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I am pleased to present the State of the 
Environment Report: Western Australia 2007.

In 2003, the Government of Western Australia announced 
that the Environmental Protection Authority (EPA) 
would develop the next State of the Environment (SoE) 
Report. This represents the third formal SoE Report 
for Western Australia, with reports being previously 
undertaken by State governments in 1992 and 1998.

The EPA welcomed the responsibility of coordinating 
the SoE Report, which closely links to its duties in the 
Environmental Protection Act 1986. The EPA is an 
independent statutory authority that provides advice on 
environmental matters, undertakes impact assessments, and 
assesses the performance of natural resource management.

This report identifies the most important environmental 
issues facing Western Australia. It also identifies the current 
condition of the State’s environment and what we are 
doing, or should be doing, to improve our environment. 

A draft version of the SoE Report was released for public 
comment in 2006, followed by public seminars across the 
State to present the report’s findings. A range of submissions 
were received, for which the EPA is extremely grateful. In due 
course, a summary of these submissions will be made publicly 
available. They have provided the EPA with valuable feedback 
on all aspects of the report and subsequently a number of 
changes have been made to the report. An overview section 
has been added to summarise the major findings, while some 
chapters have been considerably revised, most noticeably 
for Fundamental Pressures, Biodiversity, and Heritage.

I am also thankful for the many individuals, and 
representatives of peak bodies, environmental groups, 
universities, industries, businesses, and government agencies 
who contributed to the development of this report. In 
particular I would like to thank the members of the SoE 
Steering Group and the 16 working groups, many of whom 
volunteered their time and made a substantial contribution. 
I would also like to gratefully acknowledge the members of 
the SoE Project Team within the Department of Environment 
and Conservation who helped the EPA compile this report. 

While it is crucial that the State Government takes 
a lead role in providing direction for environmental 
management and protection, it is equally important for 
the whole community to recognise that, collectively and 
individually, we all have a role to play. We must all take 
responsibility for the environment that we live in and for the 
environment that future generations will one day inherit.

I encourage government, business and industry, peak 
bodies, academic and research institutions, community 
groups and individuals to consider and develop actions 
addressing the findings and suggested responses in this 
report. Through collaborative efforts we can generate 
positive change for a healthier environment and an 
improved quality of life for all Western Australians. 

Dr Wally Cox 
Chairman 
Environmental Protection Authority

Foreword
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Western Australia’s environment report card
The following report card presents the Environmental 
Protection Authority’s (EPA) synopsis for WA’s environment 
in 2007. The EPA has considered a number of indicators 
relating to the condition of the natural resources 

or assets, the pressures or threats present, and the 
adequacy of current responses. ‘Status’ refers to the 
current overall condition of the natural resources or 
assets, while ‘trend’ refers to the likely change in natural 
resources or asset condition over the past decade. 

Theme Status & trend Comment

Fundamental Pressures Increasing pressures on the environment from WA’s economic 
boom, consumption of natural resources, and climate change 
require new approaches to environmental management.

Atmosphere Atmospheric pollution issues across WA are generally within guideline limits 
and appear to be under control. Some issues appear to be worsening.

Land Many land problems in the South West are getting worse. 
There are fewer problems in other parts of WA. 

Inland Waters Many waterways and wetlands in WA are degrading, especially in the South 
West. Better management and protection of inland waters is required.

Biodiversity There is insufficient knowledge about biodiversity in WA. Most 
biodiversity issues are serious and appear to be getting worse.

Marine A few marine areas in WA have recognised problems. Improved 
knowledge of the marine environment is required.

Human Settlements Some WA settlements are growing at an unsustainable pace with increasing 
demand for land, water and energy and increasing waste generation.

Heritage Many heritage places in WA are being lost or degraded. Better 
management, protection and recognition of heritage values are required.

Legend:

Current status Trend direction

Good Likely improvement 

Average Steady

Of concern Likely deterioration 
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Western Australia’s environment ‘hotspots’
Environment hotspots are parts of WA where the most 
environmental issues occur and the environment is 
under the most stress. This map has been generated 
using bioregions (both terrestrial and marine) through 
summing each of the ‘indicative extent of issue’ maps 
presented in the State of the Environment Report: Western 
Australia 2007. The map reflects the presence of multiple 
environmental issues rather than the level of impact.   

The Swan Coastal Plain (the coastal strip of land between 
Dunsborough and Jurien, including the capital city of Perth) 
has the most environmental issues in WA. Many problems 
can be attributed to a large population, growing settlements 
and use of land for productive purposes, such as industry and 
agriculture. The South West corner of WA has a considerable 
number of environmental issues due mainly to widespread 
modification of the environment since European settlement. 
Much of the Goldfields, Mid West, Pilbara and Kimberley 
have fewer environmental issues. The central inland 
deserts have the least number of environmental 
issues, mainly because they are remote, sparsely 
populated areas and the land is not 
utilised for productive purposes. Marine 
environmental issues are fewer in number 
and are mostly related to coastal settlements, 
shipping and fishing operations. 

Perth

Albany

Newman

Broome

Exmouth

Dampier

Bunbury

Augusta

Kununurra

Geraldton

Esperance

Carnarvon

Kalgoorlie

Meekatharra

Legend
Number of Environmental Issues by Region (2007)

< 5
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11 - 15

16 - 20

21 - 25

> 26
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Top priority                                                                                                                                                  Lowest priority

Climate change Particulates Photochemical smog Land contamination Stratospheric ozone 
depletion 

Population and 
consumption 

Changed fire regimes Soil acidification Marine contamination Sulfur dioxide 

Greenhouse gas 
emissions 

Loss or degradation 
of native vegetation

Acidification of 
inland waters 

Loss or degradation 
of natural heritage

Introduced animals Soil erosion Erosion and 
sedimentation of 
inland waters 

Weeds Altered water regimes Eutrophication

Phytophthora dieback Loss or degradation 
of wetlands 

Introduced marine 
species

Land salinisation Loss or degradation 
of fringing and 
instream vegetation 

Transport

Salinisation of 
inland waters 

Degradation of marine 
environments

Water use in settlements

Settlement patterns Energy use in settlements

Loss or degradation of 
Aboriginal heritage

Waste generation 
and disposal

Loss or degradation 
of historic heritage

  

priority  
rAting: 1 priority  

rAting: 2 priority  
rAting: 3 priority  

rAting: 4 priority  
rAting: 5

Western Australia’s environmental priorities
Each environmental issue identified in the State of the 
Environment Report: Western Australia 2007 was given 
a priority rating. The priority rating table uses five levels 
to indicate the relative priority to WA, ranging from 
Priority 1 (highest priority) to Priority 5 (lowest priority). 
The environmental issues appearing within each priority 
rating are in no particular order. It should be noted that 
while all the environmental issues identified in the State 
of the Environment Report: Western Australia 2007 are 

important, the priority ratings will help to prioritise policy 
development, management focus and allocation of resources. 

A number of factors were considered in determining the 
priority rating for each environmental issue including 
the extent of its impact across WA; the reversibility of 
the impact; the rate at which its worsening; the impact 
on the environment, society and the economy; and 
the potential consequences for future generations. 
Community input and advice from technical experts 
helped the EPA to decide the priority ratings. 
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Environmental issues 
In the State of the Environment Report: Western Australia 
2007, ‘environmental issues’ refers to problems or 
threats and are reported under common themes. The 
EPA determined environmental issues using community 
input from a discussion paper and advice from technical 

experts. ‘Priority rating‘ is shown for each issue and 
‘trend’ represents the likely trend direction over the 
past decade. For some issues that appeared in the State 
of the Environment Report: Western Australia 1998 a 
direct comparison could be made for trend direction.

 

Theme/Issue Priority rating 
& trend

Comment

Fundamental Pressures

Climate change WA is getting warmer. Rainfall is decreasing in the South 
West. Ocean levels are rising. Implications are severe.

Population and consumption Western Australians have amongst the largest 
ecological footprints in the world.

Atmosphere

Stratospheric ozone depletion Ozone depleting chemicals are under control. Ozone depletion is still 
a problem at the moment, but is predicted to gradually improve.

Greenhouse gas emissions WA has amongst the highest emissions per capita in the world. Total 
emissions are relatively small on a global scale, but increasing rapidly.

Particulates Problem areas are largely confined to some Perth suburbs, and 
some towns in the South West, Pilbara and Kimberley.

Photochemical smog Noticeable improvements have occurred in Perth – the main problem area. 

Sulfur dioxide Improvements are generally occurring, including in 
Kalgoorlie – historically a problem area.

Land

Land salinisation The area of South West land affected is increasing. Active management 
is underway, but significant land use changes are still required.

Soil erosion Much of the State is affected to some extent. Awareness 
of the problem is generally improving. 

Soil acidification The area of South West land affected is increasing. Currently 
there is dependence on lime as a treatment.

Land contamination More contaminated sites continue to be identified, 
but improved regulations are now in place. 

Inland Waters

Salinisation of inland waters Many South West waterways and wetlands are severely 
affected. Some improvements have occurred in the Denmark 
and Collie rivers due to intensive management efforts. 

Altered water regimes Many inland waters have been significantly modified due to land 
use change and increased demand for water supplies. 

Loss or degradation of wetlands Severe loss of wetlands has occurred on the Swan Coastal 
Plain and in the Wheatbelt. Unknown in other areas. 

Loss or degradation of fringing 
and instream vegetation

Continued loss has occurred across the South West, with some localised 
areas of improvement. Largely unknown in the rangelands. 

Acidification of inland waters This is an increasing problem in developed coastal areas and the Wheatbelt. 

Erosion and sedimentation 
of inland waters

Affects most inland waters where catchments and / or inland 
waters have been significantly modified from its natural state. 

Eutrophication An increasing number of wetlands and waterways in South 
West are affected. Limited progress has been made in 
reducing nutrient export from problem areas.
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Theme/Issue Priority rating 
& trend

Comment

Biodiversity

Changed fire regimes A major problem in the Kimberley and the South West, 
but is receiving increased management attention. 

Loss or degradation of 
native vegetation

Improved regulations are now in place, but clearing is still occurring 
with population growth and economic development. 

Introduced animals Large numbers of introduced animals and threats are present in WA. 
There has been limited success in preventing incursions and eradication. 

Weeds A large number of weeds are present across WA. 
Management action is currently inadequate.

Phytophthora dieback This disease is affecting large areas of South West bushland 
and is increasing in extent. No cure is available yet. 

Marine

Degradation of marine 
environments

High impact in developed coastal areas. The condition of 
most marine environments remains largely unknown.

Marine contamination Mostly limited to Cockburn Sound and some highly 
developed coastal areas around WA. 

Introduced marine species Some introduced marine species and threats have been 
identified, but limited information is available. 

Human Settlements

Settlement patterns Growing settlements, particularly in Perth and the coastal South 
West, are putting more pressure on the environment. 

Transport Western Australians are very dependent on car transport 
which has high energy use and emissions.

Water use There is increasing demand for water, but some evidence 
of improved water use efficiency and conservation.

Energy use There is increasing demand for energy, with little 
evidence of improved energy use efficiency. 

Waste generation Waste levels are increasing, but some improvement 
has occurred with household recycling.

Heritage

Loss or degradation of 
natural heritage

There have been increased additions to the conservation estate, 
but some important heritage places remain unprotected. 

Loss or degradation of 
Aboriginal heritage

Aboriginal heritage places are not being valued enough and some have 
been lost. Protection is being complicated by cultural differences.

Loss or degradation of 
historic heritage

Historic heritage places are not being valued enough and some have been lost.

Legend:

Priority rating Likely trend direction since 1998

1 Top priority Likely to have improved

2 Steady, or trend is not clear.

3 Likely to have deteriorated.

4

5 Lowest priority
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Towards sustainability 

In the words of the Western Australian State Sustainability 
Strategy, sustainability is an aspirational goal of “meeting 
the needs of current and future generations through an 
integration of environmental protection, social advancement 
and economic prosperity”. This concept requires us 
to challenge the normal way of doing things and to 
look for opportunities that improve the environment, 
society and economy without accepting trade-offs. 

The ‘Towards Sustainability’ theme of this report focuses 
primarily on the environmental component of sustainability. 
It assesses WA’s major economic sectors by assessing 
whether our State’s natural resources are being conserved, 
managed, protected and used sustainably for the common 
good. The EPA has reviewed each of the sector reports, 
and summarised the progress of each sector in relation 
to implementing an environmental management systems 
(EMS) approach, developing sustainability indicators and 
targets, and their performance in meeting targets.

Natural  
resource  
sector

Progress  
towards 
sustainability

EM
S 
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Agriculture 3 7 7

The sector is developing an EMS approach and promoting 
sustainability tools such as Life Cycle Analysis, but 
requires further effort to implement across the sector.

Conservation 3 3 3

The sector has improved reservation levels in recent 
years, but there has been limited achievement 
against national reservation targets.

Energy 7 7 7

The sector has made progress in improving renewable 
energy supplies, but requires further progress in 
developing sustainability tools and targets.

Fisheries 3 3 3

The sector is progressing well in terms 
of implementing sustainability, but some 
fisheries appear to be unsustainable.

Mining & petroleum 3 7 7

There has been significant progress at the 
individual business level, but a uniform sector 
approach to sustainability is lacking. 

Pastoralism 3 3 7

The sector has improved ecological management and 
conservation practices considerably in recent years, but 
requires further progress to implement tools and targets.

Tourism 7 7 7

The sector is promoting eco-accreditation, 
but requires further progress in developing 
sustainability tools and targets.

Water supply 7 3 3

The sector has considerably improved water efficiency 
and conservation, but there is widespread exceedence 
of sustainable yield limits and no EMS approach. 

Wood production 3 3 3

The sector has made considerable advances towards 
a sustainable approach in recent years, including 
an EMS, and is meeting sustainable yield limits.

Legend:

Progress towards sustainability

Well progressed

Making progress

Limited progress
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Government’s response to the State of the 
Environment Report: Western Australia 1998
Environmental Action was an action plan produced by 
the State Government in response to the State of the 
Environment Report: Western Australia 1998. It outlined 
over 180 specific actions to be implemented in response 
to the suggested responses within the 1998 SoE Report. 
In 2005, government agencies were asked to provide 
a review of their progress towards implementing these 
actions. Over half of the actions had been implemented, 
but 46% remained incomplete, were of an ongoing nature, 
or had not been initiated. These results reflect a range of 
circumstances across government from changing priorities 
and funding arrangements to ongoing programs.  

More significant is a distinct lack of evaluation of 
environmental projects and programs within government 
agencies. Of the 54% of completed actions, only one-third (or 
17% of all actions) had been formally evaluated to determine 
effectiveness of the actions. In many cases, agencies were not 
able to ascertain whether or not their completed actions were 
effective, whether they had produced a positive environmental 
outcome, or even if they were making positive progress.

 

Progress of actions (as at 2005) arising from the State of 
the Environment Report: Western Australia 1998

EPA’s action agenda
As a consequence of the findings of this report the 
EPA has identified a number of strategic actions 
that it will take to assist in delivering improved 
environmental outcomes for the State.

The EPA commits to the following:

•	 Encourage	the	State	and	local	governments,	peak	industry	
and business bodies, and peak environmental groups 
to respond to the State of the Environment Report: 
Western Australia 2007 in an appropriate manner.

•	 Improve	the	quality	of	environmental	data	collation	
and access to existing data for project proposals in the 
Environmental Impact Assessment process. This information 
will enhance the quality and efficacy of decision-making. 

•	 Undertake	a	policy	gap	analysis	for	all	the	Priority	1	and	
2 environmental issues highlighted in this report, with 
a view to ensuring that policy gaps are addressed.

•	 Undertake	a	review	of	native	vegetation	
clearing data. Despite new regulations, there 
are still inadequate mechanisms for determining 
total rates of clearing across WA. 

•	 Undertake	a	review	of	progress	of	the	
recommendations of the State of the Environment 
Report: Western Australia 2007 in 2010.

•	 Improve	linkages	with	Regional	Natural	Resource	
Management Groups and ensure that future 
State of the Environment reports include 
progress made by regional groups. 

•	 Encourage	natural	resource	agencies	and	sectors	
to work to an approved EMS framework with 
clear environmental objectives and outcomes.

The need for change
While Western Australians enjoy a high standard of living, 
there is a growing need for a shared understanding that 
our economic and social wellbeing is strongly linked to the 
health of the environment. The state of the environment will 
ultimately impact on our own wellbeing. It is our collective 
responsibility to look after our environment, and our collective 
and individual behaviours will determine how well we do this. 

The EPA has identified the following areas requiring attention:

•	 Strategic	leadership	for	environmental	matters	in	WA	
needs to be strengthened. Priorities for the environment 
often appear to shift in relation to media attention, 
with little regard for a long term strategic approach to 
environmental management. This approach inevitably 
leads to inefficient and ineffective allocation of resources 
and reduced environmental outcomes in the long term. 

•	 Significant	environmental	improvements	can	be	
achieved when many individuals and communities 
modify their behaviours and attitudes to become more 
environmentally aware. Environmental education and 
community participation are important components of 
such change and need to be strengthened in WA.

•	 Improve	the	monitoring	of	community	behaviour	
and attitudes over time. CSIRO has developed a 
methodology for the EPA to monitor and report 
this. If implemented, this new information should 
greatly assist decision-makers in the future.

•	 Knowledge	of	many	aspects	of	the	WA	environment	
is lacking. This impedes scientific understanding and 
prevents good decision-making, leading to ineffective 
environmental outcomes. In some areas, there is a 
need for more baseline environmental monitoring 
and information across WA. More research effort is 
needed in areas under significant pressures and for 
many of the Priority 1 and 2 environmental issues.

•	 Continuous	improvement	in	managing	the	environment	
is essential for good outcomes. It is contingent on 
learning from doing and making adjustments to 
practices when necessary – sometimes called adaptive 
management. There is currently a gap in our ability to 
determine how environmentally effective management 
actions are. A greater level of evaluation and 
accountability for environmental outcomes needs to be 
incorporated into environmental programs and plans. 

•	 Full	recognition	of	the	total	economic	value	of	
environmental assets and services needs to be 
incorporated into development decisions. Often, the 
value of the environment is dismissed through a standard 
business approach to development and this is leading to 
gradual and cumulative impacts on the environment.

•	 Ensure	that	the	State	of	the	Environment	Report	is	an	
ongoing publication, and that an environmental action 
plan is developed that clearly influences policy decisions 
and priorities for budget expenditure on the environment.

While our understanding of the environment and 
responsibility toward it has improved over time, and we have 
made significant progress in dealing with some environmental 
issues, the need to do more is now urgent. The health, 
prosperity and sense of place of this and future generations 
depend on our ability to stabilise and even reverse major 
environmental problems. In some instances, we have proved 
that this is possible, and as a society we have the resources 
and capacity to retain a healthy environment into the future. 

Complete but not evaluated 37% 

Incomplete 46%

Complete and evaluated 17%    
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About this report

Purpose
State of the Environment (SoE) reports are designed to 
communicate credible, timely and accessible information 
about the condition of the environment to decision makers 
and the community. The 2007 SoE report does not consider 
all of the many environmental issues facing Western Australia 
(WA). Rather, it focuses on the major environmental issues, 
so as to draw attention on them and to help set the State’s 
environmental policy agenda for the next five years.

History
Previous SoE reports were undertaken by the Western 
Australian Government in 1992 and 1998.

In September 2003 the Government of Western Australia 
announced that the EPA would develop the next SoE 
report. In November 2003, the Environmental Protection 
Authority (EPA) formed a State of the Environment 
Steering Group to assist it in overseeing the production 
of the report. The role of the steering group has been 
to act in an advisory capacity, particularly in relation to 
development of the draft report and to providing guidance 
to working groups. The steering group met as required.

In September 2004, the steering group established working 
groups for each theme within the report. Most working 
groups had broad membership from government agencies, 
industry, business, peak bodies, academia and the general 
community. The working groups were responsible for 
identifying key issues for each theme and developing the 
content of the draft reports with the assistance of the State 
of the Environment Project Team. The working groups 
met about once a month until late 2005/early 2006.

In December 2004, working groups were formed for 
each sector within the ‘Towards Sustainability’ theme. 
Each sector working group was chaired by a senior 
officer from a government agency that was most closely 
affiliated with the sector. The groups were involved in 
developing sector reports that were then submitted to 
the EPA. These reports have helped the EPA to assess 
the environmental performance of each sector.

In July 2006 the EPA released the Draft SoE Report 
for public discussion and comment. Submissions 
closed on 30 September 2006. The EPA received 76 
submissions which helped it to make appropriate 
changes in the production of this, the final report.

Reporting framework
In Australia, the Organization for Economic Co-operation and 
Development’s ‘pressure–state–response’ model provides 
a framework for SoE reports. ‘Pressure’ (or threat) refers 
to human activities that affect the environment. ‘State’ 
(or condition) refers to the quality of the environment and 
the functioning of important environmental processes. 
‘Response’ (or actions) refers to initiatives that have 
been made to address pressures on the environment or 
to improve or maintain its condition. In WA, a modified 
version of the model is used: condition–pressure–

response–implication. This assists in environmental policy 
planning while retaining the benefits of an internationally 
agreed framework for environmental reporting.

Similar to many other state and national SoE reports, WA’s 
reports are structured around environmental themes, 
issues and indicators. ‘Themes’ refer to major groupings 
of the environment, including Fundamental Pressures, 
Atmosphere, Land, Inland Waters, Biodiversity, Marine, 
Human Settlements, Heritage and Towards Sustainability.

‘Issues’ refer to environmental problems and are reported 
under each theme. Environmental indicators are used 
to provide a summary measure of the changes and/or 
trends in the environment or for environmental issues.

The SoE report is the key mechanism used for 
reporting on the State’s environmental bottom line. 
The report reviews the progress of WA’s economic 
sectors in the ‘Towards Sustainability’ theme, by 
reporting on their sustainable management, use, 
protection and conservation of natural resources.

Theme structure
The report uses the following format for 
each theme (where appropriate): 

•  Introduction: Describes natural resources and 
information related to this theme and explains the 
significance or importance of these resources to 
the environment, society and the economy.

•  Objectives: Outlines broad environmental goals 
relevant to the theme and the environmental 
values for the natural resource. 

•  Headline indicators: High-level indicators 
that provide a summary measure of the 
progress towards meeting the objectives. 

•  Overall condition: Summarises the general condition 
of the environment relevant to the theme.

•  Effectiveness: A summary of the progress and 
effectiveness of government actions that arose from State 
of the Environment Report: Western Australia 1998.

•  Suggested responses: Recommends responses 
(i.e. policy, on-ground action, strategies) to 
address environmental condition.

•  Emerging or outgoing issues: An emerging issue is a 
minor issue with potential to be a problem in the future, 
or it has little current information available about it. An 
outgoing issue is an issue that previously appeared in the 
State of the Environment Report: Western Australia 1998 
but is no longer considered a major environmental problem.

Issue structure
The format for each environmental issue is as follows:

•  Indicative extent: A map representing areas 
of WA that is affected by the issue.

•  Priority rating: A five-level score assigned by the 
EPA to represent the priority of the environmental 
issue to WA. A priority rating of “1” indicates 
a top priority environmental issue.

•  Key findings: Summary dot points which 
highlight the major findings.

•  Description: Describes the issue.

•  Objectives: Outlines the specific objectives for 
addressing the environmental issue. Often these 
statements are based on existing policy documents.
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Code  IBRA region name

AW  Avon Wheatbelt 
CAR Carnarvon
CK Central Kimberley
COO Coolgardie
CR Central Ranges
DL Dampierland
ESP Esperance Plains
GAS Gascoyne
GD Gibson Desert
GS Geraldton Sandplains
GSD Great Sandy Desert
GVD Great Victoria Desert
HAM Hampton
JF Jarrah Forest
LSD Little Sandy Desert
MAL Mallee
MUR Murchison
NK  Northern Kimberley
NUL Nullarbor
OVP Ord Victoria Plain
PIL Pilbara
SWA Swan Coastal Plain
TAN Tanami
VB Victoria Bonaparte
W Warren
YAL Yalgoo

Code  IBRA sub-region  
 name

AW1  Avon Wheatbelt  
 (Ancient Drainage)
AW2  Avon Wheatbelt  
 (Re-juvenated  
 Drainage)
CAR1  Cape Range
CAR2  Wooramel
CK1  Pentecost
CK2  Hart
CK3  Mount Eliza
COO1  Mardabilla
COO2  Southern Cross
COO3  Eastern Goldfield
CR1  Mann−Musgrave Block
DL1  Fitzroy Trough
DL2  Pindanland
ESP1  Fitzgerald
ESP2  Recherche
GAS1  Ashburton
GAS2  Carnegie
GAS3  Augustus
GD1  Lateritic Plain
GD2  Dune Field
GS1  Geraldton Hills
GS2  Leseur Sandplain
GSD1  McLarty
GSD2  Mackay
GVD1  Shield

GVD2  Central
GVD3  Eastern Great  
 Victoria Desert  
 (Maralinga)
GVD4  Kintore
HAM  Hampton
JF1  Northern Jarrah Forest
JF2  Southern Jarrah Forest
LSD1  Rudall
LSD2  Trainor
MAL1  Eastern Mallee
MAL2  Western Mallee

MUR1  Eastern Murchison
MUR2  Western Murchison
NK1  Mitchell
NK2  Berkeley
NUL1  Northern Band  
 (Carlisle)
NUL2  Central Band  
 (Nullabor Plain)
OVP1  Ord−Victoria Plains
OVP2  South Kimberley 
 Interzone
PIL1  Chichester

PIL2  Fortescue
PIL3  Hamersley
PIL4  Roebourne
SWA1  Dandarragan Plateau
SWA2  Perth
TAN1  Tanami
VB1  Victoria Bonaparte
WAR  Warren
YAL1 Edel
YAL2  Tallering

Table i: Codes, region and subregion names for boundaries defined by the Interim Biogeographic Regionalisation of Australia.

Figure i: Boundaries defined by the Interim Biogeographic Regionalisation of 
Australia and the Interim Marine and Coastal Regionalisation of Australia.
Data source: Department of Environment and Heritage – IBRA (2005), IMCRA (2002), Presentation: EPA.
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•  Condition: Summarises what is known about the 

current status and trend of the issue’s impact on the 
environment. This section may include indicators. 

•  Pressures: Identifies the key processes that cause 
the issue. This section may include indicators.

•  Current responses: Summarises the current major 
community and government actions (i.e. policy, on-
ground action, strategies) that have been implemented 
to address the issue. This section may include indicators.

•  Implications: Identifies the social, environmental 
and economic consequences of the issue.

•  Suggested responses: Recommends responses (i.e. 
policy, on-ground action, strategies) to address the issue. 

Maps and boundaries
Many different map boundaries have been used within 
this report as the type of data and presentation method 
varies according to issue. The most common of these 
are local government boundaries, river basins and 
bioregions defined by biological and geological factors. 
The term ‘bioregions’ relate to the Interim Biogeographic 
Regionalisation of Australia (terrestrial; Table i) or the 
Interim Marine and Coastal Regionalisation of Australia 
(marine; Table ii). These boundaries are frequently used 
in the Biodiversity and Marine themes (Figure i).

This report also uses more general regional names for locations, 
based on geographic or historic names (Figure ii). However, 
boundaries for these regional areas are not strictly defined 
and are only intended to provide general representations. 
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Table ii: Codes and region names for boundaries defined by 
the Interim Marine and Coastal Regionalisation of Australia.

Code  IMCRA region name

ABR Abrolhos Islands
BON Bonaparte Gulf
CAB  Cambridge–Bonaparte
CAN Canning
CWC  Central West Coast
EMB Eighty Mile Beach
EUC Eucla
KIM  Kimberley
KSD  King Sound
LNE  Leeuwin–Naturaliste
NIN  Ningaloo
NWS  North West Shelf
OS  Oceanic Shoals
PIN Pilbara (nearshore)
PIO  Pilbara (offshore)
SB  Shark Bay
WSC  South Coast
ZUY  Zuytdorp

A
b

o
u

t 
th

is
 r

e
p

o
r

t

Goldfields
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Figure ii: General geographic regional names used in the State of the Environment Report: Western Australia 2007.
Data source: EPA, Presentation: EPA.
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Land

Fundamental pressures are the broad factors that cause 
environmental change; namely population growth, 
consumption of natural resources and climate change. These 
pressures are driven by collective and individual attitudes, 
values and behaviours that in turn shape characteristics 
of human societies and the way people interact with the 
environment. They are the underlying causes of most 
environmental issues outlined in the 2007 State of the 
Environment Report.

Human activities are now so extensive that all ecosystems on 
the planet have been modified to some extent. In the rapid 
cultural evolution of humans, most societies have become 
physically and psychologically detached from the natural 
environment. Humans have established institutions (such as 
financial markets, government structures and social networks) 
and developed technologies to further social and economic 
wellbeing. This has led to an over use of natural resources 
(e.g. wood production, water supplies, fisheries, land for 
agriculture) and resulted in the dramatic modification of many 
of the Earth’s ecosystems (Costanza & Farber, 2002). Large-
scale changes in natural systems, including the global climate 
system, are occurring as a result. Population growth and 
consumption of natural resources are central to the nature 
and scale of these impacts.

How we respond, as a society, in managing these 
fundamental pressures will affect the health of the natural 
environment on which humanity depends.

IntroductIon
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FundamentaL 
Pressures

Cafe strip, Fremantle (Tourism Western Australia)



PoPuLatIon and 
consumPtIon
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Description
Population growth and consumption are fundamental drivers 
of human environmental impacts. Humans have changed the 
Earth’s ecosystems more rapidly and extensively in the past 
50 years than in any other period of human history. This is 
mostly due to the ever growing human demand for natural 
resources such as energy, food, water and wood. These 
changes have degraded almost two-thirds of the ecosystems 
on which humanity depends and have resulted in a largely 
irreversible loss in the diversity of life on Earth (Millennium 
Ecosystem Assessment, 2005). Humans are increasingly 
reducing the capacity of the Earth to maintain the ecosystem 
services that are essential to life such as water filtration and 
purification, photosynthesis, climate regulation, and waste 
absorption and breakdown. 

The world’s population doubled between 1960 and 2000 
to 6 billion people and continues to grow, currently at 
around 1.2% per annum. Despite a continuing decline in 
fertility levels, the global population is expected (under a 
medium-growth scenario) to reach 9 billion by 2050. In the 
same period (1960–2000) the global economy increased 
six-fold, resulting in a doubling or more of water use, food 
production and wood harvests (Millennium Ecosystem 
Assessment, 2005).

While most developed nations have low and declining 
population growth, their personal consumption rates 
continue to increase, placing growing demands on the 
world’s natural resources. Nations in transition to more 
industrialised economies are creating a new and rapidly 
increasing consumer class, comprising 1.7 billion people 

and it is projected this will lead to greatly increased global 
demand for natural resources (United Nations Population 
Fund, 2004). In contrast, nations in sub-Saharan Africa have 
the fastest rates of population growth but suffer some of 
the world’s worst poverty, a combination which can lead to 
the degradation of their local environments (United Nations 
Population Fund, 2004). The disparate consumption between 
rich and poor nations remains a key environmental concern. 
Around 86% of global private consumption expenditure is 
accounted for by 20% of the world’s population who live 
in the highest income countries (United Nations Population 
Fund, 2001). 

In WA, population growth and distribution, and patterns of 
consumption, are drivers of many environmental pressures in 
the State, including loss of biodiversity, air pollution, impacts 
on water quality and waste generation. Reducing, or at least 
stabilising, global population growth and consumption is a 
key requirement for sustainability and reducing environmental 
degradation from human activities.

Objectives
•  Assess, monitor and manage the impact of population 

growth and distribution on WA’s environment.

•  Decouple economic growth from growth in the use of 
natural resources.

•  Reduce consumption levels of Western Australia’s 
population.

Key FIndIngs

•  WA’s population has grown by 1.7% per year 
over the past decade – approximately 30% 
faster than the national average.

•  There is growing demand for WA’s natural 
resources domestically and overseas due to 
economic development, population growth and 
increasing personal levels of consumption.

• Western Australians have amongst the 
largest ecological footprints (a measure of 
consumption) in the world.

indicative extent of iSSue

1.1

PrIorIty  
ratIng: 1

WA is a large exporter of natural resources (Department of Agriculture 
and Food).



Condition 

Indicator FP1: Population growth in Western Australia.

Western Australia’s population has grown steadily since the 
1940s, reaching two million in January 2005 (Figure FP1.1). The 
average population growth rate in WA over the past decade 
was 1.7% and in 2005–06 it peaked at 2%. Over this period 
the growth rate was consistently higher than the national 
average and represents a doubling time for WA’s population of 
approximately 41 years compared to 54 years for Australia as a 
whole. The population growth rate for WA is also higher than 
most developed and some developing nations.
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Figure FP1.1: Population growth in Western Australia, by 
total and percentage of Australia’s growth,1950–2006.
Data source: Australian Bureau of Statistics (2006).

There are three major sources of growth of WA’s population: 
natural increase (births minus deaths), net overseas migration 
and net interstate migration. Net migration is the difference 
between immigration (arriving) and emigration (leaving). In 
the past decade, net overseas migration has overtaken natural 
increase as the largest contributor to population growth in 
the State. Historically, WA’s high rates of population growth 
have been associated with periods of high economic growth 
and development. During these periods, including the current 
resource development boom, both overseas and interstate 
migration tend to increase in response to an increased 
demand for labour. 

Western Australia’s population is projected to grow by 41%, 
or approximately 800 000, by 2031. If present policy settings 
are maintained, most of this growth will occur in the Perth, 
Peel and South West regions, with population in the Peel 
region projected to double by 2031. Perth’s population is 
projected to reach over two million by this date. The growth 
in population will increase demand for land, energy and 
water, and will lead to more waste generation and pollution.

Indicator FP2: Ecological footprint of the Australian 
population (based on ‘global hectares’).

A nation’s well being is broadly equivalent to its per 
capita rate of consumption. Australia has a relatively high 
standard of living according to the United Nations Human 
Development Index, when compared to other countries 
(United Nations Development Programme, 2005). The 
index is based on three dimensions of human development: 
standard of living, life expectancy and education. The 
ecological footprint is a tool used to measure the land area 
required to support consumption levels of natural resources 
by the average citizen. There is a fairly close correlation 
between a nation’s well being and its ecological footprint; 
the higher the standard of living, the greater the ecological 
footprint (Figure FP1.2). 

The average Australian currently requires about seven ‘global 
hectares’ per person to support their consumption, less 

than US and Canadian citizens, but more than those of the 
United Kingdom, Russia, China and Japan. In comparison, 
the biologically productive land available per person globally 
is less than two global hectares (Global Footprint Network, 
2006). Global hectares do not represent actual land areas 
but rather standardised values that are adjusted to reflect 
the differing productivities of different nations, which enable 
comparison between nations.

 The global ecological footprint is currently estimated to 
exceed the Earth’s carrying capacity by 20%. This means 
that we are living beyond our planet’s means and that some 
renewable natural resources are being harvested at rates 
higher than they can be replenished.
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Figure FP1.2: Human welfare and ecological footprint of 
nations.
Data source: Global Footprint Network (2006); United Nations Development 
Programme (2006). 

Indicator FP3: Ecological footprint of the Western 
Australian population (based on actual land area).

Consumption in WA is contributing significantly to global 
environmental pressure. Western Australia’s consumption 
patterns have changed in recent decades and it now has 
one of the highest per capita rates of consumption in the 
world. There are several reasons for this. Most importantly, 
the State’s economy is heavily based on the use of natural 
resources – namely mining and agriculture – requiring large 
inputs of water and energy. In addition, Western Australians 
have high standards of living and associated high personal 
consumption rates. 

In 2001 the ecological footprint of the average WA citizen 
was 14.5 hectares. This estimate is much larger than the 
estimated seven global hectares required by the average 
Australian because it is based on actual land area rather than 
standardised global hectares. It includes land used overseas 
and interstate to produce goods exported to WA as well 
as land used within the State to produce goods for local 
consumption. Approximately 80% of the WA ecological 
footprint is land that is used to produce consumed resources. 
The remainder is classified as ‘emissions land’, which is 
the amount of land required to sequester carbon dioxide 
emissions from burning fossil fuels. When divided into broad 
consumption types, land use associated with food makes 
up 46% of the State’s ecological footprint (Figure FP1.3). 
The food component represents a large proportion of the 
ecological footprint because of the agricultural inputs to the 
food production. Agriculture uses large amounts of land, 
particularly in the production of crops and livestock. In WA, 
this input to the ecological footprint is very high because 
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large areas of land are used for grazing livestock at very low 
densities. The food footprint also includes land required for 
processing, transport and disposal. Approximately one-third 
of WA’s ecological footprint is land used to produce goods 
imported from interstate and overseas.

    

Figure FP1.3: Ecological footprint of the Western Australian 
population by consumption category.

Indicator FP4: Trends in domestic consumption patterns.

Food, housing and transport are three consumption areas 
that have the greatest impact on the WA’s environment 
(e.g. through air pollution, land clearing/loss of biodiversity, 
greenhouse gas emissions and waste generation), place 
pressure on demands for natural resources (e.g. water and 
energy) and contribute indirectly to other environmental 
issues in the production of goods and use of services (e.g. 
land salinisation, eutrophication and erosion). While these 
consumption areas can be considered fundamental to 
provision of the basic necessities for life, they are no longer 
simply at levels of need, but rather have grown increasingly to 
meet the wants of individuals. 

With respect to housing, the typical house size in WA  
has more than doubled over the past 50 years, from  
110 m2 in the 1950s to 230 m2 in 2000 (Office of Policy and 
Planning, 2000). This is due to larger and more bedrooms, 
bathrooms and additional rooms such as games rooms. 
Larger dwellings use more natural resources in their 
construction, such as bricks, wood, metals, water and energy. 
Household occupancy has also decreased over the same 
period (Australian Bureau of Statistics, 2005).

Per capita residential energy consumption in WA has risen 
over the past two decades from 15.5 gigajoules (Gj) per 
capita in 1984–85, to 17.2 Gj in 2004–05 (see ‘Energy 
use in settlements’). The increase in household energy use 
over this period reflects the increasing number and use 
of labour saving appliances (e.g. computers, power tools, 
kitchen appliances), lifestyle appliances (e.g. mobile phones, 
LCD and plasma televisions, compact audio devices), and 
heating and air-conditioning systems. Total residential energy 
consumption has increased by 60% over the same period 
to 34.2 petajoules due to population growth and increasing 
rates of personal consumption.

Unlike energy consumption, water use per capita is showing 
signs of stabilising (see ‘Water use in settlements’). Both total 
and per capita residential water use have declined since 2001. 
This trend can be attributed to the introduction of a State 
Water Strategy with a targeted water conservation campaign 
and increased media focus on water shortages.

Food demand is proportional to population. In 2000, each 
Australian is estimated to have consumed around 695 kg of 
food and 227 litres of beverages per year (Australian Bureau 

of Statistics, cited in Australian Food & Grocery Council, 
2003). It is likely that the amount of food consumed per 
capita has changed little in recent times, but calorie intake 
has increased. Western Australians are consuming more 
food products from overseas and interstate, and consumer 
demand is driving year-round production of seasonal produce 
and exotic local produce. Imported seafood products now 
provide more than 60% of the market in Australia, while 
most of WA fisheries production is exported to overseas 
or interstate markets (CSIRO, 2003; Australian Bureau of 
Agricultural and Resource Economics, 2004). The trend 
towards more processed (e.g. confectionery and snack foods) 
and ‘ready-to-eat’ (e.g. take-away and packaged meals) foods 
is also growing. Nutrition surveys show that energy, protein 
and carbohydrate intakes of WA children and adolescents 
increased between 1985 and 2003 (Glasson et al., 2004). The 
trends toward increased consumption of processed foods, 
imported foods and out-of-season produce has environmental 
implications from greater inputs of energy, water and 
materials (e.g. packaging) used in production, manufacturing, 
transport, consumption and/or disposal. A survey undertaken 
by the Australian Food and Grocery Council in 2003 found 
that Australia wastes about 2.2 million tonnes of food 
annually, or 13% of total food consumed (Australian Food 
and Grocery Council, 2003). This equates to the annual food 
consumption of nearly 3.2 million Australians.

Transport patterns have environmental consequences 
including land clearing for transport infrastructure, 
consumption of fossil fuels, materials used (metals, plastics, 
rubber) and exhaust emissions (see ‘Transport’). Vehicle 
ownership in WA is the highest in Australia. In 2004, the 
total number of vehicles was 749 per 1000, representing a 
10% increase in vehicle ownership since 1996. Passenger 
vehicles make up the majority of these (568 per 1000). Since 
1998, vehicle kilometres travelled has increased by 10% 
to 7900 kilometres per capita, reflecting continuing urban 
development of Perth and parts of the South West.

Indicator FP5: Trends in consumption arising from 
economic activity.

Western Australia is heavily dependent on the use of natural 
resources to sustain economic growth, with a major emphasis 
on export-oriented industry: over 70% of land used and 
carbon dioxide emissions in WA are associated with the 
production of exports. Measuring trends in resource use arising 
from economic activity is as important as monitoring personal 
rates of consumption in understanding the environmental 
consequences of consumption in WA. Macroeconomic models 
of resource use, such as materials flow analysis and the CSIRO’s 
‘stocks and flows model’ can provide overall measures of 
resource consumption. They enable understanding of the 
movement of natural resources through the economy and how 
they affect the environment. While a scoping report for a WA 
‘stocks and flows model’ has been prepared, a model has not 
yet been developed. Despite this some trends are apparent. 

Resource use arising from economic activity in WA has been 
steadily increasing in recent years. Total WA water use has 
grown from around 1800 gigalitres (GL) in 1998 to around 
2400 GL in 2005. Mining and irrigated agriculture are 
responsible for nearly two-thirds of water consumption in 
WA and are likely to be responsible for much of the growth 
in water use over this period. The aggregate energy intensity 
(energy use per dollar of gross state product) of the WA 
economy decreased between 1998 and 2005, but total 
primary energy use grew at an average rate of 4.6% per 
annum over this period, and has been consistently higher than 
the national average. Much of this growth is due to steady 
economic activity and a structural shift towards more energy-
intensive industries (Tedesco & Thorpe, 2003). The mining and 

State of the environment report WeStern auStralia 2007

 1
.1

 F
u

n
d

a
m

e
n

ta
L 

P
r

e
ss

u
r

e
s 

P
o

P
u

La
tI

o
n

 a
n

d
 c

o
n

s
u

m
P

tI
o

n

4

0 

2 

4 

6 

8 

Food and  
beverages 

Clothing Other  
manufacured 

products 
 

Housing Energy  
supply 

Trade Other  
services 

Other 

Category 

H
ec

ta
re

s 
pe

r 
pe

rs
on

Land required for production Land for CO2 sequestration 



petroleum sector in particular is experiencing rapid growth 
and projections indicate that sector output is likely to grow 
by 50–75% over the next decade (Chamber of Minerals and 
Energy, 2005).

Pressures
Population policy is a complex and contentious topic for any 
society to address. Some argue that we need a much lower 
population than we have now and others argue that we 
need a considerably larger population. The Commonwealth 
Government is responsible for population policy, with most 
strategies directed at control of immigration and births. 
The State Sustainability Strategy (Government of Western 
Australia, 2003) recognises that population growth should 
be promoted in areas where there is a real social and 
economic disadvantage (in many rural and regional areas), 
and that growth should be redefined in areas where further 
development is a threat to sustainability, such as Perth and 
many South West coastal towns. However, this approach is 
yet to be adopted in WA’s planning system.

Current consumption levels are influenced by a combination 
of cultural and social factors, economic drivers and 
technology. Embedded in conventional economics is the 
perceived view that human wellbeing is tied to economic 
growth and consumption (Rees, 2002). Economic growth 
refers to the expansion of the volume of goods and services 
produced by a country. It is typically measured by the annual 
rate of increase of Gross Domestic Product (GDP) – the value 
of goods and services produced each year. Economic growth 
has the potential to solve many problems faced by individuals, 
communities and countries. However, the endless pursuit of 
continued economic growth is also leading to exacerbation 
of environmental problems (e.g. growth in greenhouse gas 
emissions). There are many environmental initiatives that, 
after years of debate, are yet to be implemented for fear that 
they will reduce economic growth (e.g. the Kyoto Protocol, 
carbon trading, true pricing of water, halting land clearing). 
Strong economic growth remains the current dominant 
political and economic driver in WA and is likely to continue 
increasing consumption of the State’s natural resources.

Cultural trends have a significant influence on personal levels 
of consumption. In Australia our standard of living is often 
defined by material wealth, which drives increased demand 
for consumer products (e.g. mobile phones, LCD and plasma 
televisions, air conditioners, computers, home appliances, 
four wheel drive vehicles). Consumer goods play a symbolic 
role in our lives, in shaping our personal identities and in 
communicating group identity (Jackson & Michaelis, 2003). 
Marketing now plays a major role in defining consumer 
desires and has contributed significantly to the development 
of a consumerist society. Other factors influencing personal 
levels of consumption include the trend towards desire for 
convenience and keeping up with the pace of technology. 
Cultural shifts and changes to economic theory are required 
to solve many of these inherent consumer-related problems. 

Current responses
Western Australian State Sustainability Strategy: was 
released by the State Government in 2003. The strategy 
outlines a blueprint for sustainable development in WA and 
contains a number of actions to manage the environmental 
impacts of WA’s population and its use of natural resources. 
The strategy established two important and relevant targets 
aimed at reducing consumption in WA:

•  reduce the ecological footprint of the WA economy by 
50% by 2020; and

•  increase eco-efficiency of the WA economy by a factor of 
four by 2020.

Implications
As WA continues to grow in population and the economy 
expands, demand for its natural resources (e.g. minerals, 
water, energy) will also rise: many of these resources are 
already under pressure from existing human activities (see 
‘Towards Sustainability’). The flow-on effects of increased 
use of natural resources are not easily measured. Aspects 
of natural resource use have hidden environmental and 
economic costs: the natural environment supports the 
economy in providing many ecosystem services which are not 
readily recognised, and for which no market price has been 
determined or considered. Few of these ecosystem services 
have been given an accurate economic value (Prime Minister’s 
Science Engineering and Innovation Council, 2002).

While it is difficult to value intangible or nonmarket assets like 
ecosystem services, they cannot be discounted or ignored in 
the long term. For example, if a commercial project of high 
economic value utilises valuable environmental resources, 
damages an ecosystem or biodiversity, or has a detrimental 
impact on the wellbeing of a nearby community (through 
noise, pollution or infrastructure damage), it clearly has 
an economic cost. As part of implementing best practice 
environmental management, such ‘hidden costs’ should 
be included as components of the total economic value of 
commercial projects (Department of the Environment, Sport 
and Territories, 1996).

Ecological systems usually have a buffering capacity to absorb 
pressures up to a threshold level, beyond which degradation 
occurs. However, environmental impacts are often 
cumulative, difficult to reverse, may only become apparent 
years or decades after the inducing pressure has occurred, 
and often extend beyond the natural environment to 
adversely affect social structures and the wellbeing of human 
societies. This highlights the fact that the WA society and 
economy is dependent on the prudent management of the 
environment and the sustainable use of its natural resources. 

suggested resPonses

1.1  Implement the State Sustainability Strategy. 
Released in 2003, there is yet to be public 
reporting on its implementation. The State 
Government needs to remain committed to 
the strategy’s implementation and a five year 
review of progress is warranted.

1.2  Develop tools to apply total economic value 
to future development proposals: the value of 
non-market (including environmental) services 
should be more rigorously included in future 
decision making in the pursuit of sustainability. 
Accounting for total economic value is needed 
to provide WA with improved environmental 
outcomes. 

1.3  Adopt a plan to stabilise the State’s ecological 
footprint, including measuring and reporting 
on a regular basis.
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cLImate change
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Description
Climate change is one of the most complex and serious 
challenges facing humanity. Climate change refers to 
any change in climate over time, whether due to natural 
variability or as a result of human activity. This definition is 
in accordance with that outlined by the Intergovernmental 
Panel on Climate Change (2001). In the Western Australian 
Greenhouse Strategy, climate change is defined more 
specifically as a change of climate that is attributed directly or 
indirectly to human activity observed over comparable time 
periods – in accordance with the United Nations Framework 
Convention on Climate Change (Government of Western 
Australia, 2004).

Earth’s climate varies naturally due to many factors including 
fluctuations in the amount of incoming solar radiation, the 
Earth’s orbit, the El Niño Southern Oscillation (and other 
ocean and atmosphere interactions), and unpredictable 
events such as volcanic eruptions. Such variations can affect a 
small region or the entire planet, and drive the evolution and 
adaptation of species and ecosystems. The greenhouse effect 
is another natural process that plays a major part in shaping 
the Earth’s climate. Certain gases in the atmosphere (known 
as greenhouse gases) absorb infrared radiation reflected 
by the Earth, creating the relatively warm and hospitable 
environment near the Earth’s surface which makes life 
possible (Bureau of Meteorology, 2003). 

Since the start of the Industrial era (about 1780), human 
activities have been influencing the greenhouse effect. Fossil 
fuel use, broadscale deforestation and land use changes have 
caused dramatic increases in atmospheric concentrations 
of carbon dioxide, methane, nitrous oxides and other 
greenhouse gases, resulting in the ‘enhanced greenhouse 
effect’ (see ‘Greenhouse gas emissions’). This effect has been 
altering the energy balance of the global climate system. The 
Earth’s climate has demonstrably changed on both global and 
regional scales over the past century: global average air and 
ocean temperatures have warmed; global mean sea level has 
risen and there has been widespread melting of snow and 
ice (Intergovernmental Panel on Climate Change, 2007b). 
While the current climate is a consequence of both natural 
variability and human induced changes, it is now recognised 
that human activities are responsible for most of changes 
observed over this period (Intergovernmental Panel on 
Climate Change, 2007b). 

Further changes to climate are expected, including at 
the Western Australian scale. Although average global 
temperature is expected to continue to rise, regional 
temperatures in WA will vary and in some areas are predicted 
to decrease. Similarly, rainfall patterns are expected to 
change, increasing in some regions and decreasing in 
others. Despite the high level of complexity there is broad 
agreement that under current projected trends the impacts 
of climate change will be substantial, including accelerated 
loss of biodiversity, changes to economic productivity and the 
availability of water supplies, and hence people’s lifestyles.

Key FIndIngs

• Climate change is happening now. Most of the 
climate changes over the past 100 years can be 
attributed to human activities.

• Average temperatures across WA have increased 
0.8°C over the past 100 years.

• Sea level has risen 15 cm at Fremantle over the 
past 100 years and will continue to rise. 

• Average winter rainfall in the South West 
has dropped 15% over the past 30 years. In 
contrast, average annual rainfall in parts of the 
Pilbara and Kimberley has increased.

• WA’s net greenhouse gas emissions increased 
17% between 1990 and 2005. If land use 
concessions are excluded, then emissions have 
increased 45% over the same period.

• WA’s environment is highly vulnerable to climate 
change and the State’s natural resources, 
biodiversity, industry and human health are at 
risk, and in some instances are already being 
affected.

indicative extent of iSSue

1.2

PrIorIty  
ratIng: 1
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Objectives
• Develop a comprehensive understanding of climate 

change and its associated impacts in WA.

•  Reduce WA’s vulnerability to climate change by developing 
and implementing programs to increase resilience and 
reduce sensitivity to its impacts.

•  Foster greater community awareness in the Western 
Australian community about climate change and an 
informed response.

•  Reduce WA’s greenhouse gas emissions.

Condition
Over the past century, the Earth has been in a period of 
sustained rapid warming, with the average global surface 
temperature rising by around 0.6ºC (Figure FP2.1). This rate of 
warming is unequalled in any other century in the past 1000 
years. The rate of global warming is projected to accelerate 
further, with a global average surface temperature increase 
of 1.1–6.4ºC over the period 1980–99 to 2090–2099, with 
a best estimate of about 0.2ºC warming per decade for 
the next two decades (Intergovernmental Panel on Climate 
Change, 2007b). This represents roughly a two- to ten-
fold increase in the rate observed during the 20th century 
and could lead to an unprecedented change in the Earth’s 
weather systems.
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Figure FP2.1: Global average land and sea-surface 
temperature anomalies, 1860 to present.
Data source: Bureau of Meteorology (2003).

Indicator FP6: Historic trends in temperature for Western 
Australia.

Since 1910, the annual average temperature throughout 
WA has increased by just over 0.8°C, mirroring the trend to 
increasing global average temperatures (Figure FP2.2). Most of 
this increase has occurred since 1950 and has been greater in 
winter and spring than in summer and autumn. The warming 
trend has been greater in western parts of the State and 
the east Kimberley, although annual average temperatures 
have declined marginally in the east Kimberley since 1950. 
The warming trend across WA has been associated with 
rising minimum and maximum temperatures, although there 
have been some seasonal decreases, most notably a decline 
in summer maximum temperatures in the north east and 
southern coastal parts of the State (Figures FP2.3 and FP2.4). 

In terms of temperature extremes, a decrease has been 
observed in the number of very cold nights across much of the 
State. There is also evidence that the number of very hot days 
has decreased over the past 40 years or so (J Cramb, Bureau of 
Meteorology, pers. com.). It is important to note that while the 
frequency of extreme temperature events may be decreasing, 
the average temperature is still rising across much of WA. 
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Figure FP2.2: Trend in average annual temperature in 
Western Australia, 1910–2006 (degrees Celsius per 10 
years).
Map courtesy of Bureau of Meteorology. 

Stirling Range (Tourism Western Australia)



Figure FP2.3: Trend in average daily maximum temperatures in summer, autumn, winter and spring in Western Australia, 
1950–2006 (degrees Celsius per 10 years).
Map courtesy of Bureau of Meteorology.
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Figure FP2.4: Trend in average daily minimum temperatures in summer, autumn, winter and spring in Western Australia, 
1950–2006 (degrees Celsius per 10 years).
Map courtesy of Bureau of Meteorology.
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Indicator FP7: Projected trends in temperature for Western 
Australia.

Climate modelling by the CSIRO (CSIRO, 2001) indicates 
that a continued trend of warming is likely to occur in WA. 
Average annual temperatures for the State are projected to 
increase 0.4–2.0ºC by 2030 and 1.0–6.8ºC by 2070 (Figure 
FP2.5). Warming is projected to be greatest in summer 
and spring, with much of the northern half of the State 
likely to experience the greatest warming. This contradicts 
the observed decline in temperature in the east Kimberley 
since 1950, which may be due to the methodologies and 
uncertainties in the models used. 

More recent climate modelling by the Indian Ocean Climate 
Initiative also projects a rise in temperature in all seasons in 
the South West of WA by 2030, based on a range of emission 
scenarios (Indian Ocean Climate Initiative 2005i).

Figure FP2.5: Projected changes to average annual 
temperature for Australia: 2030 and 2070.
Map courtesy of CSIRO (2001). Note: These projections are based on results from 
computer models that involve simplifications of real physical processes that are not 
fully understood. As such, they should be treated with caution.

Indicator FP8: Historic trends in rainfall for Western 
Australia.

Total annual rainfall for WA has remained fairly consistent 
over the past century but there have been substantial 
regional changes, mostly in the past 30 years (Figure 2.6). 
Total annual rainfall in the South West has declined by 10% 
since the mid 1970s. Most of the decrease is due to a fall 
in May to July average rainfall of about 15% (Figure FP2.7; 
Indian Ocean Climate Initiative, 2005b). This is associated 
with an increase in summer rainfall, and winter rainfall 
occurring later in the season. The South West derives much 
of its winter rain from passing cold fronts and associated 
storms, and since the 1970s both the number of storms and 
the amount of rainfall generated by them has decreased 
(Indian Ocean Climate Initiative, 2005g). The sharp drop 
in rainfall occurred at the same time as a global change in 
atmospheric circulation, which has been attributed to both 
the enhanced greenhouse effect and natural variability 
(Indian Ocean Climate Initiative, 2005b).

In contrast, total annual rainfall has substantially increased 
in the Pilbara, the arid interior and the Kimberley since the 
1970s. This change is primarily due to increased summer 
monsoonal rainfall.  Recent research suggests that increased 
monsoonal rainfall in the north of the State is caused by 

particulate haze in Asia, which is cooling the Asian continent 
and nearby oceans, and thereby altering the balance of 
temperature and winds between Asia and Australia.

Figure FP2.7: May–July rainfall totals and average rainfall 
for the periods 1925–75 and 1976–2004, averaged over the 
South West of Western Australia.
Data source: Indian Ocean Climate Initiative (2005b).

Indicator FP9: Projected trends in rainfall for Western 
Australia.

Climate modelling by the CSIRO (CSIRO, 2001) indicates 
that under increasing greenhouse conditions there is a good 
chance of reduced rainfall in the South West. Average annual 
rainfall in the South West may vary by -20% to +2% by 2030, 
and from -60% to +10% by 2070, relative to 1990 levels 
(Figure FP2.8). In other parts of the State, modelled rainfall 
projections vary significantly, within the ranges of -20% to 
+20% by 2030, and -60% to +60% by 2070. The effect 
of particulate haze in Asia on rainfall in WA has not been 
included in the CSIRO’s climate change models which may 
explain why the models have not reproduced the observed 
increase in rainfall for northern WA (Rotstayn et al., in press).

Further climate modelling by the Indian Ocean Climate 
Initiative supports the CSIRO projections for rainfall decline 
in the South West. The modelling consistently indicates 
that ‘wet season’ (May to October) rainfall will decrease in 
the South West, in a number of climate models and under 
a range of emissions scenarios (Figure FP2.9). The results 

50.0

40.0

30.0

20.0

15.0

10.0

5.0

0.0

-5.0

-10.0

-15.0

-20.0

-30.0

-40.0

-50.0   

Figure FP2.6: Trend in annual total rainfall for Western 
Australia, 1970–2006 (mm rainfall per 10 years)
Map courtesy of Bureau of Meteorology.
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suggest winter rainfall may fall by as much as 20% relative 
to the 1960–1990 baseline level with the number of winter 
rain days decreasing by up to 17% (Indian Ocean Climate 
Initiative, 2005i). Rainfall projections for the ‘dry season’ 
(November to April) are less certain as some models project a 
rainfall increase during the November to April period. 

Figure FP2.8: Projected changes to average annual rainfall 
for Australia: 2030 and 2070
Map courtesy of CSIRO (2001). Note: These projections are based on results from 
computer models that involve simplifications of real physical processes that are not 
fully understood. As such, they should be treated with caution.

Indicator FP10: Historic trends in sea level rise for  
Western Australia.

Global sea level rose 10–20 cm between 1897 and 2005, 
which is much greater than over the past 1000 years (Indian 
Ocean Climate Initiative, 2005c). Tide records show that the 
sea level off Fremantle has increased roughly 15 cm in this 
period, or an average rise of about 1.5 mm per year (Figure 
FP2.10). This represents 20% of the maximum tidal range at 
Fremantle. The rate of change varies due to annual variation 

from the El Niño-Southern Oscillation phenomenon, and 
explains why the sea level appears constant between 1952 
and 1991. Between 10-35% of the sea level rise over the past 
century can be attributed to increasing seawater temperatures 
(and consequent water expansion), while the melting of 
glaciers and ice caps has contributed about 10-25%. 
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Figure FP2.10: Sea level at Fremantle.
Data source: Indian Ocean Climate Initiative (2005c).

Indicator FP11: Projected trends in sea level rise for Western 
Australia.

Global mean sea level is projected to rise by 18–59 cm  
by the end of the 21st century relative to 1980–1999 levels, 
based on a range of modelled scenarios (Intergovernmental 
Panel on Climate Change, 2007b). 

Pressures
The drivers of recent climate change in WA include both 
natural climate variability and the enhanced greenhouse 
effect, but the latter is thought responsible for much of the 
observed warming in WA since 1950 (Indian Ocean Climate 
Initiative, 2005f). Other human activities have contributed to 
the observed warming globally (either positively or negatively) 
including aerosols released into the atmosphere, tropospheric 
ozone changes due to emissions from ozone-forming chemicals, 
and changes in surface reflectivity due to land-cover changes 
(Intergovernmental Panel on Climate Change, 2007b). However, 
the enhanced greenhouse effect is having the greatest influence 
by far on the global climate system. Further to this, the 
Intergovernmental Panel on Climate Change has concluded that 
the enhanced greenhouse effect will continue to drive global 
atmospheric warming and sea level rise for centuries, even 
if atmospheric greenhouse gas concentrations are stabilised 
(Intergovernmental Panel on Climate Change, 2007b).
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SWWA Precipitation changes with 9 GCMs
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Figure FP2.9: Range of projections for changes to rainfall over the South West of Western Australia from nine international 
climate models.
Map courtesy of Indian Ocean Climate Initiative (2005i). Note: The graphs on the right are for three different emission scenarios in 2030 and 2070. The bars show the range of 
model projected rainfall change. The bar colours relate each projection to the corresponding areas on the maps. The emissions scenarios include representative range of future 
emissions (SRES) and stabilisation of atmospheric carbon dioxide levels at 450ppm (parts per million) and 550ppm.



Indicator FP12: Historic trends in atmospheric  
greenhouse gases.

Measurements from trapped ice in the Antarctic show there 
is a close correlation between atmospheric concentrations 
of carbon dioxide (a major greenhouse gas) and Antarctic 
temperature over at least the last 400 000 years (Figure 
FP2.11). Significant natural climate variation has occurred 
over the Earth’s history and global carbon dioxide levels have 
tended to track glacial cycles (Intergovernmental Panel on 
Climate Change, 2001). 
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Figure FP2.11: Antarctic temperature and global carbon 
dioxide in the atmosphere over the last 400 000 years from 
the Vostok ice core.
Data source: Petit et al. (1999). Note: Carbon dioxide levels in parts per million (ppm) 
are shown alongside temperature change in degrees Celsius (ºC).

Although atmospheric concentrations of major greenhouse 
gases have been relatively steady for much of the last 1000 
years, they have increased exponentially over the past 
200 years (Figure FP2.12). Some of the principal causes 
of this dramatic increase globally are fossil fuel burning, 
deforestation, biomass burning, and some agricultural and 
industrial practices (Bureau of Meteorology, 2003).

Figure FP2.12: Atmospheric concentrations of carbon dioxide, 
methane and nitrous oxide over the last 1000 years.
Data source: Bureau of Meteorology (2003). Note: Based on measurements from 
Antarctic ice cores and, since the 1970s, analyses conducted at Cape Grim Baseline Air 
Pollution Station. Radiative forcing is a measure of the influence the gas has in altering 
the balance of incoming and outgoing radiation, and is measured in watts per square 
metre. Positive forcing tends to warm the surface while negative forcing tends to cool it. 

Indicator FP13: Current trends in greenhouse gas 
emissions for Western Australia.

Western Australia is contributing to the enhanced greenhouse 
effect through emissions of greenhouse gases. Australia 
contributes around 1.5% of global greenhouse gas emissions, 
but it is the greatest emitter in the industrial world on a per 
capita basis (The Australia Institute, 2004). In 2005, Western 
Australia generated about 12% of Australia’s emissions. Using 
greenhouse accounting methods, WA’s net annual greenhouse 
gas emissions increased by 17% between 1990 and 2005, to 
66.6 million tonnes (Mt) of carbon dioxide equivalent ((CO2-e); 
Figure FP2.13; see ‘Greenhouse gas emissions’). 

Most of the State’s emissions (74% in 2004) came from the 
energy sector, due to its heavy reliance on fossil fuels for 
energy supply and transport (see ‘Energy’). Emissions from 
the energy sector alone increased by 58% between 1990 and 
2005. The State also has a large number of energy-intensive 
industries, including oil and gas, minerals, bauxite refining, and 
iron and steel production. Rapid growth in several of these 
industries over the past decade has contributed significantly 
to growth in greenhouse gas emissions. Unless significant 
changes are made, greenhouse gas emissions from the energy 
sector will continue to grow rapidly.

The rapid increase in WA’s greenhouse gas emissions has 
been masked to some extent by the decrease in emissions 
from the land use, land use change and forestry sectors. 
Greenhouse gas emissions from these sectors decreased 
significantly between 1990 and 2005, from 9.8 Mt CO2-e to 
-1.6 Mt. This was due to a decrease in vegetation clearing for 
agriculture and an increase in plantations. If the greenhouse 
gas emissions from these sectors are excluded from the 
accounting methods, the State’s greenhouse gas emissions 
effectively increased 45%. 
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Figure FP2.13: Western Australia’s greenhouse gas 
emissions, 1990–2005.
Data source: Australian Greenhouse Office (2007). Note: This figure depicts 
greenhouse gas emissions in carbon dioxide equivalents (CO2-e). LULUCF refers to the 
land use, land use change and forestry sector.

Indicator FP14: Projected trends in greenhouse gases 
emissions for Western Australia.

The main pressures driving increasing greenhouse gas 
emissions in WA are population growth and economic 
growth with associated increasing rates of production and 
consumption. Projected trends in greenhouse gas emissions 
unavoidably have a level of uncertainty associated with them 
and should therefore be treated with caution. Estimates from 
the Australian Bureau of Agricultural and Resource Economics 
(Riwoe et al., 2006, cited in Government of Western 
Australia, 2006) for the stationary energy sector are that 
greenhouse gas emissions will increase from 40 Mt CO2-e in 
2004–05 to 71 Mt CO2-e in 2029–30. This estimate includes 
uncertainty assumptions of +/- 15% at 2030. 
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Fugitive emissions (gas which leaks or is vented without 
combustion) are projected to increase from 1.5 Mt CO2-e in 
2003–04 to 6.6-13.5 Mt CO2-e by 2030, due to growth in gas 
production from existing facilities, development of planned 
new liquefied natural gas developments and growth in supply 
to the domestic market (Government of Western Australia, 
2006). There is a large degree of uncertainty in projected 
fugitive emissions due to the uncertainty associated with 
using geosequestration to manage them. 

Projected trends in greenhouse gas emissions from other 
sources are not available.

Current responses

Most responses to climate change in WA focus on addressing 
greenhouse gas emissions, although there have been some 
responses from particular sectors to the impacts of the State’s 
changing climate. Key initiatives at global and national levels 
will also have a significant bearing on outcomes for WA.

Intergovernmental Panel on Climate Change: is an 
international body established by the United Nations and the 
World Meteorological Organisation in 1988 to assess, compile 
and communicate scientific consensus on the state of human-
induced climate change, its potential impacts and options for 
adaptation and mitigation. 

The Kyoto Protocol: imposes binding and quantifiable 
emission reduction commitments on developed signatory 
nations that have ratified the document. The protocol is 
acknowledged as a valuable first step in coordinating the 
global effort to reduce greenhouse gas emissions. Australia 
has not ratified the Kyoto Protocol, but has committed to 
meeting Australia’s target under it. Current analysis projects 
Australia’s greenhouse gas emissions at 109% of the 1990 
level over the period 2008–2012, which is slightly above the 
108% target (Commonwealth of Australia, 2006). Currently, 
Australia’s energy-related emissions are more than 30% 
above the 1990 Kyoto baseline and are increasing rapidly. 
Discussions are underway for the ‘post Kyoto’ period.

International climate change partnerships: Australia has 
arrangements in place with several countries for bilateral and 
multilateral cooperation on practical actions that contribute 
to the global effort to respond to climate change.

Asia–Pacific Partnership on Clean Development and 
Climate: Australia is party to the partnership with nations 
in the Asia–Pacific region as well as the United States. The 
partnership, launched in 2006, aims to create a voluntary 
framework for development, transfer and uptake of cleaner 
technologies.

The Western Australian Greenhouse Strategy: was released 
in 2004 and aims to guide State efforts to reduce greenhouse 
gas emissions, and guide responses to opportunities and 
challenges generated by climate change (Government of 
Western Australia, 2004). Initiatives include forming a 
Greenhouse Unit to coordinate a whole of government 
response to climate change, developing a climate change 
impact and assessment strategy for the South West, 
establishing a greenhouse gas emissions reporting framework 
and developing a renewable energy strategy for the South 
West Interconnected System. 

Greenhouse and Energy Task Force: was established by the 
State Government in 2005 to provide advice on managing 
greenhouse gas emissions from the stationary energy sector. 
It has published a report entitled A Cleaner Energy Future 
(Government of Western Australia, 2006) that outlines 
recommendations to reduce greenhouse gas emissions by 
50% in the longer term, and emissions trading, energy 
conservation initiatives and on-ground rules for greenhouse 
offsets.

The Indian Ocean Climate Initiative: is a climate research 
program started in 1998 focusing on providing a greater 
understanding of climate variability in the South West. To 
date, this initiative has produced a range of publications on 
climate change in the South West.

The State Coastal Planning Policy: aims to protect 
coastal developments from sea level rise by establishing 
a development setback. The policy guides the Western 
Australian Planning Commission, local government and other 
agencies in planning decisions affecting coastal protection 
(Western Australian Planning Commission, 2003).
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Climate change will impact forests in the South West due to shifts in temperature and rainfall patterns (Tourism WA).



Implications
Western Australia is already experiencing changes in average 
climate conditions, climate variability and the frequency 
of extreme weather events. Climate scientists warn that 
dangerous climate change is likely to occur with a total 
increase in global average temperature of 2.0ºC, which 
under current trends is projected to occur. Reductions 
in greenhouse gas emission levels to at least 50-60% of 
1990 levels will need to be achieved by 2050 to reduce the 
likelihood of dangerous climate change occurring before the 
end of the century. Governments of some developed nations, 
including the United Kingdom, have committed to goals to 
meet this level of emissions reduction. Western Australia 
must also work to achieve major reductions in greenhouse 
gas emissions.

Western Australia’s environment, society and economy are 
vulnerable to the impacts of climate change. The State must 
continue to protect its natural capital, adapt its economy 
and adjust societal lifestyles through the pressures of a 
changing climate. While we need a better understanding 
of the potential impacts of climate change in order to 
respond effectively to them, the State’s vulnerability can be 
mitigated by reducing other stresses and increasing resilience, 
for example by improving ecological linkages, diversifying 
agricultural practices, and improving water and energy 
efficiency. 

The extent of the impacts from climate change globally and 
in WA will depend on how rapidly and comprehensively 
the global community takes steps to abate greenhouse gas 
emissions. Some recent studies, including the Stern Review of 
the economic costs of climate change (Stern, 2006) and more 
locally the CSIRO Energy Futures Forum (CSIRO, 2006), now 
recognise that the global benefits of taking early action to 
avoid climate change will far outweigh the global economic 
costs of not acting. The need to take early action is also 
the view of the Western Australian Greenhouse and Energy 
Taskforce (Government of Western Australia, 2006).

The implications of climate change are expected to be 
significant and far reaching (see following text boxes). 

ImPLIcatIons For BIodIversIty

By the end of the century, climate change and its impacts 
may be the dominant direct driver of biodiversity loss and 
changes in ecosystem services globally (Millennium Ecosystem 
Assessment, 2005). Significant loss of biodiversity is projected 
to occur in some ecologically-rich parts of Australia by 2020 
and the South West of WA is considered to be at considerable 
risk (Intergovernmental Panel on Climate Change, 2007a). Past 
climate variability and change has played a key role in shaping 
ecosystems and the distribution of various species across the 
State. However, current and future climate change will affect 
biodiversity directly through changes to temperature, rainfall 
and extreme events, and through altering the nature and 
intensity of existing biodiversity pressures (e.g. salinisation, 
loss of wetlands, density and distribution of weeds). This will 
bring changes to landscapes and ecosystem services as species 
adapt, emigrate or immigrate and others become isolated.

Terrestrial ecosystem impacts of climate change are expected 
to be significant across the State, with modelled temperature 
increases of several degrees Centigrade in some regions, and 
significant rainfall changes expected this century. Changes 
in the frequency or intensity of severe storms and cyclones 
(particularly in the North West) could affect the ability of some 
ecosystems to recover from floods, fires, drought and previous 
storm damage. 

Climate change models predict small to moderate increases in 
forest growth where rainfall remains stable or increases, due to 
increased temperatures and carbon dioxide levels. However, in 
areas of declining rainfall forest growth may be detrimentally 
impacted by reduced rainfall, increased fire and disease risks 
(Allen Consulting Group, 2005). These changes are likely 
to have the greatest impact on biodiversity for South West 
forests. There are also likely to be changes in the competitive 
advantage of grass species and spread of woody shrubs into 
arid and semi-arid rangelands, which may alter fire regimes and 
animal habitat. Spread of invasive weeds is likely to accelerate 
within disturbed ecosystems, particularly for those species that 
can rapidly adapt to new environments. Rising sea level and 
resulting tidal incursion into freshwater wetlands is also likely to 
increase, severely modifying their ecology.

The risk of extinction for already-vulnerable species may 
increase (Natural Resource Management Ministerial Council, 
2004). Loss of species and ecosystems will occur when 
tolerance thresholds are exceeded. Climate change models 
predict the current range of species to decline and for habitats 
to become more isolated across the landscape. Specific local 
climates required by some plant and vertebrate species may 
disappear entirely with as little as 0.5–1ºC warming (Hughes, 
2003). For example, with only 0.5ºC warming CSIRO modelling 
shows that South West habitats for all frog and many mammal 
species would be significantly reduced and 15 species of 
endangered or threatened WA mammals would disappear 
or be restricted to small areas (Pouliquen-Young & Newman, 
1999). Leaf-eating herbivores may also be detrimentally 
affected by a change in plant chemistry following increases in 
atmospheric carbon dioxide (Cork & Foley, 1991).

Fragmentation of landscapes will inhibit the ability of flora 
and fauna to adapt to climate change by migrating to 
more suitable environments. Highly mobile species such as 
butterflies and birds appear to have already responded to 
relatively minor climate change and migration responses 
have been noted within intact vegetation systems (Parmesan 
et al., 2005). However, many species may not be able to 
migrate fast enough due to limited distribution or an inability 
to establish a new location (Hughes et al., 1996; Hughes, 
Westoby & Cawsey, 1996). In the South West particularly, 
landscape fragmentation will make it difficult for some species 
and ecosystems to migrate, especially those with narrow 
temperature tolerance ranges or those at the upper limits of 
their ranges. For example, the temperature tolerance range 
for 41% of Australian eucalyptus species (including many WA 
species) is less than 2ºC in mean annual temperature (Hughes, 
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Climate change is likely to impact many native fauna species that are 
already vulnerable to other threats, such as predation (B. Wells).



Westoby & Cawsey, 1996). Similarly, a 2ºC rise in temperature 
would result in the disappearance of 66% of WA Dryandra 
species and 100% of Acacia species (Pouliquen-Young & 
Newman, 1999). 

The potential impact of climate change on biodiversity is 
significant and is becoming increasingly well-recognised, but 
is not well researched or understood. Human intervention, 
including translocation and breeding programs, may hold 
the key to the future survival of threatened and endangered 
species under a dramatic climate change scenario.

ImPLIcatIons For Land

Western Australian land resources are not immune to the 
projected impacts of climate change. Changes to landscapes 
and soils will be linked to vegetation changes and the ability 
of major land uses (such as agriculture, pastoralism and 
forestry) to adapt. Some plant species may be unable to adapt 
to a long-term shift in climate, thereby reducing vegetation 
cover and allowing opportunities for land degradation to 
occur. However outcomes are by no means certain. For 
example, further loss of perennial vegetation in the South 
West could be expected to accelerate dryland salinisation, 
but if the projected rainfall decline and rising temperatures 
forecast for this region eventuate, this may actually help 
alleviate dryland salinity and waterlogging problems. 

Loss of vegetation cover will also result in gradual 
deterioration of soil health as natural biological processes 
and ecosystem services deteriorate. This is likely to enhance 
susceptibility of soil to the effects of wind and water 
erosion. Increased severity of storm events, fires or droughts 
will enhance the occurrence of soil erosion under these 
conditions, particularly in the rangelands. 

Reduced rainfall in the South West and subsequent lowering 
of watertables may also cause subsurface soil acidification 
problems. This process is already apparent on the Gnangara 
and Jandakot groundwater mounds in Perth, where a sequence 
of low rainfall years (combined with increasing abstraction of 
groundwater) has contributed to subsurface soil acidification 
problems (Appleyard, 2004 & 2005). Under these conditions 
there is also a significant risk of contamination from the release 
of toxic metals and chemicals from soil. 

