solar electricity levels in the north of the state and wave
energy resources (Figure 8). However, achievement of
the 33% renewable energy target will require continued
deliberate state government policy support in addition
to the national effort, as competition for renewable
energy investment intensifies (Government of South
Australia 2011a).
A future pressure on the state’s emissions is the
expansion of mining activity, particularly at Olympic Dam.
The proposed open-pit mine will increase production of
copper, uranium oxide, gold and silver, with an associated
estimated additional 4.7 Mt of CO2-e per year emitted
from electricity and diesel use at full production by
around 2020. This equates to around 15% of the state’s
current emissions. In gaining approval for the project,
BHP Billiton has committed to deep cuts in emissions by
2050, sourcing renewable energy for the desalination
plant and constructing an onsite cogeneration plant.

5.2 Adapting to unavoidable climate
change
Future climate change impacts are unavoidable given
existing greenhouse gases in the atmosphere and future
emissions resulting from the world’s slow mitigation
response (CSIRO 2011). The latest scientific agreement is
that we are heading for global warming of at least 2 °C—
possibly 4 °C by 2070 (CSIRO 2011).
Adaptation policy needs to incorporate a wide range of
possible futures. The extent and cost of the adaptation
requirement will depend on how successful the world
is in mitigating climate change (Garnaut 2011). Climate
changes may move from incremental to transformative,
requiring a complete transformation in many aspects of
society in the more vulnerable regions of the world (New

The South Australian Government outlined the need
to undertake adaptation planning in 2009 and has
since developed Prospering in a changing climate: a
climate change adaptation framework for South Australia
(Government of South Australia 2010). The adaptation
and preparation processes already started (see
Section 4.3) are essential to ensure that we minimise the
impacts of climate change on essential services, such
as our primary industries and water supply. Adaptation
considerations will need to be incorporated into all
government policy and planning processes.
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Source: Government of South Australia (2011a)

Figure 8

Potential zones for renewable energy, South Australia
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Water
1

Why is it important?

The condition of South Australia’s water resources, and
trends in water quantity and quality are paramount issues
for the state’s future. Our water resources are critical to
life, the environment and economic growth.
High-quality water supplies are needed to support
our growing population and enrich our surroundings.
Our water resources hold community and Aboriginal
cultural significance.
The state’s water resources support a diverse range
of ecosystems, which include aquatic flora and fauna,
wetland and riparian vegetation, and groundwater fauna.
In addition, the state’s marine waters are recipients of
run-off and, in some areas, groundwater from South
Australia’s terrestrial areas. The state’s marine ecosystems
are unique and among the most biologically diverse in the
world, with many endemic species, and internationally
and nationally important species.
Future water availability will also be a key determinant
of industry growth, including in mining, manufacturing
and agriculture.
Despite its largely arid to semi-arid setting, the South
Australian landscape supports a surprisingly rich variety
of riverine and wetland habitats. Wetlands are places
in the environment where water and land meet—
occasionally or permanently—including swamps, lakes,
marshes, springs and floodplains. In addition to their

obvious conservation values, rivers and wetlands provide
a range of cultural, economic and ecosystem services.
The state’s water-related environmental assets include
wetlands along the River Murray corridor that are
included in the Ramsar List of Wetlands of International
Importance, marshes in the south-east, significant
rock holes in the northern parts of the state, and the
rivers, creeks and estuaries of both urban and regional
South Australia.
The Murray–Darling Basin is Australia’s largest river
system and catchment, and the River Murray, its
tributaries and Lower Lakes sustain South Australian
communities and their economies. The Lower Lakes
and Coorong area is recognised as one of Australia’s
most significant ecological assets and is a Ramsar-listed
wetland. This area is also of high cultural importance,
particularly for the Ngarrindjeri people. The state also
relies on a network of other rivers and creeks that,
while not on the same scale as the River Murray, are
also essential for the health and wellbeing of the South
Australian environment and economy.
Less visible but no less important are the state’s
significant groundwater resources, which deliver
environmental, social and economic benefits by supplying
drinking water, base flow to creeks and other waterdependent ecosystems, water for irrigation and industry,
and habitat for groundwater-dependent organisms.
Opposite page: The River Murray near Lake Alexandrina, 1846
State Library of South Australia B15276/25
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In summary
Aspect and observation

Assessment grade
Very poor

Water use
Water use generally decreased during the drought,
in part due to restrictions. It has subsequently been
influenced by factors, including above-average rainfall,
that have reduced demand for water.
Long-term planning and knowledge have improved
(e.g Goyder Institute for Water Research).
A 2012 assessment of the state’s 67 water management
areas concluded that, although 35 are managed
within sustainable limits, 7 are not managed within
sustainable limits and 25 are partially managed within
sustainable limits.
Water quality
Processes for monitoring and assessing the ecological
condition of South Australia’s rivers, lakes and coastal
waters are in place.
The extent and condition of aquatic ecosystems are
variable, with many being in fair to very poor condition
and few being in good or very good condition.

Poor

•
•

Grades

Improving
Deteriorating

Very poor

•
•

Stable

Poor

Good





Good

Poor

 

Fair

Unclear

Variable

 

Evidence and consensus too low to make an assessment
Limited evidence or limited consensus
Adequate high-quality evidence and high level of consensus

Very good

Trend:

In trend

•

Regional trends
Condition:

In grade

 

•

Level of
confidence

Unclear

Very good

•

Water supply
Short-term rainfall has increased.
Water supply diversification, including wastewater
recycling and stormwater reuse, has increased.
South Australia has the highest percentage of
households with rainwater tanks in Australia.

Recent
trend

Good

Confidence

Improving

Decreasing

Stable

Unclear

Variable
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Assessment grade
Very poor

Poor

Good

Surface water quantity and quality
Salinity levels in the main channel of the River Murray are
stable, and those in Lake Albert have decreased. Recent
high inflows brought floodplain nutrients back into the
river, and good flows and flood turbidity suppressed algal
blooms. Management of localised sources of pollution
improved water quality.
Many of the ephemeral watercourses and wetlands in
agricultural and pastoral areas have responded to aboveaverage rainfall in 2010–11.
Main pressures are unsustainable harvesting and
extraction in some parts of the state; dryland salinity, loss
of riparian vegetation, intensive agriculture practices,
and/or soil and streambank erosion in some parts of the
state; climate variability and climate change; and changes
in land use.

Very good

Confidence
In grade

In trend

 

•

Regional trends:
AMLR

AW

EP

KI

NY

Groundwater quantity and quality
The number of water resource management areas
subject to formal management arrangements is
increasing.
Groundwater levels that declined during the drought
are generally beginning to recover as a result of recent
increased rainfall.
Groundwater-use levels and quality (including
contamination in some areas) remain an issue.
There are significant knowledge gaps in relation
to trends in groundwater extent and condition in
nonprescribed areas.
Main pressures are unsustainable levels of use in some
areas, changes in land use and climate variability.

SAAI

SAMDB

•

SE

 

Regional trends:
AMLR

AW

EP

KI

NY

SAAI

SAMDB

SE

AMLR = Adelaide and Mount Lofty Ranges; AW = Alinytjara Wilurara ; EP = Eyre Pennisula ; KI = Kangaroo Island; NY = Northern and Yorke;
SAAI = South Australian Arid Lands ; SAMDB = South Australian Murray–Darling Basin ; SE = South East
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Aspect and observation

Assessment grade
Very poor

Water for consumption
Recent high flows in the River Murray and aboveaverage rainfall improved the availability of water for
consumptive use across most of the state.
Salinity levels in the main channel of the River Murray
are stable, and those in Lake Albert have decreased.
In pastoral areas, significant flooding in 2010–11 has
recharged aquifers after the drought.
Initiatives through South Australia’s Water for Good
strategy are diversifying water sources for consumptive
use (including desalination, stormwater and wastewater
reuse), and improving the allocation and efficiency of
water use.
Consumption generally decreased during the drought. It
has been mitigated by increased rainfall, and initiatives
to reduce demand and increase the use of alternative
water sources, including recycled stormwater and
wastewater.
Anecdotal information suggests that a number of
community supplies in the arid regions are becoming
increasingly saline, with decreasing water levels in
some bores.
Main pressures are unsustainable level of use in some
areas; and sedimentation, eutrophication and pollution
of water sources.

Poor

Good

Very good

•

Confidence
In grade

In trend

 

Regional trends:
AMLR

AW

EP

KI

NY

SAAI

SAMDB

SE

Source: Government of South Australia (2012a)
Recent
trend

•
•

Grades

Improving
Deteriorating

Very poor

•
•

Stable

Level of
confidence

Unclear

Poor

Good





Evidence and consensus too low to make an assessment
Limited evidence or limited consensus
Adequate high-quality evidence and high level of consensus

Very good

Regional trends
Condition:

Good

Poor

Fair

Unclear

Variable

Trend:

Improving

Decreasing

Stable

Unclear

Variable

AMLR = Adelaide and Mount Lofty Ranges; AW = Alinytjara Wilurara ; EP = Eyre Pennisula ; KI = Kangaroo Island; NY = Northern and Yorke;
SAAI = South Australian Arid Lands ; SAMDB = South Australian Murray–Darling Basin ; SE = South East
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2 What do we know about it?
South Australia has diverse water resources. They
range from relatively large quantities of surface-water
resources in the south-east, inflows to South Australia
from the Murray–Darling Basin, and groundwater of the
Great Artesian Basin, to smaller creeks and groundwater
systems. The state’s natural geological and climatic
conditions, which vary widely, as well as human-related
factors, influence the condition, quantity and quality of
water resources.
In addition to surface-water and groundwater resources,
sea water has in recent years received increased attention
as a source of water for desalination, to produce water for
human consumption, mining and some other potential
uses. Treated wastewater and urban stormwater are

Box 1

additional resources, which are increasingly being
managed to address the environmental impacts they can
have on natural water resources and, where appropriate,
to also provide a source of water.
Box 1 provides information about South Australia’s
water use.
South Australia regularly monitors water quality, water
management and the environmental condition of the
states’ rivers, lakes and coastal waters. The following
section looks at sustainable management assessment,
and environmental assessments for the River Murray and
Lower Lakes, surface waters and groundwater.

South Australian water use facts, 2010–11

• Water consumption in South Australia in
2010–11 was 1023 gigalitres (GL) compared with
1110 GL in 2009–10, a decrease of 8%.

• Gross state product was $84 million per GL of
water consumed, an increase of $9 million per
GL from the previous year.

• Water consumption per capita was
617 kilolitres (kL).

• The gross value of irrigated agriculture in South
Australia in 2010–11 was $1429 million, up from
$1360 million in 2009–10.

• Households consumed 115 GL in 2010–11, a
slight decrease from 123 GL in 2009–10. Water
consumption per household decreased from
75 kL in 2009–10 to 70 kL in 2010–11.
• Agriculture was the largest consumer of water,
accounting for 646 GL (63%) of the total water
consumption in South Australia.
• The manufacturing industry was a significant
user of water, accounting for 8% of total water
use. Its consumption increased 10% from
2009–10 to 84 GL. Mining consumed 24 GL
of water, while the electricity and gas supply
industry consumed 2 GL.
Source: ABS (2012)

• The average water price was $3.09 per kL.
• South Australian households recorded
an expenditure of $354 million on urban
distributed water.
• The total volume of water distributed in South
Australia in 2010–11 was 315 GL, a 17% decrease
from 2009–10. Distribution water losses
amounted to 26 GL (8%) of total distributed
water supply.
• The use of reuse water decreased from 32 GL in
2009–10 to 25 GL in 2010–11. Agriculture used
most of the reuse water (50%; 13 GL).

Water
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2.1 Sustainable management
assessment
South Australia is divided into 67 self-contained
water management areas, defined by natural
catchments, groundwater resource areas and
administrative boundaries.
As part of reporting on South Australia’s Strategic Plan
targets (Government of South Australia 2011a), each
area is assessed with regard to whether demand is being
managed within sustainable limits. The most recent audit,
prepared by the plan’s independent Audit Committee in
2012, identified 35 areas as managed within sustainable
limits, 25 as partially managed within sustainable limits
and 7 as not managed within sustainable limits.
In South Australia’s Strategic Plan progress report 2012
(SASP Audit Committee 2010), the Audit Committee
deemed that the proportion of South Australian water
management areas assessed as being managed within
sustainable limits had not changed significantly between
2003 and 2012, and it was unlikely that the Strategic
Plan target—for South Australia’s water resources to
be managed within sustainable limits by 2018—would
be achieved.
South Australia’s per person water use decreased from
726 kilolitres in 2008–09 to 617 kilolitres in 2010–11
(Figure 1). Although this is an encouraging trend, the
average consumption is still higher than in Victoria,
Western Australia and the Australian Capital Territory, and
the average for Australia.
Agriculture continues to be the largest consumer of water,
using more than 50% nationally and more than 60% in
South Australia (ABS 2012). While water consumption by
the agricultural sector for the whole of Australia remained
stable between 2008–09 and 2010–11, it decreased
by about 18% in South Australia over the same period
(Figure 2).

2.2 Environmental assessment
The South Australian landscape supports a rich variety
of riverine and wetland habitats with water-dependent
ecosystems. We have a good understanding of the
ecology of wetland systems of the South East and
Murray–Darling Basin, but for some other areas scientific
data are lacking. There is ongoing work to classify
wetlands across South Australia to inform planning and
management. This work is largely complete in the South
East and Murray–Darling Basin, but not in many other
areas of the state.

Source: ABS (2012)

Figure 1

Total water use per person by
jurisdiction, 2008–09 to 2010–11

The South Australian Environment Protection Authority
(EPA) monitors South Australia’s rivers, lakes and
coastal waters to assess their environmental condition,
based on a descriptive model for interpreting change in
ecological condition in relation to increasing levels of
human disturbance (Figure 3). Monitoring data are used
to produce aquatic ecosystem condition reports that
provide information on the location and special features of
waterways, provide findings of assessments, and identify
pressures and management responses. The reports rate
aquatic ecosystems on a six-point scale, ranging from
‘very poor’ to ‘excellent’. Additional information on the
assessment process is provided in Section 4.5.3. The reports
and more detailed information on the assessment process
are also available on the EPA website: www.epa.sa.gov.au.
Assessments have been conducted in seven of the eight
natural resource management (NRM) regions (see the
Introduction for more information about NRM regions).
Overall, the aquatic ecosystem reports identify the
condition of the majority of the state’s rivers and creeks
as lying on the rating spectrum between ‘fair’ and ‘very
poor’. Very few are observed to be in a ‘good’ or ‘very
good’ condition, and none are in ‘excellent’ condition
(EPA 2013).
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Source: ABS (2012)

Figure 2
2.2.1

Agricultural water use by jurisdiction, 2008–09 to 2010–11

River Murray and Lower Lakes

The River Murray and Lower Lakes were severely
stressed in 2007–09, when the lowest flows in more
than 100 years occurred. Many riverine wetlands were
isolated and dried, and water quality in the Lower Lakes
deteriorated as a result of the lack of flushing of the lake
system, which led to very high salinity, turbidity, nutrient
and algal levels (Mosley et al. 2012). Acidification due to
exposure of acid sulfate soils was reported in dry riverine
wetlands and around the lake margins (Lower Lakes Acid
Sulfate Soils Scientific Research Committee 2010).
Since 2010, increased river flows have reconnected and
flooded most riverine environments. Water quality has
recovered well in Lake Alexandrina, but poorer water
quality is persisting in Lake Albert as a result of limited
water exchange between the lakes. Ecological recovery
is in progress in many of the marginal river and lake
environments, although some pre-drought species are
still absent. Acidity persists in the sediments and pore
water (water occupying the spaces between sediment
particles) of parts of the Lower Lakes.
A major ‘blackwater’ event occurred in the middle
reaches of the Murray in 2011, as low-oxygen water from

flooded floodplains and wetlands returned to the river
system. Blackwater is a natural process in which the
breakdown of organic matter such as leaf litter in water
uses up oxygen in the water at a rate faster than it can
be replenished. The lack of dissolved oxygen can cause
the death of fish, crayfish and other aquatic animals.
Blackwater events are a high risk following floods and in
the presence of large volumes of leaf litter, and are more
likely in warm weather. In the 2011 blackwater event, no
major fish kills were observed in South Australia, and the
water was mostly re-oxygenated by the time it reached
the Lower Lakes.
A new issue emerged in 2011 with discovery of acid
drainage water in the Lower Murray Reclaimed
Irrigation Area, due to exposure of acid sulfate soils by a
falling watertable.
Eight sites within the Lower Lakes have been assessed
over 2010–11 using the descriptive model shown in
Figure 3. Most sites were given a ‘poor’ rating because the
ecosystem showed evidence of major changes in animal
communities and plant life, and moderate changes in the
way the ecosystem functioned.
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Native or natural condition

Ecological condition

Very good

Water

Excellent

Minimal loss of species; some
density changes may occur
Some replacement of sensitive-rare
species; functions fully maintained

Good

Fair

Some sensitive species maintained; altered
distributions; functions largely maintained

Poor

Tolerant species show increasing dominance;
sensitive species are rare; functions altered

Very poor

Severe alteration of
structure and function

Severe disturbance

No disturbance

Human disturbance
Source: Davies and Jackson (2006)

Figure 3

Ecological condition versus level of human disturbance

2.2.2 Other surface waters
The streams in the state that are classified as being
in better condition typically occur where large areas
of native vegetation have been retained and where
streamflows occur in spring.
The rivers in the Lake Eyre Basin, which are among the
last unaltered dryland river systems in the world, are
generally considered by governments and the community
to be in relatively good condition. However, our
knowledge of the ecology of these arid rivers and their
catchments is limited and not uniform across the basin.
In agricultural areas, streams are often nutrient enriched,
are silted, have riparian zones with few or no native
plants, and are dominated by introduced grasses and
weed species. Urban streams invariably rate poorly
because of disturbances that affect aquatic organisms,
water quality and habitat structure. These disturbances
include stormwater inflows, channelisation works, weed
invasion, and occasionally point-source discharges from
wastewater treatment plants and industries.

The most environmentally significant streams identified
since sampling began in 1994 are:
• Adelaide and Mount Lofty Ranges NRM region: First,
Sixth, Brownhill, Fourth and Aldgate creeks, and parts
of Cox Creek and Sturt River
• Eyre Peninsula NRM region: Tod River catchment; and
Coonta, Mine, Poonana and Yeldulknie creeks
• Kangaroo Island NRM region: Rocky, Breakneck,
Stunsail Boom, North-west, Harriet and upper
Cygnet rivers
• Northern and Yorke NRM region: Mary Springs
upstream from Beetaloo Reservoir, and upper
Skillogalee Creek
• South Australian Arid Lands NRM region: Spring and
Mambray creeks, most streams north of the Willochra
catchment (e.g. Parachilna, Brachina, Balcanoona
creeks) and Cooper Creek
• South Australian Murray–Darling Basin NRM region:
Finniss River catchment, including the tributary
(e.g. Meadows, Tookayerta and Nangkita creeks)
• South East NRM region: Drain M, Mosquito Creek
catchment, Drain L, Reedy Creek and the coastal
drains east of Port MacDonnell (e.g. Eight Mile, Deep
and Piccaninnie creeks).
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Table 1 is a summary of the assessments by NRM region.
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Table 1

Summary of condition assessment results by natural resource management region
Year assessed and NRM region
2008

2009

2010

2011

2012

Condition

AMLR

KI

NY

MDB

SE

EP

SAMDB

AMLR

NY

SAAL

Excellent

0

0

0

0

0

0

0

0

0

0

Very good

0

0

0

0

0

0

1

1

1

5

Good

5

0

0

2

2

0

5

10

3

29

Fair

16

3

5

7

24

11

23

27

5

18

Poor

13

3

2

4

40

15

14

24

2

2

6

0

1

0

5

4

0

10

0

0

40

6

8

13

71

30

43

72

11

54

Very poor
Total

AMLR = Adelaide and Mount Lofty Ranges; EP = Eyre Peninsula; KI = Kangaroo Island; NY = Northern and Yorke; SAAL = South Australia Arid Lands; SAMDB =
South Australian Murray–Darling Basin; SE = South East
Note: The method was tested on sites from several regions in 2008, but subsequent assessments only focus on one or two regions in each sampling year.
The detailed monitoring results can be viewed on the EPA website (www.epa.sa.gov.au/environmental_info/water_quality/aquatic_ecosystem_
monitoring_evaluation_and_reporting).

2.2.3 Groundwater
Groundwater extraction occurs from unconfined aquifers,
which receive seasonal recharge from rainfall, and
confined aquifers, which are not recharged directly from
rainfall.
In 2006–09, below-average rainfall over most of South
Australia reduced recharge to a number of unconfined
aquifers, and groundwater levels fell. In some NRM
regions, such as Eyre Peninsula and South East, these
trends have been under way for much longer periods.
As a consequence, salinity levels have risen in shallow
unconfined aquifers.
In some instances, the sustainability of the groundwater
resources has been affected by below-average rainfall. For
example, the Polda Basin on Eyre Peninsula is a shallow
limestone aquifer that became dry in some locations over
2006–09, and salinities increased, most likely as a result
of evapotranspiration from plants associated with the
shallow watertable (Figure 4).
Since 2009, above-average rainfall in South Australia has
improved recharge and led to a recovery of groundwater
levels in most unconfined aquifers. In areas of longterm decline, the levels have not yet fully recovered to
normal levels. Extractions from these resources have also
decreased significantly, partly because higher rainfall has
reduced the demand for irrigation.

Other issues for unconfined aquifers include salinity
increases in the upper South East NRM region due to
irrigation recycling, and the threat of seawater intrusion
in coastal limestone aquifers south of Mount Gambier.
Risks to the shallow aquifers beneath Adelaide include
industrial spills and leaks of fuels and chemicals,
fertilisation of horticultural areas (in particular, the
northern Adelaide Plains) and illegal waste disposal.
Although not directly affected by annual rainfall recharge,
some confined aquifers experienced an increase in
demand and higher extractions from 2006 to 2009.
In the Angas Bremer Prescribed Wells Area, where the
confined aquifer is overlain by a shallow saline aquifer,
the increased abstraction (extraction for human use)
resulted in downward leakage and localised increases
in salinity. Increased rainfall since 2009 has reduced
extractions and restored pressure to pre-drought levels in
most areas. Long-term gradual increases in salinity have
occurred in the Barossa Valley, and in localised areas in
the Willunga Basin, probably due to downward leakage
from overlying aquifers.
Demand for groundwater in the far north is increasing
as a result of mining activities, with a number of largescale operations proposed or operating near important
groundwater resources, such as the Great Artesian Basin.
The far north relies on groundwater for domestic and
agricultural uses, and requires a delicate balancing of
demand against sustainability.
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Figure 4

Groundwater levels in Polda and Kappawanta basins, 1965–2011

Table 2 summarises the 2011 groundwater status reports
produced by the Department of Environment, Water and
Natural Resources (WaterConnect 2013). The summary
reflects the overall increase in groundwater recharge and
decline in salinity as a result of above-average rainfall
since 2009.
Nutrients (mainly nitrogen) continue to be detected at
elevated levels. Probable sources include intensive stock
grazing and overapplication of fertilisers in agricultural
and horticultural areas. Concentrations of metals occur at
several locations, particularly in fractured rock aquifers
of the Mount Lofty Ranges where there are, or have
been, mines for metals such as copper, gold, lead, silver
and zinc.
Historical point sources of contamination include
industrial operations on the Adelaide Plains; wastes or
spills from industrial sites such as timber mills, gasworks,
cheese factories, abattoirs and septic systems in
regional areas, including the South East; and mining, ore
processing and associated activities in northern areas.
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Table 2

Water

Area

Summary of 2011 groundwater status reports
Status

Angas Bremer PWA
Baroota PWRA
Barossa PWRA
Booborowie Valley
Central Adelaide PWA
Clare Valley PWRA
Far North PWA
Lower Limestone Coast PWA
Mallee PWA
Marne Saunders PWRA
McLaren Vale PWA
Musgrave PWA
Northern Adelaide Plains PWA T1 aquifer
Northern Adelaide Plains PWA T2 aquifer
Northern Adelaide Plains PWA Kangaroo Flat region
Padthaway PWA
Peake–Roby–Sherlock PWA
Southern Basins PWA
Tatiara PWA
Tintinara–Coonalpyn PWA
Walloway Basin
Willochra Basin
No adverse trends, indicating stable or improving situation
Adverse trends, indicating low risk to the resource in the medium term
Adverse trends, indicating high risk to the resource in the short-to-medium term
Degradation of the resource, compromising present use within the short term
Rising

Declining

Stable

PWA = prescribed wells area; PWRA = prescribed water resources area

Water level

Salinity
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3 What are the pressures?
Since the 2008 state of the environment report (EPA
2008), the risks facing our water resources have become
more acute as severe and widespread drought has had
significant impacts. The ‘millennium drought’—southern
Australia’s extended drought that occurred from 2000 to
2010, in some areas beginning as early as 1997—brought
a greater appreciation that complex interrelationships
exist between the quantity and quality of the state’s
water resources and the health of water-dependent
ecosystems.
Although the drought has ended, ongoing impacts
continue to present significant management challenges.
Water overallocation and unsustainable use in some
areas, together with land-use change, are major concerns
facing the state’s water resources and water-dependent
ecosystems. The integrity of river and wetland ecosystems
is threatened by human-related activities. Many of South
Australia’s rivers and wetlands are affected by flow
regulation, catchment disturbance and pest species. In
addition, climate change projections suggest that much
of South Australia could experience lower annual rainfall
and increased temperatures in coming decades.
We need to sustainably manage the balance between
competing uses and the environment in ways that
recognise climatic variability and maximise the economic,
social and environmental benefits. The following sections
look at the main pressures affecting South Australian
water resources, and particular pressures on the River
Murray and Lower Lakes, surface waters and groundwater.

3.1 Climate change
The recent drought that affected the Murray–Darling
Basin and other parts of South Australia has highlighted
the need for improved understanding of the state’s
water resources, and for ensuring that the state’s water
planning and allocation processes are more responsive to
climate variability and climate change.
Climate projections from the Commonwealth Scientific
and Industrial Research Organisation (CSIRO) for South
Australia (Suppiah et al. 2006) suggest a likelihood of

increased future pressure on the state’s water resources
through:
• decreased rainfall in agricultural regions (especially in
winter and spring)
• decline in groundwater levels in unconfined aquifers
in the long term
• greater frequency and severity of drought, with
decreased flows in water supply catchments
• increased flood risk due to extreme weather events
(despite drier average conditions)
• higher temperatures, including more extreme hot
days, with warming in spring and summer greater
than in winter and autumn
• damage to infrastructure—for example, from coastal
erosion and flooding.

3.2 Water availability and use
One of the most significant pressures on water availability
is expected to come from climate change. With an
expected trend of warmer and drier conditions, the
amount of water available for all uses and users will come
under increasing pressure.
At the same time, population growth in urban and
regional areas is expected to increase the demand
on drinking water supplies. Expansion of agricultural
activities may lead to an increased demand for irrigation
water, although increased efficiency in irrigation
techniques may help to reduce this demand. Expansion of
mining activities in the state will also increase demand for
various forms of fit-for-purpose water supplies. At times,
more water is needed by water-dependent ecosystems
to sustain environmental values; in a changing climate,
these needs may become more pressing.
Many forms of current human water use are climate
dependent, including some human consumption, private
and public uses such as garden watering and open-space
irrigation, agricultural use and some industrial use.
Climate change will necessitate changes in water use
and allocation.
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3.3 Land-use change

Irrigation Area, bank slumping and destabilisation, and
infrastructure damage.

Water

Land-use changes to support population and economic
growth have major implications for the health of waterdependent ecosystems. Relatively unimpacted streams
typically occur across South Australia in areas where large
tracts of native vegetation have been retained. Southern
parts of the state, in particular, have seen significant
changes from naturally vegetated catchments to ones
where agricultural and urban land uses dominate. Where
this occurs, streams are often nutrient enriched and
silted, and have riparian zones that are dominated by
introduced grasses and weeds.

Other pressures in the Basin include:
• regulated and reduced flows that disrupt flow
patterns and biological cues, and prevent flushing and
maintenance of a functioning Murray mouth
• nutrient enrichment and high fine-sediment loads;
these are exacerbated by land clearing, agricultural
practices, urbanisation and stormwater run-off, which
promote nuisance algal growth
• intensification of recreational uses (e.g. holiday
homes, houseboats and other vessels)
• degradation and weed infestation in riparian
zones, associated with farming and livestock access
to riverbanks
• increased salinity during low flows, as a result of
groundwater inflows and evaporation
• limited refuge habitats in the Lower Lakes due to
widespread drying during drought.

Land-use changes also affect the quantity and quality
of water resources. An example that has received some
attention in recent times is the potential impact of
forestry in intercepting rainfall that would otherwise
recharge unconfined groundwater systems. The
anticipated increase in mining activity also has the
potential to increase pressure on both the quality and the
quantity of water resources. This is reflected in the high
priority that has been given to assessing these impacts.

3.4 River Murray and Lower Lakes
Since the early 20th century, Basin-wide flow regulation
and diversions for agriculture have reduced the average
total river flow at the River Murray mouth. CSIRO (2008)
states ‘integrating the flow impacts down through the
connected rivers of the Basin shows that total flow at
the Murray mouth has been reduced by 61 per cent’.
Projections in the same CSIRO report are that, by 2030,
the median surface water availability for the Murray–
Darling Basin will have fallen by 11% (9% in the north of
the Basin and 13% in the south).
From 2007 to 2009, the Murray–Darling Basin
experienced the worst drought in more than 100 years
of records (see Box 2). Basin-wide climatic shifts resulted
in a severe hydrological drought period of extreme low
flows. Subsequently, the water level in pool one (waters
below Lock 1 located at Blanchetown) fell below sea level
for the first time in modern history, with the barrages
preventing seawater ingression. The drought resulted
in major water quality, ecological and socio-economic
impacts across the Basin. Many parts of the South
Australian Murray–Darling Basin environment are still
recovering from this severe drought event. Persistent
legacies of drought include high salinity in Lake Albert,
limited ecological recovery in the Lower Lakes and
Coorong, submerged acid sulfate sediments in the Lower
Lakes, acid drainage from the Lower Murray Reclaimed

3.5 Other surface waters
Pressures in the southern areas of the state largely relate
to the change from naturally vegetated catchments to
those where agricultural and urban land use dominate.
Nutrient enrichment, siltation, weed invasion in riparian
zones and dam development affect the condition of
streams in the Adelaide and Mount Lofty Ranges, Eyre
Peninsula, Kangaroo Island, Northern and Yorke, and
South East NRM regions. In many cases, cattle and sheep
are allowed access to the streambed and riverbanks, and
cropping often occurs up to streambanks.
High salinity and the episodic nature of many streams
affect the condition of waterways in parts of the southeast, the eastern Mount Lofty Ranges, central and
eastern Kangaroo Island, Eyre Peninsula, the mid-north,
and the Willochra catchment in the Flinders Ranges,
and streams on the western side of Lake Eyre. In many
cases, their generally poor condition is caused by
catchment clearance since European settlement and
the ensuing mobilisation of naturally occurring salts
in soil and groundwater systems, leading to inflows of
saline groundwater. However, low rainfall patterns have
exacerbated the problems. Such issues exemplify the
complex interface between land use, climate variability
and change, and local geologies.
Further north, feral animals and stock damage riparian
zones and streambeds. Flow patterns in the streams in
the Lake Eyre Basin may be affected by management
actions in the upstream states. Water abstraction in
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Case study: Murray–Darling Basin

The River Murray is an iconic river in Australia that supports floodplain, woodland and wetland
communities of national and international significance. There are about 30 000 wetlands in the Murray–
Darling Basin, with 16 listed under the Convention on Wetlands of International Importance (the Ramsar
Convention). The Basin supports agriculture, tourism and other productive industries, and is home to more
than two million people.
The River Murray is essential for the economic, social, cultural and environmental wellbeing of South
Australians. We rely on a healthy river to protect our floodplains, and the wetlands of the Coorong, Lower
Lakes and Murray mouth. Our irrigators and primary producers rely on a healthy river so that they can
produce high-quality food, wine and fibre. Metropolitan Adelaide and country towns all rely on the river
to supply water for human needs. Traditional owners and river communities rely on the river as the
centrepiece of their cultural and social activities.
The ecological health of the Murray–Darling Basin river system is in decline, largely because of reduced
flows caused by river regulation and overallocation. Under natural conditions, the median flow to the sea
at the Murray mouth was 11 880 gigalitres per year, but by 1994 it was only 21% of this level. The recent
drought and the prospect of further reductions in flow associated with climate change brought the Basin’s
water resource problems to national attention. The CSIRO Murray–Darling Basin Sustainable Yields Project
suggests that, by 2030, the median surface water availability for the Murray–Darling Basin will have fallen
by 11% (9% in the north of the Basin and 13% in the south) (CSIRO 2008).
Salinity is a significant management issue for the Murray–Darling Basin, and the Lower Murray in
particular. The river acts as a conduit for salt mobilised within naturally saline sediments, but the
mobilisation of salt has been increased by irrigation and land clearing, and the lack of flow in recent
years has caused salt to accumulate in the water of floodplain soils. Flows to dilute and flush salt from the
system are critical if we are to avoid:
• salt accumulating in the lower reaches during dry periods
• continued accumulation of salinity in floodplain soils and wetlands, degrading these environments as
habitats for flora and fauna
• the effects of severe drought in the Lower Lakes and Coorong, affecting habitats for native fish and
migratory waterbirds
• lack of water for floodplains at mid and high elevations, with adverse consequences for black box and
river red gum woodlands.
Although South Australia uses about 7% of the total surface water resources within the Basin, the state has
taken a responsible approach to managing water from the Murray. For example, South Australia:
• was the first state to put a voluntary cap on water entitlements, in 1969
• first prescribed the River Murray in 1976 and first adopted a water allocation plan in 2002. The state has
subsequently issued various notices and variations of restriction, and has issued notices of the volume
of water available for allocation from the River Murray Consumptive Pool
• was the first state to meet its water recovery target under the Living Murray Initiative (MDBA 2008)
• has enacted the River Murray Act 2003, for protection and enhancement of the River Murray, and
associated areas and ecosystems.
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Box 2

continued

The Murray–Darling Basin Plan, which was adopted on 22 November 2012, is a historic step in addressing
overallocation and improving water management across the Basin to deliver a healthy and working
Murray–Darling Basin.
The South Australian Government actively championed the interests of the River Murray and its
communities during the development of the Murray–Darling Basin Plan. Along with the public
support gained through the Fight for the Murray campaign, these efforts helped to secure a number
of significant key improvements to the Basin Plan, associated legislation and agreements. Key
changes include provisions that support the return of 3200 gigalitres of environmental water to
the river system, and removing or relaxing constraints on environmental water delivery to deliver
improved environmental flows for the health of the river and floodplains; and end-of-system salinity
targets and environmental objectives to protect the Coorong and Lower Lakes wetland site and the
river channel below Lock 1.

support of mining and other developments also requires
careful management in the arid regions of the state.
Rainfall and run-off are highly variable in these areas,
and there are few permanent surface-water resources.
Surface-water data are generally sparser than in more
intensively settled areas of South Australia. Available
surface-water data, including rainfall, stream water level,
flow rate and salinity, are publicly accessible from the
state’s WaterConnect water information website (see
Section 4.5.4).
Modification to the terrestrial environment in South
Australia has been profound. Given widespread changes
to most streams in the southern part of the state, there
is likely to be a significant lag before we start to see
significant regional-scale benefits from the range of
catchment management activities being carried out
by government and nongovernment organisations. It
may take years before fencing, stock exclusion, buffer
installation, erosion-control works, flow-diversion
programs and other interventions occur over a sufficiently
wide area to lead to major improvements in the
environmental condition of our many streams and rivers.
Meanwhile, however, local initiatives undertaken within
the framework of activities needed at a broader scale
provide modest improvements to the local environmental
over a short timeframe.