Predicting the likely effects of climate change on agriculture, 
pastoralism and forestry is difficult because changes in 
climatic factors can work in different ways. For example, 
increased carbon dioxide boosts plant growth and increases 
water use efficiency, while the projected increases in 
temperature and extreme weather events will reduce 
production. On balance, rainfall patterns are likely to be the 
major influential factor, with future crop, pasture and tree 
growth largely dependent on rainfall remaining relatively 
stable or increasing (Commonwealth of Australia, 2005). The 
capacity of agricultural industries to adapt to altered climate 
will significantly influence future management of land issues, 
such as dryland salinisation, soil erosion, acidification and 
loss of soil health. Under extreme climate change scenarios, 
agricultural profitability in some parts of the Wheatbelt may 
be reduced by up to 80% compared to historical climates 
(John, Pannell & Kingwell, 2005).

ImPLIcatIons For InLand waters

Western Australian inland waters are very susceptible to the 
predicted effects of climate change. Changes to inland waters 
will be linked to altered rainfall, temperature and associated 
impacts on catchment vegetation. There have already been 
considerable impacts on many aquatic ecosystems across the 
South West as a consequence of observed climate change. 
For example, a 10–15% drop in South West rainfall since 
the 1970s has produced a corresponding 50% reduction in 

average annual flows in some South West rivers and streams 
(Indian Ocean Climate Initiative, 2005d). The enormous 
reduction in flow resulting from a comparatively small decline 
in rainfall highlights the importance of rainfall in generating 
stream flows, and the sensitivity of waterways to change. 
Consequent impacts have already occurred to the structure 
of some waterways as well as declines in aquatic ecology and 
fringing vegetation. Further temperature increases and rainfall 
decreases are projected for this region and will only exacerbate 
the deterioration of inland waters.

Wetlands are also experiencing the effects of a drying climate. 
Anecdotal evidence over recent decades suggests that some 
of Perth’s lake systems are being converted to swampy flats. 
Some wetlands associated with climate-sensitive groundwater 
systems have also experienced more frequent dry states. 
Groundwater systems are very sensitive to changes in rainfall. 
For example, water levels on the Gnangara Mound in Perth 
have declined by as much as four metres in recent dry decades, 
also affecting associated wetlands (Indian Ocean Climate 
Initiative, 2005h).

In South West agricultural areas, groundwater changes 
due to altered climate are more difficult to establish due 
to the compounding effects of native vegetation clearing 
and its replacement with agricultural pasture and crops. In 
drier parts of the north-eastern Wheatbelt, groundwater 
levels have declined in upper to mid-slope areas as a result 
of reduced rainfall. Groundwater levels in the central and 
eastern Wheatbelt are not rising as quickly as they initially 
did in response to widespread clearing, and in some areas 
with shallow water tables (less than 8 m) levels are stable 
or declining. On the south coast and wetter parts of the 
Wheatbelt, groundwater levels continue to rise where  
the landscape is poorly drained (Indian Ocean Climate 
Initiative, 2005i).

The decrease in waterway flows has dramatically affected 
refilling of water supply reservoirs that service Perth and 
nearby country towns (Water Corporation, 2005). This has 
forced a major review of the sustainability of South West water 
supplies, including the de-rating of surface water dams and an 
increased focus on groundwater sources, desalinisation and 
water conservation initiatives. The decline in streamflow and 
groundwater recharge has severely impacted the availability 
of water resources, and affected water quality and water-
dependent ecosystems in the South West.

Impacts of climate change on inland waters in other parts 
of WA are less certain with some uncertainty about future 
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Algal blooms will become more frequent and widespread with 
increasing temperatures (V. Hosja)



rainfall projections. However, impacts are expected to occur 
with changes in temperature, light availability, rainfall patterns 
and altered storm frequency and intensity. For example, 
instances of eutrophication are likely to increase with global 
warming, especially given the adaptability of blue-green algae 
to increased light, temperature and nutrient conditions and 
potentially reduced flow conditions. These conditions may 
also benefit subtropical weed species, mosquito breeding and 
water-borne pathogens (Commonwealth of Australia, 2003; 
Allen Consulting Group, 2005). More frequent and intense 
storm events and cyclones in the north are likely to exacerbate 
soil erosion, bank erosion and sediment loadings in waterways. 
With rising sea levels and storm surges, many estuaries and 
coastal freshwater wetlands could also be inundated with salt 
water and sediment, significantly altering their ecology.

ImPLIcatIons For the marIne envIronment

Climate change is expected to have considerable impacts 
on WA’s marine environment, through rising sea levels and 
temperatures, and changes in ocean currents. Ocean warming 
is likely to be caused by the greenhouse effect combined with 
natural variation in the ocean–atmosphere system. Since 1960 
the sea surface temperature in the Indian Ocean has increased 
by an average of 0.6ºC. The North West has experienced some 
of the highest levels of warming in the Indian Ocean, with 
Ningaloo Reef experiencing a rise of 0.6ºC over the past 15 
years (Indian Ocean Climate Initiative, 2005e).

Ocean warming has contributed to sea level rises through 
thermal expansion of sea water. The mean sea level has 
increased about 20 cm at Fremantle since 1897 (Indian 
Ocean Climate Initiative, 2005c). Ocean currents, such as the 
Leeuwin, Capes and Ningaloo currents, play an important role 
in influencing marine life and local climates. It is projected 
that the strength of the Leeuwin Current will increase 
marginally by 2100. This may have implications for tropical 
species off the western and southern coasts, and influence 
the life cycle of the western rock lobster, southern blue fin 
tuna, coastal scallops, fin fish stocks, and the distribution of 
seagrass, algae, and coral spawning and distribution (Indian 
Ocean Climate Initiative, 2005c). The effects are also likely to 
be felt up the food chain, including cuts to fisheries already 
under stress, and seabird distribution. 

With the exception of coral reef environments, very little is 
known about the likely long-term implications of climate 
changes on WA’s marine environment (Government of 
Western Australia, 2004). Coral reefs are highly vulnerable 
to sea temperature rise. During summer months, corals in 
subtropical and tropical locations exist within 1ºC to 2ºC of 
their upper thermal tolerance limit. Temperatures beyond these 
levels result in coral bleaching and, if severe and prolonged, 
may result in death (Jones, Berkelmans & Oliver, 1997). Major 
global coral bleaching events occurred in 1998 and 2001, 
following abnormally high sea temperature conditions, with 
several northern reefs seriously affected. A major global coral 
reef bleaching event in 1998 impacted the Ashmore, Cartier, 
Scott and Seringapatam reefs and Rowley Shoals (Australian 
Greenhouse Office, 2003). In early 2005, large reef areas 
off the Dampier Archipelago were also bleached. Coral 
recruitment is usually slow and it may take many years for reefs 
to recover from these events. The most likely outlook is that 
severe bleaching events could become commonplace in the 
next 20 years and could eventually result in a shift from coral to 
algal-dominated ecosystems.

Increased cyclone and storm activity may cause physical 
damage to reefs and sensitive marine environments, such as 
seagrass communities. Associated flooding of major rivers may 
lead to detrimental impacts on sensitive marine environments 
from low salinity episodes, increased turbidity and pollution of 
coastal and near-shore marine ecosystems.  

In addition, higher carbon dioxide levels will increase acidity in 
ocean waters leading to reduced coral growth and dissolving 
of limestone reefs and the shells of many molluscs (LeClerq, 
Gattuso & Jaubert, 2002). These pressures could result in many 
tropical near shore communities switching from coral to algal-
dominated communities (eds Howden et al., 2003).

Coastal areas are more likely to be impacted by rising sea levels 
and associated increases in storm surges and wave energy. For 
example, rising sea levels in the North West are expected to 
result in mangroves retreating from the coastline. In contrast, 
a predicted rise of 50 cm in large tidal areas, such as Shark 
Bay and Exmouth Gulf, would completely inundate existing 
mangrove ecosystems (Semeniuk, 1994). It is expected that 
the rise in sea levels will also cause erosion of some coastal 
beaches by up to 30 m by 2040 (Indian Ocean Climate 
Initiative, 2005c).

ImPLIcatIons For human settLements

Climate change has already affected some of WA’s 
settlements through increased temperatures and reduced 
rainfall. Rainfall decline in the South West combined with 
increased demand for water for settlements has forced the 
acceleration of water source developments (e.g. desalinisation 
plants, sourcing from new groundwater aquifers). 

Global sea level rise may cause coastal sandy beaches to 
recede between 5.5–88 m (CSIRO, 2002). Low-lying coastal, 
waterfront and canal developments will be particularly 
vulnerable to sea level rise and the likely increase in storm 
surges and flooding. The impacts on settlements could 
be substantial, especially if severe weather events affect 
areas where buildings and infrastructure are not adequately 
designed to cope with the changes (Allen Consulting Group, 
2005). This is a significant concern, as coastal settlements 
are where the vast majority of people already live in WA and 
where population growth is currently strong. 

Some regional settlements may be vulnerable to climate 
change, particularly those in areas with climate-dependent 
industries such as agriculture, pastoralism, wood production 
and tourism. Impacts on these industries will have flow-on 
effects to local communities and may exacerbate existing 
social and financial problems. 

Many human health problems, particularly those linked 
to environmental conditions, are likely to be exacerbated 
by climate change, and are expected to have greatest 
impact on vulnerable social groups including remote 
Aboriginal communities, the elderly and low-income groups 
(Commonwealth of Australia, 2003; Australian Greenhouse 
Office, 2005). Prolonged periods of hot, dry spells may 
lead to elevated incidences of heat stroke and heat-related 
deaths (Woodruff et al., 2005). The relationship between 
asthma and temperature may become stronger. There is 
also a demonstrated relationship between many allergen-
producing organisms (including moulds, house dust mites 
and cockroaches) and climatic factors such as temperature, 
humidity and rainfall. Higher temperatures will promote 
proliferation of bacteria in contaminated foods: incidences 
of food-borne diseases are already known to increase 
significantly during summer months. Skin cancer rates in 
WA are already high and preliminary evidence suggests that 
higher environmental temperatures enhance exposure to 
ultraviolet radiation (Commonwealth of Australia, 2003).

Climate change is confidently predicted to enhance the 
transmission of mosquito-borne diseases such as Ross River 
Virus and Murray Valley encephalitis. Changing patterns of 
rainfall (particularly more frequent extreme rainfall events), 
increases in temperature, higher humidity associated with 
warmer oceans and changes in tidal inundation of coastal 
areas (associated with higher sea levels) are likely to influence 
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the frequency and level of transmission of mosquito-borne 
viruses (Lindsay & Mackenzie, 1997). Increased use of 
rainwater tanks, creation of other water storage infrastructure 
and recycling of waste and greywater (all responses to climate 
change) may lead to increased breeding populations of 
mosquitoes. Climate change may also present opportunities 
for the re-establishment of exotic mosquito vectors and 
diseases, such as dengue fever and malaria.

ImPLIcatIons For Industry and naturaL resource 

sectors

Climate change will affect WA industries through shifts in 
supply and demand for natural resources. The effect of climate 
change on overseas trading partners and competitors for 
resource commodities could be just as significant to industry as 
the local effects of climate change in WA (Foster, 2005). 

The impact of extreme climatic events, such as drought, floods, 
hail storms, cyclones and wildfires, are already very costly. 
If the severity, frequency or geographic spread of extreme 
climatic events changes (e.g. tropical cyclones intensify or 
move further south), impacts on infrastructure may be severe 
(Australian Greenhouse Office, 2003). This has significant 
implications for building design, safety and emergency services. 
The cost of damage from extreme climate-related events in 
Australia between 1967 and 1999 has been estimated at 
approximately $33 billion (Bureau of Transport Economics, 
2001). Increases in the severity of extreme climatic events may 
have disproportionately larger impacts on associated damages 
and repair costs. Some global studies (eds McCarthy et al., 
2001) have found the annual number of extreme climate 
events is increasing, although this may also be a function 
of better reporting and increased settlement of vulnerable 
locations, and this trend has not confidently been observed for 
the Asia-Pacific region. 

Business and industry may be affected because rapid climate 
changes may require the modification or replacement of 
existing infrastructure before they have reached the end 
of their intended lifespan. Public infrastructure such as low 
lying roads, railways, and ports and bridges are also at risk of 
flooding and storm surges. Adaptive management planning 
will be needed to minimise the risk of damage from extreme 
climatic events, and climate change must be integrated 
into all future planning processes. Many companies in the 
insurance sector are now including climate risk in their 
planning and decision-making, and in some cases this is 
increasing insurance premiums.

Climate change poses a challenge to the energy sector in 
terms of infrastructure requirements and potential economic 
impacts. Western Australia’s energy supply may come under 
pressure from higher temperatures which will increase peak 
electricity demand, and can also affect electricity generation 
and transmission capacity. Water availability and supplies, 
particularly in the drying climate expected in the South West, 
are also likely to come under increased pressure from further 
climate change, which will further increase competition 
between users and place upward pressure on costs of supply. 

Increased temperatures, changes in evaporation, enhanced 
carbon dioxide concentrations, increased seasonal variability 
and changes in rainfall intensity will all directly impact the 
agricultural (Howden & Meinke, 2001), pastoralism and 
wood production sectors. While higher temperatures and 
atmospheric carbon dioxide concentrations may provide some 
benefits for plant growth through increased productivity in 
the short term, climate changes in the long term are likely to 
impact adversely on these sectors. Sustained temperature 
increases and reduced rainfall are expected to have flow-on 
effects such as changes to distribution and abundance of 
native flora, reduced water availability, increased fire risk, 

reduced soil moisture, increased risk of pests and diseases, 
decreased nutrient availability, and increased heat stress for 
crops, forests, plantations and livestock (Australian Greenhouse 
Office, 2002; Robertson, 2002). There are likely to be rainfall 
and temperature thresholds beyond which some industries 
will not be able to adapt. This will have considerable economic 
and social costs, including the cost of preventative treatments, 
relocation and reduced productivity.

Western Australia’s fisheries industries are also highly climate 
dependent, with recruitment and migration patterns of some 
fish species sensitive to climatic conditions. The productivity 
of many WA fisheries is influenced by the El Niño Southern 
Oscillation, which influences the Leeuwin Current. These 
fisheries could be affected if El Niño becomes more prevalent 
(Australian Greenhouse Office, 2003). Coastal fisheries that 
are dependent on vulnerable coastal wetlands and estuaries as 
nursery grounds may be particularly impacted.

 

suggested resPonses

1.4  Build on the Indian Ocean Climate Initiative to:

•  further develop understanding of 
climate change and its impacts;

•  communicate this information;

•  coordinate responses; and 

•  develop adaptive management 
strategies.

1.5  Develop and implement a risk based 
policy framework to ensure planning and 
development decisions fully factor in the likely 
impacts of climate change.

See also ‘Greenhouse gas emissions’:

•  Establish a legislative framework to achieve 
greenhouse gas emission reduction targets.  

•  Establish a target to reduce emissions by at 
least 60% below 1990 levels by 2050 and 
establish interim targets for 2010, 2020, 2030 
and 2040.

•  Establish a 20% renewable energy target for 
the State. 

•  Develop standards for carbon offsets to 
ensure their integrity and to support a carbon 
trading market.  

•  Establish a carbon trading market, with a 
preference for participating in a national 
emissions trading scheme. 

•  Implement all actions of the Western 
Australian Greenhouse Strategy, including a 
comprehensive review and update by the end 
of 2008. 

•  Reduce the greenhouse gas intensity of the 
State’s economy: emission reduction strategies 
and long term targets need to be developed 
for each sector of the economy.

 •  Implement the recommendations of the 
WA Greenhouse and Energy Taskforce 
Report: Strategies to Reduce Greenhouse 
Gas Emissions from the Western Australian 
Stationary Energy Sector. 

•  Undertake a comprehensive review of energy 
subsidies and remove subsidies that increase 
greenhouse gas emissions.
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GLOSSARY

Aboriginal heritage places: Landscapes, 
sites and areas that are particularly 
important to Aboriginal people as part of 
their customary law, developing traditions, 
history and current practices.

Acidification: A reduction in pH, 
representing in a gain in acidic material or a 
reduction of basic material.

Acid mine drainage: Typically a consequence 
of mining. Lowering or pumping of 
groundwater results in the oxidation of 
sulphide-bearing rocks. Upon rewetting acid 
is leached from the rocks and soil.

Acid sulfate soil: The common name given 
to sulphide–containing soils or rocks that, 
when disturbed, have the potential to 
produce acid.

Aerodynamic: Forces acting upon any 
solid or liquid body moving relative to a gas 
(especially air).

Aerosol: Particles of solid or liquid materials 
that can remain suspended in the air 
because of their small size.

Airshed: A volume of air confined to a 
distinct geographic region, and within which 
pollutants are contained.

Air toxics: Gaseous, aerosol or particulate 
pollutants which are present in the air at 
low concentrations and have characteristics 
such as toxicity or persistence, so as to be a 
hazard to human, plant or animal life.

Ambient: The background or surrounding 
conditions occurring in the environment.

Amenity: A concept encompassing 
the natural or man-made qualities of 
the environment from which pleasure, 
enrichment and satisfaction are derived.

Anthropogenic: Produced or caused by 
human activity.

Aquifer: Porous soil or geological formation 
capable of being permeated by water and 
which stores and allows movement of 
groundwater.

Assemblages: Recognisable groupings or 
collections of individuals or populations of 
organisms.

Atoms: The smallest type of particles that 
make up physical matter.

Ballast water: adds weight to ships to 
increase stability during loading, transit and 
unloading. 

Baseline: A starting or reference point, such 
as collecting baseline data where no data 
has been collected previously.

Benthic: Pertaining to the substrate (and/or 
organisms) at, or associated with, the 
bottom of a water body.

Bioaccumulation: The process by 
which chemicals are taken up from the 
environment by organisms and concentrated 
in their tissues.

Biodiversity: the variability within and 
among genes, species and ecosystems. It 
includes marine, terrestrial, subterranean 
and aquatic life and implies a highly complex 
system of interacting entities that occur over 
a range of temporal and geographic (from 
local to global) scales. 

Biogeochemical: The chemical interactions 
between organic matter and geological 
material.

Biological indicators: Living organisms that 
are assessed and used to measure ecosystem 
health.

Biomass: The total mass of living matter in a 
specific area.

Bioregion: Marine and terrestrial regions 
defined by similar types of physical, 
biological and environmental attributes.

Biota: All living things present in an area.

By-catch: The part of the fishing catch 
that is not the target species and which is 
discarded or excluded.

Cogeneration: The combined generation 
of electricity and heat energy for industrial 
purposes.

Comprehensiveness: The extent to which all 
relevant place types have been included at 
an appropriate scale and the extent to which 
all place types have been included.

Conservation: The protection, maintenance, 
management, sustainable use, restoration 
and enhancement of the natural 
environment.

Conservation park: An area set aside 
for wildlife and landscape conservation, 
scientific study, preservation of features of 
archaeological, historic or scientific interest, 
and enjoyment by the public. Distinguished 
from a national park by not having the same 
national or international significance

Conservation reserve system/Conservation 
estate: Those parts of the environment that 
are formally reserved for conservation of 
native species and ecosystems and recreation.

Cryptogenic: Of obscure or unknown origin. 

Cultural landscapes: Places that illustrate 
how human society and settlements have 
evolved within the natural landscape.

Dampland: A type of wetland in which soils 
are seasonally waterlogged.

Denitrification: The chemical or microbial 
conversion of soil nitrate or nitrite to 
gaseous nitrogen or an oxide of nitrogen.

Density codes: A provision of the residential 
design codes that specify the minimum site 
area per dwelling.

Dispersive: Subject to spreading out by 
diffusion.

Dredging and dumping: Excavation of 
sediments from an area to make the water 
deeper (to allow passage of ships) or as part 
of an extractive process.

Eco-efficiency: The production of goods or 
services using fewer natural resources, and 
reducing the environmental impacts through 
the life cycle of the product or service.

Ecological footprint: A measure of the 
land area required to produce the resources 
consumed, and absorb the wastes produced, 
by a population.

Ecosystems: Communities of organisms 
interacting with one another and their 
non-living environment. Incorporates the 
physical, chemical and biological processes 
inherent in that interaction and the 
environment in which they live.

Ecosystem services: The processes by which 
the environment produces resources which 
provide benefits to humans, e.g. flood and 
disease control, clean air, waste recycling, 
plant pollination.

El Niño-Southern Oscillation (ENSO): A 
sustained period of warming over the Pacific 
Ocean associated with a shift in surface 
pressure which leads to global climatic 
effects. The opposite of an El Niño event is 
a La Niña.

Endemic: Species unique or confined to a 
specific locality. 

Energy intensity: The energy cost in relation 
to the value of goods and services produced 
within an economy, often expressed in 
terms of energy use per value of output, e.g. 
petajoules per $billion gross state product.

Enhanced greenhouse effect: An increase 
in the surface temperature of the Earth, due 
to an increase in atmospheric greenhouse gas 
concentrations resulting from human activity.

Environmental indicator: Physical, 
chemical, biological or socio-economic 
measures that can be used to assess natural 
resources and environmental quality.

Environmental management system: 
Part of an overall management system 
that includes organisational structure, 
planning activities, responsibilities, 
practices, procedures, processes and 
resources for developing, implementing, 
achieving, reviewing and maintaining the 
environmental policy.

Environmental value: Any particular value 
or use of the environment that is important 
for a healthy ecosystem or for public benefit, 
welfare, safety or health and which requires 
protection from pollution and inappropriate 
resource management practices.  

Eutrophication: Process whereby a water 
body becomes enriched with nutrients 
(mainly phosphorus and nitrogen), 
stimulating excessive growth of aquatic flora 
and/or fauna.

Evapotranspiration: The combined loss of 
water by evaporation from a water body or 
soil and water evaporating from the leaves 
of plants (transpiration).

Exceedence: Occasion on which a measured 
factor (e.g. atmospheric emissions) is greater 
than a limit, goal or standard. 

Exclusive Economic Zone: The area of 
ocean between 12 and 200 nautical 
miles off shore, over which Australia has 
jurisdiction.

Fauna: A collective term for animal life.

Fossil fuels: Fossilised remains of organisms 
found in the Earth, with high carbon and/or 
hydrogen contents, which are used as fuels, 
especially coal, oil, and natural gas.

Geochemical: Pertaining to chemical 
elements in the minerals, soils, ores, rocks, 
water and atmosphere of the Earth and the 
distribution and movement of these elements 
from one place to another as a result of their 
chemical and physical properties.

Geoheritage: Areas that contain 
distinct geological features that are 
scientifically valuable and of importance to 
understanding the Earth.

Geomorphological: Relating to the Earth’s 
form, especially the surface and physical 
features, and the relationship of these to the 
geological structures beneath.

Geosequestration: Long-term underground 
storage of carbon dioxide.

Gondwana (Gondwanaland): The southern 
super-continent which broke apart about 
150 million years ago: consisted of what 
is now South America, Africa, Australia, 
Antarctica, India and New Zealand.

Greenhouse effect: The natural warming 
of the Earth’s atmosphere as a consequence 
of the concentration of certain gases which 
retard the escape of heat radiation to space.

Greenhouse gas emissions: Emissions 
of particular gases (eg. carbon dioxide, 
methane, nitrous oxide) which enhance the 
Earth’s natural greenhouse effect. These are 
mostly emitted from combustion of fossil 
fuels and by animal respiration.
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Greenhouse offsets: Activities undertaken 
to negate the effects of greenhouse gas 
emissions.

Gross residential density: The number of 
dwellings within a defined area, including 
residential and non-residential zones, the latter 
including roads, open space, schools and other 
local and regional uses. It is expressed as the 
number of units ‘per gross hectare’.

Groundwater management area: A 
collection of groundwater management units 
defined by State agencies that allows for 
effective management of the groundwater 
resource.

Groundwater management unit: A 
groundwater site defined by State agencies 
where groundwater allocation limits have 
been set.

Habitat: A specific type of place within 
an ecosystem occupied by an organism, 
population or community that contains all 
the requirements to support their life cycles.

Heritage places: Regions, landscapes, 
areas, features or buildings that have natural 
and/or cultural heritage significance for the 
present community as well as for future 
generations.

Historic heritage places: Places that date 
from European exploration and settlement. 
They include buildings, structures and 
gardens which demonstrate physical 
characteristics or other associations with 
important events, developments or cultural 
phases in the State’s history.

Human settlements: The places where 
people live, work and recreate. They include 
cities, regional towns and a range of remote 
rural settlements.

Hydrogeological: Pertaining to groundwater 
and geological characteristics, especially 
in relation to the distribution of aquifers, 
groundwater flow and groundwater quality.

Hydrologic cycle: The cycle through which 
water passes through water bodies, living 
organisms, on and in the land, and through 
the atmosphere.

Hydrologic regime: Water movement in a 
given area. 

Hydrophobic: Water repelling.

Imposex: An interruption of the hormonal 
condition in female molluscs which 
results in an hermaphrodite condition as a 
consequence of tributyltin contamination.

Indigenous Protected Area: An area 
of land in relation to which traditional 
Aboriginal owners have entered into a 
voluntary agreement with government for 
the purposes of promoting biodiversity and 
cultural resource conservation.

Inhalable particles: Particles small enough 
to pass through the lungs into the blood 
stream.

Integrated fisheries management: How 
fish resources can be best shared between 
competing uses within the broad context of 
ecologically sustainable development.

Invertebrate: Relating to animals without 
backbones.

Karst: Geological features typified by 
the effects of solution of rocks by water, 
including sink holes, underground rivers 
and caverns. Rock types most likely to be 
involved are limestone, dolomite, gypsum 
and salt beds.

Kinetic: The motion of material bodies and 
the forces and energy associated with it.

Kwongan vegetation: The type of 
vegetation found on relatively dry infertile 
sandplains.

Landtype: Unit on the Earth’s surface of a 
characteristic geomorphic surface type and 
a particular composition, identifiable on a 
scale of hectares.

Macrophyte: A plant that can be seen 
without magnification; a term usually used in 
relation to aquatic plants.

Mariculture: Aquaculture of marine plants 
and animals in brackish and coastal marine 
areas.

Marine management area: A formal 
integrated management framework for 
waters that have high conservation value 
and intensive multiple uses. These areas 
are selected primarily on the basis of their 
biological and recreational values.

Marine nature reserve: Areas delineated for 
conservation and scientific research, although 
low-impact tourism may be permitted. 
No recreational or commercial fishing, 
aquaculture, pearling, petroleum drilling or 
production is allowed in these areas.

Marine park: Areas delineated to protect 
natural features and aesthetic values while 
at the same time enabling sustainable 
recreational and commercial use where  
these activities do not compromise 
conservation values.

Marine region: An area of marine or coastal 
habitat that has been defined by the Interim 
Marine and Coastal Regionalisation for 
Australia.

Maximum carrying capacity: The maximum 
stocking rate for an area that does not 
cause excessive levels of environmental 
degradation.

Metropolitan Region Scheme: The town 
planning scheme for land use in the Perth 
metropolitan area, which stretches from 
south of Rockingham to north of Yanchep to 
east of Mundaring.

Minimal tillage: A conservative agricultural 
technique to minimise soil disturbance, 
usually at the time of sowing.

Molecule: An aggregate of two or more 
atoms forming a chemical substance.

Mosaic pattern: A spatial arrangement 
of vegetation composed of burned areas 
of varying intensities and frequencies, 
interspersed with unburned areas.

National park: An area of land set aside 
for wildlife and landscape conservation, 
scientific study, preservation of features of 
archaeological, historic or scientific interest, 
and enjoyment by the public: of national or 
international significance for scenic, cultural 
or biological values.

National Vegetation Information System: 
A uniform system of classifying and 
describing vegetation for mapping and 
comparison within and between states  
and territories.

Native forest: An indigenous forest 
community containing the full range 
of native species and habitats normally 
associated with that community, or 
having the potential to develop these 
characteristics.

Natural capital: An extension of the 
economic notion of capital (manufactured 
means of production) to environmental 
‘goods and services’. It refers to the stocks 
(e.g. a forest) which produce a flow of goods 
(e.g. new trees) and services (e.g. carbon 
sequestration, oxygen production, erosion 
control, habitat).

Natural heritage places: Areas that are 
valued for their natural (biological and 
physical features) and intrinsic values (e.g. 
aesthetic, life support or scientific).

Natural resource management: The 
management of natural resources in 
an integrated fashion, recognising the 
environmental values of both conservation 
and productive use of natural resources 
and working to achieve sustainability in all 
resource use.

Nature reserve: An area set aside for wildlife 
and landscape conservation, scientific study 
and preservation of features of archaeological, 
historic or scientific interest. Recreation that 
does not harm natural ecosystems is allowed. 

Net residential density: The number of 
dwelling units on the residential-zoned 
portion of a defined area. It is expressed in 
units of ‘per net hectare’.

Niche: The role played by an organism 
within an ecosystem. 

Nitrification: The process of oxidation of 
ammonium to nitrate or nitrite.

Nitrogen fixation: Conversion of gaseous 
nitrogen into molecular forms that can be 
used by plants and other organisms. 

Northern Rangelands: Parts of the 
rangelands that include the Kimberley and 
Pilbara districts.

Off-reserve conservation: Areas or 
programs managed for nature conservation 
outside the formal conservation reserve 
system.

Pathogen: Organism that causes disease  
or illness. 

Photochemical smog: The visible layer of 
pollution formed in the lower atmosphere 
through the action of sunlight on ozone, 
oxides of nitrogen and hydrocarbons.

Phylum: A major taxonomic division of living 
organisms thought to have evolutionary 
relatedness. For example, the Phylum 
Arthropoda is made up of spiders, insects 
and crustaceans.

Phytoplankton: The plant or algal 
component of small and microscopic 
organisms that float near the surface of the 
water and have a major primary producer 
role in aquatic ecosystems.

Port: A coastal area that supports and 
services shipping. 

Precursor pollutants: Those compounds that 
are required for part of a chemical reaction 
that results in the creation of pollutants, e.g. 
photochemical smog will only be formed in 
the presence of ozone and oxides of nitrogen 
under specific meteorological conditions.

Primary energy consumption: Total energy 
consumption which includes energy used 
in the conversion of fuels to energy (eg. 
electricity) and in final use forms.

Putrescible: Those components of the waste 
stream likely to become putrid (e.g. food).

Quadrat: Typically a small standardised area 
within which such things as biodiversity or 
abundance are studied: usually replicated 
within and between habitats or environments 
to enable comparisons and monitoring.

Rainfall erosivity: Erosion of soil caused by 
the amount and intensity of rainfall.

Ramsar Convention: Common name for 
the Convention on Wetlands of International 
Importance Especially as Waterfowl Habitat, 
which was signed in Ramsar, Iran, in 1971.

Reclamation: The conversion of wasteland 
into land that can be used for some 
beneficial use.

Recruitment: The addition of new 
individuals to a population.

Renewable energy: Any source of energy 
that can be used without depleting 
its reserves, or that is generated from 
renewable or replaceable resources.
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Residential density: The number of 
dwelling units within a specifically defined 
site, suburb or region.

Residential design codes: Planning codes 
that provide the basis for controlling the 
siting and design of residential development.

Residential energy use: Energy used directly 
in the residential sector.

Resource recovery: The recovery of material 
or energy resources by converting waste 
into a valuable resource, such as a fuel, 
packaging material, fertiliser or chemical 
feedstock.

Revenue passenger kilometres: The 
product of the number of fare paying 
passengers travelling on each flight by the 
distance in kilometres between ports.

Riparian: The zone along or surrounding a 
waterway where the vegetation and natural 
ecosystems benefit from, and are influenced 
by, the passage and storage of water.

Salinisation: The accumulation of salts 
in the soil to an extent which causes 
degradation of soils and vegetation. 

Salt scalds: A bare patch of earth where the 
surface soil has been damaged by salinity 
making it hard to revegetate. Salt may form 
crystals on the surface.

Sector: A collection of people or 
organisations that form part of society or  
the economy. 

Sodic soils: Soils containing a high 
proportion of sodium. Sodic soils cause poor 
physical conditions for plant growth and are 
susceptible to erosion.

Solar constant: The average amount of 
radiant energy received by the Earth’s 
atmosphere from the sun.

Southern Rangelands: Parts of the 
rangelands that include the Gascoyne, 
Murchison, Goldfields and Nullarbor districts.

Stationary energy: Energy used for non-
transport purposes e.g. fuels used for 
electricity generation and fuels consumed 
in the manufacturing, construction and 
commercial sectors.

Stratosphere: The region of the atmosphere 
roughly 10–50 km above the Earth’s surface, 
where typically the temperature changes 
little or increases with height.

Subregion: Terrestrial regions defined by 
similar types of landform, climate, geology 
and vegetation. These can be further 
resolved up in scale to bioregions.

Surface water management area: A 
collection of surface water management 
units defined by State agencies that allows 
for effective management of the surface 
water resource.

Surface water management unit: A surface 
water site defined by State agencies where 
surface water allocation limits have been set.

Surrogate: A substitute. Something that can 
be used in place of another.

Sustainability: An aspirational goal to 
meet ‘… the needs of current and future 
generations through an integration 
of environmental protection, social 
advancement and economic prosperity’ 
(Government of Western Australia, 2003).

Sustainable yield: The amount of natural 
resource that can be consumed or utilised 
without causing unacceptable environmental 
impacts.

Symbiotic: An association between two 
organisms, typically to their mutual benefit.

Taxa: A defined unit (for example, 
subspecies, species or genus) in the 
classification of plants or animals.

The Dreaming: In Aboriginal beliefs, the 
time of Creation when ancestral spirits came 
to Earth to create landforms, plants and 
animals.

Tillage: Mechanical disturbance of the soil 
by using various implements to alter the soil 
structure. Usually done to create seedbed, kill 
weeds or increase water infiltration into soil.

Tonne-kilometres: The product of tonnes of 
freight and distance transported.

Total economic value: The basis for 
providing a full understanding of economic 
benefits or value of an environmental 
resource. It comprises both the direct use 
values (e.g. logging of forests), as well as 
non-use values such as ecological function 
(e.g. climate stability) and intrinsic values 
generated by that resource.

Tributyltin: A toxic ingredient in anti-fouling 
paints used on the hulls of ships.

Triple bottom line: A form of auditable 
reporting which seeks to balance economic 
gain against responsibility to society and to 
the environment.

Turbidity: A measure of the amount of 
suspended solids (usually fine clay or silt 
particles) in water and thus the degree of 
scattering or absorption of light in the water.

Ultraviolet radiation: Shortwave radiation 
invisible to the human eye which is higher in 
energy than visible light. 

Vector-borne disease: Diseases caused 
by pathogens transmitted from infected to 
susceptible hosts via the bite of organisms 
(usually insects).

Vegetation association: A discrete, 
identifiable set of plant species that occur 
together.

Vegetation structure: A description of the 
look and shape of vegetation, e.g. closed 
forest, open woodland, savanna grassland.

Vehicle kilometres travelled: The product 
of the average kilometres travelled by 
particular categories of vehicles, and the 
total number of vehicles in each category.

Volatile: Any substance that evaporates 
readily; an unstable substance.

Wastewater reuse: The recovery of treated 
water from the municipal wastewater system 
for reuse in a range of activities, including 
irrigation and industrial processing.

Water repellence: See ‘Hydrophobic’.

Water resource recovery catchment: 
Catchments classified as important for future 
water supply purposes and where extensive 
rehabilitation work may be required and will 
be performed.

Water supply: Represents the extraction 
of water from waterways, wetlands and 
groundwater aquifers for productive or 
consumptive uses.

Wetland: An area that is permanently, 
seasonally or intermittently waterlogged 
or inundated with fresh, saline, flowing 
or static water. It includes areas of marine 
water the depth of which at low tide does 
not exceed six metres. In WA, the term 
‘wetland’ is commonly used to describe that 
subgroup of non-marine wetlands that are in 
basin or flat form (such as lakes, sumplands, 
damplands and palusplain), with the term 
‘waterway’ more commonly used to describe 
those occurring in channel form (such as 
rivers and streams).

Woodlands: An area with scattered trees, 
where the portion of land surface covered by 
the crowns of trees is more than 30% (open 
woodland), but less than 60% (forest).

Units and symbols
°C: Degrees Celsius, a measure of 
temperature.

Bq/m3: Becquerels per cubic metre, a 
measure of radioactivity.

cm: Centimetre, one hundredth of a metre: 
a measure of distance or length.

DU: Dobson Units, a measure of thickness of 
stratospheric ozone.

GJ: Gigajoules, one thousand million Joules, 
a measure of energy.

GL: Gigalitres, one thousand million litres, a 
measure of volume.

ha: Hectare, measure of area, equivalent to 
ten thousand square metres.

J: Joule, a measure of energy.

kg: Kilogram, one thousand grams, a 
measure of weight.

kg/m3: Kilograms per cubic metre, a 
measure of density.

KL: Kilolitres, one thousand litres, a measure 
of volume.

km: Kilometre, one thousand metres, a 
measure of distance.

kPa: Kilopascals, one Newton per square 
metre, a measure of pressure.

Kt: Kilotonne, one thousand tonnes, a 
measure of weight.

kWh: Kilowatt hour, 3.6 x 106Joules, a unit 
of energy equivalent to one kilowatt of power 
transferred or expended in one hour.

L: Litre, measure of volume.

m: Metre, a measure of length.

m2: Square metre, a measure of area in 
metres.

m3: Cubic metre, a measure of volume in 
metres.

mg/L: Milligrams per litre, a measure of 
concentration.

min: Minute, a measure of time.

ML: Megalitres, one million litres, a measure 
of volume.

mm: Millimetres, one thousandth of a 
metre, a measure of length.

Mt: Million tonnes, one million tonnes, a 
measure of weight.

MW: Megawatt, one million watts, a 
measure of power.

nm: Nautical mile, equal to 1.582 kilometres, 
a measure of distance at sea.

pH: A symbol denoting the logarithmic 
concentration of hydrogen ions in solution. 
A measure of acidity or alkalinity in water 
in which pH 7 is neutral, values above 7 are 
alkaline and values below 7 are acid.

PJ: Petajoule, one thousand million joules, a 
measure of energy.

PM: Particulate matter 

PM10: The size of particulate matter in the air 
that is 10 micrometres or less in diameter.

PM2.5: The size of particulate matter in the air 
that is 2.5 micrometres or less in diameter.

ppb: Parts per billion, a measure of 
concentration.

ppm: Parts per million, a measure of 
concentration.

t: Tonne, one million grams, a measure of 
weight.

t CO2-e: Tonnes of carbon dioxide equivalent, 
a measure of greenhouse gas emissions 
standardised (in terms of greenhouse effect) to 
the equivalent amount of carbon dioxide.

W: Watt, one joule of energy used per 
second, a measure of power or energy usage 
over time. 
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Key findings

Land

Key findings

•  Air quality monitoring for 
public health reasons is limited 
to 5 locations within WA that 
have been selected using 
a risk-based approach. 

•  Levels of measured atmospheric 
pollutants occasionally fail to meet 
national guidelines – mostly for 
photochemical smog and haze 
in Perth, and for particulates 
in some regional areas.

Theme 2
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Land

introduction

‘Atmosphere’ refers to all air above the ground up to and 
including the stratosphere. It includes indoor air within 
houses and vehicles but not workplaces. The atmosphere 
surrounding the Earth consists of 79% nitrogen, 20% 
oxygen and a range of other gases and particles make up 
the balance (1%). It consists of several layers including the 
troposphere (in which we live), the stratosphere (in which 
the ozone layer is contained), and outer layers including the 
mesosphere, thermosphere and exosphere. The atmosphere 
plays a critical role in regulating global, regional and local 
climate and is essential to supporting life on Earth. Oxygen 
is required for life, ozone protects us from harmful solar 
radiation and historically greenhouse gases have helped 
maintain a temperature range suitable for life. However, the 
composition of the atmosphere is changing with increasing 
human pressures.

Atmospheric pollutants can have an adverse effect on human 
heath and the environment, and are derived from both 
human activity and natural processes. Significant sources 
from human activity include combustion of fossil fuels and 
wood, motor vehicles, release of hydrocarbons from oil and 
gas refining, emissions from industrial processes or intensive 
agriculture, and particulate matter associated with mining, 
land clearing and bushfires. Natural sources of pollutants 
include volcanic eruptions, wind erosion and bushfires. Some 
pollutants can chemically react in the atmosphere to form 
secondary pollutants, for example photochemical smog.

Air pollutants continue to be of community concern 
(Australian Bureau of Statistics, 2004) and there are several 
mechanisms in place to protect human and environmental 
health. These include a series of national environment 
protection measures (NEPMs) related to ambient air quality, 
air toxics, data collection for the National Pollutant  

Inventory and diesel vehicle emissions. It is a requirement 
that all measures be implemented by Australian states and 
territories, who must report on compliance. Standards for 
ambient air quality may be set over various timeframes to 
determine persistence and associated health impacts. They 
may also specify a number of allowable exceedences of a 
standard per year. As requirements to monitor for compliance 
with NEPM standards only apply in areas of more than 
25 000 people, many areas in Western Australia are not 
monitored, but the standards are still considered relevant for 
all human settlements in WA. 

The impacts of changes in the atmosphere can be observed on 
different scales. The ‘greenhouse effect’ (now generally known 
by the more accurate term climate change) and depletion of 
the stratospheric ozone layer are significant global atmospheric 
issues. On the regional and local scale, photochemical smog, 
particulates (including particulate haze and dust) and sulfur 
dioxide are well-recognised air quality problems. 

Objectives
•  To protect human health and the natural environment 

from atmospheric pollutants.

•  To ensure atmospheric pollutant levels do not exceed 
relevant standards.

Headline indicators
Indicator A1: Compliance with National Environment 
Protection (Ambient Air Quality) Measure.

There have been 39 exceedences of the ambient air quality 
NEPM standards for all pollutants between 1998 and 2005 
(Table A0.1). This figure does not include the smallest type of 
particulate matter (PM2.5) because at present it is an advisory 
standard only. Although serious, the number of exceedences 
does not appear to have increased over time. The increase 
in background concentration of ozone is potentially serious, 
with a greater number of days expected to approach or 
exceed the standard in the future.
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Clouds over the WA wheatbelt (Tourism WA)

Indicator A2: Number of WA settlements where air quality 
monitoring is currently undertaken for public health 
reasons.

In 2007, air pollutants were being measured at 5 settlements 
in WA (Perth, Bunbury, Albany, Geraldton and Busselton) 
for public health reasons. Within Perth, air pollutants 
are measured at 10 sites throughout the metropolitan 
area (Figure A0.1). The extent of air pollutant monitoring 
varies over time; usually in response to community health 
concerns, research studies and investigations, or regulatory 
requirements such as NEPM requirements or environmental 
conditions. In addition, shorter term studies are sometimes 
conducted as necessary but the monitoring is not on-going.  

Sites are usually selected based on risk of pollutants being 
present, low exposure or background sites and population 
requirements under the NEPM.  

Monitoring stations are also located in Busselton and 
Bunbury for particulates, including PM10 (10 microns (µm) 
or less in size) and PM2.5 (2.5 microns or less). Particle 
monitoring equipment has recently been installed at Albany 
and Geraldton but no monitoring data is available yet. A 
monitoring station operated in Dampier between 1998 
and 2000, measuring carbon monoxide (CO), nitrogen 
dioxide (NO2), ozone (O3), and PM10, but has now been 
decommissioned. In the past Bunbury’s station measured 
carbon monoxide. 
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Table A0.1: Exceedences of National Environment Protection (Ambient Air Quality) Measure standards, 1998–2005.

Pollutant Averaging 
Period (hours)

Maximum 
number of 
exceedences 
allowed per site 
per yeara

Number of 
exceedences 
over all sites

Number of 
sites over 
the allowed 
number of 
exceedences

Years over 
the maximum 
number of 
exceedences

Number of 
sites measuring 
pollutants 
(2005)

Carbon monoxide (CO) 8 1 0 0 n/a 4

Nitrogen dioxide (NO2) 1 1 1 0 n/a 9

Ozone (O3) 1 1 6 0 n/a 6

Ozone (O3) 4 1 7 3 1998 (twice)

2001 6

Sulfur dioxide (SO2) 1 1 0 0 n/a 4

Sulfur dioxide (SO2) 24 1 0 0 n/a 4

Particle matter (PM10) 24 5 25 0 n/a 4

Particle matter (PM2.5)
b 24 n/a 43 n/a n/a 2

Total (not including Particle matter (PM2.5)
b 39

Total (including Particle matter (PM2.5)
b 82

 
Data source: Department of Environment and Conservation [ver. 2007]. Notes: (a) Department of Environment monitoring sites only. (b) Advisory standard, not yet a defined 
standard.



Figure A0.1: Metropolitan air quality monitoring sites and the pollutants measured.
Data source: Department of Environment and Conservation – Air quality monitoring sites [ver. 2007], Department of Planning and Infrastructure – Urban extent [ver. 2004]; 
Presentation: EPA.  
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Table A0.2: Change in annual estimated emissions in the Perth airshed between 1992–93 and 1998–99.

Oxides of 
nitrogen 
(NOx)

Particulates 
(PM10)

Sulfur 
dioxide (SO2)

Carbon 
monoxide 
(CO)

Total reactive 
organic 
compounds 
(ROCs)

Lead

Motor vehicles (on road) 22% 18% 36% -2.3% -27% -88%

Industrial and commercial sources 28% 262%a -6.1% 81% -52%

Biogenic and natural sources 0% 0%

Area-based sources (not included 
elsewhere)

169% 0.5% 514% -2.2% 13%

Total 28% 52% 4% -1% -14% -88%

Data source: Department of Environmental Protection (2002b). Analysis: EPA. Note: (a) This does not include particulate estimates for brickworks in 1992-93. 
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Overall condition
An inventory of emissions to Perth’s airshed was first 
completed in 1992–93 and followed up in 1998–99, allowing 
for an analysis of change over the two periods (Department of 
Environmental Protection, 2002b) (Table A0.2). The emissions 
were divided into four source categories – motor vehicles on 
the road, industrial and commercial, biogenic and natural 
and other area-based (diffuse) sources that are not included 
elsewhere (eg. wood heaters, gas used in homes, solvents, 
cigarettes, railways, marine craft, service stations, off-road 
vehicles, lawnmowing, aircraft, leakage of gas from supply 
network, swimming pools, dry cleaning and cutback bitumen). 

Emissions estimates for oxides of nitrogen, particulates and 
sulfur dioxide all increased between 1992-93 and 1998-99 
- overall 28%, 58% and 3.6% respectively (Department 
of Environmental Protection, 2002b). Emissions for carbon 
monoxide, total reactive organic compounds and lead 
were estimated to have decreased by 1%, 14% and 88% 
respectively. Some of these changes can be attributed 
to sampling - more industrial facilities were included and 
additional area-based source categories were added to the 
1998-99 inventory. Increases in some motor vehicle emissions 
appear to be related to an increase in vehicle numbers and 
activity levels. Decreases in emissions often appear to be 

related to regulations, for example emissions estimates for 
reactive organic compounds and carbon monoxide from motor 
vehicles appear to have decreased as more cars on the road 
comply with design regulations for emissions from new vehicles 
(Department of Environmental Protection, 2002b).

Changes in emissions from some sources may also be 
attributed to the use of updated emission factors (numbers 
used for technical calculations) for the 1998/99 inventory 
(Department of Environmental Protection, 2002b). Therefore 
it is difficult to directly compare the 1992-93 and 1998-99 
emissions for these sources. Also, variation in emissions may 
be attributed to improvements in methodology and data 
quality, rather than an actual change in emissions. For example, 
particulate emissions from brickworks were not included in 
1992-93 data but were included in the calculations for 1998-
99 (Department of Environmental Protection, 2002b). 

Work on a third inventory of emissions into Perth’s airshed is 
underway; however details are not yet available.  

Some industries are required to measure atmospheric 
pollutants as part of development or operational requirements 
to protect the environment and the health of local 
communities (Table A0.3).

Legend

Pollutants

Nitrogen dioxide

Sulfur dioxide

Carbon monoxide

Particles

Ozone

Visibilty

Metropolitan urban extent 2004
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Table A0.3: Industry operated air monitoring sites across Western Australia.

Location Organisation Pollutant monitored

Kwinana (several locations) Kwinana Industries Council SO2, PM10, TSP

Collie Verve Energy, Worsley Alumina and 
Bureau of Meteorology

SO2, PM10, PM2.5, NOx, TSP

Kalgoorlie–Boulder, Coolgardie, 
Kurrawang, Kambalda

WMC, Kalgoorlie Consolidated Gold 
Mines, Kanowa Belle Gold Mines, Bureau 
of Meteorology

SO2 (10 sites), NOx, PM10

Dampier Rio Tinto PM10

Karratha Rio Tinto PM10

Point Sampson Rio Tinto PM10

Pilbara Study by the former Department of 
Environment 

PM10, PM2.5, NO2, O3, SO2, CO

Pinjarra ALCOA PM2.5, PM10, TSP

Wagerup ALCOA (Opsis) NOx, ROCs, formaldehyde, PM10, TSP

Effectiveness
Twenty actions were identified for the ‘Atmosphere’ theme 
in response to the 1998 State of the Environment Report 
(Government of Western Australia, 1998). Of these, 40% 
remain incomplete, 25% have been completed but not 
evaluated and 35% have been completed and evaluated. 
Compared to many other environmental issues affecting the 
State, air quality is monitored and reported in select locations. 
The nature of emissions and ambient air pollutants means 
that changes in condition and pressure are easy to detect, 
and that rigorous reporting procedures and management 
practices are in place.

suggested responses

2.1  Implement the Perth Air Quality Management 
Plan. Although the plan was released in 2000 
and much progress made, many parts have yet 
to be implemented. 

2.2  Develop and implement air quality 
management plans for regional areas. 
Management plans should be developed for 
problem regional areas using the Perth Air 
Quality Management Plan as a model.

Carnarvon jetty (Tourism WA)
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Description
Depletion of stratospheric ozone (O3), commonly known 
as ‘the hole in the ozone layer’, is an issue of international 
concern. Most ozone is found in the stratosphere (upper 
part of the atmosphere), more than 10 to 16 kms from the 
surface of the Earth (Fahey, 2003). The natural distribution 
of ozone around the Earth is not uniform, as seasonal winds 
and formation patterns contribute to lower concentrations 
at the equator and higher concentrations at the poles. 
Ozone in the stratosphere protects life on Earth as it limits 
penetration of ultraviolet radiation through the atmosphere, 
but it is considered a pollutant in the troposphere (close to 
the ground). 

The ozone molecule is highly reactive and prone to splitting 
into oxygen atoms (O) and oxygen molecules (O2) in the 
presence of ultraviolet radiation. Ozone can reform naturally, 
but it is usually a slow process. In the 1970s it was discovered 
that some human made chemicals could destroy ozone at a 
much faster rate, and by the early 1980s a hole in the ozone 
layer had formed above Antarctica (Fahey, 2003). Increases 
in concentration of ozone-depleting chemicals can change 
the balance of ozone production and destruction, which 
has resulted in a large area over Antarctica having very 

little or no ozone present during spring. Ozone-depleting 
chemicals include chlorofluorocarbons (CFCs), halons, carbon 
tetrachloride, methyl chloroform, hydrochlorofluorocarbons 
and methyl bromide. In the past, these chemicals were 
commonly used as refrigerants, foam blowing agents, 
industrial cleaning solvents, fire retarding chemicals and pest 
fumigants. The Montreal Protocol (which came into effect in 
1989) provided a worldwide plan to phase out use of ozone-
depleting substances. 

Without adequate ozone protection, ultraviolet radiation 
reaches the Earth’s surface and can increase the incidence 
of sunburn, skin cancers and cataracts, and can damage the 
immune system in humans and animals. Ultraviolet light can 
also disrupt plant photosynthesis and marine food chains. 
Some parts of WA are particularly susceptible to ultraviolet 
radiation due to predominantly clear atmospheric conditions 
and proximity to Antarctica – resulting in ambient ultraviolet 
radiation which is 10–15% higher than for comparable 
locations in the Northern Hemisphere (McKenzie et al., 1996, 
cited in Gies et al., 2004).

Objectives
To protect health, amenity and the environment by ensuring 
emissions of stratospheric ozone-depleting substances are 
reduced or eliminated.

Condition

Indicator A3: Trends in stratospheric ozone concentration.

The amount of ozone in the atmosphere is measured in 
Dobson units (DU). The average thickness of the atmospheric 
ozone layer over Perth varies from month to month, but is 
generally between 260 and 330 DU (Figure A1.1). In Perth, 
the maximum ozone thickness occurs in September and 
October, and the minimum in February, March and April. It 
is too early to detect trends in ozone layer data during the 
months of lowest layer thickness. 

This differs from the data collected in Antarctica, where the 
hole in the ozone layer is largest in August, September and 
October (National Aeronautics and Space Administration, 
2006). The United Nations Environment Program’s most 
recent assessment showed that ozone depletion in spring 
remains substantial in the Antarctic region. Daily local total 
ozone column thicknesses are 60–70% less than in the period 
prior to formation of the ozone hole, with minimum values of 
about 100 DU seen every year since the early 1990s (United 
Nations Environment Programme, 2006). 

Key findings

• The Montreal Protocol, an international 
agreement, has been successful in phasing 
out the use of ozone-depleting substances in 
Australia and around the world. 

•  Global atmospheric concentrations for most 
ozone-depleting chemicals have either 
stabilised or are falling.

•  Ozone-depleting substances have been 
successfully controlled in WA through an 
environmental protection policy. 

•  The largest ever hole in the ozone layer was 
recorded in September 2006 at 27.4 million 
square kilometres (three and a half times the 
size of Australia). The hole in the ozone layer 
is expected to peak in size by 2010, but is 
predicted to recover by 2065.

stratospheric ozone depLetion
2.1 

priority  
rating: 5
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Figure A1.1: Average decadal seasonal variation in ozone 
layer thickness, measured at Perth Airport, 1970s–2000s.
Data source: Bureau of Meteorology – Ozone layer thickness at Perth airport [ver. 
2006]; Analysis: EPA.

Data from southern parts of Australia (including Perth) and 
New Zealand shows a decline of about 4% in summer ozone 
concentration per decade between the late 1970s and 2000 
(Manins, 2001). 

Indicator A4: Size of the ‘hole in the ozone layer’ over 
Antarctica.

There is recent evidence that the ‘hole in the ozone layer’ 
over Antarctica in 2006 was the largest on record (National 
Aeronautics and Space Administration, 2006). From 21-30 
September 2006, the average area of the hole was 27.4 
million km2 – the largest average area ever observed (Figure 
A1.2). The largest daily average ozone hole occurred during 
the same period, equalling a day in 2000 where the hole 
reached 29.5 million km2. However, cold weather conditions 
are likely to have also influenced the size of the ozone hole, 
as well as the action of ozone-depleting substances (National 
Aeronautics and Space Administration, 2006).

Figure A1.2: Image of the hole in the ozone layer on 
September 24 2006, equal record for single-day largest 
hole size. 
Data source: National Aeronautics and Space Administration (2006). Note: purple 
colours indicate very little ozone cover (i.e. the area of the ‘hole’) while blue, yellow 
and green indicate progressively thicker ozone layers. 

While the largest hole in the ozone layer was seen in 2006, 
the average size of the ozone hole has been generally 
increasing over time (Figure A1.3).
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Figure A1.3: Average size of the ‘hole in the ozone layer’ 
over time, 1979 to 2006.
Data source: National Aeronautics and Space Administration – minimum, maximum 
and average areas of hole in the ozone layer [ver.2007].  Note: All data was collected 
by the Earth Probe Total Ozone Monitoring System (EP TOMS) except 1993 and 1994 
(Meteor 3 TOMS) and 2005 and 2006 (OMI). Data from EP TOMS was unreliable 
between 2002 and 2004, and corrections have been made to these data. 

Indicator A5: Trends in ultraviolet radiation for Western 
Australia.

Analysis of satellite data sets from 1979 to 1992 shows that 
trends for ultraviolet radiation, ozone and cloud cover were 
not uniform over Australia (Udelhofen et al., 1999). During this 
period ultraviolet radiation levels showed a 4% increase over 
tropical Australia, increased marginally over the mid latitude 
areas and either decreased or remained constant over the 
southern portions of Australia. These patterns of ultraviolet 
radiation were in part a result of complex interactions between 
cloud cover changes and ozone depletion, but were due 
principally to cloud cover variations. Cloud cover over the 
tropics decreased by approximately 8% from 1979 to 1992, 
thus leading to an increase in ultraviolet radiation. In contrast, 
cloud increased over the southern regions by 4% and resulted 
in a slight decrease in ultraviolet radiation. 

It should be noted that the data for 1979 to 1992 is the only 
data on ultraviolet radiation levels to have been analysed so 
far for Australia. In this period, programs to reduce use of 
ozone-depleting substances had not yet begun. A follow-up 
study covering the period from 1992 to present is planned to 
commence in summer of 2007-08, through a collaboration 
of the Australian Radiation Protection and Nuclear Safety 
Agency and the Bureau of Meteorology. It is likely there will 
have been further increases in ultraviolet radiation reaching 
Earth’s surface since 1992 (P Gies, Australian Radiation 
Protection and Nuclear Safety Agency, pers. comm.).

Pressures
Ozone-depleting chemicals are responsible for causing 
the hole in the ozone layer. These chemicals include 
chlorofluorocarbons (CFCs), halons, carbon tetrachloride, 
methyl chloroform, hydrochlorofluorocarbons (HCFCs) 
and methyl bromide. Though the production of ozone-
depleting substances was restricted by the Montreal 
Protocol, ozone-depleting chemicals still exist in refrigerators 
and air conditioners. In addition, many ozone-depleting 
substances have relatively long lifetimes in the atmosphere. 
Many developing countries have significant stores of these 
chemicals and lack the necessary resources and institutions 
for preventing illegal trade and the unauthorized production 
and consumption of ozone-depleting substances (United 
Nations Environment Programme, 2006; National Aeronautics 
and Space Administration, 2005). However, total phasing out 
of these chemicals is expected between 2010 and 2040. 
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This has largely been achieved in WA, although 
several exceptions are allowed under the Australian 
Chlorofluorocarbon Management Strategy (Environment 
Australia, 2001a). 

Indicator A6: The concentration of ozone-depleting 
substances over Australia.

The concentrations of all ozone-depleting gases were seen 
to rise steadily after measurements were initiated in the 
late 1970s (Figures A1.4, A1.5 and A1.6). Most have begun 
to decline in concentration, demonstrating the benefit of 
a global reduction in use of ozone-depleting substances. 
The Montreal Protocol phased out CFC-11 (primarily used in 
aerosol spray cans) in developed countries. Consequently, 
atmospheric levels of this gas have been falling since the mid 
1990s (Figure A1.4).

In comparison, CFC-12 concentrations have stabilised (Figure 
A1.5). This gas, used in refrigerants and air conditioners, 
took longer to phase out than those used in aerosols and has 
a longer chemical lifetime in the atmosphere. Atmospheric 
concentrations of methyl chloroform (Figure A1.6) show a 
dramatic reduction from the mid 1990s. The compound was 
used as an industrial solvent and in dry cleaning and has a 
much shorter chemical lifetime.
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Figure A1.4: Monthly averaged atmospheric concentrations 
of chlorofluorocarbon 11 at Cape Grim Tasmania.
Data source: CSIRO Atmospheric Research and Australian Bureau of Meteorology 
- Cape Grim Baseline Air Pollution Station monthly averaged atmospheric 
chlorofluorocarbon 11
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Figure A1.5: Monthly averaged atmospheric concentrations 
of chlorofluorocarbon 12 at Cape Grim Tasmania.
Data source: CSIRO Atmospheric Research and Australian Bureau of Meteorology 
- Cape Grim Baseline Air Pollution Station monthly averaged atmospheric 
chlorofluorocarbon 12.
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Figure A1.6: Monthly averaged atmospheric concentrations 
of methyl chloroform at Cape Grim Tasmania. 
Data source: CSIRO Atmospheric Research and Australian Bureau of Meteorology 
- Cape Grim Baseline Air Pollution Station monthly averaged atmospheric methyl 
chloroform.

Although the atmospheric concentrations of ozone-reducing 
chemicals are generally declining, much of the damage 
to the ozone layer has been done, and minimum ozone 
concentrations are likely to occur between 2000 and 2010. 
Recovery of the ozone layer to 1980 levels is likely to occur 
around 2050. 

Current responses

Montreal Protocol: an international commitment came 
into force in 1989 (and was amended in 1990 and 1992) to 
protect the stratospheric ozone layer. It stipulates the phasing 
out of production and use of ozone-depleting substances, 
with varying timelines depending on the chemical and the 
status of developing countries. 

Australian Chlorofluorocarbon Management Strategy: 
was published by Environment Australia (2001a). It provides a 
framework for the responsible management and use of CFCs 
in Australia. The strategy recognises some continuing need 
for these chemicals in pharmaceutical and laboratory uses, 
but commits to their gradual phasing out.

Environmental Protection (Ozone Protection) Policy 2000: 
this WA policy aims to minimise the discharge of ozone-
depleting substances into the environment, and has been 
extended to cover use of alternative refrigerants (where 
relevant). This has been done to prevent current stocks of 
ozone-depleting substances from being released to the 
atmosphere by tradespeople that are not accredited, or with 
inadequate training and/or equipment working on systems 
that contain these substances. 

United Nations Environment Programme: has published 
several assessments of the environmental effects of ozone 
depletion (United Nations Environment Programme, 1998; 
World Meteorological Organization, 2002).

Ozone Protection and Synthetic Greenhouse Gas 
Management Act 1989 (and associated regulations and 
amendments): was implemented by the Commonwealth 
Government to meet its commitments under the Montreal 
Protocol.

CSIRO Marine and Atmospheric Research: analyses 
information about a wide range of greenhouse gases and 
ozone-depleting substances.

Ultraviolet index forecast: The Bureau of Meteorology 
has developed a model to predict the amount of ultraviolet 
exposure and the times of day at which it will occur for 45 
WA locations. It is designed to help people minimise their 
exposure to dangerous levels of ultraviolet radiation. 
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Implications
As a result of the Montreal Protocol and its amendments, 
the concentrations of ozone-depleting substances in the 
troposphere peaked around 1995 and are decreasing in both 
the troposphere and stratosphere. It is estimated these gases 
reached peak levels in the Antarctica stratosphere in 2001. 
However, some ozone-depleting substances have very long 
lifetimes in the atmosphere (more than 40 years). As a result, 
the ozone hole is predicted to very slowly decrease in area 
by about 0.1 to 0.2 percent for the next five to 10 years. 
This slow decrease is masked by large year-to-year variations 
caused by Antarctic stratosphere weather fluctuations. 
Scientific research predicts a slow recovery of the ozone layer 
by the year 2065 (World Health Organisation and United 
Nations Environment Program, 2006).

Increased ultraviolet radiation reaching the Earth’s surface 
can have significant detrimental impacts on animal and plant 
life. The radiation damages cells, causing damage to DNA and 
can lead to cell death or mutation and cancers. Radiation can 
also cause photochemical reactions in freshwater and marine 
waters, forming radicals (such as peroxide and hydroxide) 
that can cause further biological damage. Marine ecosystems 
in the Southern Ocean are most at risk. Zooplankton and 
phytoplankton, the foundation of the marine food chain, are 
particularly susceptible to certain types of ultraviolet radiation 

and impacts have flow-on effects to fish stocks and larger 
organisms such as whales. On land, increased ultraviolet 
light can cause significant damage to native vegetation and 
agricultural crops, such as reduced plant height, reduction 
in foliage area and changes to tissue composition (Caldwell 
et al, 2003). Like humans, some native animals and 
livestock may be susceptible to skin cancers. Australia has 
a predominately fair-skinned population and exposure to 
high doses of ultraviolet radiation can lead to high rates of 
skin cancer due to changes to the DNA caused by ultraviolet 
radiation (Gies et al., 2004). Increased exposure is also likely 
to damage the immune system and lead to increased risk of 
infection. Consequently, the Australian community is learning 
to embrace a ‘Sun Smart’ culture when outdoors (i.e. wearing 
sunscreen and protective hats, sunglasses and clothing, etc).     

suggested responses

2.3  Maintain existing programs to ensure that 
ozone-depleting substances are not released: 
existing responses have virtually eliminated 
ozone-depleting substances in WA, but 
ongoing vigilance is required.

Broome sunset (Tourism WA)
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rating:

 Description
Life on Earth is made possible by the ‘greenhouse effect’, 
a process in the atmosphere that creates the relatively 
warm environment near the Earth’s surface. About 70% of 
incoming solar radiation is absorbed by the Earth, warming 
the land, oceans and atmosphere and providing energy for 
life forms. The remainder is reflected back into space. Some 
of the reflected radiation is absorbed by certain gases (known 
as greenhouse gases) in the atmosphere, trapping heat near 
the surface layers of the atmosphere (Bureau of Meteorology, 
2003). This is the greenhouse effect and without it, the Earth 
would be considerably cooler. The amount of greenhouse 
gases in the atmosphere affects how much heat is absorbed. 
The major greenhouse gases are carbon dioxide, water 
vapour, methane, nitrous oxide and ozone.

Since the industrial revolution (late 1700s) human activities 
have led to an increase in the concentration of greenhouse 
gases in the atmosphere, contributing to an ‘enhanced 
greenhouse effect’. The Earth’s climate has demonstrably 

changed on both global and regional scales since the pre-
industrial era: global average air and ocean temperatures 
have warmed; global mean sea level has risen and there has 
been widespread melting of snow and ice (Intergovernmental 
Panel on Climate Change, 2007). These changes have already 
affected hydrological systems and terrestrial and marine 
ecosystems in many parts of the world, including WA. The 
increase in greenhouse gas concentrations is largely due to 
fossil fuel use (such as oil, coal and natural gas), widespread 
land clearing, and agricultural activities (Intergovernmental 
Panel on Climate Change, 2007). The main greenhouse gases 
generated by human activities are carbon dioxide, nitrous 
oxide, methane and 65 other gases termed ‘halocarbons’ 
(Bureau of Meteorology, 2003). Greenhouse gases can 
remain active for centuries and it is expected that even 
if atmospheric concentrations were stabilised, warming 
of global climate and sea level rise would continue for 
centuries (Intergovernmental Panel on Climate Change, 
2007). However, climate modelling indicates that the scale of 
climate change and associated impacts will be substantially 
greater if greenhouse gas concentrations continue to rise 
(Intergovernmental Panel on Climate Change, 2007).

Scientists warn that reductions in annual global greenhouse 
gas emissions of about 60% by 2050 are needed to stabilise 
atmospheric concentrations (Coleman et al., 2004). The 1997 
Kyoto Protocol (which came into effect on 16 February 2005) 
imposed binding, quantifiable emission targets for signatory 
countries. To date, Australia has not ratified the protocol, 
but the Government of WA and other state and territory 
governments support its adoption. The Commonwealth 
Government has committed to meeting Australia’s target 
under the protocol – stabilising greenhouse gas emissions 
at 108% of 1990 levels between 2008 and 2012. In 2005 
national greenhouse gas emissions were 102.2% of 1990 
levels (Australian Greenhouse Office, 2007a). 

Objective
• To reduce WA’s greenhouse gas emissions.  

Key findings

•  Atmospheric greenhouse gas levels are 
increasing at a faster rate than at any other 
time in recorded history and are a major 
contributor to global climate change.

•  WA’s net greenhouse gas emissions increased 
17% between 1990 and 2005. If land use 
concessions are excluded, then emissions have 
increased 45% over the same period. 

•  On a per capita basis, WA’s greenhouse gas 
emissions are higher than Australia’s and other 
developed countries, including the United 
States and the United Kingdom.

greenhouse gas emissions
2.2

1
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Condition

Indicator A7: Current atmospheric concentrations of 
greenhouse gases.

The concentration of greenhouse gases over the last few 
decades has been increasing (Figures A2.1, A2.2 and A2.3). 
Atmospheric concentrations of carbon dioxide have increased 
approximately 15% and nitrous oxide has increased 7% 
over the last 30 years (Figures A2.1 and A2.2). Methane 
has increased about 17% over the same period, but its 
concentration has stabilised over the last five years or so 
(Figure A2.3). The stabilisation of atmospheric methane 
concentration is largely due to a decline in anthropogenic 
emissions. Since 1999 the anthropogenic sources have 
begun to rise again, but this has been offset by the decline in 
methane emissions from wetlands (resulting in a likely overall 
increase in methane emissions again) (Bousquet et al., 2006). 
Data on atmospheric concentrations of pollutants is collected 
at Cape Grim in western Tasmania (which has very good air 
quality) and forms the baseline for measuring atmospheric 
greenhouse gas concentrations for the whole of Australia. 
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Figure A2.1: Monthly averaged atmospheric concentrations 
of carbon dioxide at Cape Grim Tasmania.
Data source: CSIRO Atmospheric Research and Australian Bureau of Meteorology 
- Cape Grim Baseline Air Pollution Station monthly averaged atmospheric carbon 
dioxide.
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Figure A2.2: Monthly averaged and air archive atmospheric 
concentrations of nitrous oxide at Cape Grim Tasmania. 
Data source: CSIRO Atmospheric Research and Australian Bureau of Meteorology - 
Cape Grim Baseline Air Pollution Station monthly averaged atmospheric nitrous oxide. 
Note: Air archive data are indicated in black, April 1978 to May 1984.
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Figure A2.3: Monthly averaged and air archive atmospheric 
concentrations of methane at Cape Grim Tasmania.

Data source: CSIRO Atmospheric Research and Australian Bureau of Meteorology 
- Cape Grim Baseline Air Pollution Station monthly averaged atmospheric methane. 
Note: Air archive data are indicated in black, April 1978 to May 1984.

Indicator A8: Historical atmospheric concentrations of 
greenhouse gases.

Measurements of historical atmospheric concentrations in 
greenhouse gases put the recent trends observed in these 
gases into perspective. Modelling data based on ice core 
samples show the relatively stable atmospheric concentrations 
of these gases before the 19th Century and an exponential 
rise over approximately the last 200 years (Figure A2.4). 
Since the beginning of the industrial revolution, the amount 
of carbon dioxide in the atmosphere has increased by 33%, 
methane levels have increased 100% and nitrous oxide levels 
have increased by 15% (Western Australian Greenhouse 
Taskforce, 2004). The atmospheric concentration of carbon 
dioxide in 2005 far exceeds the natural range over the last 
650 000 years (Intergovernmental Panel on Climate Change, 
2007). The rate of increase in concentration of these gases 
is significantly faster than any natural rates of variation in 
recorded history.
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Energy consumption by transport contributes 14% of WA’s greenhouse 
gas emissions (Department of Environment and Conservation)
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Figure A2.4: Atmospheric concentrations of carbon dioxide, 
methane and nitrous oxide over the last 1000 years.
Data source: Bureau of Meteorology (2003). Note: Based on measurements from 
Antarctic ice cores and, since the 1970s, analyses conducted at Cape Grim Baseline Air 
Pollution Station. Radiative forcing is a measure of the influence the gas has in altering 
the balance of incoming and outgoing radiation, and is measured in watts per square 
metre. Positive forcing tends to warm the surface while negative forcing tends to cool it.

Pressures

Indicator A9: Trends in total greenhouse gas emissions.

Greenhouse gases vary in their capacity to induce global 
warming, and therefore the warming potential of each gas 
has to be taken into account when assessing its effects. 
This common measure is called carbon dioxide equivalent 
(CO2-e). In 2005, WA’s greenhouse gas emissions were 66.6 
million tonnes of CO2-e, a 17% increase compared to 1990 
levels (Figure A2.5). The State’s proportional contribution 
to national greenhouse gas emissions also increased from 
10.4% in 1990 to 11.9% in 2005. 

Year

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

WA total (net) WA total (without LULUCF)

0

10

20

30

40

50

60

70

80

Em
is

si
on

s 
(M

t 
C

O
2-

e)

Figure A2.5: Western Australia’s greenhouse gas emissions, 
1990–2005.
Data source: Australian Greenhouse Office (2007b).Note: This figure depicts 
greenhouse gas emissions in carbon dioxide equivalents (CO2-e).

Most of WA’s greenhouse gas emissions are linked to the 
energy and agricultural sectors (Table A2.1. The energy sector 
(including stationary and transport energy) was responsible 
for 74% of WA’s emissions in 2004 and increased by 58% 
between 1990 and 2005 to 49 million tonnes CO2-e. About 
half of the increase was from growth in electricity and heat 
production, petroleum refining, manufacture of solid fuel 
and other industries (Australian Greenhouse Office, 2005; 
Government of Western Australia, 2005). WA has a large 
number of energy-intensive, export-oriented industries 
including oil and gas, minerals, bauxite refining and iron 
ore production. With continued growth expected in these 
industries, increasing emissions from the energy sector are 
anticipated (Government of Western Australia, 2005). 

Transport energy consumption generates about 19% of 
emissions from the energy sector (and 14% of overall 
emissions), due to WA’s overwhelming reliance on motor 
vehicles for moving people and freight. This is exacerbated by 
historical patterns of low density urban development and the 
vast distances between settlements in WA (see ‘Transport’).

WA’s agricultural sector produces approximately 19% of the 
State’s greenhouse gas emissions, most of which are from 
methane generated by livestock and the burning of savanna 
grasslands. Emissions from the land use, land change and 
forestry sector declined markedly (about 115%) between 
1990 and 2004, due to reductions in land clearing and an 
increase in the area of plantations. The reduction in clearing for 
agriculture represents a one-off accounting credit against the 
State’s gross emissions unless substantial revegetation occurs. 
If the overall benefit from this sector is excluded from the 
State’s greenhouse gas emission profile, the State’s emissions 
increased 45% (as opposed to 17%) over this period. 

If current trends in WA’s greenhouse gas emissions are 
projected forward to 2008, there is expected to be an 
increase of 39% on the 1990 baseline figure compared to 
an 8% ‘allowable increase’ (Australian Greenhouse Office, 
2005). WA is therefore in a challenging situation for reducing 
emissions, particularly when considered in a global context. 
This challenge is exacerbated by the nature of WA’s economy, 
which is primarily focussed on trade-exposed export 
industries, mostly with high emissions intensities. However, 
WA is well placed to take action on reducing greenhouse gas 
emissions through development of alternative energy sources 
(e.g. wind, solar), improving energy efficiency and offsets 
(e.g. tree planting to offset carbon dioxide emissions).

Indicator A10: Trends in per capita greenhouse  
gas emissions.

Australia’s greenhouse emissions constitute about 1.5% 
of global emissions. However, Australians have the highest 
greenhouse gas emissions per capita for industrialised nations 
(Figure A2.6). Some of the main reasons for Australia’s high 
per capita emissions include the reliance on greenhouse-
intensive fuels for electricity generation, extensive use of 
passenger and freight transport over long distances and 
the extremely high energy usage of the aluminium smelting 
industry (Turton, 2004).



Table A2.1: Western Australia’s greenhouse gas emissions.

Greenhouse gas source and sink categories 1990 2005 Percentage change 
1990 to 2004

Million tonnes of carbon dioxide equivalents (CO2-e)

1. Energy 31.1 49.2 56.0%

2. Industrial 2.0 4.5 200.2%

3. Solvent and other product — — —

4. Agriculture 12.0 12.4 5.4%

5. Land use, land use change and forestry (LULUCF) 9.8 -1.6 -110.2%

6. Waste 1.7 2.0 10.3%

7. Other — — —

Total including net CO2-e from LULUCF (Row 5 above) 56.7 66.6 17.5%

Total excluding net CO2-e from LULUCF 46.9 68.1 45.4%

Data source: Australian Greenhouse Office, 2007b. Note: The ‘Solvent and other product’ and ‘Other’ categories are not relevant in WA. However, they were included to make 
this table consistent with the national and international format for greenhouse gas emissions reporting.
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Figure A2.6: Greenhouse gas emissions per capita for 
selected industrialised countries (Annex I), measured in 
millions of tonnes of carbon dioxide equivalent.
Data source: Turton (2004). 