3.6 Groundwater
Groundwater aquifers face a variety of risks. Water
quantity is affected by climate change, as well as the
increased use of groundwater in mining and high
abstraction rates by industry. Groundwater quality can

be affected by contamination from either point or diffuse
pollution sources. A number of industrial and commercial
activities have contributed to most of the legacy impacts
that affect near-surface aquifers in metropolitan areas
and rural aquifers in South Australia. These include
the production of coal gas during the late 19th to early
20th centuries, which resulted in contamination of
underlying aquifers with waste products such as cyanide,
metals, polycyclic aromatic hydrocarbons and other
hydrocarbons. Between 1940 and 1980, industrial and
commercial activities (such as manufacturing factories
and drycleaners) that used chlorinated hydrocarbons
as solvents led to trichloroethylene plumes remaining
in watertable aquifers in part of the western suburbs of
Adelaide. Inappropriate disposal of industrial wastes to
‘pug holes’ during the mid-20th century has affected the
watertable aquifers in the western suburbs of Adelaide.
Service stations and fuel depots across South Australia
from the early 20th century to the present are known
to have contributed to many hydrocarbon plumes.
Agricultural activities since the early 20th century that
used industrial fertilisers have contributed to nutrient
plumes in both metropolitan and rural areas.
The interconnection of groundwater and surface waters
means that impacts on one of these waters will affect
the other. The reporting period saw an increase in
groundwater contamination incidents in the Adelaide
metropolitan area that were responded to by the EPA.
The EPA uses a site conceptual model to assess reported
incidents of groundwater contamination (Figure 5).
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Figure 5

Site conceptual model of contamination

Aquifers in the South East generally have a high
potential contamination risk rating because of their
karstic nature (which promotes comparatively rapid
subterranean drainage), shallow standing water levels,
the range of agricultural and industrial operations, and
potable (drinking-water) use. Groundwater in the South
East is highly valued for agricultural, industrial and
drinking-water purposes. Stormwater in Mount Gambier
is discharged via disposal bores into the underlying
karstic aquifer. High nutrient (mainly nitrate and nitrite)
concentrations have existed in the South East for a
number of years, with threats apparent to groundwaterdependent ecosystems.

important groundwater resources (e.g. the Great Artesian
Basin). The far north relies on groundwater for domestic
and agricultural uses. Mining operations are increasing
abstractions of groundwater, with potential adverse
impacts on groundwater levels and quality. Abstractions
of groundwater occur for mine dewatering, camp water
supply, dust suppression, process water use and testing
of technologies (e.g. geothermal), and as part of recovery
mining, where acid is injected, circulated and extracted to
recover uranium. Appropriate management of water from
process and hydrogeological testing is also a concern. The
energy sector is also a significant user of groundwater in
areas such as Moomba.

Groundwater is used in southern and western Eyre
Peninsula for drinking water. The shallow karstic
aquifer in the peninsula is also at a high risk of impact
from nutrients and microbiological parameters. This is
especially the case in areas where shallow trenches have
been dug to access groundwater for stock use.

The increase in managed aquifer recharge schemes
(Box 3) in recent years introduced a risk of contamination
of deep tertiary or fractured-rock aquifers. Managed
aquifer recharge operations inject water (usually
stormwater, but also wastewater or river water) of
variable quality in winter and then extract most of it in
summer. These schemes must be managed to ensure that
quality control of injected water is maintained.

Areas of the far north are under increasing pressure from
mining, with a number of large-scale operations near

Water

122

Box 3

Managed aquifer recharge

Managed aquifer recharge (MAR) is a systematic process of intentionally storing water in aquifers for
later reuse or for the benefit of the environment. It has become an increasingly important component
of integrated water management over recent years. A number of councils, golf courses and other
organisations use MAR to improve the security of their operations by temporarily storing recharged water,
such as stormwater or treated wastewater, and recovering it for suitable uses when it is needed.
The term ‘MAR’ takes into account a number of the different ways that water can be recharged into
aquifers, including aquifer storage and recovery, and aquifer storage, transfer and recovery. It can also
encompass different types of water, from river water to stormwater, and roof run-off to treated wastewater.
Where the water is not drained or injected for the benefit of the aquifer, or extracted at a later date, the
activity is classified as a method of disposal rather than MAR.
MAR schemes can vary significantly in scale, from small domestic schemes recharging roof run-off, to
regional schemes that capture large amounts of water and recharge to aquifers via a field of wells or
infiltration basins.
South Australia is recognised internationally as a leader in MAR. Across the Adelaide Plains, there are
areas where suitable aquifers exist to recharge and store water, and this area in particular has seen a rapid
growth in projects involving MAR in recent years. Although the majority of Adelaide’s MAR schemes are
associated with growth in stormwater harvesting and reuse, a MAR scheme using treated wastewater from
the Christie Beach wastewater treatment plant has been developed at Aldinga.
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4 What are we doing about it?
Managing the state’s water resources to maximise
economic, environmental and social benefit is a critical
priority for the South Australian Government and the
broader community.
The Natural Resources Management Act 2004 (NRM
Act) is the legislative foundation for the sustainable
management of water in South Australia. The Environment
Protection Act 1993 provides the legislative basis for
managing water quality and pollution. The River Murray
Act 2003 provides for the protection and enhancement of
the River Murray, and related areas and ecosystems.
Although the NRM Act is sometimes thought of as
‘quantity focused’, and the Environment Protection
Act as ‘quality focused’, the relationship between
quantity (particularly in relation to the suitability of a
water resource for use) and quality is well recognised
and reflected in the state’s approach to managing its
water resources.
Water management arrangements are somewhat complex
in South Australia. The Department of Environment,
Water and Natural Resources (DEWNR) has the lead
for managing the state’s water resources under the
NRM Act, including water allocation planning through
the NRM boards. The EPA has the lead responsibility
for water-quality management; SA Water is the state’s
water utility; and the Department of Planning, Transport
and Infrastructure manages land-use planning and
major infrastructure upgrades that interface with
water resources.
Other state agencies with roles relevant to the
management and protection of the state’s water
resources include the Department for Health and Ageing,
which has lead responsibility for public health–related
issues, and the Department of Primary Industries and
Regions (e.g. in relation to biosecurity matters, including
those relevant to protecting the state’s water resources).
In addition, local government has responsibility for some
areas of stormwater management, particularly in relation
to flood mitigation, and wastewater management,
associated with local council owned wastewater schemes.

The Stormwater Management Authority, a statutory
body established under the Local Government Act 1999,
has a role in facilitating stormwater management. It
administers the Stormwater Management Fund, to which
the state makes an annual contribution.
A significant number of nongovernment and community
organisations, as well as the broader community, are also
involved in the management of our water resources.

4.1 Statewide actions
A range of policies and procedures are in place to guide
water management across the state.

4.1.1

Natural Resources Management Act 2004

Under the NRM Act, a water resource may be ‘prescribed’
by the state government, beginning a process that
requires the development of a water allocation plan
(WAP) by the relevant NRM board (for more information
about WAPs, see Section 4.2.1). In 2011, the NRM Act
was amended to ensure that the use of, and impacts on,
water by commercial plantation forestry can be treated
in a similar way to irrigation allocations. This places
South Australia at the forefront of policy and legislative
reform, since it is possibly the first legislation in the
world treating irrigation and forestry water impacts in
a consistent way. It creates new tools to manage forest
water, including an improved forest permit system and
a forest water licensing scheme. These tools aim to
ensure that water resources in a particular region can
be optimally managed, in consultation with the local
community.

4.1.2 Environment Protection (Water Quality)
Policy 2003
The South Australian Environment Protection (Water
Quality) Policy 2003 (Government of South Australia
2003) is the key regulatory tool in ensuring that water
quality is maintained or improved, as appropriate. The
policy sets out a statewide approach to the protection of
water quality in surface-water, marine and groundwater
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environments. This policy, together with the Environment
Protection Act 1993, provides the legislative framework
to minimise the risk of contamination, and outlines the
appropriate penalties for companies and individuals
who do not comply with the legislation. Education of
the public and industry is also a key aspect of pollution
prevention. The EPA is responsible for enforcing
this legislation.

4.2.1 Water allocation plans

4.1.3

WAPs set the principles or rules under which water can be
allocated on water licences. This involves placing limits on
how much water can be allocated from each prescribed
water resource in the prescribed water resources area.
Current science is used to set allocations, and water users,
stakeholder groups and the community are consulted to
ensure that allocations are fair and equitable. The plans
are a ‘living’ document; they are reviewed at least every
five years and, where necessary, amended following
a review.

Water Industry Act 2012

The Water Industry Act 2012 (Water Act) is part of the
recent modernisation of water industry legislation. The
Water Act provides increased security and accountability
across the water industry to ensure that water service
delivery is safe, reliable, affordable and environmentally
sustainable. It aims to recognise industry needs, and to
provide greater consumer protection and independent
water pricing for the first time. The Act is expected
to encourage greater innovation in service provision,
including the development of alternative water supplies
from stormwater and wastewater.
The Water Act appoints the Essential Services Commission
of South Australia (ESCOSA) as the independent regulator
for urban and regional water and sewerage services, as
in the gas and electricity industries. This gives ESCOSA
the power to regulate prices and standards for water
and sewerage services. The legislation also allows for an
independent Water Industry Ombudsman, along with a
Consumer Advisory Committee, to ensure that customers’
complaints are investigated.

4.1.4 Water for Good
Underpinning the state’s legislative requirements, the
government’s water security plan to 2050, Water for
Good (Government of South Australia 2009), outlines
94 actions to ensure the future availability of water.
Released in 2009, the plan was developed during a
time of severe drought. While having a focus on water
quantity, it also addresses quality and supports other
state initiatives; these include the recommendations
of the Adelaide Coastal Waters Study for improving the
quality of water discharged into Gulf St Vincent from
Adelaide’s urban and peri-urban areas.

4.2 Regional actions
A range of regional and local water plans are in place for
managing water resources in a more localised context.

Water allocation plans (WAPs) are statutory instruments
used for various purposes in the administration of the
NRM Act to guide the granting of licences to take water,
and the transfer of a licence or water allocation. WAPs
aim to ensure that an area’s water resources are allocated
fairly, taking into account the needs of all water users and
the environment.

Since the 2008 state of the environment report, progress
has been made towards establishing WAPs for a number
of water resources, including Mount Lofty Ranges surface
water and groundwater, and updating WAPs in some
other areas, as provided for under the NRM Act.
The current status of WAPs, as well as the capacity
and current and anticipated future demands for South
Australian prescribed water resources, is shown in Table 3.

4.2.2 Regional demand and supply statements
Regional demand and supply statements (RDSSs) provide
a long-term (40-year) overview of water demand and
supply. They provide information on the condition of
water resources in a region for drinking and non-drinking
quality water. They also list major demands on these
water resources and identify expected timeframes for
any possible future gaps between demand and supply.
Once prepared, RDSSs are reviewed annually as a guide
to assist decision-makers in planning for the timing and
nature of future demand management or supply options.
If an RDSS indicates a shortfall in supply, this obliges the
state government to initiate an independent planning
process to assess demand or supply options to address
the shortfall.
RDSSs are progressively being prepared for each of South
Australia’s eight NRM regions. RDSSs were released
for the Eyre Peninsula region in April 2011 and for the
Northern and Yorke region in December 2011.

4.2.3 SA Water long-term plans

4.3 Specific regional initiatives
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Long-term plans are prepared by SA Water to ensure
that customers have a secure water supply and that
the wastewater treatment plants have capacity to
meet potential increases in demand. These regional
plans have a 25–30-year timeframe. They provide a
proactive approach to planning the strategic direction for
augmenting SA Water’s assets and guiding investment
in new infrastructure, with a focus on ensuring that
infrastructure and resources have the capacity to meet
future customer requirements.

The state is also implementing other initiatives that help
to promote sustainable water management outcomes in
specific regions.
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Since 2008, long-term plans have been released for Eyre
Peninsula (November 2008), Kangaroo Island (December
2009), Yorke Peninsula (October 2010) and upper Spencer
Gulf (April 2012).

4.2.4 Regional natural resource management
plans
Regional NRM plans are prepared by each of the state’s
eight NRM boards in accordance with the NRM Act. These
plans seek to recognise and address water management
issues, as part of the overall plan for managing the
regional natural resources. In accordance with these
plans, the NRM boards undertake a range of activities
aimed at improving the sustainability of water resources
and preventing contamination. Activities include:
• fencing of springs, creeks and rivers to prevent
stock access
• assessing surface water and groundwater and their
interactions
• modelling of groundwater and solute transport
• providing support for rehabilitation of groundwater
access trenches
• providing advice and education about efficient and
sustainable chemical and fertiliser use and other
farming practices.

4.3.1

Murray–Darling Basin salinity
management

Significant work has already occurred on salinity
management in the Murray–Darling Basin. South
Australia is a signatory to the Murray–Darling Basin
Authority’s Basin Salinity Management Strategy 2001–
2015 (MDBA 2001) and undertakes works to reduce the
salinity impact of past and present actions, reporting
annually on progress to the authority. Such activities are
often undertaken in collaboration with the community, as
outlined in locally based management plans.
Within South Australia, actions to control salinity within
the River Murray include:
• salt interception schemes
• improving irrigation efficiency
• revegetation
• salinity zoning and planning
• altering land use and modernising farming systems
• securing and managing sufficient water flow to dilute
and flush salt from the system.

4.3.2 Great Artesian Basin Sustainability
Initiative
The Great Artesian Basin Sustainability Initiative (GABSI)
is a partnership between the Australian and state
governments to conserve and manage groundwater
across the Great Artesian Basin.
Until the 1950s, artesian water brought to the surface
under natural pressure by the drilling of wells was
allowed to flow uncontrolled into open drains and
creeks for distribution to stock. However, even in wellmaintained drains, water was wasted through evaporation
and seepage. This threatened the health of groundwaterdependent ecosystems and continued access to artesian
water by pastoralists.
Under GABSI, work is under way to repair uncontrolled
artesian wells and replace open earthen drains with piped
water reticulation systems. Recent work has seen the
decommissioning of the Big Blythe well, preventing the
annual release of more than one billion litres of water and
almost 2500 tonnes of salt.

Water

126

4.3.3 South East REFLOWS project
The REFLOWS project has involved the construction of
90 kilometres of floodways to reconnect the lower and
upper South East NRM region, recreating the historic
south to north movement of water in the region and
delivering fresh water to wetlands and watercourses in
the upper South East (Figure 6). The REFLOWS floodway
enables water from high-rainfall catchments in the south
to be diverted to where it is most needed in the upper
South East environment in the north. In high-flow years,

Figure 6

REFLOWS project location

REFLOWS water may reach the Coorong, and help to
reduce salinity in the lagoons.
The REFLOWS floodway complements the network
of more than 620 kilometres of drains that were
constructed under the recently completed Upper South
East Dryland Salinity and Flood Management Program.
The project has been funded by the Australian and South
Australian governments.

4.3.4 Mount Lofty Ranges Waste Control
Program

4.3.5 Lake Eyre Basin
The Lake Eyre Basin Agreement establishes a cooperative
framework for the Australian, Queensland and
South Australian governments to jointly address the
management of water and related natural resources
of the cross-border rivers within the Lake Eyre Basin
Agreement area. The agreement recognises the ecological
importance of the Lake Eyre Basin, and its social and
economic values (see page xviii).
The Lake Eyre Basin Ministerial Forum requires a review
of the condition of all watercourses and catchments
within the Lake Eyre Basin Agreement area.
Methodologies and techniques used to assess other river
systems are not necessarily applicable or appropriate for
the Lake Eyre Basin rivers and catchments. The vastness
and extreme flow variability of arid rivers means that
a broadscale and long-term approach is required to
understand how these systems work. Ongoing habitat and
wetlands surveys are contributing to our understanding
of the ecology of these arid river systems. These projects
have also identified many gaps in our knowledge of the
dynamics of arid rivers and the kinds of information
required to assess and maintain their health.

4.4 Urban water management
Considerable challenges face South Australian urban
areas in providing safe and secure water supplies, and
managing urban stormwater and wastewater.
The Water for Good plan (Government of South Australia
2009) aims to transition South Australia to a ‘watersensitive state’. It describes many actions that are relevant
to the Adelaide region and other population centres of
South Australia, including actions to:
• increase the state’s stormwater harvesting capacity

•

•
•
•
•

•

identify and develop new stormwater projects
develop master plans for stormwater and wastewater
for Greater Adelaide
develop water quality improvement plans for the
Mount Lofty Ranges Watershed priority areas to
ensure that new developments have a neutral or
beneficial impact on water quality
comprehensively review current management and
protection of the Mount Lofty Ranges Watershed
work with the Murray–Darling Basin Authority and
others to ensure a healthy, working River Murray
complete WAPs for key areas of the Mount Lofty
Ranges
develop environmental values for priority water
bodies, including those in the Mount Lofty Ranges and
Adelaide’s coastal waters
introduce targets for water-sensitive urban design
(see Section 4.4.3), and develop and implement
the best regulatory approach for South Australia to
mandate this approach.

A key aim of Water for Good is to increase the state’s
water security and to provide environmental and other
benefits from diversified water supply sources (Figure 7).
In recent years, there has been growing interest in
stormwater and wastewater reuse, and use of desalinated
groundwater and sea water.

4.4.1 Stormwater management
The Stormwater Management Authority (SMA) was
established on 1 July 2007 as a consequence of the Local
Government (Stormwater Management) Amendment Act
2007. The SMA operates as the planning, prioritising
and funding body in accordance with the Stormwater
Management Agreement between the State of South
Australia and the Local Government Association. A key
element is the development of stormwater management
plans for catchments or specified areas. The purpose of
these plans is to ensure that stormwater management is
addressed on a total catchment basis. The relevant NRM
board, various local government authorities and state
government agencies responsible for the catchment work
together to develop, implement and fund a coordinated
and multi-objective approach to management of
stormwater for the area.
The capacity for stormwater harvesting and wastewater
reuse is increasing progressively. A joint application
by the state and local governments to the Australian
Government has been successful in attracting funding
for seven major stormwater projects in Adelaide, which
were announced in late 2009; another was announced
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Failing or faulty onsite wastewater treatment systems
in the Mount Lofty Ranges watershed are currently
being targeted by the Mount Lofty Ranges Waste
Control Program. The program is designed to improve
the maintenance of existing systems, upgrade to a
more effective system, or connect onsite systems to a
community wastewater management scheme or a sewer
network. The program is being delivered by the Adelaide
Hills Council, in partnership with the Adelaide and Mount
Lofty Ranges NRM Board, SA Water, the South Australian
Department for Health and Ageing, and the EPA.

•
•
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Source: Government of South Australia (2009)

Figure 7

Greater Adelaide’s water supplies under Water for Good

in 2010. In 2012, three further council-sponsored projects
were successful in attracting Commonwealth funding.
These projects will see more than $150 million invested
in stormwater harvesting and use projects by 2013.
Most of these projects address water quality improvement
and community amenity, in addition to water reuse.
The state released a Stormwater Strategy in 2011
(Government of South Australia 2011b), as a road map
for achieving the stormwater-related actions in Water for
Good. A key action is the development of an integrated
blueprint for urban water for Greater Adelaide by 2014.
The blueprint will ensure that master planning initiatives
for stormwater and wastewater in Water for Good are
integrated. As well, investments in stormwater and
wastewater infrastructure will be undertaken within
a framework that ensures the optimal management,
development and use of these resources, in conjunction
with the region’s other available water resources. The
blueprint will take account of the social, environmental
and economic benefits that can be delivered under an
integrated regional water planning and investment
framework. It will also consider planning and the
prioritising of water-related infrastructure.

The Adelaide Coastal Waters Study (Fox et al. 2007) found
that sediments and nutrients from urban stormwater,
along with industrial and wastewater discharges, impact
negatively on Adelaide coastal waters. The Adelaide
Coastal Water Quality Improvement Plan (ACWQIP) (EPA
2013) sets targets to reduce discharges from industry,
wastewater treatment plants and stormwater, to improve
coastal water quality and, over time, allow the return of
seagrass and improvement in reef condition.
The ACWQIP identifies eight strategies for
implementation, which have been developed in
partnership with other agencies, local government
and communities. Much of the focus of the ACWQIP
is on improved stormwater management across the
Adelaide region, with the aim of reducing the nutrient
and sediment loads affecting Adelaide’s coastal waters.
The stormwater focus of the ACWQIP is linked to key
government policies, including the 30-Year Plan, Water for
Good, and the Adelaide and Mount Lofty Ranges Natural
Resources Management Regional Plan.

4.4.2 Wastewater management

In addition to Adelaide-based projects, there has been
significant progress in developing stormwater and
wastewater reuse in many regional areas. Examples
are the Statewide Wastewater Recycling Project, an
initiative of South Australian local government, which
has seen many South Australian local councils implement
water recycling schemes associated with council-owned
community wastewater management schemes. In
addition, many local councils have undertaken water
projects through other water conservation, stormwater
and wastewater initiatives, such as those under the
Statewide Cities and Towns Project (DSEWPaC 2012). Local
councils have also supported efforts to conserve water
and improve water-use efficiency.
Point-source discharges from wastewater treatment
plants, community wastewater management systems and
industry are licensed by the EPA. Industries responsible
for point-source discharges are expected to develop
continuous improvement programs to reduce and
eventually cease discharging effluent to the environment.
Inputs of nutrients and sediments from industrial,
wastewater and stormwater discharges were found by the
Adelaide Coastal Waters Study (Fox et al. 2007) to be the
main cause of poor water quality and seagrass loss along
the Adelaide coastline. The ACWQIP is based on these
findings. The EPA’s role under strategy one in the ACWQIP

Christies Beach Wastewater treatment plant
Barbara Hardy Institute

4.4.3 Water-sensitive urban design
Water for Good builds on South Australia’s Strategic
Plan target to increase the state’s recycled stormwater
harvesting capacity to 35 gigalitres by 2025 (from
12.4 gigalitres in May 2012). It acknowledges the role
that water-sensitive urban design (WSUD) can play in
the development of creative, water-sensitive urban
communities. Water for Good includes actions to
introduce WSUD targets and support greater uptake of
WSUD in South Australia. In 2011, the state government
endorsed the release of a WSUD consultation statement,
which outlined possible statewide WSUD targets to
address water conservation, and the quantity and
quality of run-off. Feedback on proposals in the WSUD
consultation statement are assisting the development of
WSUD policy recommendations for consideration by the
state government.
The 30-Year Plan supports new urban development
and redevelopment that contribute to sustainable
management of water resources, and includes a range
of policies to support WSUD. Not only will broadscale
application of WSUD across the Adelaide region benefit
urban waterways, including streams and wetlands,
but it will also have benefits in reducing the impact
of sediment and nutrient loads from stormwater on
Adelaide’s coastal waters. The ACWQIP promotes the
catchment-to-coast application of WSUD to improve
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Capacity for wastewater reuse is being increased. Recent
projects include the following:
• Glenelg to Adelaide Parklands Recycled Water
Project—this project will provide extra treatment
facilities, a 10-kilometre pipeline from Glenelg to
Adelaide’s central business district, and around
30 kilometres of pipeline around the Park Lands. It will
have the capacity to provide an extra 3.8 billion litres
of recycled water for reuse.
• Southern Urban Reuse Project—the South
Australian and Australian governments are investing
$62.6 million in a project to supply 1.6 billion litres
of treated wastewater per year to new housing
developments in Adelaide’s southern suburbs.
• Christies Beach Wastewater Treatment Plant
upgrade—the plant currently provides about 3 billion
litres of treated wastewater each year for horticultural
purposes. The $272 million upgrade of the plant
will increase the plant’s capacity and improve the
quality of the treated wastewater being produced.
This will enable further opportunities to increase
reuse and reduce the nutrient load discharged to
the environment.

is focused on achieving nutrient and sediment reductions
for discharges from industry and wastewater treatment
plants to Adelaide’s coast. The EPA is the lead agency
seeking reduction of nutrients and sediments from pointsource discharges through licensing conditions.
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water quality from stormwater, and reduce sediment
and nutrient loads reaching the coast. Implementation
of WSUD requires coordinated efforts by many groups,
including the Adelaide and Mount Lofty Ranges NRM
Board, local governments, a range of state agencies and
local communities. Implementation of the ACWQIP will
include capacity building to promote the uptake of WSUD
across Adelaide.
The EPA, NRM boards, other state agencies and some
local councils also promote WSUD and best-practice
stormwater management guidelines in planning new
developments. This is expected to provide water
quality benefits for local urban streams and wetlands in
the future.

4.5 Knowledge underpinning planning
and policy
Science and monitoring are needed to understand
the extent to which the state’s water resources are
being sustainably managed, and to underpin policy
development and decision-making to achieve sustainable
water use. Some key initiatives that have contributed
to improving our understanding of the state’s water
resources are described below.

4.5.1 Goyder Institute for Water Research
The Goyder Institute for Water Research was established
in 2010 to support the security and management of
South Australia’s water supply and contribute to water
reform in Australia. It is a partnership between the South
Australian Government through DEWNR, CSIRO, Flinders
University, the University of Adelaide and the University
of South Australia. The institute has a $50-million, fiveyear research program that aims to provide independent
scientific advice to inform good policy decision-making,
identify future threats to water security and assist in an
integrated approach to water management.
The institute’s research focuses on the themes of urban
water, water for industry, environmental water and
climate change. Desired outcomes that support policy are
identified in cooperation with government agencies and
other relevant stakeholders.
In 2010, the Goyder Institute was asked by the South
Australian Government to review the science that
had been used in the Guide to the proposed Basin Plan
(MDBA 2010). This analysis considered whether the
proposed sustainable diversion limits would meet the
South Australian Government’s environmental water
requirements, and assessed some of the socio-economic

implications for the state. When the proposed Basin Plan
was released for public consultation at the end of 2011,
the South Australian Government was able to evaluate
the consequences of the proposed water recovery
scenario itself. In the interests of sound governance and
quality assurance, the Goyder Institute was requested
to provide expert judgement about the adequacy of the
methods used by the South Australian Government in its
evaluation of the proposed plan, to provide advice about
perceived limitations in development of the plan, and to
provide advice about the ecological benefits, risks and
opportunities of the proposed water recovery scenario.
The Goyder Institute has also recently published
reports of relevance to other areas of water resource
management in the state. These include a study of
approaches to modelling interactions between surface
water and groundwater around drains in the south-east,
and an assessment and recommendations for WSUD
targets relevant to South Australian circumstances.
Publications are available at: www.goyderinstitute.org/
publications.

4.5.2 Department of Environment, Water and
Natural Resources
DEWNR was established in 2012 through the merger
of the former Department of Environment and Natural
Resources and the Department for Water. It is the lead
agency for policy, management and administration of
the state’s water and other natural resources. A key
role of DEWNR is to undertake monitoring and improve
knowledge of the state’s water resources, including the
potential implications of climate change.
DEWNR monitors, investigates and prepares reports on
prescribed and nonprescribed water resources. Recent
science and monitoring initiatives from DEWNR (including
some commenced by the former Department for Water)
include the following:
• analyses of Murray–Darling Basin Authority
modelling scenarios to inform the state government’s
response to the proposed Murray–Darling Basin Plan
(Government of South Australia 2012b)—these include
hydro-ecological analyses of the proposed Basin Plan
with respect to the South Australian section of the
River Murray and its floodplains, and the Coorong,
Lower Lakes and Murray mouth.
• preparation of groundwater status reports—
these provide a snapshot of the current status of
groundwater resources. They include information
on regional hydrogeology, groundwater-dependent
ecosystems and groundwater monitoring sites
(including water level and salinity trends), and

Each stream site is assessed using a descriptive model
for interpreting change in aquatic ecosystems in relation
to increasing levels of disturbance. The assessment uses
a range of science-based approaches and models that
capture the biological, chemical and physical changes
occurring in South Australia’s streams and lakes.

4.5.4 WaterConnect
The state’s key water information has been brought
together under a single website, WaterConnect:
www.waterconnect.sa.gov.au.
The website provides access to the most current
information about South Australia’s water resources and
water activities, including:
• information about current water permits, licences,
allocations and approvals
• groundwater status reports
• aquatic ecosystems reports
• technical publications about the state and condition of
specific water resources, including published reports
on climate change impacts.

4.5.3 Environment Protection Authority
aquatic ecosystem assessments
The EPA prepares aquatic ecosystem reports on the
health of South Australia’s creeks and lakes. These are
designed to:
• provide a statewide monitoring framework for
streams that cycles through the NRM regions with
sufficient frequency to allow for regular state of the
environment reporting
• describe aquatic ecosystem condition in a manner
that is suitable to inform public understanding
• identify the key pressures and management responses
• provide a useful reporting format that can support
environmental decision-making within government,
the community and industry.

Glossy ibis
Barbara Hardy Institute
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an assessment of the status of the groundwater
resource at current climatic and use conditions.
Groundwater status reports can help decision-making
about sustainable groundwater allocations, identify
emerging trends in groundwater resource condition,
identify risks to water supplies and determine
whether further monitoring is needed.
• a Groundwater Program—this provides information
to assist natural resource managers and regional
industries, with a valuable insight into future
opportunities to access groundwater resources from
regions that are currently nonprescribed. To date,
DEWNR has published nonprescribed groundwater
assessments for the NRM regions of Alinytjara
Wilurara, Eyre Peninsula, Kangaroo Island, Northern
and Yorke, and South Australian Arid Lands.
• the Impacts of Climate Change on Water
Resources project—this entails a staged approach
to assessing the implications of climate change
for South Australia’s water resources (both
groundwater and surface water). Work to date
under this project has included
-- an assessment of risk and prioritisation of South
Australia’s water resources for subsequent
modelling of climate change impacts
-- investigations of downscaling methodologies as
the basis of climate impact modelling
-- investigations of the impacts of climate change
on the prescribed surface-water and groundwater
resources of the Northern and Yorke NRM region,
and on the prescribed groundwater resources and
Tod catchment in the Eyre Peninsula NRM region.
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Table 3

South Australia’s prescribed water resources: status of water allocation plans, supply
capacity and current demand by natural resource management region
Adelaide and Mount Lofty Ranges
Resource
capacity
(ML/year)

Current
demands
(ML/year)

27 147

9 109

McLaren Vale PWA

6 560

2 530

Northern Adelaide
Plains PWA

26 500

11 100

356 731

206 500

Prescribed water
resource
Barossa PWRA

Western Mount Lofty
Ranges PWRA
Central Adelaide PWA
Chapmans Creek Intake
Dry Creek PWA

No plan

Little Para prescribed
watercourse
Middle Beach Intake
Northern Intake

ML = megalitre; PWA = prescribed wells area; PWRA = prescribed water
resources area

Eyre Peninsula
Prescribed water
resource

Resource
capacity
(ML/year)

Musgrave PWA

1 786

96

Southern Basins PWA

8 136

5 631

ML = megalitre; PWA = prescribed wells area

Current
demands
(ML/year)

Table 3

continued
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Prescribed water
resource
Clare Valley PWRA
Baroota PWRA

Resource
capacity
(ML/year)

Current
demands
(ML/year)

20 350

6 100

Plan under way

ML = megalitre; PWRA = prescribed water resources area

South Australian Arid Lands
Prescribed water
resource

Resource
capacity
(ML/year)

Current demands
(ML/year)

Far North PWA

127 750

69 869

ML = megalitre; PWA = prescribed wells area

Water

Northern and Yorke
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Table 3

continued
South Australian Murray–Darling Basin
Resource
capacity
(ML/year)

Current
demands
(ML/year)

188 404

56 540

Mallee PWA

61 300

24 365

Marne Saunders PWRA

14 605

4 106

Noora PWA

5 138

28

Peake, Roby and
Sherlock PWA

2 489

1 820

6 592 000

573 800

Prescribed water
resource
Eastern Mount Lofty
Ranges PWRA

River Murray prescribed
watercourse
Angas Bremer PWA

To be included in Eastern Mount
Lofty Ranges water allocation
plan

ML = megalitre; PWA = prescribed wells area; PWRA = prescribed water
resources area

South East
Prescribed water
resource

Resource
capacity
(ML/year)

Current
demands
(ML/year)

756 487

140 587

Morambro Creek

870

200

Padthaway PWA

55 096

19 404

Tatiara PWA

151 356

55 437

Tintinara Coonalpyn
PWA

109 100

22 215

Lower Limestone Coast
PWA

ML = megalitre; PWA = prescribed wells area
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5 What can we expect?
Although the process to reverse many historical impacts
on the state’s water resources and associated ecosystems
is challenging, significant progress is being made. The
foundational elements are already in place or are being
implemented. This gives cause to believe that projected
population and economic growth can be significantly
decoupled from future pressures facing the state’s water
resources. The elements include:
• current legislative and planning frameworks that
promote sustainable water resource management
(within an integrated NRM framework) and build on
existing environmental protection efforts
• scientific research, monitoring, assessment and
reporting on the condition of water resources and
water-dependent ecosystems
• significant investment in water diversification projects,
including stormwater and recycled wastewater
schemes in metropolitan Adelaide and regional South
Australia to deal with long-term variability in supply
and demand, as well as responding to climate effects.
Recent work to improve the way in which the results from
monitoring and assessment programs are communicated
to the wider public, industry and government is also
expected to assist in prioritising works, protecting
waterways and helping us to understand the time
it will take to improve the condition of our more
degraded waterways.

5.1 Issues and priorities
A key uncertainty in this positive outlook is the complex
hydrological consequences of climate change, with
its anticipated impact on water resources and waterdependent ecosystems. Impacts may include reduced
stream flows and groundwater recharge as a result of
forecast reductions in overall rainfall, and increased
occurrences and severity of droughts and floods, which
can affect water users and water-dependent ecosystems.
It is therefore vital to continue to monitor and evaluate
the status of the state’s water resources and ecosystems.
Also essential is scientific research to advance our

knowledge of climate change, and the opportunities for
mitigation and adaptation measures that are necessary
to respond to climate change and other significant risks
described in this chapter. Key management priorities over
the coming three to five years include:
• continued investment in building knowledge of
our water resources and risks, to underpin policy
development and to focus management
• implementation of the Murray–Darling Basin Plan
and associated programs, such as the Commonwealth
Water Recovery Strategy, in South Australia and across
the Basin
• ongoing development of water allocation plans for
prescribed water resources across the state
• ongoing investment to diversify the state’s water
supplies
• addressing issues regarding the interface between
mining development and water
• development of water quality improvement plans
for key areas of the state—in particular, the ACWQIP
and the Adelaide and Mount Lofty Ranges Watershed
Quality Improvement Plan
• development of the blueprint for urban water as an
integrated urban water management plan for Greater
Adelaide (the first for a capital city in Australia)
• ensuring water security for remote communities and
developing approaches to ensure appropriate access
to water for these communities.
• development and use of strategic forecasting and
monitoring capabilities for water resources
• use of markets and technology (such as real-time
data apps) to improve the availability of information
and access to data for government, industry and
communities.
Major priorities and emerging issues to help improve the
ecological condition of the state’s inland waters relate to
improving farm management practices so that nutrients
and sediments are retained in the landscape, rather
than being washed into streams and wetlands. This may
involve a range of social, economic and environmental
approaches to support a wider uptake of fencing, stock
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exclusion, revegetation and other programs to manage
farmland more effectively than in the past.
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Further work also needs to be done to understand and
design appropriate buffers to effectively trap nutrients
and sediments throughout the range of environments in
the state, particularly during prolonged drought and highrainfall periods.
Urban streams will always be difficult to improve, but
recent research is helping us to understand the role
of large stormwater inflows in the degradation of
local stream environments. Future work on this and
other stream restoration programs will help to define
strategies to minimise human disturbances to urban
and peri-urban rivers and creeks. Although some largescale interventions may be required to improve stream
conditions, it is also hoped that increased implementation
of water-sensitive urban design practices will reduce
stormwater flooding.
An anticipated mining boom in South Australia, and
related activities, are expected to increase the demand for
water resources in those areas. This will require increased
consideration and priority to be given to assessing the
potential impacts on both the quantity and quality of
water resources, and providing an appropriate
management and regulatory regime so that such
developments occur in an appropriate manner.

The South Australian Government’s 2013 Economic
Statement describes the potential of unconventional gas
to transform energy supply, provide energy security and
create a new source of export income (Government of
South Australia 2013). It is anticipated that there will be
increased exploration of, and production from, a range of
unconventional gas prospects in South Australia during
the next reporting period (DMITRE 2012). These projects
include a range of shale gas, tight gas and coal-seam gas
deposits across a number of basins in South Australia.
A number of state government agencies are working
together in a co-regulatory approach to minimise the
potential impacts of these activities on water resources. In
addition, the recent National Partnership Agreement on
Coal Seam Gas and Large Coal Mining Development will
ensure that future regulation of coal-seam gas is informed
by substantially improved science, as well as independent
expert advice.
The government’s focus on Premium Food and Wine from
Our Clean Environment (Government of South Australia
2012c), together with a growing population, will be key
drivers for the suite of measures aimed at managing
South Australia’s waters so that they can sustainably
provide the ecosystem services needed to underpin the
state’s social, environmental and economic wellbeing in
the face of increasing and serious pressures.

Onkaparinga River near Old Noarlunga
Barbara Hardy Institute
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Source: DMITRE (2012)

Figure 8

Location of oil and gas infrastructure, mining projects and coal gasification projects in
South Australia
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Why is it important?

Biodiversity is the variety of all life forms, from genes
to species to entire ecosystems, that occur in all
environments on Earth—land, water, air and sea. Healthy,
natural ecosystems underpin South Australia’s economic,
environmental, cultural and social wellbeing.
The components of biodiversity, including animals (birds,
mammals, reptiles, fish, amphibians, invertebrates),
vegetation, soil, biogeochemical cycles and
microorganisms, provide a range of essential ecosystem
services. ‘Ecosystem services’ describes the benefits that
humans derive from the environment, such as:
• purification of air and water
• pollination, seed dispersal and pest control
• soil generation and fertilisation
• detoxification and decomposition of wastes
• flood and drought mitigation
• ultraviolet protection
• stabilisation of climate.
For example, the rivers, wetlands and floodplains of the
Murray–Darling Basin are estimated to provide $187 billion
in ecosystem services each year (Lindenmayer 2007).
Biodiversity also provides the basis for many economic
uses. For example, apart from our obvious use of crops
and domestic animals, invertebrates such as worms, ants,
spiders, wasps, leafhoppers and mites are being used in
adhesives, antibiotics and industrial products.

The South Australian Government’s No Species Loss
Strategy (Government of South Australia 2007a), the State
Natural Resources Management Plan (Government of
South Australia 2012) and the state of the environment
report for South Australia in 2008 (EPA 2008) all report
that, despite our efforts, biodiversity in South Australia
continues to decline. Climate change impacts are expected
to exacerbate the decline.
The following messages about Australia’s biodiversity
in Australia state of the environment 2011 (State of the
Environment 2011 Committee 2011) equally apply to
South Australia:
• Biodiversity has declined since European settlement.
• Pressures are not being substantially reduced, nor is
the decline in biodiversity being arrested or reversed.
• Most pressures on biodiversity that arise directly
or indirectly from human activities appear to still
be strong.
• The major future drivers of change—climate change,
population growth, economic development and
associated consumption of natural resources—must be
managed carefully if a sustainable relationship between
biodiversity and human society is to be achieved.
• Data on long-term trends in biodiversity are limited,
making it difficult to interpret the state or trends of
major animal and plant groups.
• Australia can improve its biodiversity management.
Opposite page: Insects of South Australia
State Library of South Australia B15276/48
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In summary
Aspect and observation

Assessment grade
Very poor

Native vegetation
Native vegetation extent and condition is fair to
moderate and declining.
There has been an increase of about 10% in the area
under some form of protected status since 2008.
There has been an increase in illegal clearing.
There has been a decrease in the area of
revegetation since 2008.
Threatened species and ecological communities
There has been an increase in recovery plans
and actions.
There is a variable to positive trend in the status of
20 indicator species.
The status of threatened species and ecological
communities is poor and declining.
There has been a net increase in the number of
endangered and vulnerable species and ecological
communities since 2008.
Climate change has altered fire regimes.
Soil and land management
There has been a steady increase in cropping land
protected from erosion.
Soil condition in production areas is fair to moderate
and stable.
There has been an increase in crop area using no-till
sowing methods.
There has been an increase in the area and rate of
soil acidification.
There is a variable trend in dryland salinity and
depth to groundwater, with most measures declining
or stable (positive), and some rising (negative).

Poor

•

•

Good

Very good

Confidence
In grade

In trend

 

 

•
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Assessment grade
Very poor

Introduced species
There has been an increase in number, distribution
and abundance of most pest plants, animals and
diseases. Only a few have decreased.
For key established pests and diseases:
• rabbits, feral goats, European fanworm, oriental
weatherloach, silverleaf nightshade, Phytophthora
cinnamomi and sarcoptic mange of wombats have
increased in distribution and abundance
• feral deer, European carp, bridal creeper and
opuntioid cacti are steady in distribution and
abundance
• feral camels, Caulerpa taxifolia and gorse are
decreasing in distribution and abundance
• chytridiomycosis is unknown in distribution and
abundance.
For new pests and diseases:
• the numbers of weeds, marine pests, aquatic
pests and native plant diseases are increasing
• the number of terrestrial vertebrate pests is
steady
• the number of wildlife diseases is unknown.
There have been six confirmed detections of new
vertebrate pest incursions since 2008.

Recent
trend

Grades

•
•

Improving
Deteriorating

Very poor

•
•
Poor

Stable

Level of
confidence

Unclear

Good

Poor

Good

Very good

•





Very good

Confidence
In grade

In trend

 

Evidence and consensus too low to make an assessment
Limited evidence or limited consensus
Adequate high-quality evidence and high level of consensus
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2 What do we know about it?
The State Natural Resources Management Plan
(Government of South Australia 2012) provides an
assessment of the condition and extent of key natural
resources in South Australia, shown in Table 1.

Table 1

Condition and extent of key natural
resources in South Australia

Key natural resource

Condition

Trend

Native vegetation extent
and condition

Fair/moderate

Declining

Soil condition in
production areas

Fair/moderate

Variable

Geological features and
landscapes

Variable

Variable

Aquatic ecosystem extent
and condition

Variable

Variable

Coastal and marine
ecosystem extent and
condition

Variable

Declining

Status of threatened
species and ecological
communities

Poor

Declining

Impact of introduced
species

Poor

Declining

Source: Government of South Australia (2012)

In this section, biodiversity is discussed with reference to
native vegetation, and threatened species and ecological
communities. Wetlands and rivers, and their associated
flora and fauna, are covered in the Water chapter.

2.1 Native vegetation
Native vegetation is a key component of South Australia’s
environment. It provides habitat and a source of food
for wildlife; maintains the health of land, soil and water
(Williams 2005); and mitigates the impacts of a warming
climate through carbon storage and climate regulation
(Australian Greenhouse Office 2006, Emes et al. 2006).
Native vegetation provides many economic, social and
cultural benefits, and is important for Aboriginal culture
(Williams 2005).

2.1.1

Native vegetation extent

Of South Australia’s 984 221.37 square kilometres in
land area (DSEWPaC 2010), native vegetation covers
approximately 85%. The arid northern parts (covering
87% of the state) have had minimal vegetation clearance,
and approximately 96% of vegetation cover remains.
Much of this is used to sustain pastoral industries and is
degraded as a result.
In contrast, temperate areas (the remaining 13% of the
state) with higher rainfall have experienced much higher
vegetation clearing rates in the past, and only 26% of
native vegetation remains in these areas. Much of the
native vegetation in the southern parts of South Australia
has been cleared for agriculture and human settlements
since the 19th and 20th centuries (Figure 1). The
remaining vegetation is now fragmented, especially in the
southern Mount Lofty Ranges, where the patches are too
small to support bird biodiversity (Westphal et al. 2003,
2007; Bradshaw 2012). Native forests are now estimated
to cover only 9% of the state’s total area and in some
areas, such as the Adelaide Plains and adjacent Mount
Lofty Ranges, as little as 4% cover remains (Bradshaw
2012).
Large-scale clearing of native vegetation ceased after
the introduction of the Native Vegetation Act 1991.
Vegetation clearing can be undertaken under some
circumstances, but it must be offset by restoration work
(see Section 4.1.1). Table 2 shows statistics for vegetation
clearance applications under the Act between 2009–10
and 2011–12.
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Source: DEWNR (2013)

Figure 1

Native vegetation extent in South Australia

Illegal clearing continues to occur. Table 3 presents the
number of reports alleging clearance of native vegetation
by natural resource management (NRM) region for 2011–
12 and the six preceding years (see the Introduction for
information about NRM regions). The number of reports
received for 2011–12 is above the average recorded over
the seven years of collecting data.

2.1.2

Native vegetation condition

Human enterprise has had an impact on native vegetation
throughout South Australia and much of it has been
modified to some degree. However, it is difficult to
quantify native vegetation condition systematically
on a state scale. This is due to methodological and
technical issues, and to inconsistent investment of

effort in monitoring and evaluation in different South
Australian regions.

Table 2

Vegetation clearance statistics for South Australia, 2009–10 to 2011– 12

Year

Clearance applications (under section 28 of the Native Vegetation Act 1991)
Degraded native
vegetation consented to
clear (ha)

Scrubland refused
to clear (ha)

Individual trees consented Individual trees refused
to clear (n)
to clear (n)

2009–10

1074.24

356

2010–11

1107.09

135.57

334

47

2011-12

1712.55

30.00

115

110

ha = hectare; n = number
Source: Native Vegetation Council (2012)

Nothomyrmecia
The dinosaur ant Nothomyrmecia macrops is a rare
nocturnal ant found only in mallee habitat in South
Australia. This predatory insect is very similar to
a group of previously widespread but now extinct
Cretaceous ants. The farm town of Poochera in
South Australia (population 24) is perhaps the
only place in the world with ant-based tourism.
Nothomyrmecia was rediscovered here in the 1970s,
and the area still attracts myrmecologists. The
town has stencilled ants in various places along the
public streets.
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There is currently no standard definition for the term
‘vegetation condition’, but it has continued to grow in
importance with the implementation of NRM programs
throughout Australia. A number of different vegetation
condition assessment methods have been developed.
In South Australia, the Bushland Condition Monitoring
method has been applied since 2003 in different parts of
the agricultural zone (NCSSA 2010).

The method focuses on ‘lead’ and ‘lag’ indicators to track
changes in vegetation condition and how these relate to
management of native vegetation (NCSSA 2010). Lead
indicators represent attributes of vegetation that can
change soon after management of disturbance or threat
reduction, while lag indicators tend to change after
some time has elapsed after management intervention
(O’Connor et al. 2009) (Table 4).
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Table 3

Reports of illegal clearance in hectares by natural resource management region,
2004–05 to 2011–12

Region

2004–05

2005–06

2006–07

2007–08

2008–09

2009–10

2010–11

Adelaide and Mount
Lofty Ranges

41

60

54

59

77

49

50

53

Eyre Peninsula

16

29

15

25

31

48

34

14

Kangaroo Island

14

27

12

4

10

18

14

15

Northern and Yorke

26

23

17

11

23

37

28

29

South Australian Arid
Lands

9

6

8

2

2

1

1

1

South Australian
Murray–Darling Basin

31

36

21

30

44

48

36

36

South East

26

48

31

30

36

54

48

33
50

Change Detection
Program (CDP)a
163

Total

2011-12

229

158

161

223

255

211

231

a CDP uses satellite imagery to detect changes in native vegetation cover.
Note: No clearing was recorded for the Alinytjara Wilurara region.
Source: Native Vegetation Council (2012)

Table 4

Lead and lag indicators of bushland condition in the Bushland Condition Monitoring
method

Lead indicators

Lag indicators

Feral animal impact
Total grazing pressure
Weed threat and abundance
Fallen logs and trees

Hollow trees
Primary canopy health
Recruitment of species
Fallen logs and trees
Plant species diversity
Structural diversity A: ground cover
Structural diversity B: plant life forms
Lerp damage
Mistletoe infestation

The following case study (Box 1) examines vegetation
condition data from 840 sites in three South Australian
regions—Adelaide and Mount Lofty Ranges, Northern and
Yorke, and part of the South Australian Murray–Darling
Basin. The results provide a snapshot of vegetation
condition in the three regions based on 11 of 12 Bushfire
Condition Monitoring indicators.
The South Australian Pastoral Board is required to assess
the condition of land in pastoral leases at intervals of not
more than 14 years. The first round of assessments was
completed in 2000 and a second round, begun in 2005,

is due for completion in 2014. It is not possible to report
any data analysis at this time, but the Pastoral Board
reported on general trends in their 2010–11 annual report
(Pastoral Board 2011). The report noted that extended dry
periods over the 10 years to 2010 resulted in extensive
losses of bladder saltbush, and no recruitment of the
species had occurred, despite some heavy rainfall events
in 2009. Positive responses to rainfall events were noted
with high rates of production of ephemeral stockfeed and
recruitment of many shrubs such as pearl bluebush and

low bluebush. Areas that were affected by severe dust
storms in 2009 were showing signs of recovery.

2.2 Threatened species and ecological
communities
Threatened species are those species deemed to be at risk
of extinction within the foreseeable future, under certain
International Union for Conservation of Nature (IUCN)
risk assessment criteria (IUCN 2011). Different species
have different levels of risk based on their biology and
ecological requirements; geographic range; population
size and numbers of populations; rates of range
contraction and population decline; habitat quantity,
quality and connectedness or isolation; and relative risks
posed by threats such as predation, competition, fire and
climate change.

As a result of these assessments, species are assigned
to a standardised IUCN conservation status category of
presumed extinct, critically endangered, endangered,
vulnerable, near threatened or least concern. Although
assessments in South Australia apply the standards
described, the South Australian NPW Act has not yet
been amended to use the contemporary IUCN categories.
Instead, species that are assessed as presumed extinct,
critically endangered or endangered are all included under
the endangered species schedule (Schedule 7). Species
assessed as vulnerable align with Schedule 8: vulnerable
species. Species assessed as near threatened mostly align
with Schedule 9: rare species.

Threatened ecological communities are threatened
‘geographically distinct assemblages of interacting
native species and their associated abiotic environments’
(Bonifacio and Pisanu 2012). They are one of several
‘matters of national environmental significance’ listed
under the Commonwealth’s Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act). Threatened
ecological communities are not generally recognised
in South Australian law; however, there are provisions
under the Native Vegetation Act 1991 that protect such
communities where ‘the vegetation comprises the whole,
or a part, of a plant community that is rare, vulnerable
or endangered’.

South Australia’s Strategic Plan (Government of South
Australia 2011) includes a target to ‘lose no native species
as a result of human impacts’. The measure for this target
is a set of 20 indicator species—threatened species that are
representative of South Australia’s organisms and habitats,
and where much effort is focused on their protection by
organisations across the state. An assessment is made of
trends in population abundance of each species, taking into
account its population numbers, distribution, prevalence
of native habitat, food sources, predators, etc. All species
on the indicator list are reviewed annually (half of the list is
assessed every six months). A summary of the most recent
review is provided in Table 5.

The conservation status of species can be assessed at
four levels:
• global—recognised through the IUCN Red List of
Threatened Species (IUCN 2012)
• national—recognised through lists of species
threatened within Australian, with lists linked to the
EPBC Act
• state—recognised in South Australia through
schedules of threatened species under the South
Australian National Parks and Wildlife Act 1972 (NPW
Act)
• regional—recognised in South Australia through
priority lists in regional NRM plans.
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An emerging threat to vegetation in the pastoral zone
is an expansion of mining exploration and operations;
however, no comprehensive data were available at the
time of writing.

In South Australia, the assessment of conservation status
is undertaken at all four levels and uses the standardised
IUCN assessment criteria:
• range of distribution
• area of habitat occupied
• number of populations
• number of individuals (measured, estimated)
• rate of population decline (measured, estimated).
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Box 1

Case study: Vegetation condition in the South Australian agricultural zone

Vegetation condition is summarised for the Adelaide and Mount Lofty Ranges, Northern and Yorke, and
South Australian Murray–Darling Basin natural resource management regions of South Australia, using
data from 2011.

Positives
Plant species diversity remains reasonably high in the majority of sites, though an average of 25–30% of
species has been lost from each site. Ground cover is relatively intact, and the abundance of fallen logs and
trees is good or excellent in 40–70% of sites.

Negatives
Vegetation condition remains affected by grazing pressure; the most serious consequences are low
recruitment of plant species and high weed threat and abundance. There is a low number of hollow trees
in all regions, and low structural diversity in some regions. Tree health is poor because of dieback resulting
from land management impacts.
The 2008 state of the environment report for South Australia (EPA 2008) reported the condition of native
vegetation in the pastoral zone. Historically, livestock impacts have been prevalent around permanent
water points, resulting in degradation of vegetation, soil disturbance and erosion. The condition of native
vegetation varies from property to property, and impacts such as selective grazing by stock, grazing by
feral herbivores and weeds continue.

Table A Vegetation condition in South Australia’s agricultural zone
Indicator

AMLR (2009)

NY (2011)

SAMDB (2010)

Summary of regions

Plant species
diversity

69% of sites with good
or excellent species
diversity

>75% of sites with
moderate to good
species diversity

>70% of sites with
good or excellent
species diversity

Species diversity generally
good; however, the
abundance of species may
have changed, and rare
or sensitive species may
be lost

Recruitment
of species

Around 40% of sites
with poor or very poor
recruitment

57% of sites with
poor or very poor
recruitment

>35% of sites with
poor or very poor
recruitment

Recruitment is generally
poor to very poor, with
lowest recruitment where
domestic grazing is most
prevalent. This probably
relates to differences in
land-use type and mixed
farming models in different
regions

Hollow trees

69% of sites with poor
numbers of hollow trees,
with only 4% of sites
classified as excellent

Only 40% of sites
with good or
excellent numbers
of hollow trees

>75% of sites
with very poor
numbers of
hollow trees

Hollow tree numbers are
very poor in all regions

Total grazing
pressure

91% of sites with
excellent control of
grazing pressure impacts

60% of sites with
either poor or very
poor control of
grazing pressure
impacts, 25% with
control of grazing
pressure

70% of sites
with excellent
control of grazing
pressure impacts

Grazing pressure impact
is variable (high in NY and
low–moderate in AMLR
and SAMDB) and probably
relates to differences in landuse type and mixed farming
models in different regions
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Indicator

AMLR (2009)

NY (2011)

SAMDB (2010)

Summary of regions

Weed
threat and
abundance

Around 40% of sites with
poor or very poor weed
threat and abundance
control

75% of sites with
poor or very poor
weed threat and
abundance control

29% of sites with
poor or very poor
weed threat and
abundance control

Weed threat and
abundance is high in NY
and moderate in AMLR
and SAMDB. This probably
relates to differences in
land-use type and mixed
farming models in different
regions

Fallen logs and Around 40% of sites
trees
with good or excellent
abundance of fallen logs
and trees

70% of sites with
good or excellent
abundance of fallen
logs and trees

>55% of sites with
good or excellent
abundance of
fallen logs and
trees

Retention of fallen logs
and trees is generally good

Primary
canopy health

>70% of sites with
moderate to very poor
canopy health

70% of sites with
poor to very poor
canopy health

50% of sites with
poor to very poor
canopy health

Canopy health is generally
poor, probably because
of dieback from soil
compaction, fragmentation
and competition with
weed species

Ground cover

>80% of sites with good
90% of sites with
or excellent ground cover moderate or good
ground cover

90% of sites with
good or excellent
ground cover

Ground cover is generally
good, with lower cover
in NY than other regions,
probably relating to
differences in land-use
type and mixed farming
models in different regions

Plant life
77% of sites with
forms diversity moderate or good plant
life form diversity

24% of sites with
good or excellent
plant life form
diversity

>85% of sites with
moderate or good
plant life form
diversity

Plant life form diversity
was generally good in
AMLR and SAMDB, and
poor in NY. This is probably
because of differences
in grazing impacts in the
different regions

Lerp damage

73% of sites with little or
no lerp infestation

80% of sites with
little or no lerp
infestation

>75% of sites with
little or no lerp
infestation

Lerp damage is isolated to
some locations and some
tree species

Mistletoe
infestation

All sites across the region 85% of sites with
had very low mistletoe
very low mistletoe
infestation
infestation

All sites across
Mistletoe infestation is
the region had
isolated to some locations
very low mistletoe and some tree species
infestation

AMLR = Adelaide and Mount Lofty Ranges; NY = Northern and Yorke; SAMBD = South Australian Murray–Darling Basin
Notes:
1. Some indicators were only measured in woodlands and forests (e.g. canopy health and fallen logs and trees).
2. Sites included represent ‘better’ native vegetation because data collection programs favour measurement in intact native vegetation
(i.e. eligibility criteria for some programs exclude sites of low to very low quality).
3. Results are highly consistent with those found through stratified random sampling of vegetation condition across vegetation types in the NY
region (n = 57; Milne and Mahoney 2011).
Sources: O’Connor et al. (2009), NCSSA (2010), O’Connor NRM Pty Ltd (pers. comm, 2012)
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Table 5

Trend in status of 20 indicator species
Total number
of species

Positive

Stable

Negative

Southern right whale
Yellow-footed rock-wallaby
South Australian mainland
tammar wallaby

Southern brown bandicoot
Southern bent-wing bat

Australian sea lion

6

Fish

Yarra pygmy perch
Murray hardyhead

2

Molluscs

Giant Australian cuttlefish
(upper Spencer Gulf
population)

1

Malleefowl
Mount Lofty Ranges
southern emu-wren

5

Mammals

Birds

South Australian glossy black
cockatoo

Reptiles
Plants

Small-flowered daisy-bush
Pin-lipped spider-orchid

Total number
of species

South-east Australian redtailed black cockatoo
Black-eared miner
Pygmy blue-tongue skink

1

Hindmarsh greenhood
White beauty spiderorchid
Monarto mintbush

5

6

8

6

20

Note:

For some of the indicator species, negative trends were recorded in consecutive assessments, including for the Australian sea lion, southern bentwing bat and black-eared miner. Progress reports for the Strategic Plan 2011 (SASP Audit Committee 2012) include assessments of the causes of these
trends, which include bycatch, drought and habitat destruction by bushfire.
Source: Government of South Australia (2007a)

2.2.1

National lists of threatened species

The extinction rates and declines of Australia’s mammals
and birds are well documented, as is the proportion of
those extinctions that were South Australian species
(e.g. Burbidge et al. 1988). Box 2 shows the nationally
listed threatened species that have been recorded in
South Australia.
Box 2 and Table 6 show that South Australia is a major
centre of modern (last 200 years) species extinctions
and ongoing threats to many surviving species. The high
proportions of endangered, vulnerable and rare mammal
and bird species still listed within the state may also
reflect an ‘extinction debt’—where the future extinction
of species is likely due to events in the past (Szabo et al.
2011)—which is still to reach full effect following habitat
and population declines, fragmentations and isolation,
and periodic random events such as fires and droughts.

There are proportionally more South Australian species
of mammals, birds and freshwater fish in national lists
of threatened species than other taxonomic groups
(Figure 2).
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Nationally listed threatened species, as listed under the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999, that have been recorded in South
Australia (as at April 2012)

Plants (115 listed)
Presumed extinct (1 listed)
• Senecio helichrysoides

• Caladenia richardsiorum

Vulnerable (63 listed)

• Caladenia rigida

• Acacia araneosa

• Caladenia tensa

• Acacia carneorum

• Caladenia xanthochila

• Acacia glandulicarpa

Critically endangered (8 listed)

• Caladenia xantholeuca

• Acacia latzii

• Acanthocladium dockeri

• Dodonaea subglandulifera

• Acacia menzelii

• Caladenia intuta

• Eriocaulon australasicum

• Acacia pickardii

• Cassinia tegulata

• Eriocaulon carsonii subsp.
carsonii

• Acacia praemorsa

• Hibbertia tenuis
• Prasophyllum murfetii

• Eucalyptus paludicola

• Pterostylis bryophila

• Euphrasia collina subsp.
muelleri

• Beyeria subtecta

• Euphrasiacollina subsp
osbornii

• Caladenia calcicola

• Thelymitra cyanapicata
• Veronica derwentiana subsp.
homalodonta
Endangered (43 listed)
• Acacia cretacea
• Acacia enterocarpa
• Acacia pinguifolia
• Acacia spilleriana
• Acacia whibleyana
• Allocasuarina robusta
• Brachyscome muelleri
• Caladenia argocalla
• Caladenia audasii
• Caladenia behrii
• Caladenia colorata

• Acacia rhetinocarpa
• Asterolasia phebalioides
• Caladenia brumalis

• Frankenia plicata

• Caladenia concolor

• Haloragis eyreana

• Caladenia formosa

• Lachnagrostis limitanea

• Caladenia ovata

• Leionema equestre

• Caladenia versicolor

• Lepidium monoplocoides

• Caladenia woolcockiorum

• Olearia microdisca

• Cheiranthera volubilis

• Prasophyllum frenchii

• Codonocarpus pyramidalis

• Prasophyllum goldsackii

• Correa calycina var. calycina

• Prasophyllum pruinosum

• Correa calycina var.
halmaturorum

• Prostanthera eurybioides
• Pterostylis despectans
• Pterostylis lepida

• Corybas dentatus
• Dodonaea procumbens
• Eleocharis papillosa

• Caladenia conferta

• Pterostylis sp. Hale (R.Bates
21725)

• Caladenia gladiolata

• Pultenaea trichophylla

• Grevillea treueriana

• Caladenia hastata

• Senecio behrianus

• Hibbertia crispula

• Caladenia lowanensis

• Thelymitra epipactoides

• Ixodia achilleoides subsp.
arenicola

• Caladenia macroclavia

• Glycine latrobeana
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• Lepidium pseudopapillosum

• Stackhousia annua

• Limosella granitica

• Swainsona murrayana

• Logania insularis

• Swainsona pyrophila

• Microlepidium alatum

• Taraxacum cygnorum

• Olearia pannosa subsp.
pannosa

• Tecticornia flabelliformis

• Phebalium lowanense
• Pleuropappus phyllocalymmeus
• Pomaderris halmaturina subsp.
halmaturina
• Prasophyllum pallidum
• Prasophyllum spicatum
• Prasophyllum validum
• Prostanthera calycina

• Thelymitra matthewsii
• Xerothamnella parvifolia

Animals
Amphibians (1 listed)
Vulnerable (1 listed)
• Litoria raniformis
Southern bell frog

• Calyptorhynchus lathami
halmaturinus Glossy black
cockatoo (South Australian
subsp.)
• Diomedea epomophora
sanfordi
Northern royal albatross
• Diomedea exulans
amsterdamensis
Amsterdam albatross
• Diomedea exulans exulans
Tristan albatross
• Hylacola pyrrhopygia parkeri
Chestnut-rumped heathwren
(Mount Lofty Ranges subsp.)
• Lathamus discolor
Swift parrot

• Prostanthera nudula

Birds (39 listed)

• Pterostylis arenicola

Presumed extinct (1 listed)

• Macronectes giganteus
Southern giant-petrel

• Pterostylis chlorogramma

• Dromaius baudinianus
Kangaroo Island emu

• Manorina melanotis
Black-eared miner

Critically endangered (2 listed)

• Pezoporus occidentalis
Night parrot

• Pterostylis cucullata subsp.
cucullata
• Pterostylis cucullata subsp.
sylvicola
• Pterostylis mirabilis
• Pterostylis tenuissima
• Pterostylis xerophila
• Ptilotus beckerianus
• Pultenaea villifera var.
glabrescens
• Senecio macrocarpus
• Senecio megaglossus
• Senecio psilocarpus
• Solanum karsense
• Spyridium coactilifolium
• Spyridium eriocephalum var.
glabrisepalum

• Cinclosoma punctatum
anachoreta
Spotted quail-thrush (Mount
Lofty Ranges subsp.)
• Neophema chrysogaster
Orange-bellied parrot
Endangered (15 listed)
• Anthochaera phrygia
Regent honeyeater
• Botaurus poiciloptilus
Australasian bittern
• Calyptorhynchus banksii
graptogyne
Red-tailed black cockatoo
(south-eastern subsp.)