WA’s average per capita greenhouse gas emissions are 
considerably higher than for Australia (Figure A2.7). This can 
be attributed largely to WA’s high level of economic output 
relative to population and the heavy emphasis of the State’s 
economy on resources and energy development and exports. 
Average per capita emissions in WA decreased slightly 
between 1990 and 2005 to 33.1 tonnes CO2-e. This decrease 
is largely a function of economic restructure and reductions in 
land use clearing over this period.
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Figure A2.7: Net greenhouse gas emissions per capita for 
Western Australia and Australia, 1990–2005.
Data source: Australian Bureau of Statistics (2006a), Australian Greenhouse Office 
(2007a & 2007b). Note: This figure depicts greenhouse gas emissions in carbon 
dioxide equivalents (CO2-e) per capita.

 
WA’s greenhouse gas emissions relative to the level of 
economic output decreased by 37% between 1990 and 
2005 (Figure A2.8). This decrease is consistent with the 
national trend which is attributed to emissions management 
actions across sectors, reductions in land use clearing and 
structural changes in the economy (Australian Greenhouse 
Office, 2006).
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Figure A2.8: Net greenhouse gas emissions per dollar of 
gross state product or gross domestic product for Western 
Australia and Australia. 
Data source: Australian Bureau of Statistics (2006b); Australian Greenhouse Office 
(2007a & 2007b). Note: This figure depicts greenhouse gas emissions (in carbon 
dioxide equivalents (CO2-e) per dollar of gross state product (GSP) or gross domestic 
product (GDP).

Current responses
Commonwealth Government programs: The Australian 
Greenhouse Office delivers programs such as implementing 
targets from the United Nations Framework Convention 
on Climate Change and the Kyoto Protocol, the National 
Greenhouse Gas Inventory, implementing the National 
Carbon Accounting System, and working with industry on the 
Greenhouse Gas Abatement Program, Greenhouse Challenge 
Program and the Greenhouse Friendly initiative, to encourage 
industry action to abate greenhouse gas emissions. The 
Commonwealth Government has also joined the Asia–Pacific 
Partnership on Clean Development and Climate (also known 
as AP6) along with the USA, China, India, Japan and South 
Korea. The partnership aims to reduce greenhouse gas 
emissions through the use of clean technology, and exploring 
ways to reduce the greenhouse intensity of the economy, 
build capacity and engage the private sector. 
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State Government programs: a Greenhouse Taskforce was 
established in 2002 and later released the Western Australian 
Greenhouse Strategy (Western Australian Greenhouse 
Taskforce, 2004).The strategy aims to guide State efforts 
to reduce greenhouse gas emissions and to respond to 
opportunities and challenges generated by climate change. 
A Greenhouse and Energy Task Force has recently released a 
report providing recommendations to manage greenhouse 
gas emissions from the stationary energy sector in the 
short term, and to investigate the feasibility of long-term 
greenhouse gas emissions reduction, emissions trading, 
energy conservation initiatives and on-ground rules for 
greenhouse offsets.

Local government: the ‘Cities for Climate Protection’ is 
an international organisation that has been established to 
help local governments integrate greenhouse gas mitigation 
strategies into their decision-making processes. 

Guidance statement for minimising greenhouse gas 
emissions: the Environmental Protection Authority released 
the Guidance Statement for Minimising Greenhouse Gas 
Emissions in 2002 (Environmental Protection Authority, 2002). 
It provides guidance about considering greenhouse gas 
emissions in environmental impact assessments. However, the 
EPA cannot demand that proponents of projects or industries 
releasing greenhouse gases offset those emissions or comply 
with targets (Environmental Protection Authority, 2006). 

Greenhouse Challenge: this program provides an 
opportunity for businesses and industries to demonstrate 
commitment to reducing emissions of greenhouse gases by 
calculating their greenhouse gas emissions, implementing 
reduction measures and maintaining independent verification.

Carbon sequestration: policies on technical and 
regulatory issues for sequestration of carbon below ground 
(geosequestration) or in vegetation (biosequestration) are 
being developed. 

Implications
Greenhouse gas-driven climate change is a global issue that 
will have significant implications for WA’s environment, 
society and economy (see ‘Climate Change’). Ongoing 
increases in greenhouse gas emissions are likely to impact 
the WA economy, particularly with the likely establishment 
of carbon trading. Until Australia ratifies the Kyoto 
Protocol, WA will be unable to participate in, or benefit 
from, international trading schemes. Quantifying the cost 

of climate change is complex. The environmental cost of 
greenhouse gas emissions is largely excluded from the 
price of goods and services. This provides little incentive 
for investment in reducing greenhouse gas emissions or 
in developing greenhouse mitigation technologies. Until 
Australia recognises this shortfall, the country will fall behind 
in developing new and sustainable solutions for addressing 
greenhouse gas emissions. 

suggested responses

2.4  Establish a legislative framework to achieve 
greenhouse gas emission reduction targets.  

2.5  Establish a target to reduce emissions by at 
least 60% below 1990 levels by 2050 and 
establish interim targets for 2010, 2020, 2030 
and 2040.

2.6  Establish a 20% renewable energy target for 
the State. 

2.7  Develop standards for carbon offsets to 
ensure their integrity and to support a carbon 
trading market.  

2.8  Establish a carbon trading market, with a 
preference for participating in a national 
emissions trading scheme. 

2.9  Implement all actions of the Western 
Australian Greenhouse Strategy, including a 
comprehensive review and update by the end 
of 2008. 

2.10  Reduce the greenhouse gas intensity of the 
State’s economy: emission reduction strategies 
and long term targets need to be developed 
for each sector of the economy.

 2.11  Implement the recommendations of the 
WA Greenhouse and Energy Taskforce 
report: Strategies to Reduce Greenhouse 
Gas Emissions from the Western Australian 
Stationary Energy Sector. 

2.12  Undertake a comprehensive review of energy 
subsidies and remove subsidies that increase 
greenhouse gas emissions.

An industrial site in Geraldton (B. Jakowyna)
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Description
Airborne particulates (or particles) are produced by a wide 
range of natural phenomena and human activities, and may 
be solid or liquid (a suspension of solid and liquid particles 
is often called an aerosol). Natural sources of particulates 
include fine soil mobilised by wind erosion, sea salt blown 
from the ocean, and smoke from bushfires. Human generated 
sources of particulates include combustion processes in 
motor vehicles (especially diesel), industrial and commercial 
boilers and incinerators, power generation plants, mining 
operations, solid fuel domestic heating, domestic incineration 
and burning of vegetation (including agricultural and fuel 
reduction burning). 

Particulate size is the main determinant of pollutant 
behaviour, and is usually expressed in terms of the 
‘aerodynamic diameter’. Particulates are commonly 
categorised or classified (Department of Environment, 2003a) 
as follows: 

• total suspended particles (TSP), which include all particles 
less than 50 µm;

•  inhalable particles which includes the PM10 (coarse 
fraction; 10 µm and smaller) and PM2.5 (fine fraction; 2.5 
µm and smaller); and

•  visibility-reducing particles (PM2; ranging from 0.1 to 2 µm 
in size) which scatter light and cause haze.

Large inert particulates are typically associated with 
adverse aesthetic and environmental effects rather than 
health effects. Inhalable particulates (PM10 and smaller) are 
associated with increases in respiratory illness (e.g. asthma, 
bronchitis and emphysema). Smaller particulates, such as 

PM2.5 are thought to represent a higher risk due to their ability 
to penetrate further into the lungs and be absorbed into 
the bloodstream (Department of Environmental Protection, 
2000a). A significant positive relationship exists between 
air pollutants and daily hospital admissions for respiratory 
disease, cardiovascular disease and respiratory hospitalisation 
of the elderly in particular (Department of Environment, 
2003b). Particulates have been responsible for the majority of 
NEPM exceedences recorded since 1998. 

Objectives
• To protect health, amenity and the environment by 

ensuring the level of particulates in the air meet the 
relevant standards.

Condition
There are standards in place for particulates via the National 
Environment Protection (Ambient Air Quality) Measure 
(NEPM) to ensure community health is not compromised. 
They include:

•  Particles as PM10:  
Averaging period: one day, Maximum concentration: 50 
micrograms per cubic metre, Goal by 2008 (maximum 
exceedences): five days a year

Key findings

•  Particulate levels in some areas of the State 
regularly exceed health standards.

•  Particulate problems in the Pilbara are 
associated with bushfires, dust storms, and 
some mining and port facility operations. 

•  Particulate problems in Perth can be attributed 
to bushfires, controlled burns, and wood 
heater emissions.

indicative extent of iSSue

2.3

priority  
rating: 2

Smoke from bush fires in the Perth Hills in January 2005, as seen from 
space (Department of Environment and Conservation)



•  Particles as PM2.5:  
Averaging period: one day, Maximum concentration: 25 
micrograms per cubic metre

 Averaging period: one year, Maximum concentration: 8 
micrograms per cubic metre

•  Visibility-reducing particles – PM2 and below: no NEPM 
standard or goal has yet been set.

Indicator A11: Comparison of ambient particle levels with 
National Environment Protection (Ambient Air Quality) 
Measure standards and goals (PM10 and PM2.5).

Both sizes of particulates are monitored at Caversham, South 
Lake, Duncraig (Figure A0.2), Bunbury and Busselton (PM2.5 
only). Exceedences of NEPM standards occur occasionally, 
but the standard allows up to five exceedences per year. As 
examples, levels of particulates PM10 and PM2.5 are shown 
for Bunbury and the Perth metropolitan suburb of Duncraig 
(Figures A3.1, A3.2, A3.3 and A3.4 respectively). Exceedences 
of NEPM standards have occurred frequently at both sites. 
The common cause of exceedences at Bunbury and other 
South West sites is smoke caused by bushfires (summer), 
bushfire hazard reduction burns (other times of the year), 
and domestic wood heaters. Particulates measured at the 
Duncraig site are mostly from traffic emissions, sea salt and 
wood heaters (especially during winter). 
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Figure A3.1: Ambient yearly range of PM10 levels at 
Bunbury air quality monitoring station, compared with the 
Australian standard for exposure.
Data source: Department of Environment and Conservation.  
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Figure A3.2: Ambient yearly range of PM2.5 levels at 
Bunbury air quality monitoring station, compared with the 
advisory reporting standard for exposure.
Data source: Department of Environment and Conservation. 

0 

10 

20 

30 

40 

50 

60 

70 

19
96

 

19
97

 

19
98

 

19
99

 

20
00

 

20
01

 

20
02

 

20
03

 

20
04

 

20
05

 

20
06

 

M
ic

ro
gr

am
s 

pe
r 

cu
bi

c 
m

et
re

Year 

50th to 95th percentile data statistical range and maximum   

National Environmental Protection Measure standard 

Figure A3.3: Ambient yearly range of PM10 levels at 
Duncraig air quality monitoring station, compared with the 
Australian standard for exposure.
Data source: Department of Environment and Conservation.  
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Figure A3.4: Ambient yearly range of PM2.5 levels at 
Duncraig air quality monitoring station, compared with the 
advisory reporting standard for exposure.
Data source: Department of Environment and Conservation. 

The Air Quality in Perth: 1992–2002 (Department of 
Environmental Protection, 2003) study found that annual 
mean daily maximum 24-hour total suspended particulate 
concentrations at monitoring stations fell during the study 
period, ambient PM10 did not change and PM2.5 levels 
fluctuated. Visibility readings around Perth also fluctuated, 
with bushfire events, controlled burns and domestic wood 
combustion being major contributors to poor visibility.

Data from industry monitoring sites are also collected at 
some locations (Table A3.1). High particulate levels frequently 
occur in the Pilbara and Kimberley due to bushfires, but 
dust generated from wind erosion and mining activities 
is also significant. Port Hedland has traditionally had high 
loads of particulate matter due to past port management 
practices, planning decisions and the arid climate of the area. 
The Pilbara Air Quality Study (Department of Environment, 
2004a) found that the concentration of particulates (as PM10) 
at Boodarie (near Port Hedland) and Dampier was generally 
high. Exceedences of the NEPM standard were caused by 
‘background’ sources such as dust storms and bushfires, but 
dust from ore handling facilities and other industry activities in 
the immediate vicinity of the town were dominant. The ratio 
of PM10 to PM2.5 particles is lower than that generally found 
in Perth, indicating that Pilbara air generally contains coarser 
particulate matter. Karratha is also well known for having high 
particulate levels. However, there is no current monitoring of 
particulate matter in the Pilbara or Kimberley regions.
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Table A3.1: Summary of PM10 exceedences of the Australian standard at sites outside the Department of Environment and 
Conservation monitoring network in Western Australia.

Location Measurement Period Range of PM10 
exceedences per year  

(> 50 µg/m3)

Average number of 
PM10 exceedences 

per year  
(> 50 µg/m3)

Type of monitoring 
equipment used

Port Hedland – Hospitala 1996–2003 29–62 48.8 Hi Vol

Port Hedland – Boodariea 1996–2001 0–22 8.5 Hi Vol

Dampier Foreshored 1999–2000 3–18 10.5 TEOM

Dampier Primary Schoole 2002 13 — TEOM

Perth – Duncraigb 1996–2004 0–4 0.9 TEOM

Perth – South Lakeb 2000–2004 0–2 0.8 TEOM

Bunburyb 1999–2004 0–4 1 TEOM

Collie East (Town)c 1998–2003 0–5 2.2 TEOM

Collie – Bluewaters (Rural)c 2001–2003 0–1 0.7 TEOM

Data source and notes: (a) Department of Environment (2004a). The monitoring was for only 166 to 225 days per year at Boodarie (background site) and from 166 to 286 days at 
the hospital site. Therefore both will understate the actual number of exceedences per year. See Figure 4.3 on p. 10 of this reference. (b) Department of Environment (2005a).  
A Grieco (Department of Environment and Conservation, pers. comm.) confirmed that monitoring commenced in mid 1998, but only the two complete years have been used for 
the analysis. (c) Sinclair Knight Merz (2005). (d) Department of Environment (2005b). (e) Sinclair Knight Merz (2003).
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Pressures

Indicator A12: Level of particulate emissions.

Wood heaters are a cause of particulate matter in the Perth 
airshed especially in winter. The National Woodheater Audit 
Program (Department of the Environment and Heritage, 
2004a) found that 58% of wood heaters failed to meet 
Australian and New Zealand standard (Standards Australia 
and Standards New Zealand, 1999) on particle emission 
limits, 55% had serious design faults that could affect 
performance and 72% had labelling faults that could affect 
emissions performance. In addition to faults in appliances, 
Todd (2003) found that incorrect operation of wood heaters 
was common, including not using wood correctly or allowing 
flues to becoming blocked or break down over time. 

Comparison between summer and winter readings of 
particulates (PM2.5 and PM10) for the Perth suburb of Duncraig 
over time reveal the different types of particulates that make 
up the air column (including from wood heaters, dust and 
salt). Concentrations of the larger PM10 particles peak in 
summer due to presence of dust and sea salt. Smaller PM2.5 

particles generally peak in winter, reflecting low background 
levels (due to rain washing particulates out of the airshed) but 
more frequent smoke events due to wood heater emissions.

The Perth Airshed Inventory Update 1998–1999 (Department  
of Environmental Protection, 2002b), followed an earlier 
study in 1992–93 to contrast the estimated emissions for PM10 
from a range of sources (Figure A3.5). Burning vegetation 
(from bushfires or controlled burns) was considered in the 
area-based (or diffuse) sources and emission estimates but 
did not change between 1992–93 and 1998–99. In contrast 
emissions from motor vehicles, and industrial and commercial 
sources increased by 174% (Department of Environmental 
Protection, 2002b). The move towards direct-injection petrol 
engines and possibly diesel engines in passenger cars may 
have increased particulate emissions. Particulate emissions 
from industry have traditionally been very difficult to estimate 
accurately and any estimates for particulate matter are likely 
to be conservative (Department of Environmental Protection, 
2002b). The large increase in PM10 is most likely a result of 
the exclusion of brickworks as a source of emissions in the 
1992–93 inventory (Department of Environmental Protection, 
2002b). A change of methodology allowed PM10 emissions 
from brickworks to be included in the 1998–99 inventory, 
and included many small and medium businesses that were 
not included in the previous inventory.
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Figure A3.5: Change over time in estimated amounts and 
sources of particulate matter, as PM10, in the Perth airshed.
Data source: Department of Environmental Protection (2002b).

Work on a third inventory of emissions into Perth’s airshed is 
underway, however details are not yet available.

Estimates of particulate emission trends outside Perth are 
extremely limited. Significant sources of particulate matter 
in the North West, apart from local industry and mining, are 
dust storms and smoke from bushfires. Particulate levels can 
vary markedly from year-to-year depending on the condition 
of pastures and rainfall. A succession of dry years may lead 
to more land becoming susceptible to wind erosion, and 
severe tropical cyclones, heavy rainfall and flooding can scour 
areas, also leaving them susceptible to erosion. Bushfires (and 
resultant smoke) can also vary from year-to-year, depending 
on rainfall and vegetation growth, but are significant as they 
occur frequently and can burn for long periods of time.

Current responses
National Environment Protection Measures: were 
established in 1998 by the National Environmental Protection 
Council to set uniform standards for ambient air quality. 
Amongst other pollutants, standards have been defined for 
PM10 and an ‘advisory standard’ was implemented in 2003 
for PM2.5 (while further research about a suitable standard is 
undertaken).



Bushfires and prescribed burning: The Perth Air Quality 
Management Plan (Department of Environmental Protection, 
2000a) includes a strategy for reducing emissions and 
particulates from bushfires and controlled burns in Perth and 
other areas of the South West. The Smoke Management 
Liaison Group includes representatives from the Department 
of Environment and Conservation and the Fire and Emergency 
Services Authority and meets to reduce the impact of planned 
burns on air quality and the community. In addition, the 
Bushfire Cooperative Research Centre and the Department of 
Environment and Conservation in conjunction with the Bureau 
of Meteorology have developed a smoke trajectory model 
to assist decision making regarding planned burning and to 
reduce the impact of smoke on particulate levels in Perth. 

The Perth Airshed Inventory Updates: The Department 
of Environment and Conservation has contracted work on a 
third inventory of emissions into Perth’s airshed. Two airshed 
inventories have already been completed in 1992-93 and 1998-
99 (Department of Environmental Protection, 2002b). 

The Pilbara Air Quality Study: was initiated in 1998 to 
gain an understanding of air quality, pollutant emissions, and 
the meteorology influencing transport and dispersion of air 
pollutants in the Pilbara coastal centres of Karratha–Dampier, 
Wickham–Cape Lambert and Port Hedland (Department of 
Environment, 2004a). 

Environmental Protection Authority Guidance Statement 
no. 18: provides information on prevention of impacts on air 
quality from dust and smoke generated on land development 
sites, and advises proponents what the Environmental 
Protection Authority will consider when making an assessment 
of air quality impacts from land developments.

Community education: The AirWatch program operates in 
schools and uses school students to make observations and 
record data about weather and air quality with the intention of 
increasing awareness of air pollution issues. 

TravelSmart: is a community based program that encourages 
people to use alternatives to travelling in their private car. 
TravelSmart forms part of the Metropolitan Transport Strategy 
and aims to reduce car-as-driver trips of Perth residents by 
35% over the next 30 years. 

The Halt the Haze trial: aimed to increase public 
understanding of the impact of wood heaters on air quality. It 
was later expanded to a heater replacement program in several 
local councils, but the program has since ceased. 

Regulations and codes: The Domestic Solid Fuel Burning 
Appliances and Firewood Supply Regulations were introduced 
to prohibit the sale of firewood with high moisture content 
and painted, plastic coated or chemically treated wood. It also 
regulated the use of any domestic solid fuel heating appliance 
that does not comply with Australian Standards (Department 
of Environment, 2004b). The Kwinana Environmental 
Protection Policy sets total suspended particle standards and 
limits in the Kwinana region for industrial and residential areas.

Implications
A number of health effects are associated with particulates 
depending on the nature of the pollutant. For example, 
prolonged exposure to smoke from bushfires can aggravate 
breathing problems (including coughing, wheezing, asthma 
and bronchitis), cause watery eyes, and may increase hospital 
admissions and reduce workplace productivity. Very fine 
particulates may enter the bloodstream and affect the 
cardiovascular system. The health effects may worsen if the 
fine particulates are associated with pollutants, which may 
cause allergic reactions and permanent lung damage, diseases 
and cancer in some susceptible individuals. Severe atmospheric 
particulate problems may cause coat vegetation and reduce 
photosynthetic ability, clog air conditioning systems, cover 
roads and buildings and adversely affect tourism potential in 
an area. Current responses are largely inadequate to deal with 
the particulate problem on a widespread scale. Without better 
management in future, health and environmental problems 
caused by particulates are likely to worsen.

suggested responses

2.13  Implement the Perth Air Quality Management 
Plan. Although the plan was released in 2000 
and much progress made, many parts have yet 
to be implemented. 

2.14  Develop and implement air quality 
management plans for regional areas. 
Management plans should be developed for 
problem regional areas using the Perth Air 
Quality Management Plan as a model.
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High particulate levels in Perth city following a bushfire, January 2005 (M. Copeman)
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Description
Photochemical smog is considered to be a problem associated 
with modern industrialised cities. It is characterised by 
the reaction of ozone (O3), oxides of nitrogen (NOx) and 
reactive organic compounds (also known as volatile organic 
compounds) in sunlight and at high temperatures. A mixture of 
these chemicals forms a layer of visible, brown or white haze 
in the sky (Government of Western Australia, 1998). Perth is 
most susceptible to smog, especially from late spring through 
to early autumn, when sunlight is abundant, temperatures are 
hot, and oscillating wind patterns mean that the city’s air is 
recirculated. In contrast, visible haze at other times of the year 
is likely to be caused by particulates (see ‘Particulates’). 

Changes in precursor pollutants can influence the formation 
of photochemical smog. Sources of the precursor pollutants 
include motor vehicles (for both oxides of nitrogen and 
reactive organic compounds), combustion processes (oxides 
of nitrogen and ozone), and refining, petrochemical and 
solvent based industries (reactive organic compounds). The 
concentration of ozone in a polluted atmosphere is typically 
used as an indicator of the total amount of photochemical 
smog, as it usually makes up about 85% of the total 
photochemical smog concentration. Photochemical smog 
can also be transported over large distances, with weather 
patterns principally influencing its dispersal. The absence 
of vertical air mixing, as occurs with temperature inversion 
layers close to Earth, also prevents its dispersion. Ozone as 
a pollutant in the troposphere (close to the surface of the 
Earth) should not be confused with the hole in the ozone 
layer (see ‘Stratospheric ozone depletion’).

Photochemical smog can cause a number of human health 
issues, the most common being respiratory problems. It also 
contains peroxyacetyl nitrate, a compound that causes the 

eyes to water profusely. Hospitalization rates often rise during 
incidents of photochemical smog, and mortality of people 
aged 65 and older from cardio-vascular problems increases 
with exposure to ozone. The health of native vegetation and 
crop productivity may also be detrimentally affected. 

Objectives

• To protect health, amenity and the environment by 
ensuring that the levels of photochemical smog in the air 
meet the relevant standards.

Condition
There are standards in place for photochemical smog via 
the National Environment Protection (Ambient Air Quality) 
Measure (NEPM) to ensure community health is not 
compromised. They include:

Photochemical oxidants (as ozone): Averaging period: One 
hour; Maximum concentration: 0.10 parts per million;
 Goal by 2008 (maximum exceedences): one day per year 

Averaging period: Four hours; Maximum concentration:  
0.08 parts per million;  
Goal by 2008 (maximum exceedences): one day per year

Nitrogen dioxide: Averaging period: one hour; Maximum 
concentration: 0.12 parts per million; 
 Goal by 2008 (maximum exceedences): 1 day per year 

Averaging period: one year; Maximum concentration: 0.03 
parts per million; 
Goal by 2008 (maximum exceedences): none

It is worth noting that standards for health are measured as 
nitrogen dioxide, whereas environmental standards emissions 
are measured as total oxides of nitrogen.

Indicator A13: Ambient ozone concentration compared 
with National Environment Protection (Ambient Air 
Quality) Measure standard and goal.

Perth’s air quality is of a high standard compared to other 
Australian and international cities, but photochemical smog 
is regularly experienced over the city in summer. When 
compared to the NEPM standard, there has been a trend 
of decreasing ozone concentrations in the maximum range 
of one hour averages at Caversham (Figures A4.1) and 
Rockingham (Figure A4.2). Ozone concentrations exceeding 
the standard are very infrequent at South Lake (Figure A4.3). 
Caversham is an eastern inland Perth suburb, Rockingham 
is a southern coastal suburb, and South Lake is a southern 
inland suburb.

Key findings

•   Background levels of ozone and nitrogen 
dioxide (both precursors of photochemical 
smog) appear to be stable but are still of 
concern. 

• Ozone levels exceeded the national health 
standard limit 13 times in Perth between 1998 
and 2006.
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Figure A4.1: Ambient yearly range of ozone levels (one 
hour average) at Caversham air quality monitoring station, 
compared with the Australian standard for exposure.
Data source: Department of Environment and Conservation. 
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Figure A4.2: Ambient yearly range of ozone levels (one 
hour average) at Rockingham air quality monitoring station, 
compared with the Australian standard for exposure.
Data source: Department of Environment and Conservation. 
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Figure A4.3: Ambient yearly range of ozone levels (one 
hour average) at South Lake air quality monitoring station, 
compared with the Australian standard for exposure.
Data source: Department of Environment and Conservation. 

Indicator A14: Number of exceedences of the ozone 
National Environment Protection (Ambient Air Quality) 
Measure.

There were 13 exceedences of the ozone NEPM standard 
for metropolitan Perth from January 1998 to December 
2006 and none were recorded in other monitored areas. 
The ambient air quality protection goal of no more than 
one exceedence per site per year would have allowed 
four exceedences over this period. While of concern, this 
is not high compared to other locations in Australia. For 
example, the Sydney, Newcastle and the Hunter Valley 
region of NSW had 392 exceedences of the standard at air 
quality monitoring sites between July 1998 and June 2006 

(NSW Environment Protection Authority 1998-2006). All 
exceedences in Perth have occurred in January and February, 
due to the high summer temperatures required for smog to 
form. The number of exceedences of the standard for ozone 
has generally decreased over time, although some sites had 
more in 2004 than in previous years. 

Ozone is also measured at Quinns Rock, Rolling Green and 
Swanbourne sites, where no exceedences of the ambient 
air quality standard have been recorded. The behaviour of 
ozone in the airshed contributes to hotspots in concentration, 
which can move according to meteorological conditions, and 
consequently these hotspots are not necessarily picked up by 
existing monitoring stations.

Indicator A15: Background concentration of ozone in the 
Perth airshed.

Even though the total number of ozone exceedences of the 
NEPM standard is not high (Figures A4.1, A4.2 and A4.3), 
a concerning trend is the increase in background ozone 
concentrations. A rise in background concentration means 
that Perth airshed is gradually moving closer to the NEPM 
standard, and less of a daily increase is required to exceed 
the standard (Figure A4.4). For example, the number of days 
showing moderate levels of ozone (0.03 ppm to 0.07 ppm) 
increased between 1992 and 2002 at Caversham – but still 
remains below the NEPM standard. A levelling out was seen 
between 2003 and 2005, but may have started rising again in 
2006 (Figure A4.4).

Figure A4.4: Number of days at Caversham air quality 
monitoring station where the daily maximum one-hour 
averaged ozone concentration was lower or higher (but 
below the National Environment (Ambient Air Quality) 
Protection Measure exceedence limit), 1992–2006.
Data source: Department of Environment and Conservation. Analysis: Department of 
Environment and Conservation. Note: An ozone concentration of 0 ppm to 0.03 ppm 
is considered low. A concentration between 0.03 ppm to 0.07 ppm is higher, but still 
below the NEPM exceedence limit.

Indicator A16: Number of exceedences of the nitrogen 
dioxide National Environment Protection (Ambient Air 
Quality) Measure.

Nitrogen dioxide levels in Perth are generally low and 
below the NEPM standard at all monitoring sites. Ambient 
nitrogen dioxide levels for most suburban sites are low (i.e. 
Caversham, Hope Valley, North Rockingham, Quinns Rock, 
Rolling Green, South Lake and Swanbourne, Duncraig) and 
have remained stable over time (for example, see Figure 
A4.5). In contrast, nitrogen dioxide levels at the Queens 
Building monitoring site in Perth’s central business district 
shows some exceedences of the NEPM standard, but a 
general decreasing trend is observed (Figure A4.6). 
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Figure A4.5: Ambient yearly range of nitrogen dioxide 
levels at Duncraig air quality monitoring station, compared 
with the Australian standard for exposure.
Data source: Department of Environment and Conservation. 
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Figure A4.6: Ambient yearly range of nitrogen dioxide 
levels at Queens Building (Perth central business district) 
air quality monitoring station, compared with the 
Australian standard for exposure.

Data source: Department of Environment and Conservation. 

Indicator A17: Background concentration of nitrogen 
dioxide.

The Air Quality in Perth: 1992–2002 study (Department of 
Environmental Protection, 2003) found there had been no 
improvement in ambient nitrogen dioxide concentrations 
over the study period. Slight trends to increasing daily 
maximum concentrations (based on one-hour averages) 
were recorded at some monitoring sites. Emissions from 
area-based sources (e.g. commercial shipping and off-road 
vehicles), motor vehicles and industry have significantly 
increased since 1992. Increased emissions from motor 
vehicles are a result of increase in the number of vehicles 
and age of the vehicle fleet (average of 11 years) in Perth 
(Australian Bureau of Statistics, 1999, cited in Department of 
Environmental Protection, 2003).

Monitoring for nitrogen oxides has also been conducted 
in Dampier and Karratha for the Pilbara Air Quality Study 
(Department of Environment, 2004a), Port Hedland (BHP 
Billiton, 2005) and Wagerup in the South West (Alcoa 
Australia, 2005). Past monitoring has shown low nitrogen 
dioxide levels in these regions which are below the NEPM 
standard. However, monitoring is no longer conducted at the 
Pilbara study sites, and data from industry sites is not readily 
available, so it is not possible to be certain the standard has 
been met in these areas in recent years.

Pressures

Indicator A18: Emissions of precursors to photochemical 
smog.

Oxides of nitrogen and reactive organic compounds are major 
precursors for the formation of photochemical smog. 

Oxides of nitrogen are released from motor vehicles, and 
other fuel combustion and point sources. Motor vehicles and 
industrial emissions contribute 42% and 37%, respectively, to 
the oxides of nitrogen load in the Perth airshed (Department 
of Environmental Protection, 2002a).

Estimated oxides of nitrogen emissions in the Perth airshed 
have increased between 1992–93 and 1998–99 (Figure 
A4.7; Department of Environmental Protection, 2002b). 
Increases were recorded for all sources, except biogenic and 
natural sources which remained stable. Increases occurred in 
the number of cars on the road, the number of kilometres 
being travelled, and a greater number and/or volume of 
industrial and commercial emissions. The significant increase 
in area-based emissions results from off-road vehicles (i.e. 
trains, aircraft) and ships, and a change in methodology to 
address underestimates in earlier figures (Department of 
Environmental Protection, 2002b).
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Figure A4.7: Change over time in estimated amount and 
source of emissions of oxides of nitrogen in the Perth 
airshed.
Data source: Department of Environmental Protection (2002b).

Reactive organic compounds were examined in the Perth 
Airshed Inventory Update 1998–1999 (Department of 
Environmental Protection, 2002b). Total estimated emissions 
reduced between 1992–93 and 1998–99, and the major 
source changed from motor vehicles to area-based sources 
(Figure A4.8). Reduced motor vehicle emissions were likely 
to be a result of better emission controls (associated with 
engine design improvements) and a significant decrease in 
industrial emissions (primarily the result of improvement work 
undertaken at the BP Kwinana refinery). 
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Figure A4.8: Change over time in estimated amount and 
source of reactive organic compound emissions in the Perth 
airshed.
Data source: Department of Environmental Protection (2002b).
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Work on a third inventory of emissions into Perth’s airshed is 
underway, however details are not yet available.

Current responses
National Environment Protection Measures: were 
established in 1998 by the National Environment Protection 
Council to set uniform standards for ambient air quality. 
Amongst other pollutants, standards have been defined for 
ozone and nitrogen dioxide as precursors to photochemical 
smog. Recent reviews of the standards by the Environmental 
Protection and Heritage Council has shown that health 
effects related to ozone exposure occur in cities with 
low atmospheric levels of ozone as well as in cities with 
high levels, such as Los Angeles (Environment Protection 
and Heritage Council, 2005a). There is no evidence from 
epidemiological studies of a threshold level for adverse health 
effects; if there is a threshold it is below background ozone 
levels (Environment Protection and Heritage Council, 2005b). 
There is 100-fold variability in response to ozone across the 
Australian population. Around 10% of people are particularly 
sensitive, but are not necessarily asthmatic or prone to 
respiratory illness. Lowering the standard from 0.10 ppm to 
0.08 ppm (as has been suggested by some groups) would not 
necessarily protect against long-term exposure effects but the 
full review has not yet been completed.

TravelSmart: is a community based program that encourages 
people to use alternatives to travelling in their private car. 
TravelSmart forms part of the Metropolitan Transport Strategy 
and aims to reduce car-as-driver trips of Perth residents by 
35% over the next 30 years. 

Conversion of vehicles to gas: Vehicle conversion to gas 
has a lot of potential to reduce emissions and pollution to 
urban airsheds. Since 2000, the Department of Planning 
and Infrastructure has provided a subsidy for more than 11 
000 vehicle owners wishing to convert petrol cars to liquid 
petroleum gas or to buy factory made gas-run vehicles 
(Department for Planning and Infrastructure, 2005). In 2006, 
the subsidy was expanded by the Australian Government. 

Urban planning: Although the Network City plan for Perth 
and the Peel region focuses on managing growth of the 
urban area, making fuller use of urban land, nurturing the 
environment and encouraging the use of public transport, it 
does have the opportunity to plan for reduced car use and 
consequently improve air quality (Western Australian Planning 

Commission & Department for Planning and Infrastructure, 
2004). However, with present urban growth rates, traffic 
concentration and commuting distances in private vehicles 
continues to be of concern.

Environmental Protection Authority Guidance Statement 
no. 15: The EPA has developed a guidance statement for 
emissions of NOx for the installation of new gas turbines 
(Environmental Protection Authority, 2000). This is intended 
to promote installation of gas turbines that achieve Australian 
Environment Council and National Health and Medical 
Research Council guidelines (which were the predecessors of 
NEPM standards).

Implications
Photochemical smog can cause a number of population health 
problems. Ozone and oxides of nitrogen are especially harmful 
for senior citizens, children, and people with heart and lung 
conditions such as emphysema, bronchitis, and asthma. They 
can irritate breathing passages (nose and throat), irritate the 
eyes, cause a choking sensation and shortness of breath, 
wheezing and coughing, and may decrease the lung’s working 
capacity. It is known to interfere with the body’s ability to fight 
infection, increasing susceptibility to illness. Hospital admissions 
and respiratory deaths increase during severe smog episodes. 
Native vegetation, horticultural and agricultural crops can 
show reduced growth and visible injury with prolonged ozone 
exposure, even at low concentration. Concentrations of ozone 
and reactive organic compounds are likely to increase into the 
future with increasing population, rapid economic growth, and 
increasing dependence on vehicles.

suggested responses

2.15  Implement the Perth Air Quality Management 
Plan. Although the plan was released in 2000 
and much progress made, many parts have yet 
to be implemented.

2.16  Develop and implement an air quality 
management plan for photochemical smog in 
susceptible regional areas, using the Perth Air 
Quality Management Plan as a model.
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Car exhaust contributes to the formation of photochemical smog over Perth (Department of Environment and Conservation)
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Description
Sulfur dioxide (SO2) is a colourless gas with a pungent, 
suffocating odour. It can be a significant air pollutant in 
WA, particularly around industrial areas such as Kalgoorlie, 
Kwinana and Collie. It is produced by the combustion of 
fuels like coal, oil and diesel fuel, and in smelting of metallic 
sulfide ores. The sulfur content of a fuel can be reduced by 
refining, so that less sulfur dioxide is emitted when the fuel 
is burned. Sulfur dioxide oxidises in air to sulfite (SO3) which, 
when dissolved in atmospheric water droplets, forms sulfuric 
acid and potentially acid rain. Acid rain issues have not been 
researched in WA as the problem has not been recorded 
as it has in parts of America and Europe. This process is 
accelerated in the presence of particulates, assisting with the 
condensation of water droplets (see ‘Particulates’). Industry 
uses a similar chemical process to generate sulfuric acid.

Sulfur dioxide is a dangerous air pollutant because of its 
toxicity and corrosive properties. Sulfur dioxide is a strong 
irritant to the respiratory tract, causing breathing problems 
in people with sensitive airways. In addition, sulfur dioxide 
can corrode buildings and other infrastructure, and damage 
aquatic systems and vegetation, including agricultural crops.

Objectives
• To protect health, amenity and the environment by 

ensuring that levels of sulfur dioxide in the air meet the 
relevant standards.

Condition
There are standards in place for sulfur dioxide via the National 
Environment Protection (Ambient Air Quality) Measure (NEPM) 
to ensure community health is not compromised. They include:

Sulfur dioxide:  
Averaging period: one hour; Maximum concentration: 
0.20 ppm; 

 Goal by 2008 (maximum exceedences): one day per year 
Averaging period: one day; Maximum concentration: 0.08 
ppm;

 Goal by 2008 (maximum exceedences): one day per year 
Averaging period: one year; Maximum concentration: 0.02 
ppm;

 Goal by 2008 (maximum exceedences): none

There is also a State policy (the Environmental Protection 
(Goldfields residential areas) (sulfur dioxide) Policy 2003) that 
specifies emissions standards for the Goldfields, including:

Sulfur dioxide:  
Averaging period: one day;  
Maximum concentration: 0.2 ppm.

 Goal by 2008: the current number of allowable 
exceedence days is three per year. The goal is to 
progressively reduce the number of exceedences to meet 
the NEPM goal (one day per year) in 2008.

Indicator A19: Ambient levels of sulfur dioxide compared 
to National Environment Protection (Ambient Air Quality) 
Measure standards and goals.

Kalgoorlie–Boulder, Kwinana and Collie are the major 
settlements experiencing sulfur dioxide issues. Kalgoorlie–
Boulder has had a dramatic improvement in sulfur dioxide 
levels over the last decade (Figure A5.1), although the 
environment protection policy standards are occasionally 
exceeded. Since 1998, the NEPM goal of no more than 
one exceedence per year has been met. At Kwinana, sulfur 
dioxide emissions have not exceeded the standard since 
1993 (Figure A5.2). Collie has remained below the standard 
since monitoring commenced in 1995, although a cautious 
view needs to be taken of these results because monitoring 
at industry sites suggested that the location may not be 
representative of the local airshed (Figure A5.3). Emission 
reductions at both Kalgoorlie and Kwinana have been 
achieved due to improved regulation and best practice 
industry technology. Sulfur dioxide is also measured at 
Rockingham and Wattleup, but no exceedences of the 
standard have been recorded at these sites.

Key findings

•  Sulfur dioxide emissions have dramatically 
improved in Kalgoorlie and Kwinana since the 
early 1990s and are now meeting national 
emissions standards. 

•  The creation of additional coal-fired power 
stations has the potential to increase sulfur 
dioxide concentrations in their vicinity.
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Figure A5.1: Ambient yearly range of sulfur dioxide levels 
(one-hour average) at Kalgoorlie Regional Hospital air 
quality monitoring station, compared with the Australian 
standard for exposure.
Data source: Department of Environment and Conservation. 
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Figure A5.2: Ambient yearly range of sulfur dioxide levels 
(one-hour average) at Hope Valley air quality monitoring 
station, compared with the Australian standard for exposure.
Data source: Department of Environment and Conservation. 
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Figure A5.3: Ambient yearly range of sulfur dioxide levels 
(one-hour average) at Collie air quality monitoring station, 
compared with the Australian standard for exposure.
Data source: Department of Environment and Conservation. 
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Table A5.1: Exceedences of National Environment Protection 
(Ambient Air Quality) Measure standard for sulfur dioxide in 
Western Australia, 1998–2004.

Location Year Month

Kurrawang 1999 January

Kurrawang 2000 March

Kalgoorlie Airport 2000 April

Coolgardie 2000 June

Hannans Golf Course 2000 August

Kalgoorlie Airport 2000 August

Kalgoorlie Council Yard 2000 August

Kalgoorlie Airport 2000 November

Kalgoorlie Council Yard 2000 November

Boulder Shire Yard 2001 November

Metals Exploration site 2001 May

Kalgoorlie Regional Hospital 2001 December

Data source: Department of Environment [ver.2005]. Note: all locations are in 
Kalgoorlie and surrounding areas. 

Kwinana industrial area (Department of Environment and Conservation)
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Twelve exceedences of the NEPM standard for sulfur dioxide 
occurred between 1998 and 2004 (Table A5.1). With the 
exception of the Kalgoorlie Regional Hospital exceedence, 
most were recorded in the Kalgoorlie-Boulder area at industry 
sites. There were no exceedences recorded at monitoring sites 
in the Perth area (Figure A0.1). 

Pressures

Indicator A20: Level of sulfur dioxide emissions in  
Western Australia.

Ambient sulfur dioxide levels around Kalgoorlie have fallen 
following the installation of scrubbing equipment at the 
largest industrial source (metal smelters), and are expected 
to be successfully controlled into the future. However, 
National Pollutant Inventory estimates of emissions of sulfur 
dioxide across the State have generally been increasing 
(Figure A5.4) since 1999–2000 (emissions data prior to 
this are unreliable). However, it should be noted that many 
more companies and facilities reported their emissions in 
later years than did in earlier years, which may account for 
the overall increase (186 facilities from 30 industry sources 
in 1999-2000 compared to 279 facilities from 40 industry 
sources in 2005-06) (Department of the Environment and 
Water Resources, 2007). 

Although there has been a very significant improvement in 
SO2 levels around Kwinana, vigilance needs to be maintained 
because health effects can be seen at concentrations less 
than NEPM levels. There are now considerable pressures due 
to expansion of existing industries, the lack of available land 
for more industry and the construction of new homes in the 
buffer zone. 

The levels of sulfur dioxide at Collie are under comparatively 
less pressure from emissions, but future construction of coal-
fired power stations is likely to result in it becoming more of 
an air quality issue. 
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Figure A5.4: Estimated sulfur dioxide emissions in Western 
Australia from various sources.
Data source: Department of the Environment and Water Resources - National 
Pollutant Inventory sulfur dioxide Western Australia [ver. 2007].

The Air Quality in Perth: 1992–2002 study (Department of 
Environmental Protection, 2003) found ambient sulfur dioxide 
levels were negligible in the Perth airshed, and had decreased 
from industrial sources. The gradual shift in energy sources 
from coal to natural gas, tighter sulfur dioxide controls and 
installation of sulfur recovery units at Kwinana industries are 
thought to have contributed to the emission decrease for 
Perth (Department of Environmental Protection, 2003).

Current responses
Environmental protection policies: were established to 
provide regulatory standards and limits for sulfur dioxide 
levels for Kwinana (December 1999) and Kalgoorlie (March 
2003). It should be noted that although both Kalgoorlie and 
Kwinana have policies in place, they have a different purpose 
in each location. The focus in Kwinana is controlling industrial 
emissions, while at Kalgoorlie it has been to limit emissions 
when meteorological conditions are likely to affect the local 
community. There has been concern about short periods 
of exposure to high levels of sulfur dioxide, and a review is 
underway to assess the practicability of introducing a 10-
minute standard: currently the shortest averaging period is 
one hour (National Environment Protection Council, 2004b).

Environmental Protection (Diesel and Petrol) Regulations 
1999: were introduced as a way to improve fuel quality, and 
therefore emissions, from existing vehicles. The regulations 
aim to phase out leaded petrol, limit emissions of evaporative 
hydrocarbons from vehicles, reduce sulfur content of petrol 
and diesel to improve performance of three-way catalytic 
converters, and other initiatives to reduce environmental 
impacts. 

National Pollutant Inventory: The National Environment 
Protection (National Pollutant Inventory) Measure defines 
substances for which companies and governments need 
to report emissions. This provided the framework for the 
development and establishment of an internet database 
designed to provide publicly available information on the 
types and amounts of certain chemicals being emitted to the 
air, land, and water (Environment Protection and Heritage 
Council, 2006).

Implications
The most common health symptoms resulting from inhalation 
of sulfur dioxide are coughing, wheezing and shortness of 
breath. Some people experience a burning sensation in their 
airways. Asthmatics are most sensitive to sulfur dioxide, 
usually suffering a sharp short-term decrease in lung function, 
but repeated exposure does not seem to worsen symptoms 
(Department of Environmental Protection, 2000a). In addition 
to human health consequences, sulfur dioxide can cause 
corrosive damage to buildings and other infrastructure, 
aquatic systems and vegetation, including crops (Department 
of Environment, 2003a). Australian studies indicate that crop 
yields can be affected by prolonged exposure to 0.05 ppm 
and greater concentrations, while trees suffer leaf damage at 
0.08 ppm (Department of Environmental Protection, 2000a). 
Sulfur dioxide is known to go into solution and form acid rain 
in parts of Europe, Asia and America, but this has not been 
researched in WA.

suggested responses

2.17  Implement the Perth Air Quality Management 
Plan and other sulfur dioxide regulations and 
policies: significant progress has been made 
with lowering emissions in problem areas, but 
further work is still required. 

2.18  Develop and implement an air quality 
management plan for regional areas where 
significant sources of sulfur dioxide emissions 
exist or are planned.



State of the environment report WeStern auStralia 2007

 a
tm

o
s

p
h

e
r

e 
e
m

e
r

g
in

g
 is

su
e 

- o
x

id
es

 o
f 

n
it

r
o

g
en

45

emerging issue –  
oxides of nitrogen

Oxides of nitrogen is classed as an emerging issue due to its 
potential to cause significant impacts on human health and 
the atmosphere, however it is currently well below NEPM 
standards in areas where it is monitored. Subsequent State of 
the Environment reports may include it as a full issue. Some 
data is included in ‘Photochemical smog’ as it is a significant 
precursor for this issue. 

‘Oxides of nitrogen’ (NOx) is a broad term used to include 
nitric oxide (NO), nitrogen dioxide (NO2), nitrous oxide (N2O), 
or mixtures of these compounds. They are all precursors 
of photochemical smog (see ‘Photochemical smog’). Nitric 
oxide is a colourless and odourless gas that oxidises in the 
atmosphere to form nitrogen dioxide, an odorous, brown, 
acidic and highly corrosive gas that can affect human health 
and the wider environment. Nitrogen dioxide is a lung irritant 
and may lower immunity to respiratory infections. Exposure to 
high levels of nitrogen dioxide causes severe lung injury and 
has been demonstrated to increase the effects of exposure 
to pollutants such as ozone, sulfur dioxide and inhalable 
particulates (National Environment Protection Council, 1998). 
At high concentrations, nitrogen dioxide can reduce plant 
growth and cause visible injury, including damage to foliage 
that can inhibit crop yield. It can also fade and discolour 
fabrics, react with surfaces and furnishings and reduce visibility 
(Environmental Protection Agency & Queensland Parks and 
Wildlife, 2003). Nitrous oxide is a colourless non-flammable 
gas with a pleasant, slightly sweet odour. It has an anaesthetic 
effect (commonly known as laughing gas), but is also a potent 
greenhouse gas.

Oxides of nitrogen are emitted by internal combustion engines, 
industrial and commercial boilers in power generation and 
from industrial combustion processes, with motor vehicle 
emissions being the major source in urban areas. Natural 
sources of nitrogen oxides are from lightning and oxidation 
of ammonia, but these constitute a very small proportion of 
overall atmospheric concentrations. Indoor sources of nitrogen 
dioxide include unflued gas stoves and heaters and other 
combustion devices.

Standards are in place for nitrogen dioxide via the National 
Environment Protection (Ambient Air Quality) Measure (NEPM) 
to ensure community health is not compromised. They include:

Nitrogen dioxide: Averaging period: one hour; Maximum 
concentration: 0.12 parts per million;

 Goal by 2008 (maximum exceedences): one day per year 
Averaging period: one year; Maximum concentration: 0.03 
parts per million; 
Goal by 2008 (maximum exceedences): none

Standards for health are measured as nitrogen dioxide, 
whereas standards for environmental emissions are measured 
as total oxides of nitrogen.

Nitrogen dioxide and other oxides of nitrogen are generally 
low in WA and below the NEPM standards. The Air Quality 
in Perth: 1992–2002 study (Department of Environmental 
Protection, 2003) found there had been no improvement in 
ambient nitrogen dioxide concentrations over the study period. 
Slight trends to increasing daily maximum concentrations 
(based on one-hour averages) were recorded at some 
monitoring sites. Emissions from area-based sources (e.g. 
commercial shipping and off-road vehicles), motor vehicles 
and industry have significantly increased since 1992. Increased 
emissions from motor vehicles are a result of increase in the 
number of vehicles and age of the vehicle fleet (average of 11 
years) in Perth (Australian Bureau of Statistics, 1999, cited in 
Department of Environmental Protection, 2003).

Monitoring for nitrogen oxides has also been conducted 
at Dampier and Karratha for the Pilbara Air Quality Study 
(Department of Environment, 2004a), Port Hedland (BHP 
Billiton, 2005) and Wagerup in the South West (Alcoa 
Australia, 2005). Past monitoring has shown low nitrogen 
dioxide levels in these regions, below the NEPM standard. 
However, monitoring is no longer conducted at the Pilbara 
study sites, and data from industry sites is not readily 
available, so it is not possible to be certain the standard has 
been met in these areas in recent years.

Although design changes to vehicles and higher fuel 
standards have been implemented in WA to reduce nitrogen 
oxides, it is likely that population growth will result in more 
vehicles and therefore more nitrogen oxide pollution in Perth 
and regional centres. Changes to industrial processes have 
incorporated low nitrogen oxide emission burners in new 
installations, and the technologies are now well accepted 
by industry. Generally, greater reliance on natural gas fired 
power generation may have the adverse effect of increasing 
emissions of nitrogen oxides, but this has to be balanced 
against other environmental benefits.

Design changes to car engines have reduced emissions of oxides of nitrogen since the 1970s (Department of Environment and Conservation)
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emerging issue –  
indoor air

Indoor air is classed as an emerging issue due to its potential 
to cause significant impacts to human health, however there 
is currently inadequate information to report more fully on 
this issue. 

Indoor air refers to air inside residential dwellings and vehicles. 
It does not include workplaces or occupational-related indoor 
air quality. Indoor air quality is significant as some people may 
spend 90% or more of their time indoors, and it is generally 
accepted that poor indoor air quality can result in health 
problems (Woodcock & Custovic, 1998; Scarborough, 2004). 
Unfortunately, impacts of indoor air quality on heath have not 
been investigated systematically in Australia.

Increasingly, buildings are becoming more sealed from the 
external environment, and this can lead to pollutants from 
indoor sources being found at higher concentrations in 
buildings that are not well ventilated. For example, office 
equipment such as photocopiers and printers has been shown 
to emit respirable particulates, ozone and a range of reactive 
organic compounds (Brown, 1996). In addition, more humid or 
temperature controlled environments inside buildings provide 
ideal conditions for spread of mould or mildew (especially in 
bathrooms). Fungi can be toxic to humans and pets, and result 
in breathing difficulties, dizziness, headaches and recurrent 
infections (Nelson, 2001). Substandard or old buildings can 
develop problems with rising damp, begin to decay, contain 
materials such as asbestos or lead, or allow entry of pests and 
vermin, all of which can lead to poor indoor air quality. 

The use of gas stoves, unflued gas heaters and wood heaters 
can contribute a large percentage of indoor pollutants, 
including nitrogen dioxide and carbon dioxide. A national 
audit of wood heaters showed that many in use did not 
comply with Australian standards (Environment Australia, 
2002b) and many were being operated incorrectly (Todd, 
2003). The audit found more than 120 gas and aerosol 
species in homes, comprising various air pollutants 
(Environment Australia, 2002b). Environmental tobacco 
smoke is considered one of the main contributors to poor 
indoor air quality, releasing about 4000 chemicals, including 
carbon monoxide, nicotine, formaldehyde, ammonia and at 
least 43 other chemicals known to be human carcinogens 
(QuitWA, 2005). 

Reactive organic compounds are irritants to the human 
respiratory tract and can invoke allergic reactions. They are 
found in solvents, floor adhesives, paints, cleaning products, 
furnishings, polishes and room fresheners. A relationship has 
been observed between children presenting to hospitals with 
asthma and exposure to elevated reactive organic compounds, 
such as benzene, ethylbenzene and toluene (Rumchev et al., 
2004). Formaldehyde is found in many furnishings, glues 
and building materials, and can irritate eyes and may cause 
respiratory problems. Other indoor pollutants such as carbon 
monoxide, asbestos, pesticides, radon and lead have received 
limited study of their relationship to human health, but are 
generally present in very low concentrations indoors. 

Biological contaminants such as moulds, dust mites, insect 
faeces, pollen, viruses, bacteria and protozoa are known 
to have allergenic or pathogenic effects on some people. 

Occurrence and health effects of some organisms are well-
known (e.g. dust mites, and the bacterium Legionella) but 
there has been little investigation of the impact of other 
microbial contaminants on indoor air quality in Australia 
(Environment Australia, 2001b). Some diseases or illnesses 
are closely related to the indoor environment. ‘Sick building 
syndrome’ occurs when occupants experience acute health 
effects and discomfort that appears to be linked to time 
spent in a building, but where no specific illness or cause 
can be identified (United States Environmental Protection 
Agency, 1991). ‘Building related illness’ describes symptoms 
of a diagnosable illness which is identified and can be 
attributed directly to indoor air contaminants (United States 
Environmental Protection Agency, 1991). Legionnaires’ disease 
is a serious (and sometimes fatal) type of pneumonia caused by 
bacteria of the genus Legionella. It occurs naturally in soil and 
water but can become concentrated in artificial environments 
such as showers, spas, fountains, cooling towers associated 
with air conditioning and industrial cooling processes, and 
potting mixes (State Government of Victoria, 2004).

Poor indoor air quality has significant implications for human 
health. This may present as physical or psychological symptoms 
that are very individual, complex and often poorly defined. 
Pollutants such as sulfur dioxide, nitrogen dioxide, ozone, 
inhalable particulates, and reactive organic compounds can 
affect lung growth. In addition, they may also cause respiratory 
problems and lower the immune system (Department of 
Environmental Protection, 2000a). Occupants of buildings 
with poor indoor air quality can suffer from severe effects 
such as asthma, allergic responses, cancer risk and illnesses or 
have mild and generally non-specific symptoms. Some health 
effects may show up years after exposure, or only after long or 
repeated periods of exposure, and thus can be characterised 
as long-term health effects. These can be severely debilitating 
or fatal, include respiratory diseases and cancer, and are 
associated with indoor air pollutants such as pathogens, radon, 
asbestos and environmental tobacco smoke.

Old, inefficient wood heaters can contribute to poor indoor air quality 
and high particulate loads in some areas. There have been efforts 
by the State Government to buy and recycle them (Department of 
Environment and Conservation).
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emerging issue –  
air toxics

Air toxics are classed as an emerging issue due to its potential 
to cause significant impacts to human health, however there 
is currently inadequate information to report more fully on 
this issue.

Air toxics are gaseous, aerosol or particulate pollutants that 
are present in the air in low concentrations and have toxicity 
or persistence that is hazardous to human, plant or animal 
life (National Environment Protection Council, 2005). The 
term ‘air toxics’ includes a very wide variety of chemicals and 
compounds. While air toxics can be released from natural 
sources such as bushfires, the major emission sources are 
related to industry, motor vehicles, cigarette smoking and 
building products and equipment. The highest concentrations 
of toxic emissions originate from industrial processes and 
the combustion of fossil fuels for these processes. However, 
motor vehicles contribute the highest overall load of air toxics 
to the atmosphere (Tibbett, 2004). 

Many air toxics are highly volatile and evaporate readily into 
air, allowing inhalation. While the levels that endanger public 
health have not been established, it is believed that long-
term exposure to even very low levels could have adverse 
effects. Some health effects may take many years to become 
evident and some air toxics have synergistic effects (causing 
higher toxic effects in combination than individually). Cancer, 
pulmonary disease, neurological or gastrointestinal effects, 
respiratory congestion and irritation to the eyes, nose and 
throat are some of the serious or debilitating effects of 
exposure to air toxics (Tibbett, 2004). Native fauna and flora 
are also susceptible to toxic effects. 

In Australia, some air toxics have been recognised in the 
National Environment Protection (Air Toxics) Measure which 
designates levels of pollutants at which investigation should 
occur (as opposed to standards set for ambient air quality) 
(National Environment Protection Council, 2004a). The 
pollutants covered by the air toxics NEPM are benzene, 
benzo(a)pyrene (as a marker for polycyclic aromatic 
hydrocarbons), formaldehyde, toluene and xylenes. Through 
the Living Cities Air Toxics Program, the Commonwealth 
Government identified a group of priority pollutants as a 
starting point for focusing attention on the development of 
national strategies for the management of air toxics  
(Table A8 .1). 

The key air toxics of concern in WA include heavy metals, 
benzo(a)pyrene (polycyclic aromatic hydrocarbons), volatile 
organic compounds, persistent organic pollutants and 
asbestos. Very limited data on the levels of these pollutants 
is available and in some cases no data is available. Heavy 
metal air toxics include arsenic, lead (indoor air), cadmium, 
mercury, chromium, nickel and their associated compounds. 
While lead levels in Perth were historically high, it is no longer 
considered to be a problem (see ‘Outgoing issue – Lead’). 
The Perth Haze Study found polycyclic aromatic hydrocarbon 
levels in Perth were high in Duncraig (an area impacted by 
wood smoke) compared to Swanbourne and Caversham 
(Department of Environmental Protection, 1996; Environment 
Australia, 1999). Volatile organic compounds include 
benzene, toluene, chlorofluorocarbons (CFCs), halons, carbon 
tetrachloride and some pesticides. Studies of airborne reactive 
organic compounds in Perth have shown low levels of volatile 
organic compounds, benzene, toluene, ethylbenzene and 
xylene (Department of Environmental Protection, 2000b; 
Environment Australia, 2003) compared to other Australian 
cities and the relevant standards. The Background Air Quality 
(Air toxics) Study gathers data for some air toxics at thirteen 
metropolitan sites and compares them to NEPM guidelines 
and international standards. Results have been recorded for 
volatile organic compounds at sites in Albany and Kalgoorlie 
(see former Department of Environment website), but data 
have not yet been analysed in detail.  

Table A8.1: Compounds listed as air toxics under the Living Cities Air Toxics Program.

Priority pollutants

Acetaldehyde Methylenebis (phenylisocyanate) (MDI)

Acroleina Nickel and compounds

Acrylonitrile Polycyclic aromatic hydrocarbons (PAHs)

Arsenic and compounds Polychlorinated biphenyls (PCBs)

Benzene Phthalates 

1,3–Butadiene Polychlorinated dioxins and furans

Cadmium and compounds Styrene

Chromium (VI) compounds Tetrachloroethylene

Dichloromethane Toluene

Fluoride compounds Toluene–2,4–diisocyanate

Formaldehyde Total volatile organic compoundsa

Mercury and compounds Trichloroethylene

Methyl ethyl ketone Vinyl chloride (monomer)

Methyl isobutyl ketone Xylenes

Criteria pollutantsb identified for consideration in the indoor context

Carbon monoxide Oxides of nitrogen

Lead and lead compounds Respirable particulate matter

Data source: Environment Australia (2002a). Notes: (a) Volatile organic compounds are now known as reactive organic compounds. All reactive organic compounds in a sample 
are included, such as acrolein, acrylonitrile, benzene, methyl ethyl ketone, styrene, tetrachloroethylene, toluene, toluene–2,4–diisocyanate, trichloroethylene and xylenes.  
(b) Criteria pollutants are those for which ambient air quality NEPM standards have been defined.
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outgoing issue  –  
Lead

Atmospheric lead was addressed in the 1998 State of the 
Environment Report but since then, its importance as an 
environmental issue has decreased. Unless environmental 
health experts consider that it increases in importance, it will 
not be considered in the subsequent reports. 

Airborne lead particles are produced from a number of 
sources including the disturbance of lead-based paints used 
on exterior walls of houses, pollution from lead-producing 
industrial areas, and contaminated dust, soils and water 
bodies (Government of Western Australia, 1998). Prior to 
the introduction of unleaded petrol in WA, motor vehicle 
emissions contributed approximately 90% of the lead in 
the atmosphere, except for major point sources such as 
lead-smelting facilities (Department of the Environment and 
Heritage, 2004b).

High levels of lead in the atmosphere can have detrimental 
effects on human health. Lead is absorbed following 
inhalation of contaminated air. While small amounts may 
cause few or no symptoms, larger amounts have a range 
of effects on the body including cramps, nausea, anaemia, 
headaches and high blood pressure. Intellectual and 
developmental problems are possible side-effects in children. 
Historically, atmospheric lead was well above the standard 
in Perth, but has fallen steadily and is now at very low levels 
(Figure A9.1).
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Figure A9.1: Lead concentration in Perth’s atmosphere over 
time, compared with the Australian standard for exposure, 
1991–2001.
Data source: Department of Environment [ver. 2005].

Growing concerns about the dangers of lead for human 
health instigated government action, including the phasing 
out of lead based paints in the 1970s and legislation requiring 
all new motor vehicles to run on unleaded petrol as of 1986 
(Government of Western Australia, 1998). The lead content of 
leaded fuels was gradually reduced from 0.4 to 0.2 grams per 
litre between 1993 and 1996, and the transfer of leaded fuel 
to lead-replacement fuel occurred on 1 January 2000 in WA. 
Fuel containing lead was no longer available for sale after that 
date. The Commonwealth Government took the same step 
nation-wide two years later (Australian Institute of Petroleum, 
2002).

In 1996–97 the average maximum lead level concentration 
in Perth’s atmosphere was 0.22 micrograms per cubic 
metre. By 2001 this had decreased ten fold to an annual 
average maximum of 0.02 micrograms per cubic metre. 
Monitoring ceased on at the end of 2001 in response to lead 
levels becoming increasingly undetectable and apparently 
stabilised at approximately 4% of the national standard, 
with no exceedences (Department of Environment, 2003a). 
Atmospheric lead is no longer considered a problem in WA 
however, lead remains a significant health concern in some 
areas of WA (such as Esperance). 
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outgoing issue   
carbon monoxide 

Carbon monoxide was identified as an issue in the 1998 State 
of the Environment Report (Government of Western Australia, 
1998), but is not identified as a major environmental issue for 
this report. 

Carbon monoxide is an air pollutant produced by incomplete 
combustion of carbon-based fuels (e.g. petrol, diesel, oil, gas, 
wood or coal). Carbon monoxide (CO) is a colourless and 
odourless gas and is a common urban air pollutant. Carbon 
monoxide can have significant health effects. It is absorbed 
into the body via the lungs and enters the blood stream, 
where it reduces the blood’s ability to deliver oxygen to organs 
and tissues. Exposure to carbon monoxide at high levels is 
poisonous to humans, and may result in increased incidence 
and duration of angina pectoris (chest pain sometimes leading 
to heart attack), visual impairment, reduced motor skills, poor 
learning ability, difficulty in performing complex tasks and low 
birth weight (Department of Environmental Protection, 2000a).

In Perth, 80% of all carbon monoxide emissions are from 
motor vehicle exhausts (Department of Environmental 
Protection, 2002a). The highest recorded levels of carbon 
monoxide are in areas of dense vehicle traffic (Government 
of Western Australia, 1998). Other significant sources of 
carbon monoxide include power generation, domestic solid 
fuel heaters and burning vegetation. It is also formed in the 
atmosphere by the oxidation of methane. 

Two network monitoring stations have been selected to show 
concentrations of carbon monoxide monitored in the Perth 
airshed over time. The Duncraig monitoring station displays 
a strongly seasonal trend with high emissions during winter 
from wood heaters, but no trend from year-to-year is obvious 
(Figure A6.1). The Queens Building station in Perth’s central 
business district primarily detects motor vehicle emissions 
(Figure A6.2), and shows that ambient CO concentration is 
declining. Overall, ambient carbon monoxide concentrations 
in the Perth airshed have been decreasing since 1992 and 
no exceedences of the NEPM standard has been recorded (A 
Grieco, Department of Environment, pers. comm.).

Carbon monoxide is a good example of positive progress 
arising after implementation of progressively better 
technologies to reduce emissions from motor vehicles. 
Efficiency gains from better engine technologies have  
resulted in a significant reduction in emissions of both  
carbon monoxide and oxides of nitrogen from vehicles.  
The decline in carbon monoxide concentration has  
occurred despite increases in total vehicle kilometres  
travelled and number of vehicles registered (see ‘Transport’). 
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Figure A10.1: Ambient yearly range of carbon monoxide 
levels at Duncraig air quality monitoring station, compared 
with the Australian standard.
Data source: Department of Environment and Conservation. 
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Figure A10.2: Ambient yearly range of carbon monoxide 
levels at Queens Building (Perth central business district) air 
quality monitoring station, compared with the Australian 
standard for exposure.
Data source: Department of Environment and Conservation. 
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Key findings

•	 There	is	inadequate	information	about	
WA	soil	and	landform	condition.

•	 Vegetation	cover,	which	provides	a	
protective	layer	for	land,	decreased	in	
64%	of	monitored	bioregions	in	the	
South	West	between	1996	and	2004.

•	 Vegetation	cover	decreased	in	22%	of	
monitored	bioregions	in	the	rangelands	
over	the	last	decade.	

Theme 3
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Western Australia has a total land area of 253 million 
hectares, equivalent to one-third of Australia. The Western 
Plateau is the dominant landmass, consisting of very old 
rocks, some over 3000 million years old. Several areas have 
been given individual ‘plateau’ names such as Kimberley, 
Hamersley, Arnhem Land and Yilgarn. In the Perth area, 
younger rocks along the Swan Coastal Plain are separated 
from older parts by the Darling Fault escarpment. The 
Nullarbor Plain is an uplifted limestone sea floor, estimated to 
be 25 million years old. 

The land resource is fundamental for sustaining life and 
ecological processes. It is essential for supporting native 
ecosystems and maintaining biodiversity; providing a 
foundation for humans to live; supporting the production 
of food, fibre, timber and minerals; preserving historical and 
landscape information; and supporting spiritual, recreational, 
scientific, cultural and educational values.

Landscapes include landform, soils, human settlements 
and all natural resources and ecosystems on the land, 
including inland waters and biodiversity. However, landform 
and soils are the focus of this theme; the other aspects of 
landscape have been addressed elsewhere in this report. 
The land resource has been highly modified since European 
settlement. Native vegetation, which provides a protective 
cover for the land, has been removed or degraded in 
many areas to allow for urbanisation, agriculture, mining, 
pastoralism and infrastructure development (including 
buildings, pipelines, roads and railways). The amount and 
rate of removal or degradation of native vegetation is a 
consequence of population growth, the consumption of 
natural resources to support it and economic productivity 
(see ‘Fundamental pressures’). Altering land from its 
natural state inevitably results in changes to soil health and 
landscape functionality. If persistent, these changes can lead 
to environmental problems and rapid deterioration of both 
aquatic and terrestrial ecosystems.

Objectives
• Protect and enhance the condition of the State’s land 

resources so that they sustain other natural resources and 
productive capacity.

• Reduce and eliminate where practical the major processes 
that degrade or threaten to degrade the State’s land 
resources and its associated environmental values.

• Conserve land resources, landscapes and land values 
identified as most important to the State. Manage and use 
the land resource in a sustainable manner and rehabilitate 
land where practical. 

• Ensure that land users have production systems based 
on land capability, innovation and the best possible 
management practices.

Headline indicators

Indicator L1: Percentage	of	monitored	bioregions	in	the	
South	West	showing	a	net	decline	in	vegetation	cover.	

Land Monitor satellite images between 1996 and 2004 
provide a measure of change in vegetation cover, with 64% 
of monitored bioregions showing a net decline and 36% 
showing a net increase. There are thirteen bioregions in the 
South West, which includes the land between Geraldton 
and Esperance. A decline in South West vegetation cover 
is likely to have contributed to several land issues including 
salinisation, erosion and loss of soil health. There was no 
information available for two of 13 bioregions.

Indicator L2: Percentage	of	monitored	bioregions	in	
the	rangelands	where	a	net	decline	in	vegetation	has	
occurred.

Declines in rangeland vegetation contribute to soil erosion 
and loss of soil health. Changes to perennial shrubland 
density and grassland frequency are assessed at sites in the 
Western Australian Rangelands Monitoring System (WARMS). 
Site comparisons were made between recent and historical 
assessments – roughly three years apart in the Kimberley 
and five years apart in other rangeland areas. Only 22% of 
monitored bioregions showed a net decline in rangeland 
vegetation (that is, more sites showed a decline compared to 
those that remained stable or improved). Seventy eight per 
cent of monitored bioregions showed either no change or a 
net increase in rangeland vegetation. There was insufficient 
or no information for 14 of 41 bioregions in the State’s 
rangelands, located mostly in the interior desert region.
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Figure L0.1:	Profit-at-full-equity	for	agriculture,	a	five-year	average,	1992–97.
Data source: CSIRO [ver.1997]; Analysis: CSIRO; Presentation: EPA.

Overall condition
Landforms are the terrain and underlying rocks and soils that 
help shape the land. In WA they include major features such 
as basins, plains, plateaus and ranges, and minor features 
such as hills, valleys, slopes and dunes. Mining activities, 
road construction and development of human settlements 
have the largest impact on natural landforms. Mining 
involves the extraction of minerals and ores from hills and 
ranges (e.g. pits or quarries), often resulting in significant 
landform modification. New landforms can be created (e.g. 
artificial hills) as a result of dumping of waste rock left over 
from mining. Landforms are also modified to make the land 
more suitable for human settlements, such as providing for 
transport, infrastructure, and the construction of houses. 
At this time, it is not possible to broadly assess landform 
condition in WA.

Soils consist of small rock and mineral particles (which 
may include mixtures of clay, silt, sand and gravel), organic 
material, air, moisture and living organisms. Humans often 
modify soil properties to enhance plant growth, build 
infrastructure, increase water infiltration, and resist erosion 
by wind and water. When soils are used beyond their 
natural capacity, soil rehabilitation and treatments are often 

required. Generally, information about soil condition is only 
collected where it is considered to be of value for determining 
agricultural or pastoral productivity. At this time, it is not 
possible to broadly assess soil condition in WA.

Agricultural productivity can provide a general indication 
of soil condition. Soils in good condition are generally 
more productive and profitable than those with nutrient 
deficiency, poor structure, low organic content, or affected 
by salinisation, acidification, contamination or erosion. Profit-
at-full equity for farmland represents the economic return on 
the land from agriculture and pastoralism (Commonwealth 
of Australia, 2001b; Figure L0.1). These data must be 
interpreted with some caution given their age and the limited 
number of farms actually surveyed. However they provide 
a general indication of land productivity across the State. 
Land in the South West is generally more profitable than in 
the rangelands where returns are typically lower. However, 
negative returns are also evident in some parts of the South 
West, which may indicate marginal productive farmland or 
land degradation problems (such as salinisation, acidification, 
erosion and loss of soil health). While there are many options 
to make soils more productive, the challenge is to ensure 
these methods are implemented across a wide scale.
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Effectiveness
Fifty actions were identified for the ‘Land’ theme in response 
to the 1998 State of the Environment Report (Government of 
Western Australia, 1998). Of these 28% remain incomplete, 
60% have been completed but not evaluated, and only 12% 
have been completed and evaluated. With the exception of 
land salinisation, monitoring of other land issues is sparse 
and relies heavily on modelling. In addition, the effects of on-
ground actions are difficult to detect and it may take many 
years of monitoring before environmental outcomes become 
apparent. Consequently, even though a large proportion 
of these programs are complete, it has been very difficult 
to evaluate actual environmental outcomes, and increased 
monitoring and evaluation efforts are urgently needed. 
Initiatives of the National Action Plan for Salinity and Water 
Quality and the Natural Heritage Trust programs may improve 
monitoring of land issues, such as land salinity, soil erosion 
and soil acidification.

suggested responses

3.1  Develop and implement a State Soil Protection 
Policy to ensure that all soil resources are 
managed in a sustainable manner and 
protected for the long term. 

 See also ‘Loss of degradation of native 
vegetation’:

• Prohibit clearing in local government areas 
with less than 15% native vegetation 
remaining and prohibit further clearing of 
vegetation types that have less than 10% of 
their pre-European extent.

• Develop and implement a policy of ‘no net 
loss’ of native vegetation due to land use that 
comprehensively considers biodiversity values 
in clearing applications. 

• Establish a central database to make 
information on all clearing activities (including 
environmental impact assessment) publicly 
available. 

• Carefully monitor for illegal clearing and 
breaches of conditions set under the 
Environmental Protection Act 1986 and take 
appropriate action should they occur.

Western	Australia	has	an	abundance	of	unique	geological	landforms,	such	as	those	found	in	Purnululu	National	Park	(Tourism	WA)
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indicative extent of iSSue

Key findings

• It is estimated that 75% of Australia’s dryland 
salinity problem is in WA.

• About 1.1 million hectares of South West land 
is currently salt-affected. 

• Over 14 000 hectares of land is lost to land 
salinisation each year (equivalent to 19 football 
ovals per day). 

Land saLinisation
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priority  
rating: 1

Description
Saline landscapes are a natural feature of low rainfall parts of 
WA to which many flora and fauna species have adapted over 
time. Salt is normally stored deep in the soil below the root 
zone of native vegetation. Problems arise when unaffected 
land becomes salty due to widespread land clearing and 
replacement of native vegetation with annual crops and 
pastures that use less water. This can have deleterious 
impacts for native ecosystems that are not accustomed to 
persistent elevated salinity. 

Shallow rooted annual crops and pastures and bare soil 
typically use much less water compared to native vegetation. 
Excess water not used by vegetation seeps into the soil, past 
the root zone, and contributes to groundwater stores. This 
increase in storage in areas from which native vegetation 
has been removed occurs at a much faster rate than would 
otherwise occur naturally. Over time, continued recharge 
causes groundwater watertables to rise, bringing with them 
salt stored deep in the soil. For this reason it may take several 
decades for land salinisation to become noticeable on the land 
surface following clearing of native vegetation. This process is 
called ‘dryland salinisation’ and now affects a significant area 
of agricultural soils in the South West (Government of Western 
Australia, 2000). Local geology, topography and groundwater 
aquifer characteristics also play an important role in the 
susceptibility of land to salinisation. 

Land salinisation can also result from irrigation of agricultural 
land. ‘Irrigation salinity’ is typically caused by recharge of 
groundwater from excessive irrigation and leakage from 
irrigation channels, causing watertables to rise and bringing 
salt to the surface. In both dryland and irrigation salinity, saline 
groundwater near the soil surface kills native vegetation, 
reduces biodiversity, results in loss of agricultural productivity, 
and damages infrastructure.

Objectives
The State Salinity Strategy lists specific goals for managing 
the impact of land salinisation in the South West agricultural 
zone (Government of Western Australia, 2000). Objectives 
relevant to the land resource include to:

• Reduce the rate of degradation of agricultural and public 
land, and where practical recover, rehabilitate or manage 
salt-affected land;

• Protect and restore high value natural ecosystems and 
maintain natural diversity (biological and physical) within 
the South West; and

• Provide communities with the capacity to address salinity 
issues and to manage the changes brought about by 
salinity.

Condition

Indicator L3: Area	of	salt-affected	land.