• Stipiturus malachurus
intermedius
Southern emu-wren (Mount
Lofty Ranges subsp.)
• Stipiturus mallee
Mallee emu-wren
• Thalassarche chrysostoma
Grey-headed albatross
Vulnerable (21 listed)
• Acanthiza iredalei iredalei
Slender-billed thornbill
(western subsp.)
• Amytornis barbatus barbatus
Grey grasswren
• Amytornis modestus
Thick-billed grasswren
continued
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• Diomedea epomophora
epomophora
Southern royal albatross
• Halobaena caerulea
Blue petrel
• Leipoa ocellata
Malleefowl
• Macronectes halli
Northern giant-petrel
• Pachycephala rufogularis
Red-lored whistler
• Pedionomus torquatus
Plains wanderer
• Phoebetria fusca
Sooty albatross
• Polytelis alexandrae
Princess parrot
• Polytelis anthopeplus
monarchoides
Eastern regent parrot
• Psophodes nigrogularis
leucogaster
Western whipbird (eastern
subsp.)
• Pterodroma mollis
Soft-plumaged petrel
• Rostratula australis
Australian painted snipe
• Stipiturus malachurus
parimeda
Southern emu-wren (Eyre
Peninsula subsp.)
• Thalassarche bulleri
Buller’s albatross
• Thalassarche cauta cauta
Shy albatross
• Thalassarche cauta salvini
Salvin’s albatross

• Thalassarche melanophris
Black-browed albatross
• Thalassarche melanophris
impavida
Campbell albatross

Fish (10 listed)
Endangered (3 listed)
• Craterocephalus fluviatilis
Murray hardyhead
• Maccullochella macquariensis
Trout cod
• Macquaria australasica
Macquarie perch
Vulnerable (7 listed)
• Galaxiella pusilla
Dwarf galaxias
• Maccullochella peelii peelii
Murray cod
• Mogurnda clivicola
Flinders Ranges purplespotted gudgeon
• Nannoperca obscura
Yarra pygmy perch
• Nannoperca variegata
Ewen’s pygmy perch
• Prototroctes maraena
Australian grayling
• Carcharodon carcharias
Great white shark

Endangered (1 listed)
• Euastacus bispinosus
Glenelg spiny freshwater
crayfish

Mammals (52 listed)
Presumed extinct (17 listed)
• Bettongia lesueur graii
Burrowing bettong
(boodie)
• Bettongia penicillata
penicillata
Brush-tailed bettong
• Caloprymnus campestris
Desert rat-kangaroo
• Chaeropus ecaudatus
Pig-footed bandicoot
• Conilurus albipes
White-footed rabbit-rat
• Lagorchestes hirsutus hirsutus
Mala (rufous hare-wallaby)
• Lagorchestes leporides
Eastern hare-wallaby
• Leporillus apicalis
Lesser stick-nest rat
• Macropus eugenii eugenii
Tammar wallaby (South
Australia)
• Macropus greyi
Toolache wallaby

Invertebrates (2 listed)

• Macrotis leucura
Lesser bilby

Critically endangered (1 listed)

• Notomys amplus
Short-tailed hopping mouse

• Synemon plana
Golden sun moth

• Notomys longicaudatus
Long-tailed hopping mouse
• Onychogalea lunata
Crescent nail-tailed wallaby
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• Perameles bougainville fasciata
Western barred bandicoot
(mainland)
• Perameles eremiana
Desert bandicoot
• Pseudomys gouldii
Gould’s mouse
Critically endangered (1 listed)
• Miniopterus schreibersii
bassanii
Southern bent-wing bat
Endangered (11 listed)
• Balaenoptera musculus
Blue whale
• Bettongia penicillata ogilbyi
Brush-tailed bettong
• Dasycercus hillieri
Mulgara
• Dasyurus maculatus maculatus
Spotted-tailed quoll (southeastern mainland population)
• Eubalaena australis
Southern right whale
• Isoodon obesulus obesulus
Southern brown bandicoot
• Notoryctes typhlops
Marsupial mole (itjari-tjari)
• Perameles gunnii unnamed
subsp.
Eastern barred bandicoot
(mainland)
• Phascogale calura
Red-tailed phascogale
• Sminthopsis aitkeni
Sooty dunnart (Kangaroo
Island dunnart)
• Sminthopsis psammophila
Sandhill dunnart

Vulnerable (23 listed)
• Arctocephalus tropicalis
Subantarctic fur seal
• Balaenoptera borealis
Sei whale
• Balaenoptera physalus
Fin whale
• Dasycercus cristicauda
Ampurta
• Dasyuroides byrnei
Kowari
• Dasyurus geoffroii
Western quoll
• Isoodon auratus auratus
Golden bandicoot
• Isoodon obesulus nauticus
Southern brown bandicoot
(Nuyts Island subsp.)

• Petrogale xanthopus
xanthopus
Yellow-footed rock-wallaby
• Potorous tridactylus tridactylus
Long-nosed potoroo
• Pseudomys australis
Plains mouse (Plains rat)
• Pseudomys fieldi
Shark Bay mouse
• Pseudomys shortridgei
Heath rat
• Pteropus poliocephalus
Grey-headed flying fox

Reptiles (9 listed)
Endangered (3 listed)
• Caretta caretta
Loggerhead turtle

• Leporillus conditor
Greater stick-nest rat

• Dermochelys coriacea
Leathery turtle

• Macrotis lagotis
Greater bilby

• Tiliqua adelaidensis
Pygmy blue-tongue skink

• Megaptera novaeangliae
Humpback whale

Vulnerable (6 listed)

• Mirounga leonina
Southern elephant seal
• Myrmecobius fasciatus
Numbat
• Neophoca cinerea
Australian sea lion
• Notomys fuscus
Dusky hopping mouse
• Nyctophilus corbeni
South-eastern long-eared bat
• Petrogale lateralis
Black-footed rock-wallaby
(McDonnell Ranges race)

• Aprasia pseudopulchella
Flinders worm-lizard
• Chelonia mydas
Green turtle
• Delma impar
Striped snake-lizard
• Liopholis kintorei
Tjakura
• Notechis scutatus ater
Krefft’s tiger snake
• Ophidiocephalus taeniatus
Bronzeback legless lizard
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Figure 2

Proportions of nationally listed threatened species recorded in South Australia by
taxonomic group, April 2012

Since the last South Australian state of the environment
report in 2008 (EPA 2008), 14 species that occur in South
Australia have been added to the lists under the EPBC Act:
• nine plant species: five critically endangered (Caladenia
intuta, Cassinia tegulata, Hibbertia tenuis, Thelymitra
cyanapicata and Veronica derwentiana subsp.
homalodonta), three endangered (Acacia spilleriana,
Prasophyllum pruinosum and Pultenaea trichophylla)
and one vulnerable (Acacia praemorsa)
• four bird species: three endangered (Australasian
bittern, mallee emu-wren and grey-headed albatross)
and one vulnerable (fairy tern)
• one freshwater crustacean: the endangered Glenelg
spiny freshwater crayfish. This freshwater crayfish has
also been added to the list of protected species under
the South Australian Fisheries Management Act 2007.
Over the same period, three vulnerable plant species
(Austrostipa nullanulla, Acacia imbricata and Basedowia
tenerrima), one vulnerable mammal species (Pearson
Island rock-wallaby), one vulnerable reptile (Pernatty
knob-tail gecko) and one vulnerable bird species (Gawler
Ranges thick-billed grasswren) have been de-listed
from the EPBC Act list of threatened species. A further

14 South Australian taxa have also been recommended for
removal from the national list of threatened birds. These
recommendations are primarily due to better knowledge
of distributions, population sizes or degrees of threat and,
for some, because new criteria have been used to define
near threatened. None has yet been removed because of
recovery (see Section 4.2).
Birds
The continuing decline of Australia’s bird species has
underpinned a revision of the EPBC Act list of threatened
species in The action plan for Australian birds 2010
(Garnett et al. 2011). This follows earlier action plans for
Australian birds (1990 and 2000). The 2010 action plan
recommends new listings for 19 species or subspecies
that breed in South Australia. Eight of these were already
listed but are now assessed to be in a worse status
category than 10 years earlier. Eleven others are listed in a
threat category for the first time, including six because of
recent taxonomic recognition of new subspecies of grasswrens. The list also includes at least 14 threatened oceanic
seabirds that do not breed in South Australia, but use
South Australian waters. It also includes an assessment
of non-breeding migratory waders for the first time,
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and 15 taxa assessed as threatened visit South Australian
mudflats and shorelines on a regular basis.
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As a follow-up analysis to the three decadal action plans
for Australian birds, Szabo et al. (2012) demonstrate that
South Australia has the second-worst IUCN Red List
indices of species survival for continental birds of all
Australian states and territories, excluding status changes
driven by threats operating outside of Australia. However,
their analyses also suggest that, if conservation actions
had not been in place over the past decade or more, eight
listed threatened bird species that occur in South
Australia would now be listed (or recommended for
listing) in a worse conservation status category (Szabo
et al. 2102).

Fish
The plight of many fish species that depend on our
inland waters has come to the fore relatively recently
(e.g. Hammer et al. 2009) and, as Figure 2 indicates,
fish species that occur in South Australia appear to be
overrepresented in the lists of those that are declining
(25% of native freshwater fish species listed nationally are
found in South Australia). In addition, three commercially
exploited fishes that occur in South Australia—school
shark, orange roughy and southern bluefin tuna—have
been added to a different EPBC Act list of ‘conservation
dependent’ species, acknowledging that their
conservation status needs to be recognised nationally and
their populations carefully managed through sustainable
fisheries management practices.

2.2.2 South Australian lists of threatened
species
Table 6 lists the numbers of threatened plant and
vertebrate animals in South Australia as listed under
Schedules 7, 8 and 9 (Threatened Species Schedules) of
the NPW Act.
The threatened species schedules that Table 6 is based
on have not been revised since the 2008 state of the
environment report was published. This is not a reflection
on actual changes in the status of threatened species
in South Australia. It is primarily because revisions
to the schedules require a complex legal process for
gazetting, which has meant that rather than one, two,
or a few species being added to, deleted from, or
changed between schedules, the entire schedules are
revised periodically.

Yellow-tailed black cockatoo
Barbara Hardy Institute

Freshwater fish
Status assessments undertaken as a basis for the Action
Plan for South Australia’s Freshwater Fishes (Hammer
et al. 2009) have indicated that, at the state level, there
are three species of freshwater fish presumed to be
extinct, eight that should be listed as critically endangered,
nine as endangered, nine as vulnerable and three as
rare (or near threatened). Only 26 species (45%) were
considered secure enough to not be recommended for
listing.
Several of the small-bodied threatened fish species
identified in the action plan have been added to the lists
of aquatic species that are protected under the Fisheries
Management Act 2007. All species await reassessment
in light of much more information now being available.
Amendments will need to be made to the NPW Act
before any of them can be added to the South Australian
Threatened Species Schedules.

Table 6

Numbers of South Australian state-listed threatened species, 2012
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Plants
(5858)

Mammals
(180)

Birds
(473)

Reptiles
(235)

Critically endangered and endangered (%)

161a (3)

21b (26)

34c (7)

9 (4)

0 (0)

Vulnerable (%)

196 (3)

21 (12)

32 (7)

9 (4)

4 (15)

Rare (%)

431 (7)

32 (18)

89 (19)

35 (15)

4 (15)

Total (%)

788 (14)

74 (56)

155 (33)

53 (23)

8 (30)

Amphibians
(27)

a Includes 26 species presumed extinct
b Includes 26 species presumed extinct
c Includes 8 species presumed extinct
Note: The total number of native species within each taxonomic group used to calculate the percentage in each threat category is the same as used in the
2008 state of the environment report. Fish are not included in the table because they are not listed under the National Parks and Wildlife Act 1972.

2.2.3 National lists of threatened ecological
communities
Six ecological communities that occur in South Australia
are currently listed as threatened under the EPBC Act.
These are:
• critically endangered
-- iron grass natural temperate grassland of South
Australia
-- peppermint box (Eucalyptus odorata) grassy
woodland of South Australia
-- swamps of the Fleurieu Peninsula
•

endangered
-- buloke woodlands of the Riverina and Murray–
Darling Depression bioregions
-- grey box (Eucalyptus microcarpa) grassy woodlands
and derived native grasslands of
south-eastern Australia
-- the community of native species that depend on
natural discharge of groundwater from the Great
Artesian Basin.

An additional two ecological communities in South
Australia have been nominated for listing:
• lower Murray River and associated wetlands,
floodplains and groundwater systems from the
junction of the Darling River to the sea
• Kangaroo Island narrow-leaf mallee communities.

Biodiversity

Status under the National Parks and
Wildlife Act 1972
(No. of South Australian native species)
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3 What are the pressures?
The 2011 Australian state of the environment report (State
of the Environment 2011 Committee 2011) identifies the
following pressures on Australia’s biodiversity:
• fragmentation of habitat
• climate change
• land-use change
• invasive species and pathogens
• grazing pressure
• altered fire regimes
• changed hydrology.
The most frequently cited threats in listings under
the EPBC Act and resulting recovery plans are habitat
fragmentation and the spread of invasive species.
There is also increasing recognition that climate change is
having, and will continue to have, a significant impact on
Australia’s biodiversity (Prober and Dunlop 2011). Climate
change will impact species and ecological communities
both directly and by exacerbating existing stresses or
pressures such as fragmentation, introduced species,
overharvesting, modification of the hydrological cycle
and changed fire regimes (Prowse and Brooks 2010). It
remains difficult to predict impacts accurately, but plants
and animals are likely to experience shifts or changes in
genetic composition, geographic ranges, lifecycles and
population dynamics (Steffen et al. 2009).

3.1 Pressures on native vegetation
In South Australia, the extent of native vegetation has
been greatly reduced in temperate parts of the state
(see Section 2.1.1) and in many areas its condition (see
Section 2.1.2) has declined since the time of European
colonisation. Native vegetation remains subject to a
number of pressures that can lead to further degradation.

3.1.1

Clearing and fragmentation

Vegetation is no longer cleared to the extent that this
occurred in the past, but continued degradation of
remaining native vegetation cover contributes to ongoing
fragmentation and incremental changes (Forman 1995).

Fragmentation tends to exacerbate the impacts of other
threatening processes by reducing the area of remnant
patches of native vegetation and increasing the exposure
of the edges of these remnant patches to invasions from
pest plants, animals and pathogens (Lindenmayer and
Fischer 2006).

3.1.2

Fire

Fire plays an important role in shaping Australia’s
biodiversity and is a factor that influences the
composition, structure and function of native vegetation.
Inappropriate fire regimes can lead to major changes in
the structure of ecological communities and increase the
risk of extinctions. As a result of climate change, fires
are likely to be larger and more frequent (Driscoll et al.
2010) because of more frequent and prolonged droughts
(Pittock 2009).
Prescribed burns are an important management tool used
by South Australian Government agencies (Department
of Environment, Water and Natural Resources [DEWNR];
Forestry South Australia; South Australian Water) to
reduce the risks that fire poses to human assets, as well
as for ecological outcomes such as regenerating firedependent plants. There are many uncertainties about
how to use fire to meet conservation goals, and existing
programs throughout Australia have insufficient data to
determine if they are being implemented successfully
(Penman et al. 2011). This is the case for both vegetation
and wildlife management because the response of a
range of species to fire remains poorly understood and
documented (Clarke 2008, Driscoll et al. 2010).

3.1.3

Other pressures on vegetation

A number of other pressures that impact native
vegetation were identified in the 2008 state of the
environment report for South Australia. These pressures
remain, and include:
• stock grazing—trampling of plants, browsing of adults
and seedlings, weed dispersal and disruption of native
plant recruitment

•

•

•

3.2 Land management and effects
on soil
Approximately 10.4 million hectares of cleared land
are used for agriculture in South Australia. Most of the
land in the state has been changed through grazing,
cropping, and the application of fertilisers, herbicides and
pesticides. Changes in the soil as a result of these land
uses affect biodiversity primarily by affecting vegetation.
Figure 3 shows a conceptual model of soil processes
and pressures.

3.2.1

Soil erosion
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Erosion is a natural process; however, the clearance and
cultivation of land for agriculture has resulted in rates of
soil loss that are many times higher than in undisturbed
environments. Soil erosion is the highest priority threat
to the agricultural soils in South Australia. Approximately
6 million hectares of agricultural land (58% of cleared
land) are inherently susceptible to wind erosion, and
3.2 million hectares (31%) are inherently susceptible
to water erosion (Soil and Land Program 2007ab). The
magnitude of this threat is recognised in Target 70
of South Australia’s Strategic Plan: Sustainable land
management (Government of South Australia 2011).
Without intervention, soil erosion can have adverse
social, economic and environmental impacts. Soil erosion
depletes the productive capacity of land as it removes
nutrients, organic matter and clay from soil, which are
most important for plant growth. Soil erosion also has a
wide range of costly offsite impacts, including damage
to roads; disruption to transport and electricity supply;
contamination of wetlands, watercourses and marine
environments; and human health impacts caused by
raised dust.
Soil is predisposed to a risk of erosion by physical
disturbance or removal of surface vegetative cover. Very
dry seasonal conditions increase the risk of erosion where
there is reduced vegetative cover resulting from poor crop
and pasture growth.

Grey-box forest, Mt Lofty
Barbara Hardy Institute
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•

senescence (ageing and deterioration) of adult plants
and low rates of seedling recruitment, symptomatic of
land cleared for agriculture and other purposes
pest animal, plant and pathogen invasions—
displacement of native species, disruption of lifecycles
and ecosystem processes, and degradation of
habitat quality
dryland salinity, which impacts productive land and
native vegetation; of 300 000 hectares affected
by dryland salinity in 2008, 18 000 were native
vegetation and 45 000 were classified as wetlands
direct human impacts such as trampling and
vehicle movement, soil compaction, destruction
and disturbance of vegetation, and illegal
firewood collection.
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Figure 3

Conceptual model of soil processes and pressures
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Soil erosion is difficult to measure directly because its
occurrence is highly sporadic. Instead, the protection
of soil from the risk of erosion is monitored, because
any trend in the risk would result in a matching trend
in actual erosion in the long term. The DEWNR has used
observational field surveys to assess the protection
of agricultural cropping land from erosion since 1999.
Telephone surveys of agricultural land managers are also
conducted to assess trends in land managers’ knowledge
of, and attitudes towards, soil management issues, and
the land management practices they use. These trends
provide quantitative evidence of practice change that can
explain observed changes in erosion protection.

350

20

Soil erosion has steadily declined in the agricultural
areas of South Australia over the past 70 years because
of improvements in farming practices, but soil losses
still occur with extreme wind or rainfall events, and after
severe or prolonged drought.

Soil protection (days per year)

Most of the erosion risk is due to cropping practices such
as tillage and stubble burning. Grazing management
is also an important factor, especially in dry years and
droughts. The highest risks associated with grazing occur
in late summer and autumn, when feed availability and
the cover of annual crop and pasture residues is declining.

Soil protection is expressed as the average number of
days per year that agricultural cropping land is adequately
protected from erosion. There has been an overall
upward trend in soil protection over the last 10 years,
despite several years of drought and other challenging
management issues (Figure 4). South Australia’s Strategic
Plan 2011 has a target to achieve a 25% increase in South
Australia’s agricultural cropping land that is adequately
protected from erosion by 2020, from the 2003 baseline.
The target requires an increase from 272 days of
protection in 2002 to 340 days in 2020. From 2003 to
2011 there was a 21% increase, from 272 to 328 days.

Year

Figure 4

Trend in the average annual
period of protection of agricultural
cropping land from soil erosion
in South Australia,2002–12 (days
soil protection per year, 3-year
rolling mean

Source: DEWNR (2011)

The adoption of more sustainable land management
practices, such as no-till sowing and stubble retention,
has improved the protection of soil from erosion. No-till
sowing involves sowing the seed in a narrow slot in the
soil to minimise soil disturbance and maximise residue
protection on the soil surface.

Spreading lime
Tim Herrmann
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The critical management practices that affect the risk of
soil erosion are:
• the occurrence, intensity and timing of tillage
operations
• the quantity and nature of surface cover.

Telephone surveys show that the proportion of crop area
sown using no-till methods has increased from 16% in
2000 to 66% in 2011 (Figure 5). This trend has occurred
in all the major cropping regions. There has also been a
corresponding reduction in the use of tillage and stubble
burning before sowing the crop. The trend in adoption of
no-till sowing is levelling off, and this may limit further
improvement in erosion protection.
80

47

2005

Surface soil acidity can be readily treated by applying
liming products. Acidity can also be ameliorated by
incorporating calcareous or alkaline clay, or using alkaline
irrigation water. The use of deeper rooted perennial plants
and effective management of soil nitrogen can reduce the
rate of acidification. However, subsurface acidity (below
10 cm depth) is more difficult and expensive to treat. If
acidic topsoils are not adequately treated, there is an
increased risk of subsurface acidification.
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Figure 5

(Soil and Land Program 2007ab). Many soils in the
higher rainfall areas of the state are naturally acidic. Soil
acidification can be accelerated by agricultural practices
including removal of grain, hay and livestock products
from the paddock, use of ammonium-containing or
ammonium-forming fertilisers, and leaching of nitrogen
derived from legume plants or fertilisers. Sandy-textured
soils and higher levels of production also tend to lead to
higher acidification rates.
The consequences of untreated highly acidic soils include:
• reduced growth and production of most agricultural
plants
• increased soil salinity due to increased drainage of
rainfall to groundwater
• increased leaching of iron, aluminium and some
nutrients, leading to contamination of surface and
groundwater
• structural breakdown of the soil.

70
Crop area sown to no-till (%)
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Change in the proportion (%) of
crop area sown using no-till sowing
methods in South Australia, 2000–11

Source: DEWNR (2011)

The use of clay spreading and delving to manage waterrepellent soil is becoming a factor in the protection of
soils from wind erosion. These techniques are widely used
in the Southern Mallee and upper South East areas, where
there are large areas of severely water-repellent soils.
Clay spreading and delving increases the clay content of
the surface soil, improving soil strength and resistance to
erosion. Crop and pasture production is also increased,
providing higher levels of plant cover to protect the soil
from erosion. Confinement feeding allows stock to be
removed from paddocks before surface cover declines
below critical protective levels. It is a very important
technique for preventing erosion during droughts and in
late summer and autumn when ground cover declines.

3.2.2 Soil acidity
After erosion, soil acidity is the second highest priority
threat to the sustainable management of agricultural soils
in South Australia. Approximately 1.9 million hectares
of agricultural land (20%) are affected by soil acidity

The DEWNR has monitored the amount of lime sold
annually in the agricultural regions of South Australia
since 1999. This provides an indirect measure of the
extent to which farmers have both recognised and
addressed the soil acidification problem.
Lime use in the state rose through the late 1990s but then
declined through the early 2000s, and has been relatively
steady since 2007–08 (Figure 6). The estimated amount
of lime required to balance the annual acidification rate in
the agricultural zone of South Australia is approximately
213 000 tonnes. The average amount of lime applied per
year over this period was approximately 113 000 tonnes—
only 53% of that required to balance acidification. There
are still large areas of land where acidification continues
to damaging levels. The DEWNR land manager surveys
indicate that there is inconsistency in land managers’
understanding and awareness of soil acidity in acid-prone
areas. Despite the relatively low cost of lime in South
Australia compared with other states, farmers often cite
cost as a key barrier to its use.
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EP = Eyre Penisula; NY = Northern and Yorke; AMLR = Adelaide and Mount Lofty Ranges; KI = Kangaroo Island; SAMDB = South Australian Murray–Darling
Basin; SE = South East
Note: Regional lime sales data is approximate because of difficulties in delineating lime sales between regions.

Figure 6

Estimates of the amount of lime sold from 1998–99 to 2010–11 by natural resource
management region, and total for South Australia

Lime also needs to be applied to raise the pH of soils that
are already acidic. An estimated additional 1.1 million
tonnes of lime is required to treat topsoils that are already
acidic (DEWNR 2011).

and its replacement with annual crops and pastures has
resulted in higher groundwater levels. This has caused
streams, wetlands, native vegetation and agricultural land
to become salt affected, waterlogged and degraded.

Soil acidification is becoming an increasing issue in
cropping districts due to high levels of production and
increased use of nitrogenous fertilisers. Subsurface acidity
is more widespread than previously recognised, and is
an issue in the Mount Lofty Ranges, Kangaroo Island
and South East regions. Soil acidification will continue to
increase unless remedial action is improved.

Dooley et al. (2008) reported that approximately
360 000 hectares were affected by dryland salinity
in South Australia. This equates to 2.3% of all land in
the agricultural zone. They also reported that the net
extent of salinity in South Australia has not measurably
increased since 2000, largely due to 11 years (1997–2008)
of lower than average rainfall experienced across South
Australia’s agricultural districts.

3.2.3

Dryland salinity

Dryland salinity in South Australia impacts land, water
and biodiversity assets, and the productivity and
quality of crops and pastures. Dryland salinity has many
economic impacts, particularly in regional communities,
because of to lost agricultural production and salt damage
to roads, buildings and other infrastructure. In many parts
of the state, historical clearance of native vegetation

From the early 1990s to the mid-2000s, the extent of
land that was affected by dryland salinity in most regions
decreased by around 2% per year. The one exception
was Kangaroo Island, where factors such as time since
clearing the original native vegetation, and a continuation
of close to average rainfall, resulted in an average 2%
increase in land affected by dryland salinity in monitored
catchments. Field visits to monitoring sites through the
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state have shown little change in the extent or severity of
dryland salinity since 2008 (DEWNR 2012a).
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Depth to groundwater is the main indicator used for
monitoring trends in dryland salinity. Late in 2011, records
of depth to groundwater from 130 bores across the state
were analysed to determine whether trends had changed
since 2008 (DEWNR 2012a). The impact of a return to
average or above-average rainfall in recent years on depth
to groundwater can be summarised using four response
trends (Table 7).
In summary, the analysis shows that from the mid-1990s
to 2008, the majority of groundwater levels across
South Australia were exhibiting stable or falling trends
due to the rainfall deficit and, as a result, the risk that
salinity posed to valuable assets across the state had
decreased. Figure 7 illustrates a declining linear trend in
depth to groundwater (13 centimetres per year) since the
early 1990s.
However, a return to above-average rainfall since 2008
has resulted in episodic rise of groundwater from more
than 4 metres deep to within 1 metre of the soil surface
(Figure 7; trend 1 in Table 7). This scenario was observed
in both local and regional groundwater flow systems.
If these rises in groundwater are sustained such that
previously falling trends in depth to groundwater are
reversed, a corresponding increase in the risk of new or
reactivated outbreaks of dryland salinity is likely.
Of more immediate concern are areas where episodic
recharge has brought shallow groundwater to within a
critical salinisation depth of the soil surface (less than
2 metres, which then induces surface soil salinity), and

Table 7
Trend

areas where long-term rising trends in depth to
groundwater have continued unabated, such as on the
Northern Adelaide Plains.
The future impact and risk of dryland salinity will depend
largely on future rainfall patterns, climate change, the
nature of the groundwater system and the effectiveness
of interventions to slow or halt a rise in groundwater.

3.2.4 Soil carbon
Soil organic carbon is a measure of the amount of
organic matter in soils and is an indicator of soil health.
The amount of organic carbon is a balance between
inputs (from plants and microorganisms) and losses
(from natural breakdown and erosion). Rainfall and soil
texture are two key factors that determine the amount of
carbon that can be grown and stored in soils. The various
components of organic carbon have varying degrees of
resistance to breakdown, and the relative proportions of
these can be used as an indicator of soil health.
A long-term decline in soil organic carbon has a negative
impact on fertility, productivity, resilience and mitigation
of climate change. Soil carbon loss has occurred as a result
of historical land clearance for agricultural production,
but some of the loss can be reversed by using appropriate
management practices such as reduced tillage. The carbon
deficit in soils provides opportunities for mitigating climate
change through carbon sequestration.
Currently, there are too few data available on soil
carbon, and research is continuing to improve sampling
techniques, analytical methods, and relationships with
management practices, soil health and productivity.

Trends for groundwater depth and salinity risk, 2012
2012 groundwater response to rainfall

Percentage
of bores

1

Bores maintain a falling linear trend, but with a marked episodic rise in 2010 and/or 2011.
No increased salinity risk in the short term, except where episodic rise brings groundwater to
within 2 metres of the soil surface

35

2

Bores maintain a falling linear trend, but with no marked episodic rise in 2010 or 2011.
No increased salinity risk. The lack of an observed episodic rise in groundwater levels may
be related to time lags associated with regional groundwater flow systems and depth of
groundwater, or to site-specific rainfall variability

15

3

Bores continue to exhibit a variable or seasonal response to rainfall. Salinity risk remains
unchanged in the short term

30

4

Bores maintain a rising linear trend, with or without a marked episodic rise in 2010 or 2011.
Salinity risk is increasing where groundwater is approaching 2 m of the soil surface

20

Source: DEWNR (2012b)
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SWL = standing water level
Source: Data from DEWNR and the Bureau of Meteorology

Figure 7

Bore hydrograph from the Jamestown area (Northern and Yorke natural resource
management region) with long-term mean rainfall and annual rainfall for Jamestown,
1991–2011

3.3 Pests and diseases
Introduced pests and diseases cover a wide range of
life forms—vertebrates, invertebrates, plants, algae
and pathogens (including fungal, bacterial and viral
organisms). Some pests originated as deliberate
introductions, such as garden plants and pets, which
escaped or were released to form wild populations.
Since European settlement, approximately 70% of
garden plants in Australia have become naturalised
(i.e. established wild populations; Virtue et al. 2004),
though many fewer have become major weeds. Other
pests originated from accidental introductions, such as
marine pests in ballast water or soilborne diseases on
vehicles and footwear.
The impacts and management of invasive introduced
species pose costs to both productivity and the natural
environment. The Australian Bureau of Statistics (ABS
2008) estimated the annual cost of weed and pest
control to South Australian farmers in 2006–07 as $209
million for weeds and $68 million for pests. Gong et al.
(2009) estimated the total annual economic loss to

Australian agriculture and horticulture from pest animals
was $620 million per year. Difficulties in valuing natural
ecosystems in dollar terms means that there are no
equivalent figures for environmental costs. However,
biological invasions by non-native species are recognised
internationally as a leading threat to natural ecosystems
and biodiversity (Vitousek et al 1997). International and
national trade and tourism means there is a constant risk
of entry of new pests and diseases to South Australia.
There is also an ongoing risk of animals and plants held in
captivity or cultivation becoming new pests. This requires
effective systems to identify new pests and diseases early
so that their establishment can be prevented.
Distribution and abundance trends have been derived for
this report from expert knowledge in Biosecurity South
Australia (Biosecurity SA) and the DEWNR, based on a
range of data sources including study sites, field reports,
specimen records, control programs and observations by
land managers. Such trends can be variable across the
state, according to whether a pest is new or widespread
in a region, and whether there have been coordinated
control programs.
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Trends in distribution and abundance of key established
pests and diseases are as follows:
• Increasing—rabbits, feral goats, European fanworm,
oriental weatherloach, silverleaf nightshade,
Phytophthora cinnamomi, sarcoptic mange of wombats
• Steady—feral deer, European carp, bridal creeper,
opuntioid cacti
• Decreasing—feral camels, Caulerpa taxifolia, gorse
• Unknown—chytridiomycosis.
Trend in numbers of new pests and diseases are
as follows:
• Increasing—weeds, marine pests, aquatic pests, native
plant diseases
• Steady—terrestrial vertebrate pests
• Unknown—wildlife diseases.

3.3.1

Vertebrate pests

In South Australia, terrestrial vertebrate pests (invasive
mammals, birds, reptiles and amphibians) are managed
under the Natural Resources Management Act 2004 (NRM
Act), with regionally led programs by the NRM boards in
the DEWNR, and state coordination through Biosecurity
SA in the Department of Primary Industries and Regions
South Australia (PIRSA). Fish are managed under separate
legislation (see Section 3.3.2). The intergovernmental
Vertebrate Pests Committee and the Australian Pest
Animals Strategy provide national policy frameworks for
pest animal management.
There are currently 35 exotic vertebrates (excluding
fish) established in the wild in South Australia. This
figure has not changed since the 2008 state of the
environment report.
Incursions
There have been six confirmed detections of vertebrate
incursions since 2008: three lone cane toads arrived
on interstate transport, a red-eared slider turtle was
illegally offered for sale in Adelaide, an Indian mynah
was discovered at Adelaide airport, and a red-whiskered
bulbul was discovered in the Adelaide suburbs. South
Australia remains at risk from natural or human-aided
incursions from interstate, and escape or release of
illegally held species within South Australia.
Cane toads (Bufo marinus) are currently moving down
south-western Queensland river systems towards Cooper
Creek, which flows into north-eastern South Australia.
A survey by Biosecurity SA in 2011 confirmed that cane
toads are currently about 500 kilometres from the
South Australian border, having moved approximately
80 kilometres downstream the previous season. Expert

opinion is divided on whether conditions are suitable for
their long-term survival in arid central Australia.
Established vertebrate pests
Rabbits (Oryctolagus cuniculus) occur across most of
mainland South Australia and continue to be a difficult
animal pest to manage. Favourable seasonal conditions
and the waning effectiveness of rabbit haemorrhagic
disease have both contributed to increased rabbit
numbers in the state since 2008. For example, in the
Flinders Ranges National Park, numbers have recovered
to pre-disease levels (DEWNR 2012b).
Feral goats (Capra hircus) occur in the southern and
central areas of the state, particularly the Gawler and
Flinders ranges and eastern pastoral areas south of the
Dog Fence. Based on DEWNR aerial counts (collected
with kangaroo survey data), goat numbers across
some of the rangelands area declined during 2010 to
about 300 000, countering four consecutive years of
strong increase in preceding years. This coincides with
a program of landholder incentives for goat control
and ongoing helicopter culling. However, in 2011, the
estimated population rose again to 390 000, most likely
in response to favourable seasonal conditions and greater
breeding success.
Feral deer (Cervus spp.) occur infrequently across
southern South Australia, particularly the Mid North
and Mount Lofty Ranges, with the highest abundance
occurring in the upper South East. Feral deer impact
native vegetation, damage pasture and crops, host
livestock diseases and can be traffic hazards.
Feral camels (Camelus dromedarius) are widely distributed
across the rangelands north of the Dog Fence. Nationally,
the feral camel population was estimated at approximately
750 000 in 2012 (Australian Feral Camel Management
Project, unpublished data), with considerable seasonal
movement across state and territory borders. A substantial
reduction in feral camel numbers is required to reduce
severe impacts on rangelands biodiversity, Aboriginal
cultural sites, pastoral production, community and rural
infrastructure, and scarce water resources.

3.3.2

Aquatic pests

Aquatic pests include exotic fish, shellfish, invertebrates
and algae that pose a threat to South Australia’s marine
and freshwater environments. Such pests can impact
biodiversity and industries by outcompeting native
species for habitat and food, and adversely affecting the
ecosystems on which fishing, aquaculture and tourism
industries often depend. At the state level, aquatic pests
are managed by Biosecurity SA through the Fisheries
Management Act 2007.

There are 20 introduced marine species that could be
considered currently established in South Australia
(Wiltshire et al. 2010). This number includes the naval
shipworm Teredo navalis, which was confirmed in
Port Lincoln by Biosecurity SA in 2011 after Wiltshire
et al. (2010) could not list it as a confirmed report. An
additional three species are likely to be present based on
recent records.
The invasive seaweed Caulerpa taxifolia has declined in its
range in the Port River since 2008. The West Lakes area
remains clear after the 2003 eradication program and the
secondary infestation in the North Haven marina in 2008
was effectively eradicated.
The European fanworm Sabella spallanzanii has increased
its range after reaching Kangaroo Island and potentially
other regions of the state in disturbed habitats.
Freshwater pest species
Freshwater pest fish compete with native species for
available food and habitat, predate on native species
and affect water quality, with adverse impacts on entire
ecosystems. There is very little information available
on the distribution and extent of these species in
South Australia.
Newer threats are directly related to the accidental or
intentional release of exotic aquarium species. Species
that are native to other drainage basins in Australia are
also increasingly being released into South Australian
waterways, with unknown biological repercussions.
Oriental weatherloach (Misgurnus anguillicaudatus) was
detected for the first time in South Australia in 2011, when
several fish were caught during survey work in the upper
reaches of the Murray–Darling Basin. Release of any
of these species, following capture, is illegal under the
Fisheries Management Act 2007.
European carp (Cyprinus carpio) has extended its range to
almost the whole of the Murray–Darling Basin. Carp can
reduce water quality and damage aquatic habitats, and
large-scale control is difficult (Koehn et al. 2000).

Speckled livebearer (Phalloceros caudimaculatus) was
found in a four-kilometre stretch of Willunga Creek in
2008. This was the first record of this species in South
Australia, and an eradication program was implemented.
Following treatment of the area over 18 months, the
population was eradicated and native galaxia species
were reintroduced into the treated area.

3.3.3

Weeds

Weeds are wild plants that require some form of
management action to reduce their harmful effects
on the economy, the environment, human health or
amenity. In South Australia, the government’s oversight
role in managing weeds is primarily through the
NRM Act, with regionally led programs by the NRM
boards in the DEWNR, and state coordination through
Biosecurity SA in PIRSA. The Australian Weeds Committee
and the Australian Weeds Strategy provide national
policy frameworks.
Incursions
A plant that is introduced into an area and maintains
itself without human help is considered naturalised
and can become a weed. The recorded number of
naturalised plant species in South Australia has increased
since 2008 (Figure 8). The increase is indicative of the
ongoing process of plants escaping from cultivation
(e.g. ornamental plantings), but is also linked to increased
government investment in field surveillance since 2009.
The declaration of plants under the NRM Act provides a
legal basis for containing the spread of serious weeds.
Numbers of declared plants have not changed since 2008
(Figure 8). However, Biosecurity SA and regional NRM
boards have been collaboratively reviewing state-level
policies and plant declarations under the NRM Act, and
the total number of declared plants is likely to increase
pending the outcomes of this review.
The most serious incursion of a declared plant since 2008
was the sale of Mexican feathergrass (Nassella tenuissima)
by several retailers. NRM boards undertook a traceback
and destroy program to detect Mexican feathergrass
plantings. In addition, a garden planting of serrated
tussock (Nassella trichotoma) was detected and destroyed
by the Adelaide and Mount Lofty Ranges NRM Board
in 2010.
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Marine pest species
South Australia’s coastal waters are under increasing
threat from a range of marine pest species as a result of
increases in vessel traffic and climate change. Commercial
shipping is one of the most commonly recognised
carriers of marine pests. Recent research by Hewitt and
Campbell (2010) suggests that vessel biofouling—where
organisms attach to the outside of ships—has been a
larger contributor (60%) to the translocation of marine
pests than commercial shipping ballast water (24%) in
Australia, based on those species examined in the study.

Wheel cactus (Opuntia robusta) and other opuntioid cacti
(known generically as prickly pears) are spiny, succulent
shrubs with the potential to spread widely across the
state’s extensive rangeland regions. They displace native
vegetation and reduce pastoral productivity.
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Silverleaf nightshade (Solanum elaeagnifolium) is a
deep-rooted perennial weed of pasture and cropping
land, present in all regions but most abundant in the
Mid North, eastern Eyre Peninsula and upper South East
region, where regular control programs are implemented.
Its distribution is slowly increasing because of dispersal of
seed by movements of livestock and fodder.

NRM Act = Natural Resources Management Act 2004

Figure 8

Changes in indicators for
introduced plants, 2008 and 2012

Established weeds
Weeds of National Significance (WoNS) are high-impact
established weeds that have been formally endorsed
by the Australian Government and state and territory
governments as requiring nationally coordinated
management, following a risk assessment process
(Australian Weeds Committee 2012). Of the 32 WoNS,
11 are widely established in South Australia (African
boxthorn, asparagus weeds, athel pine, blackberry,
boneseed, brooms, Chilean needlegrass, opuntioid cacti,
gorse, silverleaf nightshade and willows) and 10 are
subject to surveillance and response programs (alligator
weed, cabomba, mesquite, parkinsonia, parthenium
weed, prickly acacia, sagittaria, salvinia, serrated tussock
and water hyacinth). Full details on WoNS, including their
impacts, biology, current distribution and management,
are available at www.weeds.org.au/wons.

Besides WoNS, there are other established weeds in South
Australia that have the potential to increase their range
and impacts. A key example is buffel grass (Cenchrus
ciliaris), a perennial tussock grass that has been planted
in northern Australia for pasture production and dust
control. In South Australia, it is now scattered across the
northern pastoral zone, with extensive infestations in the
far north-west (Biosecurity SA 2012). Buffel grass invasion
poses a high risk to arid rangelands, forming dense
monocultures that displace native plants and increase
fire frequency.

Bridal creeper (Asparagus asparagoides) is a vigorous
South African vine that spread from gardens to invade
bushland across much of southern South Australia.
Rust and leafhopper biological controls are now widely
established. However, a variant of the weed, termed
Western Cape bridal creeper, has established in the South
East and north-east Adelaide and is not susceptible to the
biological controls.
Gorse (Ulex europaeus) is a spiny shrub that causes a
problem in high-rainfall areas including the Mount Lofty
Ranges, Clare Valley and the lower South East. The overall
distribution of gorse is declining as a result of intensive
control programs.

Jumping cholla at Arkaroola Wilderness
Department of Primary Industries and Regions South Australia

3.3.4 Native plant and wildlife diseases

Phytophthora cinnamomi is a water mould that is carried
in soil and water and rots the roots of susceptible plants,
causing eventual death of a wide variety of native
plant species. P. cinnamomi has spread throughout the
Mount Lofty Ranges and parts of Kangaroo Island, and
is suspected to have spread to the lower Eyre Peninsula.
It has recently been detected in the South Australian
Arid Lands NRM region. There is no known method of
eradicating P. Cinnamomi and controlling its spread relies
on quarantining affected areas and adopting strong
hygiene procedures.
Chytridiomycosis (caused by Batrachochytrium
dendrobatidis) is a potentially fatal epidermal disease of
amphibians (Berger et al. 2004), including the nationally
vulnerable southern bell frog (Voros et al. 2012). The
fungal disease emerged in Australia in the 1970s. It is
believed to be widespread in Australia, although its
prevalence in South Australia is largely unknown.
Sarcoptic mange is a skin disease that affects wombats.
It is caused by a parasitic mite (Sarcoptes scabiei var.
wombati) that burrows under the skin, resulting in
intense itching, wounds, scabs and hair loss, and
may eventually lead to liver and kidney damage and
pneumonia. Wombats can die within two to three months
of contracting the disease. In the Murraylands, 75% of the
southern hairy-nosed wombat population is affected by
the mite (Ruykys et al. 2009), and it also threatens the
survival of some of the smaller wombat populations on
the Yorke Peninsula (Taggart and Sparrow 2010).
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Exotic diseases have the potential to devastate
populations of native plants and animals, as well as
potentially impact agricultural crops, domestic animals
and human health. An outbreak is likely to reduce the
number of native plants and/or animals in a population,
particularly if they are already stressed by other factors
such as drought, habitat loss and climate change, with
risks to the long-term survival of vulnerable populations
and species.
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4 What are we doing about it?
There are many organisations and individuals, as well as
the three spheres of government (local, state and federal),
that contribute to the protection and management of
natural resources. The Government of South Australia,

Table 8

through its NRM Program, invests money through several
subprograms. Table 8 describes some of the activities and
outputs between 2008 and 2011.

Number of activities and outputs delivered between 2008–09 and 2010–11, as reported
in Natural Resource Management Program annual reports

Activity

2008–09

2009–10

2010–11

Number of training or awareness-raising
events

213

159

436

Number of awareness-raising materials
developed

135

148

251

260 750 ha

na

3167 ha

New conservation agreements established

na

453, covering 4130 ha

141, covering
11 139 ha

New areas of native vegetation protected or
improved

na

10 500 ha

44 852 ha

Extent of fencing

na

104 km

68 km

Area revegetated

na

762 ha

646 ha

New areas of native animal conservation
measures

na

3.1 million ha

60 140 ha

Number of construction works to improve
water quality completed

na

10

27

Number of cultural heritage sites protected or
maintained

na

8

1

Number of studies/reports completed

129

45

125

Number of new monitoring programs
established

384

20

63

Number of resource management plans/
strategies/guidelines completed

65

106

81

9631 hours

1227 volunteers,
31 140 hours

2136 volunteers,
54 308 hours

Area treated for sustainable land management

Number of volunteers and hours contributed
ha = hectare; km = kilometre; na = data not available

Table 9

an additional $18.7 million (GST exclusive) was allocated
through Working on Country (a Caring for our Country
subprogram).
The relative contribution made by individuals, groups,
organisations and agencies, and a comparison of the
value between different activities are complex and not
reported here.

Funding allocated by the Government of South Australia, as reported in Natural
Resource Management Program annual reports, 2008–09 to 2010–11
2008–09a

Proponent

No. of
projects

2009–10

Funding
($‘000)

No. of
projects

2010–11

Funding
($‘000)

No. of
projects

Funding
($‘000)

38

3 286

55

2 472

42

2 187

2

20

7

1 043

2

850

Eyre Peninsula NRM Board

17

1 828

24

1 208

17

867

Kangaroo Island NRM Board

13

998

17

1 134

21

757

Northern and Yorke NRM Board

8

948

11

406

22

763

South Australian Arid Lands NRM Board

8

558

12

807

46

1696

South Australian Murray–Darling Basin
NRM Board

46

1 802

41

1 328

9

389

South East NRM Board

16

1 088

11

1 223

14

592

Otherb

35

7 674

27

6 379

13

4 500

183

18 202

205

16 000

186

12 601

Adelaide and Mount Lofty Ranges NRM
Board
Alinytjara Wilurara NRM Board

Total

NRM = natural resource management
a Includes Australian Government funding
b Reported differently in different annual reports (combines state government agency, multiregion strategic projects and stormwater projects; does not
include projects with no assessment process—for example, legislative review
Notes:
1. The 2008–09 figure combines the final year investment of the joint Natural Heritage Trust and National Action Plan for Salinity and Water Quality with
South Australia’s NRM Program investment; however, the 2009–10 and 2010–11 figures do not.
2. Other than 2008–09, the information does not include:
• Australian Government Caring for our Country (CFOC) baseline funding, CFOC competitive grant funding, environmental stewardship, Community
Action Grants, etc.
• SA State Government Vegetation (and other small grant) funding
• the contribution made by ‘friends of’ groups
• the contribution and funding made by local government associations and environmental nongovernment organisations.
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Table 9 shows the financial investment made in managing
the state’s natural resources. The Australian Government
has made a large investment in South Australia through
its Caring for our Country funding initiative; between
2008 and 2012, $17.5 million was allocated to fund
91 competitive projects. The eight NRM regions received
$88.36 million (GST exclusive) in base-level funding, and
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At the state level, a range of legislation, policies,
strategies and programs are being used to address
pressures on native vegetation.

result of human impacts’ (Government of South Australia
2011). The delivery of this target is supported by the
strategy No species loss—a nature conservation strategy
for South Australia 2007–2017, which aims to influence
government, community and industry (DEH 2007).

4.1.1

4.1.3

Native vegetation legislation

Native vegetation legislation has been in place since 1991
to provide a level of protection to what remains following
historical clearance.
Under the Native Vegetation Act 1991 and Native
Vegetation Regulations 2003, authorised clearance of
native vegetation in South Australia must be accompanied
by an environmental benefit offset. This can be achieved
through management or restoration of native vegetation
(column 1) , or payment into the Native Vegetation Fund
(column 2) (Table 10).

Table 10

Summary of environmental benefit
offsets for native vegetation
clearance, 2009–10 to 2011–12

Year

Total benefit
area (ha)

Financial offset ($)

2009–10

320.24

39 804.59

2010–11

161.10

29 509.00

2011–12

2166.26

8 278.00

Source: Native Vegetation Council (2012)

The DEWNR is undertaking a review for the Native
Vegetation Council of the way in which environmental
benefit offsets are calculated. This is intended to improve
consistency between methods used to determine offset
requirements, and to ensure that payments made in place
of an offset are equitable and realistically reflect the cost
of restoration. This work is being done in conjunction
with the Council of Australian Governments’ national
reform project on environmental offsets.

4.1.2 State government policy
The NRM Act provides regional NRM boards with powers
and functions to integrate the administration of water,
soil and land management, together with legislation for
animal and plant control. The intent is to better integrate
the management of all natural resources in the state.
A key goal of the 2012 State NRM Plan (DEWNR 2012b)
is to improve the condition and resilience of the natural
environment. This includes targets for native vegetation
extent and condition. South Australia’s Strategic Plan
2007 includes a target to ‘lose no native species as a

Protected areas

In South Australia, protected areas are established under
the NPW Act. In the 2008 state of the environment
report, approximately 25 306 485 hectares of land, or
25.8% of the state, was under some form of protected
status, an increase of 1% since 2003. In 2011, the total
area increased to 27 906 210 hectares. The primary
changes have been increases in the area of land classed
as Indigenous protected area (an increase of 39.6% since
2008), wilderness area (an increase of 27.9%) and native
forests (an increase of 35.6%) (Figure 9).
Public land conservation is managed by the DEWNR, and
private land conservation is supported through heritage
agreements under the Native Vegetation Act, sanctuaries
under the NPW Act, and Indigenous protected areas
under Commonwealth legislation. Forestry SA manages
native forest reserves under the Forestry Act 1950.

4.1.4 Revegetation programs
Revegetation is a useful indicator of management
response to the loss of native vegetation. Large-scale
programs to restore native vegetation communities
have been conducted over several decades in South
Australia using state and national (e.g. Caring for our
Country) funding.
Between 1999 and 2008, the total area of revegetation in
South Australia fluctuated considerably, with a mean area
revegetated of 12 876 hectares each year. Revegetation in
2008 was substantially lower than the average (50% less
than the 2007 level) (Table 11). All revegetation activities
decreased in 2008 from the previous year. The area of all
revegetation activities (except forestry—softwood) was
lowest in 2008.
Further investment in revegetation is occurring through
new funding opportunities such as the Australian
Government Biodiversity Fund. This has the potential
to promote positive carbon and biodiversity benefits,
but policymakers are aware that negative outcomes
are possible. These potential ‘bio-perversities’ include
clearing native vegetation to establish tree plantations,
planting trees that become invasive taxa, and failing to
anticipate how different groups of people respond to an
environmental problem (Lindenmayer et al. 2012).
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Figure 9

Protected areas in South Australia
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Area of South Australian revegetation activities (hectares), 1999–2008

Type of
vegetation

1999

2000

2001

2002

Indigenous

3 770

4 050

3 910

4 060

Native (nonindigenous)

1 050

380

790

10

20

0

2004

2005

4 540

5 130

4 630

3 390

3 470

1 750

330

100

190

920

230

80

180

40

60

20

30

30

50

20

10

630

250

450

440

510

60

170

10

0

1 490

1 210

1 300

320

1 090

580

640

180

240

160

570

210

70

10

50

10

10

0

0

0

10

50

10

100

30

70

30

10

0

Forestry—
hardwood

2 940

21 130

6 730

6 010

590

6 640

1 120

1 300

2 000

610

Forestry—
softwood

3 050

2 940

90

890

560

590

4 430

3 810

5 180

4 030

12 890

30 620

13 190

12 230

7 420

13 750

11 870

9 140

11 000

6 740

Native
grasses
Farm forestry
Saltbush
Tagasaste
Product
species

Total

2003

2006

2007

2008

No data

Source: DEWNR (2012)

4.1.5 Fire management policy and programs
The DEWNR fire management policy provides a
framework for the management of fire on public and
private lands. Since the 2009 Victorian bushfires and
the subsequent Royal Commission, land management
agencies have placed a stronger emphasis on planning
and conducting prescribed burning to reduce fuel hazard
levels. In 2010, the South Australian Government set a
target to use prescribed burning for fuel reduction in 5%
of high-risk public lands.
Between July 2008 and December 2011, 33 900 hectares
were burnt in prescribed burning operations on land
managed by the DEWNR, Forestry SA and SA Water.
During the same period, 244 700 hectares were burnt
by unplanned bushfires, including a small area of private
land (DEWNR Fire Management Branch, pers. comm.).
The need to manage fire in a way that protects life
and property and enhances biodiversity values, is well
recognised in South Australia (Fire and Emergency Services
Act 2005, DENR 2011a). If fire management of native
vegetation is to provide ecologically sustainable outcomes
for biodiversity conservation, management decisions
need to be based on the best information available
and need to look beyond an event-based management

perspective to include a broader spatial and temporal
view. Careful consideration of the different elements of
fire regimes will therefore be needed when managing
areas of native vegetation in South Australia. The DEWNR
has a zoning policy that outlines the zoning used for fire
management planning on DEWNR-managed lands (DENR
2011a). Zoning is derived from:
• the level of perceived risk to life, property and
environmental assets, using the Fire policy and
procedure manual (DENR 2011a)
• the overall fuel hazard, which is assessed using the
Overall fuel hazard guide for South Australia (DENR
2011b) in accordance with the Fire policy and procedure
manual (DENR 2011a)
• the activities considered appropriate to mitigate
the threat that fire poses to life, property and
environmental assets.
The management of fire to maintain or enhance
biodiversity is therefore based on accumulating
knowledge of flora and fauna species, populations and
communities and their response to fire regimes, and then
applying this knowledge to fire management practices to
maximise biodiversity outcomes.

4.1.6 Native vegetation reform project

4.1.7

Climate change policy and research

South Australia’s adaptation framework, Prospering in a
changing climate: a climate change adaptation framework
for South Australia (Government of South Australia 2010),
outlines South Australia’s policy approach to climate
change adaptation. This is complemented by Tackling
climate change: South Australia’s Greenhouse Strategy
2007–2020 (Government of South Australia 2007b), South
Australia in a changing climate: blueprint for a sustainable
future (CCSA 2009) and A regional climate change decision
framework for natural resource management (Bardsley and
Sweeney 2008).
Management regimes need to increase the capacity of
ecosystems to adapt to climate change, including by
creating opportunities for plants and animals to migrate
as climate change occurs through actions such as
maintaining native vegetation corridors (DEH 2006).
The DEWNR is currently a partner in a number of
research projects that focus on climate change. These
include modelling flora species populations as part of
an Adelaide University ARC Linkage project (Delean
et al. 2011, Fordham et al. 2012), and participating
in a project with the Commonwealth Scientific and
Industrial Research Organisation (CSIRO), the Australian
Government Department of Climate Change and Energy
Efficiency (now the Australian Government Department of
Industry, Innovation, Climate Change, Science, Research
and Tertiary Education) and the Future Farm Industries
Cooperative Research Centre to improve carbon
sequestration assessment methodologies and refine
national carbon sequestration models (Hobbs et al. 2010).

4.2 Threatened species and ecological
communities
Several conservation strategies are being used to try to
slow, halt and, where possible, recover the decline in
many of the state’s threatened species, including:
• implementing local action plans to help protect
individual populations of threatened species through

•
•

Table 12 summarises the numbers of state-listed
threatened species for which one or more of these
strategies is being employed. The table focuses only
on those species listed in Schedules 7 and 8 of the
NPW Act (endangered and vulnerable), as these are the
priority species for immediate attention. The many other
species listed in Schedule 9 (rare) often benefit from the
activities undertaken to protect and improve the habitats
and populations of endangered and vulnerable species.
Figure 10 shows the percentage of threatened species
that have current recovery plans.
Table 12 and Figure 10 demonstrate that investment has
focused on the critically endangered and endangered
species compared with those that are considered
vulnerable. A proportion of the species for which no
specific conservation activities are noted include oceanic
seabirds, poorly known whale species and a few poorly
known terrestrial species (e.g. night parrot).
For threatened ecological communities, recovery plans
have been prepared for the buloke woodlands of the
Riverina and Murray–Darling Depression bioregions,
the community of native species that depend on natural
discharge of groundwater from the Great Artesian
Basin and iron grass natural temperate grassland of
South Australia. Recovery plans are being prepared for
peppermint box (Eucalyptus odorata) grassy woodlands of
South Australia and for swamps of the Fleurieu Peninsula.
Systematic surveys underpin effective conservation
actions for threatened species. One example is the
surveys of freshwater fish habitats within the South
Australian Murray–Darling Basin and the south-east of
the state. Data collected over the past decade identified
catastrophic declines in populations of several native
fish species, such as the purple-spotted gudgeon, Yarra
pygmy perch and Murray hardyhead. The loss of aquatic
vegetation, and water-level declines due to drought
and over extraction were identified as the causes. This
information highlighted the need for emergency rescue
action and resulted in the design of a captive breeding
program. Different fish species were collected from the
wild and bred in captive facilities, which included primary
schools and farm dams. Activities to restore fish habitat
were implemented and additional water was allocated in
key sites. These management actions were undertaken
by different organisations and groups until water levels
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The Government of South Australia is undertaking a
project to improve the integration of native vegetation in
the land-use planning system. The outcome of the project
will be the mapping of areas of high conservation value
native vegetation as part of producing structure plans for
priority urban growth areas.

feral animal management, weed management, fire
management, assisted pollination and propagation
implementing species recovery plans, with many
activities carried out across the species’ entire range
collecting and storing seeds from a range of
individuals in different threatened plant populations.
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Table 12

Numbers of species for which conservation or recovery strategies are being employed,
April 2012

Taxonomic group

Presumed extinct in
South Australia

Critically
endangered

Endangered

Vulnerable

Total

26a

3 (3)

13 (18)

10 (21)

26 (42)

Birds (total species)

8b

1 (5)

12(29)

5 (32)

18 (66)

Reptiles (total species)

1c

1 (1)

2(7)

0 (9)

3 (17)

Amphibians (total species)

0

0

0

1 (4)

1 (4)

26

17 (20)

62 (142)

114 (196)

Mammals (total species)

Vascular plants (total species)

193 (357)

a Two mammal species previously considered extinct from South Australia—the burrowing bettong and the western barred bandicoot—are now well
established at the Arid Recovery Reserve (Moseby et al. 2011)
b Mount Lofty Ranges spotted quail-thrush should now be presumed extinct given the time since last record and amount of searching undertaken (Garnett
et al. 2011)
c Slater’s skink has not been recorded in South Australia for many decades and should be listed as presumed extinct (Pavey 2004).
Note: Schedule 7 statistics have been divided into presumed extinct, critically endangered and endangered according to International Union for Conservation
of Nature criteria (IUCN 2012b).

Figure 10

Percentage of state-listed threatened species in each threat category with recovery
actions occurring, April 2012

increased and habitat was improved. Recovery plans for
two threatened species are highlighted in Box 3.
Although it may not be feasible to manage all, or even
most, threatened species and their various populations,
the collection and long-term storage of seeds of
threatened plant species is an important adjunct to the
long-term conservation options for many plants. The
State Seed Conservation Centre at the Adelaide Botanic

Gardens has been accumulating such collections for
more than a decade, originally based on a global project
coordinated by the Royal Botanic Gardens at Kew in
the United Kingdom. The seeds are carefully stored and
occasionally checked for viability. The numbers of South
Australian threatened species represented in these
collections are summarised in Table 13.
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Case studies: The most effective recovery plans depend on good science

Australian sea lions
A good example of science informing effective management is the work undertaken on the Australian sea
lion by researchers at the South Australian Research and Development Institute and collaborators over the
past 20 years or more (Goldsworthy et al. 2010, 2011; Lowther et al. 2011). This research has shown that
the large breeding colony of sea lions at Seal Bay is declining, and suggested that the same may be true
for other colonies. It has also shown that sea lions drowning in nets used by the Southern and Eastern
Scalefish and Shark Fishery is having an impact on the populations. As a consequence, the Australian
Fisheries Management Authority has used relative numbers and proximity of sea lion colonies to establish
an Australian sea lion management zone for this fishery. This level of management has recently detected
bycatch levels that have triggered closures of some sectors of the fishery; over time, it is expected that
fishers will adopt long lines in place of gill nets. These management protocols need to be maintained, and
monitoring of breeding colonies continued, to determine when and if the colonies begin to recover.

Red-tailed black cockatoos
Research has also guided recovery of feeding habitat for red-tailed black cockatoos in the south-east of
South Australia. Research has shown that these cockatoos feed almost exclusively on the seeds of bulokes,
desert stringybark and brown stingybark eucalypts (Koch 2003). It has also shown that the birds will
often feed preferentially on isolated and small stands of stringybark trees because these trees have better
seed crops than trees growing in larger clumps and in forest and woodland blocks. This information has
demonstrated the importance that fence-line and paddock-corner plantings of stringybarks and bulokes
can have for these birds. This is the basis for a project to restore these trees on farmland across their
natural range in South Australia.

Adult female Australian sea lion and her pup at Lilliput Island, near Franklin Island
Dr Jane McKenzie
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Table 13

Numbers of threatened plant species for which there are representative seed
collections at the State Seed Conservation Centre, April 2012
Critically
endangered

Endangered

Vulnerable

Rare

Total

Total number of threatened species

20

142

196

431

789

Seed bank and other actions

17

62

114

256

449

2

23

70

253

348

85

45

49

59

238

Seed bank only
Threatened plants with conservation activity
if seed bank included (%)

These seed collections also provide a basis for learning
much more about seed biology for each species, including
aspects of seed dormancy and how this may be broken,
seed viability and longevity (what proportion of seed
collected is actually fertile and how long it may remain
viable in the soil), and seed tolerance to temperatures and
climate change.

4.3 Land management

While focusing conservation effort on managing priority
populations of threatened species, the DEWNR continues
to reassess the status of plant and animal species across
the state by leading a program of species status reviews
for each NRM region, based on the Interim Biogeographic
Regionalisation for Australia (IBRA) regions and
subregions of Australia (see Section 2.1.1).

Achieving the Strategic Plan target of increasing the
area of cropping land protected from erosion requires
an ongoing collaborative effort between the South
Australian Government, regional groups, farming
industry organisations, community groups and individual
farming businesses.

This process, involving state and local experts and
interested individuals, has systematically been assessing
regional status classifications of vascular plants and
vertebrate animals using IUCN criteria, and assessing
local population trends, to provide a detailed, ecosystemrelated baseline from which state and national status
assessments can be derived in the future. These reviews
also assist in the identification of regional priority species,
ecosystems and threats.
To date, regional assessments have been completed for
the Eyre Peninsula, Northern and Yorke, South Australian
Murray–Darling Basin and South East regions (see www.
environment.sa.gov.au/managing-natural-resources/
plants-and-animals/Threatened species ecological
communities/Regional significant projects/Regional
Species Conservation Assessment Project). Assessments
have been completed for the South Australian Arid Lands
NRM region and final reports are nearing completion.
Assessments have commenced for both the Adelaide and
Mount Lofty Ranges and Kangaroo Island regions.

The Government of South Australia has put into place
programs to address various issues in land management
and soil quality.

4.3.1

Soil erosion

A key achievement to date has been the inclusion of
erosion protection targets and strategies in the NRM
plans prepared by the Eyre Peninsula, Northern and
Yorke, South Australian Murray–Darling Basin, and South
East NRM boards. This reflects strong collaboration
between the government and NRM boards in the grain
farming zone. A range of community, industry and agency
projects aimed at educating and informing landholders
and encouraging best practice are driving the adoption of
management practices to reduce the risk of soil erosion.
The DEWNR Sustainable Dryland Agriculture Initiative
provides strategic and financial support for projects to
implement the target. Partnership projects have been
developed with farming industry organisations and
the Eyre Peninsula, Northern and Yorke, and South
Australian Murray–Darling Basin NRM boards. The
industry collaborators include the Agricultural Bureau
of South Australia, Agriculture Excellence Alliance,
the South Australian No-Till Farmers Association and
Mallee Sustainable Farming Inc. The projects focus on
increasing the adoption of stubble retention and no-till
practices, improving grazing management, and increasing
communication between NRM staff and farming and
industry groups.

The Australian Government’s Clean Energy Future
Plan includes initiatives that promote practices that
complement the achievement of the target, such as
reduced burning of crop residue and no-till practices.
These practices also provide opportunities for farmers to
manage carbon in their landscapes.
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The Future Farming Industries Cooperative Research
Centre (FFICRC) is evaluating and developing farming
systems based on perennial plants in medium to lowrainfall areas. This will provide land managers with
more options to protect the soil from erosion. The South
Australian Government is one of the partners to the
FFICRC through the DEWNR and the South Australian
Research and Development Institute.

4.3.2 Soil acidity
The DEWNR, in partnership with industry groups and
NRM boards, is developing and delivering programs to
improve land managers’ understanding and awareness
of soil acidity, its causes and treatment options; retest
previous monitoring sites; and test additional sites to
assess the extent of surface and subsurface acidity.

4.3.3 Dryland salinity
The area in the state most severely affected by dryland
salinity is the upper South East, with approximately
200 000 hectares affected. The Upper South East Dryland
Salinity and Flood Management Program has established
a drainage network that has reduced the risk of salinity
over an estimated area of more than 100 000 hectares
(Dooley et al. 2008). This is a reduction of 50% of land
affected in the upper South East, or almost 30% of the
state’s dryland salinity–affected agricultural land.
Practical and profitable options for large-scale adoption
of perennial plant systems and associated recharge
reduction are being developed through the state
government’s partnership with the FFICRC.
The regional NRM boards’ plans and investment strategies
include salinity management. Programs to promote
the management of dryland salinity through recharge
reduction have been undertaken in all agricultural
regions. Most projects have involved an integrated
package of NRM and sustainable land management
outcomes, including management of dryland salinity, soil
erosion, water quality, and habitat and native vegetation.

Upper South East drain
Department of Environment, Water and Natural Resources

4.3.4 Soil carbon
A project conducted by the DEWNR and the CSIRO is
assessing the influence of soil type, rainfall and farming
system on the amount and nature of soil organic carbon.
Increasing the clay content of sandy soils, through
techniques such as clay spreading and delving, has the
potential to dramatically improve the amount of carbon
held in the soil. The DEWNR is also working with industry
groups to gain a better understanding of how soil carbon
can be improved to offset carbon dioxide emissions.
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4.4 Pests and diseases
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Pest and disease management is best achieved through
partnerships between government, industry and
community. Landholders have the prime responsibility for
managing terrestrial pests, with government and industry
(where applicable) providing support through research,
provision of technical advice, regulation, education and
coordination. The establishment of Biosecurity SA and
the integration of NRM into the DEWNR aims to allow
for a more efficient, collaborative and strategic approach
to managing pests and diseases. Recent initiatives for
managing pest species are described below.

4.4.1 Vertebrate pests
A number of pest vertebrate species are already
established in South Australia and management strategies
are under way.
Cane toads
Biosecurity SA has worked with transport industries,
nurseries and other relevant organisations to raise
awareness of the potential for human-assisted
introduction of cane toads.

Feral deer
Feral deer control is a high-priority issue for the South
East NRM Board. The board has implemented a five-year
feral deer project (2008–13), with support from Caring
for our Country, which involves aerial survey and culling.
The Kangaroo Island NRM Board has a deer eradication
program, also funded through Caring for our Country with
technical assistance from the IACRC and Biosecurity SA.
NRM boards across South Australia regularly inspect deer
farms to ensure that they comply with fencing standards
prescribed under the NRM Regulations.
Feral camels
Feral camel management is being implemented through
the National Feral Camel Action Plan, primarily funded
through the Caring for our Country Australian Feral Camel
Management Project. In South Australia, complementary
funding has also been provided via the NRM Program.
South Australia is taking a strategic approach to feral
camel management, with current removal activities
focusing on aerial culling and mustering for slaughter to
protect priority assets, plus capacity building of Aboriginal
communities to self-manage the feral camel population in
the long term.