The National Land and Water Resources Audit estimated 
that about 75% of Australia’s dryland salinisation problem 
is in WA, the worst affected area being the South West 
agricultural zone (Commonwealth of Australia, 2001a). The 
extent of salt-affected land has historically been difficult 
to ascertain. Modelling methods, expert assessments and 
farmer surveys have produced estimates of area affected and 
possible trends that often disagree. Recent analysis of Land 
Monitor data, using a combination of satellite imagery and 
ground truthing, has proven to be a more reliable means of 
generating accurate information (McFarlane et al., 2004). In 
1989, over 859 300 hectares (ha) were impacted by dryland 
salinity, representing 2.6% of local government land and 
4.6% of agricultural land. By 1996, nearly 957 600 ha had 
been affected, representing 2.9% of local government land 
and 5.1% of agricultural land. The increase in salt-affected 
land over this seven-year period is an increase of 14 000 
hectares per year. A continuation of this rate would suggest 
that about 1 112 000 ha of South West land is likely to be 
affected by dryland salinisation in 2007.
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Legend

Salinity	Extent	and	Area	at	Risk

Salinity extent (2003)

Area at risk of developing a high water table

Extent of salinity mapping

Waterways

Waterbodies

Figure L1.1:	Extent	of	salt-affected	land	in	2000	and	the	area	at	risk	of	developing	high	water	tables.
Data source: Department of Land Information – Land Monitor [ver. 2005], Presentation: EPA.

Most salt-affected land is located in low-lying valley floors, 
adjacent to Wheatbelt waterways and wetlands (Figure 
L1.1). The extent of salt-affected land varies among local 
government areas, with many waterways and wetlands in 
the eastern Wheatbelt being naturally saline. However, the 
extent of dryland salinisation in some local government 
areas is significant, some being more than 10% affected 
in 1996 (Table L1.1). Eight of the top 10 local governments 
with a dryland salinity problem are situated in north-west 
parts of the Avon Wheatbelt, where average annual rainfall 
is low (300–450 mm per year). The extent of salt-affected 
land continues to worsen in many areas. Seventeen local 
governments recorded increases in affected land of more 
than 0.5% between 1989 and 1996. While this rate of 
growth appears small, land salinisation is a slow-developing 
problem and has cumulative effects over time.

Land	salinisation	results	in	a	reduction	of	productive	agricultural	land	
(Department	of	Agriculture	and	Food)
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Table L1.1: Top 10 local governments most affected by dryland salinisation in 1996, excluding natural salt-affected areas.

Local government district Local government area  
(hectares)

Per cent salt-affected land in 
1996

Per cent change 1989–96

Koorda 283 268 15.1% 0.48%

Dalwallinu 722 071 11.7% 0.14%

Nungarin 116 236 11.1% 3.40%

Wongan–Ballidu 336 712 10.9% 0.70%

Wyalkatchem 159 561 10.9% –0.24%

Goomalling 183 480 8.9% 0.27%

Tambellup 143 634 8.6% 0.92%

Lake Grace 1 038 210 7.7% 0.68%

Moora 376 296 7.7% 1.46%

Tammin 110 108 7.7% 0.31%

Data source: McFarlane et al., 2004; D McFarlane, CSIRO, pers. comm.
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Indicator L4: Area	of	land	at	risk	of	salinisation.

Recent estimates indicate that up to 5.4 million hectares of 
land in the South West is potentially at risk of salinisation 
(McFarlane et al., 2004; Department of Environment, 
2003). About 80% of this is agricultural land, but it also 
includes important areas of native vegetation, wetlands 
and infrastructure. Estimates of future land salinisation 
should be treated with some caution because areas at 
risk may not become saline due to factors such as climate 
change or changes in land use or water balances. Even local 
hydrogeology and soil types may affect how susceptible a 
particular area of land is to salinisation.Land at future risk 
of dryland salinisation represents an expansion of existing 
salt-affected areas (Figure L1.1). As watertables continue to 
rise, land situated higher in valleys becomes saline. As much 
as 43% of land in some local government areas is potentially 
at risk (Table L1.2). Seven of 10 local government districts 
most at risk of dryland salinisation (in terms of area of land 
affected) are located in the mid to north-west Wheatbelt 
areas of the Avon River Basin. Most of these districts are 
characterised by a flat landscape, low rainfall (<350 mm per 
annum) and poor drainage.

Table L1.2: Top 10 local governments at highest potential risk of 
dryland salinisation.

Local government 
district

Local government 
area (hectares)

Per cent of land 
at potential risk of 
dryland salinity

Nungarin* 116 236 43.0%

Tammin* 110 108 36.9%

Koorda* 283 268 35.9%

Wyalkatchem* 159 561 35.8%

Kellerberrin 191 363 35.2%

Tambellup* 143 634 34.3%

Trayning 165 020 32.2%

Woodanilling 112 882 32.1%

Dowerin 186 012 31.7%

Morawa 350 840 31.5%

Data source: McFarlane et al., 2004; D McFarlane, CSIRO, pers. comm. Note * : 
These local governments were among the top 10 local governments most affected by 
dryland salinisation in 1996.

In some areas, such as the Swan and Scott coastal plains, 
a salinity hazard is present despite little evidence of land 
salinisation. These areas are particularly prone to irrigation 
salinity, having poorly drained soils that are subject to 
waterlogging. About 40% of the Swan Coastal Plain (a 
stretch from Gingin to Dunsborough) is at risk of increased 
salinity and there is already some evidence of salt scalds 
appearing (Government of Western Australia, 2000). 
Irrigation salinity is also a possible threat to the Ord River 
Irrigation Area with groundwater salinity levels being elevated 
in some areas.

Clearing of native vegetation for agriculture has caused widespread salinity 
including in the Durrokoppin Nature Reserve in the Yilgarn District (Department 
of Environment and Conservation).
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Pressures
Historical widespread clearing of perennial native vegetation 
and its replacement with low water-using annual crops and 
pastures has contributed to altered hydrological regimes in 
the South West agricultural zone. Although most broadscale 
clearing ceased many decades ago, clearing controls and 
legislation are now in place to protect native vegetation 
remnants. Unfortunately, excessive overclearing of native 
vegetation occurred in some areas. For example, 93% of 
native vegetation in the Avon–Wheatbelt bioregion has been 
cleared, resulting in significant land salinisation problems and 
loss of biodiversity.

Surprisingly, loss or degradation of vegetation cover is 
still continuing in the Wheatbelt, as shown by changes 
apparent from Land Monitor data (see ‘Loss or degradation 
of native vegetation’). Temporary loss or degradation of 
vegetation cover in eastern areas (rangelands) may be 
attributed to broad scale fires, with much of this bushland 
likely to regenerate over time. In coastal and Wheatbelt 
areas, vegetation loss or degradation is likely to be caused 
by clearing of native vegetation for agriculture or urban 
development, harvesting of plantations, land salinisation or 
Phytophthora-induced dieback. Further investigation and on-
ground truthing of satellite imagery data is required to explain 
why loss or degradation of vegetation is still occurring. 
Irrespective of the cause, the continued loss of perennial 
vegetation cover is not desirable and further exacerbates 
salinisation in susceptible areas.

Although local improvements have been noted, regional 
groundwater modelling across the South West agricultural 
zone suggests a long-term trend of mostly rising or stable 
groundwaters and none falling significantly (see ‘Altered 
water regimes’). Under these conditions dryland salinisation 
can be expected to worsen. About 16% of land (4.65 million 
hectares) in this region already has shallow watertables 
(Department of Agriculture, 2001). Assuming groundwater 
trends remain constant, 20% (6.37 million hectares) of the 
region is at high risk of shallow watertables by 2020, and 
33% (13.66 million hectares) by 2050 (Short & McConnell, 
2001). These figures were calculated on the basis that 
watertables were less than 2 m from the soil surface or 
between 2–5 m and rising. It should be noted that not all 
land with shallow watertables will be affected by salinisation.

There is recent evidence to suggest that the drying climate 
in the South West has lowered local groundwater levels in 
some places. A decrease in winter rainfall and general lack 
of ‘wet winters’ are likely to have slowed the rate of land 
salinisation, especially for central and eastern Wheatbelt 
areas. Some areas cleared a long time ago appear to be 
reaching groundwater equilibrium, while the trend of rising 
groundwater continues in recently cleared areas, such as high 
rainfall parts of the Wheatbelt and south coast (Indian Ocean 
Climate Initiative, 2005). 

Current responses
State	Salinity	Strategy: was released in 2000 and focused 
on developing a partnership-based approach, prioritisation 
tools, improved protection and conservation mechanisms, 
promoting further research and development, and ways 
to help the farming community move to more sustainable 
production systems. In response to the strategy, the State 
Government formed the Natural Resource Management 
Council and a stronger strategic role for regional natural 
resource management groups in managing salinity.

Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP): are two Commonwealth 
Government programs that aim to ensure environmental 
(on-ground) improvements occur via a targeted strategic 
approach at the regional level. Natural resource management 
groups in the South West, South Coast, Northern 
Agricultural, Avon and Swan regions have recognised dryland 
salinisation as a threat to natural resources, and have projects 
to manage salt-affected land and protect valued natural 
assets at risk. Irrigation salinity has been recognised as a 
threat in the Ord River catchment by the Rangelands regional 
group.

Engineering	Evaluation	Initiative: is a State Government 
project to mitigate land salinisation by investigating a range 
of engineering options including deep drains, groundwater 
pumping, diversion and surface water management. It is 
also investigating options for safe saline water disposal and 
regional drainage planning. 

Monitoring: Land Monitor produces satellite images that 
accurately map the extent of salt-affected land and its change 
over time and changes in areas of forest and perennial wood 
vegetation. Groundwater monitoring by the Department of 
Agriculture and Food is undertaken across the South West 
agricultural zone to assist in modelling and management of 
salt-affected and at-risk areas.

Salinity	Investment	Framework:	is a prioritisation tool 
developed to help guide investment of funds towards 
projects that have the best chance of protecting high value 
assets from salinity. This prioritisation method has since been 
applied to broaden natural resource management investment 
to consider other environmental issues.

Remnant	vegetation	protection	and	management: The 
revised Environmental Protection Act 1986 now protects all 
native vegetation and replaces former Regulations under 
the Soil and Land Conservation Act 1945. Clearing of 
remnant vegetation is prohibited unless a permit is granted 
or an exemption applies. Clearing controls still apply in 
some recovery catchments where total clearing bans are in 
place. Significant areas of remnant vegetation are protected 
in conservation reserves managed by Department of 
Environment and Conservation.

Revegetation: Combined with other management efforts, 
revegetation of cleared areas has been pivotal in reducing 
the threat of land salinisation and lowering salinity in 
waterways. There are currently no reliable estimates of land 
revegetated with perennial woody vegetation. However, 
specific estimates are available in the Denmark and Collie 
river catchments, where dedicated restoration work has been 
undertaken to recover salt-affected water supplies. Between 
1990 and 2002, nearly 50% of previously cleared areas 
in the upper Denmark River catchment were converted to 
plantations. In the Collie River catchment, 27% of previously 
cleared areas had been converted to plantations by 2000. 
Recent surveys (Department of Agriculture, 2006) indicate 
that 40% of farmers in the Wheatbelt planted non-irrigated 
perennial pastures and 32% planted saltland pasture species. 
Twenty per cent of farmers across the South West planted 
trees for commercial production (e.g. oil mallees, pines and 
bluegums) and 60-70% planted trees and shrubs. Between 
60–80% of farmers acted to preserve or enhance areas of 
conservation value.
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Commercial	revegetation	projects: Innovative tree farming 
programs, such as Infinitree, have been established in recent 
years, partnering the Forest Products Commission with 
farmers and investors to create commercial tree plantations 
(largely blue gums, sandalwood, and pine) on farm 
properties. In addition the Department of Environment and 
Conservation, in conjunction with the Collaborative Research 
Centre for Plant Based Management of Dryland Salinity, is 
developing new commercial industries based on native plants 
such as oil mallee.

Research: Murdoch University is investigating Wheatbelt deep 
drains and whether they are an effective strategy for alleviating 
salinisation in the Wheatbelt. The CSIRO Water for a Healthy 
Country program is undertaking research evaluating Wheatbelt 
drainage and developing models to help assess drainage plans. 
Recent biodiversity surveys of the South West agricultural zone 
will also provide important baseline information for future 
research and monitoring.

Recovery	catchment	programs: focus on stabilisation 
and improvement of important natural resource assets 
impacted by salinity. For drinking water resources, action is 
currently being taken in the Collie, Denmark, Warren, Kent 
and Helena catchments to reduce salinity levels in runoff to 
water supplies. There are also six natural diversity recovery 
catchments (Toolibin Lake, Muir–Unicup, Lake Warden, Lake 
Bryde, Buntine-Marchagee and Drummond) focused on the 
conservation and recovery of wetlands and other salinity-
threatened assets. The Rural Towns Program provides 38 rural 
communities with necessary tools to fight townsite salinity. 
Monitoring bores in these towns have enabled improved 
modelling of salinity spread and the development of town-
specific salinity management strategies.

Collaborative	Research	Centre	for	Plant	Based	
Management	of	Dryland	Salinity: The centre is at the 
forefront of research in understanding ecosystem functions 
and their responses to salinisation, in developing and trialling 
various land use systems and vegetation options for sustainable 
farming, and in best productive use for salt affected land. 
The centre is soon to become the Future Farm Industries 
Cooperative Research Centre with a focus on research into 
novel dryland farming methods in a changing climate, and 
industry opportunities based on perennial plants. 

Implications
Land salinisation results in a rapid and catastrophic collapse 
of terrestrial and aquatic ecosystems. Biodiversity has already 
declined in the South West and some 450 plant and 400 
animal species are at risk of global or regional extinction as a 
result of salinisation and other hydrological changes. Previous 
estimates indicate that up to 80% of bushland on farms and 
50% of bushland on public lands in agricultural areas will 
eventually be affected (George et al., 1995). Salinisation is 
likely to reduce animal species by 30% in affected areas; a 
50% reduction for waterbirds is anticipated due to salinity-
induced loss of habitat (Government of Western Australia, 
2000). Ecosystems situated low in the landscape, especially 
those associated with wetlands and waterways, are most at 
risk. Loss of vegetation to land salinisation also results in a 
loss of carbon storage, effectively contributing to increased 
greenhouse gases.

Land salinisation already results in significant impacts on 
agricultural productivity, such as reduced pasture, crop growth 
and shelter for livestock. Estimated annual economic costs of 
dryland salinity across Australia are $664 million, based on 
best-guess estimates and not including the costs of strategies 
to combat salinity impacts on biodiversity (Commonwealth 
of Australia, 2001a). The true economic cost of dryland 

salinisation, taking into account off-site costs, is not known 
but is conceivably in the billions of dollars (Land and Water 
Resources Research and Development Corporation, 1999). 
Farmers in affected areas, already under difficult circumstances, 
are faced with having to modify their farming practices and 
investigate alternative land use options. However, land use 
changes will generally not have any significant impact on the 
effects of salinisation for at least 20 years (Commonwealth 
of Australia, 2001a; Short & McConnell, 2001). Damage from 
flood flows may also increase significantly as the proportion 
of land affected by shallow watertables increases (Bowman & 
Ruprecht, 2000; George et al., 1999).

Twenty South West towns are currently affected by dryland 
salinity and about 15 000 km of rail and road networks 
are currently at risk, with shorter infrastructure lifespans 
expected. Impacts on road and rail infrastructure are 
expected to double in the next 50 years (Commonwealth 
of Australia, 2001a). Social ramifications of land salinisation 
can also be significant. Apart from lost farm income, land 
owners may have to spend more time and money combating 
lost agricultural productivity and damaged infrastructure. 
Adaptation and changes to traditional production systems 
may be required and families unable to cope with the 
uncertainty and change may leave farming. This is already 
occurring in some Wheatbelt towns where falling population 
has led to withdrawal of services and closure of businesses in 
a cycle leading to further rural community decline. Salinised 
landscapes may also reduce recreational, cultural and spiritual 
values and affect the tourism industry.

suggested responses

3.2  Continue to implement the recommendations 
of the State Salinity Strategy, recognising it 
as a component of the proposed State Soil 
Protection Policy. Although significant progress 
has been made, more focus should be given 
to integrating engineering and plant based 
solutions to cater for a variety of farm and 
catchment characteristics, and promoting 
alternative farming systems in low to moderate 
rainfall areas.

3.3  Continue the Land Monitor program to 
provide five-yearly updates of the extent of 
land salinisation in the South West.  Land 
Monitor remains one of the few tools to 
accurately measure regional trends in land 
salinisation and to evaluate the effectiveness 
of actions. 

 See also ‘Salinisation of inland waters’:

• Develop and implement a strategic policy 
and governance framework for agricultural 
deep drainage which fully incorporates 
environmental principles. 

• Develop and implement an evaluation 
framework to consider deep drainage in the 
context of integrated solutions where such 
options are environmentally sound.

• Enhance routine monitoring of waterways and 
wetlands currently impacted by, and at future 
risk of, salinisation.
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Description
Soil erosion occurs through soil being blown or washed from 
the land. It is a natural process that usually occurs at low 
rates and is influenced by slope of landscapes, climate, soil 
type, vegetation cover and land use. Water erosion occurs 
when flowing water mobilises soil. It has the potential to 
redefine landforms, often contributing to landslides on hill-
slopes, river bank collapses and the creation of gullies (steep 
incised channels). Eroded soil can enter inland waters causing 
sedimentation and eutrophication problems. Wind erosion 
occurs where wind detaches and removes bare dry soil. 
Erosion of fine soils by wind often contributes to dust storms 
and high levels of airborne particulates.

Soil erosion is accelerated by activities such as vegetation 
clearing, cultivation, mining, fires, earthworks and livestock 
grazing. Soils are more susceptible to erosion if they are not 
protected by vegetation cover or are left exposed to wind 
or water flow. This becomes exacerbated during intensive 
storm events, floods or drought conditions. Loss of fertile 
topsoils to erosion exposes less fertile subsurface soils and 
results in reduced agricultural productivity and health of 
native vegetation. It may also cause the undermining of 
infrastructure (such as roads, buildings, bridges, fences, etc.) 
or the filling of drains, water supplies and inland waters. 
Severe erosion leads to poor soil structure in remaining soil, 
reduced water infiltration and general loss of soil health.

Objectives
• To minimise the extent and severity of soil erosion.

• To stabilise eroded lands and where practical, rehabilitate 
them.

Condition

Indicator L5: Extent	and	rate	of	soil	erosion.

Soil erosion data in WA are generally inadequate. 
Determining the extent of soil erosion across the State is 
difficult because of the large area of land potentially affected, 
the diversity of land uses and climate variability. Models can 
be used to predict erosion-susceptible areas, using factors 
such as rainfall erosivity, surface vegetation cover, soil 
erodability, slope of the land and soil management practices.

Reconnaissance surveys at 70 sites undertaken for the 
National Landcare Program in the 1990s, demonstrated 
potential rates of soil erosion across the State (McFarlane 
et al., 2000; Loughran et al., 2004). Small amounts of the 
radioactive isotope, caesium-137, were deposited in WA soils 
in the 1950s following atmospheric nuclear weapons testing. 
Subsequent disappearance of the isotope from soil has been 
used as a measure of the cumulative loss of soil from both 
wind and water erosion. Soil erosion rates varied enormously 
across the State, ranging from less than 1 tonne per hectare 
per year (t/ha/yr) to 46 t/ha/yr recorded at a pasture-cropping 
rotation site near Kendenup. Nearly two-thirds of selected 
sites across the State had erosion rates of less than 5 t/ha/yr. 
On average the highest rates of soil erosion were recorded 
in the Kimberley, west Pilbara and Gascoyne districts (Table 
L2.1). These survey results should be interpreted with some 
caution given the limited number and representativeness 
of sites across a very large area of land and land uses. 
Nevertheless, the survey does provide an indication of soil 
erosion rates possible in WA. 

soiL erosion

Key findings

• Erosion rates vary significantly across the 
State, with the Kimberley and the west Pilbara 
having the highest average rates of soil loss. 

• Declines in soil stability have been noted in the 
Gascoyne, Murchison, Pilbara and Kimberley. 
Improvements in soil stability have been noted 
in the Goldfields and Nullarbor. 

• About 50–60% of Wheatbelt farmers are 
using land management techniques to reduce 
soil erosion. 

3.2

2priority  
rating:
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Indicator L6: South	West	erosion	risk.

Modelling of water and wind erosion risk is undertaken in 
the South West by the Department of Agriculture and Food. 
A complex mix of factors contributes to wind and water 
erosion. Soils on steep sloping lands in high rainfall areas are 
most susceptible to water erosion because of higher flows 
and speed of runoff. Landscapes that concentrate water 
flow also increase potential water erosion, while adequate 
vegetation cover helps to slow water flow across the soil, 
allowing infiltration to occur. The parts of the South West 
most susceptible to water erosion are hilly with high rainfall, 

such as forested areas of the Darling Range and coastal areas 
of the south coast (Figure L2.1). Areas susceptible to wind 
erosion include those with dry soils and a high proportion 
of fine sands. Soils with weak structure and water repellent 
properties may also be susceptible. Vegetation cover and 
undulating landscapes help to reduce wind velocity, thereby 
reducing the susceptibility of soil to wind erosion. The 
parts of the South West most susceptible to wind erosion 
are coastal areas from Bunbury to Geraldton, the western 
Wheatbelt and south-east agricultural areas (Figure L2.2).

State of the environment report WeStern auStralia 2007

Table L2.1: Average net soil loss as determined by caesium-137 depletion in soils of various regions and rainfall zones.

Region Average rainfall (mm) Average net soil loss (t/ha/yr)

South West horticulture – Pasture Belt 700–1400 4.75

South West pasture – Wool Belt 500–700 9.82

South West crop – Pasture Belt 300–500 6.56

West Pilbara & Gascoyne <300 14.5

Goldfields <300 1.03

Kimberley 500–700 13.5

Data source: McFarlane et al., 2000.

Legend

Per	cent	of	the	Soil	Unit	with	High	to	
Extreme	Water	Erosion	Hazard

0-2%

3-9%

10-29%

30-49%

50-69%

70-100%

Insufficient information

  3
.2

 L
a

n
d

 s
o

iL
 e

r
o

s
io

n
   

Figure L2.1:	Modelled	water	erosion	risk	for	the	South	West.
Data source: Department of Agriculture [ver. 2005]; Presentation: Department of Agriculture. 
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Figure L2.2:	Modelled	wind	erosion	risk	for	the	South	West.
Data source: Department of Agriculture [ver. 2005]; Presentation: Department of Agriculture. 
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Wind	erosion	of	soil	can	smother	vegetation	and	accumulate	in	drains	and	roads	(Department	of	Agriculture	
and	Food)
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Indicator L7: Rangeland	erosion	risk.

The Western Australian Rangelands Monitoring System 
monitors changes in vegetation and soil at sites in the 
pastoral rangelands (Watson & Novelly, 2004). Its soil stability 
index shows the ability of soil to withstand erosive forces and 
reform after disturbance (Figure L2.3). A greater proportion 
of sites in the Goldfields and Nullarbor districts show stable 
or improved soil stability compared to previous assessments. 
In contrast, a greater proportion of sites in parts of the 
Gascoyne, Murchison, Pilbara and Kimberley districts show 
some decline in soil stability. These areas may be susceptible 
to increased soil erosion.

Figure L2.3:	Soil	stability	in	the	pastoral	rangelands,	by	
bioregions.
Data source: Department of Agriculture – WARMS [ver. 2005]; Analysis: EPA; 
Presentation: EPA. Note: Data derived from WARMS Landscape Function Analysis 
– Soil Stability Ratio.

Pressures
The most significant pressures leading to erosion are 
agricultural or pastoral practices that increase exposure and 
vulnerability of soils. These include removal of protective 
vegetation cover through clearing or grazing, cultivation 
of crops and chemical changes to the soil (e.g. salinisation 
or increased water repellence). Density of livestock or feral 
and native animals on pastoral land can have a significant 
influence on soil erosion. Comparing actual livestock stocking 
rates with the land’s carrying capacity is useful for tracking 
sustainable use of pastoral land (see ‘Pastoralism’). Stocking 
rates in the Pilbara district have been increasing over the 
past decade in areas known to have naturally erosive soils. 
In contrast, stocking rates in the Gascoyne and Murchison 
districts have fallen in recent years, more than likely due to 
drought conditions.

Retention of native vegetation minimises wind and water 
erosion, although this is not always achievable for developed 
land. Soil erosion in the rangelands can be a significant 
problem due to low vegetation cover. Monitoring results 

from WARMS sites were analysed at the bioregion scale to 
determine general change in perennial vegetation density (in 
the shrublands) and frequency (in the grasslands). A majority 
of sites in bioregions had stable or improving vegetation 
cover over the past decade (see ‘Loss or degradation of 
native vegetation’). Only a few bioregions in the Murchison 
and Pilbara had a majority of sites with declining vegetation 
density or grassland frequency. 

Vegetation cover in the South West has generally declined 
in the period 1996–2004, and by more than 8% in some 
areas according to Land Monitor satellite imagery (See ‘Loss 
or degradation of native vegetation’). Significant potential 
for soil erosion is likely in coastal areas from Busselton to 
Geraldton, where significant loss of vegetation cover has 
already occurred. Many Wheatbelt areas have a low rate of 
vegetation loss over this period because many areas have 
already been cleared with few areas of remnant vegetation.

Several studies of agricultural land show that 20–30% 
vegetation cover reduces soil erosion by as much as 80–90% 
(Findlater et al., 1990; Freebairn, 2004). In the largest erosion 
events, water runoff and soil movement are greatest for 
bare soil but reduce where minimal tillage (i.e. retaining 
crop stubble after harvesting) soil management is employed. 
Stubble or vegetation reduces the speed of water runoff by 
creating a more meandering pathway for water flow and 
allows more water to infiltrate into the soil. Eastern states 
studies show a 50% reduction in maximum speed of water 
runoff and a ten-fold reduction in soil movement in paddocks 
where stubble is retained, compared to bare soil (Freebairn & 
Wockner, 1986). Recent surveys (Department of Agriculture, 
2006) indicate that about 60% of farmers in the Wheatbelt 
currently use stubble retention or mulching practices to 
reduce soil erosion.

Erosion can be caused by water repellence of soils, where 
soil particles become hydrophobic (‘water-hating’). Dry 
coatings of organic matter can build up around soil particles, 
forming a waxy, water-repellent barrier. In heavy rains this 
can result in significant runoff and erosion on sloping land. 
Rills and gullies have been observed on soils that would have 
negligible runoff if they were not water repelling. Modelling 
by the Department of Agriculture and Food show the most 
water repellent soils in the South West are found on coastal 
soils between Bunbury and Geraldton, scattered parts of the 
central Wheatbelt, and coastal soils along the south coast.

Current responses
Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP): are two Commonwealth 
Government programs that aim to ensure environmental 
(on-ground) improvements occur via a targeted strategic 
approach at the regional level. All regional natural resource 
management groups have recognised soil erosion as a threat 
to natural resources and have identified projects for the 
remediation of eroded land and protection of valued natural 
assets at risk from erosion. 

Agriculture	extension	program: The Department of 
Agriculture and Food promotes application of best practice 
by farmers to minimise soil erosion, including use of grade 
banks, stubble retention, soil testing, and retention and 
protection of native vegetation. Recent surveys (Department 
of Agriculture, 2006) indicate that 64% of farmers in the 
Wheatbelt currently use stubble retention or mulching 
practices to reduce soil erosion. The surveys also show 58% 
of farmers in the Wheatbelt undertake regular monitoring of 
pasture and vegetation cover, and 41% of farmers undertake 
regular monitoring in high rainfall South West agricultural 
areas. Up to 73% of farmers in the Wheatbelt regularly 
utilise erosion and surface runoff controls such as grade 
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banks compared to 36% in high rainfall parts of the South 
West. About two thirds of pastoralists deliberately excluded 
stock from areas impacted by land degradation and about 
80% undertake formal monitoring of vegetation and pasture 
conditions. 

Ecosystem	Management	Unit	(EMU): Although this 
project has recently ceased, it provided many pastoralists 
with tools for the ecologically-based management of leases 
which brought together production, productive capacity 
and biodiversity management. The process utilised both the 
pastoralist’s local knowledge and the technical knowledge 
of ecologists to plan and implement on-ground actions for 
pastoral sustainability, including minimising soil erosion. 

Monitoring: A number of initiatives are underway to 
measure erosion potential and the effects of erosion. The 
Western Australian Rangelands Monitoring System provides 
regional scale assessments of trends in perennial vegetation 
and soil surface condition. The system is made up of 1628 
sites where changes in vegetation, soil and landscape are 
monitored. Satellite imagery has also been used to identify 
areas of wind erosion in the South West. Limited areas have 
been surveyed by this technique, which has proven cheap and 
effective compared to on-ground survey techniques.

Total	grazing	management	yards: Pastoral grazing can now 
be managed primarily through the distribution of watering 
yards on stations and by controlling animal access to them, 
thereby limiting uncontrolled grazing of vegetation and 
consequently limiting the extent and severity of erosion. 
The number of yards is difficult to ascertain, but estimates 
indicate approximately 1000 yards have been installed 
across 8 million hectares of pastoral land in the Gascoyne–
Murchison region (Rangelands Natural Resource Management 
Coordinating Group, 2005).

Implications
Soil erosion leads to land degradation and may also contribute 
to problems in inland waters and the atmosphere. It results 
in a loss of topsoil, often resulting in reduced soil fertility and 
structure and poor soil health. Erosion and corresponding 
deposition of soil can affect biodiversity by stripping native 
vegetation seed banks from topsoil, spreading weed seed and 
smothering habitat. Loss of valuable topsoil can dramatically 
reduce productivity of agricultural land, requiring additional 
soil treatments. It may also result in significant cost to the 
community through damaged infrastructure (e.g. collapsed 
fences and roads, filling of dams and reservoirs, clogging 
of irrigation systems, and the undermining of buildings). 
Eroded soil may accumulate on roads and railways affecting 
transportation, and cause increased flooding by filling drains 
and blocking outlets. Increased community effort may 
be required for restoration works, bank stabilisation and 
revegetation. Soil erosion can cause other environmental 
problems such as contributing to eutrophication problems in 
inland waters and contributing to fine particle air pollution 
(i.e. dust storms and high levels of particulates). Although the 
actual cost associated with soil erosion is difficult to quantify, it 
is undoubtedly substantial.

Severe	gully	erosion	on	a	farm	near	York	(Department	of	Agriculture	and	Food)

suggested responses

3.4  Enhance agricultural and pastoral programs 
addressing soil erosion and provide incentives 
to farmers and pastoralists to promote high 
adoption rates of best practice in managing 
soil erosion. 

3.5  Ensure integration of erosion control measures 
into farm and pastoral management plans.

3.6  Develop an agreed baseline of the extent and 
severity of soil erosion in WA.
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Description
Many soil types are naturally acidic. Problems arise when 
acidity increases and affects plant growth. Soil acidification 
occurs due to a gradual increase in the hydrogen ion content 
of the soil, and is measured by a decrease on the ‘pH’ scale. 
This scale varies from pH 0 (strongly acidic) to pH 14 (strong 
base), with pH 7 being neutral. The most widespread cause 
of soil acidification is from agriculture practices including 
application of nitrogenous fertilisers, the leaching of nitrate 
from legume crops and pastures, and the gradual removal 
of alkalinity (material that buffers against soil acidity) from 
soil into harvested or grazed plants. Unfortunately, these 
are side-effects of agricultural production. Acidification can 
also be caused by the oxidation of sulphide soil minerals 
during mining or land development, acid deposition from 
industrial atmospheric pollutants (e.g. sulphur dioxide) or land 
contamination.

Soil acidification is difficult to identify, particularly when 
it occurs below the soil surface. A decline in vegetative 
condition or agricultural productivity is often the first sign. 
The critical point for this decline is generally accepted to 
be about pH 4.5, but this varies among plant and crop 
species. Soil acidification is primarily managed through 
lime application, either as lime sand or crushed limestone. 
Dolomite is also used in some areas. Other practices such 
as reduced nitrogen fertiliser input, the use of nitrate-based 
fertilisers, improved timing of fertiliser application with regard 
to plant growth, and efficient irrigation practices can also be 
adopted to help reduce acidification. Over time, unchecked 

acidification can result in nutrient deficient soils and the 
accumulation of toxic materials, such as aluminium and 
manganese, which inhibits plant root growth and reduces 
crop yields. Unmanaged, it may also cause subsurface soil 
acidification (10–30 cm below the soil surface) which is much 
more difficult to treat.

Objectives
• To prevent the development of critical levels of soil 

acidification (pH < 4.5) in agricultural systems and 
return acidified soils to pH levels suitable for agricultural 
production.

• To minimise and prevent, where possible, formation of 
acid soils.

Condition

Indicator L8: Area	of	land	with	soils	at	risk	of	acidification.

Most farmers have a general awareness of soil acidity and 
knowledge of how to treat acidity problems. While no 
broadscale monitoring exists, regional modelling for the 
South West is available to determine areas at risk of surface 
and subsurface acidification. Most of the South West shows 
evidence of elevated surface soil acidity risk, although some 
soils are more susceptible than others (Figure L3.1). It is 
estimated about two-thirds of the agricultural Wheatbelt 
is affected by surface soil (topsoil) acidity, or is at risk of 
acidification. The estimated area of strongly acidic soils (pH 
< 4.8) is 1–8 million hectares, and of moderately acidic 
soils (pH 4.8–5.5) is an additional 7–19 million hectares 
(Commonwealth of Australia, 2001b). This area is much 
greater than the land affected by dryland salinisation (see 
‘Land salinisation’).

Subsurface soil acidity can have as much effect on plant 
growth as surface acidity, but is more difficult and costly to 
treat, and in the long term may be more problematic and 
threatening. It is estimated there are 0.2–4.8 million hectares 
of acid subsurface soils in Western Australia (Commonwealth 
of Australia, 2001b). The areas with, or at highest risk of, 
subsurface acidification include the northern Wheatbelt 
and soils from Perth to Geraldton and Augusta to Albany 
(Figure L3.2). Estimates for the Avon River Basin, indicate 
that about 93% of surface soils and 83% of subsurface soils 
have moderate to high risk of acidification (Department of 
Agriculture and Food, unpublished).

soiL acidification
3.3

Key findings

• About two-thirds of South West agricultural 
soil is at risk of acidification. 

• Between 1990 and 2004, use of lime and 
dolomite as a soil treatment increased nearly 
900%.

• Farmers are using about half of the lime 
required to maintain current acidity levels in 
South West soils.

• Subsurface acidification is now recognised as a 
serious and growing problem.

indicative extent of iSSue
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Figure L3.2:	Modelled	subsurface	soil	acidification	risk	for	the	South	West.
Data source: Department of Agriculture [ver. 2005]; Presentation: Department of Agriculture.
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Figure L3.1:	Modelled	surface	soil	acidification	risk	for	the	South	West.
Data source: Department of Agriculture [ver. 2005]; Presentation: Department of Agriculture.

Legend

Top	Soil	pH

> 70% slightly acid to neutral
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>70% slightly acid to strongly alkaline

50-70% slightly acid to strongly alkaline
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Insufficient information
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Subsurface	Acidification	H	azard
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Pressures

Indicator L9: Area	of	land	planted	for	cropping,	including	
legumes	and	wheat	crops.

Plants take up nutrients (including acid-buffering chemicals) 
from soil, resulting in a separation of acidity in the soil and 
alkalinity in the plant. As agriculture removes plants from 
land (by harvesting crops or grazing pasture) less alkalinity is 
returned to the soil and over time it becomes progressively 
acidic. In the 10 years from 1994–2004, the total area of 
land dedicated to cropping has increased by about one-third, 
from 6.1 to 8.1 million hectares (Commonwealth of Australia, 
2001b; Australian Bureau of Statistics, 2005). More land 
dedicated to cropping puts a greater area of land at risk of 
soil acidification. 

Grasses, legumes and wheat typically acidify the soil faster 
than pasture due to their inefficient use of nitrate. In contrast, 
annual and perennial pastures are able to establish earlier 
at the break of the season (when rain starts) and effectively 
utilise the nitrate thereby reducing the rate of acidification. 
The area under legume production has decreased by nearly 
40% between 1999 and 2005. This may help to alleviate high 
rates of soil acidification in some areas. The area under wheat 
production is about 13% higher and has increased in recent 
years due to favourable growing conditions (Table L3.1).

Table L3.1: Area	of	Western	Australian	land	under	legume	and	wheat	production,	1999–2005.

Year ending (June) 1999 2000 2001 2002 2003 2004 2005

Area of legume crop (‘000 hectares) 1229 1166 1077 990 866 732 776

Area of wheat crop (‘000 hectares) 4515 4556 4460 4350 4458 4917 5118

Data source: Australian Bureau of Statistics – Agricultural Commodities Australia reports.

Indicator L10:	Annual	amount	of	nitrogenous	fertiliser	
applied	per	hectare	in	agricultural	areas.

Fertiliser containing nitrogen is primarily used for enhancing 
grain and pasture production. Dependency on fertiliser in 
WA is rising. Between 1989–90 and 2001–02, the amount 
of nitrogen-based fertiliser applied to soil grew about 
450%, from 88 000 tonnes to 399 000 tonnes (McLennan, 
1996; Australian Bureau of Statistics, 2002). When these 
fertilisers leach into soil, ‘nitrification’ (the natural process of 
conversion of ammonium to nitrate) occurs, during which 
acid is produced. If growing plants take up nitrate the 
potential for acidification is reduced, but if nitrate is leached 
from the root zone then acidity can build up. All ammonium-
based fertilisers cause acidification, whether leached or 
not. Fertilisers that are not ammonium-based (such as urea) 
only cause soil acidification if the nitrate, into which they 
are converted, leaches from the root zone. Superphosphate 
fertilisers are not directly acidifying, but indirectly add to soil 
acidity by improving plant growth, and hence the amount of 
plant material (containing acid buffering chemicals) removed 
by harvesting or animal grazing. Application of sulfur to soil is 
also acidifying.

Current responses

Indicator L11:	Annual	amount	of	lime	applied	per	hectare	
in	agricultural	areas.

Soil acidification in agricultural areas is primarily managed 
through lime or dolomite application. Best practice guidelines 
indicate that lime should be applied at one to 1.5 tonnes per 
hectare every 3–7 years. If soil pH is below 4.5, then two 
applications of lime are required within 5 years to lift the pH 
to within the normal range, which is then maintained by a 
liming maintenance regime. The best agricultural production 
responses to lime have occurred when the topsoil pH is very 
low (i.e. pH < 4.5). Moderately acidic soils (pH 5–5.5) typically 
show little yield response but depending on the crop, season 
and yield potential this may not always be the case.

In 2004, the amount of lime and dolomite applied to 
agricultural soils affected by acidity was 1.03 million tonnes 
– the highest level of use yet recorded in WA (Figure L3.3). 
There is evidence of a gradual rise over the past decade in 
both the area of farmland treated and the quantity of lime 
being used. While growth in lime use is encouraging from an 
agricultural perspective, the actual amount of lime required to 
maintain current acidity in agricultural soils is about double (2 
million tonnes per year). Unfortunately, monitoring of lime use 
has since ceased and was not undertaken in 2005 and 2006.

Treatment of subsurface soil acidity with surface applications 
of lime can take many years. Subsurface soil acidification 
under crops has the potential to severely limit crop and 
pasture production. For long-term soil health, the prevention 
or minimisation of subsurface soil acidity is vital.
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Figure L3.3:	Western	Australian	lime	and	dolomite	use	and	
area	treated	over	time.
Data source: Australian Bureau of Statistics, 1996 & 2002; O’Connell & Gazey, 2003; 
C Gazey, Department of Agriculture and Food, pers. comm.

Indicator L12:	Percentage	of	farmers	undertaking	soil	pH	
testing.

Estimates of surface soil testing for pH vary from 30% 
of farmers testing portions of their farms ( Nutrient 
Management Systems, pers. comm.) to 65–75% of farmers 
undertaking regular pH testing of surface soils (Department 
of Agriculture, 2006). It is estimated that only 10% of farmers 
test acidity levels of subsurface soils (C Gazey, Department 
of Agriculture and Food, pers. comm.). Surveys also show 
that farmers have developed an increased awareness of 
acidification problems and the skills to help correct the 
problem (Department of Agriculture, 2006).

Draft	State	Lime	Supply	Strategy: was initiated in 1998 
with the intention of enabling informed decisions about 
lime production and supply in relation to environmental, 
conservation, urban and heritage issues. The Department of 
Industry and Resources oversaw development of the strategy, 
with guidance from other government agencies (Department 
of Industry and Resources, 2001). The strategy is currently in 
draft form and is considered to be an evolving document.

Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP): Through these two 
Commonwealth Government programs, the South West, 
Swan, Avon, Northern Agricultural and South Coast regional 
natural resource management groups have recognised soil 
acidification as a threat to natural resources. Strategies have 
outlined specific targets and onground projects to address 
soil acidification.

Integrated	Soil	Acidity	Research,	Development	and	
Extension	Program,	1992–2002:	The Department of 
Agriculture and Food in conjunction with University of 
Western Australia, the Grains Research Development 
Corporation, and the Natural Heritage Trust coordinated this 
program. It investigated methods for slowing the rate of soil 
acidification, establishing the relationship between the level 
of subsurface acidity and crop yield losses, and developed 
techniques to add alkalinity back to acidifying soils. It was 
supported by a promotional extension campaign ‘Time to 
Lime’, during which annual lime use by farmers increased by 
530% from 150 000 tonnes in 1994 to more than 800 000 
tonnes in 2002 (Figure L3.2). The number of farmers using 
lime rose by 240% from 1353 to 3292 over the same period 
(Department of Agriculture, 2003).

Implications
Across Australia, the economic implication of soil acidification 
is estimated to be five to six times higher than dryland salinity 
(Commonwealth of Australia, 2001b). Acidity is insidious, with 
yield declines of 20–30% occurring over time (Department 
of Agriculture, 2000). Such losses may go unnoticed if farm 
productivity is improving for other reasons, such as increased 
fertiliser use. Plant and crop growth is often limited because 
of a reduction in the availability of nutrients (calcium, 
magnesium, boron, molybdenum) or an increase in toxic levels 
of aluminium, iron or manganese. Toxic levels of aluminium 
decreases root growth which leads to reduced water uptake by 
plants and crops, hence contributing to other problems such 
as waterlogging, erosion and salinisation. Extreme acidification 
can result in poorly structured or hard-setting topsoils that 
don’t support enough vegetation to prevent soil erosion. Soils 
may also acidify to the point where acid, nutrients, sediment 
and heavy metals are exported and impact nearby inland 
waters (see ‘Acidification of inland waters’).

Liming is viewed as the major remediation option for soil 
acidification on farms. Risks of substantial farm losses exist if 
liming programs are not commenced before critical surface and 
subsurface pH levels are reached. However, due to the rapid 
increase in lime use in agricultural, mining and construction 
industries, significant pressure has been placed on existing 
and potential limestone stocks. Lime is currently quarried at 
about 30 coastal sites between Geraldton and Esperance, with 
many situated in areas of conservation value. These sites are 
under significant threat from increased lime mining activity as 
demand increases, and questions are being raised about the 
sustainability of liming.

suggested responses

3.7  Develop and implement a Soil Acidification 
Management Strategy as a component of 
the proposed State Soil Protection Policy, 
covering all types of acid soils. 

3.8  Finalise and implement the draft State 
Lime Supply Strategy incorporating 
sustainability principles. 

3.9  Develop an agreed baseline of the extent 
and severity of soil acidification in WA. 
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Description
Land contamination is defined as land that has a pollutant 
(or pollutants) at above-background concentrations causing, 
or with the potential to cause, adverse impacts to human 
health, the environment or any environmental value. For this 
issue, ‘pollutants’ refers to chemicals such as heavy metals, 
pesticides, herbicides, oils, hydrocarbons and other toxic 
chemicals. 

The toxicity and persistence of pollutants in soils, as well as 
their direct uptake by people, plants and animals, is the major 
concern with land contamination. The extent and severity 
of contamination will depend on pollutant type, land uses 
and industries, soil types and the effectiveness of pollution 
controls, if any exist. If the pollutant does not adhere to soil 
particles it may be mobilised by wind and water flow, or 
leached by soil water and transported by groundwater flow. 
For this reason, contaminated sites may cause both on-site 
and off-site environmental impacts. Contaminated sites are 
usually identified after the polluting activity or land use has 
ceased and the land is being redeveloped for another use. 
Some contaminated sites are identified once groundwater 
pollutant plumes are detected in inland waters or bore water. 

Soil pollutants can affect human, plant and animal health 
if direct contact is made with contaminated soils or water, 
or if inhalation of chemical vapours and contaminated dust 
occurs. Impacts may vary in severity from reduced growth 
and reproduction to sickness, mutations and, in extreme 
cases, death. The effect of some toxic pollutants is increased 
by their ability to persist and build up in the environment over 
a very long period of time.

Objectives
The Contaminated Sites Act 2003 identifies a specific 
objective to: 

• protect human health, the environment and environmental 
values by providing for the identification, recording, 
management and remediation of contaminated sites in the 
State; and identifies a principle that:

• all reasonable and practicable measures should be taken 
to minimise the generation of waste and its discharge into 
the environment.

Condition

Indicator L13:	Spatial	extent	and	number	of	known	
contaminated	sites,	by	sector.

The actual number of contaminated sites in WA is difficult 
to determine. In 1995 it was estimated there were 1500 
sites, with about 80% thought to be on the Swan Coastal 
Plain as a result of extensive land development, and major 
industry and manufacturing operations. New regulations 
under the Contaminated Sites Act 2003 have enabled 
better identification of contaminated sites in WA, through 
mandatory reporting of known or suspected contaminated 
sites. Although the Department of Environment and 
Conservation has a database of suspected contaminated sites, 
many require further investigation to clarify whether they are 
actually contaminated. As of March 2007, 1358 contaminated 
sites had been formally reported to the department. A 
significant number of additional sites is expected to be 
reported in 2007, to meet mandatory reporting requirements.  

Known contaminated sites are mostly linked to past land 
uses for heavy industry, service stations, power stations, 
gasworks, landfill sites, mine sites, chemically intensive 
industries and some agricultural land uses (e.g. feedlots, 
market gardens). Service industries and the oil, petroleum 
and energy sectors currently account for over two-thirds 
of new contaminated sites identified (Figure L4.1). A high 
number of contaminated sites associated with the services 
sector can be attributed to land redevelopment. Remediation 
and treatment activities are normally required to ensure 
future land uses are not at risk of contamination.

Key findings

• As of March 2007, about 1350 contaminated 
sites have been reported in WA. 

• Nearly 40% of reported contaminated sites 
are identified during land redevelopment. 

• The Contaminated Sites Act 2003 and 
regulations are now fully operational and have 
resulted in a dramatic increase in identified 
sites due to mandatory reporting. 

3.4
Land contamination
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Figure L4.1:	Proportion	of	identified	Western	Australian	
contaminated	sites	by	sector.

Data source: Department of Environment and Conservation.

Indicator L14:	Number	of	identified	contaminated	sites	
over	time.

There has been a trend towards increasing identification 
of contaminated sites since the early 1990s (Figure L4.2). 
Most of this increase can be attributed to greater awareness 
and identification of contaminated sites in relation to 
land redevelopment. Since 1992, improved leak detection 
capability for underground storage tanks of petrol stations 
has also led to improved identification of contaminated sites. 
A peak in 2004 is due to the identification of about 180 
individual sites as a result of the Northbridge Redevelopment 
Project in Perth. New regulations for the Contaminated Sites 
Act 2003 became operational in December 2006, and is 
expected to result in a dramatic increase in the number of 
contaminated sites recorded in 2007. 

Figure L4.2:	Number	of	contaminated	sites	reported	to	the	
Department	of	Environment	and	Conservation,	1992–2006.
Data source: Department of Environment and Conservation.

Pressures
The main causes of land contamination are poor or 
inadequate practices linked with the manufacture, use 
and disposal of chemicals by past or current industrial, 
agricultural or commercial activities. Point (local scale) 
contamination sources include chemical spillage, leakage 
of chemicals from landfill sites, storage drums, tanks, pipes 
and drains. Leakage of chemicals often occurs during 
industrial plant operation, storage or transportation. The 
main contaminants from industrial operations or waste that 
have potential to contaminate land include acids, alkalis, 
metals, surfactants, solvents and organic chemicals (such 
as phthalates, phenols, oils, aromatics, polycyclic aromatic 
hydrocarbons, polychlorinated biphenyls, halogenated 
aliphatics, pesticides, radionuclides and biological 
contaminants). Diffuse (broad scale) contamination sources 
usually include leaching of contaminants from widespread 
application of pesticides and fertilisers.

Deliberate dumping of waste by-products because it is cheaper 
and easier can be environmentally damaging and harmful to 
human health. It can also be especially difficult and costly to 
clean up and may result in offenders being prosecuted.

Mining activities, such as constructed tailings storage 
dams and some disused mine sites, have the potential to 
contaminate land if managed or constructed inappropriately. 
Many tailings deposits are not built as engineered structures, 
but simply through piling up of tailings slurries. Depending on 
the nature of the mining operation and extractive processes, 
these tailings may contain acidic or caustic material, heavy 
metals or cyanide, generally rendering the land unsuitable 
for any other future land use. Mine pits may become 
contaminated due to acidic water, potentially carrying high 
levels of dissolved heavy metals, infiltrating the pit. They are 
likely to remain contaminated in the absence of extensive 
rehabilitation measures.

Indicator L15:	Number	of	licensed	pest	control	operators	
and	registered	pest	control	firms.

Historical use and improper disposal of pesticides has been 
a leading cause of contaminated sites. Pesticide operators 
are licensed, and pest control businesses regulated, by the 
Department of Health to prevent further contamination 
occurring. As of March 2007, there were 1664 licensed 
operators and 686 pest control businesses in WA. The 
number of operators has grown significantly in recent years, 
in response to favourable economic conditions and the 
property boom. The rising number of operators indicates that 
pesticide and herbicide use is increasing. Synthetic pyrethroids 
and organophosphates are the pesticides now favoured by 
operators, and are considerably less toxic and persistent in 
the environment than pesticides used several decades ago 
(Department of Health, unpublished). 

Indicator L16:	Number	of	identified	pollutant	spills/
leakages	per	year.

Accidental spillage of hazardous chemicals, or biological 
or radioactive materials infrequently occurs following 
inappropriate storage, handling or transportation. Statistics 
indicate about 70 emergency events occur every year 
that involve hazardous materials (Fire and Emergency 
Services Authority, 2005). Many of these involve fires and 
chemical spills that may present some risk of land or water 
contamination.

  3
.4

 L
a

n
d

 L
a

n
d

 c
o

n
ta

m
in

a
ti

o
n

  
Sites

0

25

50

75

100

125

150

175

200

225

250

275

300

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

Year

N
um

be
r 

of
 S

ite
s

Agriculture 6%

Waste Management 11%

Production & Manufacturing 9%

Land redevelopment 37%

Transport 11%

Mining & Metal Processes 5%

Oil & Power 11%

Miscellaneous 4%

Services 6%



State of the environment report WeStern auStralia 2007

72

Indicator L17:	Number	of	sites	where	hazardous	chemicals	
are	stored.

There are currently about 6500 licensed sites in WA where 
hazardous chemicals are stored (Department of Consumer 
and Employment Protection, unpublished). While every 
attempt is made to store hazardous chemicals safely on 
licensed premises, inevitably there is a risk of spillage. Where 
spillages are significant or of a serious nature they may 
present a contamination issue if cleanup and remediation 
actions are not adequate.

Current responses
Contaminated Sites Act 2003: The purpose of the Act 
is to enable and facilitate identification, management and 
remediation of contaminated sites. It uses the ‘polluter pays 
principle’, which attaches liability initially to the polluter, then 
the landowner or occupier, and finally the State Government. 
The Department of Environment and Conservation is 
responsible for administering the Act and associated 
regulations. 

Soil	and	groundwater	remediation	research: Projects 
are being undertaken by CSIRO to develop innovative 
technologies for the investigation, assessment and 
remediation of contaminated groundwater, water and soils. 

Management	guidelines	for	contaminated	sites: The 
Department of Environment and Conservation has released 
a series of documents addressing identification, assessment, 
remediation methods, monitoring, community consultation, 
land use planning, and management and reporting in relation 
to contaminated sites. In addition, a number of guidelines 
have been developed to provide advice on the management 
of contaminating activities situated on, or near, groundwater 
protection areas.

National	programs: There are a number of national programs 
such as the River Contaminants Program, the National 
Groundwater Research and Development Program and the 
National Pollutant Inventory which are directed at identifying 
and reducing pollutants being discharged to the environment.

Assessment	of	site	contamination: The National Environment 
Protection (Assessment of Site Contamination) Measure 1999 
forms the basis of many WA guidelines. This measure was 
developed by the Commonwealth Government to establish a 
consistent method for assessment of contaminated sites, so 
as to ensure sound environmental management practices for 
protection of human health and the environment (National 
Environment Protection Council, 1999).

Contaminated	Sites	Committee:	is a statutory committee 
comprised of environmental and legal experts who are 
responsible for deciding appeals and for prioritising and 
remediating orphan or State-owned sites. 

Contaminated	site	remediation: Land Corp is responsible 
for the remediation of orphan sites on behalf of the State 
Government. For other privately owned sites it is the 
responsibility of the polluter, land owner or occupier to clean 
up a contaminated site. 

Planning	conditions:	The Western Australian Planning 
Commission and local government planning authorities 
are responsible for placing conditions on subdivision, 
rezoning, building and other planning applications where 
contamination requires investigation and/or remediation 
before development occurs. 

Implications
Environmental implications of contamination may be 
short-lived or persistent, depending on the nature of 
the pollutant and the extent of its spread through the 
environment. Persistent chemicals such as heavy metals, 
pesticides, herbicides and some biological and radioactive 
agents pose the greatest risk to people, flora and fauna. 
The environmental repercussions of land contamination are 
extremely serious and may lead to a variety of complications, 
from sickness, to cancer and mutations, to widespread death 
of flora and fauna. Health effects of pollutants may be acute 
(short-lasting) or chronic (long-lasting), and be localised (in 
the vicinity of contaminated site) or widespread, affecting 
nearby populations (epidemic). Severe contamination may 
also render some land uninhabitable and severely constrain 
land use options for decades to centuries.

Remediation of contaminated sites is generally expensive 
but the economic costs of land contamination far outweigh 
the cost of remediation. For example, site cleanup costs 
incurred by government for the former East Perth Gas 
Works were $17.5 million, and for the former fertiliser 
plant at Minim Cove in Mosman Park was $16 million. Even 
relatively simple situations can be costly, such as the cleanup 
of drums containing oil and the herbicide 2,4,5-T at several 
bush sites near Dwellingup, which was estimated to cost 
$500 000. Contamination of land can also contribute to 
decreased property values and affect future potential land 
use capability. For example, the old Causeway Bus Depot site 
fell in value by nearly $9 million because of evidence of land 
contamination (Auditor General for Western Australia, 2002). 
The social ramifications of land contamination are significant. 
Discovery of a contaminated site in, or close to, residential 
areas may cause considerable community concern and 
distress, irrespective of the risk of potential exposure to the 
contaminant (e.g. the Brookdale incident of 2002). 

suggested responses

3.10 The Contaminated Sites Act 2003 and 
supporting regulations are now fully 
operational. Continue to implement the Act 
and regulations including the verification 
of suspected contaminated sites and their 
remediation.   
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Excavation	of	soil	at	a	contaminated	site	(Department	of	Environment	
and	Conservation)
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Loss of soil health is classed as an emerging issue due to 
its potential to cause significant impacts to agricultural 
productivity, however there is currently inadequate 
information to report on this issue. 

Soil health is essential to farmers for maintaining the viability 
of their business. Many farmers and pastoralists regularly test 
soils and plants to determine soil health and combine this 
information with satellite imagery to identify problem areas. 
Soil health encompasses several factors, including soil physical 
structure, chemical composition and biological content. 
Deterioration of one factor may not necessarily cause an 
immediate loss of soil health, but may contribute to a decline 
in other factors and a gradual reduction in soil health. 

Loss of soil health may be associated with a drop in soil 
fertility, caused by a decrease in soil nutrients that are 
necessary for plant growth (e.g. nitrogen, phosphorus or 
potassium). Soil nutrient decline is caused by removal of 
nutrients in harvested crop products, hay, plantation timber, 
animal products, as well as through soil erosion, leaching, 
acidification, burning of crop residues, and other chemical 
processes. Nutrient losses must be replaced by inputs over 
time (such as compost or fertiliser addition, or the growing 
of nitrogen fixing plants) if the soil is to remain productive. 
Native vegetation is not affected as much as it has evolved to 
the naturally low nutrient levels typical of Western Australian 
soils.

Loss of soil health may also be associated with a decline in 
soil structure, which tends to be a less visible or recognised 
form of soil degradation. A decline in soil structure can 

occur when wet soil is exposed to stresses of machinery, 
tillage activities or stock trampling. Similarly, exposure of 
bare soil to heavy rainfall can cause dispersion, slaking and 
crusting of the soil surface, which can lead to increased 
runoff and erosion. A decline in soil structure may also be 
due to poor soil drainage and subsequent waterlogging and 
soil dispersion (characterised by high sodium content). Soil 
dispersion leads to reduced cohesion between soil particles, 
and results in increased surface runoff and erosion, and 
reduced water infiltration. Although it occurs naturally, high 
soil sodium content can be exacerbated by land salinisation 
(see ‘Land salinisation’).

Lack of organic or biological material (material from plants 
or animals) affects nutrient content, soil structure and the 
presence of soil organisms. Soil organic matter content 
typically decreases following clearing and cultivation of 
land, with regular tillage contributing to significant losses. 
Tillage physically breaks soil into small aggregates and 
reduces binding by soil organisms (e.g. fungi). Initial years 
of farming may result in the loss of one-third to one-half of 
soil organic matter. Loss of soil organic matter and biological 
activity will result in increased erosion potential, decreased 
nutrient storage and availability; and reduced water retention, 
infiltration and water-holding capacity.

Measuring soil health is difficult because soils are dynamic 
and often change in response to land uses, management 
practices, soil treatments, weather conditions and climate 
change. However, a good understanding of the many factors 
that contribute to soil health can avert deterioration in soil 
condition. A loss of soil health results in declining agricultural, 
pastoral or forestry productivity, causing significant 
economic impacts. A desire for short-term economic gain 
and ever-increasing levels of production from land must 
not compromise long-term soil productivity and health. 
This will only serve to place an additional burden on land 
managers who have to undertake expensive soil treatments 
and rehabilitation activities. Other environmental implications 
arising from a decline in soil health include exacerbation 
of soil erosion and associated inland water sedimentation, 
contamination and eutrophication.

emerging issue –  
Loss of soiL heaLth
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Inappropriate	grazing	practices	can	contribute	to	soil	and	landscape	degradation	(B.Lloyd)
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Waterlogging was identified as an issue in the 1998 State 
of the Environment Report (Government of Western 
Australia, 1998), however it was not identified as a major 
environmental issue for this report. Other parts of this report 
(see ‘Altered water regimes’) consider broad changes to water 
levels in the catchment, including the effects of waterlogging.

Waterlogging represents excess amounts of water in the 
plant root zone of soils. It occurs naturally in low-lying 
wetland areas and near waterways where plants are suitably 
adapted for such conditions. However, problems arise when 
land is cleared of native vegetation and water infiltration to 
the soil (either from rainfall or irrigation) begins to exceed 
evaporation or plant water use.

Plants are particularly susceptible to the effects of 
waterlogging, causing damage and death to plant roots. It 
reduces soil oxygen levels, causing a build up of gases toxic 
to plants and alters the nutrient levels around roots. On 
agricultural land it may reduce crop and pasture productivity, 
and reduce the available cropping area. Excessive 
waterlogging may also cause pooling of water at the surface 
(inundation) leading to increased surface runoff, flooding, soil 
structure decline and erosion. Runoff may also export salt, 
nutrients and sediment to lower areas in the catchment. 

Waterlogging and salinisation are closely related and can 
be managed by using or removing excess water from the 
soil. This may be achieved through the planting of perennial 
vegetation, approved drainage works, or engineering options 
such as groundwater pumping (see ‘Land salinisation’).

Areas most susceptible to waterlogging include agricultural 
areas along the Swan Coastal Plain, the Scott Coastal 
Plain (east of Augusta) and low-lying areas in Wheatbelt 
valleys (Figure L6.1). Although many of these areas are still 
susceptible, waterlogging is now perceived to be a lesser 
environmental problem. It is possible that reduced rainfall 
in the South West over the past few decades (see ‘Climate 
change’) has reduced the extent and severity of waterlogged 
areas. In addition, many farmers in affected areas also believe 
the problem can now be adequately managed.

outgoing issue –  
WaterLogging

Figure L6.1:	Risk	of	waterlogging	inundation	in	the	South	West.
Data source: Department of Agriculture [ver. 2005]; Presentation: Department of Agriculture. 
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Land

Key findings

•	 About	80%	of	Western	Australia’s	
estuaries	are	in	good	condition.

•	 Only	about	30%	of	the	State’s	major	
rivers	are	in	good	condition.	

•	 Only	seventeen	per	cent	of	remaining	
wetlands	on	the	Swan	Coastal	Plain	have	
high	conservation	significance.

•	 Wetland	vegetation	on	the	Swan	Coastal	
Plain	is	being	lost	or	degraded	at	the	rate	
of	about	two	football	ovals	per	day.

•	 Monitoring	and	management	of	inland	
waters	is	generally	inadequate.	

Theme 4
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Land

Western Australia has many different types of inland waters. 
Flowing waters on the surface of the land are referred to as 
waterways and may include estuaries, rivers, streams, creeks, 
drains and floodplains. There are about 208 major waterways 
with a combined length of 25 000 kilometres (km), and 
171 estuaries (Water and Rivers Commission, 2000a). 
Standing waters on the surface of the land are referred to 
as wetlands and may include lakes, swamps, damplands, 
sumplands, springs, soaks, karst caves and waterholes. The 
State has thousands of waterways and wetlands that have 
water on either a permanent, seasonal or intermittent basis. 
Groundwater is located at various depths below the land 
surface and interacts with many waterways and wetlands.

Inland waters and the water cycle are fundamental for 
sustaining life and ecological processes. They are usually 
considered within the context of their drainage basins, 
catchments and discharge zones. These systems are essential 
for maintaining biodiversity and regulating catchment water 
balances (see ‘Biodiversity’). They provide economic and 
social benefits by providing drinking water and irrigation 
water supplies, supporting food production and underpinning 
a diverse array of recreational, spiritual, inspirational, 
scientific, cultural and educational values. However, these 
aspects will be investigated in other areas of this report (see 
‘Water use in settlements’ and ‘Water supply’).

Most inland waters in WA have been significantly modified 
since European settlement, especially in the South West 
(Finlayson & Rea, 1999; Pen, 1999; National Land and Water 
Resources Audit, 2002). Waterways, wetlands, floodplains 
and catchments have been dramatically altered to allow for 
settlements, agriculture, water supplies and infrastructure 
development. The amount and rate of alteration is largely 
a consequence of population growth and the consumption 
of natural resources to support human settlements and 
economic productivity (see ‘Fundamental pressures’). 
Alteration of areas from their natural state inevitably results 

in detrimental changes to water quantity and quality. If 
persistent, these problems can lead to a rapid deterioration 
of both aquatic and terrestrial ecology and human related 
beneficial uses.

Objectives
• Protect and improve the condition and associated values 

of inland waters to sustain ecosystem health and other 
beneficial and productive uses.

• Reduce and eliminate (where practical) the major 
environmental issues that degrade, or threaten to degrade, 
inland waters and associated values.

• Conserve inland waters and associated values identified as 
most important.

• Manage and use the inland water resources in a 
sustainable manner and rehabilitate degraded inland 
waters where practical.

Headline indicators

Indicator IW1:	Percentage	of	estuaries,	major	rivers	
and	wetlands	that	remain	in	a	near	pristine	or	largely	
unmodified	state.

Seventy-seven per cent of estuaries (i.e. 132 of 171) are in a 
largely unmodified state (Geoscience Australia, unpublished 
data).

Thirty-two per cent of major river basins (i.e. 12 of the 38 that 
are monitored) are in largely unmodified state (Halse, Scanlon 
& Cocking, 2002).

Only 17% of remaining wetlands on the Swan Coastal Plain 
have high conservation significance (Environmental Protection 
Authority, unpublished data). Information about the 
condition of other WA wetlands is extremely limited.

introduction
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Indicator IW2:	Loss	of	wetland	area	on	the	Swan		
Coastal	Plain.

Recent analysis indicates that wetland vegetation on the 
Swan Coastal Plain decreased by about 1500 hectares per 
year between 1996 and 2004 (Environmental Protection 
Authority, unpublished). This equates to the loss of an area 
about the size of two football ovals per day.

Indicator IW3:	Number	of	specific	inland	water	assets	that	
have	had	their	environmental	values	formally	declared	in	
State	Government	environmental	protection	policies.

Environmental values for Gnangara Mound, and the Swan–
Canning and Peel–Harvey estuaries are formally declared in 
environmental protection policies under the Environmental 
Protection Act 1986. While environmental values have been 
identified informally for other inland waters, most have not 
been developed in collaboration with the community and 
have not been afforded regulatory protection under formal 
State environmental policy. 

Overall condition

estuary condition

Estuaries are semi-enclosed coastal water bodies were salt 
water from the marine environment mixes with freshwater 
draining the land. They are well known for their high 
productivity. There are 171 identified estuaries across WA 
(Figure IW0.1), ranging from tidal-dominated in the North 
West (with tides up to 10 m in places) to wave-dominated in 
the South West. Estuary condition is assessed using factors 
such as catchment vegetation cover, altered water regimes, 
altered tidal regimes, land and estuary uses, impacts to 
floodplain and estuary ecology and introduced plants and 
animals (National Land and Water Resources Audit, 2002), 
Near-pristine estuaries are generally found only in remote 
areas (e.g. western parts of the Kimberley) and/or those with 
forested catchments protected by conservation reserves. 
Extensively modified estuaries (e.g. Swan–Canning, Peel–
Harvey, Leschenault, Vasse–Wonnerup and Oyster Harbour) 
have catchments with large populations, significantly 
modified catchments and hydrology, and intensive agriculture 
or industrial land uses.

Figure IW0.1:	Condition	of	Western	Australian	estuaries.
Data source: Geoscience Australia; Presentation: EPA. 
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river condition

Western Australian rivers range from permanently flowing 
in high rainfall areas to seasonally flowing or intermittent in 
low rainfall areas. Rivers are the link between land and ocean, 
providing estuaries and floodplains with nutrients and water 
needed for maintaining plant and animal life. The presence of 
key macro-invertebrates has been used as an indicator of the 
condition of river ecosystems (Figure IW0.2, Halse, Scanlon & 
Cocking, 2002). Rivers were found to be healthier in basins 
that have retained most native vegetation (i.e. in conservation 
reserves) or where minimal development has occurred 
(e.g. rivers in the western Kimberley, the Pilbara and some 
forested parts of the South West). Modified river basins occur 
throughout most of the State’s South West, where many 
rivers have been regulated and where catchments support 
large settlements or intensive land uses. Some modified 
river basins are also found in the Mid West and the Ord 
River where pastoralism, river damming or mining practices 
have modified river ecosystems. The Avon and Esperance 
river basins are extensively modified due to widespread 
land clearing for agriculture, artificial drainage, widespread 
salinisation, river modification to prevent flooding, and the 
general loss of river structure, function and ecology.

wetLand condition

Wetlands are among the most biologically productive and 
diverse habitats on the planet (Environmental Protection 
Authority, 2004) and have a vital role in landscape 
functionality. At this time it is not possible to provide an 
overall assessment of wetland condition. Some WA wetlands 
of State, national and international significance are well 
researched and protected. The majority of wetlands are not 
well-documented and consequently there is little available 
information to determine condition. Most information is 
available for wetlands on the Swan Coastal Plain, as this 
area has been subject to ongoing development and other 
pressures (see ‘Loss or degradation of wetlands’; Figure 
IW0.3). Approximately 17% of wetlands on the Swan 
Coastal Plain have high conservation significance and 14% 
are formally protected. Wetlands in the Wheatbelt region 
of the South West are also under significant pressure due 
to altered water regimes, salinisation, eutrophication, 
acidification, invasion of weed and feral species, and historical 
widespread land clearing. Limited but intensive monitoring of 
25 regionally important wetlands indicates that 26% show 
recent deterioration with rapidly declining biodiversity (Cale, 
Halse & Walker, 2004).

Figure IW0.2:	Condition	of	major	Western	Australian	rivers,	by	river	basin.
Data source: Department of Environment and Heritage [ver. 2001]; Analysis: EPA; Presentation: EPA.
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groundwater condition

Groundwater can be found across the State at varying depths 
beneath the land surface. It provides a common hydrological 
connection between catchments, wetlands and waterways. 
At this time it is not possible to provide an overall assessment 
of groundwater condition. Although hydrogeological 
information exists for some developed areas of the State 
(see ‘Altered water regimes’), there is a general lack of 
information about broad aquifer condition, given the sheer 
extent of groundwater and its complex nature. In general it 
is recognised that groundwater has been degraded in areas 
developed for urbanisation, industry and agriculture, and is 
coming under increasing pressure through water mining and 
abstraction (see ‘Water supply’). 

Effectiveness
Thirty-three actions were identified for inland waters in 
response to the 1998 State of the Environment Report 
(Government of Western Australia, 1999). Fifty-five percent 
of the actions are incomplete, 36% are complete but have 
not been evaluated, and only 9% have been both completed 
and evaluated. Progression and evaluation of actions has 
been complicated by a gradual decline in monitoring, 
reduced funding for rehabilitation projects, and other 
perceived priorities for water resource management agencies. 
Improved monitoring and evaluation of inland waters is 
urgently required. The National Action Plan for Salinity and 
Water Quality and Natural Heritage Trust programs intend 
to progress monitoring of issues such as eutrophication, 
sedimentation, salinisation and other inland water ecosystem 
health measures.

 

Figure IW0.3:	Management	categories	of	wetlands	on	the	
Swan	Coastal	Plain.
Data source: Department of Environment [ver. 2005]; Presentation: EPA.

suggested responses

4.1  Implement the State Water Quality 
Management Strategy no. 6: a policy to ensure 
inland waters are managed under an approved 
environmental management framework.

4.2  Finalise and implement the draft Waterways 
Western Australia Policy, with oversight by a 
waterways management committee that has 
community representation. 

4.3  Develop and implement a State Wild Rivers 
Policy that also includes rivers of high 
conservation value.

4.4  Finalise and implement the revised Wetlands 
Conservation Policy for Western Australia. 
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indicative extent of iSSue

saLinisation of inLand waters
4.1

Key findings

• Salinity levels are still rising in many major 
South West rivers. 

• Rising salinity trends have been halted in the 
Collie and Denmark rivers due to clearing 
controls and reafforestation efforts. 

• Monitoring of salt affected rivers has declined 
by about one-third over the last five years. 

• Deep drainage is a divisive issue amongst the 
community and requires urgent attention. 

priority  
rating: 1

Description
Salinisation is the process that increases dissolved salts in 
inland waters. It occurs naturally in arid parts of WA where 
salt lakes exist. Native flora and fauna have gradually adapted 
to these naturally saline ecosystems. Problems arise when 
previously unaffected land and water become salinised, and 
associated flora and fauna are unable to cope. 

Salinisation of land and water is largely due to widespread 
land clearing and replacement of native vegetation with 
shallow rooted annual crops and pastures that use less water. 
This alters the natural water balance of the land. Rainfall not 
used by vegetation seeps into the soil, passes the root zone 
and adds to groundwater stores. Over time, groundwater 
stores increase at a much faster rate than would otherwise 
occur naturally, causing watertables to rise and bringing salt 
stored in the soil to the surface. This is expressed as saline 
seeps and salt scalds, which allow for rapid runoff of salty 
water to nearby streams, rivers and wetlands. Salt is also 
transported by groundwater flow although this process occurs 
at a much slower rate. For this reason it may take up to several 
decades for waterways and wetlands to become salinised 
following widespread clearing of vegetation. Salinisation of 
inland waters typically affects the South West agricultural 
parts of the State, where dryland salinisation occurs.

Another process, ‘irrigation salinity’, can contribute to 
salinisation of inland waters, especially in high rainfall areas. 
This occurs when watertables are artificially raised and salt 
stores mobilised through excessive irrigation of agricultural 
crops and pastures, or through water leaking from irrigation 
channels. Both dryland and irrigation salinity can cause 
significant ecological damage to ecosystems and water 
supplies, and accelerate corrosion of infrastructure.

Objectives
The State Salinity Strategy (Government of Western Australia, 
2000) lists specific goals for managing the impact of land 
salinisation in the South West agricultural region. Objectives 
relevant to inland waters include:

• To protect and restore key water resources to ensure 
salinity levels are kept to a level that permits safe, potable 
water supplies in perpetuity;

• To protect and restore high value wetlands, waterways 
and natural vegetation, and maintain natural (biological 
and physical) diversity in areas affected by salinisation.

Condition

Indicator IW4:	Status	and	trends	in	salinity	of	inland	
waters.

River salinity shows a clear pattern through the South West 
(Figure IW1.1). Waterways originating in high rainfall (>900 
millimetres) coastal areas and forests are generally fresh, 
with very little or no salt. Further from the coast rainfall 
decreases, a greater proportion of land has been cleared, 
and waterways have become more saline. Some of the larger 
waterways that originate in cleared inland areas (such as the 
Avon, Frankland, Blackwood, Kent and Murray rivers) are 
severely impacted in upper reaches and remain brackish to 
saline approaching the coast. Waterways and wetlands in the 
eastern Wheatbelt, east of the Meckering Line, have salinities 
that are about three to six times higher than those in the 
western Wheatbelt. Much of the salinity in eastern Wheatbelt 
inland waters is natural and salinity levels are increasing more 
slowly than those to the west (Commander et al., 2002).
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Table IW1.1: Salinity trends for South West rivers for which 
long-term monitoring data are available.

Stream Monitoring 
location Period

Salinity trend 
–  direction and 
size (mg/L/yr)a

Denmark River Mt Lindesay
1980s 
1990s

s	 14 
t	 7

Kent River Styx Junction
1980s 
1990s

s	 42 
s	 14

Warren River Barker Rd 
crossing

1980s 
1990s

s	 15 
s	 2a

Carey Brook Staircase Rd
1980s 
1990s

t	 0.5 
t	 0.5

Donnelly River Strickland
1980s 
1990s

s 2 
s	 2

Balgarup River Mandelup Pool
1980s 
1990s

t	 30a 
s	 17

Collie River Mungalup Tower
1980s 
1990s

s	 33 
t	 6

Collie River East (tributary of the 
Collie R)

1980s 
1990s

s	 110 
s	 200

Murray River Baden Powell 
Water Spout

1980s 
1990s

s	 29 
s	 10

Avon River Northam Weir
1980s 
1990s

 - 
s	 140

Brockman River Yalliawirra
1980s 
1990s

s	 51 
s	 22

Helena River Poison Lease
1980s 
1990s

s	 15 
t	 19

Moore River Quinns Ford
1980s 
1990s

 - 
s	 50a

Data source: Mayer, Ruprecht & Bari (2005). Note: Trends are statistically significant 
at 95% confidence limit except for those denoted (a) which are not statistically 
significant.

Figure IW1.1:	Salinity	in	rivers	of	the	South	West.
Data source: Department of Environment – Stream salinity condition [ver. 2004], water quality sites [ver. 2005], Department of Agriculture – remnant vegetation [ver. 1996]. 
Analysis: EPA – water quality sites; Presentation: EPA.
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Remnant vegetation

Legend

River	Salinity	Condition

Fresh

Marginal

Marginal-brackish

High-brackish

Low-saline

Mid-saline

High-saline

Hyper-saline

River	Salinity	Trend

Increasing

Stable

Decreasing

No longer monitored

Impacts	of	salinity	at	Lake	Eganu	in	the	Wheatbelt	(Department	and	
Envrironment	and	Conservation)
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Collectively South West waterways discharge about 4700 
gigalitres (GL) of water and 7.5 million tonnes of salt each 
year. Of the total volume discharged about 44% of flow is 
fresh, 10% is of marginal quality, 21% is brackish and 25% is 
saline (Mayer, Ruprecht & Bari, 2005). Many waterways have 
become progressively more salty over time. The salinity of the 
Avon River in the Wheatbelt, for example, is estimated to be 
20–40 times pre-clearing levels (Schofield, Ruprecht & Loh, 
1988), and the Blackwood River, which was once fresh, now 
exports one million tonnes of salt each year (Figure IW1.2; 
Mayer, Ruprecht & Bari, 2005). Predictions of future trends 
have shown that, without any remedial action, salinities in 
five major South West rivers may increase by 15–65% above 
current levels (National Dryland Salinity Program, 1997).

Figure IW1.2:	Salinity	in	the	Blackwood	River,	1940–2002.
Data source: Mayer, Ruprecht & Bari (2005). Note: mg/L TDS, a measure of salinity, 
represents milligrams per litre of total dissolved salts; ‘flow-weighted’ means the data 
is adjusted for the effects of flow. 

Detecting long-term salinity trends in waterways requires 
dedicated monitoring programs over many years (Table 
IW1.1). The number of salinity sites being monitored across 
WA has reduced by about one-third over the past 5 years 
due to funding constraints. Determining salinity levels in 
many waterways now relies more on infrequent sampling, 
which is not suitable for detecting long-term trends. The 
exceptions are those rivers within water supply catchments 
and water resource recovery catchments that have 
monitoring sites continuously measuring salinity levels over 
time. These are limited and do not reflect the true spatial 
extent of the problem.

Irrigation salinity is already a problem in some irrigated 
areas with poorly drained soils and shallow, naturally saline 
groundwater. About 20% of the southern Swan Coastal 
Plain, from Gingin to Dunsborough, is considered to be at 
risk of irrigation salinity (Government of Western Australia, 
2000). Salt scalds are already evident in some areas of the 
Harvey River catchment (Mayer, Ruprecht & Bari, 2005). 
Irrigation salinity is also a risk in the Ord River Irrigation Area 
with groundwater salinity levels being elevated in some 
places. Dewatering bores are now required in some irrigated 
areas to reduce the risk of a rising saline groundwater table.

Salinisation of Wheatbelt wetlands is less well-documented, 
but there is enough anecdotal and scientific evidence to 
indicate it is severe and widespread (Lane & Munro, 1983; 
Sanders, 1991; Lane et al., 2004). For example, salinity levels 
in Lake Bryde appear to have increased 10-fold between 
1981–94. Many other wetlands that were once fresh enough 
to support native vegetation prior to salinisation are now 
salt lakes supporting minimal vegetation (Halse, Pearson 
& Patrick, 1993). Substantial loss of fringing vegetation 
and waterbird populations is now evident at Coyrecup, 
Coomelberrup, Walymouring, Eganu, Dumbleyung and 
Parkeyerring wetlands (S Halse, Department of Conservation 
and Land Management, pers. comm.).

Long-term monitoring of wetlands in the conservation estate 
shows that 12% increased in salinity between 1977–2000 
(Lane et al., 2004). Without successful management activity, 
other valuable wetlands (including Fraser’s, Noobijup, Yaalup, 
Wheatfield and Kulicup wetlands) are expected to become 
salt affected within 10 years, leading to substantial declines in 
biodiversity (S Halse, Department of Conservation and Land 
Management, pers. comm.). 

Superficial groundwater salinity is highly variable throughout 
the State and most is naturally brackish to saline (Figure 
IW1.3). Pockets of superficial fresh groundwater are found 
along the Swan Coastal Plain, the South West corner of 
the State and parts of the Pilbara and Kimberley. Deeper 
groundwater is less well understood. Groundwater salinity 
tends to be stable, except where catchment hydrology has 
been altered or high rates of water extraction occur (see 
‘Altered water regimes’ and ‘Water supply’).

Perth

Albany

Newman

Broome

Exmouth

Dampier

Bunbury

Augusta

Kununurra

Geraldton
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Legend
Total Dissolved Solids (mg/L)
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Legend

Total	Dissolved	Solids	(mg/L)
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Figure IW1.3:	Groundwater	salinity	of	superficial	aquifers	
across	Western	Australia.
Data source: Department of Water (2000); Presentation: EPA.
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Pressures
The extent of salt-affected land has a direct relationship 
to the extent of inland waters affected by salinity (see 
‘Land salinisation’). Historical clearing of perennial native 
vegetation and increased use of deep drainage are the 
most long-term and severe pressures for salinisation of 
inland waters in the South West. For example, 93% of 
native vegetation has been cleared in the Avon–Wheatbelt 
bioregion, resulting in a significant land salinisation problem 
and salinised wetlands and waterways (Department of 
Environment, 2004a). The increasing extent of land being 
impacted by salinity will eventually result in more waterways 
and wetlands becoming impacted.

Analysis of 3000 bore sites in the South West agricultural 
region showed no significant trend to decreasing salinity, 
with most showing rising or stable groundwater salinities. 
Modelling indicates about 16% of land (4.65 million hectares) 
in this region had shallow watertables in 2000 (Department 
of Agriculture, 2001). Assuming groundwater trends remain 
steady, it is projected that 20% (6.37 million hectares) of 
the region will have shallow water tables by 2020, and 
33% (13.66 million hectares) by 2050. These figures were 
calculated on the basis that watertables were less than 2 m 
from the soil surface or between 2–5 m and rising. 

In contrast, there is recent evidence to suggest that the drying 
climate in the South West has lowered local groundwater levels 
in some places. A decrease in winter rainfall and general lack 
of ‘wet winters’ is likely to have slowed the rate of salinisation 
for some wetlands and waterways, especially for central and 
eastern Wheatbelt areas. Some areas cleared a long time ago 
appear to be reaching groundwater equilibrium, while the 
trend of rising groundwater continues in recently cleared areas, 
such as high rainfall parts of the Wheatbelt and South Coast 
(Indian Ocean Climate Initiative, 2005b). 

Deep drains and associated engineering works are 
increasingly seen by many farmers as a viable option to 
manage salinity and enhance productivity on their land. It 
has been reported that deep drains can lower the watertable 
up to 500 m from the drain, but this varies considerably 
depending on soil type and landscape characteristics. 
Some farm deep drains currently discharge saline water 
into downstream waterways and wetlands. Recent surveys 
(Department of Agriculture, 2006) indicate that about 27% 
of farmers in the South West are using deep drainage. It has 
been estimated that there are 14 000 kilometres (km) of 
agricultural drains in the South West agricultural region in 
2007, with about 1000 km currently being constructed every 
year (extrapolated from Dogramaci & Degens, 2003). 

The attraction of using deep drainage as a quick fix for 
agricultural production may have unintended long-term 
consequences for the environment. Drainage water discharged 
into natural waterways and wetlands has the potential to 
severely impact on the health of the receiving ecosystem 
through addition of water, salt, nutrients, sediment, heavy 
metals and acidity. The risk of downstream impacts may also 
be much larger through the cumulative effects of many deep 
drains. There are widely differing opinions about the efficiency 
of deep drainage; however, the environmental impacts are 
real and deep drainage remains subject to environmental harm 
provisions under the Environmental Protection Act 1986 and 
may result in prosecution.

Current responses
State	Salinity	Strategy:	was released in 2000 by the State 
Salinity Council, whose aim was to reduce and manage 
salinity in the South West agricultural region. It promoted a 
partnership-based approach, development of prioritisation 
tools, improved protection and conservation mechanisms, 
further research and development, and ways to help the 
farming community move to more sustainable production 
systems. In response to the strategy, the State Government 
formed the Natural Resource Management Council, 
initiated a prioritisation methodology (known as the Salinity 
Investment Framework), and promoted a stronger strategic 
role for natural resource management regional groups in 
managing salinity.

Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP)	programs: These two 
Commonwealth programs aim to ensure on-ground 
environmental improvements occur via a targeted strategic 
approach at the regional level. Natural resource management 
groups in the South West, South Coast, Swan, Avon and 
Northern Agricultural areas have recognised salinisation of 
inland waters as a threat to natural resources and have projects 
to manage and protect valued natural assets considered at 
risk. Irrigation salinity has been recognised by the Rangelands 
regional group as a threat in the Ord River catchment. 

Engineering	Evaluation	Initiative: is a State Government 
project to examine a range of engineering options to mitigate 
land salinisation. These include deep drains, groundwater 
pumping, diversion and surface water management. It is 
also investigating options for safe saline water disposal and 
regional drainage planning. The project is evaluating deep 
drains at Morawa, Beacon, Pithara, and Dumbleyung. 

Wheatbelt	Drainage	Council: has been recently established 
to provide policy and assessment advice to the State 
Government on the most appropriate and accountable 
approaches to deep drainage planning, implementation and 
management. The Council is in the process of developing a 
framework to evaluate deep drainage proposals. 

Agriculture	extension	program:	The Department of 
Agriculture and Food promotes application of best practice 
by farmers to mitigate and prevent land salinisation. Recent 
surveys (Department of Agriculture, 2006) indicate that 35% 
of Wheatbelt farmers undertake regular monitoring of the 
watertable. The percentage of Wheatbelt farmers managing 
water on valley floors using surface drains (49%) and deep 
drains (27%) appears to have increased in 2006. Interestingly, 
the percentage of farmers using deep drains in higher rainfall 
parts of the South West more than doubled in 2006 to 27%. 

Research:	Several organisations are currently undertaking 
research on the salinisation of inland waterways and 
wetlands. Murdoch University has recently completed projects 
that improve understanding of the effects of increased 
salinisation on inland aquatic systems. Another project is 
investigating Wheatbelt deep drains and whether they are 
an effective strategy for alleviating salinised areas of the 
Wheatbelt. The CSIRO Water for a Healthy Country program 
is undertaking research on evaluating Wheatbelt drainage 
and developing models to help assess drainage plans.

Recovery	catchment	programs	(water,	biodiversity):	
These programs focus on the stabilisation and recovery 
of important natural resource assets already impacted by 
salinity. In relation to water resources, action is currently 
being taken in the Collie, Denmark, Warren, Kent and Helena 
rivers to stabilise and reduce salt levels flowing into dams. 
Recent analysis indicates that land clearing controls and 
reforestation in the Collie and Denmark river catchments 
have halted the increasing trend in salinity (Figures IW1.4 

  4
.1

 i
n

La
n

d
 w

a
te

r
s 

sa
Li

n
is

a
ti

o
n

 o
f 

in
La

n
d

 w
a

te
r

s
   



State of the environment report WeStern auStralia 2007

85

  4
.1

 i
n

La
n

d
 w

a
te

r
s 

sa
Li

n
is

a
ti

o
n

 o
f 

in
La

n
d

 w
a

te
r

s
   

& IW1.5). The Denmark River represents a breakthrough in 
salinity management because it is the first time in Australia 
that river salinity levels have been reversed due to planting of 
trees, community and government actions, and application of 
engineering solutions (Bari et al., 2004).

In relation to biodiversity, the wetlands of Buntine–
Marchagee, Drummond, Lake Bryde, Muir–Unicup and Lake 
Warden complexes and Lake Toolibin are receiving attention 
to protect and recover their unique conservation values. An 
estimated 80% reduction in salt load entering Lake Toolibin 
has occurred using combined surface water diversion and 
groundwater pumping, thereby preventing damage to valued 
flora, fauna and habitat (Wallace, 2002).

Figure IW1.4:	Salinity	levels	and	average	trend	in	the	
Denmark	River	since	1955,	and	projected	trends	under	
various	management	options.
Data source: Bari et al. (2004). Note: Salinity is depicted in milligrams per litre (mg/L).

Figure IW1.5:	Salinity	levels	and	trend	in	the	Collie	
River	since	1952,	and	projected	trends	based	on	various	
management	options.
Data source: Maugher et al. (2001). Note: Salinity is depicted in milligrams per litre 
(mg/L).

Implications
Excessive salinisation of inland waters results in a catastrophic 
collapse of aquatic ecosystems. Not only does waterway and 
wetland vegetation die because of rising salinity, but habitat 
is lost and plant and animal populations decline (Cale, Halse & 
Walker, 2004). Many plant and animal species in salt-affected 
parts of the Wheatbelt are at risk of extinction. For example, 
many areas of remnant native vegetation in the Wheatbelt 
(perhaps 80% on private land and 50% on public land) are 
at risk of death from rising saline water tables. Estimates 
suggest that 450 species of vascular plants are at risk of 
extinction. Salinisation of Wheatbelt wetlands has resulted in 
a 50% decrease in the number of waterbird species utilising 
them (Government of Western Australia, 2000). Salinisation 
exacerbates soil erosion processes leading to filling of river 
pools and wetlands and, along with altered water regimes, 

can also lead to an increased risk of flooding. Although flood 
risk studies are limited in salinised catchments (Bowman & 
Ruprecht, 2000), there are estimates that a two- to four-fold 
increase in shallow saline water tables may lead to a doubling 
in flood flows (George et al., 1999).

Removal of saline water using deep drainage is proving an 
extremely contentious issue in the Wheatbelt. There is a 
perceived lack of government direction, consistency and unity 
on the matter, and this is creating a sense of community 
frustration and confusion. Further direction and regulation 
is urgently required for deep drainage. Economic costs are 
also incurred because infrastructure such as bridge supports, 
buildings, drains, dams, weirs and pumping equipment is 
corroded by saline water. Many agricultural towns have been 
historically built in low-lying parts of catchments or floodplains, 
and are therefore susceptible to rising saline groundwater 
tables. The durability of sealed roads may be reduced by 
up to 75% in areas with rising saline groundwater. More 
than one-third (36%) of the South West’s dams (domestic, 
agricultural or industrial) have become brackish or saline and a 
further 16% are of marginal quality (Government of Western 
Australia, 2000). To compensate for the loss of water supplies, 
development of additional water storages or extraction must 
occur, at a significant financial cost to the community.

suggested responses

4.5  Develop and implement a strategic policy 
and governance framework for agricultural 
deep drainage which fully incorporates 
environmental principles. 

4.6  Develop and implement an evaluation 
framework to consider deep drainage in the 
context of integrated solutions where such 
options are environmentally sound.

4.7  Enhance routine monitoring of waterways and 
wetlands currently impacted by, and at future 
risk of, salinisation. 

 See also ‘Land salinisation’:

• Continue to implement the recommendations 
of the State Salinity Strategy, recognising it 
as a component of the proposed State Soil 
Protection Policy. Although significant progress 
has been made, more focus should be given 
to integrating engineering and plant based 
solutions to cater for a variety of farm and 
catchment characteristics, and promoting 
alternative farming systems in low to moderate 
rainfall areas.

• Continue the Land Monitor program to 
provide five-yearly updates of the extent of 
land salinisation in the South West.  Land 
Monitor remains one of the few tools to 
accurately measure regional trends in land 
salinisation and to evaluate the effectiveness 
of actions.

R:\waterhouse\Brad Jakowyna\Updated Collie salinity graph.doc
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indicative extent of iSSue

priority  
rating:

Description
Inland waters have unique natural water and flow regimes 
influenced by climate, surface runoff, catchment size and 
geomorphology (Boulton & Brock, 1999). In some WA 
catchments, water regimes have been dramatically altered 
from their natural state. This has occurred through artificial 
increase or decrease of water levels, or alteration to the 
volume, velocity, duration, timing or frequency of flow events. 

Many types of human activities influence water regimes 
within catchments. Widespread changes to vegetation 
cover and land uses can affect both surface water and 
groundwater. Direct interference to a waterway, such as the 
construction of dams and weirs for water storage and flood 
protection structures (e.g. drains, levee banks, river training) 
can modify surface water regimes. Extraction of water for 
domestic, agricultural, mining or industrial reasons (e.g. 
pumping, irrigation channels) can also have profound impacts 
on surface and groundwater regimes.

Alteration of natural water regimes is now recognised as a 
major contributor to loss of biodiversity and functionality of 
aquatic and terrestrial ecosystems. It can modify the values 
of inland waters and lead to other land and water problems 
including floods and drought-like conditions, waterlogging, 
salinisation, eutrophication, acidification and erosion. The 

maintenance of biodiversity and productive land and water 
systems depends on ecosystem services that in turn rely on 
maintenance of natural water balances and flow regimes. In 
severe cases, excessive alteration of natural water regimes leads 
to widespread loss of whole ecosystems and water supplies. 

Objectives
In the context of allocating water to users, the Environmental 
Water Provisions Policy for Western Australia (Water and 
Rivers Commission, 2000b) identified a primary objective for 
managing natural water balances:

• To provide for the protection of water-dependent 
ecosystems while allowing for the management of water 
resources for their sustainable use and development to 
meet the needs of current and future users. 

However, for broader land uses another objective is needed:

• To maintain or restore (where appropriate) natural flow 
regimes by encouraging sustainable land and water use in 
catchments.

Condition

Indicator IW5:	Status	of	river	basins	with	altered	water	
regimes.

Major alterations to water regimes for surface water and 
groundwater are evident across most of the South West 
(Figure IW2.1). Moderate to major levels of change can be 
largely attributed to widespread land clearing, damming 
of major waterways, high levels of water extraction and 
replacement of perennial native vegetation with low water-
using pastures and crops. Some major rivers near populated 
and agricultural areas (e.g. the Avon, Vasse, Collie and 
Gascoyne rivers) have had their watercourses significantly 
altered (i.e. straightening and levee banks constructed) to 
reduce the risk of flooding. Widespread artificial drainage, 
both surface and deep, is also evident across developed areas.

Varied water regimes of wetlands and waterways in the 
rangelands reflect the extreme ranges in the climate, due to 
episodic rainfall, cyclones, droughts and floods. However, 
impacts beyond their range of tolerance will result in 
significant ecological impacts. Most of the rangelands has 
minor to moderate changes to natural water regimes, which 
may include flood protection measures, mine dewatering and 
construction of water reservoirs.

Key findings

• Regional groundwater tables across the 
Wheatbelt are generally rising or stable over 
the long term. 

• Water is being over-used at 25% of managed 
surface water sites and about 10% of 
managed groundwater sites.

• Management of water resources in 
the Gnangara Mound is in breach of 
environmental conditions.

• Dam construction on some waterways has 
reduced natural flows by up to 95%. 

• Many Perth wetlands are drying up through 
a combination of excessive groundwater 
extraction and climate change. 
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Figure IW2.1:	Extent	of	altered	water	regimes	in	Western	
Australian	river	basins.
Data source: Derived from Morgan (2001); Analysis: EPA; Presentation: EPA. 

Indicator IW6:	Trends	in	groundwater	levels.

Demand for water is rapidly growing. Gnangara Mound, a 
major groundwater formation near Perth, has been under 
extreme water demand in the last 30 years. Groundwater 
is managed by government agencies according to specific 
boundaries or management units. Currently 19% of 
groundwater management units in this area exceed their 
allocation limit (see ‘Water supply’). This means in some areas 
groundwater extraction is exceeding that required to maintain 
the environment, and the water resource is being mined. 
Watertable levels on the mound have been declining over the 
last 20–30 years, falling by up to 6 m near the crest of the 
mound (Salama et al., 2002; Department of Environment, 
2005a). This is considered to be the cumulative result of 
reduced rainfall, increased groundwater extraction and reduced 
groundwater recharge by pine plantations. This problem was 
highlighted in 2000–03 during a period of consecutive low 
rainfall years where large sudden drops in the water table 
occurred over most of the mound, placing considerable stress 
on some cave and lake ecosystems (Figure IW2.2). It been 
highlighted over several years that environmental conditions 
relating to environmental water provisions on Gnangara 
Mound have been breached (Department of Environment, 
2005a; EPA, 2007). Due to water extraction, water levels in the 
deeper Leederville and Yarragadee groundwater aquifers are 
also declining, with falls in those aquifers ranging from 5–15 m 
and 5–25 m, respectively (Salama et al., 2002).

Much of WA’s coastline has a freshwater superficial aquifer 
that overlays a thin wedge of saline water that may extend 
several kilometres inland. Excessive extraction of water from 
the superficial aquifer may result in a rising saline watertable, 
rendering water production bores salty and killing native 
vegetation. This problem is particularly apparent in Carnarvon 
where close management of groundwater abstraction is 
required to prevent salt water intruding into horticultural 
bores and to prevent damage to fringing vegetation along the 
Gascoyne River. 

Figure IW2.2:	Trends	in	superficial	groundwater	levels	for	
Gnangara	and	Jandakot	mounds,	2000–03.
Data source: Department of Environment (2005); Analysis: DoE, EPA; Presentation: EPA.

Superficial groundwater levels across the South West 
agricultural zone are generally rising and no trends of 
decreasing groundwater have been detected on a broad 
scale (Figure IW2.3; Nulsen, 1998; McConnell & Short, 2001; 
Ghauri, 2004). The rate of rise of groundwater varies from 
less than 5 cm/yr to 100 cm/yr, with many areas rising at 
20–30 cm/year (George, 2002). This rise is caused by historical 
widespread clearing of native vegetation and replacement 
with annual crops and pastures, resulting in reduced water 
uptake (see Land salinisation). However, there are local 
instances where revegetation of land with perennial shrubs 
(e.g. tagasaste) and agroforestry has been associated with local 
groundwater declines of 40 cm/yr to 80 cm/yr, respectively 
(Nulsen, 2000). 

Notwithstanding other shortcomings, artificial deep drainage 
in the Wheatbelt has also been effective in some areas in 
reducing rising saline groundwater levels. For example, a 70 km 
network of drains in Narambeen removes about six megalitres 
(ML) of excess groundwater per day from the agricultural 
landscape (equivalent to six Olympic size swimming pools). 
Disposal of this water has proven very contentious as it often 
affects natural waterways and wetlands.
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Figure IW2.3:	Modelled	long-term	trends	in	superficial	
groundwater	levels	for	the	South	West	agricultural	zone.
Data source: Department of Agriculture [ver. 2005]; Presentation: EPA.

Indicator IW7:	Trends	for	water	levels	in	waterways	and	
wetlands.

It is well recognised that dam construction severely modifies 
natural flow regimes in waterways. For example in the 
Kimberley, construction of Lake Argyle on the Ord River has 
turned the river from a seasonal to a permanently flowing 
waterway, reducing its flows by 20% and severely limiting 
the frequency and intensity of high flows and flood events 
(Water and Rivers Commission, 2003). In the South West, 
damming of the Canning River has captured about 95% 
of its flow, turning downstream reaches into a trickling 
stream (Australian Academy of Technological Sciences and 
Engineering, 2002). In the Pilbara, damming of the Harding 
River has captured 80% of its flow and severely modified 
downstream ecology (Water and Rivers Commission, 2004). 

Trends in waterway and wetland water levels are often 
reflected in trends in catchment groundwater levels. For 
example, there is anecdotal evidence that many wetlands in 
the Perth metropolitan area are starting to dry up, including 
Lake Jualbup, Perry Lakes, Lake Gnangara and Jandabup Lakes, 
amongst others. This may be the result of a combination of 
factors including increased superficial groundwater use (from 
bores) and the effects of climate change. 

Some smaller estuaries, such as the Margaret River estuary, 
are slowly diminishing due to climate change and increasing 
extraction of groundwater for a growing population and the 
vineyard industry (Brearley, 2005). Other long-term changes, 
including a 50% reduction in volume being discharged by 
some South West waterways, have been linked to climate 
change (Indian Ocean Climate Initiative, 2005a; Water 
Corporation, 2005). 

In other inland areas, there are estimates that a two to 
four-fold increase in the area of shallow water tables in the 
Wheatbelt (caused by widespread land clearing) will lead to 
at least a two-fold increase in waterway flood flows (George 
et al., 1999). Long-term monitoring of forty-one wetlands 
in the South West conservation estate has shown that 29% 
have increased in depth between 1977 and 2000 and 2% 
showed a fall in depth (Lane et al., 2004). Excessive amounts 
of water in wetlands can be just as detrimental as not enough 
water to ecological systems, through drowning wetland 
associated vegetation. 

Pressures
Widespread land clearing (see ‘Loss or degradation of native 
vegetation’) and replacement of native vegetation with 
impervious surfaces associated with buildings and roads can 
increase water runoff and reduce recharge to groundwater. 
Where land is cleared and not adequately drained, excess 
water may build up and contribute to a rising watertable. 
Similarly, replacement of native vegetation with agricultural 
crops and pastures that use less water leads to a gradual rise 
in groundwater levels. Use of drainage channels to prevent 
build-up of groundwater also modifies receiving waterways 
and wetlands by increasing or prolonging flows. Therefore, 
altered water regimes will occur if changes to catchment 
water balances happen at faster or slower rates than would 
occur naturally.

Climate change may also be having an effect on natural 
water regimes. For example, a 10–15% drop in South West 
rainfall since the 1970s has produced a corresponding 50% 
reduction in average annual flows in some South West 
rivers and streams (Indian Ocean Climate Initiative, 2005a). 
Anecdotal evidence over recent decades suggests that some 
of Perth’s lake systems are being converted to swampy flats. 
Some wetlands associated with climate-sensitive groundwater 
systems have also experienced more frequent dry states. In 
drier parts of the north-eastern Wheatbelt, groundwater 
levels have declined in upper to mid-slope areas as a result 
of reduced rainfall. Groundwater levels in the central and 
eastern Wheatbelt are not rising as quickly as they initially 
did in response to widespread clearing, and in some areas 
with shallow watertables (less than 8 m) levels are stable or 
declining (Indian Ocean Climate Initiative, 2005b).

Indicator IW8:	Percentage	of	river	basins	that	are	
regulated	by	at	least	one	major	dam.

River systems that have water storages are known as 
‘regulated rivers’. Major storage structures (including dams, 
weirs and pipeheads) provide water primarily for urban, 
industrial and agricultural use. Water supply dams, while 
benefiting humans, impact waterway and floodplain ecology 
by affecting natural flows and the volume of water reaching 
downstream areas. Environmental water provisions (water 
allocated back to the environment from dams) can be made 
to reduce the environmental impact of river regulation.

In 2005 the State had 48 major storage dams, with most 
situated in the South West (Figure IW2.4). Some major river 
systems are under significant pressure, with multiple dams 
contributing to major alteration of natural water balances and 
flow regimes. These include the Canning (six major dams), 
Murray (five), Harvey (six), Collie (four), and Blackwood 
(nine) rivers, and Lake Argyle on the Ord River, which is 
Australia’s second largest reservoir. With the Harvey and Ord 
rivers as exceptions, most rivers do not have environmental 
water provisions determined. It is estimated there are 
several thousand smaller dams and weirs constructed on 
both regulated and unregulated rivers by local authorities, 
government agencies and individuals. In these cases the 
effects of altered water regimes may be relatively minor, but 
cumulatively the environmental impacts become significant.
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Figure IW2.4:	Number	of	registered	major	dams	by	drainage	basin.
Data source: Water Corporation [ver. 2001], Department of Environment–Drainage Basins[ver. 2002]; Analysis: EPA; Presentation: EPA.

Canning	Dam	has	captured	about	95%	of	the	rivers	flowing	water,	resulting	in	significant	downstream	ecological	impacts	(D.Tracey)
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Indicator IW9:	Percentage	of	waterways	and	groundwater	
areas	subject	to	water	extraction	at,	or	exceeding,	
sustainable	yields.

If water allocations are not managed properly, water 
extraction from the environment can begin to exceed 
sustainable yields (i.e. the amount of water that can be taken 
without damaging the environment in the long term; see 
‘Water supply’). At this point ecological systems begin to 
be impacted. In 1997, 36% of river basins had at least one 
management unit exceeding the sustainable yield and 25% of 

surface water management units (i.e. monitoring sites) were 
over-allocated (Table IW2.1). This information is now ten years 
old and requires urgent updating. As of 2006, about one-
third of groundwater management areas are approaching 
or exceeding their allocation limit. Overall the number of 
management units that are over-allocated is relatively small 
(11%) (Table IW2.2). In many places, unregulated water 
extraction and inadequate monitoring, has made it extremely 
difficult to accurately calculate sustainable yields and 
effectively manage water resources.  

Indicator IW10:	Kilometres	of	artificial	drainage	channel	
per	basin.

Surface drainage in urban areas provides flood protection 
but also modifies natural water regimes in catchments. In 
urbanised areas the excessive use of drains has contributed 
to mass depletion of water from landscapes and prevented 
wetland and groundwater recharge, even during high 
rainfall. Some wetlands are being drowned by excess water 
from drains and some groundwater aquifers are not being 
adequately recharged. Drains also rapidly transport nutrients 
and other pollutants from the catchment to waterways 
and wetlands, with little opportunity for filtering by 
natural ecosystems. It has been estimated that in the Perth 
metropolitan area alone, there are approximately 830 km 
of drains managed by the Water Corporation and 3000 km 
managed by local governments (together, about the distance 
from Perth to Brisbane). 

Surface and deep drainage are used in agricultural areas to 
intercept runoff and lower water tables, thereby improving 
soil productivity and enabling flood protection. However, 
increased drainage has severely altered water regimes in 
receiving waterways and wetlands. It is estimated there are 13 
000 km of agricultural drains in the South West agricultural 
zone (four-times the distance from Perth to Sydney), with an 
estimated 1000 km being constructed every year (extrapolated 
from Dogramaci & Degens, 2003). Many farmers are 
increasingly seeing deep drains as a viable option to remove 
excess groundwater from agricultural land, but without 
any treatment of the water or assessment of environmental 
impacts. Consequently, there is a tension between the farming 
community and regulatory authorities, due mainly to a lack of 
understanding about the environmental risks and impacts of 
drainage water disposal options. 

Current responses
National	Water	Initiative: In 2006, WA became a 
signatory to a bilateral agreement with the Commonwealth 
government which aims to increase the productivity and 
efficiency of water use, enhanced service to rural and 
urban communities, and to protect the health of surface 
and groundwater systems by ensuring sustainable levels of 
extraction. A draft implementation plan has been released 
(Department of Water, 2007).  

State	Water	Plan: was recently released and outlines the 
policy direction for the sustainable management of water 
resources, including the development of regional water plans, 
strategic water issue plans and statutory water management 
plans (Government of Western Australia, 2007). The plan will 
also integrate components of the Water Reform program, 
which aims to reform water entitlements and create a viable 
water trading system.

Environmental	water	requirements	(EWRs): are water 
regimes considered necessary to maintain ecological health 
and protect environmental values, based on risk assessment 
and best available scientific information. The Department of 
Water takes the lead in establishing EWRs, although other 
research organisations and academic institutions are involved 
in determining EWRs for inland waters.

Environmental	water	provisions	(EWPs):	are water 
regimes provided as a result of the water allocation process in 
consideration of ecological, social and economic impacts. They 
may meet the environmental water requirements in part or in 
full. The Water and Rivers Commission developed a policy in 
2000 which is currently being reviewed by the Department 
of Water. A significant proportion of heavily allocated water 
resources have not had environmental water provisions 
determined yet (Table IW2.3).

Table IW2.1: Per cent of river basins that contain at least one management unit at, or exceeding, its sustainable yield, as of 1997.

Year Per cent of river basins with at least one management unit 
at, or exceeding, sustainable yield

Per cent of surface water resource management units at, or 
exceeding, sustainable yield

1997 36% (16/44) 25% (75/304)

Data source: Department of Water.

Table IW2.2: Per cent of groundwater management areas that contain at least one over-allocated unit, as of 2006.

Year Per cent of groundwater 
areas approaching or 
exceeding their allocation 
limit

Per cent of groundwater 
areas exceeding their 
allocation limit

Per cent of groundwater 
management units 
approaching or exceeding 
their allocation limit

Per cent of groundwater 
management units 
exceeding their allocation 
limit

2006 32% (12/38) 13% (5/38) 31% (216/700) 11% (74/700)

Data source: Department of Water. Note: Groundwater management areas and units only include sedimentary water resources. Fractured rock water resources have not been 
included. Allocations set aside for future town supplies have been included. 
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Water	for	Healthy	Country	Flagship: is an Australia-wide 
science partnership established by CSIRO which aims to 
provide information and management opportunities to 
improve the environmental, social and economic benefits 
from water resources. A number of research projects are 
being undertaken in the South West.

Groundwater	investigation	program:	The Department of 
Water assesses and reviews the State’s groundwater resources 
to ensure sustainable management of aquifer systems and 
dependent ecosystems. There are approximately 3000 
monitoring bores distributed throughout the State.

Stormwater	management:	has evolved in recent years on 
the principle that stormwater is a resource providing social, 
environmental and economic opportunities. A Stormwater 
Management Manual for Western Australia builds on the 
traditional flood protection approach through the inclusion of 
water quality management, the protection of ecosystems and 
providing liveable and attractive communities. 

Fishways:	(more commonly known as ‘fish ladders’) are 
structures built in a stream to allow fish to move around 
barriers that impede normal flow regimes, such as dams, 
culverts and weirs. Fishways have been constructed in the 
Margaret, Hotham and Goodga rivers and Bennet Brook, with 
a project also underway on Lake Kununurra Diversion Dam to 
enable passage of barramundi upstream.

Implications
Modified water and flow regimes can have significant social, 
economic and environmental impacts. Too much water 
can result in flooding of ecosystems, infrastructure and 
communities, and damage productive land. It can also result 
in the waterlogging and drowning of native vegetation, 
salinisation, loss of soil health, loss of fauna habitat and a 
favouring of opportunistic weed species. Too little water results 
in drought-like conditions, often leading to loss of inland 
waters, degraded ecosystems, limited habitat, acidification 
and eutrophication problems, and widespread death where 
species are unable to adapt to modified conditions. Reduced 
water availability also limits provision for human consumption, 
agricultural purposes and recreation. Changes to the timing, 
duration and frequency of natural flows can be just as harmful, 
affecting biodiversity by altering natural migration and 
reproduction patterns of flora and fauna. It is now recognised 
that adequate water provision to the environment is critical 
for maintaining ecological functionality of inland waters and 
neighbouring environments. 

Table IW2.3: Per cent of heavily allocated (high water use) managed sites that have environmental water provisions (EWPs), as of 2006.

Managed surface water sites Managed groundwater sites

Proportion of heavily allocated systems with 
EWPs in place

12% (2/16) 21% (8/39)

Data source: Department of Water.

suggested responses

4.8  Develop and implement statutory water 
management plans for priority areas and 
stressed ecosystems, with accompanying 
allocation plans and environmental water 
provisions. 

4.9  Develop drainage governance arrangements 
for urban and rural areas. 

REGIMES_Fishways	are	vital	for	maintaining	native	fish	populations	in	waterways	with	barriers,	such	as	dams	and	weirs	(S.Janicke)

Fishways	are	vital	for	maintaining	native	fish	populations	in	waterways	with	barriers,	such	as	dams	and	weirs	(S.Janicke)

	



State of the environment report WeStern auStralia 2007

92

 

indicative extent of iSSue

priority  
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Description
In WA the term ‘wetland’ is commonly used to refer to a 
standing water body or inundated land, and ‘waterway’ 
is commonly used to describe a water body flowing in a 
channel. Wetlands may include lakes, swamps, damplands, 
sumplands, springs, soaks, karst caves and waterholes. 
International and national definitions of wetlands are much 
broader and include waterways and near-shore marine 
areas (see text box). While the exact number of wetlands 
is not known, there are thousands of wetlands in WA and 
they range from permanent, to seasonal or intermittently 
inundated systems. 

Wetlands are widely recognised as important wildlife habitats 
and as being the most biologically productive and diverse 
ecosystems. They directly and indirectly provide a broad 
range of ecosystem services, and support of a wide variety 
of flora and fauna. Some wetlands are of international 
significance, particularly as habitat for migratory bird species. 
Wetlands serve to purify water by removing suspended 
matter, biologically processing contaminants and removing 
plant growth nutrients. They also provide flood control by 
storing and retaining stormwater and runoff. Many wetlands 
also provide considerable enjoyment for the people of WA 
through recreation, tourism, landscape amenity, and for 
cultural and historical reasons. 

In the past little regard has been given to the value of 
wetlands, with many people viewing these water bodies 
as swamps (and refuges for disease) best converted into 
land suitable for farming, housing or roads. This perception 
is now changing and wetlands are becoming more valued 
by the community. Despite this, wetlands in WA continue 
to be lost (from impacts such as filling, draining and land 

development) or severely degraded (though impacts such as 
land clearing, excessive fire, grazing, altered water regimes, 
salinisation and acidification).

defining wetLands

The	Ramsar	Convention	on	Wetlands	of	International	
Importance	(held	in	Iran	in	1971),	to	which	Australia	
and	99	other	nations	are	signatories,	defines	wetlands	
as	‘areas	of	marsh,	fen,	peatland	or	water,	whether	
natural	or	artificial,	permanent	or	temporary,	with	
water	that	is	static	or	flowing,	fresh,	brackish	or	salt,	
including	areas	of	marine	water	the	depth	of	which	
at	low	tide	does	not	exceed	six	metres’.	The	State 
Wetland Conservation Policy	(Government	of	Western	
Australia,	1997)	accepts	this	definition,	but	separates	
the	conservation	and	management	of	WA’s	rivers,	
estuaries	and	shallow	marine	areas	due	to	special	
attributes	and	values	of	those	environments.	This	
State	of	the	Environment	Report	also	reflects	the	State	
policy	direction,	separating	marine	waters	and	flowing	
waterways	from	the	above	wetland	definition.

Objectives
The Wetlands Conservation Policy for Western Australia 
(Government of Western Australia, 1997) outlines objectives 
relevant to the conservation of wetlands. Specifically:

• To prevent the further loss or degradation of valuable 
wetlands and wetland types, and promote wetland 
conservation, restoration and creation (in some instances);

• To greatly increase community awareness and appreciation 
of the many values of wetlands and the importance of 
sound management of wetlands and their catchments in 
the maintenance of those values.

Condition

Indicator IW11:	Extent	and	rate	of	wetland	loss.

Very little information is currently available about the spatial 
extent of WA wetlands and even less on their condition. 
No systematic survey of wetlands or wetland values across 
the State has yet been conducted, although a number of 
coordinated wetland mapping and classification projects 
have been undertaken or are underway. The State’s largest 
and most prominent wetlands (usually large lakes) are 
well documented. Western Australian wetlands listed for 
recognition under the Convention of Wetlands 1971 (also 

4.3

Key findings

• Wetland vegetation on the Swan Coastal 
Plain is being lost or degraded at the rate 
equivalent of two football ovals per day.

• About 6% of wetlands of high conservation 
value on the Swan Coastal Plain were lost or 
degraded between 1996 and 2004. 

• Twenty six per cent of important South West 
wetlands are degrading. 

2

Loss or degradation of wetLands
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known as the Ramsar Convention) include the Ord River 
floodplain; lakes Argyle, Kununurra, Forrestdale, Thomsons, 
Gore and Toolibin; the Peel–Yalgorup, Vasse–Wonnerup, Lake 
Warden and Muir–Byenup systems; and the Becher Point 
wetlands. Other important wetlands (including waterways 
and near shore marine areas) that are nationally important 
have been documented in A Directory of Important Wetlands, 
Third Edition (Environment Australia, 2001).

Most available information pertains to wetlands on the 
Swan Coastal Plain, which is defined as the coastal strip of 
land west of the Darling Scarp, north of Dunsborough and 
south of Jurien. This is the most populated region in WA 
and is under significant urban development and growth 
pressures. Although difficult to ascertain, previous estimates 
indicate that 70–80% of original wetlands on the plain have 
been cleared, drained or filled since European settlement 
(Balla, 1994), although with continued wetland losses this 
figure is likely to be much higher. The ecological function of 

many remaining wetlands has been so significantly altered 
that they now bear little resemblance to their original 
state (Environmental Protection Authority, 2004). In 2004 
approximately 36% of the Swan Coastal Plain was wetlands, 
by area. Of the remaining wetlands, about 17% have high 
conservation significance and only 14% are protected 
through formal statutory policies such as environmental 
protection policies (Figure IW3.1).

A review of the Swan Coastal Plain Wetlands Environmental 
Protection Policy indicates that many valuable wetlands 
are still in decline. Between 1996 and 2004, Land Monitor 
showed that 4% of vegetation in remaining wetlands was 
lost or became severely degraded (Figure IW3.2). This 
represents an approximate rate of loss of 1500 ha (equivalent 
to about 750 football ovals) of wetland area each year. About 
6% of wetlands lost or degraded during this time were of 
high conservation significance (Figure IW3.2, Table IW3.1).
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Legend

Wetland	Areas

All wetland areas

Areas of wetland vegetation loss (1996-2004)

Swan Coastal Plain policy boundary

Legend

High	Conservation	Significance	Wetlands

High conservation significance wetlands

Swan Coastal Plain policy boundary

Legend

Protected	Wetlands

Protected wetlands

Swan Coastal Plain policy boundary

Figure IW3.1:	Wetlands	on	the	Swan	Coastal	Plain,	with	subsets	of	high	conservation	significance	wetlands	and	those	
protected	by	formal	State	Government	policy.
Data source: Department of Environment – geomorphic wetlands [ver. 2005], Department of Environment and Heritage – Ramsar wetlands [ver. 2002] & Directory of Important 
Wetlands [ver. 2001], EPA – Lakes EPP; Analysis: EPA; Presentation: EPA.



State of the environment report WeStern auStralia 2007

94

Figure IW3.2:	Percentage	of	wetland	loss	or	degradation,	by	total	and	conservation	category	wetland	(CCW),	on	the	Swan	
Coastal	Plain	by	local	government	area,	1996–2004.
Data source: Department of Environment – geomorphic wetlands [ver. 2005], Department of Land Information – LandMonitor [ver. 2004] EPA–EPP Lakes Policy [ver. 1992]; 
Analysis: EPA; Presentation: EPA.

Table IW3.1: Loss or degradation of vegetation in Swan Coastal Plain wetlands, 1996–2004.

Loss or degradation from 1996–2004 Rate of loss or degradation per year

Wetland category Area (ha) Per cent of wetland 
type

Annual loss (ha/yr) Equivalent in football 
ovals / yr

High condition  
(conservation significance)

2217 6% 277 139

Moderate condition 1245 6% 156 78

Low condition 8649 4% 1081 541

Unknown condition 32 6% 4 2

Total 12 143 4% 1518 759

Data source: Department of Environment – geomorphic wetlands [ver. 2005], Department of Land Information – LandMonitor [ver. 2004]; Analysis: Environmental Protection 
Authority.
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Many wetlands of South West WA have been extensively 
cleared, especially in the Wheatbelt, and those remaining are 
under significant pressure. Limited but intensive monitoring 
of 25 regionally important wetlands indicates that 26% are 
deteriorating, with rapidly declining biodiversity (Cale, Halse 
& Walker, 2004). Long-term monitoring of about 40 wetlands 
in the conservation estate shows 12% were impacted by 
rising salinity between 1977 and 2000 (Lane et al., 2004). 
Other wetlands outside the conservation estate are likely to 
be significantly more degraded by dryland salinisation. Given 
that over 90% of land in the Avon River catchment has been 
cleared, many remaining Wheatbelt wetlands do not reflect 
their pre-European settlement condition.

Very little is known about wetlands in the rangelands and 
the arid interior. Further research is required to determine 
their condition. 

Pressures
Wetlands on the Swan and Scott coastal plains of South West 
WA are being lost or degraded at an alarming rate by altered 
catchment water balances, drainage, development, salinity, 
acidity, pollutant discharge, dieback, weed encroachment 
and insensitive fire management. Climate change is also 
an ominous threat for remaining wetlands, particularly in 
the South West, where a drying climate is expected. The 
most extensive impacts have occurred in urban areas where 
wetlands have been excluded from conservation by poor 
town planning, excessive clearing has been allowed, or there 
has been inadequate buffer distances, poor drainage planning 
or stormwater management. Remaining wetlands in major 
urban and regional centres undergoing growth are facing 
significant developmental pressures due to increasing land 
values and the need to enhance supporting infrastructure 
(e.g. roads, railways, pipelines). Many wetlands are also 
being lost or degraded because landowners are generally 
unaware that wetlands include seasonally waterlogged and 
inundated areas as well as water bodies permanently filled 
with water. For example, a World Wildlife Fund (WWF) 
study of metropolitan Perth landholders with conservation 
category wetlands on their property reported that 70% of 
landholders were unaware of the presence of a wetland, let 
alone a conservation category wetland, on their property (C 
Mykytiuk, WWF, pers. comm.). 

Wetlands are also being degraded through poor water 
quality and loss of vegetation (see ‘Loss or degradation of 
native vegetation’). Widespread catchment clearing and 
subsequent altered water regimes can pose an inundation 
threat to wetlands (see ‘Altered water regimes’). Over-
abstraction and excessive drainage of groundwater may also 
lead to some wetlands drying out and becoming subject to 
acidification (see ‘Acidification of inland waters’). Excessive 
erosion of soils and leaching of nutrients from household 
gardens and agricultural land may lead to sedimentation and 
eutrophication in wetlands (see ‘Eutrophication’ and ‘Erosion 
and sedimentation’). Livestock that access wetland areas 
can damage vegetation, soil and water quality, leading to 
enhanced erosion and sedimentation problems (see ‘Loss of 
fringing and instream vegetation’). Saline and acidic waters 
are also entering and degrading many Wheatbelt wetlands 
(see ‘Acidification of inland waters’, ‘Salinisation of inland 
waters’). Contamination and fires are also impacting some 
wetlands (see ‘Land contamination’ and ‘Altered fire regimes’).

Current responses
Environmental	protection	policies: Two environmental 
protection policies (EPPs) have been developed by the EPA 
to protect wetlands in WA. A South West Agricultural Zone 
Wetlands EPP was established in 1998 to protect and enable 
rehabilitation of Wheatbelt wetlands. Placement of wetlands 
on the register is voluntary and so far only two wetlands 
are listed as protected wetlands under this policy. The Swan 
Coastal Plain Lakes EPP was established in 1992 to protect 
several hundred lakes. It was recently revised by the EPA with 
the option of extending protection to other wetland types, 
however the State Government decided not to implement a 
revised version of the EPP.

Planning	policy: A Water Resources Statement of 
Planning Policy (Western Australian Planning Commission, 
2006a) has been developed by the Western Australian 
Planning Commission to assist with the management and 
protection of wetlands (and other waterways) in the land 
use planning system. An accompanying draft Guideline 
for the Determination of Wetland Buffer Requirements 
(Western Australian Planning Commission, 2005) has also 
been released to provide advice on minimising planning and 
development impacts on wetlands.

Vegetation	clearing	regulations:	In 2003 amendments were 
made to the Environmental Protection Act 1986 to provide 
for regulations that afford increased protection for native 
vegetation, including that associated with wetlands.

Wetlands	conservation	policy: was established in 1997 
with a statement of policy outlining key objectives including 
prevention of further loss or degradation of valuable 
wetlands, and promoting wetland conservation, creation and 
restoration (Government of Western Australia, 1997). The 
Wetlands Coordinating Committee was formed to oversee 
the policy’s implementation and is currently reviewing and 
finalising an updated version of the policy.

Wetland	protection	and	conservation: The Department of 
Environment and Conservation has a lead role in protecting 
and managing wetlands, including most of WA’s nationally 
and internationally important wetlands. The Department 
has a lead role in the development of a framework to 
outline a statewide process for the mapping, classification 
and evaluation of wetlands. A wetland restoration and 
management manual is being developed to provide an 
understanding of how wetlands function, causes and effects 
of degrading processes, restoration and management 
techniques, and planning and legal aspects. Programs 
affiliated with other organisations such as Landcare, Wetland 
Watch or Land for Wildlife also enhance the conservation and 
management of wetlands through private land and pastoral 
lease agreements.

Wetlands	education	and	incentives:	Technical and financial 
support for wetland protection is available to farmers and 
private landholders through programs funded by the Natural 
Heritage Trust and the National Action Plan for Salinity 
and Water Quality, the Department of Environment and 
Conservation’s Healthy Wetland Habitats program and 
WWF’s Wetland Watch program. Centres dedicated to 
wetland conservation have been established in Cockburn 
(Bibra Lake), Melville (Piney Lakes) and Capel. These aim 
to promote wetland values, conservation and sustainable 
ecosystem management through education and public 
awareness. A collaboration between universities and the 
State Government has resulted in the WA Wetlands Database 
which provides cumulative information about WA wetlands. 
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Management	groups: Traditional owners have Native Title 
representative bodies that help facilitate an important cultural 
and legal bridge between traditional obligations to look 
after wetlands and contemporary management. Regional 
natural resource management groups are also working to 
map, restore, rehabilitate and prevent further degradation 
of wetlands. Currently, the Swan, Northern Agricultural 
and South Coast regional groups are undertaking wetland 
mapping projects. 

Implications
Loss of wetlands can reduce the capacity of the land to 
mitigate floodwaters or stormwaters, by acting as water 
storage points in the landscape and reducing the speed at 
which water moves across the land. When wetlands are 
cleared and filled for development, this may contribute to 
rising water tables and early onset of flooding, waterlogging 
and salinisation in susceptible areas, requiring construction 
of extensive and costly drainage networks in an attempt 
to remove excess water from the landscape. Wetlands are 
highly productive ecosystems providing a range of important 
ecosystem services. Though wetlands are most often 
associated with waterbirds, they provide essential habitat 
for a wide variety of species of birds, mammals, reptiles, 
amphibians, fish and insects, and are especially important 
as drought refuges in summer. With the current extent of 
wetland loss in some parts of WA, many remaining wetland 
flora and fauna are now rare, threatened or endangered. Loss 
of wetlands also removes the opportunity for enjoyment of 
their natural beauty, recreational and tourism opportunities, 
and cultural and spiritual values.
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suggested responses

4.10  Develop and implement a strategy that 
protects Swan Coastal Plain wetlands using 
a combination of incentives and existing 
conservation and regulatory protection 
mechanisms. 

4.11  Review the Environmental Protection (South 
West Agricultural Zone Wetlands) Policy. 

4.12  Finalise and implement the revised Wetland 
Conservation Policy for Western Australia. 

4.13  Implement the Water Resource Statement of 
Planning Policy and finalise the draft Guideline 
for the Determination of Wetland Buffer 
Requirements. 

 See also ‘Loss or degradation of native 
vegetation’.

• Prohibit clearing in local government areas 
with less than 15% native vegetation 
remaining and prohibit further clearing of 
vegetation types that have less than 10% of 
their pre-European extent.

• Develop and implement a policy of ‘no net 
loss’ of native vegetation due to land use that 
comprehensively considers biodiversity values 
in clearing applications. 

• Establish a central database to make 
information on all clearing activities (including 
environmental impact assessment) publicly 
available. 

• Carefully monitor for illegal clearing and 
breaches of conditions set under the 
Environmental Protection Act 1986 and take 
appropriate action should they occur. 

This	conservation	category	wetland	near	Rockingham	has	been	permanently	damaged	by	land	developers	(J.Higbid)
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indicative extent of iSSue

Description
Fringing vegetation is the vegetation that grows alongside 
a waterway or wetland. This issue relates to waterways, as 
wetland associated vegetation is covered elsewhere (see ‘Loss 
or degradation of wetlands’). Fringing vegetation has adapted 
to inundation or waterlogged conditions, has an important 
role in the ecology of waterways, and provides a vegetated 
linkage between aquatic and terrestrial ecosystems. It 
provides habitat for both aquatic and terrestrial fauna and 
provides wildlife corridors, so is essential to biodiversity 
conservation. Overhanging vegetation regulates light 
availability and temperature in the water body, preventing 
weed growth and algal blooms. Fringing vegetation also 
intercepts and filters nutrients, pollutants and sediments 
leaving the catchment and helps to stabilise embankments 
from erosion. Instream vegetation consists of aquatic 
plants within a waterway or wetland. It helps to stabilise 
streambeds, recycle nutrients in the water column and serves 
as food and habitat for aquatic organisms.

Historically there has been little value placed on retention of 
fringing and instream vegetation. In many populated areas, 
fringing vegetation along estuaries, rivers and wetlands 
has been removed to provide water views for residential 
development and to enhance land values. In some agricultural 
areas, fringing vegetation has been removed to enable 
farming of productive floodplain soils. Similarly, instream 
vegetation has been removed during dredging activities to 

allow boat navigation. In some waterways, nutrient and 
sediment pollution has contributed to significant degradation 
of seagrass communities. 

Objectives
• To prevent the further loss or degradation of fringing and 

instream vegetation of valuable waterways and wetlands. 

• To restore fringing and instream vegetation in inland 
waters where associated impacts (from loss or degradation 
of vegetation) have not stabilised.

Condition

Indicator IW12:	Extent	of	inland	waters	with	intact	
fringing	vegetation	(50	m	buffer).

Information about changes in fringing vegetation remains 
extremely limited and has not been comprehensively updated 
since the 1998 State of the Environment Report. While 
foreshore surveys of fringing vegetation are occasionally 
undertaken for waterways in the South West, the information 
has not been centrally collated. In contrast, foreshore 
assessments in the rangelands is extremely difficult given 
the difficult terrain, vast size of some catchments and 
limited accessibility. Aerial surveys and satellite imagery are 
sometimes used for these reasons. 

Satellite imagery shows fringing vegetation of waterways 
is still being lost or degraded throughout the South West. 
Net declines in fringing vegetation are apparent in many 
coastal catchments between Bunbury and Geraldton, due 
to land development, drought and rural activities (Figure 
IW4.1). Declines in fringing vegetation for the Blackwood 
and Moore rivers and southern reaches of the Avon River 
are likely to be due to the effects of salinisation. Net gains 
in fringing vegetation are apparent for some waterways 
near Perth, Mandurah, Collie and Albany, and may be due 
to increased weed abundance or revegetation rehabilitation 
and restoration efforts. Further ground truthing and frequent 
foreshore assessments are required to verify these findings.

Foreshore condition of Mid West rivers are generally poor. 
For example, 50% of the sites on the Greenough, Chapman 
and Hutt rivers have lost more than half their native 
vegetation, with minimal understorey and a dominant weed 
presence. Specifically, about 34% of foreshore on the Hutt 
River was in a good or very good condition (Department 
of Environment, 2005b). Foreshore assessments have also 

priority  
rating:

4.4

Key findings

• Widespread loss or degradation of fringing 
vegetation occurred along many major rivers 
from Bunbury to Geraldton between 1996 
and 2004. 

• About 45–50% of farmers and 35% of 
pastoralists protect fringing vegetation from 
livestock grazing. 

• There is a critical lack of monitoring of 
instream and fringing vegetation. 

• Rehabilitation efforts are leading to a recovery 
of seagrass meadows in Oyster Harbour. 

Loss or degradation of fringing 
and instream vegetation
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shown that tributaries of the lower Avon River, such as the 
Brockman, Mortlock, Toodyay and Mackie rivers are in a 
generally degraded condition due to previous and current 
farming activities.

Surveys on the Swan–Canning Estuary and its major 
tributaries indicate minimal retention of native vegetation 
and a significant weed presence, with the exception of 
the upper reaches of the Helena and Canning rivers which 
remain largely forested. Most of the estuary foreshore has 
been found to have more than 70% weed cover, indicating a 
substantial shift of fringing vegetation from its natural state 
(Swan River Trust, 2006). Surveys of river foreshores in the 
Oyster Harbour catchment near Albany, found 81% to be in a 
degraded condition that were erosion prone or weed infested, 
with about 55% of foreshores fenced (Water and Rivers 
Commission, 1997a). In the upper reaches of the Kent River 
catchment, 92% of surveyed foreshore area was in a similar 
degraded condition, with about 67% of foreshores fenced 
(Kent River LCDC and Water and Rivers Commission, 1998).  

Indicator IW13:	Extent	of	inland	waters	with	loss	of	
instream	vegetation.

Current monitoring of instream vegetation is limited to a few 
South West estuaries. Seagrass and macroalgal species and 
distribution have been periodically well researched in the 
Swan–Canning and Peel–Harvey estuaries, Princess Royal and 
Oyster harbours, and Wilson and Leschenault inlets (Brearley, 
2005). Instream vegetation in rivers and wetlands is generally 
not monitored and it is therefore not possible to report on 
condition or changes over time. For estuaries it is generally 
understood that once seagrasses have been lost or disturbed 
they may never recover (Clarke & Kirkman, 1989; Kirkman & 
Kuo, 1990). Large declines in seagrass in the 1970s, due to 
massive increases in macroalgae, were documented in the 
Peel–Harvey estuarine system near Mandurah (McComb & 
Lukatelich, 1995). However, construction of the Dawesville 
Channel has significantly altered macroalgal distribution 
and diversity, and has also contributed to the loss of some 
fringing vegetation with increasing tides and salinity in the 
estuary (Brearley, 2005).

Figure IW4.1:	Net	loss	or	gain	of	vegetation	within	50	metres	of	waterways	in	South	West	catchments,	1996–2004.
Data source: Department of Land Information – Land Monitor [ver. 2004], Department of Environment –  Hydrology [ver. 2003]; Analysis: EPA; Presentation: EPA.

Legend

Riparian	Vegetation	Change

Very high increase (plus 12 to 15.9%, 3 -4 std dev)

High increase (plus 8.0 to 11.9%, 2 -3 std dev)

Med increase (plus 4.0 to 7.9%, 1 - 2 std dev)

Low increase (plus 0.5 to 3.9%, 0 -1 std dev)

Negligible (-0.5 to 0.5%)

Low decrease (minus -0.5 to 3.9%, 0 -1 std dev)

Med decrease (minus -4.0 to 7.9%, 1 - 2 std dev)

Incomplete vegetation change data coverage  
or inconclusive riparian area (<20ha)
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In Princess Royal Harbour and Oyster Harbour near Albany, 
90% and 80% of seagrass was lost, respectively, between 
the early 1960s and the late 1980s (Hillman et al., 1990; 
Water and Rivers Commission, 1997b). However significant 
recovery was noted in the mid-1990s, coinciding with a 
series of dry years with reduced catchment runoff and 
decreasing macroalgae (Bastyan et al., 1996). With significant 
restoration and rehabilitation efforts being undertaken in 
Oyster Harbour, there is now emerging evidence that seagrass 
meadows (Posidonia sp.) are recovering (G Bastyan, pers. 
comm.). Enhanced seagrass (Ruppia sp.) growth was also 
observed in nearby Wilson Inlet during the 1980s but is now 
declining there due to increasing algal blooms.

Pressures
Many WA settlements were established in lowland valley 
areas adjacent to waterways to allow easier transportation, 
access to water and because of the better agricultural 
productivity on floodplains. This resulted in extensive removal 
of fringing vegetation in some areas, such as the upper Swan 
and lower Avon rivers. Damage to fringing vegetation is still 
occurring as a result of residential developmental and the 
cultural appeal of owning a waterfront property with water 
views. This is particularly evident for land adjacent to estuaries 
and major river systems across the South West. Pressures such 
as clearing, salinisation, over grazing, erosion, Phytophthora 
dieback, altered fire regimes, and feral and weed invasion are 
also degrading remaining fringing vegetation. Altered water 
regimes can seriously degrade fringing vegetation by causing 
flooding or reducing water availability. Increasing levels of 
acid, sediment and other pollutants in waterways can also 
contribute to loss of fringing vegetation.

In agricultural areas, acute loss of fringing vegetation 
continues to occur where stock has easy access to waterways 
and wetlands. Recent surveys undertaken in the South West 
agricultural region indicate that 45–50% of farmers protect 
river creek frontages from grazing animals (Department of 
Agriculture, 2006). Grazing is also a problem for waterways 
and wetlands in the rangelands, where stock depend 
on access to water in an otherwise dry landscape. The 
topography of the land and extent of pastoral livestock 
grazing areas means that it is often impractical to fence large 
portions of waterways and wetlands. Only 33% of pastoralists 
indicated that they protect river or creek frontages from 
grazing animals (Department of Agriculture, 2006).

The major pressure associated with loss of instream 
vegetation is dredging to aid navigation for recreational 
boating, commercial operations or tourism charters. Estuaries 
or major river systems with port, harbour, marina or boating 
facilities undertake occasional dredging of channels to 
prevent them filling with sediment. Sometimes removal 
of seagrass occurs but can be minimised with adequate 
management practices. Many WA estuaries including the 
Swan, Peel Inlet, Harvey (Dawesville), Oyster Harbour, 
Murchison River and Leschenault estuaries are dredged to 
maintain navigation channels. Sedimentation, eutrophication 
and salinisation can also radically affect the extent and 
density of instream vegetation but unfortunately there is little 
or no ongoing monitoring to assess these changes.
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A	thin	band	of	fringing	vegetation	has	been	retained	on	this	section	of	the	Avon	River	near	Toodyay	(D.Tracey)
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Current responses
Vegetation	clearing	regulations: Amendments were made 
in 2003 to the Environmental Protection Act 1986 to provide 
regulations that protect native vegetation while allowing 
for approved clearing activities. The regulations extend to 
protection of instream and fringing vegetation of wetlands 
and waterways.

Planning	policy: A Water Resources Statement of Planning 
Policy (Western Australian Planning Commission, 2006a) 
has been prepared by the Western Australian Planning 
Commission to assist with the management and protection 
of wetlands (and other waterways) in the land use 
planning system. An accompanying draft Guideline for the 
Determination of Wetland Buffer Requirements (Western 
Australian Planning Commission, 2005) has also been released 
to provide advice on minimising planning and development 
impacts to wetlands. A new State Planning Policy (Western 
Australian Planning Commission, 2006b) has been developed 
specifically for the Swan–Canning river system to ensure that 
new development does not compromise the health, amenity 
and landscape values of the rivers. 

River	and	wetland	restoration	manuals:	A river restoration 
manual has been developed to assist with restoration 
and long-term management of waterways (Water and 
Rivers Commission, 2002). A wetland restoration manual 
is in development by the Department of Environment and 
Conservation. These manuals provide information on how 
waterways and wetlands function, the causes and effects 
of degrading processes, and planning, restoration and 
management techniques.

Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP)	programs:	All regional 
Natural Resource Management groups in the South West 
have recognised loss of fringing vegetation as a major threat 
to inland waters. Many other regional groups will address 
this as part of estuary, waterway and wetland management. 
The regional groups are developing projects for management 
of affected waterways and protection of valued natural 
assets at risk. 

Foreshore	policy	and	assessment: In 2001 the Water 
and Rivers Commission approved a policy that provides a 
consistent methodology for assessment and determination 
of waterway foreshore and buffer areas. The foreshore 
assessment technique for waterways in the South West does 
not require expert knowledge and covers bank stability, 
foreshore vegetation condition, stream cover and habitat 
diversity.

Riverbank	Program: is administered by the Swan River 
Trust to provide project funding for the rehabilitation and 
protection of foreshores along the Swan and Canning rivers. 
A baseline study has recently been undertaken, in partnership 
with the Swan Catchment Council using Natural Heritage 
Trust assistance, which assessed fringing vegetation condition 
along 61 km of foreshore. A comprehensive assessment of 
shoreline type, vegetation and weed cover was undertaken 
along the Swan Canning Estuary. 

Streamlining: Streamlining of agricultural drains consists of 
fencing waterways and drains to prevent livestock access, 
and revegetating the fringes using native species. Incentives 
can be offered to encourage landholders to fence to exclude 
stock from drains and to revegetate where possible.

Fringing	vegetation	research:	The Tropical Savannas 
Cooperative Research Centre is conducting a research project 
on fringing vegetation across Northern Australia, including in 
the Kimberley. The project aims to define fringing vegetation 
health, develop practical methods to assess foreshore 
condition, generate better understanding of threatening 
processes and evaluate techniques to manage those threats.

Implications
Loss of fringing and instream vegetation is often a 
contentious issue. In some urban riverside areas, fringing 
vegetation has been illegally poisoned to allow for improved 
water views. In some rural and sparsely populated areas 
the loss of fringing vegetation goes largely unnoticed until 
obvious downstream impacts on biodiversity or water quality 
begin to occur. There is a need to increase community 
awareness of the value of fringing and instream vegetation 
and its importance for maintaining healthy waterways and 
wetlands. Failure to do this will result in loss of ecological 
functionality of inland waters (including loss of habitat and 
food sources for fish and other native animals), and may 
impact on tourism and recreational and commercial fishing. 
Loss of fringing vegetation allows more light to reach the 
water body, enhancing weed and algal growth. Inland waters 
without fringing and instream vegetation will also become 
more susceptible to the effects of erosion and sedimentation, 
causing potential for flooding and navigation problems.
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suggested responses

4.14  Establish an agreed baseline of the condition 
of fringing and instream vegetation. 

4.15  Implement the Water Resource Statement of 
Planning Policy and finalise the draft Guideline 
for the Determination of Wetland Buffer 
Requirements. 

4.16  Develop and implement a package of 
education, assistance and incentives for 
fencing and rehabilitation of waterways and 
wetlands on private lands. 

Intensive	rehabilitation	efforts	in	Oyster	Harbour	are	leading	to	a	
recovery	of	seagrass	(G.Bastyan)
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Description
Acidification of wetlands, waterways, groundwater and 
agricultural drains are known to occur in the South West. 
Natural acidity may occur in some seasonal wetlands and 
salt lakes due to the natural seasonal wetting and drying 
cycle or the gradual build-up of sulfides, iron and other 
trace metals. However, most natural inland waters are 
neutral (neither acidic nor alkaline). Acidification may also be 
caused by lowering of watertables resulting in oxidation of 
natural sulfides in rocks, soils or iron rich groundwaters. This 
triggers chemical and microbiological reactions that generate 
significant amounts of sulfuric acid, which can be extremely 
damaging to the environment. 

Acidified soils are often called ‘acid sulfate soils’. In an 
undisturbed state below the watertable, these soils are 
benign and not acidic. Acid sulfate soils in WA commonly 
occur in low lying wetlands, swamps, estuaries, salt marshes 
and tidal flats, though they are not limited to coastal areas. 
Some acid sulfate soils have been found in South West 
agricultural areas, forming in response to rising watertables 
and land salinisation. Environmental problems begin to 
arise when soils are drained, excavated or exposed to air by 
lowering of the watertable. This may occur during dewatering 
processes, construction of drains, soil excavation, excessive 
groundwater use, or excessive planting of trees. Under these 
conditions the sulfide minerals react with oxygen to form 
sulfuric acid. Often the soil is unable to naturally neutralise 
the acidity. Water flowing through acidified soil can then 
produce acidic inland waters. Although rare, acidification 
may also result from contamination events and runoff from 
agriculturally-acidified soils (see ‘Soil acidification’). 

Inland waters with increasing acidification can severely 
damage the environment, resulting in simplified ecosystems 
and a loss of biodiversity. Acid leaching of soil minerals 
such as aluminium, iron, nutrients, heavy metals and 
pesticides can also occur, presenting toxicity problems for 
plants and animals. Affected waters can become acidic 
chemical cocktails with potential to cause severe damage to 
infrastructure, water supplies and the environment. 

Objectives
• To identify inland waters affected by, or at risk of, 

acidification and apply land management practices to 
avoid or minimise their disturbance.

• To manage and restore valuable inland waters affected by 
acidification.

Condition
Acidity is a reflection of hydrogen ion concentration in 
solution and is measured on the ‘pH’ scale. This varies from 
pH 0 (strongly acidic) to pH 14 (strongly alkaline), with pH 7 
being neutral. As the pH scale is logarithmic, a fall of one pH 
unit (say from pH 5 to pH 4) represents a ten-fold increase in 
acidity. Even a small increase in acidity (i.e. a minor decline 
in pH) can have serious detrimental effects on biodiversity, 
especially where there is no history of acidity in an ecosystem 
(Psenner, 1994).

Indicator IW14:	Status	and	trends	in	acidity	(pH)	of	inland	
waters.

Most WA waterways are near neutral with a pH in the 
vicinity of 6.5–8.0. A few acidic waterways are found near 
Mandurah, Albany and on the Scott Coastal Plain (Figure 
IW5.1). Some natural acidity occurs due to seasonal wetting 
and drying of peaty soils in wetlands and waterways. In 
contrast, other waterways in the western Wheatbelt, the mid-
west and Ord irrigation areas are slightly alkaline, their pH 
ranging from 8.0–8.5 (Figure IW5.1).

Key findings

• Groundwater and wetlands on the Gnangara 
Mound are becoming highly acidic, with the 
pH less than 4 in some places. 

• Deep drainage waters in the eastern 
Wheatbelt are highly acidic with an average 
pH of 3.

• Most acidic inland waters contain heavy 
metals such as arsenic, aluminium, cadmium 
and lead. 

priority  
rating: 3

4.5
acidification of inLand waters

  4
.5

 i
n

La
n

d
 w

a
te

r
s 

a
c

id
if

ic
a

ti
o

n
 o

f 
in

La
n

d
 w

a
te

r
s

   



State of the environment report WeStern auStralia 2007

102

A snapshot survey of water quality in the Wheatbelt during the 
winter of 2003 identified very low pH (3.0–5.0) in lakes and 
waterways of the upper Lockhart and Upper Yilgarn rivers, and 
some areas of the North and East Mortlock rivers. The high 
acidity of inland waters of the eastern Wheatbelt reflects a 
broad problem that may be linked to rising saline watertables 
that are also acidic. Deep groundwater in the eastern 
Wheatbelt is considered naturally acidic since there is evidence 
of some naturally acidic salt lakes and deep groundwater of pH 
between 3.0–4.5 (Rogers & George, 2005). Agricultural drains 
were found to be most acidic in the eastern Wheatbelt (east of 
the line between Dalwallinu and Dumbleyung), with more than 
half the drains sampled being strongly acidic with an average 
pH of 3.0. Sampling of deep drains has also shown high levels 
of heavy metals (including arsenic, iron, aluminium, cobalt, 
copper, zinc, lead and uranium) that have leached under the 
acidic conditions.

Coastal groundwater acidity became a prominent issue in Perth 
in 2002 with the discovery that water from some household 
bores in the suburb of Stirling was killing garden plants. The 
groundwater was found to be acidic (with a pH as low as 1.9 in 
some places) and had become contaminated with aluminium 
and arsenic released from the soil (Appleyard et al., 2004). 
Nearby urban wetlands (Spoonbill Lakes) had also acidified. 
Heavy use of garden bores and dewatering of a nearby 
wetland for a housing development caused the acidification. 

Investigations have also shown that extensive acidification 
of shallow groundwater is also occurring on the crests of the 
Gnangara and Jandakot mounds, with pH levels as low as 2.4 
and high levels of dissolved aluminium and arsenic present 
(Appleyard, 2004 & 2005). High aluminium levels can kill 
plants and wetland aquatic fauna. High arsenic levels pose a 
risk to human health if the groundwater is used for drinking 
water, and represents a long-term toxicological problem for 
ecosystems. Several wetlands on the Gnangara Mound are 
now permanently acidified. For example, Lake Gnangara has 
been acidified to a pH of less than 4 since the late 1970s, 
and Mariginiup and Jandabup lakes have both had temporary 
acidification events (McHugh, 2004). In other wetlands and 
waterways the source of acidity is likely to be disturbed acid 
sulfate soils, which have been detected in wetlands and 
waterways adjacent to the Swan–Canning, Peel–Harvey, 
Leschenault and Vasse–Wonnerup estuaries, the Scott 
Coastal plain and low lying coastal areas on the south coast 
near Albany (Department of Environment, 2004b).

Acid sulfate soils are often not identified until land is in the 
process of being redeveloped, when affected vegetation 
starts to die, or when major infrastructure damage occurs. 
For this reason the problem is best managed through the 
identification of potential risk areas. The Department of 
Environment has been undertaking soil investigations to map 
the extent of acid sulfate soil risk areas (Figure IW5.2). 
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Figure IW5.1:	The	pH	of	Western	Australian	waterways.
Data source: Department of Environment and Conservation [ver. 2005], Analysis: EPA, Presentation: EPA.
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Pressures
Acidification of ground and surface waters in coastal plain 
environments is largely a result of poorly planned and 
managed land use development. In urban areas, increased 
and more widespread acidification of inland waters is likely 
with increasing groundwater use, prolonged periods of low 
rainfall and the continued use of dewatering practices to 
enable development of wetlands. Lowering of water tables and 
subsequent drying of wetland soils leads to acidification when 
soils become wet again. Continued development of wetlands 
will place nearby areas under significant acidification pressures. 

In coastal agricultural areas there are pressures increasing 
water acidification due to over design of existing drainage 
networks in combination with continuing declines in annual 

rainfall. Existing drains, that were designed and installed during 
a time of high rainfall, are now resulting in the excess lowering 
of water tables. If disturbed, areas with acid sulfate soils are 
likely to export acidity to wetlands and waterways.

In agricultural areas, disposal of acid drainage water is 
posing a significant problem. Fluctuating water tables in 
the Wheatbelt, caused by altered water regimes, climate 
variability and management interventions (such as deep 
drainage and pumping) are increasing the generation 
of acidic groundwater. Drainage water discharged into 
waterways and wetlands has the potential to impact on the 
health of the receiving ecosystem. The risk of downstream 
impacts may also be much larger when the cumulative effects 
of many acid drains are added together.
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Figure IW5.2:	Risk	of	acid	sulfate	soils	(ASS).
Data source: Department of Environment and Conservation [ver. 2007]; Presentation: EPA. 
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Current responses
Engineering	Evaluation	Initiative: is a project that aims 
to deliver improved engineering options to manage salinity, 
manage the safe disposal of saline and acidic water, and 
address regional drainage planning. It has also commissioned 
the Collaborative Research Centre for Landscape Environments 
and Mineral Exploration to assess the geochemical risk (acidity 
and trace metals) posed by saline acid waters in the Wheatbelt. 
It focuses on waters likely to be discharged by deep drains 
constructed to mitigate salinity.

Acid	sulfate	soil	mapping: The Department of Environment 
and Conservation is currently identifying and mapping the 
extent of acid sulfate soil risk in coastal areas under high 
pressure from development.

Planning	responses: The Western Australian Planning 
Commission has released a bulletin containing planning 
measures to ensure that acid sulfate soils are identified, 
investigated and managed during land development processes 
(Western Australian Planning Commission, 2003).

Acid	sulfate	soils	framework: A Proposed Framework for 
Managing Acid Sulfate Soils (Department of Environment, 
2004b) has been developed outlining institutional 
arrangements, monitoring, planning and educational 
requirements to effectively manage acid sulfate soils. 
The department has also developed a series of guidance 
documents to assist in the identification, management and 
treatment of acid sulfate soils. 

Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP)	programs: Regional Natural 
Resource Management groups in the South West, Swan, Avon, 
South Coast, and Northern Agricultural areas have recognised 
acidification or acid sulfate soils as a threat or potential threat 
to inland waters. Many regional groups will address this as part 
of estuary, waterway and wetland management. The regional 
groups are developing projects for management of affected 
waterways and protection of valued natural assets at risk. 

Implications
Acidification is a growing problem and requires sound land 
use planning. Acid leachate (including heavy metals, minerals, 
nutrients and pesticides) can impact groundwater and surface 
waters causing ecological damage to aquatic and riparian 
ecosystems; damage to estuarine fisheries and aquaculture 
activities; contamination of groundwater supplies; reduction 
in agricultural productivity from acidic conditions and metal 
contamination (predominantly by aluminium); and damage 
to infrastructure through corrosion of building foundations, 
bridge supports, jetties, roads, dams, water pumps and 
underground pipes. Some impacts caused by subtle changes 
in acidity over a long period may not be apparent until 
irreversible changes have already occurred. Economic impacts 
of acidification of inland waters can occur through loss of 
economic water supplies, increased water treatment costs 
and damage to infrastructure. In the Wheatbelt the combined 
effects of acidification and salinisation in inland waters will 
rapidly accelerate corrosion of infrastructure, impact water 
supplies and the loss of biodiversity.

suggested responses

4.17  Review and implement the Proposed 
Framework for Managing Acid Sulfate Soils, 
with a view to using a risk-based approach 
and incorporating effective mitigation and 
management options. 

4.18  Modify the Engineering Evaluation Initiative to 
incorporate ecological, economic and social 
risks and management options for managing 
acid inland waters in the Wheatbelt. 
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Water	in	Wheatbelt	deep	drains	is	often	highly	saline,	acidic	and	has	high	levels	of	heavy	metals	(Department	of	Environment	and	Conservation)
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indicative extent of iSSue

Description
Erosion occurs when soil becomes unstable and erodes from 
the land, and the banks and beds of waterways. Soil erosion 
is a natural process that is at its greatest during floods. Land 
with steep slopes and friable soils in high rainfall areas are 
particularly susceptible to erosion and can contribute large 
amounts of soil to waterways and wetlands. Erosion is 
exacerbated by human activities that remove vegetation cover 
or cause soil disturbance. 