Rabbits
Large-scale, coordinated rabbit control programs have
been conducted in the Eyre Peninsula, Northern and
Yorke, South Australian Arid Lands, and South Australian
Murray–Darling Basin NRM regions in recent years,
funded by the NRM Program. Biosecurity SA is a partner
in the Invasive Animals Cooperative Research Centre
(IACRC), and is participating in research to improve the
effectiveness of rabbit haemorrhagic disease and to
identify prospective new biocontrol agents overseas.
Feral goats
The South Australian Arid Lands NRM Board has
run ‘Gammons Goats’, a Caring for our Country–
funded program of aerial culling in the Gammon and
Flinders Ranges that focuses on areas associated with
Bounceback, an ecological restoration program aimed
at protecting and restoring the semi-arid environments
of the Flinders and Gawler ranges and Olary Hills of
South Australia. The South Australian Murray–Darling
Basin NRM Board is running programs to control goats
through fencing, shooting and trapping goats, and
decommissioning water points. The Kangaroo Island
NRM Board has eradicated feral goats from five of seven
management units on the island, with only a few goats
thought to be remaining in early 2012.
Feral camels in the Simpson Desert
Department of Environment, Water and Natural Resources

4.4.2 Aquatic pests

Nationally, the intergovernmental Vertebrate Pests
Committee and its working group associated with pest
fish management has developed a National Freshwater
Pest Fish Strategy, which aims to develop a coordinated
national approach to managing existing and new exotic
freshwater species threats. Biological approaches to
European carp control are being explored. Potential
molecular approaches include immunocontraception
to reduce carp fertility, ‘daughterless technology’ in
which modification of a sex-determination gene results
in the exclusive production of male offspring, and the
introduction of a fatality gene to kill individuals (Koehn
et al. 2000). The IACRC is also investigating the potential
for the koi herpes virus as a biological control agent
for carp.

4.4.3 Weeds
Invasive garden plants remain a key source of new
weed outbreaks. To address this, the South Australian
Government has worked with the Nursery and Garden
Industry Association of South Australia to produce the
booklet Grow me instead for home gardeners. The review
of declared plants (see section 3.3.3) is also likely to
recommend declaration for sale of some key ornamental
species that cause serious weed problems in certain parts
of the state.
A number of weed species are already established
in South Australia and management strategies are
under way.
Bridal creeper
The Western Cape form of bridal creeper has now been
extensively mapped in the South East, and the focus is
on containing further spread and protecting high-value
biodiversity assets. Western Cape bridal creeper in northeast Adelaide is being targeted for eradication by the
Adelaide and Mount Lofty Ranges NRM Board.

Wheel cactus
A state-level strategy for opuntioid cacti was prepared
and adopted by the Minister for Environment and
Conservation in 2010. Opuntioid cacti were declared a
WoNS in 2012, and Biosecurity SA is hosting a national
WoNS coordinator for the weed. A national strategic plan
proposes further development of chemical and biological
control techniques and targeting of onground programs
at outlier infestations and at key biodiversity assets
threatened by opuntioid cacti.
Silverleaf nightshade
A state-level strategy for silverleaf nightshade was
prepared and adopted by the minister in 2011. Currently,
control programs administered by regional NRM
boards concentrate on containment by eliminating
small infestations and minimising the spread of seed
ingested by stock. Silverleaf nightshade was declared a
WoNS in 2012 and Biosecurity SA is hosting the national
coordinator to develop and implement a national strategy
for the weed.
Buffel grass
A workshop held in Port Augusta in September 2010
drafted a state operational plan that informed the
development of the South Australia Buffel Grass Strategic
Plan 2012–17, released in October 2012. The declaration of
buffel grass under the NRM Act is being considered in the
current review of plant declarations.
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Working under the Fisheries Management Act 2007,
Biosecurity SA leads education, management and local
eradication programs for aquatic pests within South
Australia, often in collaboration with NRM boards and
industry. Biosecurity SA regularly undertakes surveys
and responds to incursion reports by the community and
other stakeholders. It monitors areas where exotic species
are known to be present, and supports and develops
tools to stop the further spread of these species within
the state. It is technically challenging to eradicate aquatic
pests, and prevention methods to minimise the entry
of exotic species and diseases is the most cost-effective
management approach.

Gorse
Isolated occurrences on Kangaroo Island, Eyre Peninsula,
and in the South East and Mid North are the subject
of long-term eradication programs under the National
Gorse Strategic Plan. In the Adelaide and Mount Lofty
Ranges region, grazing and forestry areas are protected
from gorse infestations and gorse is managed in native
vegetation in the region. Biological control using the
gorse spider mite and the gorse thrips is reducing the
weed’s vigour. The University of Adelaide has investigated
the phenomenon of the native parasitic plant Cassytha
pubescens causing extensive dieback of gorse infestations.
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4.5 Overall direction for natural
resources management
Our place our future: state natural resources management
plan, South Australia 2012–2017 provides overall direction
for the management of South Australia’s natural
resources( Government of South Australia, 2012).

Table 14

The plan includes 3 goals and 13 targets to guide the
natural resources management effort (Table 14).
The NRM Council must audit, monitor and evaluate
the state and condition of natural resources against
these targets, the results of which should provide a
valuable contribution of data for future state of the
environment reporting.

Guiding targets for natural resources management

Goal 1: People taking responsibility for natural resources and making informed decisions
Target 1: Ensure people are better informed and improve capacity in NRM decision-making
Target 2: Involve more people in the sustainable management of natural resources
Target 3: Improve institutional and organisational capacity to support people to manage natural resources
Target 4: Improve capacity of individuals and community to respond to climate change
Goal 2: Sustainable management and productive use of land, water, air and sea
Target 5: All NRM planning and investment decisions take into account ecological, social and production considerations
Target 6: Maintain the productive capacity of our natural resources
Goal 3: Improved condition and resilience of natural systems
Target 7: Improve soil and land condition
Target 8: Increase extent and improve condition of native vegetation
Target 9: Improve condition of terrestrial aquatic ecosystems
Target 10: Improve condition of coastal and marine environments
Target 11: Increase understanding of the condition landscapes (geological and culturally important features)
Target 12: Improve the conservation status of species and ecological communities
Target 13: Limit the establishment of pests and diseases and reduce the impacts of existing pests
Source: Government of South Australia (2012)

185

Biodiversity

5 What can we expect?
While the Government of South Australia and its agencies
are putting policies and programs in place to address the
most pressing issues that are challenging biodiversity
in South Australia, we will continue to see the effects
of existing and past pressures for many years to come.
Despite our efforts, many of the causes of biodiversity
decline remain present. Some historical biodiversity
loss may never be fully recovered, but it is possible to
more effectively reduce future decline and to undertake
focused restoration of important habitats to reduce
further loss, degradation and fragmentation. This would
require more effective responses to conventional threats
such as invasive species and the unsustainable use and
management of natural resources, as well as to more
recent and emerging threats such as climate change. In
addition, new pressures are emerging that will further
challenge biodiversity and management practices.

5.1 Climate change
The 2011 Australian state of the environment report (State
of the Environment 2011 Committee 2011) notes that
climate change is likely to magnify the effects of existing
pressures on biodiversity in coming decades. For example,
the interactions of climate change with newly arrived
pests and diseases has the potential to create pressures
that are far stronger and more widespread than those
currently experienced in Australia.

5.2 Alternative energy
The 2011 Australian state of the environment report
identifies increased pressure from human energy
needs such as land conversion for biofuels and carbon
sequestration technologies like biochar as possible future
challenges for biodiversity management (State of the
Environment 2011 Committee 2011).

5.3 Information
It is widely recognised that there is not enough ongoing
(especially long-term) monitoring information available
in a form to support policy development and decisionmaking in relation to targeting, monitoring and evaluating
investments in natural resources.
The South Australian Government is developing a
regionally based NRM reporting framework that will
allow state and regional natural resource managers to
use the same information to make informed planning
decisions. Decisions about where and how to invest will
be improved by assessing the effectiveness of current
and future investments against ecological, social and
economic targets, and measures of the condition of
natural resources.
The framework will ensure that information will be
collected and used regionally, and the same information
will then be aggregated to deliver credible, consistent and
easily interpreted measures of natural resource health for
the state. The framework will thereby underpin high-level
investment in NRM programs and be used to regularly
report on the state of the environment.
Key to this framework is the development of clearly
articulated targets and indicators that are measurable
and reflective of the condition of the natural resources.
Without targets that can be measured, there is no way
of comparing the cost-effectiveness of investments in
different projects or management efforts. Information
on these targets must be comparable: 1) across different
times, 2) between different natural resources and
3) between different parts of the state. Only then can
targets be used to guide when, and to what extent, to
invest in the improvement of natural resources, and when
to stop investing.
The success of the new approach will depend on an
unprecedented level of whole-of-government cooperation
and commitment, and on the long-term commitment of
the South Australian Government.
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Coastal and marine
environment
1

Why is it important?

South Australia’s marine environment spans more than
60 000 square kilometres of waters and more than
5000 kilometres of coastline (Geoscience Australia 2010).
The coast, estuaries and adjacent marine waters are a
unique part of the South Australian environment. It is
a distinct, complex and interconnected natural system,
with finite resources that are vulnerable to overuse and
degradation when not well managed.

1.1 Unique features and species
endemism
Australia’s long period of geologic isolation from the rest
of the world (more than 65 million years), the state’s
extensive continental shelf, the long east–west ice-free
extent of the southern coastline, and the characteristic
low nutrient condition of coastal waters have all
contributed to the biological richness and endemism
of South Australia’s temperate marine environments
(Edyvane 1999). South Australia has a wide range of
coastal landforms and marine habitats, and also a variety
of oceanographic conditions, including a high degree of
variability in sea temperatures.
Of particular significance are the two large, sheltered
tidal gulf ecosystems of Gulf St Vincent and Spencer
Gulf, which provide habitat for some of the largest areas
of temperate mangrove, seagrass and tidal saltmarsh
communities in Australia. In addition, the marine fauna

and flora of South Australia include both the typical cold
temperate biota of Tasmania, Victoria and southern New
South Wales and the transitional warm to cool temperate
biota of southern Western Australia. A range of habitats
is evident, from warm salty waters in the gulfs to coolwater kelp forests in the south-east, and from the lowproductivity waters of the Great Australian Bight to the
nutrient-rich upwellings of the south-east. These factors
have combined to produce a rich diversity of organisms
and communities along the South Australian coast,
which is unparalleled in Australia and the world (Edyvane
1999). South Australian waters support more than
6000 invertebrate species, 350 fish species, 16 breeding
seabird species, 33 mammal species, 1200 algae species
and 12 seagrass species. In the Southern Ocean, 75% of
the red algae species, 85% of the fish species and 95% of
the seagrass species are found nowhere else in the world,
giving them local, national and international significance
(Government of South Australia 2004).
The largest breeding colonies of Australian sea lion, and
more than 80% of the total population, are found in
our state. South Australia also has 32 species of whales
and dolphins and more than 70 species of seabirds,
including little penguin, osprey and the white-bellied
sea eagle. We are still to discover some of the many
species of invertebrates. South Australia has 24 coastal
wetlands that support populations of migratory birds of
conservation significance.
Opposite page: Yellow-nosed albatross (Diomedea chlororhyncos Lath.)
Richter HC in Gould’s birds of Australia, National Library of Australia an10049041
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In summary
Aspect and observation

Assessment grade
Very poor

Extent and condition of coastal and marine
ecosystems
The extent and condition of coastal ecosystems
(including foreshore, rocky reefs, seagrass, saltmarsh
and mangroves) are declining.
Disturbance and pollution
The quality and use of treated wastewater are
increasing.
The capture and reuse of stormwater are increasing.
The area occupied by aquaculture is increasing.
Human population in the coastal zone is increasing.
The quality of coastal and marine waters is
improving.
Threatened species and ecosystems
Marine protected areas have increased in size and
number.
New fishery recovery strategies have been
implemented.
There has been an increase in some species
(e.g. New Zealand fur seal and southern right whale).
Ocean salinity and currents are changing.
Ocean acidity is increasing.
Sea level is rising.
Coastal and marine ecosystem extent, condition and
diversity are variable and declining.
There is a decline in some species (e.g. giant
cuttlefish and little penguin).
Pest plants and animals
Port handling and shipping traffic has increased,
which increases the risk of pest species incursions.

Recent
trend

Grades

•
•

Improving
Deteriorating

Very poor

•
•
Poor

Stable

Good

Good

Very good





Very good

Confidence
In grade

In trend

•

 

•

 

•

 

•

Level of
confidence

Unclear

Poor

 

Evidence and consensus too low to make an assessment
Limited evidence or limited consensus
Adequate high-quality evidence and high level of consensus

South Australia has many fish species of conservation
significance, including two types of seadragons, and
several species of seahorses and pipefish, as well as the
world’s largest known breeding aggregation of Australian
giant cuttlefish (Steer et al. 2013). Our waters are feeding
grounds for endangered blue whales, bottlenose dolphins,
and sperm and pilot whales, and attract increasing
numbers of southern right whales to breed and calve
each year. At the other end of the spectrum, our waters
are also home to the world’s smallest live-bearing starfish,
known locally as ‘Little Patty’, which is found in only one
location on the west coast of Eyre Peninsula.
Ninety metre–high limestone cliffs extend from the
Western Australian border to Cape Adieu, and Spencer
Gulf has some of the largest mangrove forests in southern
Australia. South Australia has the second largest (after
Western Australia) area of temperate-water seagrass
meadows. The Coorong, as well as being a wetland of
international importance, also has the largest high-energy
beaches in the Southern Hemisphere. Colourful sponge
gardens can be found in the shallow waters of Pelican
Lagoon and Bay of Shoals off Kangaroo Island. The deep
trenches at Backstairs Passage have sponges that are
more than one metre in diameter, and gorgonian corals.
Underwater forest communities of giant kelp reaching up
to 30 metres tall can be found in the south-east, along
with the smaller intertidal and subtidal bull kelp.

1.2 Ecosystem services
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Seagrasses dominate the South Australian sheltered
nearshore habitats and provide important spawning and
nursery areas for a wide variety of fish and invertebrates.
Seagrass performs many functions, including nutrient
cycling, carbon storage, reducing coastal erosion (by
stabilising sand and attenuating wave action) and filtering
out suspended solids in the water column.

Coastal and marine environment

Within the Flindersian Province, a biogeographic region
that extends across the southern coast of Australia,
approximately 1155 species of macroalgae, 22 species of
seagrass, 600 species of fish, 110 species of echinoderms
and 189 species of ascidians have been recorded (Lewis
et al. 1998). Of these, approximately 85% of fish species,
95% of molluscs and 90% of echinoderms are endemic.
In contrast, approximately 13% of fish, 10% of molluscs
and 13% of echinoderms are endemic in the tropical
regions of Australia. Similarly, marine macrofloral
diversity and endemism in the temperate regions of
Australia are among the highest in the world. The richness
of the temperate macroalgal flora (i.e. 1155 species) is
50–80% greater than for comparable regions around
the world, with approximately 800 species and more
than 75% endemism recorded in red algae alone. The
level of temperate species biodiversity in macroalgae
is approximately three times the level recorded in the
tropical regions of Australia, where approximately
200–400 species of macroalgae have been described
(Edyvane 1999).

Rocky reefs and their macroalgae create complex habitats
and support some of the most productive and biologically
diverse ecosystems. These systems have been shown
to be important spawning and nursery areas for a wide
variety of fish and invertebrates, and contribute to
biodiversity and ecosystem services. They are also easily
accessible to humans.
South Australia’s coastal, estuarine and marine
ecosystems provide a large number of ecosystem services
that have yet to be quantified. Provisioning, regulating,
cultural and supporting services include food supply,
bioprospecting, flood and storm protection, education,
research and nutrient cycling.

1.3 Economic and social benefits
More than 90% of South Australians live within
50 kilometres of the coast (ABS 2002), and many rely
on the coast and adjacent marine waters for their
livelihood. Social and economic benefits from the
coast and marine environment include benefits from
recreation, tourism, urban development, commercial
fisheries and aquaculture, shipping and transportation,
coastal agriculture, mining, manufacturing, science
and education.
Fishing (both commercial and recreational) and
aquaculture (tuna, oysters, mussels, abalone, freshwater
and marine finfish, marron, yabbies and others) have
become increasingly economically important to South
Australia; the total value of seafood production in
2010–11 was almost $426 million (EconSearch 2012).
South Australia’s total seafood production in 2009–10
was approximately 68 000 tonnes, of which aquaculture
contributed approximately 49%. Tuna is the largest
single sector in the state’s aquaculture industry,
accounting for approximately 53% of the state’s gross
value of aquaculture production in 2009–10. The other
two main sectors are oysters (18%) and marine finfish
(14%) (EconSearch 2011). The industry is expected to
contribute $306 million to gross state product in 2010–11
(EconSearch 2012).
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2 What do we know about it?
Nearshore Australian coastal and marine environments
are classified into 60 distinct marine biogeographical
regions. Each of these bioregions can be considered a
large marine ecosystem, with biological and physical
characteristics that are distinct from those elsewhere
in Australia. These ecosystems have distinctive
oceanographic and ecological characteristics, comprising
different proportions of habitat types, and are home to
a variety of species, some with only limited distribution.
The eight marine bioregions in South Australia—Eucla,
Murat, Eyre, Spencer Gulf, North Spencer Gulf, Gulf St
Vincent, Coorong and Otway—are shown in Figure 1.

Figure 1

South Australia’s marine bioregions

2.1 Bioregional environmental
assessment
Key ecosystems, habitats and species that make up
the South Australian coastal and marine environments
have been assessed; they include seagrasses, reefs,
sandflats and mudflats, estuaries, beaches and dunes.
The information is provided at bioregional scale, where
possible. The assessment of South Australia’s shallow
coastal waters is based on a classification system that
incorporates seagrass and reef habitat condition indices,
and water quality parameters. The classification system is
based on a model of change in biological condition along
a gradient of human disturbance (Figure 2).
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Southern right whale cow and calf, Great Australian Bight Marine Park
Saras Kumar, Department of Environment, Water and Natural Resources
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Source: Gaylard et al (2013)

Figure 2

Ecological condition gradient and classification system for shallow nearshore marine
waters in South Australia

Consistent with the model above, ecological condition
monitoring by the South Australian Environment
Protection Authority (EPA) in 2010 showed that areas
located away from nutrient sources were in a better
condition.

2.1.1

Seagrasses

Seagrass meadows are recognised globally as being of
high value as productive coastal habitats, with numerous
vital ecological roles. As well as providing habitat for
other organisms, seagrass is also an important source of
food for some marine herbivores, and helps to prevent
erosion by stabilising sediments. Seagrass is also an
important carbon sink (Fourqurean et al. 2012).
There are 21 species in nine genera of seagrass in South
Australia, growing in shallow, sheltered bays from Port
McDonnell near the Victorian border to Fowlers Bay at the
western end of the South Australian coastline. Since the
2008 South Australian state of the environment report
(EPA 2008), more detailed information about the extent
and cover of seagrass has been obtained for the majority
of the state’s shallow coastal waters. The new information

provides a baseline against which change in the extent
and cover of seagrass meadows can be assessed in
the future.
Table 1 provides the bioregional assessment for seagrass.

Table 1

Bioregional assessment of seagrass
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There are no seagrass beds currently mapped in the Eucla bioregion. However, an expedition by
Gurgel and others located extensive patches of seagrass beds dominated by Amphibolis antarctica at
the Coymbra study site between the beach and the outer limestone reefs (F Gurgel, Department of
Environment, Water and Natural Resources, pers. comm., November 2012). The study did not evaluate
the condition of the seagrass, and further assessment and mapping are required to determine the
condition of seagrass habitats in this bioregion.

Murat

Fowlers Bay is the last large area of seagrass before the Western Australian border. This bioregion
represents 15% of the total area of seagrass recorded in South Australia, covering an area of
86 160 hectares in Streaky Bay and Smoky Bay alone (DEH 2007a). Anecdotal evidence suggests that loss
of seagrass beds in Smoky Bay is likely to be due to high levels of nutrient inflow.

Eyre

The large number of sheltered, sandy embayments in the Eyre bioregion—including Baird, Venus,
Waterloo, Sceale, Coffin, Proper, Boston, Louth and Peake bays off Eyre Peninsula, and D’Estrees Bay
at Kangaroo Island—boast extensive areas of seagrass meadows, which are estimated to cover an area
of 56 956 hectares. The lee side of some islands in the bioregion, such as the Sir Joseph Banks and
Investigator groups, provides sheltered conditions and supports dense seagrasses in excellent condition.
The seagrasses of the Investigator Group region are expansive and diverse. Almost all known South
Australian species have been documented across the region, including six species of Posidonia, two
species of Amphibolis, two species of Heterozostera, and Halophila australis (Bryars and Wear 2008). The
seagrass meadows in the Investigator Group region are all considered healthy.
Within Boston Bay, sea-cage aquaculture, stormwater run-off from Port Lincoln, the Billy Lights Point
wastewater treatment plant and fish-processing discharges all contribute nutrients into the sheltered
bays. This is likely to contribute to the eutrophic condition of both Boston and Louth bays and
subsequent seagrass losses. The remaining seagrass in these bays was in moderate to poor condition, with
dense epiphytic algal growth indicating widespread nutrient enrichment in these areas. The seagrasses in
other areas of the Eyre region were largely in good condition and the overall condition of the bioregion
was considered good. Many of the seagrass meadows in these bays provide habitat and nursery areas for
prawns and various fishes of commercial and recreational importance. D’Estrees Bay supports the only
seagrass bed on the south coast of Kangaroo Island; this bed is considered to be in very good condition
(KI NRM Board 2009).

Spencer Gulf

Although seagrasses are not widespread in this bioregion, they occur in the more sheltered areas, such
as Franklin Harbour in the west, Hardwicke Bay in the east, Port Victoria and areas around the Wardang
Island group, and other areas along the mid-east coast (including Balgowan). Highly productive seagrass
meadows are also a feature of the Tiparra Reef area, which is exposed to strong currents. There were
small stands of seagrass (often interspersed with reef patches or sand) in the south-east of Spencer
Gulf, such as off Port Minlacowie and the southern part of Hardwicke Bay. The Environment Protection
Authority assessed the ecological condition between Arno Bay and Franklin Harbour as good, while on
the eastern side of the gulf, around Moonta and Wallaroo, the ecological condition was classified as
excellent with seagrass meadows of Posidonia spp. and Amphibolis spp. Throughout Spencer Gulf there are
signs of nutrient enrichment reflected in dense growths of epiphytic algae on the seagrasses, indicating
that the habitats are under stress (Gaylard et al. 2013).

North Spencer
Gulf

North Spencer Gulf bioregion’s warm, shallow waters support seagrass beds over 53% of the sea floor,
mostly in the central and northern reaches. At 4215 square kilometres (50% of the state’s total seagrass
coverage), this is the largest area of seagrass meadows recorded in South Australia, and one of the
largest areas of temperate seagrass meadows in Australia. The area has limited water movement and low
wave energy, so it is vulnerable to land-based sources of pollution that are not readily dissipated. There
has been a loss of Amphibolis antarctica due to exposure to heat and ultraviolet light (Seddon 2000). This
trend is expected to continue and might increase with climate change, as temperatures in the gulf rise.

continued
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Gulf St Vincent

Adelaide Metropolitan coastline
Seagrass beds along the metropolitan coastline have been characterised by the loss of more than
5000 hectares of both Amphibolis spp. and Posidonia spp. in the nearshore waters and in several locations
adjacent to wastewater discharges, as indicated in the Adelaide Coastal Water Quality Improvement Plan
(EPA 2013). The remaining seagrasses are fragmented, leaving them vulnerable to further degradation.
The numerous discharges of nutrients and sediment into the coastal waters, and the high residence time
of discharges in the nearshore waters, due to lack of mixing with deeper waters are likely to continue
to cause further loss of seagrass along this section of coastline. The EPA assessed the shallow waters
throughout this part of the coast and determined that the condition was fair, with some areas of intact
seagrasses particularly around Semaphore, while the area between Grange and Glenelg was degraded
(Gaylard et al. 2013). Although losses have been reported for the deeper waters offshore, recent
investigations by the EPA determined the ecological condition to be very good because the meadows
surveyed were typically dense with low epiphyte loads in clear water. Further south, the ecological
condition of the waters less than 15 metres deep is considered to be poor because the seagrasses are
patchy, and there are indications of nutrient enrichment throughout the region. Testing of rehabilitation
methods by Irving et al. (2010) found that sand-filled hessian bags provided a viable and cost-effective
option for mitigating losses; however, successful long-term recovery will rely on improvements in water
quality, as outlined in the draft Adelaide Coastal Water Quality Improvement Plan (EPA 2013).
Yankalilla Bay and Light River
Levels of epiphyte cover observed in Yankalilla Bay are low. Seagrass off the Light River delta is in very
good condition and not affected by discharges from the Light River.
Northern Gulf St Vincent (Clinton bio-unit)
Seagrass meadows dominate the shallow, low-energy environment at the top of Gulf St Vincent and are
subjected to large tides and limited water exchange. Overall, the sites were dominated by dense seagrass
habitats consisting mainly of Posidonia spp. and Amphibolis spp., and the region was considered to be
in very good condition. However, there are emerging signs of nutrient enrichment, which might lead to
seagrass loss in the future (Gaylard et al. 2013).
Yorke Peninsula (Orontes bio-unit)
The low–wave energy environment of western Gulf St Vincent sustains large seagrass meadows between
Ardrossan and Troubridge Island. Recent investigations by the EPA classified the ecological condition of
the region as very good, but large parts of the region were under significant stress because of nutrient
enrichment, particularly near small coastal developments such as Black Point and Wool Bay (Nelson
et al. 2013).
Kangaroo Island (Nepean bio-unit)
The northern coast of Kangaroo Island is dominated by seagrass-filled embayments punctuated by rocky
headlands. In some of these bays, there is evidence that seagrass meadows are degraded and seagrass
habitat has been lost (Western Cove), probably as a result of eutrophication (Bryars et al. 2003, Gaylard
2005). The region was assessed as generally in good condition, but in some areas the seagrass was
significantly impacted (such as Western Cove) while in others (such as Bay of Shoals) it was in good
condition. Throughout the region there were heavy epiphyte loads on seagrasses, indicating that the area
is under stress from excess nutrients (Gaylard et al. 2013).

Coorong

Seagrass beds are scarce along most of the coast because of high wave energy and active sand
movement. In the more sheltered waters of Lacepede Bay, there is a dense and extensive seagrass
meadow (25 062 hectares). This meadow is vulnerable to the impacts of high-nutrient water flowing
from agricultural drains and coastal development. There is little seagrass north of the Granites because
of higher wave power; some patches of seagrass are interspersed between reefs and sandy areas in the
western part of the bioregion. The nearshore seagrass has regressed approximately 100 metres offshore
in front of the township of Kingston.
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Seagrasses are a minor feature of the Otway bioregion. The most easterly bed of Posidonia is found at
Port MacDonnell, and other small patches occur near Beachport and Boatswain Point. Seagrass meadows
in the Otway bioregion are dominated by strapweed (Posidonia australis), wire grass (Amphibolus
antartica) and eelgrass (Heterozostera tasmanica). Historical seagrass loss documented in Rivoli Bay has
been attributed to the impacts of drain discharges (Seddon et al. 2003). The remaining seagrass in the
bay is vulnerable to high wave energy and seabed instability resulting from the previous losses (Wear
et al. 2006).

Adelaide coastline, looking south from Port Adelaide
Dr Jane McKenzie
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2.1.2

Reefs

The strip of land that fringes the sea and lies between
the extremes of tides constitutes an important series
of coastal environments. Intertidal rocky reefs help to
reduce the impact of high-energy wave action on coastal
zones, preventing erosion of sandy beaches. Covered by
high tides but exposed during low tides, these intertidal

zones are one of the most accessible parts of the marine
environment for human recreation and other pursuits.
They also suffer the highest impact from pollution and
harvesting. With continued population growth, these
intertidal areas are likely to undergo considerable change.
The health of most reefs in South Australia is not known
because of limited monitoring.
Table 2 provides the bioregional assessment for reefs.

Table 2

Bioregional assessment of reefs

Eucla

Of the habitats that have been mapped in the Eucla bioregion, approximately 12.5% are subtidal reef. Isolation
and difficult coastal access have helped to ensure that the environments of the Great Australian Bight are
relatively pristine.
The marine habitats of the Alinytjara Wilurara Natural Resource Management Region have not been
systematically surveyed because of the relative inaccessibility of the area; therefore, no overall trend can be
assigned. Surveys around the Bunda Cliffs considered the seascape to be excellent (AW NRM Board 2011).

Murat

Of the habitats that have been mapped in the Murat bioregion, 17.2% are subtidal reef. Reefs in the bioregion,
including rocky parts of bays, headlands and around islands, support a diverse cover of brown canopy
macroalgae (including various species of Cystophora and Sargassum), and many species of red algae. Nuyts
Reef, Fowlers Bay and Point Bell are characterised by a diversity of red algae. The diverse assemblages of
algae provide an important food source for herbivores and habitat for other animals.

Eyre

The coast of the Eyre bioregion alternates between intermittent, island and reef exposures. There is a highly
diverse range of subtidal reef habitats, including ledges, boulders, caves, crevasses, overhangs, cobble reefs,
wave-exposed granite outcrops and reef platforms. In some parts of the Eyre bioregion, reefs extend from
intertidal wave-cut shore platforms to at least 50 metres deep. Reefs at the bottom of Yorke Peninsula and
Eyre Peninsula support different assemblages, despite their geographic proximity. These reefs generally have a
large diversity and abundance of invertebrates (sponges, ascidians, bryozoans and hydroids), including some
rare and uncommon species. The condition of two reefs within the Eyre bioregion, located around the toe of
Yorke Peninsula, has been described as typical through Reef Health surveys (DEH 2008).
Parts of the west and south coast of Kangaroo Island also support a dense cover of macroalgae, including
regionally unusual assemblages. Intertidal reefs (rocky shores) are a common feature of the coastline of
Kangaroo Island and have high invertebrate and algal diversity. Two sites in this area—Browns Beach and
Hanson Bay—are identified as having higher species richness than other Australian temperate coastlines (KI
NRM Board 2009).

Spencer
Gulf

The Spencer Gulf shoreline includes a wide variety of bedrock platforms and intertidal reefs. Although a large
portion of the inshore benthic habitats have been mapped, the condition of ecological communities is still
largely unknown.

North
Spencer
Gulf

The only intertidal reef in the North Spencer Gulf bioregion is found around Black Point and Point Lowly. It
consists of a platform of plate-like fragments, which extends out beyond the intertidal zone and gradually
becomes low-relief subtidal rocky reef out to 70–130 metres offshore. The subtidal reef around Point Lowly is
recognised as an important area for spawning aggregations of the Australian giant cuttlefish Sepia apama. The
area also provides habitat for the many species and abundant numbers of echinoderms, including sea urchins,
molluscs and ascidians (sea squirts). The overall condition of these reefs is not known. A decline in numbers
of cuttlefish in 2011 has prompted an extension of the protection area and an investigation by the South
Australian Government (PIRSA 2012ab).
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Gulf
St Vincent

Intertidal reefs in the Gulf St Vincent bioregion are typically calcareous or limestone rock platforms. Intertidal
limestone reefs occur at Aldinga Reef Aquatic Reserve and Lady Bay. Harder reefs of granite, basalt and
volcanic conglomerates occur at Second Valley and Hallett Cove. Around the tip of Fleurieu Peninsula, the
intertidal zone occurs as a narrow band adjacent to sheer coastal cliffs, and is little studied. The intertidal
communities vary according to wave exposure and type of substrate. Red and brown leafy algae dominate
lower intertidal zones on cliffs of hard crystalline rock around the high-energy tips of Yorke and Fleurieu
peninsulas and some nearshore islands. Above the algae, layers of polychaete worms, green algae, barnacles
and limpets can be observed, while little blue snails appear in crevices.
In 2006–07, results of surveys of 15 intertidal reefs around Fleurieu Peninsula suggested that, in general,
these reefs were in good health, with diverse invertebrate communities at most sites and no introduced
species. The lowest invertebrate biodiversity was recorded within the Noarlunga Reef and Aldinga aquatic
reserves, where there was heavy recreational traffic. Lady Bay on Fleurieu Peninsula appeared to have a
higher intertidal species richness (AMLR NRM Board 2008). The remote boulder fields found at Myponga
and Kings Beach, near Victor Harbor, indicated high invertebrate biodiversity, probably due to the lack of
disturbance. Relatively low diversity recorded within boulder field areas at Aldinga Aquatic Reserve appeared
to be due to unusually abundant populations of the predatory crab Ozius truncatus. The unusually high
densities of scavenging and predatory crustaceans within these aquatic reserves might indicate disruptions
to the normal ecological balance (AMLR NRM Board 2008). Research is required to determine the role of
predatory crabs in marine systems.
Biodiversity surveys were undertaken at the Port Stanvac intertidal reef in 1988, in 1998 and at the end
of 2007. According to Dutton and Benkendorff (2008), the Port Stanvac area appears to have biological
importance for intertidal diversity along the Adelaide metropolitan coast and Fleurieu Peninsula. The surveys
identified Port Stanvac as an important reef in the region for molluscs, echinoderms and red algae, because
it supports rare species that have not been recorded to date on other intertidal reefs in South Australia. Over
the past 20 years, there appeared to be an overall increase in the number of taxa found.
The subtidal rocky reefs in the Gulf St Vincent bioregion were dominated by large macroalgae and abundant
invertebrate life, such as sponges, bryozoans, ascidians, hydroids, echinoderms, molluscs and crustaceans.
The reefs also provided abundant habitat for several species of fish, including the western blue groper, the
western blue devil, the harlequin and several species of wrasse. Based on the health indices developed
during the Reef Health surveys, many of the reefs along the metropolitan coastline have a health status
index of caution (Turner et al. 2007). Reefs that were considered good were predominantly in the south and
nonmetropolitan areas. There is a general trend for the condition of Adelaide metropolitan reefs to improve in
condition from north (worst condition) to south (best condition) (Westphalen 2011).
A preliminary baseline investigation of the sedimentation on 12 metropolitan reefs was conducted over
winter, summer and autumn from 2007 to 2008. Spatial variation in reef sedimentation was found along the
metropolitan coast. The highest amount of sedimentation was found between Hallett Cove and Southport
near the mouth of the Onkaparinga River (fluvial origin), and in autumn (Turner et al. 2007). The ecological
condition for waters less than 15 metres deep in the area between Marino and Sellicks was considered to
be fair.
Based on the presence of larger brown algae and the number and diversity of fish as a measure of coastal reef
health (Turner et al. 2007), the subtidal reefs on Kangaroo Island could be considered to be in good condition,
since they are covered in a dense canopy of macroalgae and have a high fish diversity and abundance (Brock
and Kinloch 2007).
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Coorong

Most of the reef habitat within the Coorong bioregion is subtidal; there is only a small portion of intertidal
reef. Limited research has been conducted on the intertidal reefs in this region, and little is known about
their condition.
Subtidal reefs include low platform reefs, offshore calcareous reefs to the south, and fringing granite reefs in
Encounter Bay. Much of the sea-floor habitat for this region is unmapped. Low platform reefs, approximately
4.5 kilometres offshore, run parallel along much of the Coorong coast. Many of these reefs are covered in
sand as a result of the high turbulence in the region, and few plants and animals are found on them. In the
western part of the bioregion, near Port Elliot, there is a series of reef structures, which are complex as a result
of the presence of ledges, crevices and cracks. They are ideal habitat for adult and juvenile rock lobsters.
In the shallow high-energy areas, reef systems are mostly dominated by kelps and other tough, brown,
branching algae, with a diverse understorey of green and red foliose algae, and crustose coralline algae. The
latter is a known habitat for juvenile abalone. The reefs at the southern end of Lacepede Bay are dominated
by a different mix of algae, with an abundance of bryozoans in waters deeper than 20 metres.
In the southern part of the Coorong bioregion, mixed patch reef and sand habitat is dominated by coarse
sediments, bryozoans and mixed red macroalgae to a depth of at least 35 metres. Surveys have also revealed
the presence of offshore reefs dominated by invertebrates and immobile filter feeders, rather than algal
species. In deeper water (more than 25 metres), the flat calcareous platform reefs contain many holes and
crevices and are a major habitat for rock lobster, sponges and other benthic invertebrates. The parallel
calcareous reefs in this area stretch from the Coorong to Cape Jaffa, on the Lacepede Shelf, from a depth of
around 11 metres to 60 metres.
Margaret Brock Reef, west of Cape Jaffa and at the southerly extent of the Coorong bioregion, is located in
the transition between two biogeographical regions. Giant kelp, which typically dominates the high-energy
reefs of the neighbouring Otway bioregion and other cold-water areas of south-eastern Australia, is found on
the outer, more exposed parts of the reef. This is of special interest because Cape Jaffa represents the most
westerly extent of this cold-water plant.

Otway

In the Otway bioregion, nearshore rocky platforms and rocky intertidal areas provide habitat for an abundance
of plant and animal species. Apart from long stretches of high-energy beach, such as the Canunda area, much
of the coastline from Cape Jaffa to Cape Northumberland is dominated by flat limestone reefs. The shallow
calcareous platform reefs in the Robe area extend to a depth of about 20 metres. In the intertidal area, many
rocky pools and crevices contain sea stars, gastropods and bivalve shells, anemones and other invertebrates.
There is no condition baseline or benchmark for the general condition of most habitat types in the south-east,
including intertidal reefs (SE NRM Board 2010).
Margaret Brock Reef, on the boundary between the Coorong and Otway bioregions, is considered to be a
‘hot spot’ of biodiversity. The limestone reefs around Robe and Nora Creina are also considered ecologically
important because they provide habitat for various attached and mobile invertebrates, and have a high
diversity of brown, green and red macroalgae.

2.1.3

Sandflats and mudflats

Intertidal flats are generally associated with low-energy
coastlines and have complex food webs. The smaller
plants and animals provide food for crustaceans, small
fishes and shorebirds (some of national and international
importance). Mudflats, continually washed by the tide,
provide a linking habitat between mangroves and
the adjacent seagrass meadows. The larvae of many
species settle and grow in these rich feeding areas. Most
medium-energy to high-energy beaches are associated
with dunes and reef, seagrass or soft-sediment subtidal
habitats. As in other subtidal soft-bottomed communities,
many tiny plants and animals live within the ‘gaps’ or
interstices between the sand grains (Womersley and
Thomas 1976). High-energy habitats have coarser and

Table 3
Eucla

These beach habitats are vulnerable to human impacts
from both land-based and ocean-based activities,
including coastal development, urban run-off, marine
pollution, and recreational activities such as bait digging
for fishing and especially driving on beaches. The beaches
are also impacted by human collection of living organisms
and trampling (AMLR NRM Board 2008, Dutton and
Benkendorff 2008).
Soft-sediment bottoms contain a rich infauna and
epifauna. The epifauna itself provides a substrate and
habitat for a rich fauna and captures the productivity of
the water column via its filter feeders. The organisms
on the bottom are critically important as food for higher
levels of the food web and contribute to maintaining
stability of the bottom. Soft-sediment habitats are
vulnerable to any activities that disturb the seabed.
These can result from urban and industrial development,
and include dredging and dumping, stormwater runoff, sewage and industrial discharges, and trawling.
Knowledge of the condition of these habitats is very poor.
Table 3 provides the bioregional assessment for sandflats
and mudflats.

Bioregional assessment of sandflats and mudflats
Intertidal soft sediment includes the Merdayerrah Sandpatch (a geological monument at the most
western edge of the bioregion). East of the Bunda Cliffs and Head of Bight to Cape Adieu, the coastline
is characterised by beaches backed with dune barriers and interspersed with rocky headlands and
reefs. The wave-exposed beach habitats are in some areas backed by a large and dynamic dune
system, and fronted by sandbars. The vast stretches of relatively undisturbed beach coastline are used
by birds, including little penguins, hooded plovers and oystercatchers (AW NRM Board 2011).
A lack of coastal development and limited exploitation or harvesting of coastal resources mean that
the nearshore and coastal environments are pristine compared with other coastal areas in South
Australia. The only exception is the impact of four-wheel-drive vehicles associated with fishing (AW
NRM Board 2008).
Soft sediments form the majority of the Eucla bioregion benthic environment (i.e. the environment
associated with the sea floor). Filter-feeding invertebrate animals, such as sponges, ascidians and
bryozoans, are a dominant feature of the sea floor in the shelf waters of the Eucla bioregion. These
invertebrates, particularly the larger sponges, form three-dimensional structures on the sea floor. For
many fish and mobile large invertebrates in the Great Australian Bight, the invertebrate-covered sea
floor provides areas for feeding, breeding, camouflage and shelter.
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Intertidal habitats provide a transition zone between
terrestrial and marine ecosystems. They are narrow in
extent but are relatively open systems that rely on other
marine habitats for connectivity, and are also regularly
inundated by the tides. These habitats create a range
of niches for plants and animals that can tolerate the
often extreme conditions of wetting, drying, salinity,
temperature, exposure to sun and submersion (AMLR
NRM Board 2008). Sandy beaches, and estuarine
sandflats and mudflats are the soft-sediment habitats
within the intertidal zone.

more mobile sand grains and are dominated by burrowing
species, including polychaete worms. They also provide
foraging areas and habitat for migratory and resident
wading birds or shorebirds.
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Murat

Surf beaches and sheltered beaches are scattered within the Fowlers Bay area; they are less common
in the Streaky Bay area because many of the embayments are dominated by mangrove and saltmarsh
habitats (DEH 2007a, EP NRM Board 2009). Where reefs protect the coastline, the beach profiles tend
to be shallow. This contrasts with exposed beaches on the western side of Murat, which are generally
deeper and accumulate bigger sand-dune systems. Shallow, sandy bays, mudflats and tidal areas
in mangrove forests provide key nursery habitat for fish and western king prawns. Many species of
fish and birds, including migratory birds, visit these areas to feed. Subtidal soft sediments are not a
dominant feature of the Murat bioregion, accounting for only 4% of its area.

Eyre

There are many small sandy beaches that are open to high-energy wave action between the
calcarenite cliffs, or at bases of cliffs, in the western area of this bioregion. The beaches along the
lower Spencer Gulf are generally low-energy environments, either reflective or low-tide terraces. They
are typically dominated by low-wind waves and are commonly fronted by seagrass meadows. The
Eyre, Jussieu and Bolingbroke peninsula beaches are mostly sheltered from south-westerly swells, and
this has helped to form a series of bays and estuaries, sandy beaches and rocky shores (DEH 2007b).
Wader birds, which are protected by bilateral agreements between Australia and China, Japan and
the Republic of Korea, use the tidal flats and beaches throughout the region (DEH 2007ac, DSEWPaC
2009a, EP NRM Board 2009).
Much less is known about the condition of intertidal soft-sediment habitats and communities in this
bioregion than about their extent. The Kangaroo Island Natural Resources Management (NRM) Board
(KI NRM Board 2008) reported that many of the island’s coastal and marine ecosystems were in good
condition (as a result of the low level of coastal development), but recognised that data were patchy.
Water quality in the nearshore environments on the Eyre Peninsula (Boston Bay, Coffin Bay, Venus
Bay) was relatively good, with the lowest nutrient levels recorded of the Environment Protection
Authority’s 65 ambient water-quality monitoring sites. Sandy bottom forms a large proportion of the
region’s mapped benthic habitat. Soft-sediment communities are found in sheltered embayments;
they support a large variety of invertebrates, particularly molluscs and worms, and provide habitat for
various fishes and crustaceans.

Spencer Gulf

The beaches of Spencer Gulf are generally low-energy environments and are dominated by lowwind waves, with greater tidal ranges in the upper reaches. The Eyre Peninsula beaches are mostly
protected from the south-west swell, and waves generally develop from onshore winds. Most beaches
have wide intertidal sand flats, backed by very low-energy to moderate-energy high-tide beaches,
with extensive seagrass meadows at the front (EP NRM Board 2009). Much of the mid-eastern side
of the gulf comprises long, sandy beaches with a single or narrow belt of dunes behind, interspersed
with small rocky headlands, and shore platforms. Much less is known about the condition of intertidal
soft-sediment habitats and communities in this bioregion than about their extent. Water quality in the
nearshore environments at Port Hughes is relatively good. Subtidal soft sediments are a feature of the
sheltered waters in the northern parts of the Spencer Gulf bioregion.

North Spencer Gulf

Coastal geomorphology north of Point Lowly consists of wide supratidal samphire and mudflats,
intertidal mudflats, mangroves and sandflats. The supratidal zone comprises mainly of bare carbonate
flats, which are occasionally inundated by high spring or storm tides. The diversity and productivity of
the area are increased by the tidal currents of the northern gulf region. The majority of the beaches
have wide intertidal sandflats, backed by very low-energy to moderate-energy high-tide beaches, with
extensive seagrass meadows at the front. A distinctive feature of North Spencer Gulf is the unusual
coastal sand barriers, which are absent from higher energy stretches of the lower gulf and form under
the influence of storm surges or extreme tidal events. About 340 of these barriers are arranged in
lines parallel to the shore along the sheltered shoreline, from Cowell to Port Augusta. They average
400 metres long, 10–50 metres wide, and rarely more than 1 metre high. Landward of the actively
forming barrier islands are multiple lines of earlier stranded barriers, separated by supratidal flats that
are active only when flooded by spring high tides and storm surges. Soft-sediment communities form
a large proportion of the North Spencer Gulf bioregion.
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This bioregion is home to a diverse group of soft-sediment communities, which were identified as
six distinct assemblages by Shepherd and Sprigg (1976). More recent surveys (Tanner 2005) report
declines or losses in all of these assemblages, both within the gulf and in Investigator Strait. The losses
were linked predominantly to prawn trawling, but other impacts, such as dredging and wastewater
discharges, also contributed.
Sandy to muddy tidal flats dominate the upper portion of Gulf St Vincent from Port Clinton to Port
Adelaide (Womersley and Thomas 1976, AMLR NRM Board 2008). Mudflats on eastern Gulf St Vincent
are associated with coastal mangroves, samphire habitats and seagrasses. Overall, beach biodiversity
in gulf waters is relatively modest (AMLR NRM Board 2008). Dissipative beaches, which are around
the eastern Fleurieu coast towards Goolwa, are rich in fauna (AMLR NRM Board 2008). Tidal mudflats
and other habitats in Gulf St Vincent are nationally and internationally important for wading birds
or shorebirds.
The Kangaroo Island NRM Board (2008) reported that many of the island’s coast and marine
ecosystems were in good condition (as a result of the low level of coastal development), but
recognised that data were patchy. A link has been found between nitrogen (particularly ammonia) in
the nearshore regions of Nepean Bay and seagrass loss in the Kangaroo Island region (Bryars et al.
2006).
Monitoring indicated that water quality along the metropolitan coast was in poor condition for several
indicators and continues to decline. Results from an ecological assessment in 2011 of Adelaide’s
beach-nourishing program showed that 58 macroinvertebrate taxa and 558 individuals were found
across the 15 metropolitan beaches studied. The most dominant taxa of invertebrates found were
typically terrestrial species (mostly beetles). The total number of species found ranged between 77 at
Semaphore South and 8 at Torrens Outlet.

Coorong

The Coorong bioregion is a large, sandy ‘barrier coast’, dominated by large dunes, beach ridges
and high-energy sandy beaches, including one of Australia’s longest continual sandy beaches
(194 kilometres from the Murray mouth to Cape Jaffa). The lengthy ocean beach is an important
feeding, breeding and nursery area for many marine species, including Australia’s largest single
population of cockles. The region is also an important nesting site for the state’s listed vulnerable
hooded plover and for migratory wading birds (SE NRM Board 2010). The condition and trends of the
intertidal coastal environment in the south-east are unknown because of inconsistent and insufficient
information (SE NRM Board 2010).
The region directly offshore from the Murray mouth is characterised by fine sediments. The high
energy and constant sand movements in this area prevent immobile species from settling, but are also
likely to provide habitat for bottom-dwelling and burrowing invertebrates. Animals associated with
these sandy areas include flatfishes (e.g. flounder and flathead); rays and skates; worms; crustaceans,
such as sand crabs; sea snails; and a variety of bivalve molluscs, including the well-known Goolwa
cockle or pipi.

Otway

The intertidal and subtidal areas in the Otway bioregion are dominated by both flat and high-relief
limestone reefs, patches of sand, and small areas of seagrass in some of the more sheltered bays.
Where reefs are absent, sandy beaches and coastal dunes and barriers can be found. Subtidal softbottom habitats are not a dominant feature of the Otway bioregion, accounting for approximately 7%
of its area. They are mostly found as patches of sand interspersed among the reefs.
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2.1.4 Coastal water quality
The coastal waters of South Australia are typically low
in nutrients (oligotrophic) and clear, and the plants
and animals have evolved to thrive in these conditions.
Consequently, even small increases in nutrient
concentrations can have disproportionate degenerative
effects on biotic environments. These effects include
increasing epiphyte loading on seagrass, and a shift from
canopy macroalgal ecosystems to turf-dominated reef
ecosystems.
The pressure on water quality in the lower Spencer Gulf
comes from sea-cage aquaculture of both southern
bluefin tuna and yellowtail kingfish in the waters offshore
from Port Lincoln. The cumulative effect of many farms
in this region is discharge of high loads of nutrients into
waters. Although the bulk of the aquaculture farms are
located well offshore, the wind and tidal action drives
the nutrients into nearshore areas such as Louth Bay.
Monitoring at Louth Bay in 2010 showed the seagrasses
were in poor condition, with signs of excess nutrients,
particularly during autumn. Other nutrient sources in
this region include run-off from agriculture into the Tod
River in periods of heavy rain, and leakage from septic
tanks located near small coastal towns. Within Boston
Bay, stormwater run-off from Port Lincoln, the Billy Lights
Point wastewater treatment plant and fish processing
discharges all contribute nutrients into the sheltered bays.
This is likely to contribute to the eutrophic conditions
found in both Boston and Louth bays.
Other parts of the Lower Spencer Gulf region, including
Tumby and Arno bays, receive nutrients discharged
from sea-cage and land-based aquaculture, septic-tank
leakage and agricultural run-off. The ecological condition
monitored in 2010 in these regions was considered to be
good. The Lower Spencer Gulf has a variety of pressures
that are likely to affect the ecological condition of the
receiving waters.
Adelaide’s metropolitan coast receives nutrient-rich
discharges from three wastewater treatment plants, as
well as from a large manufacturer of soda ash and sodium
bicarbonate. These discharges contribute nutrient loads
into the marine environment. The nutrients promote
the growth of fast-growing epiphytes, which smother
seagrasses, reduce the amount of light available to
seagrass leaves or result in breakage of leaves. A program
to reduce the impacts from these discharges shows
promising results (see Section 4).
Urban stormwater contributes large loads of suspended
solids into nearshore coastal waters after periods of
rain. This discoloured water is retained in the nearshore

waters, where it can decrease the clarity of the water
and the amount of light available to seagrass and algae.
This problem is exacerbated by the suspended sediments
and dead seagrass being discharged into the nearshore
waters from dredging at boating facilities such as West
Beach and North Haven. To date, the combination of
increases in nutrients and decreases in water clarity
has resulted in a loss of over 5000 hectares of seagrass
and the degradation of rocky reefs along the Adelaide
metropolitan coast. Seagrass planting trials in areas where
water quality has improved are showing positive results.
The northern and eastern Yorke Peninsula is subject to
a variety of pressures, including high densities of septic
tanks, which result in the leakage of nitrogen through
the groundwater into the nearshore marine environment.
Present and past land management practices on Yorke
Peninsula (in addition to stormwater run-off from
coastal towns) transport nutrients and sediment into the
nearshore waters after rain, which could lead to future
loss of seagrass.
The southern region of Gulf St Vincent receives nutrientrich and sediment-rich run-off that is discharged
from agricultural lands, particularly into the Cygnet
River bay on Kangaroo Island. These discharges can
cause the degradation of seagrass and rocky reefs,
reducing biodiversity and impacting on commercial and
recreational fisheries. In addition to agricultural run-off,
high densities of septic tanks in coastal towns can result
in nutrient discharges to the nearshore environment.
To date, there has been a loss or degradation of more
than 2695 hectares of seagrass from Western Cove.
Additionally, monitoring between 2009 and 2011
indicated that additional seagrass habitats throughout
Nepean Bay are under stress from nutrient enrichment,
and further seagrass loss is possible.
A study of metal uptake in translocated bivalve mussels
throughout South Australia showed that some areas
had relatively high metal levels (Gaylard et al. 2011).
An association existed between metal levels in the
translocated mussels and the broad land use (rural, urban
or industrial). The highest metal levels occurred in areas
that have a long history of industrialisation, including Port
Pirie, Whyalla and the Port River. Urban areas, including
the majority of Adelaide’s metropolitan coast, showed
a slight elevation in levels of metals, which were largely
associated with discharges such as stormwater and water
from the Glenelg wastewater treatment plant.

2.1.5

Estuaries

These surveys showed that a high percentage of
estuaries across the state have moderate to high levels
of disturbance for each threatening process. Threatening
processes included altered water regime, physical barrier
(mouth, middle or lateral, and head), dumping, habitat
fragmentation, overgrazing, nutrient enrichment, vermin,
tracks, weeds, vegetation destruction, impacts from
recreation, vegetation buffer disturbance, erosion, marine
debris, aquaculture and potential marine pathogens
(Figures 3 and 4). Some locations showed low dissolved
oxygen levels.

Source: Rumbelow et al. (2010)

Figure 3

Number of estuaries with particular land use directly adjacent to estuary boundaries
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In South Australia, an estuary has been defined as ‘a
partially enclosed coastal body of water, including its
ecosystem processes and associated biodiversity, which
is either permanently, periodically, intermittently or
occasionally open to the ocean within which there is a
measurable variation in salinity due to the mixture of
seawater with water derived from on or under the land’
(Natural Resources Management Act 2004). Estuaries are
critical transition zones linking land, freshwater habitats
and the sea. They provide many ecosystem services and
functions, including erosion control and storm-surge
protection, filtration of water as it flows from land to sea,
regulation and cycling of nutrients, and habitat for plants
and animals.

South Australian estuaries are generally poorly
understood and often under threat from a range of
sources. The Department of Environment, Water and
Natural Resources (DEWNR) mapped 102 estuaries,
and 25 of these were surveyed to assess their condition
(Rumbelow et al. 2010).
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Source: Rumbelow et al. (2010)

Figure 4

Extent of threatening processes across estuaries surveyed in South Australia

These results highlight how estuarine systems around the
state are considerably affected by threatening processes.
Each of the sites surveyed was subject to multiple
disturbances, and many had a high level of impact. These
surveys need to be repeated, and the number of sites
need to be increased to cover all marine bioregions.

2.1.6

Beaches and dunes

All of the 1788 beaches along the South Australian coast
have been mapped and described. They have also been
classified according to physical characteristics and
safety (Short 2001). In addition, the Coast Protection
Board funds a coastal survey program that monitors
the condition of beaches that are critical to protecting
infrastructure from coastal erosion. These are located
mainly in townships and are regularly profiled to
detect loss of beach volume, a fall in beach height or
foreshore erosion.

Adelaide’s metropolitan beaches have declining sediment
and require management to prevent erosion. The
30-kilometre Adelaide beach, for example, has declining
sediment due to a reduced sand input and a northward
littoral drift. It has been necessary to combine rock-wall
protection with a sand management program to protect
coastal infrastructure and development from erosion.
Beach levels and volumes are monitored, and this
information is used to guide the beach replenishment
program. Sand is currently shifted using trucks; since
2012, a sand-pumping system has been operational
south of Torrens Inlet. Figure 5 has been compiled
from DEWNR’s beach-monitoring data. It compares the
2008 beach volumes at 60 monitored locations along
the Adelaide coast with 2009, 2010 and 2011 values.
Differences between years can be observed at some
locations, reflecting both natural sand transport processes
and human intervention.
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Source: Department of Environment, Water and Natural Resources

Figure 5

Variation in volumes of beach sediment, 2009–11

2.2 Threatened species

and is taken as bycatch in commercial and recreational
lobster pots.

Threatened and rare coast and marine species are
protected under the National Parks and Wildlife Act 1972
and the Fisheries Management Act 2007. Species protected
under the National Parks and Wildlife Act can be listed as
endangered, vulnerable or rare (Table 4).

The Adelaide and Mount Lofty Ranges Natural Resources
Management (NRM) Board commissioned a survey of the
species and concluded that population estimates were not
possible at the sites surveyed because of the low numbers
observed—only three individuals were photo-catalogued
at Aldinga Reef, and none were sighted at Seacliff,
Northern Outer, Macs Ground or Milkies reefs. Further
studies are needed to better ascertain the status of the
harlequin fish and the many other species of conservation
concern in South Australian waters (Bryars 2011). (See the
Introduction for more information about NRM regions.)

A comprehensive desktop review was undertaken for
many species, including more than 200 species of
noncommercial fish, to determine their conservation
status. However, most species are deficient in data that
could determine their conservation status. One example
is the harlequin fish Othos dentex, a coastal reef fish
endemic to Australia and occurring from the central coast
of Victoria to south-west Western Australia (Atlas of
Living Australia 2012). The harlequin fish prefers highquality coastal waters less than 45 metres deep, and rocky
reefs with drop-offs, caves and ledges. The fish, which
grows to 76 centimetres in length, is incidentally captured
on hook and line by commercial, recreational and charterboat fishers, is targeted by recreational spear fishers,
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Coast and marine species protected under South Australian legislation

National Parks and Wildlife Act

Fisheries Management Act

Endangered

Vulnerable

Protected

Blue whale (Balaenoptera
musculus)

Southern right whale (Eubalaena australis)
Sei whale (Balaenoptera borealis)
Fin whale (Balaenoptera physalus)
Humpback whale (Megaptera novaeangliae)

Western blue groper (Achoerodus
gouldii) in the waters of or near
Spencer Gulf and Gulf St Vincent
Great white shark (Carcharodon
carcharias)
Scalefish of the family
Syngnathidae
Scalefish of the genus Ambassidae
Scalefish of any species of
Mogurnda

Subantarctic fur seal
(Arctocephalus tropicalis)
White-bellied sea eagle
(Haliaeetus leucogaster)
Osprey (Pandion haliaetus)
Yellow-nosed albatross (Indian
Ocean subspecies) (Diomedea
chlororhynchos carteri)
Yellow-nosed albatross (Atlantic
Ocean subspecies) (Diomedea
chlororhynchos chlororhynchos)
Royal albatross (northern
subspecies) (Diomedea
epomophora sanfordi)
Sooty albatross (Diomedea fusca)
Little tern (Sterna albifrons)
Fairy tern (Sterna nereis)
Loggerhead turtle (Caretta
caretta)

Australian sea lion (Neophoca cinerea)
Hooded plover (Thinornis rubricollis)
Buller’s albatross (Diomedea bulleri)
Shy albatross (Diomedea cauta cauta)
Salvin’s albatross (Diomedea cauta salvini)
Grey-headed albatross (Diomedea chrysostoma)
Royal albatross (southern subspecies) (Diomedea
epomophora epomophora)
Wandering albatross (Diomedea exulans)
Black-browed albatross (Campbell Island
subspecies) (Diomedea melanophris impavida)
Light-mantled albatross (Diomedea palpebrata)
Great skua (Macquarie and Heard Island
subspecies) (Catharacta skua lonnbergi)
Southern giant petrel (Macronectes giganteus)

Crustaceans of the following
classes carrying external eggs:
• bug (Ibacus sp.)
• blue swimmer crab (Portunus
pelagicus)
• giant crab (Pseudocarcinus
gigas)
• slipper lobster (Scyllarides sp.)
• southern rock lobster (Jasus
edwardsii)

Green turtle (Chelonia mydas)
Leatherback turtle (Dermochelys coriacea)

Australian sea lion pups in rockpool at North Page Island
Dr Jane McKenzie
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Pressures on the coast, estuaries and adjacent marine
waters result from both land-based and marine-based
human activities, as well as broader global influences
such as climate change.

3.1 Land-based activities
More than 90% of South Australians live within
50 kilometres of the coast (ABS 2002), and approximately
75% live in greater Adelaide. Many commercial, industrial
and recreational activities benefit from South Australia’s
diverse coastal and marine resources. This inevitably
comes at some environmental cost (see Box 1), in the
form of pollution, erosion, degradation of habitats,
introduction of pests and unsustainable use of some
resources. Unless these impacts are well managed,
including for their cumulative impacts, the ability of the
coastal and marine environment to sustain the varied
economic and recreational benefits may be compromised.
Uses such as recreational boating, shipping traffic and
aquaculture are increasing. Most fisheries are fully
fished, and some are overfished. The growing number
of coastal developments along the coastline includes
regional boating facilities, public access points, offshore
aquaculture, marinas and boat ramps. Sediments from
erosion or run-off, and nutrients or toxins from effluent,
stormwater, industry and agriculture persist in the marine
environment, entering and changing the food web of the
entire underwater world and influencing many biological
systems (Figure 6).

Box 1

Water quality

Water quality in coastal and estuarine areas is
greatly affected by how the surrounding area
is used. Major land uses in coastal catchments
that affect estuaries and coastal waters include
pastoralism, cropping, horticulture, seacage aquaculture and forestry. Additionally,
stormwater, wastewater treatment plants,
and sewage treatment and effluent disposal
systems in coastal towns discharge substantial
quantities of nutrients, heavy metals,
microbiological loads and organic matter into
estuaries and coastal waters.
These pressures have influenced several of
the state’s estuaries and coastal waters. For
example, breakdown of organic matter in the
Inman River estuary sediments and nutrient
processing cause high levels of ammonia in
the estuary (above 40 milligrams per litre).
This is toxic to numerous species, particularly
fish species, and can cause algal blooms.
The Onkaparinga and Cygnet estuaries also
receive excessive amounts of nutrients and
organic matter.
Seagrass losses in Nepean Bay and Boston
Bay are likely to be due to high nutrient levels.
Seagrass and mangrove losses in the Spencer
Gulf coastal waters have been attributed to a
combination of nutrient enrichment, industrial
pollution and climatic conditions. It is also
likely that at least some of the seagrass loss in
Rivoli Bay (in the south-east) is attributable to
discharges of agricultural drainage water from
Lake George (Wear et al. 2006).
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Figure 6

Pressures and impacts on coastal and marine environments

3.2 Aquaculture

There are approximately 650 individual aquaculture
licensees farming a variety of marine and freshwater
species, including southern bluefin tuna, yellowtail
kingfish, abalone, oysters, yabbies and marron,
barramundi and algae.
There is evidence that the abundance and distribution of
certain seabirds and marine vertebrates have markedly
increased because of human activities in the marine
environment, particularly refuse discharge and fishery
discards (Harrison 2003). As a result of the increase in
food entering the water, adverse interactions with marine
vertebrates have been reported, albeit rarely.

3.2.1 Tuna
Southern bluefin tuna accounts for 53% of South
Australia’s gross value of production (GVP) from
aquaculture (EconSearch 2011). In recent years,
production has risen steadily; it is projected to
continue to increase by 10% in 2011–12 and 20%
in 2012–13 (EconSearch 2011). The pressures on the
marine environment from tuna farming include
increased nitrification, co-infection from parasites and
marine debris.
Australia is a member of the Commission for the
Conservation of Southern Bluefin Tuna, which was
established in 1993 to protect the species from
overfishing. A 2011 stock assessment showed that the
spawning stock biomass remains relatively low, but that
the outlook for the stock is positive (CCSBT 2011).

Source: Department of Primary Industries and Regions South Australia, Fisheries and Aquaculture, unpublished data

Figure 7

South Australian aquaculture development, 2008–12 and planned
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Aquaculture production in South Australia increased
from 3883 tonnes in 1997 to 13 548 tonnes in 2002
and 20 549 tonnes in 2010. In 2010–11, aquaculture
contributed $90 172 million to the gross state product
(Figure 7). Approximately 70% of this was generated in
regional South Australia (EconSearch 2012).

Wildlife interactions that might occur with some marine
farming include interactions with seabirds, sharks and
protected marine mammals (Harrison 2003).
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3.2.2 Finfish
Yellowtail kingfish contribute 14% of South Australia’s
total aquaculture GVP (EconSearch 2011). Reporting
requirements have revealed that escapes of stock can
occur from finfish-licensed holding cages. A report by
Fowler et al. (2003) concluded that escaped yellowtail
kingfish, when recaptured, exhibit poor health and do not
seem to survive for long. Therefore, it is not anticipated
that escapes have long-lasting ecological impacts. Other
pressures from finfish farming are similar to those for
southern bluefin tuna farming, described above.
3.2.3 Subtidal shellfish
Blue mussels and greenlip abalone are the farmed
subtidal shellfish species. Culture techniques for both
species vary; they include contained and uncontained
longlines, and benthic structures to harbour stock to
grow out and harvest. Collectively, the subtidal shellfish
culture sector contributes 8% of aquaculture GVP in
South Australia. Subtidal shellfish has more than doubled
in value since 2003, and the value is projected to grow
by approximately 19.5% per year over the next three
years (EconSearch 2011). As with southern bluefin tuna
and marine finfish, the accidental loss and/or disposal
of debris related to subtidal shellfish aquaculture is
recognised as an environmental pressure.
3.2.4 Intertidal shellfish
Intertidal shellfish culture is the farming of Pacific
oysters. Oyster farms mostly use hanging baskets or,
far less commonly, fixed ‘rack and rail’ systems within
the intertidal zone to contain stock to grow out and
harvest. Collectively, the intertidal shellfish culture sector
contributes 18% of aquaculture GVP in South Australia.
Intertidal shellfish farming has more than doubled in
value since 2003, and the value is projected to grow by
approximately 10% per year over the next three years
(EconSearch 2011).
Because Pacific oysters are exotic to South Australian
waters, concern has been raised over the establishment
of wild populations. Small populations of wild Pacific
oysters were reported for the first time in Franklin
Harbour and Denial Bay in 1990. The pressures from these
feral populations include competition for food and space
with native oysters (Ostrea angasi) and other filter feeders
(Wear et al. 2004).
3.2.5 Land-based aquaculture
Land-based aquaculture in South Australia comprises
predominantly abalone, finfish species, yabbies and
marron. Pressures from land-based aquaculture include
nutrient discharge to coastal or freshwater environments,
the potential spread of disease to native flora and fauna

populations, and the threat of escape of stock into
natural waterways.