Eroded soil is gradually deposited into waterways and wetlands 
by wind and water erosion, or via mass collapse of soil 
structures (such as land slides, bank collapse and slumping). 
When eroded soil is deposited into waterways and wetlands it 
becomes sediment. Fine sediments (e.g. silt) can be suspended 
in water and carried quickly downstream and out to sea. 
Coarser sediments (e.g. sand, pebbles and rocks) slowly roll 
along the riverbed and deposit in pools, wetlands and river 
channels. During low flows, sediments begin to settle out of 
the water in a process termed ‘sedimentation’. In contrast, 
during large flows and floods, sediments are scoured from the 
riverbed or banks of waterways and transported downstream 
or out to sea. Over time this dynamic process of sediment 
deposition and scouring contributes to the reshaping of 
waterways. In wetlands, sedimentation is more problematic, 
contributing to the gradual filling of wetlands over time. 

Problems arise when erosion and sedimentation rates are too 
fast. Excessive erosion can damage fringing vegetation and 
undermine infrastructure such as bridges, roads and buildings 
located close to the waterline. High levels of suspended 
sediment can make the water muddy, affecting aquatic animals 
and reducing habitat. It can also exacerbate flooding of nearby 
land, fill water reservoirs, foul water supplies and clog irrigation 

and drainage pipes. Often nutrients and contaminants are 
bound to eroded soil and may contribute to contamination or 
eutrophication problems.

Objectives
• To reduce waterway erosion due to human activities and 

reduce the adverse effects of sedimentation processes in 
surface waters.

• Rehabilitate valuable surface waters affected by erosion 
or sedimentation where there is damage, or increased 
risk of damage, to environmental values or associated 
infrastructure.

Condition

Indicator IW15:	Status	and	trends	in	suspended	solids/
turbidity	of	wetlands	and	waterways.

Turbidity and suspended solids are commonly used as 
indicators of levels of erosion and sedimentation in 
waterways and wetlands. ‘Suspended solids’ refers to the 
amount of sediment or organic matter in the water column. 
Turbidity is a measure of the light scattering properties of 
water, which may be affected by sediment, organic matter 
or colour of the water. Most South West waterways draining 
forested catchments are generally low in suspended solids 
and turbidity. In these areas the presence of healthy fringing 
vegetation protects riverbanks from erosion and intercepts 
soils eroded from catchments. However, waterways draining 
agricultural catchments (such as the Avon, Blackwood, 
Murray, Collie, Preston, Pallinup, Oldfield, and Young rivers) 
have high suspended solids or turbidity. Although many 
monitored waterways in WA show short-term changes in 
turbidity or suspended solids in recent years (Figure IW6.1), 
further investigation is required to determine their cause.
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4.6

Key findings

• Erosion and sedimentation are degrading 
most of the State’s major waterways. 

• About 26 major river pools along the Avon 
River have filled with sediment.

• From the 1970s to 1990s, enough sediment 
entered Lake Argyle from the Ord River to fill 
between 6000 and 9000 Olympic swimming 
pools every year. 

erosion and sedimentation 
of inLand waters

priority  
rating: 3

Erosion	during	flooding	on	the	Fortescue	River	has	undermined	
fringing	vegetation	(S.Wild)
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Waterways in the Mid West, Pilbara and Kimberley (including 
the Chapman, Gascoyne, Murchison, Ashburton, Fortescue, 
Fitzroy and Ord rivers) are well known for their high sediment 
transport rates and braided, sediment-filled river channels. 
Many of the catchments of these waterways are susceptible 
to sedimentation due to steep terrain, dry soils and low 
vegetation cover. Livestock access to waterways is also 
believed to exacerbate erosion and sedimentation in pastoral 
areas. For example, since Lake Argyle was constructed on 
the Ord River in the 1970s, sediment has been deposited at 
rates of 19–28 million cubic metres per year into the reservoir 
(Wasson et al., 1994). By 1994, sediment deposition had 
reduced the useable storage by 600 million cubic metres, 
representing a little over 10% of the original volume of the 
reservoir (Doupe & Pettit, 2002). Although there are no 
recent modelled estimates, reduced pastoral activities and 
effective catchment restoration efforts (Payne et al., 2004) 
suggest that sediment levels in the Ord River (and into Lake 
Argyle) may be falling. There is no other reliable information 
about sedimentation trends in other WA wetlands. 

Indicator IW16:	Loss	of	riverine	pools	due	to	
sedimentation.

There is very little information available to determine the extent 
of sedimentation on river pools, with most evidence being 
anecdotal. For example, prior to agricultural development in 
the Avon River catchment there were about 26 major pools 
along the river between Cobblers Pool and Yenyinning Lakes, 
varying up to 70 m wide, 2 km long and 10 m deep. Nearly all 
have since filled with sediment (Pen, 1999; Water and Rivers 
Commission & Avon Waterways Committee, 2002), much of 
which has been mobilised with the rapid formation of gullies 
and networks of eroded channels in the upper catchment. 
River training (straightening of river channels) and minimal 
retention of vegetation near waterways has also contributed 
(see ‘Loss or degradation of fringing and instream vegetation’). 
Unlike in normal rivers, flood events appear unable to scour 
the excess sediments from these pools (Pen, 1999) and 
consequently they are unlikely to return to their previous state 
without significant management intervention (i.e. dredging). 
Similarly, mapping in 1841 indicated pools in the Brunswick 
River were once 2–5 m deep but they are now full with 
sediment (Department of Environment, unpublished data).
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Figure IW6.1:	Suspended	solids	and	turbidity	in	waterways.
Data source: Department of Environment [ver. 2005]; Analysis: EPA; Presentation: EPA.
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Pressures
Soils are more susceptible to erosion if unprotected by 
vegetation, or exposed to wind or water flow (see ‘Loss or 
degradation of fringing and instream vegetation’). Livestock 
can be particularly damaging if they have unrestricted access 
to waterways and wetlands. Fringing native vegetation 
may be trampled or over-grazed, thereby increasing soil 
disturbance and the potential for bank erosion or mass 
slumping. Farm machinery and herding of livestock tends 
to compact soil, thereby increasing the erosive potential of 
water runoff over land. Waterlogged and inundated areas 
are also susceptible to water erosion, particularly if stocked 
or cultivated while wet. Salinisation can also degrade soil 
structure making the soil more susceptible to erosion.

Clearing land for development results in large areas of 
soil being exposed for long periods of time (see ‘Loss 
or degradation of native vegetation’). Nearby wetlands, 
waterways and drains can be affected by high sediment levels 
unless developers provide measures to protect the exposed 
soil. When the land has been developed, the relative amount 
of impervious surfaces (e.g. roads, houses, paths) increases, 
amplifying erosion potential by increasing the speed of water 
runoff. Forestry, cropping, pastoralism, mining activities 
and fires all have the potential to increase erosion and 
sedimentation rates once vegetation cover is removed.

Current responses
Agriculture	Extension	Program: The Department of 
Agriculture promotes farming methods to minimise land 
erosion. Grade or contour banks and interceptor drains 
are used on sloping agricultural land to minimise erosion. 
Recent surveys indicate that 50–70% of Wheatbelt farmers 
use surface water management practices compared to 
only 30-40% of farmers in wetter parts of the South West 
(Department of Agriculture, 2006). Fencing wetlands and 
waterways from grazing animals is necessary to prevent 
bank erosion and degradation of fringing vegetation: 33% 
of pastoralists restrict grazing stock from river and creek 
frontages compared to 45–50% of farmers in the South West 
agricultural region.

Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP)	programs: All regional 
natural resource management groups have recognised 
erosion and/or sedimentation as a threat to inland waters. 
They are proposing projects for the management of affected 
waterways and wetlands, and protection of valued natural 
assets at risk, including fencing, rehabilitation of river pools, 
sediment retention devices, ponding banks and rehabilitation 
of fringing vegetation.

Avon	River	Pools	Recovery	Program:	has been responsible 
for rehabilitating degraded waterways, including revegetation 
of fringe areas, recontouring banks, introducing riffles and 
snags, and dredging of river pools. Much of this activity is 
addressing previous river training of the Avon River in the 
1950s–1970s that caused significant increases in river erosion 
and sedimentation rates.

Ord	River	Regeneration	Project: commenced in 1960 
in response to excessive sediment entering Lake Argyle. 
From the 1960s to 1980s, extensive rehabilitation occurred 
including intensive strip contour cultivation and seeding, 
fencing, donkey eradication and de-stocking. In 2002 the 
area was surveyed to assess changes in vegetation and soils, 
and confirmed profound improvements in vegetation and soil 
condition (Payne et al., 2004).

Modelling: The CSIRO and the Centre for Catchment 
Hydrology are currently developing a Sednet software model 
that predicts sediment loss from catchments and various land 
use types. The model is intended for use in regional planning 
and to assist with setting erosion and sedimentation targets.

Implications
Erosion and sedimentation is a widespread problem affecting 
many WA waterways and wetlands. Better catchment and 
waterways management is needed to stop further degradation 
and reverse damage to important areas. Increased sediment in 
water detrimentally affects aquatic biodiversity. Finer sediment 
may also carry phosphorus, contributing to eutrophication 
problems. Sediment build-up can exacerbate flooding where 
channels have become shallower and outlets blocked. This in 
turn can increase flood magnitude and frequency, increasing 
the risk of damage to buildings, roads, bridges, pipes, farmland 
and other infrastructure. Deposition of sediments in water 
supply dams can reduce volume capacity and may require 
costly treatment to remove sediment and fine particulates. 
Erosion of banks can intrude on productive land, forcing 
landowners to act to stem further loss of valuable land or 
infrastructure. Often this means fencing and rehabilitating 
areas much larger than would have been necessary to stop the 
problem in the first instance.
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suggested responses

4.19  Enhance routine monitoring of waterways and 
wetlands currently impacted by, and at future 
risk of, erosion and sedimentation. 

4.20  Implement appropriate planning processes to 
ensure foreshore development is controlled. 

 See also ‘Loss or degradation of fringing and 
instream vegetation’:

• Establish an agreed baseline of the condition 
of fringing and instream vegetation. 

• Implement the Water Resource Statement of 
Planning Policy and finalise the draft Guideline 
for the Determination of Wetland Buffer 
Requirements. 

• Develop and implement a package of 
education, assistance and incentives for 
fencing and rehabilitation of waterways and 
wetlands on private lands. 

Erosion	of	riverbanks	on	the	Greenough	River	(S.Heriot)
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indicative extent of iSSue

priority  
rating:

Key findings

• Over 100 wetlands and waterways in 
Western Australia (mostly in the South 
West) have experienced algal bloom 
problems.

• Nearly 30% of accidental fish kills can be 
attributed to algal blooms in waterways.

• Persistent blue-green algal blooms in the 
Peel-Harvey estuary have ceased due to 
construction of the Dawesville Channel. 

Description
All wetlands and waterways are susceptible to eutrophication. 
The term ‘eutrophic’ comes from a Greek word meaning 
‘well fed’. Eutrophication refers to the ecological changes 
that result from excess levels of nutrients in waterways and 
wetlands, often resulting in prolific aquatic plant growth and 
algal blooms. Nitrogen and phosphorus are usually the most 
important nutrients that influence this process but other 
micronutrients can also play a role. 

Although eutrophication is a slow natural process, it is 
dramatically accelerated by artificially high nutrient levels. 
Nutrients can either come from diffuse sources (such as 
fertiliser runoff from farms or urban areas), or via point 
sources from specific locations (such as sewerage treatment 
facilities or livestock feedlots). Other factors contributing 
to eutrophic conditions include stagnation of water, 
accumulation of fine sediment (with phosphorus attached) 
and continual accumulation and decay of organic matter. Loss 
of fringing vegetation can also increase water temperature 
and light availability, thereby enhancing the potential for algal 
blooms to occur. 

Excess nutrients in water often result in algal blooms, 
proliferation of weeds and pests (e.g. midges and mosquitoes), 
and other ecological changes. If persistent, this may result 
in a simplification of an ecosystem and a loss of biodiversity. 
Excessive weed and algal growth may also render some 
wetlands and waterways unsuitable for use as water supplies 
or for recreation, and may also increase the risk of flooding. 
Some species of algae (e.g. blue-green algae) produce 
toxins which can be harmful or even fatal to humans, fish 
and animals. Fish deaths are also commonly associated with 

decomposing algal blooms, which causes de-oxygenation 
of the water. Many algal blooms also cause unsightly water 
discolouration and foul odours as they decay.

Objectives
• Reduce nutrient inputs to inland waters to levels that have 

minimal impact on human health, the environment and 
associated values.

• Reduce the frequency and intensity of toxic or nuisance 
algal blooms caused by nutrient pollution.

Condition

Indicator IW17:	Status	and	trends	of	nutrients	in	inland	
waters.

Estuaries in the South West are particularly vulnerable to 
nutrient enrichment, as they have evolved under naturally 
low nutrient conditions and many catchments now support 
intensive land uses. Nutrient levels vary significantly in South 
West estuaries (Figures IW7.1 & IW7.2) and are related 
to estuary size, rate of flushing and catchment land uses. 
Estuarine nutrient levels are generally stable over time, 
requiring several decades of monitoring to detect change. 
The Peel–Harvey estuarine system is an exception, with 
construction of the Dawesville Channel making this estuary 
more marine-like and dramatically lowering nutrient levels 
and algal activity. While most nutrient-enriched estuaries 
experience elevated algal blooms, some estuaries (such as 
the Oldfield and Moore) have naturally dark, tea-coloured 
water that is less favourable for algal growth. Estuaries in the 
rangelands are not well monitored for nutrients or algal activity.

Figure IW7.1:	Total	nitrogen	concentrations	in	South	West	
estuaries.
Data source: Department of Environment [ver. 2005]. Note: Red line indicates 
ANZECC guideline level for estuaries in the South West (ANZECC and ARMCANZ, 
2000). DC = Dawesville Channel.
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Figure IW7.2:	Total	phosphorus	concentrations	in	South	
West	estuaries.
Data source: Department of Environment [ver. 2005]. Note: Red line indicates 
ANZECC guideline level for estuaries in the South West (ANZECC and ARMCANZ, 
2000). DC = Dawesville Channel.

About one-third of monitored rivers have low levels of the 
nutrients nitrogen and phosphorus. Low nutrient levels are 
typically found in rivers with forested catchments. High levels 
of nutrients are usually found in waterways draining cleared 
urban and agriculture catchments, such as along the Swan 
Coastal Plain. Many of these waterways have catchments 
with coastal sandy soils that are well known for leaching 
nutrients. Waterways in the Wheatbelt and rangelands are not 
well monitored for nutrients, partly due to their remoteness 
and the intermittent nature of flows. Short-term changes 
(1997–2003) in nitrogen and phosphorus levels have been 
noted for some rivers of the Swan–Canning estuarine system, 
Leschenault Inlet, Peel–Harvey estuarine system, Princess Royal 
and Oyster harbours, and the Blackwood River and some 
south coast rivers (Figures IW7.3 & IW7.4). Further analysis is 
required to determine if these are indicative of longer-term 
trends linked to catchment land uses, management practices, 
altered flow regimes or changes in rainfall.
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Figure IW7.3:	Total	nitrogen	status	and	trend	in	Western	Australian	rivers,	1997–2003.
Data source: Department of Environment [ver. 2005]; Analysis: EPA; Presentation: EPA.
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Data source: Department of Environment [ver. 2005]; Analysis: EPA; Presentation: EPA.

Indicator IW18:	Annual	number	and	location	of	significant	
incidences	of	nuisance	and	toxic	algal	blooms,	as	defined	
by	management	agencies.

Long term monitoring of nutrients in wetlands is mostly 
limited to specific research studies in the Perth urban area. 
For example, previous studies have found very high nutrient 
levels in Lake Monger, a small urban lake close to Perth city. 
With fertilising of nearby lawns, phosphorus concentrations 
of up to 0.8 mg/L were recorded and the lake experienced 
frequent blooms of Anabaena and Microcystis (Lund, 1995). 
The lake has since received significant management attention, 
rehabilitation and nutrient reduction efforts. Other past 
studies of wetlands on the Gnangara Mound found elevated 
phosphorus levels; for example, Gingin (0.46 mg/L), Nowerup 
(0.36 mg/L), Carabooda (0.29 mg/L), Neerabup (0.24 mg/L) 
and Coogee (0.14 mg/L) all linked to semi-rural land uses 
(Wrigley et. al, 1991). However, many Perth wetlands have 
since experienced significant catchment land use change 

and some are now receiving more management attention. 
Some Perth urban wetlands, such as Lake Joondalup and 
Lake Goolelall, experience ongoing midge problems linked to 
eutrophication.

Algal blooms and associated events (such as fish kills, 
unpleasant odours, mussel contamination and closure to 
recreation) regularly affect many rivers and estuaries in 
WA (Figure IW7.5). About 110 wetlands and waterways 
have a recorded history of algal bloom problems (V Hosja, 
Department of Environment, pers. comm.). Most are situated 
in the State’s South West and many are at risk of toxic, 
blue-green algal blooms including those due to Nodularia, 
Anabaena  and Microcystis species. Blue-green algae are 
not the only harmful types of bloom organisms, with some 
dinoflagellate and diatom species capable of producing toxins 
that accumulate in shellfish, cause fish deaths, and irritate 
swimmers. Harmless algal blooms are also capable of causing 
discolouration of waterways and causing foul odours and 
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deoxygenation events as they decompose. Several shallow 
river and estuarine systems (including Vasse–Wonnerup, 
Leschenault, Peel–Harvey and Princess Royal estuarine 
systems) support excessive macroalgal growth linked to high 
nutrient levels.

The Peel–Harvey Estuary near Mandurah was well known for 
almost annual blue-green algal blooms (i.e. Nodularia sp.) 
from 1978 to 1994. Construction of the Dawesville Channel 
in 1994 increased ocean flushing and there have been no 
more blue-green algal blooms in the estuary. Unfortunately, 

blooms still frequently occur in the Serpentine and Harvey 
rivers. Catchment modelling indicates that agricultural 
activities contribute most nutrients to the rivers and estuary 
(about 70%). Developed urban areas represent 6% of 
catchment area but contribute about 30% of nutrient input. 
Estimates indicate that full development of the planning 
schemes for the Mandurah area will increase nutrient export 
up to four-fold (Department of Environment & Department of 
Agriculture, unpublished data)

Figure IW7.5:	Algal	bloom	and	associated	fish	kill	and	swimming	risk	areas	in	the	South	West.
Map courtesy of Department of Environment [ver. 2005].

In January 2000 a major toxic blue-green algal bloom 
(Microcystis sp.) occurred in the Swan–Canning Estuary, 
near Perth (Swan River Trust, 2000). The bloom resulted 
in unprecedented closure (12 days) of the whole estuary 
and its rivers to fishing and recreation. Unseasonably high 
summer rainfall and subsequent flushing of nutrients from 
inland agricultural areas helped create ideal conditions 
for the bloom. It was estimated that over 800 tonnes of 
nitrogen and 35 tonnes of phosphorus entered the Swan 

and Avon rivers during this single event, representing 
108% and 88% (respectively) of these nutrients normally 
delivered in one year. Perfect conditions for bloom 
growth were created by typical summer conditions, 
including high temperatures, low cloud and calm 
conditions. The bloom died when river flows subsided 
and estuary salinity levels returned to normal (summer) 
conditions. This incident demonstrated how catchment 
fertiliser use can contribute to algal bloom problems.

Legend

Significant dinoflagellate blooms

Significant cyanobacteria blooms

Excessive macrophyte growth

Fish kill events

Impacts on recreation

Potential for shellfish poisoningPotential for shellfish
poisoning
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Indicator IW19:	Annual	number	and	location	of	significant	
fish	kills.

Since 2000, about 15–35 accidental fish kills have been 
reported in WA each year, with 70% occurring in major 
waterways of the State’s South West. It has been estimated 
that nearly 30% of accidental fish kill events can be attributed 
to toxic algal blooms and low oxygen levels following a bloom 
collapse (T Rose, Department of Environment, pers. comm.). 
In 2003, more than 110 000 fish died in the lower Serpentine 
River near Mandurah and more than 100 000 died in the 
Swan Estuary following dinoflagellate blooms (Karlodinium 
sp.) toxic to fish. In 2004 more than 50 000 fish died in the 
lower parts of the Serpentine and Collie rivers.

Pressures
Nutrients are transported to inland waters by either point or 
diffuse sources. Point sources (such as septic tanks, sewage 
treatment plants, landfill sites, industrial waste, and intensive 
livestock industries including piggeries, dairies and feedlots) 
can contribute high levels of nutrients from small areas. In 
contrast, diffuse sources including urban gardens, stormwater 
and farmland generally contribute nutrients from a 
widespread area. Nutrient transport through catchments can 
be very fast in areas with sandy, wet soils. In contrast, soils 
with a high clay, loam or iron content help to bind nutrients 
and minimise algal bloom risk to inland waters.

Clearing of vegetation or harvesting of crops can reduce 
uptake of soil nutrients, which may subsequently be lost to 
inland waters. Nutrient loss may also be enhanced where 
erosion or acidification processes occur. Uncontrolled 
livestock access to waterways and wetlands can damage 
fringing vegetation and contribute nutrients from faecal 
waste. Altered water regimes may also exacerbate algal 
blooms, particularly when water levels are significantly 
reduced and waters stagnate. Poor land use planning in 
the past has contributed to eutrophication problems, with 
a lack of consideration given to the proximity to sensitive 
environments of nutrient-intensive land uses.

Indicator IW20:	Mass	of	nitrogen-based	and	phosphorus-
based	fertilisers	applied.

One of the major and most widespread sources of nutrients 
to inland waters is from fertiliser applied to residential lawns 
and gardens, broadacre farms and horticulture. There is a 
tendency for some householders to over-fertilise lawns and 
gardens in the false belief that more fertiliser results in a 
greener garden. Lack of soil testing by farmers also results 
in excessive fertiliser application to crops or pastures. With 
only about 10% of Australia’s population, WA is one of the 
largest consumers of fertilisers. For example, in 2002, 399 
000 tonnes of nitrogen-based fertiliser (26% of Australia’s 
total use), 428 000 tonnes of phosphate-based fertiliser 
(24% of Australia’s use) and 495 000 tonnes of compound 
and blended fertiliser (28% of Australia’s use) were applied to 
WA soils (Australian Bureau of Statistics, 2002). These levels 
of application are in part attributed to the State’s nutrient 
deficient soils and large wheat crop production.

Indicator IW21:	Number	of	sewage	spills	over	time.

Across the State about 1000 wastewater overflows occurred 
in 2003–04. Of these, about 100 events were greater 
than 2000 L, requiring formal investigation under the 
Environmental Protection Act 1986. In Perth approximately 
300 million litres of raw wastewater is collected from 
households, businesses and industry and transported via a 
network of 9000 km of pipes to treatment plants. Infrequent 
overflows occur due to blockages, burst pipes and power 
failures (Table IW7.1). The total amount of nutrients entering 
the Swan and Canning rivers from wastewater overflows is 
very small (less than 0.1%) compared to other catchment 
sources (Water Corporation, 2003).

Current responses
State Algal Bloom Management Strategy: A draft strategy 
has been developed with the intention of further developing 
an understanding of the causes of algal blooms, maintaining 
surveillance of susceptible waterways, reducing nutrient 
inputs, enhancing community understanding of algal blooms, 
and developing appropriate nutrient management options. 

Legislation	and	policies: Various policies are in place to 
reduce the pressure of nutrient enrichment (and other 
water pollutants) on inland waters, including environmental 
protection policies for the Swan–Canning and Peel–Harvey 
estuaries and Gnangara Mound. The Environmental 
Protection (Swan and Canning rivers) Policy is to be 
implemented using the management framework RiverPlan. 
The Swan and Canning Rivers Management Act was enacted 
in October 2006 but remains inoperational as at April 2007. 
It proposes the establishment of a Riverpark, improved 
coordination of agency activities, and improved management 
action and enforcement. A draft State environmental 
policy and action plan is being considered to phase out 
highly soluble phosphate fertilisers within four years in 
environmentally sensitive areas. 

Table IW7.1:	Number	of	wastewater	overflow	events	into	the	Swan	Canning	river	system,	by	volume.
Data source: Water Corporation [ver. 2007].
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Financial year 90–91 91–92 93–94 94–95 95–96 96–97 97–98 98–99 99–00 00–01 01–02 02–03 03–04 04–05 05–06

Number of wastewater 
overflows

2 1  0 9 6 2 6 8 11 7 2 6 5 7 6

A	toxic	blue	green	algal	bloom	(Microcystis)	resulted	in	the	closure	of	
the	Swan	Estuary	in	February	2000	(D.	Sarson)
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Nutrient	management	programs: This initiative is the single 
largest program addressing eutrophication in WA. The Swan 
River Trust initiated the Swan−Canning Cleanup Program in 
1994 in response to increasing incidences of algal blooms 
in the Swan and Canning rivers. In 1999 an action plan was 
released which brought government, industry, business and 
the community together to improve catchment management, 
planning processes, engineering solutions and monitoring. 
A recent evaluation of the plan found that 77% of initiatives 
had been implemented, including about one million seedlings 
planted, about 280 km of fencing constructed, nearly 25 km 
of foreshore enhancement and about 1000 property plans 
developed. Longer timeframes are needed to determine if the 
action plan has been successful in reducing diffuse nutrient 
sources (Swan River Trust, 2005). In 2006, the second 
phase of the program the Healthy Rivers Action Plan was 
launched, representing a 5 year $40 million program focusing 
on reducing nutrient input. Many other nutrient reduction 
programs and plans are currently underway throughout 
South West WA, including the Healthy Rivers Action Plan, 
Wilson Inlet Nutrient Reduction Action Plan, Dairy Catch, 
Lower Vasse River Cleanup Program and the development of 
a Peel–Harvey Water Quality Improvement Plan.

Natural	Heritage	Trust/National	Action	Plan	for	Salinity	
and	Water	Quality	(NHT/NAP)	programs: All regional 
Natural Resource Management groups have recognised 
eutrophication as a major threat to inland waters. They are 
implementing projects to manage nutrient export to affected 
waterways and protection of valued natural assets at risk. 
The Coastal Catchments Initiative is a NHT sub-program that 
focuses on reducing nutrients discharged to coastal hotspots, 
through development of water quality improvement plans 
and funding of related projects. Identified hotspots in WA 
include the Peel-Harvey, Vasse-Wonnerup and Swan-Canning 
estuaries and Geographe Bay.

 Wastewater: The Water Corporation is overseeing the 
replacement of household septic tanks with connection to 
deep sewerage. Before the program began in 1994, 25% 
of Perth properties and 40% of country properties were 
using septic tanks. In other state capitals the average is 4%. 
When the program is completed in 2019, an extra 100 000 
properties will be connected to deep sewerage, diverting 
many hundred tonnes of nutrients from entering inland 
waters (Water Corporation, 2004). The Water Corporation 
commenced a Riverwise program in 1997, upgrading 110 
wastewater pump stations close to the Swan–Canning River 
system. This has resulted in a 60% reduction in overflows to 
the rivers, thereby reducing nutrient input.

National	Eutrophication	Management	Program: was 
established by Land and Water Australia and the Murray 
Darling Basin Commission to focus strategic research and 
development on nutrient sources and transport, factors 
initiating algal blooms, the role of sediments in transporting 
nutrients, and evaluation of the effectiveness of management 
actions. One of the focus areas for this work has been Wilson 
Inlet in WA where an action plan has been prepared to 
address eutrophication.

Agriculture	Extension	Program: develops and demonstrates 
to farmers effective agricultural practices that reduce or 
eliminate nutrients leaching from farms (e.g. soil testing to 
determine application rates, soil tillage, erosion control). Recent 
surveys indicate that 74% of Wheatbelt farmers undertake 
regular soil testing for nutrient levels, whereas 68% of 
farmers in higher rainfall parts of the South West undertake 
regular testing (Department of Agriculture, 2006). Between 
45-50% of South West farmers protect river frontages from 
grazing animals, whereas only one-third of pastoralists use this 
management practice (Department of Agriculture, 2006). 

Instream	remediation: Several instream remediation 
activities have been trialled in recent years to combat existing 
algal blooms. Examples include the use of oxygenation 
(bubbling of oxygen through the water column) and sediment 
remediation (applying modified clays that bind phosphorus) 
in the Canning and Vasse rivers. Both methods have proven 
successful in limiting algal blooms and deoxygenation events 
in these rivers, although both are recognised as short-
term management options. Construction of the Dawesville 
Channel in 1994 represents the single largest remediation 
project for a eutrophication problem, providing a permanent 
artificial breach between the Peel–Harvey estuarine system 
and the ocean. While controlling blue-green algal blooms, 
the channel has significantly modified local ecology. 

Soil	remediation: Alkaloam or ‘red-mud’ has been trialled 
by the Department of Agriculture in Peel–Harvey catchments 
to reduce phosphorus export from sandy agricultural soils. 
Paddock trials show that nutrient loss from agricultural soils 
can be reduced by an average of 50%. A modified clay 
developed by CSIRO has been trialled for use in the Canning 
and Vasse rivers, with results showing it can remove more 
than 95% of dissolved phosphorus from the water column 
(Swan River Trust, 2001).

Stormwater	Management	Manual: has been developed 
by the Department of Water to provide policy, planning 
principles, and on-ground best practice advice for the 
management and reuse of stormwater. It builds on the 
traditional objective of local flood protection by enhancing 
water quality, protecting ecosystems and providing liveable 
and attractive communities.

Implications
Eutrophic conditions can drastically alter biodiversity in 
wetlands and waterways, rapidly turning them into algae and 
weed-dominated systems. Algal blooms, particularly if toxic, 
can cause fish kills, ruin water supplies, prevent recreational 
activities and affect amenity values. Nutrient-enriched 
waters provide ideal habitat for opportunistic aquatic weeds 
that can rapidly grow and clog irrigation and stormwater 
pipes. Excessive macroalgae washing up on beaches may 
cause offensive smells, become a health problem for nearby 
residents, affect property values and be a nuisance for beach 
users, fishers and tourists. Many eutrophic wetlands provide 
ample food sources for midge and mosquito populations 
and occasional outbreaks of vector-borne disease can be a 
major health problem for local communities (e.g. Ross River 
virus). Nutrient enrichment of groundwater can reduce the 
suitability of water supplies because of the possibility of nitrate 
toxicity. Unless a thorough systematic approach is used to keep 
nutrients on the land and planning controls are strengthened, 
the problem will not be solved.

suggested responses

4.21  Finalise and implement the draft State Algal 
Bloom Management Strategy.

4.22  Strengthen land use controls and planning 
mechanisms to identify and phase out high 
nutrient exporting land uses that are unable to 
meet nutrient reduction targets. 

4.23  Revise regional and town planning schemes 
to ensure they minimise nutrient export from 
various land uses.

4.24  Develop and implement a State environmental 
policy to phase out the use of high water 
soluble phosphate fertilisers in relevant 
catchments and soil types. 
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emerging issue –  
contamination of inLand waters

Contamination of inland waters usually results from 
contamination of land (see ‘Land contamination’). The 
number of contaminated inland waters is currently difficult 
to ascertain, but is usually associated with identified land 
contaminated sites. Unsafe storage, use or disposal of 
chemicals in the industrial, business, agriculture or urban 
environment is the major cause of contamination of inland 
waters. This may be exacerbated by poor waste treatment or 
management practices. Waste by-products (such as paints, 
oil, solvents or chemical residues) dumped into drains because 
it is a cheaper and easier way to dispose of them, may form 
dangerous chemical cocktails that can be environmentally 
damaging and harmful to human health. Clean-up can be 
especially difficult, costly and may result in offenders being 
prosecuted. A survey of 522 light industries adjacent to 
the Swan–Canning rivers showed wastewater containing 
chemicals and pesticides was disposed of through soakage 
into soil (19%), stormwater drains (16%), septic tanks (13%) 
and sewers (Swan River Trust, 1999). About 50% of industrial 
premises did not undertake wastewater treatment and less 
than 5% conducted periodical testing and maintenance 
of their treatment facilities. Many light industries did not 
understand the potential contamination risk or best practices 
for industrial wastewater management.

Persistent chemicals that are mobile in water (such as 
pesticides, herbicides and organic chemicals) pose the 
greatest risk to aquatic flora and fauna. It is currently 
estimated that 11% of major fish kills can be attributed 
to contamination of inland waters (T Rose, Department of 
Environment, pers. comm.). The effect of some contaminants 
is increased by their ability to persist and build up in the 
environment over time. This can be particularly destructive 
for wetlands, river pools and some estuarine systems where 
flushing is limited. In 1997, a major fish kill occurred in an 
Ord River irrigation channel and the Dunham River due to 
pesticide (Endosulfan) contamination. Current pesticide 
practices have changed profoundly since the early stages of 
the Ord Irrigation Scheme (1960s), where highly toxic and 
persistent pesticides were used. However, recent sampling 
indicates that some pesticides persist in local fish and animals 
(Department of Environment, unpublished). Another pesticide 
spill at a racecourse in 1997 in the Swan River near Perth 
caused major fish death, killing over 30% of the river’s bream 
fish stock. 

In Perth, groundwater quality is generally good but there 
are areas where contaminants have affected shallow 
groundwater. In particular, leaking underground storage 
tanks at petrol stations are a widespread threat to 
groundwater, due to their large number and distribution. 
Leaks may go undetected for long periods and, on reaching 
groundwater, contaminants may affect drinking water 
supplies, residential or production bores, and eventually 
wetlands and waterways. Of about 6500 licensed premises 
in WA with dangerous goods, an estimated 57% have 
underground storage tanks. Nearly half of these are located 
in the Perth metropolitan area. Just over 3% (or 217) of 
premises have leaking tanks and many of the sites involved 
are being investigated and undergoing remediation.

Recent monitoring of heavy metals, pesticides and other 
toxicants in inland waters is limited. Occasional sampling 
of toxicants from stormwater drains discharging to the 
Swan and Canning rivers show some have elevated 
organic chemicals, pesticides (including DDT and Dieldrin), 
hydrocarbons and heavy metals such as chromium, cadmium 
copper, lead and zinc (Wong & Morrison, 1994; Department 
of Environmental Protection, 2001; Swan River Trust, 2003a & 
2003b). Although the more persistent and toxic pesticides are 
now banned (e.g. DDT), it is possible that a gradual release 
of contaminants to wetlands and waterways is occurring via 
slow moving groundwater plumes. Monitoring in the City 
of Stirling and some parts of the Gnangara Mound showed 
some bores are contaminated with arsenic, aluminium 
and other heavy metals in response to acidification events 
(Appleyard, 2004 & 2005). Sampling of deep drains in the 
agricultural Wheatbelt has also shown high levels of heavy 
metals including iron, aluminium, cobalt, copper, zinc, lead 
and uranium have leached under acidic conditions (Rogers & 
George, 2005). Similarly, heavy metals have been found in 
some inland waters following acid mine drainage and where 
acid sulfate soils are found. 

The economic costs of inland water contamination are 
considerable and far outweigh the substantial cost of 
remediation efforts. Property values may decline, fisheries 
may be impacted, and recreation and tourism can be 
detrimentally affected. If the contamination occurs in a water 
supply it may restrict virtually all forms of water use. Discovery 
of a contaminated wetland or waterway close to residential 
areas may cause considerable community concern and 
distress, irrespective of the risk of potential exposure to the 
contaminant. It may also present a threat to social or cultural 
values. Humans may also be at risk if exposed through 
contaminated drinking water or eating affected fish, livestock 
or other affected produce.
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A	wide	range	of	contaminants	can	be	discharged	in	untreated	runoff	
from	industrial	areas	(R.Spencer)
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emerging issue –  
Loss of fLoodpLain connectivity

Floodplains are areas of land and water, situated alongside 
waterways, which are occasionally inundated during floods. 
They provide a range of ecosystem services. Some wetlands 
situated on floodplains require regular inundation to replenish 
them with water, nutrients, seeds for vegetation recruitment, 
organic matter and to maintain habitat. Fish stocks in 
waterways also benefit by feeding on organic matter 
washed from surrounding floodplains. Many settlements 
and agricultural lands have been established on floodplains 
because of their fertile soils and proximity of water supplies. 
For example, both Perth and Mandurah have extended 
settlements built on the banks of the Swan and Murray 
rivers respectively. In some areas, residential development 
on floodplains has contributed to the loss of connectivity 
between the river, its floodplain and associated wetlands 
(Figure IW9.1). Other floodplains have been extensively 
developed are require flood protection (e.g. Carnarvon, 
Moora, Busselton, Fitzroy Crossing and Northam). 

Floodplain isolation occurs when waterways are excessively 
modified to prevent flooding; damage to crops, stock and 
infrastructure; and loss of human life. Levee banks on the side 
of waterways have been built to contain minor and moderate 
flooding events, thereby reducing the floodplain area that 
receives regular inundation by flood waters. Some waterways 
have drain diversions constructed to minimise the effect of 
floods on nearby towns and agricultural land. Some rivers also 

have their channels straightened or dredged deeper to hasten 
water flow through the catchment. All these activities have 
resulted in floodplains becoming isolated or disconnected 
from their waterways (i.e. loss of floodplain connectivity).

Dams constructed on major rivers significantly alter the 
frequency, intensity and duration of floodplain inundation 
(see ‘Altered water regimes’). For example, on lower parts 
of the Ord River, construction of the Lake Argyle dam has 
prevented floodwaters from reaching much of its floodplain, 
even during a one in 100-year flood event. Flows leaving 
the dam do not generally exceed 1000 cubic metres per 
second, even though inflows to the dam have exceeded 10 
000 cubic metres per second on occasions. This has resulted 
in a significant loss of downstream river and floodplain 
ecology. For example, river gum and coolibah trees that rely 
on flooding are diminishing, leading to weed invasion (Water 
and Rivers Commission, 2003).

No waterway should be isolated from its floodplain: 
connectivity is the key to maintaining terrestrial and 
aquatic biodiversity, and land and water productivity. 
Removing the hydrological connection of floodplain 
aquatic ecosystems may eventually result in them becoming 
terrestrial ecosystems. Floodplain isolation also impacts on 
river ecosystem health. Lack of organic material and debris 
washed from floodplains decreases the available food and 
habitat for fish and aquatic organisms, thereby reducing fish 
stocks and productivity. Studies show that river production 
following one day of floodplain inundation was equivalent 
to 82 years of production under normal conditions (Davies, 
Bunn & Mosisch, 2001).

It is now appreciated that healthy waterways require 
adequate flow regimes and hydrological connection with 
their floodplains. With the exception of pristine waterways 
and floodplains, it is now impossible to turn back the 
clock and protect many of the State’s floodplains from 
development.

Development	of	the	Swan	River	floodplain	has	severed	the	hydrological	connection	with	nearby	wetlands.	(D.Tracey)
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Figure IW9.1:	Examples	of	Perth	and	Mandurah	residential	development	on	the	floodplains	of	the	Swan	and	Murray	rivers	
(respectively)	that	has	contributed	to	a	loss	of	floodplain	connectivity.
Data source: Department of Planning and Infrastructure – urban extent [ver. 2004], Department of Land Information – aerial photography [ver. 2004], Department of 
Environment – floodplain mapping [ver. 2005] & geomorphic wetlands [ver. 2005]; Presentation: EPA.. 

Legend

Extent	of	Floodplain	Development	for	the	Swan–Canning	(top)	and	the	Peel–Harvey	(bottom).

Urban extent 2004

Floodplain - 100 year flood

Geomorphic wetlands 
(minus palusplain and estuary classification)

Local Government boundaries
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Land

Key findings

•  At a national level, Western Australia 
has 8 of 12 Australian biodiversity 
hotspots. 

•  At a global level, the South West is 
recognised as one of the world’s 34 
biodiversity hotspots.

•  WA currently has 362 threatened 
plants, 199 threatened animals and 69 
threatened ecological communities. 

•  Recovery plans have been developed 
for less than one-third of threatened 
species and ecological communities.

•  There is ongoing loss and degradation 
of biodiversity in WA.

•  Knowledge about many species 
and ecosystems and some threats to 
biodiversity remains inadequate.

Theme 5
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Land

Biodiversity is defined as the variability within and among 
genes, species and ecosystems. It covers marine, terrestrial, 
subterranean and aquatic life and implies a highly complex 
system of interacting entities that occur over a range of 
temporal and geographic (from local to global) scales 
(Department of Environment and Conservation, 2006a). 
Biodiversity at the species and ecosystem levels are well-
understood compared to genetic diversity. In this report, 
the term ‘biodiversity’ refers to organisms native to WA. 
Introduced species are considered threats to biodiversity, 
and treated as an environmental issue. Western Australia’s 
rich biodiversity can be attributed to the State’s large area 
which spans a huge range of geographical, soil and climatic 
conditions. Terrestrial ecosystems range from rainforest, 
savanna woodlands, grasslands, shrublands, heathlands, tall 
forests and woodlands. Inland water environments include 
permanent and seasonal waterways and wetlands (see 
‘Inland waters’). The marine environment is similarly diverse, 
including coral reefs, intertidal mangrove forests, seagrass 
beds, sandy beaches, coastal salt marshes, rocky shores, algal 
reefs and kelp forests (see ‘Marine’).

Western Australia is home to some of the most unusual 
and unique biodiversity on Earth. This includes over 11 500 
known taxa of vascular plants which include flowering plants, 
ferns and conifers (Department of Conservation and Land 
Management, 2004d). This represents about 50% of known 
Australian vascular plants. Western Australia has eight of the 
12 national biodiversity hotspots (defined by having high 
numbers of endemic species coupled with significant threats), 
which reflects the State’s richness and high endemicity in 
biodiversity and significant threats. Western Australia also has 
one of the 18 tropical marine biodiversity global hotspots. 
Vertebrates are the best known animal group in WA with 
220 mammal, 510 reptile, 3028 fish, 77 amphibian and 611 
bird taxa formally described. Other groups, particularly fungi 
and invertebrates, are poorly understood. Marine and aquatic 
biodiversity is generally less well known and described than 

terrestrial taxa, and the lack of knowledge remains a significant 
shortcoming. Western Australia has 3747 islands that are 
recognised as important refuges for many species (13 fauna 
taxa are found only on offshore islands, and five are found 
on both the mainland and islands). The South West part of 
the State is also one of the world’s 34 biodiversity hotspots 
(Conservation International, 2006). About 80% of native plant 
species are endemic, meaning that they are not native to any 
other parts of Australia or the world (Beard et al., 2000).

The conservation of biodiversity and maintenance of wider 
ecological functions is essential for long-term protection of 
the environment and human survival. The inter-relationships 
between plants, animals, microorganisms and the nonliving 
environment are complex and not well understood. In 
the absence of knowledge of these interrelationships, the 
potential for disrupting ecological function and services is 
significant. Many environmental issues presented in this 
report can have cumulative effects on the environment, 
placing biodiversity under increased pressure. Threats to 
biodiversity not only come from biological and physical 
processes, but from institutional issues too. Foremost 
amongst these problems is the failure to adequately value 
biodiversity in decision-making; but this is exacerbated by 
shortcomings in knowledge of biodiversity and the lack of 
commitment and capacity to manage ongoing threats. 

Objectives
•  Improve understanding of biodiversity in WA.

•  Where possible, reduce or eliminate key threatening 
processes (both systemic and environmental) to biodiversity.

•  Conserve comprehensive, adequate and representative 
biodiversity at the genetic, species and ecosystem scales.

•  Improve community capacity to understand, manage and 
protect biodiversity for future generations of Western 
Australians.

Headline indicators
There is no overall indicator of the condition of biodiversity. 
This is because of the complexities in measuring diversity and 
health at genetic, species and ecosystem scales. Reservation 
of ecosystems can be used as interim headline indicators as it 
is very important for the long-term protection of the State’s 
biodiversity. Conservation reserves form part of the national 
reserves system and aim to contain comprehensive, adequate 
and representative (often abbreviated to CAR) examples of 
ecosystems (see ‘Conservation’). 

introduction
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Indicator B1: Percentage of terrestrial biogeographical 
regions that meet the 15% reservation target.

The benchmark of 15% reservation has been increasingly 
recognised for terrestrial bioregions (Department of 
Conservation and Land Management, 2003b). It originates 
from the Nationally Agreed Criteria for the Establishment of a 
Comprehensive, Adequate and Representative Reserve System 
for Forests in Australia (ANZECC & MCFFA National Forest 
Policy Statement Implementation Sub-committee, 1997), but 
has been expanded to include other ecosystems as well as 
forests. The National Objectives and Targets for Biodiversity 
Conservation (Environment Australia, 2001) requires that a 
representative sample of each bioregion is protected within 
the National Reserve System, in the network of Indigenous 
Protected Areas, or as private land managed for conservation 
under a conservation agreement by 2005. No formal 
evaluation has yet been undertaken to assess the State’s 
progress in meeting these targets.

As of June 2005, only 20% of the terrestrial subregions (as 
defined by the Interim Biogeographic Regionalisation for 
Australia) met the objective of 15% or more reserved and 

11% of the subregions did not contain any formally reserved 
areas (Table B0.1). About 7% of WA’s terrestrial area is 
currently reserved in the formal conservation estate, although 
other forms of informal conservation measures are present 
(see ‘Conservation’). 

Indicator B2: Percentage of marine biogeographical 
regions that have no formal reservation.

The National Objectives and Targets for Biodiversity 
Conservation requires that progress be made towards 
the establishment of a comprehensive, adequate and 
representative system of marine protected areas. However, 
no specific percentage targets for marine regions or 
ecosystem types have been set. Most marine bioregions 
have a very low level of reservation and 65% of bioregions 
had no marine reservation as of June 2005 (Table B0.1). The 
Ningaloo bioregion had the highest level of reservation (82% 
of its area). 
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Table B0.1: Terrestrial subregions and marine bioregions in WA that meet various levels of reservation, as of June 2005. 

Level of reservation Number of terrestrial 
subregionsa

Per cent reserved Number of marine 
bioregionsb

Per cent reserved

0% 6 11% 11 65%

0.1–5.0% 20 37% 2 12%

5.1–10.0% 9 16% 0 0%

10.1–15.0% 8 15% 0 0%

More than 15.1% 11 20% 4 23%

Total 54 100% 17 100%

Data source: Department of Conservation and Land Management [ver. 2006]. Note: (a) Includes the formal conservation reservation system only. Data from Indigenous 
protected areas and private land not included. (b)  Marine bioregions are defined by the Interim Marine and Coastal Regionalisation of Australia.

Overall condition

Indicator B3: Extent of native vegetation remaining.

Many WA terrestrial subregions have a high percentage of 
their native vegetation remaining (i.e. 41 of the 54 terrestrial 
subregions have 96% or more remaining) (Figure B0.1). Many 
South West bioregions have little native vegetation remaining 
(Department of Conservation and Land Management, 
unpublished data). For example the western Avon Wheatbelt 
subregion has 8.6% of its pre-European settlement 
vegetation remaining and the eastern Avon Wheatbelt 
subregion has 18.6%. Overall, about 40% of the pre-
European settlement extent of native vegetation still remains 
in the South West. 

In comparison, the rangelands retain a much higher 
percentage of native vegetation. The amount of native 
remaining vegetation is generally correlated with the amount 
of stress that those ecosystems are under (Figure B0.2). 
However, there are a number of landscape level threats (such 
as changed fire regimes, the impacts of introduced species 
and Phytophthora dieback) which are not directly related to 
the amount of remaining vegetation. In addition, the extent 
of fragmentation (or connectedness) of the landscape is 
as important as the area of vegetation cover. When small 
remnants of native vegetation remain but are not connected 
to other similar areas, they become islands of vegetation in 
a sea of agricultural land or urban development, and the 
genetic diversity and ecosystem resilience declines. 

The beautiful firewood banksia is found on sandy soils between Perth 
and Kalbarri (K. Strepnell)
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Figure B0.1: Percentage of pre-European vegetation that 
currently remains in terrestrial subregions.
Data source: Department of Conservation and Land Management [ver. 2005]. 
Analysis: Department of Agriculture; Department of Conservation and Land 
Management. Presentation: EPA. 

Indicator B4: Continental stress class.

‘Continental stress class’ is a method of describing 
landscape health in Australia at bioregional scales (Morgan, 
2001). Bioregions are areas defined by common natural 
characteristics, such as vegetation types, geology and 
landforms. The continental stress class is determined by a 
variety of factors including level of reservation, number of 
threatened species and communities, and number of pest 
and weed species. The continental stress classes have been 
adjusted in other publications using expert opinion (for 
example, see Department of Agriculture et al., 2003, and May 
& McKenzie, 2003). 

The South West wheatbelt is the highest stress area for 
biodiversity in WA, due to widespread loss of native 
vegetation, fragmentation of habitat, land salinisation, and 
relatively small areas protected in the conservation estate 
(Figure B0.2). Other coastal parts of the South West and the 
Mid West also show high levels of stress on biodiversity. Land 
development and associated clearing and fragmentation, 
Phytophthora dieback and weeds are examples of pressures 
in these regions. 

Much of the Kimberley region and the central desert areas 
have the lowest stress on biodiversity. It should be noted that 
continental stress is under-represented in some Pilbara and 
Kimberley subregions, especially those impacted by frequent 
and extensive fires, introduced species and overgrazing. Also, 
large areas of reserved land have skewed the assessment 
towards less stress than is otherwise observed on the ground. 
Some groups of organisms have undergone considerable 
decline, such as small and medium-sized mammals. However, 
many ecosystems in these areas have retained their pre-
European vegetation and are in better condition than those in 
the South West. 

Indicator B5: Number of threatened species and ecological 
communities.

Threatened plants and animals are ranked as critically 
endangered (CR), endangered (EN) or vulnerable (VU), using 
criteria set out by the World Conservation Union (formerly 
known as the IUCN). Several criteria for listing plants, animals 
and threatened ecological communities in WA include having 
a low number of remaining individuals, populations or 
occurrences; a small or highly contracted range; susceptibility 
to known threats; and decline in habitat quality. Listed 
threatened plants and animals appear in wildlife conservation 
notices, published annually by the Western Australian 
Government Gazette. Currently there are 379 threatened 
plants, 204 threatened animals and 66 threatened ecological 
communities in WA (Table B0.2). Further there are 14 plants, 

Legend

Continental Stress Class Rating (Morgan, 2001)

1 (highest stress)

2

3

4

5

6 (lowest stess)

Figure B0.2: Continental stress class of Western Australia’s 
terrestrial subregions.
Data source: Morgan (2001). Presentation: EPA. 

The endangered dibbler is threatened by foxes, changed fire 
regimes and loss of habitat to Phytophthora dieback (Department of 
Environment and Conservation)
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18 animals (mostly mammals) and 3 ecological communities 
that are thought to be extinct or destroyed (Table B0.2). 
Threatened plants are also known as Declared Rare Flora. 

Listed species or communities are not necessarily the only 
ones in danger of extinction, and the listing process (especially 
for threatened ecological communities) is incomplete and is 
thought to under-represent the true number of threatened 
species and communities. In addition to threatened species 
and ecosystems, an additional list of ‘priority’ flora, fauna and 
ecosystems is used to reflect those which are poorly known, 
where special survey effort is needed, or to designate taxa that 
are considered naturally rare. 

The number of threatened and priority flora and fauna has 
increased over time – a total of 2619 taxa (including 2309 flora 
and 310 fauna) were listed in 1998, while 3022 taxa (including 
2625 flora and 397 fauna) were listed in 2006-07 (Table 
B0.2; Department of Conservation and Land Management, 
1998 & 2006; Department of Environment and Conservation, 
unpublished data). This represents increases of 14% for flora 

and 28% for fauna being flagged as priority or threatened 
since 1998. However this may reflect increases in taxonomic 
revision, curation of collections, improved data management 
and field investigations, and may not necessarily represent 
a change in the conservation status of the State’s wildlife 
(Department of Conservation and Land Management, 2005a). 

Some taxa may improve categories following population 
recovery, or as surveys reveal more populations. Threatened 
plants, animals and communities are found throughout WA 
(Figures B0.3, B0.4, B0.5) but the Swan Coastal Plain and the 
South West have the highest density of threatened flora, fauna 
and ecological communities. The Kimberley area includes a 
large number of threatened fauna snails which are restricted 
to small areas of rainforest vegetation. Barrow Island stands 
out as having a very high number of threatened fauna (20 
taxa) because it is home to many animals that are no longer 
found on the mainland, including a turtle, a bird and many 
cave-dwelling animals (such as a fish, snake, spider and many 
water-dwelling crustaceans). 

Table B0.2: Number of threatened flora, fauna and ecological communities. 

Group Presumed Extinct or 
Destroyed

Threatened (CR, EN, 
VU)

Total

Plants 14a 379b 393

Flowering plants, conifers and cycads 14 377 391

Ferns 1 1

Mosses 1 1

Animalsc 18 204 222

Mammals 11 42 53

Reptiles 23 23

Birds 2 45 47

Frogs 3 3

Fish 8 8

Worms 1 1

Spiders 18 18

Insects 1 3 4

Millipedes 5 5

Crayfish 4 4

Other crustaceans (found in underground water and caves) 18 18

Snails 4 34 38

Threatened Ecological Communitiesd 3 66 69

Total plants, animals and ecological communities 35 649 684

Data source: (a) Government of Western Australia (2006), (b) Department of Environment and Conservation [ver. Feb 2007], (c) Department of Environment and Conservation [ver. Jan 
2007], (d) Department of Conservation and Land Management [ver. Jan 2004] (no further communities have been endorsed since this time). 

Indicator B6: Number of recovery plans and their 
effectiveness.

A total of 649 species and communities are listed as 
threatened in WA (Table B0.3). About 39% have recovery 
plans developed (Table B0.3). Ideally each one should have 
a recovery or management plan and associated actions. 
At present, critically endangered species and ecological 
communities have priority for recovery plan development and 
implementation, followed by those that are endangered and 
then vulnerable.

The degree of implementation and effectiveness of recovery 
plans is limited. Seventy-four interim recovery plans for 
critically endangered plants and 33 for threatened ecological 
communities were assessed to determine progress during 

implementation of the plan. For plants under recovery plans, 
55% improved, 32% remained stable and 12% declined. 
For threatened ecological communities under recovery plans, 
15% improved, 57% remained stable and 27% declined 
(Department of Environment and Conservation, unpublished 
data, February 2007). Most threatened plants or communities 
have increased or remained stable under recovery plans but 
some species and communities have declined. It is possible 
that some of these would have become extinct or that their 
decline would have been much more rapid if they had not 
been covered by a plan. The development of a recovery plan 
does not guarantee the survival or improvement in condition 
of threatened species or ecosystems, but it does provide the 
best possible opportunity of doing so.
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Figure B0.3: Number of declared rare flora per terrestrial 
subregion.
Data source: Department of Environment and Conservation [Jan 2007].  
Presentation: EPA.
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Figure B0.4: Number of threatened fauna per terrestrial 
subregion.
Data source: Department of Environment and Conservation [ver. Feb 2007]. 
Presentation: EPA. 
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Figure B0.5: Number of threatened ecological communities 
per terrestrial subregion.
Data source: Department of Conservation and Land Management [ver. Jan 2004]. 
Presentation: EPA. Note: These data are based on limited survey work that has only 
partially identified the number of threatened ecological communities likely to occur 
in WA.
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Everlasting daisies in the Goldfields region of WA (K. Stepnell)
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Table B0.3 Number of Western Australian species threatened and ecological communities covered by endorsed recovery plans and 
interim recovery plans.  

Group Critically 
Endangered

Endangered Vulnerable Other Total covered 
by recovery 
plans

Total 
threatened 
(not including 
extinct or 
destroyed)

Per cent 
covered by 
recovery plans

Plants 119 

(including 117 IRPs 
+ 2 RPs)

22

(including 20 IRPs 
+ 2 RPs)

14 

(including 13 IRPs 
+ 1 RP)

- 150 379 40%

Animals 34 

(8 IRPs + 3 RPs)

12 

(2 IRPs + 5 RPs + 2 
National Plans)

20 

(4 IRPs + 4 RPs + 1 
National Plan)

3 

(2 IRPs + 1 RP)

69 204 34%

Threatened 
Ecological 
Communities

18 

(All IRPs)

7 

(All IRPs)

5 

(All IRPs)

1 

(An IRP)

31 66 47%

Overall total 250 649 39%

Data source: Department of Environment and Conservation [ver.2007} Note: RP – Recovery plan; IRP – Interim recovery plan; Some plans have been updated and replaced; 
Some fauna are covered within threatened ecological community interim recovery plans; Some plans cover more than one species or threatened ecological community. 

Effectiveness
Forty-eight actions for maintaining biodiversity were 
identified in the 1998 State of the Environment Report 
(Government of Western Australia, 1998). Of these 46% 
remained incomplete, 33% have been completed but 
not evaluated, and only 21% have been completed and 
evaluated. Evaluating the effectiveness of programs to 
maintain biodiversity is very difficult. Indicators of biodiversity 
condition still largely do not exist and so few environmental 
outcomes can be quantified. In addition, the effects of 
on-ground actions are difficult to detect and it may take 
many years of monitoring before environmental outcomes 
are evident. Consequently, even though a large proportion 
of these programs are underway or complete, it has been 
very difficult to evaluate actual environmental outcomes 
and increased monitoring and evaluation effort is urgently 
needed. The National Action Plan for Salinity and Water 
Quality and the Natural Heritage Trust programs may help to 
improve monitoring of biodiversity issues, such as introduced 
animals, weeds and Phytophthora dieback.

suggested responses

5.1  Finalise and enact the Biodiversity 
Conservation Bill: the need for biodiversity 
conservation legislation is urgent as the 
existing legislation is outdated. 

5.2  Finalise and implement the draft A 100-year 
Biodiversity Conservation Strategy for Western 
Australia. A draft version of the strategy has 
recently undergone public comment. The 
strategy will be an important complement to 
the proposed Biodiversity Conservation Act. 

5.3  Ensure all potentially threatened species and 
communities are assessed and their status 
recognised within an appropriate time frame.

5.4  Assess the level of implementation and 
effectiveness of recovery plans.

See also ‘Conservation’:

•  Accelerate establishment of the formal 
conservation reserve system, particularly 
in priority terrestrial subregions and 
marine regions. 

•  Progressively implement a protected 
area plan for each priority subregion 
and region, and provide adequate 
management.

The kangaroo paw is the floral emblem of WA (Tourism WA)
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indicative extent of iSSue
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changed fire regimes

Description
Fire is an important natural feature of the Western Australian 
landscape. Fires help shape the diversity of plants (Dixon & 
Barrett, 2003) and animals. Many native plants have evolved 
fire-related adaptations over time, such as fire-induced 
flowering or smoke-induced germination (Hopper, 2003). 
Without human intervention, fires are most often started 
naturally by lightning strikes. Natural fire regimes (or patterns) 
have been significantly changed following the arrival of 
humans. Changed fire regimes have the potential to change 
ecosystems and the composition of species within. Problems 
arise when ecosystems are burnt too often. This can lead 
to loss of biodiversity through inadequate recovery and 
reproduction times for many plants and animals, resulting 
in a simplification of ecosystems. Too little fire can also be a 
problem, limiting reproduction mechanisms for some native 
plants that use ash, smoke or intense heat to germinate seed. 

Aboriginal people traditionally used fire for hunting, cultural 
and land management purposes. The arrival of Europeans 
bought a culture of fear of fire, with a focus on fire 
suppression and preserving human life and property. This is 
particularly apparent in the South West where prescriptive 
burns under controlled conditions have been introduced to try 
and reduce the vegetation fuel load that is available to burn 
in the event of fires. Fire in the rangelands has historically 
been used as a pasture management technique, first by the 
Aboriginal inhabitants and later by the pastoral industry. Fires 
caused by accidents and arson are also significant. 

Understanding the role of fires on biodiversity is complex, and 
requires an understanding of the frequency (time between 
burns), seasonality (time of year), intensity (severity) and the 
extent (area) of the burn. The effect of fire on species and 
ecosystems varies significantly, further complicating its effect 
on biodiversity. Often the mosaic pattern in which naturally-
occurring fires burnt the landscape has radically changed 
since European settlement (Dixon & Barrett, 2003).

Objectives

•  To understand the role of fire in the Western Australian 
environment.

•  To use and control fire to maintain biodiversity.

•  To use scientific understanding for adaptive management 
of fires.

Condition

Indicator B7: Frequency and extent of fire across WA.

The extent and frequency of fires are major factors impacting 
on biodiversity. The Kimberley has the highest frequency of 
burning (Figure B1.1), with most of the landscape having 
been burnt over the past 15 years, and some areas burnt 
annually. Between 80–100% of the Kimberley has been burnt 
over the same period (Figure B1.2). Widespread areas of the 
Pilbara, the central deserts, and the South West forests have 
also been burnt, but much less frequently. 

Native vegetation within urban areas is subject to frequent 
fires as a result of arson, accidental ignition, and invasion 
by grassy weeds which add to fuel loads. Significant efforts 
are made in metropolitan areas to reduce the frequency 
of fire in proximity to people and infrastructure. Frequent 
fire also poses a significant threat to remnant vegetation 
in the agricultural zone. Many areas of remnant vegetation 
are subject to invasion by weeds and fragmentation 
of ecosystems, and once burnt it is more difficult for 
recolonisation by native species.

Key findings

•  Fires are contributing to a decline in biodiversity 
across many areas of WA.

•  The Kimberley has the highest frequency and 
greatest extent of fires in the State.

•  Appropriate fire regimes for biodiversity are not 
well understood.

indicative extent of iSSue

5.1

priority  
rating: 2
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Figure B1.1: Frequency of landscape burning, 1989–2004.

Data source: Department of Land Information – Firewatch data on frequency of fires outside the South West [ver. 2005]; Department of Conservation and Land Management 
– bushfire and controlled burning years for the South West [ver. 2005]. Analysis: EPA. Presentation: EPA. Note: The frequency of landscape burning ranges from never burnt to 
burnt every year. It is possible that some areas are burnt more than once in any one-year period, but this is not distinguished in the methodology.
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Controlled burn at Caraban State Forest north of Yanchep (L. Sage)
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Figure B1.2: Per cent of terrestrial bioregions burnt over a 
15-year period, 1989–2004.
Data source: Department of Land Information – Firewatch data on frequency of 
fires outside the South West [ver. 2005]; Department of Conservation and Land 
Management – bushfire and controlled burning years for the South West [ver. 2005]. 
Analysis: Department of Land Information – Firewatch data on frequency of fires 
outside the South West; EPA - bushfire and controlled burning years for the South 
West. Presentation: EPA. 

Indicator B8: Effects of too much fire.

Changed fire regimes have radically changed the environment 
by threatening fire-sensitive species and altering floristic 
patterns and vegetation structure, and hence affecting the 
fauna that depends on that vegetation. Fire-sensitive plants 
include Gondwana relicts in high rainfall areas. In addition, 
many species that are not necessarily fire-sensitive can be 
burnt too frequently and not effectively recover between 
fires. Fire-sensitive animals are those that have limited 
capacity to escape, or to find alternative food sources and 
shelter if fire temporarily removes habitat.

Examples of ecosystems and species at serious threat from 
too much fire include:

•  vegetation – kwongan vegetation, other heathland 
vegetation types, Kimberley vine thickets, Swan Coastal 
Plain communities and Goldfields woodlands and Mulga 
woodlands;

•  birds – noisy scrub bird, western ground parrot, western 
bristlebird, Carnaby’s black-cockatoo and malleefowl;

•  mammals – Gilberts potoroo, heath rat, brush-tailed 
phascogale, golden bandicoot, scaly-tailed possum, 
monjon (rock wallaby); and 

•  invertebrates – Stirling Range trapdoor spider and 
Kimberley land snails.

The Kimberley is undergoing irreversible changes to biodiversity 
due to fires that are too frequent, especially  impacts to 
savanna ecosystems. The savanna region is mainly covered by 
fire-tolerant species, but is interspersed with some fire-sensitive 
species. These tend to be plants which must set seed instead 
of being able to reproduce vegetatively, have a maturation 
period of at least three years, are usually restricted to rugged 

sandstone habitats, and form tropical forests and woodlands 
(Yates & Russell-Smith, 2003). These areas need to be 
managed to preserve patchiness or mosaic at a landscape level 

The Arnhem cyprus pine (Callitris intratropica) has a 
distribution in savanna areas of the Kimberley region, and 
has been suggested as a useful bio-indicator of changes to 
fire regimes. This tree species is long-lived, obvious in the 
landscape, covers a wide range of environments, and remains 
visible for many years after it has died (Bowman & Panton, 
1993; Graham, 2001). The Arnhem cyprus pine is very fire-
sensitive at seedling and sapling stage and requires at least 12 
years to mature. It has limited seed dispersal from the parent 
tree, and has short-term seed viability (Graham, 2001). Adult 
trees are killed by high intensity and frequent fires, but are  
undamaged by low intensity fires. Surveys between 1998 
and 2000 showed that approximately 50% of all Arnhem 
cyprus pines examined were dead, very few showed signs 
of re-sprouting, and there were limited numbers of saplings 
(Graham, 2001). In some areas, up to 100% of the trees were 
dead, indicating that high intensity and frequent fires are 
severely impacting this species.  

Frequent large, hot, late-season fires can destroy the 
important mosaic of growth, maturity and species 
composition across the landscape (T Start, Department of 
Conservation and Land Management, pers. comm.). One 
consequence of changes to extent, seasonality and patchiness 
of fires in the Kimberley is a change of grass species 
composition from perennials to annuals (Graham & McKenzie, 
2004). Frequent wide scale fires apply selection pressure on 
the landscape, so annual grasses that grow quickly and then 
die off are at an evolutionary advantage. However, once this 
trend begins, large areas of dead grass at the end of the dry 
season provide ample fuel for naturally-occurring or human-
induced fires to start and travel long distances. The reduction 
in abundance of perennial grasses has also had a large impact 
on trees or woodland plants, and many grain-eating animals 
such as finches (Graham & McKenzie, 2004).

The blackened landscape after a fire at Mt Cooke in January 2003  
(N. Burrows)

Legend
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Indicator B9: Effects of not enough fire

Fire prompts flowering of some native plant species, and 
many use ash, heat or smoke as a germination medium for 
seeds (sometimes known as ‘fire-opportunists’). The burning 
of existing vegetation also allows regeneration from seeds 
stored in soil. Some plants thought to be extinct or rare 
have had significant range extensions after a fire, including 
the many stemmed lily (Sowerbaea multicaulis), the showy 
eremophila (Eremophila racemosa), Calamphoreus inflatus 
and E. veneta (Yates et al., 2003). Spinifex species are very 
flammable and are adapted to the patch burning regime used 
by Aboriginal people. In predominantly urban and agricultural 
landscapes and some conservation estate and unallocated 
crown land areas, fires have often become either large-
scale burns or have ceased. Animals that have a competitive 
advantage after a fire are those that can move relatively 
quickly away from the fire front, and then recolonise an area 
to take advantage of new shoots, as the vegetation begins to 
return, or increased availability of prey. 

Pressures
Lightning strikes are a common natural ignition source 
of fires. The North Kimberley has the highest number of 
lightning strikes in Western Australia (and also Australia), 
with an average of  between 8 and 12 lightning strikes per 
square kilometre hitting the ground annually (Kuleshov et 
al.,  2006) (Figure B1.3). Electrical storms, common in the 
Pilbara and Kimberley, can result in the ignition of multiple 
fires across a vast area at the same time. These fires are 
particularly difficult to control due to the vast areas of land 
and their inaccessibility. 

Land holders (such as pastoralists, Aboriginal people and 
conservation managers in the rangelands) use fire for 
different reasons. In 2005, 27% of pastoralists undertook 
a prescribed burn for management purposes (Department 
of Agriculture, 2005). Fire is often used as a management 
tool for vast and inaccessible landscapes and can act as a 
selection pressure for species found in an area. Fire is useful 
for promoting new growth in plants that is palatable for 
livestock, but the frequency of burning (especially in the 
Pilbara and Kimberley regions) is too high for the long term 
survival of many native species. Aboriginal people also 
continue to use fire for traditional hunting, cultural or land 
management reasons. The way in which Aboriginal people 
burn the landscape has changed over time, with much less 
of their traditional land being burnt since 1920 than occurred 
before that time. This is a result of past social policies (the 
removal of Aboriginal people from the land), and more 
Aboriginal people having moved into towns (spending less 
time in their country). 

Prescribed burning practices in the South West forest 
region have caused conflict within government, the general 
public, and scientific communities. Some advocate use of 
controlled burns to reduce fuel loads and bushfire intensity, 
and to protect human life and property. Others contend 
that prescribed burning does not have a preventative effect 
for bushfires and has many negative consequences for 
biodiversity (such as eliminating fire-sensitive species and 
facilitating the spread of weeds). Prescribed burns are carried 
out by State Government agencies for land management 
purposes. Agencies have faced criticism because prescribed 
burns are a risk to biodiversity. This is comprehensively 
addressed in two recent EPA reviews (Environmental 
Protection Authority, 2004 & 2006). The area actually burnt is 
dependent on climatic and weather conditions and available 
agency resources (Environmental Protection Authority, 2004). 

Current responses
Fire management: The Department of Environment and 
Conservation conducts a program of controlled burns on 
land which it manages in order to protect and conserve 
biodiversity values, human lives and community assets. 
Controlled burning is undertaken to reduce the occurrence 
and impacts of large, intense wildfires, and regenerate and 
protect forest ecosystems following harvesting operations or 
other disturbances. 

Fire fighting: The Fire and Emergency Services Authority, 
volunteer bushfire brigades and the Department of 
Environment and Conservation are responsible for responding 
to fires and attempting to control or extinguish them. Local 
councils and individual landholders are responsible for 
maintaining firebreaks.

Environmental Protection Authority fire reviews: In 2004 
the EPA undertook a review of the former Department of 
Conservation and Land Management’s controlled burn 
practices in the South West forest region. A review of fire 
management in the Kimberley and other rangeland regions 
was also released for public comment in 2006. 

Research: The Department of Environment and Conservation 
is undertaking research on the effect of fire regimes on 
species richness and composition in the southern jarrah 
forest; fire behaviour in dry eucalypt forest; the effect of fire 
on cave systems, fungi and short range endemic species; the 
interactions of landscape and fire management; the effects 
of fire on invertebrate biodiversity. It is also undertaking 
post-fire monitoring in Nuyts wilderness area (near Walpole). 
Some research projects are done in collaboration with 
the Bushfire Cooperative Research Centre. Project Vesta 
is a collaboration between CSIRO and the Department of 

Figure B1.3: Average annual lightning ground flash density. 

Data source:  Kuleshov et al. (2006). Note: Analysis generated from NASA Optical 
Transient Detector and Lightning Imaging Sensor data (0.5 degrees grid resolution) 
averaged over the 8-year period 1995-2002. The satellite data were calibrated against 
the ground-based Lightning Flash Counter data and adjusted accordingly.  
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Environment and Conservation to research fire behaviour and 
management, specifically in dry eucalypt forests. The project 
is designed to establish the effect of fuel load and structure 
on fire behaviour and provide insight into long-term effects of 
prescribed burning on bushfire behaviour.

Cooperative research centres: State agencies, the 
Department of Environment and Conservation, the Fire and 
Emergency Services Authority and the University of Western 
Australia form part of the Bushfire Cooperative Research 
Centre. This centre provides research to aid management 
of bushfire risks to the community in an economically and 
ecologically sustainable way. The Cooperative Research Centre 
for Tropical Savannas Management includes the CSIRO, 
Department of Agriculture and the Department of Environment 
and Conservation, and conducts research on fire management 
and the effects of fires on vegetation and weed spread.

Firewatch: This program is run by the Department of 
Land Information through the Leeuwin Centre at CSIRO. It 
collates satellite imagery to produce accurate and up-to-date 
information to emergency services, land managers and land 
holders. It can also be used to compile long-term information 
such as seasonal and annual data, fire frequency and 
locations or areas burnt.

Implications
The implications of inappropriate fire regimes are very serious 
for the environment, society and the economy. Fires that 
occur too frequently across large areas or at an inappropriate 
time of year cause loss of habitat and food supply for native 
species, loss of landscape diversity and degradation problems 
for land and inland waters. Fires can also exacerbate or cause 
additional threatening processes to occur such as soil erosion, 
release of particulates to the atmosphere, weed invasion, 
eutrophication, salinisation, and also increase the spread 
of Phytophthora dieback through fire fighting operations. 

Fires can also result in the release of greenhouse gases and 
reduce carbon sequestration by plants. Very intense fires 
which kill mature native vegetation can contribute to long-
term ecological change by removing adults and leaving new 
seedlings vulnerable to climate stressors such as drought. 
Further loss of species and the simplification of ecosystems 
are likely if inappropriate fire regimes persist. Changed 
fire regimes are an emotive issue and causes frequent 
debate amongst local communities. In urban areas, there is 
significant effort to reduce the frequency of fires so as to 
prevent loss of life and damage to housing and associated 
infrastructure. In agricultural and pastoral areas, fires can 
cause significant productivity loss and damage to crops, 
plantations, feedstock, water supplies, farm infrastructure 
and livestock. The decisions made to protect humans and 
infrastructure that are made on economic and social grounds 
have important effects on biodiversity. 

suggested responses

5.5  Establish a comprehensive condition 
monitoring program to determine trends 
in biodiversity as a result of changed fire 
regimes.

5.6  Implement the EPA’s Review of the Fire Policies 
and Management Practices of the Department 
of Conservation and Land Management 
(now Department of Environment and 
Conservation).

5.7 Implement the recommendations of the EPA’s 
Fire Management of the Kimberley and Other 
Rangeland Regions of Western Australia.

Department of Environment and Conservation attending to a fire (Department of Environment and Conservation)
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Description
Removal of native vegetation, both historic and current, is 
a major threatening process affecting biodiversity in WA. It 
includes the traditional concept of clearing, but also involves 
other substantial damage to native vegetation (e.g. burning, 
overgrazing and draining or flooding of land) which results 
in the removal of at least some native vegetation, and can 
result in degradation or loss of whole ecosystems. The loss of 
habitat area through clearing is currently the primary cause 
of declines in species and populations worldwide (Millennium 
Ecosystem Assessment, 2005). 

Historic clearing commenced with the arrival of Europeans 
and settlement in WA. A strong development culture and 
aggressive agricultural expansion resulted in broadscale 
clearing of vast areas of the South West between 1945 and 
1982 (Commonwealth of Australia, 2000). During the 1960s, 
‘a million acres a year’ was released for agriculture, much of 
it in areas prone to land salinisation. Clearing rates slowed 
significantly in the 1970s, but widespread recognition of 

the growing salinity problem did not occur until the 1980s, 
when clearing controls were enforced. Broadscale clearing 
for intensive agriculture has now largely ceased, but it has 
left a legacy of environmental problems. Widespread clearing 
has also occurred along coastal zones of the South West, 
in particular the Perth metropolitan area, to accommodate 
a growing population and developing industries. Although 
clearing for cropping and grazing is generally not allowed in 
the rangelands, clearing for agriculture has occurred in the 
Ord River Irrigation Scheme and Fitzroy River catchments. 
Native vegetation in some pastoral areas is also under 
pressure from overgrazing (including pastoral livestock, 
introduced and native animals) and frequent extensive fires. 
More recently, most clearing occurs in small pockets of the 
South West for urban development and in other regional 
locations for mining. Clearing of native vegetation across the 
State is now regulated under the Environmental Protection 
Act 1986 unless exemptions apply. 

Removal of large areas of native vegetation fragments the 
landscape, leaving behind small and unconnected remnants. 
Many flora, fauna and communities are threatened, often 
resulting in diminished biodiversity and extinctions in some 
areas. Clearing in the South West has resulted in other 
environmental issues including salinisation of land and inland 
waters, enhanced spread of weed species and exacerbated 
soil erosion, and has also contributed to reduced carbon 
stores of greenhouse gases. It is also believed that broadscale 
clearing in the South West may be responsible for reduced 
rainfall in cleared areas (due to a change in the land’s surface 
and a reduced ability to form moisture-carrying clouds) 
(Lyons, 2002). 

Objectives
•  Minimising the impacts of loss and degradation of native 

vegetation on biodiversity.

•  Protecting or conserving native vegetation remnants that 
are important for biodiversity reasons or to prevent further 
land and inland water degradation. 

•  Prohibiting further clearing of areas that have already been 
extensively cleared. 

Key findings

•  Loss and degradation of native vegetation 
continues to negatively affect biodiversity  
in WA.

•  The agricultural Wheatbelt zone is the most 
highly cleared area in WA due to past land 
clearing. Some local government areas have 
less that 5% of original native vegetation 
remaining.

•  Nearly 900 ha of native vegetation was 
cleared each year in the Perth metropolitan 
region (equivalent to more than 1 football 
oval per day) between 1998 and 2004. 

•  About 7000 and 8000 hectares were 
approved for clearing in 2005 and 2006 
respectively under the clearing provisions of 
the Environmental Protection Act 1986 (which 
equates to about 10 football ovals per day).

•  There is a need for a consolidated and 
accurate record of the total amount of native 
vegetation being cleared in WA every year.

indicative extent of iSSue

5.2

priority  
rating: 2



Condition

Indicator B10: Percentage of native vegetation remaining 
in subregions and local government areas.

Many Western Australian terrestrial subregions have a high 
percentage of their native vegetation remaining (i.e. 41 of the 
54 terrestrial subregions have 96% or more remaining), with 
most in the rangelands (Figure B0.1). The most extensively 
cleared subregions in WA are both the Avon Wheatbelt 
(AW2 and AW1), the Dandaragan Plateau (SWA1), the 
Western Mallee (MAL2), the Lesueur Sandplain (GS2), 
the Swan Coastal Plain (SWA2), Geraldton Hills (GS1) and 
the Recherche (ESP2) subregions (Table B2.1). These areas 
have diminished biodiversity and have a higher proportion 
of threatened flora and ecological communities (Table 

B2.1). Vegetation types that inhabit valley floors and lower 
slopes in the landscape are more than 90% cleared in the 
agricultural Wheatbelt zone, and comprise about one-third 
of all vegetation types in the Avon Wheatbelt and Western 
Mallee subregions (McKenzie et al., 2003). After broadscale 
clearing for agriculture, the whole agricultural Wheatbelt 
zone (including upper catchment areas) retains only 7% of its 
native vegetated area (Beecham, 2004). The Perth subregion 
(SWA2) (bound by Jurien Bay, Dunsborough and the Darling 
Scarp) contains 42% of the known threatened ecological 
communities, and this is certainly due to the clearing 
and fragmentation of native vegetation, but may also be 
influenced by a disproportionately high number of research 
studies in the area.
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Table B2.1: Subregions with more than 50% of native vegetation cleared, and percentages of Declared Rare Flora and Threatened 
Ecological Communities. 

Subregion name Per cent native vegetation 
remaining in 2006

Per cent of total Declared Rare 
Flora found in subregion 

Per cent of total Threatened 
Ecological Communities found 

in subregion 

Avon Wheatbelt 2 (AW2) 8.6% 17.2% 3.0%

Avon Wheatbelt 1 (AW1) 18.6% 20.3% 10.6%

Dandaragan Plateau (SWA1) 28.9% 4.2% 3.0%

Western Mallee (MAL2) 32.8% 9.2% 3.0%

Lesueur Sandplain (GS2) 40.9% 13.2% 9.1%

Perth (SWA2) 41.2% 12.9% 42.4%

Geraldton Hills (GS1) 43.0% 6.1% 1.5%

Recherche (ESP2) 48.0% 2.4% 0.0%

Data source: Department of Conservation and Land Management [ver. 2006] - percentage native vegetation remaining; Department of Environment and Conservation [ver. 
Feb 2007] - declared rare flora; Department of Conservation and Land Management [ver. Jan 2004] - threatened ecological communities (no further communities have been 
endorsed since this time). 

Some local government areas in the Wheatbelt retain very 
small amounts of native vegetation (Table B2.2). This is a 
good gauge of the present and future loss of biodiversity 
(and other environmental problems), but it does not represent 
the current areas of concern for ongoing loss of native 

vegetation (namely areas subject to urban development 
and mining). Further, 33 (40%) of the 83 non-metropolitan 
local governments in the South West have less than 15% 
vegetation remaining (Shepherd et al., 2001). 

Table B2.2: Top 10 most cleared local government areas in the South West.

Local government area Per cent native vegetation remaining in 
2001

1 Cunderdin 1.8%

2 Quairading 3.6%

3 Dowerin 4.3%

4 Goomalling 4.6%

5 Corrigin 4.9%

5 Wyalkatchem 4.9%

7 Wongan-Ballidu 5.2%

8 Tammin 5.5%

9 Mingenew 6.6%

10 Bruce Rock 7.1%

Source: Shepherd et al. (2001). 
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Figure B2.1: Clearing in the Perth metropolitan region, 1998–2004.
Data source: Department of Agriculture and Food [ver. 2007]. Data analysis: Department of Agriculture and Food and EPA; Presentation: EPA.  Note: Carnac, Penguin, Garden 
and Rottnest Islands, Kings Park and the Wilbinga extension to the Perth Metropolitan Region Scheme are not included in these data.

Legend

Cleared native vegetation (1998-2004)

Native vegetation 2004

Extent of Metropolitan Region Scheme

Regional Parks and Protected Areas

Designated Urban Development Areas

Major water bodies

Local Government boundaries

10km intervals from city centre

Indicator B11: Rate of loss of in native vegetation cover 
over time.

The change in native vegetation cover for the Perth 
metropolitan region has been assessed for the period 1998 
to 2004 (Figure B2.1). Large areas in outer Perth suburbs 
have been cleared. Between 1998 and 2004 a total of 
5974 ha were cleared in the Perth metropolitan region - an 
average rate of 853 ha per year. 1998 and 2004 a total 
of 5974 ha were cleared in the Perth metropolitan region 
- an average rate of 853 ha per year (Western Australian 
Local Government Association Perth Biodiversity Project, 
unpublished data, 2007). Two-thirds of the total area cleared 
has occurred since 2001, with an average rate of nearly 
1000 ha per year between 2001 and 2004. Over 2% of 
the total native vegetation that was present in 1998 was 
cleared by the end of 2004. This is over one football oval 
per day being cleared in the Perth metropolitan region. The 
total area of native vegetation within the Perth metropolitan 
region includes large areas of State Forest, national parks 

and other vegetated areas in the Darling Scarp, and it is clear 
that the vegetation of the Swan Coastal Plain suffered the 
most clearing. The rate of clearing in Perth is likely to have 
continued (or possibly accelerated) with the economic boom 
and increased demand for housing in the past 3 years. 

It should be noted that there are limitations of 2001 and 
2004 data, including 

• the preferential mapping of landscapes with trees, leading 
to some mapping of areas that are parkland (but basically 
cleared of native vegetation) or completely degraded; 

• the inclusion of areas that are approved for clearing 
through development approvals and/or clearing permits;

• some areas have been cleared since the time of the aerial 
photography; and  

• Carnac, Penguin, Garden and Rottnest Islands, Kings Park 
and the Wilbinga extension to the Perth Metropolitan 
Region Scheme are not included in these data. 



Most recent clearing between 2001 and 2004 was 
concentrated in the outer Perth suburbs. The cities of 
Wanneroo and Rockingham have the highest areas of native 
vegetation cleared (over 1100 and 800 ha respectively) as 
a result of housing and infrastructure development (Table 

B2.3). Similarly, the cities of Joondalup and Bayswater have 
undergone the largest percentage decreases (17% and 12% 
respectively) in the area of native vegetation remaining over 
this timeframe (Table B2.3).
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Table B2.3: Top 10 local governments by area of land cleared (total number of hectares and percentage of remaining vegetation), 
2001-04.  

Local government area Total number 
of hectares

Annual clearing 
rate from 2001–04 

(ha/year)

Local 
government 
area

Total 
per cent 
change

Annual per cent clearing 
rate from 2001–04 

(%/year)

1 Wanneroo -1158 -296.5 Joondalup -16.9% -4.23%

2 Rockingham -805 -289.5 South Perth a -12.7% -3.18%

3 Swan -529 -132.3 Bayswater -11.9% -2.98%

4 Cockburn -445 -111.3 Stirling -11.3% -2.83%

5 Joondalup -272 -68.0 Canning -10.7% -2.68%

6 Kwinana -223 -55.8 Rockingham -10.5% -2.63%

7 Mundaring -122 -30.5 Cockburn -9.7% -2.43%

8 Gosnells -102 -25.5 Belmont -7% -1.75%

9 Armadale -95 -23.8 Kwinana -4.6% -1.15%

10 Stirling -78 -19.5 Gosnells -2.7% -0.68%

Data source: Western Australian Local Government Association Perth Biodiversity Project unpublished data [ver. 2007], based on data provided by the Department of Agriculture 
and Food [ver. 2006]. (a) City of South Perth results are likely to have been due to differences in mapping of vegetation in the two time periods.  

Two local governments (towns of Bassendean and 
Cambridge) slightly increased the amounts of vegetation 
found in their areas, probably as a result of replanting and/or 
landscaping works. Some local governments have very small 
areas of native vegetation remaining (e.g. South Perth), and 
so changes in vegetation were probably due to methodology 
rather than loss of native vegetation. Local governments 
with less than 20 ha of native vegetation remaining and 
excluded from this analysis were Claremont, East Fremantle, 
Fremantle, Mosman Park, Peppermint Grove, Perth, Subiaco, 
Victoria Park and Vincent. The amount of legal or long term 
protection given to remnants of native vegetation varies 
according to local government area and land tenure. The 
condition on native vegetation was not addressed in these 
data sets (Western Australian Local Government Association 
Perth Biodiversity Project, unpublished data, 2007). 

Broad vegetation change in the South West can be assessed 
through the Land Monitor program, but it is not possible to 

accurately distinguish native vegetation from other vegetation 
(such as orchards and plantations), or vegetation removal as 
a result of bushfires. Loss or degradation of vegetation cover 
appears to be continuing across the South West, which may 
be attributed to the effects of a drying climate (and therefore 
less vegetation cover or tree foliage) (Figure B2.2). Loss in 
the eastern agricultural Wheatbelt areas (east of Katanning) 
may be attributed to fires, with much of this vegetation likely 
to regrow over time. Agricultural Wheatbelt areas may be 
losing vegetation cover (or perhaps tree foliage) due to the 
effects of land salinisation. In coastal South West areas, loss of 
vegetation cover is likely to have been caused by direct clearing 
for urban development, expanding agriculture, harvesting of 
plantations, or the effects of Phytophthora dieback. Further 
investigation is required to explain the loss of vegetation cover 
in these areas. 

Figure B2.2: Vegetation loss or decline in the South West by 
local government area, 1996-2004. 
Data source: Department of Land Information – Land Monitor [ver. 2004];  
Analysis: EPA; Presentation: EPA

Legend

Percentage of  
Vegetation Loss

< 2.0%

2.1 - 4.0%

4.1 - 6.0%

6.1 - 8.0%

> 8.1%

Landmonitor extent

Clearing of land for the Brighton subdivision in the northern coastal 
corridor of Perth (Department of Environment and Conservation)



Indicator B12: Change in rangeland native vegetation 
density or perennial grass frequency.

Monitoring results from the Western Australian Rangeland 
Monitoring System were analysed at the bioregional scale to 
determine change in vegetation condition, i.e. shrub density 
or perennial grass frequency (Figure B2.3). Change was 
determined by comparing data for the most recent sampling 
period (1999–2004) with that of the period 1993–2002. A 
majority of sites in bioregions showed stable or improving 
vegetation cover over the past decade (Figure B2.3). Only a few 

bioregions in the Murchison and Pilbara showed a majority 
of sites with declining vegetation density or frequency. While 
these areas recently experienced a prolonged drought, there 
are also indications that inappropriate grazing management 
has contributed to the decrease (Department of Agriculture, 
unpublished). Overgrazing, a form of indirect clearing, can 
be caused by a variety of animals including domestic stock 
(cattle, sheep and goats), native animals (kangaroos) and 
introduced animals (camels, donkeys, horses, pigs, feral 
cattle, feral goats, rabbits).
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Figure B2.3: Change in native shrub density and perennial grass frequency at Western Australian rangeland monitoring 
sites, by bioregion.
Data source: Department of Agriculture – WARMS [ver. 2005]; Analysis: EPA; Presentation: EPA.

Legend
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Indicator B13: Change in rangeland perennial plant 
species richness.

Patterns of richness of native perennial species, revealed by 
similar analysis of monitoring system data, are quite different 
(Figure B2.4). The Kimberley bioregions have declining 
richness (loss of biodiversity), but most other areas show 
stable or increasing richness. It is believed that perennial 

tussock grasses in the Kimberley, although still common and 
widespread, have been replaced in many areas by annual 
grasses as a result of heavy grazing and changed fire regimes 
(Start, n.d.). As a result of grazing activity, threatened 
ecological communities have been declared in the rangelands, 
including themeda grasslands (at Hamersley Station in the 
Pilbara) and many Kimberley mound springs.
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Pressures
Historically, widespread clearing occurred for development 
of intensive agriculture in the South West, namely sheep and 
wheat farming. Since the 1980s agricultural expansion has 
slowed and clearing controls have been enforced. Recent 
expansion of the wine and plantation industries has renewed 
clearing activity in small pockets of the South West. 

Population increases result in increased housing demand, 
and consumption patterns show that West Australians have a 
preference for larger houses and fewer people per household 
compared to other parts of the world (see ‘Settlement 
patterns’). This results in large land areas being needed to 
accommodate urban centres and consequent clearing of native 
vegetation and farmland for housing. Urban expansion has 
increased dramatically around Perth and other major coastal 
regional centres in the South West. The urban area of Perth 
has doubled since the 1970s and this has resulted in clearing 

of large areas of native vegetation, fragmentation of remaining 
areas and leads to the loss of species and ecosystems. 
Vegetation communities of the Swan Coastal Plain are highly 
represented on the list of threatened ecological communities, 
although this is in part due to the more extensive research 
in this area and it’s under representation in the conservation 
reserve system. Continued loss of native vegetation in the 
Perth metropolitan region is forecast as many areas have been 
zoned urban in the planning system but have not yet been 
developed (see ‘Settlement patterns’).

Outside the South West, mining activity is the primary reason 
for vegetation clearing. The current resources boom has 
accelerated clearing of native vegetation in the rangelands 
but the proportion of land impacted is relatively small. In 
many cases mining companies are required to undertake land 
rehabilitation and revegetation upon completion of extraction 
activities. This sector’s growth is projected to continue into the 
foreseeable future. 

Figure B2.4: Per cent of monitoring sites showing stable or improving species richness of native perennials at Western 
Australia rangeland monitoring sites, displayed at terrestrial subregion scale.
Data source: Department of Agriculture – WARMS [ver. 2005]; Analysis: EPA; Presentation: EPA.

Legend
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Indicator B14: Rate of approval of native vegetation 
clearing.

Comprehensive statistics on the rate of clearing of native 
vegetation are difficult to obtain and there are major 
challenges in accurately representing the data. Since 
July 2004, clearing regulations under the Environmental 
Protection Act 1986 have enabled comprehensive records 
to be kept of all applications approved and refused to clear 
native vegetation. Prior to the clearing provisions, a system 
of ‘notice of intent’ to clear applied under the Soil and Land 
Conservation Act 1945. These figures do not give accurate 
clearing statistics, but rather an indication of the trend in 
clearing proposals (Figure B2.5).

Prior to the change in native vegetation clearing regulations 
in 2004, both the number of notices and the approved area 
to clear for agricultural purposes were generally in decline. 
It is interesting to note the area approved to clear without 
objection in the late 1980s was more than 30 000 hectares 
per year (and as high as 62 000 ha in 1988-89), and this had 
declined to around 1000 ha by the early 2000s (Figure B2.5). 
The Soil and Land Regulations 1992 were introduced and 
then a memorandum of understanding was made in 1997 
between state agencies, both of which resulted in significant 
decreases in area clearing notified for agriculture (Figure 
B2.5). However, there was a sharp increase in the number of 
notices of intent to clear in 2003–04, when introduction of 
the Environmental Protection (Clearing of Native Vegetation) 
Regulations 2004 was imminent.

Notices of intent to clear for mining purposes ranged from 
2880 to 30 442 ha annually between 1998–99 and 2003–04, 
but these statistics are not reliable. Additionally, many areas 
previously cleared for mining have been rehabilitated and 
revegetated. 

Figure B2.5: Number of notices of intent to clear for 
agriculture purposes, and area involved, 1986–2004.
Data source: Department of Agriculture [ver. 2005]. Presentation: EPA. 

Statistics on clearing applications improved significantly 
after introduction of regulations in 2004 (which operated 
under the Environmental Protection Act 1986) (Figure B2.6). 
During 2005 and 2006, applications were made to clear 
approximately 15 000 ha of vegetation each year. Of this, 
a total of 7058 ha were approved for clearing under this 
legislation in 2005, and 8030 ha in 2006. This equates to 
about 10 football ovals per day approved to clear in 2005, 
and 11 per day in 2006. These figures cannot be directly 
compared to data from the notice of intent process. The 
year 2004 is excluded because it does not include a full 
year of data. Mining and other extractive industries still 
represent the primary reason for clearing approvals under 
the Environmental Protection (Clearing of Native Vegetation) 
Regulations 2004. The new clearing provisions are far more 
comprehensive in the assessment processes for granting 

or refusing applications than the previous notices of intent 
to clear process. However, the statistics do not consider 
clearing approvals granted through the Environmental 
Protection Authority’s environmental impact assessment 
process, especially for large mining proposals or projects 
with significant environmental impacts. Therefore it is not 
possible to provide the total rate (or area) of native vegetation 
approved for clearing in WA. Unauthorised (illegal) clearing 
continues to occur, although the scale of this problem 
remains unknown.
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Figure B2.6: Number of applications and area approved for 
clearing under the 2004 clearing regulations, by activity 
type, 2005-06. 
Data source: Department of Environment and Conservation [ver. 2007]. Analysis: EPA. 
Note: Data for calendar year 2004 is not included because it was for Aug to Dec of that 
year only (Environmental Protection (Clearing of Native Vegetation) Regulations 2004 
came into effect in June 2004). Percentages on graphs show the proportion of total 
applications were approved. These data are for areas formally approved for clearing 
only, they do not include applications that were declined, refused or withdrawn.  

Current responses
Legislation and policy: Legislation and policy direction has 
proven an effective means of influencing the clearing rate. 
The Environmental Protection (Clearing of Native Vegetation) 
Regulations 2004 were gazetted on 30 June 2004 and 
clearing provisions of the Environmental Protection Act 1986 
commenced on 8 July 2004. 

All clearing of native vegetation now requires a permit 
(unless an exemption applies) and the principles in Schedule 
6 of the Environmental Protection Act 1986 allow proposals 
to be assessed so that land, water quality and biodiversity 
values are taken into account. Clearing is administered by 
the Department of Environment and Conservation with 
a delegation of clearing for mining and petroleum under 
the Mining Act 1978 and various Petroleum Acts to the 
Department of Industry and Resources. 

Natural Heritage Trust/National Action Plan for 
Salinity and Water Quality (NHT/NAP): These are two 
Commonwealth Government programs that aim to ensure 
environmental (on-ground) improvements occur via a 
targeted strategic approach at the regional level. This covers a 
wide range of actions aimed at progressively limiting clearing 
and preventing further loss of species and ecosystems, and 
limiting degradation of land and water. 

Revegetation groups: There are many government 
programs and non-government organisations which focus on 
revegetation, rehabilitation of areas that have already been 
cleared, and preventing further degradation of remaining 
bushland by landscape-level threats such as salinity and 
soil erosion. Programs include the Greening Challenge 
(Department of Agriculture), Landcare and Greening Australia 
(non-government organisations).
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Off-reserve conservation: There are many programs focused 
on preventing further clearing of bushland, and in some cases 
these assist with management of land that is not in the formal 
conservation reserve (see ‘Conservation’). Examples include 
Bushland Benefits, Bush Forever, Roadside Conservation 
Committee initiatives, Nature Conservation Covenant 
Program, Land for Wildlife, Urban Nature, biodiversity 
incentives administered by Department of Environment and 
Conservation, Gondwana Link, and the Threatened Species 
Network and Woodland Watch (WWF).

Planning: Many planning and policy instruments are 
designed to minimise clearing in the metropolitan area 
of Perth, and provide protection for remnant bushland. 
Examples include Bush Forever, Coastal Planning and Network 
City. Bush Forever has recently expanded from areas around 
Perth to include surveys and protection of remnant bushland 
on the northern and southern parts of the plain.

Biodiversity Conservation Strategy: The Department of 
Environment and Conservation has released A 100-year 
Biodiversity Conservation Strategy for Western Australia: 
Blueprint to the Bicentenary in 2029 for public comment. 
A final biodiversity conservation strategy is in preparation 
(Department of Environment and Conservation 2006a).  

Local government: The Perth Biodiversity Project is a 
partnership project between 30 local governments, the 
Western Australian Local Government Association, the 
Swan Catchment Council, Department of Environment and 
Conservation, the Department for Planning and Infrastructure 
and Greening Australia WA. Local Governments participating 
in the Project are encouraged to become more involved in 
bushcare and biodiversity conservation (Western Australian 
Local Government Association, n.d.). The Local Government 
Biodiversity Planning Guidelines were released in 2004 to 
describe a consistent, staged process that can be used by local 
government to prepare local biodiversity strategies (Del Marco 
et al., 2004). The process encourages biodiversity targets 
and criteria to be set, enabling local governments to identify 
biodiversity values and integrate biodiversity conservation into 
their planning and decision making processes.

Implications
Removal of native vegetation has obvious environmental 
implications, but it also has significant social and economic 
implications. In some parts of WA (especially the Wheatbelt 
and parts of the Swan Coastal Plain) native vegetation 
has been cleared beyond safe ecological limits. Continued 
clearing will result in loss of biodiversity and extinctions, with 
fragmented habitats becoming more susceptible to climate 
change, disease, and weed and introduced animal invasion. 
Salinisation of land and inland waters, altered water regimes, 
soil erosion, eutrophication and increased greenhouse gas 
emissions are all direct consequences of clearing native 
vegetation. Benefits of retaining native vegetation include 
cultural benefits (i.e. ‘sense of place’ and recreational value) 
and ecosystem services (e.g. pollination, maintenance of 
local climates, healthy land and waterways, sequestration of 
greenhouse gases) that underpin the economy and society. 
Consequently everyone has a role in preventing further 
clearing and protecting existing native vegetation remnants, 
not just landholders.

  

suggested responses

5.8.  Prohibit clearing in local government areas 
with less than 15% native vegetation 
remaining and prohibit further clearing of 
vegetation types that are found to be at less 
than 10% of their pre-European extent.

5.9  Develop and implement a policy of ‘no net 
loss’ of native vegetation due to land use that 
comprehensively considers biodiversity values 
in clearing applications. 

5.10  Establish a central database to make 
information on all clearing activities (including 
environmental impact assessment) publicly 
available. 

5.11  Carefully monitor for illegal clearing and 
breaches of conditions set under the 
Environmental Protection Act 1986 and take 
appropriate action should they occur.

Clearing of native vegetation for a new plantation near Bridgetown (Department of Agriculture and Food)
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Description
Many terms are used to describe introduced and native 
animals (Table B3.1). There are many types of animals 
introduced in WA, including different groups - birds, 
mammals, reptiles, amphibians, fish, crustaceans, molluscs, 
worms and insects. 

Introduced animals that become established in Australia 
generally have a number of characteristics that allow them 
to survive and spread. These include having a similar climate 
between their native geographic range and their introduced 
location, a history of establishing invasive populations 
elsewhere in the world, a high reproductive rate, a generalist 
diet and an ability to live in modified landscapes (Hart & 
Bomford, 2006). 

Introduced species are a global problem, and ranked second 
only to habitat change and loss of global biodiversity 
(Millennium Ecosystem Assessment, 2005). Animals have 
been introduced to WA for various reasons. 

•  Animals introduced as livestock, pets or pollinators 
(e.g. pigs, horses, cattle, deer, camels, donkeys, goats, 
honeybees, dogs and cats). 

Key findings

•  The distribution and abundance of cats and pigs 
increased between 2000 and 2005. 

•  The population of camels in the central deserts 
of WA is large and rapidly increasing.

•  There is a need for enhanced monitoring to 
determine the extent and density of introduced 
animal species in WA.

•  Western Shield, a predator control program, has 
been credited with bringing at least 13 native 
fauna species back from the brink of extinction.

•  To date, quarantine and preventative procedures 
have been successful in excluding some invasive 
species present in other Australian states (e.g. 
cane toads, Indian mynas, red-eared slider 
turtles and red imported fire ants).

indicative extent of iSSue

5.3

priority  
rating: 1

Table B3.1: Common terms used to describe animals.

Term Meaning

Introduced A general term to describe animals that are not native to WA. Some introduced animals are not native to WA 
(e.g. foxes, black rats and rabbits), but others native to other parts of Australia are introduced in WA (e.g. 
kookaburras).

Invasive The ability to spread beyond the introduction or colonisation site, and to compete with native species to gain 
resources. Not all introduced species are invasive if there are controls on spread or competitiveness.

Feral A formerly domesticated animal which has become wild or no longer lives in association with people. These 
animals originate mainly as livestock, working animals and pets.

Pest Any animal that has a negative effect on human or economic activities. They can include both introduced and 
native species (e.g. kangaroos and emus are native animals but are sometimes considered pests).

Exotic An animal occurring in a place that it is not native to.

Native Species that occurred in an area before European colonisation.

Endemic Species that are restricted in range to a particular area and do not occur elsewhere (scales can be local, 
regional or continental).



•  Animals introduced for hunting, fishing or ornamental 
purposes (e.g. pigs, deer, rabbits, redfin perch, trout, 
carp, yabbies, rainbow lorikeets, ring-necked pheasants, 
doves, red-browed waxbills, white swans, sulphur-crested 
cockatoos, eastern long-billed corellas, Indian ring-necked 
parrots).

•  Animals introduced as biological controls of other animals 
(e.g. cats and mosquito fish).

•  Animals accidentally introduced through transport networks 
(e.g. rats, mice, tree sparrows, house crows, European 
wasps (Vespula germanica), coastal brown ants (Pheidole 
megacephala), Argentine ants (Linepithema humile) and 
Portuguese millipedes (Ommatoiulus moreleti).

•  Invasive animals that have migrated from other parts of 
Australia (e.g. foxes, rabbits and starlings, cane toads).

•  Animals that have been deliberately smuggled into WA 
for food or as exotic pets (e.g. edible snails and red-eared 
slider turtles).

Introduced animals cause environmental impacts because 
natural ecological constraints on them (such as predation, 
competition from other species, diseases and parasites) are 
often absent. If not adequately managed or quarantined, 
introduced animals have the potential to escape into the 
environment and breed if environmental conditions are 
favourable. Many are an environmental problem because 
they can compete with native animals for food and habitat; 
predate on native animals; destroy or degrade habitats; 
overgraze; carry and spread harmful diseases and parasites; 
and can inter-breed with native species producing hybrid 
animals. Some introduced animals are considered problems 
for human health (e.g. they carry diseases or are toxic) and 
some are considered pests to the agricultural, pastoral, 
plantation and construction industries. 

Objectives
•  To conserve WA’s biodiversity by managing and reducing 

the impacts of introduced animals and by preventing 
further introductions and spread. 

Condition

Indicator B15: Number of introduced animals by 
bioregion.

There is limited data for introduced animals in WA, but reliable 
information exists for introduced mammals at a large scale 
(Figure B3.1). The highly populated areas of the Swan Coastal 
Plain have the most introduced mammals, while forested 
areas of the South West, the northern agricultural area, the 
Gascoyne–Murchison, the Carnarvon basin and the Pilbara 
also have a high count of introduced mammals. There is 
corresponding evidence that native mammals have undergone 
significant range contractions (especially the Carnarvon 
Basin and the Jarrah Forest bioregions), and significantly 
reduced native mammal diversity in arid and semi-arid regions 
(especially Yalgoo and Nullarbor bioregions) (Commonwealth 
of Australia, 2002). There are comparatively fewer introduced 
mammal species in the central deserts and Kimberley, where 
climatic factors and remoteness may help limit the spread of 
introduced mammals. There are no bioregions in WA with less 
than four identified introduced mammals. 
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Feral cat (Department of Environment and Conservation)

House mouse (Department of Environment and Conservation)

Fox (Department of Environment and Conservation)



Indicator B16: Level of impact of introduced animals.

Some surveys for agricultural and pastoral animal pests have 
been undertaken to determine the approximate distribution 
and density across WA (Figure B3.2). The effects of 
introduced herbivores in the rangelands are often associated 
with overgrazing and land degradation. Large herbivores 
in particular (especially camels, horses and donkeys) have 
serious detrimental effects in arid and semi-arid environments 
(causing soil erosion, disturbing wetlands, eating vegetation). 
It was estimated that there were 238 000 feral camels in WA 
in 2005 (Ward et al., 2005). The density of camels was about 
5 times higher in desert regions than in the pastoral zone in 
inland WA (0.23/km2 compared to 0.05/km2) (Ward et al., 
2005). Camel densities in the Little Sandy Desert region were 
an average of 0.26/km2, with lower densities at an adjoining 
pastoral station (Ward et al., 2006). The camel population of 
central Australia is thought to be increasing at approximately 
10% per year and doubling every eight years (Edwards et 
al., 2004). The number of donkeys in the Kimberley was very 

high in the past, but control measures have now reduced the 
population to near eradication (Department of Agriculture 
and Food, 2006b). The number of donkeys in the Pilbara and 
desert regions remains of concern. 

Goats are most abundant in the Mid West and are causing 
considerable environmental damage, especially as they are 
becoming popular as livestock in this area. Surveys in 1987 
and 1990 showed that goat populations were increasing by 
18% per annum in WA even though commercial harvesting 
was occurring (Southwell & Pickles, 1993). Wild pigs are a 
problem in the South West forested areas, near Geraldton, 
and are particularly abundant and increasing in the Kimberley. 
At present, no control program for pigs is currently in place 
in the Kimberley although pigs are culled opportunistically in 
areas where the donkey eradication program is in progress 
(Department of Agriculture and Food, 2006b).There is 
evidence that they are being deliberately introduced to some 
areas to provide game for recreational shooters. 
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Figure B3.1: Number of introduced mammal species found in each terrestrial bioregion.
Data source: Department of Conservation and Land Management [ver. 2005]. Analysis: Department of Conservation and Land Management. Presentation: EPA. 



Some introduced animals are relatively restricted in range and 
have limited effect on native species. For example, the Indian 
palm squirrel was introduced to Perth Zoo in 1898 and has 
gradually spread to South Perth and surrounding suburbs, but 
is not known to affect native species (M Massam, Department 
of Agriculture and Food, pers. comm.). However, others are 
ubiquitous and immensely damaging. For example, house mice 
have spread in agricultural and bushland areas, competing with 
native rodents and birds for food sources and nesting areas, 
and potentially transmitting diseases. 

The decline in populations and extinction of small and 
medium-sized mammals has been attributed to predation 
by cats and foxes, the introduction of herbivores (especially 
rabbits, sheep and cattle) and changed fire regimes (Maxwell 
et al., 1996). Research shows that foxes have the highest triple 
bottom line impact (negative economic, environmental and 
social consequences) in the agricultural region, while cats have 
the greatest environmental impacts (Woolnough et al., 2005). 
Feral pigs and cats were key species thought to have increased 
in distribution and abundance in the agricultural region 
between 2000 and 2005. In the pastoral region, there have 
been reports of an increase in distribution and abundance of 
wild dogs (however these are indistinguishable from dingoes), 
leading to increased control efforts. The population of rabbits 
in the rangelands has declined in recent years as a result of the 
spread of rabbit haemorrhagic disease (Edwards et al., 2004). 
Feral cats are widely distributed across WA and predate on a 
wide variety of native animals.

Other groups of animals have not been as well studied as 
mammals, but it is likely that many other species are affected 
by introduced animals. For example, there has been a loss 

of ant biodiversity in the Perth metropolitan area over the 
last 15 years, and there is circumstantial evidence that this 
is due to increased populations of two invasive ant species, 
namely the coastal brown ant (Pheidole megacephala) and the 
Argentine ant (Linepithema humile) (Heterick et al., 2000). The 
distribution of these species is known to have changed and 
increased over time, but has not been re-mapped since 1986 
(Figure B3.3). 

Island populations of native species are at particularly high risk 
from introduced animals as they are usually small in size, have 
limited options to escape predators, and have few alternatives 
in the face of direct competition for resources.

Pressures
The pressures exerted by introduced animals differ according 
to geographical area, population density and interactions with 
other species. The presence of an introduced animal represents 
a threat to local biodiversity and can cause a number of 
environmental impacts (Table B3.2). The Global Invasive 
Species Database has compiled a list of 100 of the worst 
invasive species from across the world. Many are present in WA 
(Table B3.2). The list is compiled to recognise species that have 
shown very high invasive ability in various places around the 
world, either demonstrating a very high impact in small areas 
(such as islands) or less visible damage over a large area. These 
species tend to be well adapted to living close to humans or 
in human-modified environments. Some introduced animals 
have been recognised by the State agencies as posing a risk to 
agricultural or fisheries production, and have been restricted 
from entry or movement within WA.  
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Legend

Level of Impact

High
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None or unknown

Figure B3.2: Level of impact on native ecosystems of selected introduced animals by bioregion.
Data source: Woolnough et al. (2005). Presentation: EPA. 
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Legend

Argentine ants

Coastal brown ants

Figure B3.3: Distribution of coastal brown and Argentine ants in metropolitan Perth.
Data source: Majer & Brown (1986). Presentation: EPA. Note: Distributions in 1986 are shown here, however, it is likely that both species have increased their range since then. 

Redfin perch (Department of Fisheries) Feral goat (Department of Agriculture and 
Food)

Rainbow lorikeet (Department of Agriculture 
and Food)

Feral pig (Department of Environment and 
Conservation)

Honeybees (Department of Agriculture and 
Food)

Sulphur-crested cockatoo (Department of 
Agriculture and Food)
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Table B3.2: Scale and effects of selected introduced animals in Western Australia.
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Cat Statewide • •

Fox a Statewide, except the Kimberley • •

Goat (feral) Mid West, Goldfields, Nullarbor • • • •

Rabbit a Statewide, except the Kimberley • • •

Pig (feral) South West, Mid West, Kimberley • • • • • •

Camel (feral) Statewide, except the South West. • • •

Deer (all species) a South West (small areas) • • •

Horse & donkey (feral) Statewide, except the South West. • • • • •

Cattle Pilbara, Kimberley • • • • •

Rat (black and brown) Statewide (around urban areas) • • • •

House mouse Statewide • • •

Rainbow lorikeet a Perth • • •

Kookaburra a South West • •

Starling a Nullarbor and areas around Esperance • •

Laughing and spotted 

turtle-dove

a South West ?

Mallard South West ?

Red-browed waxbill South West (Perth hills) ?

Sulphur-crested cockatoo a South West •

Eastern long-billed corella, 

Western long-billed corella 

& little corella

a South West (around urban areas) •

Indian ringnecked parrot South West (Perth and Albany) •

Asian house gecko Statewide (around urban areas) • •

Honeybee South West, Mid West •

Coastal brown ant Statewide (around urban areas) • ?

Argentine ant a Statewide (around urban areas) • ?

Yellow crazy ant Christmas Island • •

Snail a South West • • •

European wasp a Perth • ?

Portuguese millipede Perth • ?

Redfin perch c South West • • •

Rainbow trout South West • • •

Brown trout South West • • •

Carp/goldfish/koi b (1 species) South West • •

Mosquito fish c South West • • •

Tilapia Mid West • •

Cichlids b (1 species) Perth • • •

One-spot livebearer Perth • •

Swordtail Mid West • •

Yabbies c South West • •

Redclaw c Kimberley ? ?

Data source: numerous papers, websites and personal communications with experts; Global Invasive Species Database (2007); Department of Agriculture and Food (2006a); 
Department of Fisheries (2005). Notes: A question mark (?) indicates the effect is possible but not well known or researched; A dot (•) indicates that the effect is known or recorded 
in the literature; (a) Declared under the Agriculture and Related Resources Protection Act 1976 – there are a variety of categories including entry prohibited, subject to eradication 
in the wild, keeping prohibited, entry subject to Departmental permits or conditions, numbers will be reduced or controlled, keeping subject to Departmental permits or conditions 
and the requirement for a management program; (b) Classified as noxious fish under the Fish Resources Management Regulations 1995 and prohibited from import into the State; 
(c) restricted under the Fish Resources Management Regulations 1995 written approval or authority is required to import these species into WA.   



Indicator B17 High risk invasive animal threats to WA.

Many potential invaders are known and represent a 
significant risk to the State’s environment if they become 
established here (e.g. cane toads, Indian mynas, starlings, 
red-eared slider turtles and red imported fire ants) (Table 

B3.3). All of these animals have been recognised for their 
invasive potential in other parts of the world and are listed 
as being the world’s 100 worst invasive species. In addition, 
most have also been recognised under State legislation and 
are prevented from entry into WA. 
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Table B3.3: Animals that represent a high risk to biodiversity in WA.

Animal Status in Australia Appears on ’100 of 
the World’s Worst’ 
invasive species list

Declared in WA

Cane toad (Bufo 
marinus)

Common in north New South Wales, Queensland and the 
Northern Territory. Currently in the Victoria River area of 
the Northern Territory (approximately 120 kms from the WA 
border) and moving toward the Kimberley region

Red imported fire ant 
(Solenopsis invicta)

Present in several Brisbane suburbs. Has the potential to travel 
and establish in WA via transport networks 

Indian myna/ common 
myna (Acridotheres 
tristis)

Found in urban areas and in pastoral and agricultural districts 
near towns in eastern Australia. Thousands can roost 
communally in street trees, under bridges and in buildings. 
Mynas appear to be omnivorous, feeding on fruits, berries, 
grains, flower nectar and insects. They are aggressive, 
especially to other birds, compete for nesting hollows, destroy 
chicks and eggs and can evict small mammals. 

Starling (Sturnus 
vulgaris)

Found in a variety of urban to rural habitats all over 
Victoria, New South Wales and Tasmania and many parts 
of Queensland and South Australia. They are now found 
in a small part of south eastern Western Australia but 
have potential to spread much more widely. Starlings are 
aggressive, social birds that can form very large flocks 
that move, feed, and roost together. They feed on nearly 
everything edible including insects, seeds, grains, and fruit.

Red-eared slider turtle 
(Trachemys scripta 
elegans)

The turtle is very aggressive towards other animals and 
competes with native species if it becomes established in the 
wild. One breeding population was discovered in Brisbane 
suburbs in 2004 and eradication efforts continue. 14 animals 
have been found in Perth in the last 10 years and the possible 
presence of these animals as pets (which is illegal) or in the 
wild is of continued concern. 

Data source: numerous papers and websites; Global Invasive Species Database (2007); Department of Agriculture and Food (2006a); Note – In WA species can be declared under 
the Agriculture and Related Resources Protection Act 1976 – there are a variety of categories including entry prohibited, subject to eradication in the wild, keeping prohibited, 
entry subject to Departmental permits or conditions, numbers will be reduced or controlled, keeping subject to Departmental permits or conditions and the requirement for a 
management program

Cane toad (Department of Agriculture and 
Food)

Red imported fire ant (Department of 
Agriculture and Food)

Starling  (Department of Agriculture and 
Food)
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Cane toads were deliberately introduced into north 
Queensland in 1935 in an unsuccessful attempt to control 
sugar cane beetles. Since then they have spread widely 
through Queensland, northern New South Wales and the 
Northern Territory. Cane toads eat a wide variety of prey items, 
breed opportunistically, are able to produce more offspring 
than native frogs, and develop rapidly in tropical conditions. 
They tolerate a broad range of environmental and climatic 
conditions, and occupy many different habitats where they 
compete for resources with native species. Most significantly, 
cane toads reproduce in high numbers and all life stages (from 
egg to adult) are highly toxic to native vertebrate predators 
(especially quolls, large lizards and freshwater crocodiles). 
Climate-based modelling of the potential distribution of cane 
toads across Australia (Figure B3.4) indicates that populations 
could migrate and establish in the Kimberley, and could survive 
if introduced to the South West (particularly in a warming 
climate). The current frontline of the cane toad advance is in 
the Victoria River area of the Northern Territory, approximately 
120 kms from the WA border (Department of Environment and 
Conservation, 2006c). Recent data suggests that cane toads are 
moving about 55 kilometres per year towards the WA border 
due to evolving for competitive advantage, or entering an 
environment more favourable to spread (Phillips et al., 2007). 

The red imported fire ant is a new addition to the list of 
invasive species in Australia, first detected in Brisbane in 
2001. The ant is an aggressive predator and preys on ground-
dwelling and nesting animals including insects, frogs, reptiles, 
birds and mammals (Moloney & Vanderwoude, 2002; Davis 
& Grimm, 2003); and can damage native flora (by eating it 
directly or reducing populations of beneficial animals). The 
ants have a dangerous sting that can cause severe pain and 
death of affected organisms, including humans. Introduction 
of the red imported fire ant to WA could cause significant 
economic loss through damage to plants (roots, fruits or 
crops), ingestion by livestock, and damage to underground 
cabling and pipes (Davis & Grimm, 2003). Modelling of the 
potential range of red imported fire ants in Australia (Figure 
B3.5) indicates that climatic conditions are suitable for spread 
along coastal parts of the Kimberley and South West, and 
further inland if water is available.

Figure B3.4: Modelled potential geographic distribution 
of cane toads in Australia based on two climate scenarios: 
(a) long-term average climate; and (b) the 2030 climate 
change scenario.
Data source: Sutherst et al. (1995); Presentation: Sutherst et al. (1995). Note: The 
climatic suitability of each location for permanent colonisation is proportional to 
circle area.

Indicator B18: Prevention, eradication and control of 
introduced animals.

The hot desert climate of central Australia provides a natural 
barrier to the movement of many animals from the rest of 
Australia into the South West. In comparison, the Kimberley 
has less natural protection from other parts of northern 
Australia, with the wet season providing an opportunity for 
some animals to travel long distances between neighbouring 
wetlands and watercourses. Animals which successfully 
spread from their place of introduction to surrounding 
habitats are often disturbance specialists or prefer to live in 
human-modified landscapes. Transport networks also present 
many opportunities for the introduction of new species in 
cars or in freight transported by vehicles, aircraft, trains or 
ships. Quarantine and inspection services play an important 
role in preventing incursions into WA.

Figure B3.5: Potential range of red imported fire ants in 
Australia with (a) natural rainfall and (b) irrigation.
Data source: Sutherst & Maywald (2005). Presentation: Sutherst & Maywald (2005). 

a

b
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Preventing the entry of new animal species into WA and the 
early detection and eradication of incursions if they do occur is 
the first line of defence. If new incursions are discovered before 
they become established, eradication is possible. Eradication 
may not be possible for introduced animals that are widely 
distributed, so activities need to focus on controlling their 
spread. Control measures may include:

•  fencing – widely used in agriculture, horticulture, forestry 
and pastoralism; 

•  trapping – often used in pastoral areas around waterholes;

•  baiting – often used to control foxes, pigs and rabbits using 
1080 poison in conservation areas;

•  shooting – often used in agriculture, pastoral and 
conservation areas to control feral horses, camels, donkeys, 
pigs, goats, and foxes; 

•  biological control – using parasites, diseases, or natural 
predators. 

Although the task is far from complete, WA leads the other 
states in eradication of introduced animals on islands. Six 
exotic mammals (fox, feral cat, goat, rabbit, black rat and 
house mouse) have been eradicated from more than 45 islands 
in a series of projects since the 1960s (Burbidge & Morris, 
2002). Effort has been directed at black rats, and more than 
30 islands are now clear of this species, but eradication of 
other introduced species on islands is still required. Removal of 
introduced bird species (particularly tree and house sparrows, 
Indian mynas, house crows, Indian ringnecks and European 
starlings) has been successful – but repeat incursions still 
occur. Some vertebrates (whose numbers are too large for 
eradication) are confined to small areas of the State, largely 
through control activities of the Department of Agriculture 
and Food. These are typically species with potential for large 
population growth, such as the sulphur-crested cockatoo and 
Indian palm squirrel.

Current responses
Quarantine: The role of the Australian Quarantine and 
Inspection Service is to prevent entry of introduced animals 
(as well as plants and pathogens) to Australia in incoming 
luggage, cargo and mail, or associated imported goods. The 
Western Australian Quarantine and Inspection Service (part of 
the Department of Agriculture and Food) aims to prevent pest 
and disease incursions from other parts of Australia. A system 
of risk assessment is now used to assess species proposed for 
import, to ensure that only those posing an insignificant level 
of risk are allowed to enter the State.

Legislation: The Agriculture and Related Resources Protection 
Act 1976 is administered by the Department of Agriculture 
and Food on behalf of the Agriculture Protection Board. The 
Act allows for management of listed (declared) animals in 
order to protect primary industries and related resources. 
All land managers are responsible for controlling declared 
animals, irrespective of whether the land is public, municipal 
or private. A Biosecurity and Agriculture Management Bill has 
been drafted, with the aim of replacing 17 existing Acts in 
the Agriculture portfolio. The drafted Act seeks to establish 
a modern biosecurity regulatory scheme to prevent serious 
pests, weeds and diseases that impact primary production, 
the environment or public amenity from entering the State, 
and to minimise the spread and impact of any that are already 
present. The bill was passed by the Lower House of Parliament 
in 2006 and has been introduced to the Upper House. 

Threat abatement plans: Eight of the 16 key threatening 
processes listed under Commonwealth legislation (the 
Environment Protection and Biodiversity Conservation Act 
1999) concern introduced animals. Threat abatement plans 

provide for research, management and any other actions 
necessary to reduce the impact of a listed key threatening 
process on a threatened species or ecological community. 
Current plans concern cats, rabbits, foxes, goats and pigs 
(draft). 

Eradication and control: The Department of Environment 
and Conservation operates the Western Shield program 
which uses poisoned baits to control predators (foxes and 
cats) on about 3.5 million hectares of land across the South 
West (Department of Conservation and Land Management, 
2005b). Native mammals can be re-introduced following 
predator baiting and trapping efforts. Western Shield has been 
credited with bringing at least 13 native fauna species back 
from the brink of extinction (Department of Conservation 
and Land Management, 2003d). Project Eden was established 
in the Shark Bay World Heritage area in 1995 to address 
declining populations of many native animals. It involved 
removal of introduced animals (goats, rabbits, foxes and 
cats) and re-introduction of native animals (bilby, rufous hare 
wallaby, banded hare wallaby and western barred bandicoot). 
In addition, introduced animal control is an integral part of 
conservation reserve management, and management of 
threatened species and communities, undertaken by the 
Department of Environment and Conservation across the State. 

The Department of Environment and Conservation began the 
Saving Our Species program in 2006 and adds to Western 
Shield and other introduced animal control programs. It targets 
introduced animals in areas where they are known to have an 
impact on biodiversity and where it is feasible to eradicate or 
significantly reduce populations. Projects include: wild dog 
control in the rangelands and parts of the eastern Wheatbelt; 
pig control on the Darling Scarp and Swan Coastal Plain and 
in the forests around Manjimup and Lake Muir; goat control 
in Kennedy Range, Cape Range and Kalbarri national parks; 
fencing some of the conservation estate in the north of the 
State; fencing former pastoral lands purchased for conservation 
in the Goldfields and Midwest regions; camel, donkey, wild 
horse and wild cattle control in the western Little Sandy Desert 
and at a nature reserve in the Kimberley; a camel survey in 
Rudall River National Park; donkey control in some areas of 
the Pilbara; starling control on the south coast; and control of 
introduced bird species in the metropolitan area and around 
Albany and Denmark.

Natural Heritage Trust/National Action Plan for 
Salinity and Water Quality (NHT/NAP): These are two 
Commonwealth Government programs that aim to ensure 
environmental (on-ground) improvements occur via a targeted 
strategic approach at the regional level. All regional NRM 
groups have identified introduced animals as a problem and 
have initiated a wide range of actions to control them. 

Management activities: The Department of Agriculture and 
Food coordinates surveillance and undertakes eradication and 
control activities, but mostly for introduced animals that can 
harm agricultural and pastoral production. Introduced animals 
that have a negative affect on native species and ecosystems 
are sometimes a lower priority than those impacting 
agricultural production. Many private landholders undertake 
control of introduced animals and procedures have been 
established to assist their efforts. 

The State Cane Toad Initiative run by Department of 
Environment and Conservation funds the activities of 
several organisations to prevent the entry of the cane toad 
to WA including the Stop the Toad Foundation, Kimberley 
Toadbusters and Frogwatch (Northern Territory). The 
Kimberley Toadbusters, Stop the Toad Foundation and teams 
from State government agencies have been able to catch and 
destroy large numbers of toads in the Northern Territory to 
try and slow or stop their entry to WA (a total of about 260 
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000 toads were removed between 2005 and March 2007, L 
Scott-Virtue, Kimberley Toadbusters, pers. comm.). Efforts 
have focussed on physical collection and destruction of toads, 
but other methods such as cane toad traps and barrier fences 
are also being developed for areas that are hard for humans 
to regularly access. 

Research: The Department of Agriculture and Food, 
Department of Environment and Conservation and CSIRO 
have current and ongoing programs that address control 
of introduced animals, particularly predators. Until recently, 
CSIRO conducted research into threatened species, in 
particular the reasons for their decline and techniques for 
re-establishment. The Department of Agriculture and Food 
has been researching methods for control of vertebrate pests 
including investigation of the sensitivity of non-target species 
to 1080 (a toxic compound also found in legume plants 
native to WA); investigating biological control of rabbits 
(myxomatosis and rabbit haemorrhagic disease); developing 
control strategies and techniques, baits and poisons for 
rabbits, foxes, birds and wild dogs. 

Invasive Animals Cooperative Research Centre: was 
launched in 2005 by the Commonwealth Government to build 
on the work of the Pest Animal Control Cooperative Research 
Centre to counteract the impact of invasive animals through 
the development and application of new technologies and 
by integrating approaches across agencies and jurisdictions. 
It is the first time that research, industry, environmental, 
commercial and government agencies will work together to 
create and apply solutions for invasive animal threats. 

Biodiversity Conservation Strategy: The Department of 
Environment and Conservation has released A 100-year 
Biodiversity Conservation Strategy for Western Australia: 
Blueprint to the Bicentenary in 2029. Public submissions were 
requested and a final biodiversity conservation strategy is in 
preparation (Department of Environment and Conservation 
2006a).

Local governments: Many local governments have policies 
and strategies to prevent the spread of stray and feral cats 
including licensing, limiting the number of cats per household 
and a subsidy for cat sterilisation. The Perth Biodiversity Project 
is coordinated by the Western Australian Local Government 
Association to help local governments protect and manage 
natural areas, including the impacts of invasive animals. 

Implications
Failure to control introduced animals is likely to result in 
further loss of biodiversity and further decline or extinction of 
native species or ecosystems. Introduced animals have been 
implicated in the extinction of 10 native mammal species in 
WA (Department of Conservation and Land Management, 
2003d) and the decline in population and range of many 
others (Commonwealth of Australia, 2002). Introduced animals 
are also adversely affecting birds (Olsen et al., 2006), and 
many other groups for which detailed analysis has not been 
done. Introduced animal control needs to be consistent and 
sustained, and a proactive approach is required to prevent 
new introduced species becoming established. With increasing 
human population and associated travel, transport and 
trade, the risk of introducing new species is likely to grow 
(Convention on Biological Diversity, 2005). The potential 
cost of introduced animals is enormous, and includes costs 
of control measures, loss of biodiversity and damage to 
agricultural, forestry, pastoral and construction industries, in 
addition to effects on public health and amenity. For example, 
the environmental costs alone (i.e. not including the economic 
costs) of foxes and cats across Australia is estimated to be 
about $190 and $144 million respectively (McLeod, 2004).

    

suggested responses

5.12  Finalise and enact the Biodiversity 
Conservation Bill and the Biosecurity and 
Agricultural Management Bill.

 5.13  Finalise and implement the draft A 100-year 
Biodiversity Conservation Strategy for Western 
Australia. 

5.14  Expand current programs for introduced 
animal surveillance and control (such as 
Western Shield, Save Our Species and cat and 
herbivore control).

5.15  Expand sound biological control of introduced 
animals to include environmentally damaging 
species to the same extent as agriculturally 
damaging pests.

Survey of camel population at Rudall River National Park in November 2006 (B. Ward)
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Description
Many terms are used to describe introduced and native plants 
(Table B4.1). Weeds are plants that are not considered native 
to WA, and have the capacity to impact upon environmental, 
social or economic values. They may include herbs, grasses, 
shrubs, trees, vines and aquatic plants. Weeds have been 
introduced deliberately for agricultural benefits (for crops, 

pastures or seed), soil stabilisation (for erosion control), 
for ornamental purposes (e.g. garden plants, fish tanks) or 
accidentally in products such as animal feed or pot plant soil 
(Hussey et al., 1997). Many plants introduced into Australia 
over the past 200 years have become weeds. 

Plants that become weeds can often propagate themselves 
in more than one way and typically produce large numbers 
of seeds, assisting their spread. Seeds spread into natural 
environments, including waterways, by wind, water, people, 
vehicles, machinery, birds and other animals. Weeds can 
rapidly invade natural sites where the soil has been disturbed, 
where there has been clearing, or where fire regimes have 
changed. Weeds also thrive in nutrient rich soils or where 
fertilizers have been added. 

Weeds threaten the survival of many native flora and fauna 
because they grow faster and out-compete native plants 
for available nutrients, water, space and sunlight. They can 
smother and replace native plants including those used by 
animals for habitat, and are commonly resilient to pests 
or diseases. Consequently, weeds have the potential to 
dominate and simplify natural ecosystems. They may also lead 
to significant changes to ecosystems and fire regimes. Weeds 
also cause economic losses in agriculture as they reduce 
yields, contaminate crops, poison stock, reduce livestock 
carrying capacity, downgrade wool or taint milk (Hussey et 
al., 1997).

Key findings

•  WA has over 1200 recognised weed species.

•  The Swan Coastal Plain and the Jarrah Forest 
in the South West have the highest number 
of weeds in the State (700-800 identified 
species). 

•  WA has 11 of the 20 weed species of national 
significance. An additional seven other weed 
species pose an imminent threat. 

•  Garden plants are the main source of 
Australia’s weeds, accounting for 66% of 
recognised weed species. Other major sources 
of weeds include plants introduced as crops, 
pastures, and for aquariums.

indicative extent of iSSue

5.4

priority  
rating: 1

Table B4.1: Common terms to describe plants.

Term Meaning

Weed A plant that requires some form of action to reduce its harmful effects on the economy, the 
environment, human health and amenity (Australian Weeds Committee, 2006), and can include plants 
from other countries or other regions in Australia or WA. 

Environmental weed An introduced plant that establishes in natural ecosystems and adversely modifies natural processes, 
resulting in decline of invaded communities.

Naturalised A plant that is not native to an area but has become established and can reproduce there. Not all 
naturalised species become weeds or have detrimental environmental or economic effects, but many 
do.

Invasive An introduced species with the ability to spread beyond the site of introduction or colonisation and 
to compete with native species to gain resources. Not all introduced species are invasive if there are 
controls on their spread or competitiveness.

Exotic A plant occurring in a place to which it is not native. 

Native A species which occurred in an area before European colonisation.

Endemic A species restricted in range to a particular area and not occurring elsewhere.



Objectives
•  To conserve WA’s biodiversity by preventing entry of 

additional weed species and adopting appropriate control 
measures for those already established. 

Condition

Indicator B19: Number of weeds per bioregion.

A total of 1233 weed species (defined as being able to 
reproduce without human involvement) have been recorded 
in WA, 55% of which are considered primarily environmental 
weeds (Keighery & Longman, 2004). At present, there are 
only 92 formally declared weed species under State legislation 

(which means they are subject to restrictions on movement 
or sale and control must be undertaken; Department of 
Agriculture and Food, 2007a). Weeds are present across 
most of WA (Figure B4.1). The Swan Coastal Plain has the 
highest number of weeds identified – over 800 species. In 
general, most South West bioregions have over 300 weed 
species identified (Figure B4.1). This could be associated with 
densely populated areas and highly disturbed environments 
(cleared and fragmented native vegetation), but could also be 
attributed to greater survey efforts. Parts of the Goldfields, 
Mid West, Pilbara and Kimberley have between 100–200 
weed species identified. In comparison, there are very low 
numbers of weeds identified in the central deserts. 
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Legend

Total Number of Weed Species by Bioregion
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100 - 150
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Figure B4.1: Number of weed species found per terrestrial bioregion.
Data source: Keighery & Longman (2004). Presentation: EPA. Note: Each IBRA region is labelled with the total number of weeds and the percentage of the total number which are 
classed as environmental weeds (in brackets).



Indicator B20: Most significant weeds by geographic 
location.

While the total number of weed species is a good measure of 
overall condition, the environmental effects of these species 
vary considerably. Some environmental weed species are 
recognised as being very significant in various regions in terms 
of having current or potential impacts on WA biodiversity 
(Tables B4.2 and B4.3). This is based on factors such as proven 
ability to spread in other places with similar climatic conditions, 
ability to alter ecosystems and threaten native species, and 
absence of appropriate management action. 

The list of Weeds of National Significance details the top 
20 weed species Australia-wide based on invasiveness and 
impact, potential and current spread, and current primary 
industry, environmental and socioeconomic impacts 
(Australian Weeds Committee, 2004). A total of eleven of 
these occur in WA and all have the potential to expand their 
range. A further seven weed species have the potential to 
spread from other states to WA.
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Table B4.2: Top five worst terrestrial environmental weed species by geographic region.

Region Appears on ’100 of the 
World’s Worst’ invasive 

species list

Weed of National 
Significance

Declared in 
WA

South West

Watsonia (Watsonia spp.)

Arum lily (Zantedeschia aethiopica)

Bridal creeper (Asparagus asparagoides)

Perennial Veldt grass (Ehrharta calycina)

Freesia (Freesia hybrid)

Mid West – Pilbara

Mesquite (Prosopis spp.)

Mediterranean turnip (Brassica tournefortii)

Buffel grass (Cenchrus ciliaris)

Ward’s weed (Carrichterra annua)

Mexican poppy (Argemone ochroleuca)

Central Deserts

Buffel grass (Cenchrus ciliaris)

Ward’s weed (Carrichtera annua)

Prickly pear (Opuntia spp.)

Spiked malvastrum (Malvastrum americanum)

Kapok bush (Aerva javanica)

Kimberley

Kapok bush (Aerva javanica)

Calotropis gigantea

Hyptis (Hyptis suaveolens)

Noogoora burr (Xanthium occidentale)

Bathurst burr (Xanthium spinosum)

Data source: Department of Conservation and Land Management - worst environmental weeds (unpublished data) [ver. 2006]; Global Invasive Species Database (2007); 
Australian Weeds Committee (2004), Department of Agriculture and Food (2007a.).

Buffel grass (Department of Agriculture and 
Food)

Kapok bush (Department of Agriculture and 
Food)

Arum lily (Department of Agriculture and 
Food)



Table B4.3: Top five worst aquatic or wetland environmental weed species by geographic region.

Region Appears on ’100 of the 
World’s Worst’ invasive 

species list

Weed of National 
Significance

Declared in 
WA

South West

Spiny rush (Juncus acutus)

Divided sedge (Carex divisa)

Isolepis hystrix 

Sparaxis bulbifera 

Couch (Cynodon dactylon)

Mid West – Pilbara

Athel pine (Tamarix aphylla)

Burrgrass (Cenchrus echinatus)

Castor oil plant (Ricinus communis)

Date palm (Phoenix dactylifera)

Central Deserts

Date palm (Phoenix dactylifera)

Kimberley

Salvinia (Salvinia molesta)

Water hyacinth (Eichhornia crassipes)

Paragrass (Brachiaria mutica)

Grass species (Echinochloa spp.)

Date palm (Phoenix dactylifera)

Data source: Department of Conservation and Land Management - worst environmental weeds (unpublished data) [ver. 2006]; Global Invasive Species Database (2007); 
Australian Weeds Committee (2004), Department of Agriculture and Food (2007a.). 
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In addition to the weeds listed in Tables B4.2 and B4.3, 
another seven Weeds of National Significance are present in 
WA. These are alligator weed (Alternanthera philoxeroides), 
bitou bush/boneseed (Chrysanthemoides monilifera), 
blackberry (Rubus fruticosus agg), gorse (Ulex europaeus), 
lantana (Lantana camara), parkinsonia (Parkinsonia aculeata) 
and rubber vine (Cryptostegia grandiflora). Gorse and lantana 
are also recognised on the international 100 worst invasive 
species list along with three other species that are present 
in WA - black wattle (Acacia mearnsii), giant reed (Arundo 
donax) and maritime pine (Pinus pinaster). 

Indicator B21: Change in distribution of significant 
environmental weeds.

Monitoring trends in weed species distribution is a difficult 
and time consuming task and few examples are available. 
One example of weed spread over time comes from surveys 
conducted in the Ashburton River catchment for 1978 
and 2001-02 (Payne et al., 2004). Buffel and Birdwood 
grasses (Cenchrus ciliaris and C. setigerus) distribution was 
determined over the two periods (Figures B4.2 and B4.3). The 
weeds had spread considerably and increased in dominance 
at many sites. Pastoralists reported a rapid expansion after 
a flood in 1997 which deposited silt and sand over the 
catchment’s extensive alluvial plains.

Date palm (Department of Agriculture and Food) Salvinia (Department of Agriculture and Food)



Figure B4.2: The extent of vegetation dominated by Cenchrus spp. (buffel and Birdwood grasses) in 1978.
Data source: Payne, et al. (2004). Presentation: Payne, et al. (2004).
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Pressures
Plants that become successful weeds are usually those that 
have adapted elsewhere to a similar climate. For example, 
the South West is vulnerable to plants that have adapted 
to other Mediterranean climates - South Africa, California, 
South America and Mediterranean countries. The Kimberley 
is vulnerable to plants from tropical areas of the world. The 
desert areas of central and northern WA have acted as a 
barrier to many weeds from eastern Australia. 

Weeds often dominate new locations because they lack 
natural competitors, herbivores and pathogens that would 
regulate them in their native environment. Many weed 
species introduced for agricultural and pastoral production 
have become very significant environmental weeds, notably 
buffel grass in the rangelands. Of 463 exotic pasture species 
introduced to northern Australia, less than 5% became 
useful, and less than 1% of those are useful without also 
being a weed. About 10% of species became weeds with no 
recorded use (Lonsdale, 1994). 

Figure B4.3: The extent of vegetation dominated by Cenchrus spp. (buffel and Birdwood grass) in 2002.
Data source: Payne, et al. (2004). Presentation: Payne, et al. (2004).  
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The gardening industry is by far the largest importer of exotic 
plants, accounting for 94% of new species brought into 
Australia (Groves et al., 2005). About two-thirds of the weeds 
now established in Australia originated from gardens. Many 
garden plants known to be weeds continue to be imported 
and sold in nurseries. Controlling the spread of weeds has 
centred on restricting the sale of many species known to 
become weeds, vigilance in detecting new garden escapees 
and national coordination of regulation and resourcing 
(Groves et al., 2005). Transport networks also present many 
opportunities for the introduction of new species, with seeds 
being accidentally dispersed by vehicles, aircraft, trains or 
ships. Cuttings or seeds can also be found in imported goods, 
cargo, mail and luggage and require vigilant quarantine and 
inspection procedures. 

Quarantine and inspection services play an important role in 
preventing incursions into WA. This may include preventing 
the entry of weed species into WA and the early detection 
and eradication of weeds. If new weeds are discovered before 
they are become established, eradication is possible. Once 
weeds become well established, control methods must be 
used to limit further spread and to protect natural resources. 
Examples of control methods include: 

•  soil cultivation and herbicides – widely used to control 
weeds in agriculture, horticulture, forestry and home 
gardens; 

•  land management practices – including crop rotation, farm 
hygiene, burning, strategic grazing and maintenance of 
vegetation cover; 

•  hand removal – often used in sensitive environmental 
areas (such as wetlands) where the use of herbicides is not 
appropriate;

•  biological controls – using native and introduced parasites 
and predators; and 

•  monitoring and minimising soil and vegetation 
disturbance. 

Indicator B22: High risk invasive weed threats to WA.

Many potential weeds are known to be invasive in other 
parts of the world, Australia and within WA, and represent 
a significant risk to local environments if they become 
established. For example, the most serious potential terrestrial 
and aquatic weed threats from a biodiversity perspective 
(Department of Conservation and Land Management, 

unpublished data, 2006) to WA are:

•  yellow soldier (Lachenalia reflexa) and giant bacopa 
(Bacopa caroliniana) for the South West; 

•  the rubber vine (Cryptostegia grandiflora) and giant 
sensitive plant (Mimosa pigra) for the Kimberley; 

•  the karoo thorn (Acacia karroo) for the Mid West and 
Pilbara; and

•  the buffel grass (Cenchrus ciliaris) for the central deserts.

Current responses
Quarantine: The role of the Australian Quarantine and 
Inspection Service is to prevent entry of introduced plants 
(and animals and pathogens) to Australia in incoming 
luggage, cargo and mail, or associated imported goods. The 
Western Australian Quarantine and Inspection Service (run 
by the Department of Agriculture and Food) aims to prevent 
weed incursions from other parts of Australia. As of March 
2007, 1364 taxa had been assessed and judged a quarantine 
risk to WA (in addition to the 92 declared weeds) and were 
prohibited entry to the State. These weeds are featured in 
a WA quarantined species list. Over 14 400 taxa have had a 
formal weed risk assessment and can be imported into WA. 
Any species not on the list must undergo a weed assessment 
prior to importation (Department of Agriculture and Food, 
2007a & 2007b).

Legislation: The Noxious Weeds Regulations 1973 
and Agriculture and Related Resources Protection Act 
1976 provide for plants or seeds to be prevented from 
entering WA (for trade, sale or transit to other states); 
require eradication across affected areas, control of weed 
populations, and quarantine of existing populations; 
and require the control of weeds on public land or land 
under control of local government. There are currently 92 
declared weeds in WA. The Department of Agriculture and 
Food is responsible for overseeing legislation requiring the 
management of declared weeds.

Strategies: The National Weed Strategy was released in 
1997 to prevent the introduction of new weed species 
around Australia and strengthen action against those 
already established. The strategy focused on weeds of 
national significance, which were selected according to 
invasiveness, current location and potential to spread, and 
impacts on primary industry, the environment and social 
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Bridal Creeper can completely cover native vegetation (Department of 
Agriculture and Food)

Mesquite can grow in thick clumps and out compete native species 
(Department of Agriculture and Food)



values (ARMCANZ, et al., 1997). This was reviewed in 2002 
and found to have been highly successful with 15 strategies 
completed, 10 strategies with significant work undertaken 
(and ongoing work required) and only one strategy requiring 
major work for completion (National Weeds Strategy 
Executive Committee, 2002). 

The Australian Weed Strategy was released in 2006 and 
replaced the National Weed Strategy. It addresses the 
prevention of new weeds, abatement of existing weeds and 
the enhancement of capacity to combat such problems. It 
is a national framework to guide and complement state, 
territory, regional and local government strategies and 
industry initiatives that are translated into on-ground weed 
management actions (Australian Weeds Committee, 2006). 

The Weed Plan for Western Australia (also known as the 
State Weed Plan) was released in 2001 to coordinate 
effective weed management across the State (State Weed 
Plan Steering Group, 2001). The Western Australian Weeds 
Committee has been set up as a result of the plan. An 
Environmental Weed Strategy for Western Australia was 
released in 1999 (Department of Conservation and Land 
Management, 1999b) to address and record environmental 
weeds specifically. Many actions contained in the strategy 
were not commenced until the Saving Our Species suite of 
programs commenced in 2006. 

Natural Heritage Trust/National Action Plan for 
Salinity and Water Quality (NHT/NAP): These are two 
Commonwealth Government programs that aim to ensure 
environmental (on-ground) improvements occur via a targeted 
strategic approach at the regional level. All regional NRM 
groups have identified weeds as a problem and implemented 
a range of actions to control and manage weeds. 

On-ground actions: Many government agencies (including 
the Department of Agriculture and Food, Department of 
Environment and Conservation, Main Roads, Westrail and 
local governments) have programs to remove weeds on land 
under their jurisdiction. Individual landholders are responsible 
for controlling weeds on their land (including declared plants). 
Many community groups, most notably the Environmental 
Weeds Action Network and its associated clubs and societies, 
conduct removal and management of weeds. 

The Saving Our Species program began in 2006 and 
the weed eradication and control component builds on 
the Environmental Weed Strategy for Western Australia 
(Department of Conservation and Land Management, 
1999b). Forty weed species are being targeted in the initial 18 
projects to eradicate entire weed populations at a local scale 
where possible. Targets under the program include: cactus on 
pastoral land north of Carnarvon; asparagus fern in Denmark, 
Albany and Margaret River; cape tulip and watsonia in parts 
of the Perth metropolitan area; athel pine (tamarisk) at Lake 
Boonderoo; various weed species on the south coast; neem 
in Kununurra; prickly acacia in the Durack River area in the 
Kimberley; date palms in Pilbara wetlands; and various weeds 
in the Shark Bay World Heritage Property. Projects targeting 
South African grass species in high conservation value areas 
in Perth are also a priority. 

Biodiversity Conservation Strategy: The Department of 
Environment and Conservation has released A 100-year 
Biodiversity Conservation Strategy for Western Australia: 
Blueprint to the Bicentenary in 2029. Public submissions 
were requested and a final biodiversity conservation 
strategy is in preparation (Department of Environment and 
Conservation 2006a).

Research: The Department of Agriculture and Food conducts 
research on a wide range of weed species and houses the 
largest group of weed researchers in the State, whose 
primary focus is on agricultural weeds. The Cooperative 
Research Centre for Australian Weed Management is working 
to reduce risks posed by current and new weed incursions 
through programs in research, education and information 
delivery across Australia. Major research efforts have 
contributed to the search for biocontrol insects to control 
weeds such as blackberry, bitou bush/boneseed, parthenium 
weed and Paterson’s curse.

Implications
Weeds have significant impacts on WA’s environment, 
society and economy. It has been estimated that the cost 
to Australian agriculture alone is over $4 billion a year 
(Australian Weeds Committee, 2006) and may consume as 
much as 20% of production costs (State Weed Plan Steering 
Group, 2001). Aquatic weeds can also foul water supplies 
and clog irrigation and drainage systems, requiring extensive 
maintenance works. Weeds can impact human health if they 
produce toxic substances, irritants or allergens and may lead 
to a loss of recreational and aesthetic values. The cost of 
weeds to the environment is incalculable. Loss of biodiversity 
(including extinctions and permanent changes to ecosystems) 
will continue with further invasion and spread of weeds. 
Weed control requires consistent and sustained effort over 
time. Environmental weeds are generally not well controlled 
compared to agricultural or pastoral weeds. Many areas of 
WA have significant economic and workforce limitations that 
make ongoing control very difficult. The spread of weeds can 
also contribute to changed fire regimes and landscape-level 
change to ecosystems.

    

suggested responses

5.16  Implement the Environmental Weed Strategy 
for Western Australia. While the strategy was 
launched in 1999, very limited progress has 
been made to date. 

5.17  Prevent the entry of exotic plants to Western 
Australia, and restrict the sale of potential 
environmental weeds throughout the State.

5.18 Expand current programs for weed surveillance 
and control.

State of the environment report WeStern auStralia 2007

 5
.4

 B
io

d
iv

e
r

s
it

y
 W

e
e

d
s

156

Prickly pear (Department of Agriculture and Food)
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indicative extent of iSSue

priority  
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Description
Phytophthora dieback (also known as ‘dieback’ or ‘jarrah 
dieback’) was first observed in WA in about 1921 as 
unexplained death of shrubs and jarrah trees. It is believed 
to have been introduced with horticultural plants soon after 
European settlement in the South West (Government of 
Western Australia, 1998). The common name, jarrah dieback, 
is misleading as the disease affects a very wide range of 
plant species. The term dieback also refers to vegetation 
decline caused by salinity, drought, insect damage and other 
pathogens in other parts of Australia. It was not until the 
mid-1960s that the causal relationship between large scale 
tree decline and death and the pathogen Phytophthora 
cinnamomi was established. Originally the Phytophthora 
dieback organism was thought to be a fungus but it has 
subsequently reclassified as a water mould (Dieback Working 
Group, 2000). The pathogen has been listed as one of the 
worst 100 invasive species in the world. 

Phytophthora dieback represents a serious threat to native flora 
and biodiversity in the South West. The organism lives in soil 
and can invade plant roots, causing decay and reducing the 
plant’s ability to absorb water and nutrients and resulting in the 
eventually death of plants. The infection can spread naturally 
through movement of soil through water by animals disturbing 
soil, or from root-to-root contact between affected and 
healthy plants. Human activities, including road construction, 
earth moving, livestock movement, wood harvesting and the 
movement of people and vehicles across infected areas can 
distribute the disease rapidly across a wide area.

The presence of Phytophthora dieback is not obvious until 
plant death has started and the foliage begins to turn yellow 
or brown. Some plants die very rapidly, while others undergo 
a general decline as the foliage recedes down the tree. The 
infection can destroy whole ecological communities, also 
preventing the regrowth of many plant species and reducing 
available habitat for animals (Department of Conservation 
and Land Management, 2003c). Some garden, orchard and 
plantation species are also susceptible. Unfortunately there 
is no cure for plants once they are infected, and no way of 
preventing spread through the soil via water flow. The only 
treatment (phosphite) provides a boost to the plant’s immune 
system but does not eliminate the disease, and requires on-
going labour intensive treatments over time to be effective.

Objectives
•  To reduce the further spread of Phytophthora cinnamomi 

and its impact on biodiversity.

Condition

Indicator B23: Area of land affected by Phytophthora 
dieback.

Phytophthora dieback is known to occur in forested areas of 
the South West between Jurien and Esperance (Figure B5.1). 
P. cinnamomi is found throughout the landscape in areas 
receiving above 800 mm of rainfall annually, and is confined 
to stream systems and road verges where annual rainfall is 
between 600–800 mm. Where rainfall is less than 600 mm, P. 
cinnamomi is restricted to low-lying areas which can fill with 
water, or sites that have been altered and receive excessive 
drainage. There is no record of P. cinnamomi in regions 
receiving less than 400mm annual rainfall (Department of 
Conservation and Land Management, 2004a).

A total of 720 000 ha of land in the South West has been 
intensively mapped for dieback. Of this at least 170 000 
ha (24%) were found to be affected. This figure is an 
underestimate because many of these areas were mapped 
some years ago, and the disease is likely to have spread 
since then (Department of Environment and Conservation, 
2006b).One of the worst affected areas in the State is the 
Stirling Range National Park near Albany – 65% of the park 
is currently affected by Phytophthora dieback. In the South 
Coast region 800 000 ha have been remotely surveyed for 
Phytophthora dieback and 58% (465 000 ha) appears to be 
infested by the pathogen. 

Key findings

•  Up to 40% of South West flora is susceptible 
to infection by Phytophthora dieback.

•  Phytophthora dieback is present in about 
one quarter of the South West area where 
mapping has been undertaken. 

•  Currently there is no way of stopping the 
spread of the disease, and no cure exists for 
infected plants.

phytophthora dieBacK
5.5

1
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Figure B5.1: Known Phytophthora dieback occurrence in Western Australia.
Data source: Department of Conservation and Land Management [ver. 2006]. Presentation: Department of Conservation and Land Management. Note: Dieback data was 
compiled from various sources dating from 1976 to 2001, and it has not been updated to show spread from original mapping sites. 

Legend

Phytophthora Dieback Distribution in the South West 

Dieback present - extensive survey pre 1976

Dieback present - intensive survey post 1976

Department of Environment and Conservation managed estate - dieback status unknown
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Indicator B24: Number of species affected by 
Phytophthora dieback.