3.3 Fishing
During 2009–10, the total volume of production of South
Australia’s commercial wild fisheries was 47 581 tonnes,
worth an estimated $202 million. This represented an
increase in production of 24% (9102 tonnes) since 2008–
09 (Knight and Tsolos 2011). Aquatic resources are finite,
and there is a risk that continued overexploitation might
lead to irreparable damage to the aquatic environment.
Fishing also brings economic and social benefits to the
state that could be lost if aquatic resources are harvested
at unsustainable levels.
Species targeted by commercial and recreational fishing
play important roles in their marine ecosystems, and
overfishing has the potential to reduce biodiversity and
impact negatively on ecosystems. Bycatch of commercial
fishing must also be managed to minimise the footprint
that fishing places on the aquatic environment.
South Australian commercial fisheries include the
following:
• Snapper: Snapper is highly valued by both commercial
and recreational fishers, and South Australia is the
major contributor to the national catch. In spite of a
large increase in targeted longline effort for snapper,
stocks were assessed as healthy and at sustainable
levels in 2008–09, except for the southern Spencer
Gulf, where the biomass was considered low (Fowler
et al. 2010).
• King George whiting: King George whiting is
considered an ‘icon’ species of South Australia, and is
heavily targeted by both recreational and commercial
fishers. The latest stock assessment report, published
in July 2011, stated that the fishery has been stable for
several years, and that there is no immediate need to
reconsider management arrangements (Fowler et al.
2011). The statewide catch of King George whiting
is split evenly between recreational and commercial
fishers ( Jones 2009).
• Pipi (Goolwa cockle): The pipi fishery moved to a quota
management system in 2007 to address sustainability
concerns, following years of increasing catch effort
and decreasing catch rates. A limit of 300 tonnes
was set for the 2009–10 fishing season, increasing to
400 tonnes for the 2011–12 fishing season.
• Southern rock lobster: Following a decline in numbers
of southern rock lobster, there have been positive
signs for recovery of the species in recent years.
Effort and fishing days have substantially decreased,

•

•

Details on other fisheries are available from the
Department of Primary Industries and Regions South
Australia (PIRSA) (Knight and Tsolos 2011, Knight and
Vainickis 2011).
PIRSA Fisheries and Aquaculture classifies the stocks
of commercially exploited species (Table 5) into
three categories:
• Underfished—underutilised and has the potential
to sustain harvest levels higher than those currently
being taken.
• Fully fished—harvest levels are at, or close to,
optimum sustainable levels. Current fishing pressure is
considered sustainable.
• Overfished—harvest levels are not sustainable and/
or yields may be higher in the long term if catch or
effort levels are reduced in the short term, or the stock
may still be recovering from previous excessive fishing
pressure. Recovery strategies will be developed to
reduce fishing pressure and ensure that stocks recover
to acceptable levels within agreed timeframes.

Table 5

Fisheries stock status for selected
species

Fishery

Status

Pipi (Lakes and Coorong)

Fully fished

Southern Zone southern rock lobster

Fully fished

Northern Zone southern rock lobster

Overfished

Southern garfish

Overfished

Southern calamari

Fully fished

King George whiting

Overfished

Snapper

Fully fished

Giant crab

Fully fished

Blue crab

Fully fished

Sardine

Fully fished

Gulf St Vincent prawn

Overfished

Spencer Gulf prawn

Fully fished

Southern Zone abalone

Fully fished

Central Zone abalone

Fully fished

Western Zone abalone

Fully fished

Source: PIRSA (2006)

Fishing activities can interact with threatened, endangered
or protected species. Some species have been listed as
protected and/or of conservation concern under the
Fisheries Management Act 2007 and other environmental
legislation, and must not be taken or deliberately interfered
with. From data submitted voluntarily by commercial
licence holders to the South Australian Research and
Development Institute (SARDI), there were 582 incidents
involving interactions with 1921 threatened, endangered or
protected species in South Australian–managed fisheries
during 2009–10 to 2011–12. Of these, 1802 animals were
released or escaped, and 119 died. Dolphins accounted
for 609 of the animals and 917 individual pinnipeds were
involved in interactions. The latter figure is skewed by a
large number of seals interacting with fishing in the Lakes
and Coorong during 2009–10 and 2010–11. Over the threeyear period, 97% of all the encounters involved trawl or net
operations (Tsolos and Boyle 2013).
Fishing activities also have the potential to damage
habitat. Potential impacts include deployment of illegal
artificial reefs, mooring over seagrass beds and damage
to reefs from anchors.
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while catch per unit effort has considerably increased.
Despite this, the fishery faces continuing challenges
to ensure healthy levels of recruitment (Linnane
et al. 2011).
Greenlip and blacklip abalone: The total commercial
catch of abalone from South Australian waters is
about 870 tonnes per year. The recreational take of
abalone was estimated at less than 10 tonnes in
2007–08 ( Jones 2009). Recent catches are at
sustainable levels across the fishery (Mayfield et al.
2008, Mayfield and Hogg 2011, Stobart et al. 2011).
Australian sardine: The South Australian sardine
fishery is the largest South Australian fishery by
volume of catch. Evidence indicates that catches are at
sustainable levels, with the level of spawning biomass
being within the target range (Ward et al. 2010).
Western king prawn: Historical reductions in effort,
relatively stable catches and increases in prawn
size over time suggest that the Spencer Gulf prawn
fishery is being fished within sustainable limits (Dixon
et al. 2010). The Gulf St Vincent prawn fishery has
experienced a decline in biomass, which is likely to
have reduced the potential egg production for the
fishery (Dixon et al. 2011), and a recovery strategy
for the gulf is in place. Spencer Gulf catches have
remained stable since the 1973–74 season, with
catches ranging from 1048 to 2522 tonnes. West coast
fishing is more opportunistic, with annual catches
generally less than 200 tonnes since 1990–91.
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The Environment Protection and Biodiversity Act 1999
(EPBC Act; Cwlth) lists marine debris as a key threatening
process: ‘Injury and fatality to vertebrate marine life
caused by ingestion of, or entanglement in, harmful
marine debris’. Harmful marine debris refers to all
plastics and other types of debris from domestic or
international sources that might cause harm to vertebrate
marine wildlife.

South Australia’s coastal waters are under increasing
threat from a range of marine pest species, resulting
from increased vessel traffic. Marine pests can
outcompete native species for habitat and food, thereby
adversely affecting the ecosystems on which fishing
and aquaculture industries depend. Once a pest is well
established, eradication is rarely possible, and control is
expensive. Biosecurity programs are in place to identify,
assess and respond to all pests that pose a threat to our
fish stocks and their habitats, and to raise awareness of
pests. These pests and the programs to manage them are
outlined in the Biodiversity chapter.

Marine debris continues to be a persistent pressure
on the South Australian marine environment. It
includes land-sourced plastic garbage (e.g. bags and
bottles), ropes, fibreglass, piping, insulation, paints and
adhesives; derelict fishing gear from recreational and
commercial fishing activities; and ship-sourced, solid,
nonbiodegradable floating materials lost or disposed of
at sea.
For marine species, entanglement in debris can restrict
mobility, leading to starvation. It can also create wounds,
infections, and damage to body and limbs, and can
facilitate drowning. Debris (e.g. plastic bags, rubber,
balloons, plastic fragments and food wrappers) can be
ingested by marine wildlife that mistake the debris as
prey species. This can affect their digestive systems,
causing physical blockage, internal scarring and injuries
that lead to starvation and death.

Commercial shipping is one of the most commonly
recognised marine pest vectors. Recent research by
Hewitt and Campbell (2010) suggests that vessel
biofouling is a larger contributor (60%) to the
translocation of marine pests than ballast water from
commercial shipping (24%) in Australia.
South Australia’s shipping industry is an important
contributor to the economy—some 500 vessels traverse
our waters, making more than 1000 port calls and
carrying more than 26.8 million tonnes of product. During
2010–11, South Australia’s commercial ports had a total of
1509 port calls by cargo ships (Figure 8).

Little penguin killed by marine debris at Troubridge Island
Dr Jane McKenzie
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Source: BITRE (2012)

Figure 8

Number of port calls by cargo ships in South Australia, 2001–02 to 2010–11

Globally, there is a trend towards larger ships that require
deeper channels and larger berths, but are more efficient
and require fewer trips for any given freight task. The
average size of large vessels, including bulk carriers
and container vessels, visiting Adelaide has increased
(BITRE 2012).
The Australian Government, through the National System
for the Prevention and Management of Marine Pest
Incursions, and the shipping industry play important
roles in preventing the spread of marine pests. Pests are
contained primarily by managing ballast water according
to Australia’s mandatory ballast water management
requirements, and by minimising the amount of
biofouling on vessels.
Thirteen of the 99 pest species reported in South
Australia since the 1800s are currently listed as trigger
species in the marine pest monitoring manual, which
means that they are regarded as species of particular
concern (Wiltshire et al. 2010). More detailed information
on these species is provided in the pest species section of
the Biodiversity chapter.
A comprehensive set of management arrangements for
domestic ballast water is being developed to complement
the existing requirements for international vessels. These
arrangements will be consistent with the International
Maritime Organization’s International Convention for
the Control and Management of Ships’ Ballast Water
and Sediments.
The Australian Government is also investigating new
biofouling management requirements for vessels arriving

in Australian waters. In developing these requirements,
the Australian Government has been working with
stakeholders to ensure that implementation arrangements
are both practical and effective in minimising the
biosecurity risk posed by biofouling.
With an expected increase in shipping traffic due to
mineral exports and natural growth in other trades, there
will be continued focus on risk-based management of the
coastal waters.

3.6 Coastal and offshore exploration
and production
Coastal and offshore exploration activities include mineral
and petroleum exploration and production. Offshore
mining has the potential to alter patterns of sediment
movement, and affect ecological processes and associated
biodiversity. A large number of mineral exploration
licences and production leases are located onshore near
the coast, and several of the salt and gypsum extraction
tenements extend into inland waters. A substantial
amount of Spencer Gulf is covered by 16 mineral
exploration licence applications. There is one inshore
petroleum licence covering most of Gulf St Vincent,
but little exploration has occurred under the licence to
date, and none in the marine part of it. One application
is pending for petroleum exploration in part of Spencer
Gulf. A geothermal exploration licence also covers part of
Spencer Gulf and a small portion of Guichen Bay in the
south-east.
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A major offshore seismic survey is being undertaken in
the Great Australian Bight. Further seismic exploration is
expected, as well as drilling of five deepwater petroleum
wells in 2013–14. Seismic surveys have the potential to
impact on whales. Baleen whales might be more affected
than toothed whales, as their acoustic range is thought
to operate in the same frequency as the air-gun pulses
used in seismic exploration. Seismic operations are
regulated by Commonwealth legislation and guided by
the Australian Government’s Guidelines on the application
of the Environment Protection and Biodiversity Conservation
Act to interactions between offshore seismic operations and
larger cetaceans (Environment Australia 2001; revised
in 2007) and EPBC Act Policy Statement 2.1—Interaction
between offshore seismic exploration and whales, (DEWHA
2008).
Oil-well drilling has the potential to cause spills, which
can have major environmental impacts on marine and
coastal ecological communities. Lessons have been learnt
from past disasters in the Gulf of Mexico and north-west
Australia that could reduce the chances that this type of
disaster could occur in South Australia.

3.7

Climate change

Global sea level has risen 0.21 metres over the last
century and is continuing to rise (Climate Commission
2013). Coastal infrastructure is particularly vulnerable
to the risks of sea level rise caused by climate change.
Recognising this, South Australia has led the nation
in developing strategic responses to climate change
impacts in coastal areas. The Coast Protection Board’s
1991 sea level rise policy (Policy on Coast Protection
and New Coastal Development 1991) was incorporated
into the Planning Strategy for South Australia and local
government development plans in 1994. This policy is
currently being updated to reflect more recent projections
and analysis.
The consequences of sea level rise could include
increased seawater flooding risk, increased coastal
erosion, changing distribution of tidal plant communities
and rising coastal groundwater levels.
Although changes in sea level are relatively well
understood, there is limited information available about
the South Australian impacts of other changes in the
ocean environment, such as changes in acidity, salinity
and temperature due to climate change. Various research
initiatives are addressing this gap in knowledge.
Pearson Island
Dr Jane McKenzie
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The South Australian Government has established policies
and programs to protect and improve the environmental
health of the coastal and marine environment.

4.1 South Australia’s Strategic Plan and
Natural Resources Management
Plan
South Australia’s Strategic Plan (Government of South
Australia 2011a) has a target to ‘maintain the health
and diversity of South Australia’s unique marine
environments’ (Target 71). The plan includes the following
measures for meeting the target:
• effectiveness of management of South Australia’s
marine park network (from a 2011 baseline)
• results from the monitoring, evaluation and reporting
program for the marine parks network.
The South Australian Natural Resources Management Plan
2012–2017 (Government of South Australia 2011b) has a
target to improve the condition of coastal and marine
ecosystems (Target 10), including the following measures:
• trends in the extent and condition of coastal
ecosystems (including foreshore, rocky reefs, seagrass,
saltmarsh and mangroves)
• trends in the condition of habitats and species in
marine parks and sanctuary zones.
Apart from programs for the ongoing management of the
coastal and marine environment, the following initiatives
are in place to achieve the identified targets.

4.2 Marine protected areas
The South Australian Government holds a number of
marine areas under different forms of protection.

4.2.1 Marine parks network
The South Australian Government established the
Representative System of Marine Protected Areas,
commonly known as marine parks, in 2009. This

network comprises 19 multiple-use marine parks that
are distributed across South Australia’s bioregions. The
network includes representative areas of each of the eight
marine bioregions that overlap with the state’s marine
jurisdiction. The marine parks network covers a total area
of 26 912 square kilometres—approximately 44% of South
Australia’s waters—and includes the Great Australian
Bight Marine Park (Figure 1).
The aim of the network of marine parks is to conserve
and protect South Australia’s marine biological diversity
and habitats, and to assist in:
• maintaining ecological processes in the marine
environment
• adapting to the impacts of climate change in the
marine environment
• protecting and conserving features of natural or
cultural heritage importance
• allowing ecologically sustainable development and
use of marine environments
• providing opportunities for public appreciation,
education, understanding and enjoyment of marine
environments.
The Centre for Policy Development in Sydney estimated
the ecosystem services value of the marine park highly
protected zones, which cover almost 6% of state
waters, to be worth approximately $20 million per year
(Hoisington 2012).

4.2.2 Great Australian Bight Marine Park
The Great Australian Bight Marine Park Whale Sanctuary
was proclaimed under the Fisheries Act 1982 in June 1995.
In September 1996, the Great Australian Bight Marine
National Park was proclaimed under the National Parks
and Wildlife Act 1972. These two areas comprise the Great
Australian Bight Marine Park.
The Great Australian Bight region, in general, and the
area adjacent to the Nullarbor Cliffs, in particular, have
biological and physical resources and values that are of
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international and national significance under the EPBC
Act and the National Parks and Wildlife Act. They include:
• breeding and calving areas for the endangered
southern right whale (particularly at the Head of
Bight), which are the most important breeding and
calving areas for this species in Australia, and one of
two major calving sites in the world
• important populations and breeding colonies of
the rare Australian sea lion (particularly along the
Nullarbor Cliffs), which, because of their isolation and
probably negligible rates of sealing, represent a source
of genetic diversity for the species
• seasonal habitat for other species of rare and
endangered marine mammals, including sperm
whales, killer whales and rorquals (blue whales, minke
whales and humpbacks)
• important marine biodiversity, particularly among
invertebrate fauna (such as sea squirts and sea slugs);
because of the presence of a tropical current, the area
also contains elements of warm tropical marine fauna
and flora
• limestone-dominated coastal areas of high
geomorphological interest, including the spectacular
Nullarbor Cliffs and the extensive transgressive dunes
of the Merdayerrah Sandpatch.

4.2.3 Adelaide Dolphin Sanctuary

Although there is no habitat monitoring in the state
waters of the park, the number of southern right whales
has been increasing, and 2011 saw the highest number of
female–calf pairs—67—recorded at the Head of Bight in
20 years of annual monitoring (Figure 9).

The Adelaide Dolphin Sanctuary, which was proclaimed
in 2005, is designed to protect the dolphins by protecting
the environment where they live. The dolphin sanctuary
manages existing and future activities to support the
viability of the regional environment. The Adelaide
Dolphin Sanctuary Act 2005 sets out to:
• protect the dolphins from physical harm
• maintain, protect and restore key habitat features
• improve water quality
• ensure that the interests of the community are taken
into account in management of the area
• promote public awareness of the importance of a
healthy environment to the economic, social and
cultural prosperities of the area
• promote the principles of ecologically sustainable
development in management of the area.

Source: Data collected by Eubalaena Pty Ltd and the Department of
Environment and Natural Resources

Figure 9

Numbers of calving southern right
whales at the head of the Great
Australian Bight

The Port Adelaide River and Barker Inlet is possibly
the most intensively used marine waterway in South
Australia. It contains:
• metropolitan Adelaide’s power plants
• a large wastewater treatment plant
• light and heavy industries
• the state’s major port, with thousands of vessel
movements annually
• new developments, both industrial and residential
• European and Aboriginal cultural and historical values
• important recreational activities, including fishing,
birdwatching and dolphin watching.
The area is also home to about 30 resident Indo–Pacific
bottlenose dolphins (Tursiops aduncus), with at least
an additional 300 dolphins as occasional visitors to the
park. The mangroves, seagrass, saltmarsh, tidal flats,
tidal creeks and estuarine rivers in the region all provide
habitat and food for the dolphins.
Intensive use over 150 years has severely affected the
environment, which has seen an increase in chemical
and thermal pollution, introduced marine pests, litter and
excess nutrients in the water.

4.3 Coastal and estuaries action plans
The Adelaide and Mount Lofty Ranges NRM Board
has completed coastal and estuary action plans for its
region (AMLR NRM Board 2007, 2009). These plans
contain detailed maps, and plant and animal lists. They
outline key conservation priorities along the coast,

Key goals of the plans are to understand and facilitate
the conservation, protection and maintenance of natural
resources, and to establish conservation priorities for
the coast.
The completed plans are:
• Metropolitan Adelaide and Northern Coastal
Action Plan
• Southern Fleurieu Coastal Action Plan
• Thompson Beach Coastal Action Plan
• Parham Coastal Action Plan
• Light Beach Coastal Action Plan
• Onkaparinga Estuary Rehabilitation Action Plan
• three Fleurieu Estuary Action Plans for the Hindmarsh,
Inman and Bungala rivers.
Various other initiatives by NRM boards in South
Australia aim to protect and improve coastal and marine
ecosystems. The Kangaroo Island NRM Board, for
example, has trialled the use of sand-filled hessian sacks
to recruit seagrass seedlings and evaluate revegetation.
The results showed recruitment (up to three species at
some sites), but many of the bags disintegrated before
the seedlings had a chance to take hold. The board is
currently trialling direct transplantation of two Posidonia
species in Western Cove, coupled with measuring
epiphyte loads on artificial seagrass as an indicator of
nutrients within the bay. The results of both studies will
inform future management actions to improve seagrass
condition in Western Cove.

4.4 Aquaculture and fisheries
management
Management of aquaculture and fishing in South Australia
is governed by the Aquaculture Act 2001 and the Fisheries
Management Act 2007 and associated Regulations. Both
Acts rely on a system of licensing; the objective is to
protect, manage, use and develop the state’s aquatic
resources in a sustainable manner.
Options to reduce nutrient loads from aquaculture
activities include locating the activities in deeper water
and increasing the use of integrated multitrophic
aquaculture, to reduce impacts on nearshore
environments. The Aquatic Sciences division of the SARDI
is developing models to predict the fate and transport

of pollutants from aquaculture and other sources within
Spencer Gulf, to aid the management of many different
sources of pollution in the gulf.
South Australian commercial fisheries are assessed by
the Australian Government Department of Sustainability,
Environment, Water, Population and Communities against
the Guidelines for the ecologically sustainable management
of fisheries (DEWR 2007) under the EPBC Act. All South
Australian fisheries have current exemptions from the
export controls under the Act, recognising that South
Australian fisheries are managed in an ecologically
sustainable manner.
Two fish stocks in South Australia—southern garfish
and mulloway—require a recovery strategy that aims to
rebuild stocks by implementing a range of management
measures. Five recovery strategies have been
implemented for South Australia’s fish stocks in response
to sustainability concerns, using a range of management
measures aimed at rebuilding stocks. These fisheries are
mud cockles in the Port River area, the Northern and
Southern Zone Rock Lobster fisheries, the Gulf St Vincent
Prawn Fishery, and pipi in the Lakes (Lakes Alexandra and
Albert) and Coorong Fishery.
In March 2013, in response to a decline in giant cuttlefish
populations at the Point Lowly aggregation site, the South
Australian Government approved a temporary closure
of all fishing for cuttlefish in northern Spencer Gulf as a
precautionary measure while investigating the decline.
SARDI prepares annual fishery assessment reports
and stock status reports on the sustainability of key
commercial species in South Australia. Management
plans for commercial fisheries set performance indicators,
against which the performance of the fishery can
be assessed. A review of performance against these
indicators can suggest whether management changes
are required.
Recreational fishing in South Australia continues to be
an important leisure activity. The most recent survey into
recreational fishing in South Australia was undertaken in
2007–08 and estimated that 236 000 people undertook
recreational fishing activities in that year. Recreational
fishing brings important social and economic benefits
to the state. Projects under way for the management
of recreational fishing in South Australia include a
recreational fishing strategic plan; a recreational fishing
management plan; a review into bag, boat and size
limits; and a survey investigating the social aspects of
recreational fishing in South Australia.
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make recommendations for action and identify key
stakeholders. They also describe the management and
rehabilitation tasks required to protect estuaries, and
identify actions for stakeholders towards achieving the
objectives of the plans.
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Future priorities for the fisheries sector are:
• addressing resource access and allocation issues
• maintaining and improving sustainable management
of commercial and recreational fisheries
• integrating socio-economic considerations into
fisheries management decision-making
• promoting co-management in fisheries management
• developing and implementing management plans for
commercial fisheries pursuant to the requirements
under the Fisheries Management Act 2007
• developing and implementing a strategic plan and
management plan for recreational fishing.

4.5 Reducing pollution
Plans and programs are under way to address water
pollution and debris.

4.5.1 Adelaide Coastal Water Quality
Improvement Plan
The Adelaide Coastal Water Quality Improvement Plan
(ACWQIP; EPA 2013) sets targets to reduce discharges
from industry, wastewater treatment plants and
stormwater to improve coastal water quality and,
over time, allow the return of seagrass and improved
reef condition.
The community-agreed vision in the ACWQIP is ‘Healthy
aquatic ecosystems where environmental, social and
economic values are considered in equal and high regard
in a balanced management approach that aims to see
the return of the blue-line of seagrass closer to shore
by 2050’.
Healthy seagrass ecosystems are important to Gulf St
Vincent and the Adelaide region. They provide habitat for
species that are fished by commercial and recreational
fishers, carbon storage values that are many times
greater than equivalent terrestrial-based areas of native
vegetation, and protective and stabilising services for
beaches and shorelines.
Issues of poor water quality, loss of seagrass, declining
reef health and sediment instability were first noticed by
the Adelaide community, environmental managers and
searchers as early as 60 years ago. The Adelaide Coastal
Waters Study (ACWS) was a scientific program undertaken
through CSIRO from 2001 to 2007 on how to respond
to extensive loss of seagrass, poor water quality and
sediment instability along Adelaide’s coastline. Inputs of
nutrients and sediments from industrial, wastewater and
stormwater discharges were found by the ACWS to be the

main cause of poor water quality and seagrass loss. The
ACWQIP has been based on these findings.
Community and stakeholder input has been a key part of
developing the community-agreed vision, environmental
values and water-quality objectives in the ACWQIP, to
guide desired water quality improvement for Adelaide’s
catchments and coastal waters. The community-agreed
environmental values identified for Adelaide’s coastal
waters include aquatic ecosystems, cultural and spiritual,
aquatic food consumption, industrial, raw drinking water
(via desalination), primary and secondary recreation, and
visual appreciation.
The ACWQIP identifies eight strategies for implementation
that have been developed in a partnership approach with
other agencies, local government and communities. The
document is linked to key government policy including
the 30-Year Plan for Greater Adelaide, Water for Good,
and the Adelaide and Mount Lofty Ranges (AMLR) Natural
Resource Management Regional Plan.
The EPA drives reduction of nutrients and sediments from
point-source discharges through licensing conditions.
Management of stormwater discharges involves many
more players, including the AMLR NRM Board, local
governments, a range of state agencies and local
communities. The ACWQIP promotes application of
water-sensitive urban design from catchment to coast, to
improve water quality from stormwater (EPA 2013).

4.5.2 Marine debris
In June 2009, the Australian Government developed the
Threat abatement plan for the impacts of marine debris
on vertebrate marine life (DSEWPaC 2009b) under the
EPBC Act. The threat abatement plan aims to provide
a coordinated national approach to mitigating and
preventing the impacts of harmful marine debris on
vertebrate marine life, including implementing measures
of the plan at local levels.
NRM regional boards have facilitated marine debris
surveys. Combined with nongovernment organisations
(e.g. Tangaroa Blue, Teachwild), their actions have
achieved some of the objectives of the national
threat abatement plan. On Eyre Peninsula, a regional
community-based marine debris monitoring program,
involving schools and Green Corps teams, has been
running since 2008 (Government of South Australia
2011c). Volunteers survey one-kilometre transects at
20 selected sites up to four times per year.
In the Great Australian Bight Marine Park, annual surveys
have been conducted at three locations. Marine species
in this region that are most at risk from entanglement in

80 kilometres have been cleared in the region, with the
participation of school classes, groups of friends and
community volunteers. The current focus of the project is
to remove debris from the coastline but not to quantify
its type and origin. There is no formal quantitative
assessment in the region for classifying harmful sources
of marine debris.

Plastics, which can be ingested or facilitate entanglement,
were the most common type of beach rubbish at each
site. Information on temporal trends will become
available as the data from the most recent surveys at
Twin Rocks and Merdayerrah Sandpatch are combined
and assessed. Recommendations from the 2011 report
include ongoing beach surveys coinciding with the whale
migration season, determining the origin of the debris
(particularly marine ropes) and standardising survey
methods across NRM regions.

The Eyre Peninsula NRM Board launched its Regional
Marine Debris Monitoring Program in 2008. This project
consists of a region-wide community-based monitoring
program, supported by board coast and marine officers,
to encourage local communities to take an active role
in their coastal environments. Since 2008, volunteers at
20 sites across Eyre Peninsula have collected more than
2.5 tonnes of debris, from sites as far west as Fowlers Bay
near the Great Australian Bight to Whyalla on the shores
of Spencer Gulf.

The Kangaroo Island NRM Board has been working on
biennial beach rubbish (including marine debris) data
collections since 2005. In 2007, the first full survey was
conducted in conjunction with Clean Up Australia Day.
This provided baseline information on the amount, type
and distribution of beach rubbish around the island.
In March 2009 and 2011, two further surveys were
conducted. The results from the surveys indicated less
terrestrial-based debris in 2011 (170 kilograms) than in
2009 (192 kilograms). Marine debris mainly consisted
of marine rope and hard plastic fragments. These are
considered a threat through entanglement or ingestion to
the seal and penguin colonies.
A large project involving predominantly community
volunteers and AMLR NRM Board staff surveyed 38 sites
in the Gulf St Vincent bioregion for marine debris
between August and October 2010. Of the 985 kilograms
and 12 603 items, 10 major litter groups were identified
that could potentially affect wildlife through ingestion
or entanglement. These comprised a range of soft and
hard plastics associated with numerous user groups
and sources, such as packaging, containers, and debris
associated with fishing, boating and aquaculture, from
both terrestrial and marine-based sources. The most
commonly encountered debris type (by number) across
the bioregion was hard polymer plastic fragments. In the
eastern part of the bioregion, debris was dominated by
plastic food packaging (wrappers), presumably associated
with the proximity to metropolitan Adelaide.
The South East Cooperative Coastal Conservation
Initiative was devised by the South East Local
Government Association and DEWNR. One of its projects
set out to clear up marine debris along 100 kilometres
of coastline from the Victorian border. Approximately

4.6 Education, capacity building and
citizen science
NRM boards provide members of the public who
volunteer for the Coastal Ambassadors Program with
knowledge and practical skills required to care for,
monitor and protect coastal, estuarine and marine
environments. The boards also hold workshops to assist
the community with sourcing, planting and caring for
native local coastal plants.
Reefwatch is a community environmental monitoring
project run by the Conservation Council of South Australia
and overseen by a community steering committee.
It includes reef and intertidal monitoring, as well as
programs with schools. The Feral or in Peril Program has
been designed to enable recreational divers, anglers
and boaters to help keep track of marine organisms that
are of special concern. It has been designed to identify
introduced marine pests that are a potential threat to the
marine ecosystem, as well as local species that might be
in danger of disappearing.
A citizen science program, with the aim of engaging the
community to monitor the effectiveness of the marine
parks network, is being developed as a partnership
between DEWNR and the Conservation Council of
South Australia.
Partnerships between DEWNR, the Marine Discovery
Centre, the South Australian Maritime Museum and the
South Australian Museum have allowed the delivery of
several education programs to school groups.
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marine debris are southern right whales and Australian
sea lions. At each site, NRM staff, rangers and school
children surveyed one-kilometre transects. This included
three surveys at Twin Rocks (March 2010, 2011 and
2012), two at Merdayerrah Sandpatch (December
2010 and November 2011) and one at Mexican Hat
(November 2010).
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5 What can we expect?
Many areas of South Australia’s coastal and marine
environments are declining, with increased pressure
resulting from development and resource use. There is a
high level of awareness of the needs of our coasts, and a
number of plans and programs hope to address existing
and future challenges.

5.1 Climate change: understanding
resilience and connectivity
Climate change is likely to profoundly affect the coastal
and marine environment, although the severity and
extent of potential and existing changes in the marine
environment due to climate change are not certain and
still have to be quantified. Ocean salinity and currents are
changing; ocean acidity, sea level and storm frequency
are rising; all of these changes will impact marine species.
There are concerns, for example, that some coastal
vegetation, such as mangroves and saltmarshes, might
not have space to retreat when sea levels rise. Research
by Falkenberg et al. (2012) from the University of Adelaide
on the resistance of kelp forests to impacts of pollutants
indicates that, although forecast climates might increase
the probability of phase shifts, maintenance of intact
populations of foundation species could enable the
continued strength of interactions and persistence
of communities. Our understanding of resilience and
connectivity in South Australian marine systems is too
limited for any inference on how marine ecosystems cope
with and adapt to multiple pressures, including climate
change. Greater knowledge in this field is needed.
The high number of fish deaths along the South Australian
coast in early 2013 has been ascribed to unusually
high water temperatures and possible harmful algae.
Satellite imagery for March 2013 confirmed the presence
of algal blooms. Conditions favourable for oceanic
upwellings, coupled with increased temperature, support
algal blooms.

5.2 Growth in the resources sector and
shipping
The number of mines is forecast to increase during the
next few years (SACOME 2012). There is considerable
pressure on the Spencer Gulf marine environment from
the expansion in mining and the cumulative impacts
from various related facilities, such as port facilities and
desalination plants.
The expected growth of the oil and gas industry,
particularly in the western part of the state, is likely to
increase pressure on marine habitats and migratory
species, such as the southern right whale.
Globally, there is a trend towards larger ships that will
require deeper channels and larger berths. This will
probably require new or expanded ports, with related
impacts on coastal and marine environments.

5.3 Further coastal and offshore
development
Monitoring of ecological conditions in nearshore marine
waters throughout South Australia demonstrates that,
wherever there is development near waters or in the
water (e.g. sea-based aquaculture), there is an observable
degradation of the adjacent marine ecosystems. In the
absence of exceptional planning controls and pollution
management, the trend of development on and off the
coast will lead to further degradation of the nearshore
environment. For example, expansion of aquaculture
zones into ecosystems in good condition presents a risk
of ecological harm.
Wave and tide farms for energy production have been
proposed during the past two years. Although such
initiatives could potentially make a contribution to
reducing carbon emissions, potential impacts on marine
mammals have to be carefully evaluated.

5.4 Improved monitoring, evaluation
and reporting

to protect and restore our coastal and
marine environments.

Knowledge of coastal, estuarine and marine ecosystems
has improved greatly during the past five years. However,
much more has to be done to assess and properly report
on the condition of these ecosystems across the state. For
many regions, it is not possible to fully evaluate the
effectiveness of management actions because of
inadequate monitoring. Furthermore, baseline
information on the condition of ecological communities is
greatly needed for many areas. Assessment of the
effectiveness of key government strategies and plans,
such as marine parks (Government of South Australia
2012), No Species Loss nature conservation strategy
(Government of South Australia 2007), and the State
Natural Resources Management Plan (Government of
South Australia 2011b), is restricted by a lack of
comprehensive and ongoing monitoring, evaluation and
reporting under these strategies and plans. The
monitoring, evaluation and reporting program envisaged
for the state’s marine parks network and the reporting
framework anticipated in the state NRM plan aim to
evaluate the effectiveness of current and future projects
and programs. This will allow us to further improve efforts

5.5 Valuing ecosystem services and
adopting an ecosystem-based
approach to management
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Tuna aquaculture, feeding sardines to tuna with scavenging seagulls, offshore from Port Lincoln
Dr Jane McKenzie

Coastal and marine environment

In spite of the obvious and significant social and
economic benefits described in this chapter, there has
been no comprehensive attempt to value the products
and services provided by coastal, estuarine and marine
ecosystems. Better understanding and quantification of
these products and services would improve our ability
to manage them sustainably, and to fully consider the
costs and benefits of developments and uses that affect
them. An ecosystem-based approach that integrates
management across sectors and identifies thresholds for
ecosystems, taking into account the ecosystem services
they provide, is greatly needed (Millennium Ecosystem
Assessment 2005). This should build on the work under
way to value ecosystem services as part of monitoring,
evaluation and reporting of marine parks and the
Adelaide Coastal Waters Improvement Plan.
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