About 14% of South West flora species are highly susceptible 
to infection by P. cinnamomi, and 40% of species are 
considered susceptible (Shearer et al., 2004). This equates 
to 2284 susceptible plant taxa, including 800 that are highly 
susceptible (of the 5710 described taxa in the South West 
described in 2004). Of the State’s threatened flora, 49% 
are susceptible to the pathogen (Shearer et al., 2004). 
Phytophthora dieback is the primary extinction threat to the 
critically endangered Montane Thicket of eastern Stirling 
Range threatened ecological community, and threatened 
flora species including the feather-leaved banksia (Banksia 
brownii), Fairall’s honeysuckle (Lambertia fairallii), Dryandra 
montana, Lambertia echinata subsp. echinata and Lambertia 
orbifolia subsp. orbifolia (D Coates, Department of 
Conservation and Land Management, pers. comm.). 

Animals threatened by changes to plant communities caused 
by Phytophthora dieback include the woylie (Bettongia 
pencillata), honey possum (Tarsipes rostratus), dibbler 
(Parantechinus apicalis), mardo (yellow footed antechinus; 
Antechinus flavipes), Gilbert’s potoroo (Potorous gilbertii), 
western spinebill (Acanthorhynchus superciliosus), ground 
parrot (Pezoporus wallicus), western bristlebird (Dasyornis 
longirostris), western whipbird (Psophodes nigrogularis 
nigrogularis) and many invertebrates (comp. Carter, 2004; 
Garkaklis et al., 2004; D Coates, Department of Conservation 
and Land Management, pers. comm.). 

Pressures
There are no eradication methods for P. cinnamomi. This 
means that the only way to address the existing problem 
is to prevent its spread and manage impacts in affected 
areas. This may involve quarantining infected areas with 
hygiene procedures such as thorough washing of machinery, 
vehicles or footwear prior to leaving infected areas or 
entering uninfected areas. Alternatively it may involve limiting 
forest-related activities (e.g. tourism, wood harvesting, 
road construction) to dry soil conditions and limiting access 
to infected areas by fencing, signage, upgrading tracks or 
restricting access.

Direct application of the chemical phosphite is useful for 
helping to protect susceptible vegetation from P. cinnamomi. 
Phosphite is a biodegradable fungicide that helps to improve 
a plant’s immune system. Phosphite needs to enter a 
plant’s water system to be effective, and this can be done 
by injection or spraying the foliage or trunk of understorey 
plants. Phosphite is not toxic to people or animals and has 
a very low pollution risk. Phosphite only provides temporary 
protection against P. cinnamomi, so treatment needs to be 
ongoing. Existing application methods are labour intensive, 
require human access to infested areas and cannot be 
conducted on a large scale. 

Options for the restoration of areas with serious 
environmental damage through P. cinnamomi infection, or for 
the successful translocation of threatened flora, are limited. If 
a species is susceptible to Phytophthora dieback, its long-term 
survival options are limited to phosphite application and ex 
situ conservation and research. This could include research on 
germination processes, site establishment and collection, and 
possible reintroduction to suitable sites.

Indicator B25: Area being treated for Phytophthora 
dieback.

The Department of Environment and Conservation 
undertakes an annual phosphite-spraying program over 
164 ha across the South West and protects 17 critically 
endangered species of native flora and two threatened 
ecological communities (Department of Environment and 
Conservation, 2006b). An infested area in the Fitzgerald River 
National Park is currently being fenced and being subjected 
to a range of experiments to try to contain the pathogen 
(such as using high intensity phosphite applications and by 
controlling surface and subsurface waterflows). 

Current responses

Dieback Consultative Council: The Dieback Consultative 
Council was created in 1997 to provide advice on 
Phytophthora dieback matters to the Minister for the 
Environment. It includes representatives from the community, 
government agencies, industry and tertiary institutions and 
helped to develop the Dieback Response Framework. The 
Council also identifies research priorities and funding and the 
raising of public awareness of the issue.

The effects that Phytophthora dieback has on the landscape are devastating (T. Chvojka)
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Dieback Working Group: The Dieback Working Group is a 
community organisation which aims to raise public awareness 
and understanding of Phytophthora dieback in Perth and the 
South West, encourage the adoption of dieback prevention 
and management policies and encourage the implementation 
of management procedures to minimise the spread and 
impact of the pathogen. 

Dieback Response Framework: is a whole-of-government 
framework being implemented for the management and 
control of Phytophthora dieback. Actions include the 
development and release of a Phytophthora dieback atlas 
for WA; developing a whole-of-government policy on 
Phytophthora dieback management; developing guidelines 
for private and local government land; and developing a 
generic Phytophthora dieback risk assessment methodology 
for broad community use.

Dieback Response Group: The Dieback Response Group 
began in 2004 and comprises representatives from the 
Dieback Consultative Council, Murdoch University’s 
Centre for Phytophthora Science and Management, the 
Dieback Working Group, the Department of Environment 
and Conservation, and the Conservation Commission. 
The group is progressing implementation of the Dieback 
Response Framework and monitors its progress. It has 
recently published an atlas of known Phytophthora dieback 
occurrences in WA (Department of Environment and 
Conservation, 2006b). A website was recently launched 
to bring together all the groups working in Phytophthora 
research, management and policy, and provide an easy way 
for people to access information about the disease. 

Dieback guidelines: The former Department of Conservation 
and Land Management’s Threat Abatement Plan for 
Phytophthora cinnamomi and Best Practice Guidelines for 
the Management of Phytophthora cinnamomi provide 
guidance on how to manage and prevent the spread of 
Phytophthora dieback (Department of Conservation and Land 
Management, 2004b; 2004c). 

On-ground management: Department of Environment and 
Conservation is responsible for coordinating Phytophthora 
dieback activities including the detection, diagnosis and 
mapping of the occurrence of P. cinnamomi, preparing 
disease management plans for all uninfected areas, and an 
annual phosphate spraying program. Community groups 
such as the Friends of Lightning Swamp Bushland and the 
Roleystone Dieback Action Group undertake on-ground 
management and awareness-raising. 

The Saving Our Species program began in 2006 and its 
projects include radical treatment of an infestation in the 
Fitzgerald River National Park, strategic and operational 
mapping of Phytophthora dieback and risk assessment 
modelling in partnership with regional natural resource 
management groups, and increased application of the 
chemical phosphite to protect threatened plants in Stirling 
Range National Park and in areas around Albany, Esperance, 
Busselton and the Walpole Wilderness Area.

Biodiversity Conservation Strategy: The Department of 
Environment and Conservation has released A 100-year 
Biodiversity Conservation Strategy for Western Australia: 
Blueprint to the Bicentenary in 2029. Public submissions were 
requested and a final biodiversity conservation strategy is in 
preparation (Department of Environment and Conservation 
2006a).

Natural Heritage Trust/National Action Plan for 
Salinity and Water Quality (NHT/NAP): These are two 
Commonwealth Government programs that aim to ensure 
environmental (on-ground) improvements occur via a 
targeted strategic approach at the regional level. The 
Swan, South West, South Coast and Northern Agricultural 
catchments councils are undertaking projects to manage the 
spread of Phytophthora dieback in their regions. 

Threat abatement plan: Phytophthora dieback is listed as 
a key threatening process under the Environment Protection 
and Biodiversity Conservation Act 1999 (Commonwealth) and 
a threat abatement plan has been completed.

Research: Murdoch University’s Centre for Phytophthora 
Science and Management is providing research on the 
biology of P. cinnamomi, management of the disease, 
ecosystem restoration and detection, diagnosis and mapping 
of the disease.

Implications
The death of native plants caused by Phytophthora dieback 
reduces the biodiversity of the South West and has the 
potential to cause extinction of threatened flora and 
fauna. Community amenity and aesthetics are lost when 
local bushland, backyards and gardens become infected. 
Public access and enjoyment of national parks are lost if 
they are forced to close or restrict access to some areas to 
contain disease spread. There is also the cost of ‘cleaning 
up’ dead trees, ensuring public safety, and rehabilitating 
areas damaged by Phytophthora dieback. Phosphite 
treatments are not a cure and must be repeatedly applied to 
postpone onset of the disease, making it an expensive and 
unsustainable long-term solution (comp. Carter, 2004). The 
cost of Phytophthora dieback treatment and prevention on 
former Department of Conservation and Land Management 
administered land was estimated at $1.6 million in 2005 
(Department of Conservation and Land Management, 
unpublished data) and control is currently undertaken only 
in very small areas. Phytophthora dieback is also a major 
economic cost for the mining, horticulture, floriculture, wood 
production and tourism industries. The estimated economic 
losses from Phytophthora dieback are $200 million per year 
(Hardham, 2003).

suggested responses

5.19  Develop and implement an effective whole 
of government policy to reduce the spread 
of Phytophthora dieback (including an 
investment strategy).

5.20  Expand specialised control in areas of high 
biodiversity value (e.g. threatened ecological 
communities and the Fitzgerald River National 
Park).

5.21  Expand research into more effective control 
methods for Phytophthora dieback, while 
also continuing research to find a method of 
eradication.
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Snappy gum and spinifex in the Pilbara region of WA (Tourism WA)



Key findings

•  Monitoring of the condition of Western 
Australia’s marine environment is 
extremely limited. 

•  Cockburn Sound has received the most 
management attention and there 
has been no significant change in its 
condition since 2000.

•  There are growing pressures on the 
marine environment from increased 
shipping, ports, coastal developments, 
runoff and associated contaminants.

Theme 6



The marine environment includes both coastal waters (under 
the jurisdiction of the Western Australian Government) 
and deeper marine waters to the edge of the Exclusive 
Economic Zone (under the jurisdiction of the Commonwealth 
Government). WA’s coastal waters cover an area of 117 887 
km2, and extends three nautical miles (or 5.5 km) seaward from 
the high tide mark on the shore. An additional 2 188 647 km2 
of marine area is included from the limit of State waters into 
the Commonwealth administered Exclusive Economic Zone. The 
State’s mainland shoreline stretches 12 889 km from the Timor 
Sea in the north to the Great Australian Bight in the south. WA 
has 3747 islands (and an additional 7892 km of coastline around 
those islands) that also form part of the coastal environment. 

Most of WA’s marine ecosystems are typified by clear and low 
nutrient waters, low productivity, and tides that vary between 1 
m in the south to over 10 m in the north. Inshore waters along 
the Mid West, Pilbara and Kimberley generally contain higher 
sediment levels and are more turbid. The Leeuwin Current 
flows south along the coast, maintaining relatively high marine 
temperatures along the west coast, and presents favourable 
conditions for tropical species in temperature waters. As a 
result, WA has an exceptionally rich marine biodiversity that is 
ranked second in the world in terms of its species richness and 
endemism. Unique marine ecosystems range from extensive 
mangrove communities in arid Pilbara areas; a coral reef 270 km 
long and less than six kilometres offshore (Ningaloo Reef); an 
inverse-estuary with 20 000 km2 of seagrass meadows (Shark 
Bay); a high latitude coral reef (Abrolhos Islands); and nutrient 
poor coastal embayments with highly diverse seagrass (central 
west and south coasts). 

While West Australians value marine resources and enjoy 
living close to the sea, very little about the ecology and 
biodiversity of the marine environment is well-understood or 
researched (see ’Biodiversity’). People are generally familiar 
with large fauna such as whales, dolphins, turtles and fish, 
and habitats such as coral reefs and seagrasses. However, 
events such as the collapse and closure of some fisheries (see 

‘Fisheries’), industrial development, oil spills, coral bleaching, 
increased ecotourism, increased coastal populations, 
dredging, international poaching, and instances of coastal 
waters and seafood contamination have brought a greater 
awareness of the vulnerability of WA’s marine environment. 

Objectives
 To protect and conserve the marine environment by: 

•  Defining and protecting environmental values in order 
to protect and improve the condition of the marine 
environment; 

•  Reducing and eliminating (where practical) the major 
environmental issues that degrade, or threaten to degrade, 
the marine environment and it’s associated values;

•  Conserving the marine environment and associated values 
identified as most important; and

•  Managing and using the marine resources in a sustainable 
manner and rehabilitate degraded marine areas where 
practical.

Headline indicators

Indicator M1: Proportion of the marine environment 
having defined values.

Environmental values reflect community views and aspirations 
for the marine environment. They are the particular values 
or uses of the environment that are important for a healthy 
ecosystem or for public benefit, welfare, safety or health, and 
which require protection from the effects of pollution, waste 
discharges and deposits (ANZECC & ARMCANZ, 1994). Some 
examples of environmental values include fishing, recreation, 
conservation, and commercial operations. WA uses the State 
Water Quality Management Strategy No. 6 to formally assign 
environmental values and enhance policy and management 
outcomes (Government of Western Australia, 2002).  

Environmental values have been formally ascribed to Pilbara 
marine waters (for State waters between Exmouth and Cape 
Keraudren east of Port Hedland) and to Perth Coastal Waters 
and Cockburn Sound around Perth (Figure M0.1). The State 
Government is implementing a marine protected area system 
that also establishes ecological and recreational values via 
the New Horizons Policy (Government of Western Australia, 
1998b) (Figure M0.1). When these two methods of defining 
environmental values are added together, about 33% of 
State coastal waters have some defined environmental values. 
However this figure drops to 1.7% if the Exclusive Economic 
Zone (Table M0.1) is included.
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Table M0.1: Areas of marine environment with defined values.

Area (ha) Per cent of State  
coastal waters area

Per cent of State coastal 
waters and Exclusive 
Economic Zone area

Areas with defined values

All areas for which environmental values have been defined. 3 829 780 33% 1.675%

Cockburn Sound 10 667 0.1% 0.005%

Perth Coastal Waters 16 995 0.15% 0.007%

Pilbara coastal waters 2 465 703 20.9% 1.126%

Marine protected areas 1 753 209 a 11.7% b 0.536% a

Areas without defined values

Area for which no values have been defined or proposed 226 423 868 a 67.3% b 98.325 % a

Other statistics

Total area State coastal waters 11 788 699 — —

Total area WA coast to Exclusive Economic Zone 218 864 748 — —

Data source: Environmental Protection Authority (2000) - Perth Coastal Waters; Department of Environment (2006) - Pilbara Coastal Waters as endorsed by the EPA in 2006; 
Department of Conservation and Land Management [ver. 2006] - CALM gazetted marine areas and Commonwealth protected areas. Analysis: EPA. Notes: (a) Includes CALM 
gazetted marine areas and Commonwealth protected areas. (b) Includes CALM gazetted marine areas only, as Commonwealth protected areas occur outside State waters.

Indicator M2: Proportion of the marine environment 
actively monitored for compliance with environmental 
values.

Cockburn Sound is the only area in WA that has both 
defined environmental values and is regularly monitored for 
compliance (0.1% of State waters). Monitoring of Cockburn 
Sound is undertaken to determine if environmental values are 
being protected. The Cockburn Sound Management Council 
publicly reports the findings each year (Cockburn Sound 
Management Council, 2006) and has prepared State of 
Cockburn Sound reports in 2005 and 2006 (Cockburn Sound 
Management Council, 2005; Cockburn Sound Management 
Council, 2006b). 

Monitoring associated with environmental values set by 
the EPA also occurs at several locations associated with 
development proposals put through the environmental impact 
assessment process. Environmental monitoring for some 
parameters also occurs in marine protected areas; however, 
monitoring data are not collated or publicly available.

Overall condition
Monitoring of the condition of the marine environment in 
near-shore marine waters in WA is extremely limited, and is 
mostly of Cockburn Sound and Warnbro Sound (Shoalwater 
Islands Marine Park). Overall there appears to have been 
no significant change in the overall health of Cockburn 
Sound since monitoring programs began in 2000 (Cockburn 
Sound Management Council, 2005). However, recent data 
(2004–06) indicates that further investigation and action is 
required in several areas (seagrass shoot density in Mangles 
Bay; chlorophyll  , light attenuation and tributyltin in Jervoise 
Bay; bacterial contamination at several beaches; Table M2.1). 
Management action is also required to address elevated 
summer levels of faecal contamination at Rockingham Beach 
(Cockburn Sound Management Council, 2006). 

Monitoring data elsewhere are extremely limited. In some 
places, seagrass monitoring is used as a sensitive measure of 
changes occurring in the marine environment. Posidonia sp. 
seagrasses are extremely sensitive to changes in environmental 
conditions and represent a major component of sheltered, 
lagoonal marine ecosystems in the South West. Seagrass 
health condition has been monitored in Cockburn Sound since 
the 1960s, with a severe decline in meadow area occurring in 
recent decades (See ‘Degradation of marine environments’). 

In more open near-shore marine ecosystems of the South 
West, Amphibolis sp. seagrasses are dominant and used 
as indicators of a reduction in water clarity (e.g. due to 
sediments or nutrient enrichment) or sedimentation. Edith 
Cowan University, CSIRO and the Geraldton Port Authority 
have been conducting studies of Amphibolis sp. seagrass 
health condition in the Jurien Bay area, a relatively ‘pristine’ 
marine area, to measure the response of these plants to 
experimentally imposed stress, identify indicators of health 
condition and to investigate indicators of resilience and 
recovery. Similar studies have also been conducted in the 
Geraldton area – an area with a history of environmental 
stress (sedimentation and light deprivation) due to dredging.

Monitoring data collected by the Water Corporation on 
percentage cover of various algal types in the Marmion 
Lagoon show some promise in terms of developing indicators 
of algal-dominated reef condition, but further development is 
required for these indicators to be robust.

There are far greater gaps in our knowledge of tropical 
marine communities, their response to stress, and indicators 
of their health condition than is the case for temperate 
marine communities. Industry in Dampier has conducted 
some basic coral condition studies in assessing coral condition 
and recovery.

Effectiveness
Eighteen actions were identified for the ‘Marine’ theme 
in response to the 1998 State of the Environment report 
(Government of Western Australia, 1998a). Of these, 78% 
remain incomplete, 11% have been completed but not 
evaluated, and 11% have been completed and evaluated. 
The large number of incomplete actions reflects the lack of 
attention to the marine environment. Confounding factors 
include the sheer size of the State’s marine environment, 
its remoteness from major settlements, and the high costs 
of research and monitoring. It is also extremely difficult to 
evaluate the effectiveness of completed actions when there is 
a lack of adequate data. Initiatives of the National Action Plan 
for Salinity and Water Quality, and the Natural Heritage Trust 
programs may help improve our understanding of the marine 
environment.
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suggested responses

6.1  Implement the State Water Quality 
Management Strategy No. 6: for Perth coastal 
waters, the Pilbara, Mid West and Kimberley 
near shore waters as a matter of priority 
within the next five years.

6.2  Establish a baseline of condition of the 
marine environment and develop a consistent 
monitoring network in the priority areas. 

6.3  Improve the recognition, understanding 
and management of cumulative impacts 
on the environment and modify planning, 
environmental impact assessment and 
development processes where appropriate.

Shark Bay

Ningaloo
(State)

Hamelin Pool

Jurien Bay

Barrow Island

Muiron Islands

Montebello Islands

Marmion

Rowley Shoals

Shoalwater Islands
Rottnest Island Perth Coastal Waters

Ningaloo 
(Commonwealth)

Mermaid Reef

Ashmore Reef
Cartier Island

Cockburn Sound

Legend
EPA defined values
CALM defined values
Commonwealth defined values
State Waters
Commonwealth Waters

Figure M0.1: Areas for which values have been defined in Western Australia.
Data source: Environmental Protection Authority (2000) - Perth Coastal Waters; Department of Environment (2006) - Pilbara Coastal Waters as endorsed by the EPA in 2006; 
Department of Conservation and Land Management [ver. 2006] - CALM gazetted marine areas and Commonwealth protected areas. Analysis: EPA. Presentation: EPA.
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EPA defined values

CALM defined values

Commonwealth defined values
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Commonwealth exclusive economic zone

Meelup beach (Tourism WA)
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Description
Degradation of the marine environment refers to damage 
caused to marine ecosystems and species. Direct effects of 
humans on marine habitats and biota includes dredging and 
dumping (reclamation), removal of biota (through fishing), 
and construction of marinas, port facilities or breakwaters. 
Indirect effects include introduction of foreign diseases or 
species, and discharge of nutrients (accelerating the growth 
of some organisms) and other pollutants that can adversely 
affect marine biota and habitats (see ‘Introduced marine 
species’ and ‘Marine contamination’). 

Direct impacts are caused by a variety of pressures, mainly 
due to an increasing population, urbanisation and industry 
and tourism development. Dredging refers to excavation of 
sediments from the sea bed to make the water deeper, or 
as a part of an extractive process. Dumping (or reclamation) 
refers to the deposition of sediments in the marine 
environment to create new land. Both of these processes 
(whether they are conducted during extractive operations, 
construction of pipeline trenches, port expansions, shipping 
activities, or construction of marinas and canals) are 
destructive to many marine ecosystems. Introducing soil 
and mud into the water column increases turbidity and 
sedimentation, leading to smothering and shading of benthic 
flora and fauna. Reclamation results in complete physical loss 
of the natural environment. 

Over-fishing and some fishing activities (e.g. trawling, 
aquaculture) can have severe impacts on species and degrade 
marine habitat (see ‘Fisheries’). Over-fishing of a target 
species removes predator or prey animals and affects the 
ecological food chain. Trawling (the dragging of a weighted 
net behind a boat) can include catch of non-target species, 
such as seals, dolphins, sharks, sea snakes, fish, turtles, 
crocodiles, birds and invertebrates (known collectively as by-
catch), and has the potential to devastate benthic habitats. 
Recently, poaching has been recognised as a significant 
problem in the North West and has the potential to negatively 
affect sensitive ecosystems and species. Aquaculture (farming 
of marine flora and fauna) can contribute to degradation of 
habitat (for ponds, access and infrastructure) and change 
the ecology of an area by contributing nutrient waste, and 
potentially transmitting disease or reducing genetic variability. 

Objectives
To protect the marine environment and ensure there is no 
significant further loss and degradation of marine habitats, 
biota and functionality by:

• Defining and protecting environmental values in order 
to protect and improve the condition of the marine 
environment; 

•  Reducing and eliminating (where practical) the major 
environmental pressures that degrade, or threaten to 
degrade, the marine environment and it’s associated 
values;

•  Conserving the marine environment and associated values 
identified as most important; and

•  Managing and using marine resources in a sustainable 
manner and rehabilitating degraded marine areas where 
practical.

Condition
Marine habitats vary enormously throughout the State due 
to the varied nature of the geology, coastal energy, currents 
and species. Protecting marine environments depends on 
understanding their type and processes. Marine habitat 
mapping generally falls into one of two categories – relatively 
detailed for a small area, or very large scale and course for 
large areas. 

Ten of WA’s 16 marine bioregions have had some benthic 
habitat mapping done. This is limited to areas of high 
conservation value (e.g. Pilbara coast, Dampier Archipelago, 

Key findings

•  Knowledge of the marine environment  
is limited.

•  Degradation of the marine environment due 
to human activities is likely to be increasing 
due to increased shipping, ports, marinas, 
coastal housing and coastal development.

•  In some parts of Cockburn Sound, the area 
covered by seagrass has declined by up to 
80% since the 1960s.

•  Trawling is having significant ecological 
impacts in some areas such as Shark Bay and 
the Pilbara coast.

indicative extent of iSSue

6.1

priority  
rating: 2



Ningaloo Reef, Jurien Marine Park, Mandurah to Geographe 
Bay and the Recherche Archipelago), areas important for 
the fishing industry (such as nursery areas), areas subject 
to oil and gas exploration or development proposals, areas 
containing species which have been used as biological 
indicators (e.g. seagrasses), and. Surveys of marine 
biodiversity, including some habitats, have been published 
for Albany, Rottnest Island, the Houtman Abrolhos Islands, 
Dampier and Esperance to date (eds Wells et al., 1991; eds 
Wells et al., 1993; ed. Wells, 1997; eds Walker & Wells, 
1999; eds Wells, Walker & Jones, 2003; eds Wells, Walker & 
Kendrick, 2005). While there may be information available 
about other marine habitats, accessing and interpreting 
this information is difficult. Survey data may be owned by 
different organisations, subject to commercial in confidence 
considerations or otherwise not be publicly available.

Indicator M3: Areas and locations of marine habitat which 
have been lost or seriously degraded by human activities.

It is not possible to report the total area of loss or serious 
degradation of marine habitats as it is not recorded in any 
central database. Some local areas of marine and coastal 
habitat loss have been quantified. 

The EPA has established guidelines for development 
proponents to protect benthic primary producer habitats 
from direct and indirect impacts of development 
proposals (Environmental Protection Authority, 2004). 
Six categories have been established for ecological 
protection, each with different allowable ‘cumulative 
loss thresholds’ (ranging from 0–10%) depending on 
the ecological and conservation significance of the 
area (Environmental Protection Authority, 2004).

An example of cumulative mangrove habitat loss can be 
seen in Port Hedland (Figure M1.1). The development of 
port and salt industries in Port Hedland began in the 1960s, 
and there has been progressive and considerable loss since 
that time of habitat areas that were occupied by dense 
stands of mangroves. If recently approved port projects 
proceed as planned, the cumulative loss of closed canopy 
mangrove habitat would be about 342 ha representing 
about 13% loss of the total extent of that habitat type 
(Figure M1.1). This would exceed the EPA’s habitat loss 
threshold for this habitat type. 

While environmental impact assessments are conducted for 
individual project proposals, data are not routinely validated to 

check that the areas of habitat loss arising from approved (and 
implemented) projects are consistent with losses predicted 
by proponents (unless specific environmental conditions are 
set). However, it is known that most marine habitat loss and 
degradation has been concentrated around port facilities and 
areas of major urban and industrial development. 
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Figure M1.1: Estimates of areas of mangrove loss in the Port 
Hedland Management Unit.
Data source: Environmental Protection Authority (2005); Townley & Associates 
Pty Ltd (2005). Analysis: EPA. Note: The red line represents 10% of the estimated 
spatial extent of mangrove habitat present within the management unit prior to the 
commencement of development activities (about 267 ha).

Cockburn Sound is another example of a benthic primary 
producer habitat that has exceeded the EPA’s cumulative 
loss threshold – in this case for seagrasses (Figures M1.2 and 
M1.3). The loss of seagrass in Cockburn Sound has been 
well-documented and is an example of severe decline  in 
seagrass-dominated habitat. The ecological condition of 
Cockburn Sound was considered to have been at its lowest 
in the 1970s, with poor water quality, high chlorophyll 
a levels and the loss of extensive areas of seagrass from 
the eastern margin of Cockburn Sound (Environmental 
Protection Authority, 2006a). The coverage of seagrasses 
has declined from 2930 ha (80% coverage) in 1967 to 660 
ha (18% coverage) in 1999 (DAL Science and Engineering, 
2002). Decline was most significant in the Eastern Shoals 
(James Point to Woodman Point) (Figure M1.3). It was 
also significant in the Southern Flats, east of the Garden 
Island Causeway, but that area is showing signs of a slow 
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Seagrass monitoring near Woodman Point (PL. Horn) Pink snapper (Department of Fisheries)



recovery. It is important to recognise that substantial time 
and resources have been invested by the Government, 
industry and the community to improve the environmental 
quality in Cockburn Sound since the 1970s (Environmental 
Protection Authority, 2006). During the mid to late 1980s 
and early 1990s, chlorophyll a concentrations and water 
clarity improved and have generally stabilised since then (see 
‘Marine Contamination’). 

Anecdotal evidence indicates significant loss of marine habitat 
has also occurred around WA, particularly around the large 
port facilities of Perth, Shark Bay, Geraldton, Albany, Exmouth 
and Esperance. However, very few places currently have data 
available to show changes over time.

Southern Flats 
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Figure M1.2: Change in areas of bare sand and seagrass 
extent over time at the Southern Flats location in 
Cockburn Sound. 
Data source: DAL Science and Engineering (2002).

Eastern Shoals
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Figure M1.3: Change in areas of bare sand and seagrass 
extent over time at the Eastern Shoals in Cockburn Sound.
Data source: DAL Science and Engineering (2002).

Pressures
Major shipping corridors result in direct damage to the marine 
environment by anchor drag and the need for dredging 
activities to maintain shipping channels. Activities at larger 
ports present a risk of introduction of species, accidental 
spills, potential contamination, and habitat destruction 
(Figures M1.4 and M1.5). Dampier has the highest number 
of vessel visits (Figure M1.4) and both Port Headland and 
Dampier had the highest tonnage transport move through 
the port in 2006 (Figure M1.5). Dampier, Port Hedland and 
Geraldton have had an increase in the number of vessel visits 
since 2001-02, but the number of visits to other ports has 
remained stable. The amount of cargo moving through ports 
has also been stable at most ports, but significant increases 

have occurred at Dampier and Port Hedland due to the export 
of iron ore during the resources boom (Figure M1.5). Pressure 
from ports, other marine facilities and related infrastructure 
is expected to increase. However, other coastal development 
(including housing, marinas, and industrial areas) can also 
have a negative impact on the marine environment. 
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Figure M1.4: Vessel visits to ports in Western Australia.
Data source: Department for Planning and Infrastructure.
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Figure M1.5: Total tonnages moving through Western 
Australian ports.
Data source: Department for Planning and Infrastructure, Government of Western 
Australia (2006). 

Dredging can be a one-off project (e.g. for installation of 
new infrastructure, known as ‘capital dredging’) or repeated 
from time to (e.g. to remove accumulated sediments from 
shipping channels or harbour basins, known as ‘maintenance 
dredging’) (Figure M1.6). Government managed dredging 
occurs at many of the maritime facilities for which it has direct 
management responsibility. In 2003 and 2004 the locations 
where the largest volumes of this type of dredging occurred 
were Mandurah–Dawesville, Kalbarri, Denham, Esperance, 
Onslow and Carnarvon (Brodie-Hall & Barr, 2004). Other 
regional ports are managed by separate semi-autonomous 
Port Authorities (Esperance, Albany, Bunbury, Fremantle, 
Geraldton, Dampier, Port Hedland, and Broome) and privately 
operated shipping facilities (e.g. Cape Cuvier, Cape Lambert) 
and are generally large facilities which cater for import and 
export trade. Maintenance and capital dredging data at these 
facilities is collected as part of the environmental impact 
assessment process, but it is not possible to provide the total 
dredge volume at present. 

Offshore petroleum extraction and onshore industry (Figure 
M1.6) can place pressure on marine habitats and biota by 
releasing toxic compounds and nutrients, through physical 
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disturbance and by light and noise pollution. Future increases 
in pressure are forecast because of expansion of the oil and 
gas industries, the Gorgon Venture on Barrow Island, and 
developments in Exmouth and areas south of Shark Bay. 
Pipelines that connect offshore industry to mainland transport 
infrastructure can impact the marine environment, especially 
during the construction period. 

Areas where people live and stay along the coast are also 
often subject to degradation of the marine environment. 
The construction of coastal housing can impact or destroy 
coastal ecosystems, but also the marine environment by 
discharges of treated waste water to the marine environment 
(see ‘Marine contamination’). In addition, people need 
infrastructure to access and use the marine environment, 

such as jetties, wharves, groynes, sea walls, marinas and 
moorings (Figure M1.6). 

Fishing has a variety of environmental impacts, including 
targeting of particular species and size classes and potential 
to impact other species as either by-catch, prey or predator 
species. Even though the managed fisheries are relatively 
well managed and moving toward a whole-of-ecosystem 
based approach, significant pressure remains from increased 
recreational fishing, some non-compliance and illegal fishing. 
Trawling is a method of fishing that has been singled out 
as having a high environmental impact. Aquaculture can 
contribute to marine degradation from the release of waste, 
accidental release of introduced species, altered water 
regimes, and clearing of coastal native vegetation to support 
infrastructure (Figure M1.7). 
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DERBY 

ONSLOW 
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ESPERANCE 

CARNARVON 

PORT HEDLAND 

Figure M1.6: Locations of major infrastructure and human activities in the marine environment. 
Data source: National Oceans Office – ports [ver. 2003]; Department of Planning and Infrastructure – oil and gas facilities [ver. 2002]; Australian Maritime Safety Authority 
– shipping lanes [ver. 2004]; Department of Planning and Infrastructure – dredge locations [ver. 2004]; Department of Planning and Infrastructure – coastal infrastructure [ver. 
2004]; Department of Industry and Resources – petroleum pipelines [ver. 2004]; Department of Planning and Infrastructure –  mooring controlled areas [ver. 2004].  Analysis: 
EPA. Data presentation: EPA.



Indicator M4: Areas impacted by trawler activity.

Trawling is known to cause extensive loss of species (e.g. 
algae, seagrass and sponges) and degradation of marine 
environments. Trawling can be done with or without 
disturbance of sea floor by using equipment that either 
scrapes the sea floor or is suspended in the water column 
(depending on the type of marine animal targeted). Bottom 
trawling has an effect similar to that of clearing native 
vegetation on land, as it involves the removal of areas of 
marine habitat. Trawling (and especially frequent trawling) 
can alter the species balance and modify conditions to favour 
some species, while disadvantaging other species. 

There are several marine environments open to trawling 
along the WA coastline, including the Kimberley, Pilbara (off-
shore and on-shore), Shark Bay, the Abrolhos Islands and the 

South Coast. Management actions are in place to maintain 
sustainable fisheries, so trawling occurs in a defined season 
with a limited number of boat operators holding licences, and 
the area trawled in any one year is a small proportion of the 
total trawl ground. There are often permanent or temporary 
closures of common trawling areas, so the actual areas being 
trawled in any one year represent at most 54% of total 
gazetted trawled areas (Figure M1.8). In general, trawled 
areas in 2005 represented a decrease from previous years. 
Some species show natural variations in population levels so 
catch sizes and trawl areas are adjusted in response. There is 
a greater focus of effort in some trawl areas due to variation 
in the abundance of animals being fished, ease of operation 
of equipment and proximity to ports. Significant changes to 
marine biota are likely in these areas compared with those 
that are trawled infrequently. 
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Figure M1.7: Locations of major trawling, fishing and aquaculture activities in the marine environment. 
Data source: Department of Fisheries – all areas trawled [ver. 2005]; Department of Fisheries – aquaculture licence areas [ver. 2006]; Department of Fisheries – selected fisheries 
areas [ver. 2006]. Presentation: EPA. Note: only the top six commercial fisheries (economic value) are shown. Pearl diving and aquaculture licence areas were excluded as they are 
high economic value fisheries with little environmental impact.  
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Figure M1.8: Areas trawled in Western Australian and 
Commonwealth waters by location, 2002–05.
Data source: Department of Fisheries.

Indicator M5: Trend over time in environmental impacts of 
trawling.

The impacts of trawling on the marine environment depend 
on the type of fishery (Table M1.1) and the annual impact 
of trawling on by-catch, protected species, food chain, and 
habitat for each fishery. The Shark Bay prawn fishery is of 
most concern for its amount of by-catch and increasing 
impacts on shallow sandy habitats (Table M1.1). Studies of 
the Pilbara dermersal finfish fishery have shown a high level 
of non-target fish catch in nets as well a significant shark 
by-catch (Table M1.1). In addition the fishery is known to 
capture threatened species (namely dolphins, turtles, sea 
snakes, pipefish and seahorses), some of which are dead by 
the time they reach the fishing boat. Turtle exclusion devices 
have been useful in preventing turtle death and injury in 
trawling equipment; however smaller animals such as crabs, 
crustaceans and fish are still caught as by-catch (non-target 
species). Further work to reduce the by-catch of threatened 
species is being undertaken. The Pilbara demersal finfish 
fishery also dislodges significant amounts of sessile benthic 
fauna (e.g. sponges). Concern has also been raised about 
impacts of the Abrolhos Islands scallop trawl. 
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Table M1.1: Trends in various environmental impacts of trawl fisheries over time.

Area By-catch Protected species Food chain Habitat effect

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

9 
9 
/ 
0 
0

0 
0  
/  
0 
1

0 
1 
/ 
0 
2

0 
2  
/  
0 
3

0 
3 
/ 
0 
4

0 
4 
/ 
0 
5

0 
5 
/ 
0 
6

Scallops

Abrolhos Islands and Mid 
West trawl managed fishery

South West managed 
fishery

South Coast trawl fishery

Shark Bay scallop managed 
fishery

Prawns

Shark Bay prawn managed 
fishery

Exmouth Gulf prawn 
managed fishery

Onslow prawn managed 
fishery

Nickol Bay prawn managed 
fishery

Broome prawn managed 
fishery

Kimberley prawn managed 
fishery

Fish

Shark Bay beach seine and 
mesh net managed fishery

Pilbara demersal finfish 
fisheries

Data source: Fisheries WA (1999); Fisheries Western Australia (2000 & 2001); Department of Fisheries (2002, 2003 & 2005); eds Penn, Fletcher & Head, (2005a, 2005b); eds 
Fletcher & Head (2006).

Key State of the Fisheries assessment

No information available

Negligible environmental effect

Low environmental effect

Medium environmental effect



The Biodiversity Trawl Project has compared conservation 
areas with areas of low, medium and high fishing effort in 
Shark Bay. Preliminary results suggest that the overall species 
richness and abundance of fish and larger invertebrates 
in trawled and untrawled sites were not significantly 
different. However, some individual species were present 
in higher numbers in untrawled areas, indicating they may 
be vulnerable to trawling. Some species were found in 
higher numbers on trawl grounds, indicating a preference 
for conditions in these areas (Department of Fisheries, 
unpublished data).

Indicator M6: Areas impacted by over-fishing.

There are some areas that are of particular concern due to 
over-fishing (see ‘Fisheries’). The Shark Bay pink snapper 
fishery has experienced very high fishing pressure in the 
past, and following a review of the inner gulf pink snapper 
fishery in 2002, total allowable catch-based management 
was introduced. This allocated approximately 75% for the 
commercial sector and 25% for the recreational sector 
for each pink snapper stock/fishery area (Fletcher & Head, 
2006). The Eastern Gulf of Shark Bay was completely closed 
to recreational fishing between 2000 and 2003, and had 
short seasons in the next three year period between 2003 
and 2005 (Fletcher & Head, 2006). The population of pink 
snapper has not recovered as expected and it is thought that 
wider environmental factors are playing a significant role 
(e.g. ocean currents affecting young fish, and perhaps water 
temperature). Bag limits for recreational fishers were further 
reduced in 2006. 

The northern shark fishery is under significant pressure due 
to illegal fishing by international vessels that are not subject 
to catch and size restrictions imposed on local licensees. 
There was a 58% decline was recorded in the population of 
mature sandbar sharks in the area between northern Shark 
Bay and Eighty Mile Beach (south of Broome) from 2002 to 
2005. In addition, a lack of juveniles indicates that there will 
be declining recruitment and breeding stock over the next 
decade (Fletcher and Head, 2006). The breeding stocks of 
dusky whaler and sandbar sharks on the south and west 
coast of WA have also been declining. While there may 
be some overlap of northern and southern populations of 
sharks (and thus some effect from illegal fishing), there has 
been over-fishing due to lower breeding and recruitment 
levels than anticipated, and also significant deaths from 
entanglement in plastic waste. 

The south coast crustacean fisheries (especially for southern 
rock lobsters) have experienced significant catch declines 
over the last few years. There is relatively little known about 
the basic biology of southern rock lobsters, and recruitment 
may be dependant of ocean currents from South Australia. 
There may be significant fishing of small lobsters, leading 
to relatively few surviving to adulthood. The recreational 
crab fishery was closed in Cockburn Sound in 2006 due to 
concerns about depleted breeding stocks. Similar concerns 
have resulted in the reduction of bag limits for crabs in the 
Peel-Harvey Estuary and a two-month closure in 2007. 

Current responses
Environmental impact assessment: is undertaken by 
developers with projects that are likely to significantly impact 
the environment (including the marine environment). EPA 
Guidance Statement 29 outlines measures proponents can take 
to prevent the cumulative loss of benthic primary producer 
habitats (Environmental Protection Authority, 2004). Impacts 
have to be considered collectively, such as dredging, nutrient 
enrichment and the input of contaminants, and cumulatively 
where impacts from multiple developments contribute to 
significant, cumulative loss or disturbance of habitats. 

Marine and coastal habitat mapping: There are many 
projects underway by the Coastal Cooperative Research 
Centre, environmental consultants, government departments 
and individual companies to map marine and coastal habitats. 
Examples include seagrass mapping in Cockburn Sound; 
marine habitat surveys in the vicinity of Dampier, Esperance 
and Geraldton ports; in fish habitat and nurseries at the 
Recherche Archipelago and Abrolhos Islands; and in high 
conservation areas. The capacity for mapping the sea floor 
has been enhanced dramatically by improved hydro-acoustic 
techniques. The Natural Heritage Trust has recently provided 
funding for marine habitat mapping in the South West, and 
hydro-acoustic surveys and underwater video footage has 
been used to generate state-of-the-art maps of the marine 
environment from Kalbarri to Eucla. As of December 2006, 
900 km2 of sea floor mapping had been completed in the 
Cape Naturaliste, Geographe Bay, Rottnest Island, Jurien Bay 
and the Abrolhos Islands. 

Regional marine planning: The State government is 
preparing a framework for regional marine planning in WA 
and simultaneously is developing a regional marine strategic 
plan for State waters of the South Coast (Cape Leeuwin 
to the South Australian border). This aims to integrate the 
planning and management of the South Coast Marine 
environment across all sectors.  

Western Australian mangrove assessment project: A 
project is being undertaken by Murdoch University to identify, 
document and assess information about mangroves, in order 
to assist in their management and conservation.
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Coral at Ningaloo Reef (Tourism WA)



Recherche Archipelago project: The Fisheries Research and 
Development Corporation, in partnership with universities, 
government departments, industries, the CRC Reef Research 
Centre and the Australian Institute of Marine Science, 
is undertaking a project to describe the habitats of the 
Recherche Archipelago. The project will identify, classify and 
map benthic habitats in the Recherche Archipelago; provide 
detailed ecological information to ensure the responsible 
management of aquaculture and fisheries in the region; 
and increase community awareness of fish habitats through 
community involvement with monitoring programs.

Strategic Research Fund for the Marine Environment: is 
a joint venture between the Government of WA and CSIRO 
that aims to enhance marine science capacity in WA, to 
facilitate strong collaboration among marine researchers 
from government, universities and the private sector, and to 
provide strategic marine research outcomes to inform the 
State’s management of its marine environment.

Western Australian Marine Science Institution: was 
established in 2005 through the State Government’s 
Major Research Facility Program. The institution will deliver 
scientific research to underpin sustainable utilisation of 
the State’s marine natural resources and includes over 12 
major collaborating partners. The Ningaloo Coast Research 
Program, which was established by the Premier’s Office of 
Science and Innovation in 2003, will be incorporated into the 
Western Australian Marine Science Institution.

By-catch action plans: The Department of Fisheries requires 
implementation of by-catch action plans for ten WA fisheries; 
including the Shark Bay prawn and scallop trawl fisheries. 

Biodiversity Trawl Project: aims to gain an understanding of 
the impacts of trawling on the marine environment, especially 
with reference to long-term ecological changes. The report 
from this project will be released in 2007. 

Implications
There are major implications for the marine environment if 
degradation pressures are allowed to continue unabated. 
Marine ecosystems will become more fragmented and less 
equipped to adapt to changing conditions, such as the effects 
of climate change. Natural embayments along WA’s extensive 
coastline make ideal locations for human settlements, ports 
and marinas; but this places pressure on shallow water marine 
habitats that need to be dredged or modified. Trawling 
and overfishing are also impacting on marine ecosystems in 
some areas and many of the ecological or species changes 
associated with these issues have not yet been scientifically 
addressed. Future challenges for protecting the marine 
environment will hinge on addressing collective pressures and 
cumulative impacts.

suggested responses

6.4  Implement the State Water Quality 
Management Strategy No. 6: for Perth coastal 
waters, the Pilbara, Mid West and Kimberley 
near shore waters as a matter of priority 
within the next five years.

6.5  Establish a baseline condition of the marine 
environment and develop a consistent 
monitoring network in priority areas. 

6.6  Update and implement environmentally  
sound industry codes of practice and 
guidelines for trawling. 

6.7  Enhance marine research, planning and 
conservation in WA.
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Prawn trawler (Department of Fisheries)



Marine contaMination
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Description
Contamination of the marine environment occurs when 
nutrients, toxic chemicals and pathogens enter the 
environment and are present at levels greater than found 
naturally, or result in adverse effects on the marine 
environment. Toxic compounds include agricultural and 
industrial chemicals (e.g. heavy metals, pesticides and 
herbicides), runoff from acid sulphate soils, oil spills, 
produced formation water (water extracted during oil 
recovery), drilling muds (lubricants used in drilling for oil 
and gas), and chemicals released as a result of day-to-day 
port operations (e.g. tributyltin (or TBT), an ingredient 
in antifouling paints used on the hulls of ships). These 
substances can persist for long periods of time, and may 
accumulate in biota causing serious health impacts to animal 
or human health at very low concentrations. 

Nutrients (including nitrogen and phosphorus) are one of 
the most widespread threats to the marine environment 
and can change ecosystems by stimulating the growth 
of marine primary producers such as phytoplankton and 
algae, often to the detriment of other species. Nutrients 
are discharged to the marine environment through treated 
wastewater outfalls, industrial and aquaculture discharges, 
stormwater runoff, and from waterways or groundwater 
discharge. Pathogens include bacteria, viruses and toxic 
algae are typically found in stagnant waters with elevated 
nutrient levels. Pathogens also pose health risks to humans 
and animals that come into contact with, or eat seafood 
from, affected areas. They can enter the marine environment 
through a number of sources such as wastewater outfalls, 
stormwater, boat sullage and groundwater. 

Other contaminants of the marine environment include 
stressors that alter the marine environment. Excess sediment 
deposition can result in the smothering of marine flora 
and fauna and increased turbidity in the water column (see 
‘Degradation of marine environments’). Hypersaline water 
or discharges of hot or cold waste water (from industrial 
sources) can detrimentally affect local marine ecosystems, 
particularly when these are beyond the limits of natural 
variation. Non-biodegradable litter dumped into the marine 
environment is also a threat to marine animals through 
entanglement or ingestion. 

Objectives
To protect our marine environment by ensuring that levels of 
marine contaminants meet relevant standards by:

•  Defining and protecting environmental values in order 
to protect and improve the condition of the marine 
environment; 

•  Reducing and eliminating (where practical) the sources of 
contamination of the marine environment;

•  Conserving the marine environment and associated values 
identified as most important; and

•  Managing and using marine resources in a sustainable 
manner and rehabilitate areas affected by marine 
contamination where practical.

Condition

Indicator M7: Levels of nutrients, toxicants and pathogens 
compared to guidelines and standards.

Cockburn Sound is currently the only area of the State’s 
marine environment where the environmental quality 
management framework is being given effect through the 
State Environmental Protection (Cockburn Sound) Policy 
2005 (Government of Western Australia, 2005). Water and 
sediment quality targets that are set out in contemporary 
management plans for marine conservation reserves are a 
non-binding form of environmental quality framework. 

Each year, the Cockburn Sound Management Council 
produces a series of report cards on the health of Cockburn 
Sound (Table M2.1). In 2005, the moderate ecological 
protection area of Cockburn Sound was divided into areas 
within Jervoise Bay harbours, and all areas outside Jervoise 
Bay harbours (Table M2.1). Prior to this date no distinction 
was made between the two areas. Environmental quality 
standards for chlorophyll a and tributyltin have not been 
met within the Jervoise Bay Harbours (a moderate ecological 

Key findings

•  Long-term monitoring of contaminants is 
limited to Cockburn Sound, aquaculture 
facilities and treated wastewater outfalls.

•  Cockburn Sound has high levels of TBT 
(tributyltin) and has recorded several incidences 
of faecal pathogen contamination at beaches.

•  Heavy metal contamination is generally low in 
Perth metropolitan waters, Jurien Bay and the 
Pilbara coast.

indicative extent of iSSue

6.2

priority  
rating: 4



protection area) over a number of years (Cockburn Sound 
Management Council, 2006b).

Tributyltin levels in sediment have historically exceeded 
environmental criteria within the moderate ecological 
protection areas (especially for harbours and jetties) and this 
has been a long term issue for the Sound. However, changes 
to international regulations banning tributyltin paint are being 
implemented and are believed to be reducing tributyltin 
levels in sediments. The environmental quality standard for 
tributyltin was not met for the high ecological protection area 
in 2006 because marine snails at Woodman Point showed 
signs of imposex affecting females (Table M2.1).

Nutrient enrichment commonly results in increased 
abundance of algae in the water column (i.e. phytoplankton) 
and attached to the seabed and organisms that live there (i.e. 
epiphytes). The proliferation of phytoplankton and attached 
algae can reduce water quality and the health of benthic 
communities such as seagrasses meadows, and lead to 
changes in marine ecology. This is important in WA because 
our marine environment is naturally low in nutrients, so any 
enrichment that occurs is likely to alter natural ecology.

Generally, there are no contaminant issues of concern in 
Cockburn Sound, especially in the high ecological protection 
areas (Table M2.1). Chlorophyll a (used as an indicator of 
algal growth) levels have improved in the high ecological 
protection areas, but remain a problem in the moderate 
ecological protection areas within Jervoise Bay Harbours. 
Light attenuation (reduction of light passing through the 
water column) was thought to be improving in the high 
ecological protection areas of Cockburn Sound, but recent 
results are again of concern. Light attenuation continues to 
be a problem in the moderate protection area. Phytoplankton 
blooms (due to elevated nutrient levels) have been historically 
noted in the moderate level of protection areas and remain a 
concern within the Jervoise Bay Harbours (Table M2.1). 

There are ongoing issues with seagrass shoot density in 
the high ecological protection area as plants are further 
apart than those in healthy ecosystems. This is consistent 
with research that shows that seagrasses in Mangles Bay 
(Rockingham) and on the eastern side of Garden Island are 
highly stressed with low shoot density, height and biomass, 
and dead rhizomes in the sediment (Lavery & Westra, 2004).
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Table M2.1: Environmental quality indicators for ecosystem health in Cockburn Sound, 2001-06.

Ecosystem health High ecological protection areasa Moderate ecological protection areasa

01 02 03 04 05 06 01 02 03 04 05b 06 05b 06

Environmental quality indicators Jervoise Bay 
Harbour

Jervoise Bay 
Harbour

Outside 
Jervoise Bay

Outside 
Jervoise Bay

Physical and 
chemical 
measures

Chlorophyll a

Light attenuation

Dissolved oxygen

Temperature

Salinity Not  
measured

Not 
measured

pH Not  
measured

Not  
measured

Indirect biological 
measures

Algal growth potential  

Periphyton Measurement discontinued Measurement discontinued

Direct biological 
measures

Phytoplankton blooms

Chlorophyll a

Seagrass

Shoot density One-off 
study 
only, not 
measured 
annually

One-off 
study 
only, not 
measured 
annually

One-off 
study 
only, not 
measured 
annually

One-off 
study 
only, not 
measured 
annually

Depth limits

Toxicants in water Metals and metalloids c

Toxicants in 
sediments

Metals and metalloids

Organometallics (e.g. 
tributyltin)

en
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Organics

 
Data source: Cockburn Sound Management Council (2006). Notes: (a) Low protection areas are not listed due to limited monitoring data, and report cards have not been prepared. (b) 
The method of data display does not allow the distinction between Jervoise Bay and outside Jervoise Bay prior to 2005. (c) Non-metallic inorganics, organics, pesticides, herbicides and 
fungicides, surfactants, hydrocarbons, and miscellaneous/others were also measured but were consistently found to be below detection limits.

Key: Management response

Monitor – Below guideline; continue monitoring

Investigate – Above guideline; investigate where necessary, take precautionary action. 

Action required – Above Standard; initiate management response. 

No action required – Below normal laboratory detection limits. 

Research – Additional information required to establish state of the Sound and/or criteria. 
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Table M2.2: Environmental quality indicators for seafood safe for eating, protecting the health of aquaculture, and clean waters for 
swimming and boating in Cockburn Sound, 2001-2006.

Environmental quality indicators a 2001 2002 2003 2004 2005 2006

Safe seafood for eating

Biological 
contaminants

Thermotolerant faecal 
coliforms in water

Thermotolerant faecal 
coliforms in seafood flesh

Algal biotoxins

Chemical contaminants 
in seafood flesh

Metals

Organic chemicals

Protecting the health of aquaculture

Physical-chemical 
stressors

Dissolved oxygen

pH

Salinity Not measured Not measured

Suspended solids Not measured Not measured

Toxicants in water Non-metallic inorganic compounds

Metals and metalloids

Organic chemicals

Pesticides

Clean waters for swimming and boating

Biological measures Faecal pathogens (swimming)

Faecal pathogens (boating)

Toxic algae

Physical measures pH

Water clarity

Radiological measures Gross alpha and beta activity

Toxicants in water Inorganic chemicals

Organic chemicals

Pesticides

Data source: Cockburn Sound Management Council (2006). Note: (a) Environmental quality indicators for industrial water supply were not reported. Note: key is the same as for 
Table M2.1

Indicator M8: Number of marine algal blooms.

Anecdotally, there are very few problems with algal blooms in 
marine waters except for the Jervoise Bay northern harbour 
in Cockburn Sound, where phytoplankton biomass criteria 
are being exceeded (R. Masini, Department of Environment 
and Conservation, pers. comm.). The Strategic Research Fund 
for the Marine Environment undertook monthly monitoring 
between 2002 and 2004 off the coast of Perth from 100 to 
1000 m depth. The study found that more phytoplankton 
is present during summer and this is probably related to 
the intensification of the Leeuwin Current, possibly as a 
result of high nutrients levels and temperature in surface 
waters. Monitoring data around major ocean discharges of 
treated domestic wastewater suggests the effects of nutrient 
discharges can be detected (Thompson & Waite, 2003; 
Cosgrove et al., 2004). In the absence of a management 
framework it is not possible to assess whether or not these 
changes are acceptable or not. 

Indicator M9: Mollusc and sediment levels of heavy metals 
and tributyltin. 

Imposex (females developing male sexual organs) in shellfish 
is an indicator of marine tributyltin contamination over time, 
as it interferes with hormone production and causes higher 
testosterone levels. Cockburn Sound sites have consistently 
failed to meet environmental quality objectives for tributyltin 
in sediments in the moderate protection area (Table M2.1). 
Previous studies in Perth coastal waters (Reitsema, Field 
& Spickett 2003; K Sylva, M Gagnon & T Reitsema, Curtin 
University, pers. comm.) showed a general decrease in the 
incidence of imposex in whelks (Thais orbita) between 1993 
and 2005 in areas frequented by small recreational craft 
including Hillarys, Cottesloe, Carnac and Penguin islands, 
and all Rottnest Island sites (Figure M2.1). The decrease may 
be attributable to a ban on the use of tributyltin paints on 
vessels less than 25 metres. However, areas visited by larger 
vessels (including Arthur Head, Fishing Boat Harbour, North 
and South Jervoise Bay, Challenger Beach and Colpoys 
Point) remain high and generally did not show a decrease in 
imposex rates (Figure M2.1). 

Environmental quality indicators for seafood consumption, 
aquaculture and recreational water quality (i.e. for boating 
and swimming; Table M2.2) indicate that most criteria 
have been met over time, with the exception of faecal 
contamination at Rockingham Beach in the summer of 
2005 and 2006. Management actions have been initiated 
by the State and local governments to identify the sources 
of contamination and upgrade stormwater outfall drains 
to affected beaches. Faecal bacteria have been detected 

in water (but not in seafood flesh) at three sites around 
Rockingham and further investigation is required. The 
presence of potentially toxic algae was detected at several 
sites in Cockburn Sound however further testing revealed 
no further problems for two of the sites. Cockburn Sound 
Management Council recommends that the public are aware 
of the risk of eating seafood collected recreationally from 
Jervoise Bay harbours. 



State of the environment report WeStern auStralia 2007

 6
.2

 M
a

r
in

e 
M

a
r

in
e 

c
o

n
ta

M
in

a
ti

o
n

179

Figure M2.1: Percentage of female whelks displaying 
imposex condition in Perth coastal waters over time, in 
larger port and harbour facilities and areas frequented by 
small recreational vessels.
Data source: Reitsema, Field & Spickett (2003); K Sylva, M Gagnon & T Reitsema, Curtin 
University, pers. comm. Analysis: EPA. Presentation: EPA. Note: The 2005 collection 
points for Rous Head, Arthur Head and North Jervoise Bay are not exactly the same 
as previous years. Sampling at Rous Head was conducted on the outside of the Mole 
(technically North Mole), and this might have resulted in the decrease from 100% to 
86%. The same collection technique was used for the Arthur Head and South Mole 
2005 data, but no decrease in imposex was observed at these sites. The 2005 sampling 
at North Jervoise Bay was closer to Woodman Point than in previous years.

A North West study showed that molluscs at Dampier had a 
lower incidence of female imposex (0% to 54%) than Perth 
(Reitsema & Spickett, 1999), despite having the highest 
tonnage of any port in WA and Australia. It is believed that 
tributyltin may break down or disperse more quickly in 
northern waters due to increased sunlight and water circulation 
(Reitsema & Spickett, 1999). The replacement of tributyltin 
with other antifouling products needs to be approached with 
caution, as alternative biocides are also likely to have ecosystem 
effects. However, the fouling of ships’ hulls in the absence 
of tributyltin or other biocide has serious implications for the 
transportation of introduced marine species around the world 
(see ‘Introduced marine species’). 

Surveys for background concentrations of selected heavy 
metals and organic compounds in water and sediments off 
Perth, Jurien Bay Marine Park, the North West Shelf and the 
Pilbara all revealed very low levels. Concentrations of metals 
were low by world standards and toxic organic compounds 
were not detected in any of the samples from Perth or 
Jurien Bay (McAlpine et al., 2005a & 2005b). There was no 
evidence of heavy metal contamination in sediments near 
treated wastewater outfalls in Perth’s metropolitan waters at 
Sepia Depression, Swanbourne and Trigg (DAL Science and 
Engineering, 2004).

North West Shelf waters generally have very low 
concentration of metals, with localised elevations of some 
metals adjacent to industrial centres and ports. Metal 
concentrations met the environmental quality guidelines 
for a very high level of ecological protection (99% species 
protection) throughout the sampled area, with the exception 
of the inner harbour at Port Hedland (Wenziker et.al., 2006). 
The inner harbour had copper and zinc levels elevated above 
background concentrations, but below the 95% species 
protection guidelines (representing a high level of ecological 
protection). No organic chemicals were detected in any of the 
samples from the North West Shelf (Wenziker et.al., 2006). 

Pilbara marine sediments contained higher concentrations of 
some metals and organic compounds, thought to be naturally 
higher due to local geology (Department of Environment and 

Conservation, 2006). At most sites, compounds were below 
normal detection limits, but the sediments of the Ashburton 
River had very high levels of aluminium and iron. Arsenic 
concentrations were generally high across all of the sampled 
sites (except Dampier Archipelago) and natural background 
concentrations were close to, or above, the recommended 
interim sediment quality guideline. Slightly elevated levels 
of arsenic and zinc were detected in sediments of Dampier 
Port. However, the concentrations were well below the 
recommended national interim sediment quality guidelines. 

A number of water and sediment surveys have also been 
undertaken in the vicinity of industrial areas and ports around 
WA for environmental impact assessment purposes. Although 
the results suggest that localised high concentrations of some 
toxic compounds do occur, the data cannot be interpreted 
with confidence, given the various methods used.

Indicator M10: Number of aquaculture and beach water 
closures due to detection of pathogens.

The lack of coordinated and consistent monitoring of the 
marine environment means that it is difficult to quantify 
marine contamination, or to establish trends over time 
(with the exception of Cockburn Sound). Areas prone to 
contamination are generally those that are close to human 
settlements with limited water exchange between bays 
and the open ocean (e.g. Cockburn Sound, Princess Royal 
Harbour, Shark Bay, Exmouth Gulf, Mermaid Sound and all 
ports and marinas).

The Department of Health and local councils undertake some 
sampling of water quality at Perth metropolitan beaches, 
although the results are not publicly available or reported. 

Sampling of water and seafood quality is undertaken in 
areas of aquaculture operations (Cockburn Sound and 
Oyster Harbour) to ensure that health regulations relating 
to domestic consumption and export of seafood are met. 
Between 1997 and 2005 faecal pathogen contamination in 
Cockburn Sound was detected seven times and short-term 
actions were taken (such as suspension of harvest for one to 
two days). There was one incidence of discharge of arsenic 
into Cockburn Sound (approximately 900 kg over 6 weeks) 
resulting in the temporary closure of fisheries as a precaution. 
There were nine incidences of petrochemical spills around 
Kwinana Grain Terminal and only one resulted in a fishery 
closure (due to persistent algal blooms). The aquaculture 
fisheries in Oyster Harbour estuary also experienced 
contamination between 1997 and 2005, mostly due to 
faecal pathogen contamination, which resulted in harvest 
suspension or fishery closure for up to three weeks. 

Pressures
Sources of marine contaminants include ocean discharges 
of industrial wastes and treated domestic wastewater, 
stormwater runoff, groundwater and waterway discharge, 
commercial shipping, port developments, recreational 
boating, harbours and marinas, and the atmosphere. Of these 
sources of marine contamination, only treated wastewater is 
reliably measured.

Indicator M11: Nutrients entering the marine 
environment.

Wastewater treatment outfalls are the most significant nutrient 
sources to the marine environment. Wastewater treatment 
plants in Beenyup, Woodman Point and Subiaco have outfall 
pipes in Perth coastal waters at Ocean Reef (Beenyup), 
Sepia Depression and Swanbourne respectively. These plants 
are operated by the Water Corporation under licence and 
Ministerial conditions regulated under the Environmental 
Protection Act 1986. A total of 320 million litres of treated 
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wastewater is discharged each day, composed of 99.97% 
water; the remainder is dissolved and suspended matter (Water 
Corporation, 2005b). Nitrogen and phosphorus loads for the 
three wastewater treatment plants have consistently been 
within licence limits (Figures M2.2, M2.3 and M2.4). 
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Figure M2.2: Average output loads of phosphorus and 
nitrogen from Beenyup Wastewater Treatment Plant to 
ocean outfall pipe, 1995–2006.
Data source: Water Corporation [ver. 2007]. Presentation: EPA. 
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Figure M2.3: Average output loads of phosphorus and 
nitrogen from Woodman Point Wastewater Treatment 
Plant to outfall, 1995–2006.
Data source:  Water Corporation [ver. 2007]. Presentation: EPA.
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Figure M2.4: Average output loads of phosphorus and 
nitrogen from Subiaco Wastewater Treatment Plant to 
outfall, 2002–06. 
Data source:  Water Corporation [ver. 2007]. Presentation: EPA.

Monitoring of all metropolitan outfalls shows no evidence 
of detrimental environmental effects (Water Corporation, 
2003). Perth’s Long Term Ocean Outlet Monitoring program 
involves regular monitoring of seawater quality, treated 
wastewater quality, phytoplankton, periphyton and benthic 
habitats. In 2002, the Woodman Point Wastewater Treatment 
Plant underwent significant process upgrades from primary 
treatment to secondary treatment (where nitrogen is removed 
from the wastewater using a biological agent) and increased 
capacity. Increasing coastal populations across the South 
West are likely to result in increasing volumes of wastewater 
being discharged from Perth, Mandurah, Bunbury and 
Busselton (Figure M2.5).

Groundwater is also a significant source of nutrients to the 
marine environment, and there has been a concerted effort 
by industry to reduce nitrogen inputs from groundwater 
sources to Cockburn Sound. Studies in Cockburn Sound 
have shown that the nutrient inputs from human activities 
have declined from an estimated 2000 tonnes per year in 
1978 to about 300 tonnes per year in 2000, about 70% of 
which is from groundwater (Department of Environment, 
2005). Altered circulation and flushing movements of 
water in the Sound also has a significant impact on nutrient 
concentrations (D.A. Lord and Associates, 2001). 
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Figure M2.5: Total inflows of wastewater to all Water 
Corporation treatment plants, 1995–2006.
Data source: Water Corporation [ver. 2007]. Analysis: Water Corporation. 
Presentation: Water Corporation

Indicator M12: Toxic compounds entering the marine 
environment.

Oil and other hydrocarbon products can spill from rigs, 
storage facilities or transport vessels. These pollutants can 
spread, oxidise and emulsify (dissipate through the water 
column) quickly and poison biota, as well as create a viscous 
physical coating on marine habitats and biota. The risk of 
contamination from oil and chemical spills is significant in 
WA, with an extensive coastline, large transport vessels and 
major shipping routes. There were 92 reports of oil pollution 
between February 2003 (when ports began to report to 
a central database) and December 2006 (Department for 
Planning and Infrastructure, unpublished data). Small spills 
and reports of sheens in harbours, marinas and ports made 
up the majority, with only 6 reports for spills over 100 litres. 
Responses to these spills varied according to type of oil, 
location and environmental resources at risk. The typical 
response to larger spills involves attempts to contain and 
recover the oil, while for smaller spills recovery may be 
attempted and the oil monitored for natural dispersion. Five 
instances of tarballs washed up on beaches were reported in 
this period. Geochemical analyses of tarballs collected from 
beaches around Margaret River suggest they originated from 
natural seeps in Indonesia and had not been processed into 
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fuel oil. While no areas appear to be directly under threat at 
present, there is potential for a large spill or one that affects 
a sensitive marine area to occur. However, good management 
practices aim to minimise risk of environmental damage due 
from oil spills. The Environmental Protection Authority has 
defined a number of areas it considers particularly sensitive, 
especially to oil spills (Figure M2.6; Environmental Protection 
Authority, 1993).

Marine environments can also become contaminated by 
terrestrial sites (see ‘Land contamination’). The Contaminated 
Sites Register lists 140 reported sites within 50 m of the WA 
coastline (Department of Environment and Conservation, 
unpublished data April 2007). Of these, 11 have been verified 
as being contaminated and needing remediation, and one has 
been remediated for restricted use. However, the presence of a 
contaminated site near the coast does not infer contamination 
of the marine environment. Often the release of contaminants 
only occurs when earthmoving work is conducted which 
disturbs land or sediments. Some areas of concern for release 

of toxic compounds into the marine environment include 
Coogee (south of Fremantle) and Geraldton. 

Studies of the groundwater movement into Cockburn Sound 
have shown that there is still considerable groundwater 
contamination under industrial sites due to metals and 
organic compounds. For example, as a result of past 
practices, a plume of groundwater pollution containing high 
concentrations of phenols and two herbicides exists within 
the Kwinana Industrial Area (D.A. Lord and Associates, 2001). 

The EPA has defined a number of areas it considers 
particularly sensitive, especially to oil spills (Figure 
M2.6). There are different criteria for sensitivity, such as 
environments of international and national ecological or 
conservation significance, environments where biological 
resources are of major economic significance (eg. fishery 
and aquaculture areas), environments of major cultural 
significance and environments of major scientific and 
educational significance. 

Figure M2.6: Sensitive marine environments in Western Australia, as defined by the EPA.
Data source: Environmental Protection Authority (1993). Presentation: EPA. 
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Indicator M13: Pathogens entering the marine 
environment.

Bacteria and viruses can enter the marine environment in 
treated domestic wastewater, sullage from boats or ships and 
stormwater runoff, particularly from areas where animals live 
or are active (e.g. bird colonies and exercise areas for dogs and 
horses). All stormwater outfalls and treated wastewater outfalls 
are sources of pathogens. A study of wastewater overflows in 
the Perth metropolitan area between 1991 and 2003 showed 
that wastewater spills into the marine environment are far less 
frequent (4% of overflows by frequency or 2% by volume) 
than into the Swan–Canning River System, drains and basins 
(Water Corporation, 2004). With the exception of small areas 
around metropolitan domestic treated wastewater outfalls, 
the values for primary contact recreation (e.g. swimming) 
and seafood safety for human consumption (e.g. fishing) are 
generally achieved throughout the State’s coastal waters.

Indicator M14: Other physical and chemical stressors as 
pollution in the marine environment.

Other important physical and chemical parameters in 
the marine environment include sedimentation and 
turbidity (the effects of which have been discussed in 
detail elsewhere), salinity level, dissolved oxygen, water 
temperature, light and sound. 

Concerns about the effects of changes in salinity level and 
potential stratification of Cockburn Sound have been raised 
with the construction of a desalination plant in Kwinana to 
supply drinking water to Perth. The plant was completed 
in late 2006 but there are no current monitoring results to 
report. Models found the desalination plant was expected 
to increase the salinity of Cockburn sound by less than 1% 
and have minimal impact due to tidal movements (Water 
Corporation, 2005a). However, Spiegel et al. (2005) found 
that this assessment was simplified and the monitoring 
results over one year were not predictive of future results. 
CSIRO found that previous reports on modelling work failed 
to convey the seriousness and reality of effects of release of 
hypersaline water into the Sound, e.g. reduced oxygen levels 
in water and sediment, sustained algal blooms, reduced 
benthic biodiversity, production of hydrogen sulphide and 
increase in bacteria (Craig & Wild-Allen, 2005). 

Some marine species rely on the moon for navigation and can 
be adversely impacted by light pollution (e.g. many turtles 
and birds), especially from coastal industry and port facilities. 
Whales and dolphins are also known to be sensitive to 
acoustic pollution (especially as sound waves are transmitted 
differently in water and air). 

Current responses
State Environmental (Cockburn Sound) Policy: establishes 
an environmental quality management framework for 
Cockburn Sound (Government of Western Australia, 2005). 
The policy empowers the Cockburn Sound Management 
Council to facilitate and coordinate sustainable management 
of the Sound through an environmental management plan 
and to report publicly on the plan’s implementation.

Licensing: of all significant contaminant emissions to the 
environment is regulated by the Department of Environment 
and Conservation. 

Monitoring: The Perth Long Term Ocean Outlet Monitoring 
program monitors wastewater discharges on the marine 
environment. Individual port authorities conduct monitoring 
for spills and pollution. Monitoring data is collected in a 
central database for ports managed by the Department for 
Planning and Infrastructure, to improve emergency response 
and planning. Monitoring of Perth Metropolitan beaches is 
undertaken by the Department of Health. 

Research: Scientific programs are underway in Perth, Jurien 
Bay Marine Park and the Pilbara to collect baseline data 
to help develop environmental quality criteria for future 
management. 

Pilbara Environmental Quality Management Framework: 
The marine and coastal waters of the Pilbara have been 
identified as a priority region for the implementation 
of an environmental quality management framework, 
similar to that undertaken for Cockburn Sound. The 
Department of Environment and Conservation is conducting 
a community consultation program to define the marine 
environmental values and objectives that will underpin the 
environmental quality management framework for Pilbara 
marine and coastal waters. The framework will be used to 
guide environmental impact assessment, regulation and 
environmental quality management.

Oil spill response: The WestPlan Marine Oil Pollution (MOP) 
has been developed to prevent, prepare for and respond 
to oil spills, and to assist in the recovery of an area in State 
waters after an incident. WestPlan is WA’s implementation 
of the National Plan, and the Department for Planning and 
Infrastructure is the Hazard Management Agency. Other 
agencies such as the Departments of Industry and Resources, 
Environment and Conservation and Fisheries are also involved 
in contingency and response on a state level. 

Kwinana Water Recycling Project: is resulting in the 
diversion of some industrial wastewater streams from 
Cockburn Sound to the Sepia Depression outfall at Cape 
Peron. It is anticipated that this will reduce the load of 
contaminants entering Cockburn Sound via industrial 
discharges. The project will change the characteristics 
of wastewater currently discharged through the Water 
Corporation’s pipeline, as the water will be a mixture of 
treated wastewater and industrial effluent. 

Implications
Environmental implications of marine contaminants vary 
significantly. Contaminants may be short-lived or persistent, 
depending on the nature of the pollutant and the extent of 
its spread through the environment. Persistent chemicals 
such as heavy metals and antifouling agents (e.g. TBT) pose 
the greatest risk to people (through eating seafood) and 
for marine biodiversity. The environmental repercussions of 
marine contamination are extremely serious and may vary 
from subtle ecological changes to widespread death of 
marine species. Marine contamination is usually a localised 
problem, but the rapid expansion of WA’s economy is likely to 
result in increased demand for more and busier port facilities 
and industrial areas, along with further contamination 
pressures from other sources. The increased pressures 
of a growing population are likely to result in increased 
wastewater discharges and potentially increased hypersaline 
discharges (should desalinisation become a more popular 
water supply option). 

 
suggested responses

6.8  Develop a baseline of the extent of marine 
contamination for developed areas,  
including ports.    
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Description
Introduced marine species are those that have moved 
from their natural environment to an area where they can 
potentially threaten human health, economic values or the 
environment. Introduced species are a global problem, and 
second only to habitat change and loss in reducing global 
biodiversity (Millennium Ecosystem Assessment, 2005). Most 
introduced marine species are benign, causing no known 
adverse effects. However some species become invasive in a 
new environment (see ‘Introduced animals’).

The introduction of new species can be deliberate or 
accidental. There have been very few deliberate introductions 
to the marine environment in WA. Accidental introductions are 
primarily due to vessel movements and transport activities. In 
the past, the use of ballast water has allowed many introduced 
species to be transported around the world and released into 
new environments. Quarantine measures for ballast water 
are now in place to prevent incursions. Introduced species 
also arrive naturally via marine debris and ocean currents. 
Hull fouling or biofouling (the growth of organisms such as 
barnacles, mussels, marine worms or seaweeds) is another 
way in which marine species can be transported around the 
world. The potential for international commercial ships to act 
as vectors for spreading marine species is well recognised, 
but other vessels or equipment can also transport marine 
species, including dredges, oil rigs, aquaculture gear, illegal 
fishing boats, recreational vessels and international yachts. 
Tributyltin (or TBT) paint has been widely used to prevent 
organisms adhering to hulls, but the compound is highly toxic 
to many marine species. Tributyltin paints are currently banned 
internationally for vessels under 25 m in length, and plans are 
in place to phase it out on larger vessels. 

The impacts of introduced marine species can include 
predation on native and farmed species, prolific colonisation, 
increased competition for habitat and food, altered nutrient 
cycles, and a loss of diversity in native species. In addition 
to environmental consequences, some introduced marine 
species have the potential to harm human health (e.g. 
cholera, paralytic shellfish poisoning), affect commercial 
fish and seafood species and increase fuel consumption of 
ships (hull fouling organisms). Aquarium species can become 
invasive if released into the marine environment and may act 
as vectors for spread of diseases.

Objectives
•  To conserve WA’s marine environment by managing and 

reducing the impacts of introduced marine species and by 
preventing further introductions and spread.

Condition

Indicator M15: Number of introduced marine species.

Over 250 species are likely to have been introduced to 
Australian marine waters (CRC Reef Research Centre, n.d.). 
The exact number is unknown due to inadequate survey and 
taxonomic work. 

The Department of Fisheries records 92 species being present 
in WA (some are presented in Table M3.1) (Department 
of Fisheries, 2005). CSIRO has recorded 43 introduced 
marine species using the National Introduced Marine Pest 
Information System (Centre for Research on Introduced 
Marine Pests, 2002). There are many gaps in knowledge and 
the information is not current. Irrespective of which data 
source is used, the number for introduced marine species in 
WA represents a significant increase from the 26 reported in 
1998 (Government of Western Australia, 1998a). Detection 
procedures have significantly improved over the period. 

None of the introduced marine species known to currently 
be in WA appear on the Global Invasive Species Database of 
the worst invasive species from across the world; however 
two species on the list have previously been recorded (Global 
Invasive Species Database, 2007). The green crab (Carcinus 
maenas) was discovered in WA in 1965 at Blackwall Reach 
in the Swan River (Table M3.2), but it has not been found 
in recent years. In addition, the blue mussel (Mytilus edulis) 
is found in WA waters but there is current debate about 
whether or not it is the same as the European species of 
the same name (which is known as an invasive species). 
While it is possible the species occurs naturally in Australia, 

Key findings

•  Ninety-two introduced species have been 
recorded in WA’s marine environment. 

•  Up to 14 introduced marine species have been 
found in individual ports, and up to 27 in 
other locations. 

•  Ballast water and organisms attached to 
the hull of boats are the main sources of 
introduced marine species.

3

introduced Marine species
6.3
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Table M3.1: Examples of introduced marine species currently found in WA.

Common name Description Identified by CSIRO as national 
priority pests

Aeolid nudibranch  
(Godiva quadricolor)

A native to South Africa, it was first recorded in WA in 1984. It is 
thought to be currently restricted to Cockburn Sound and Fremantle 
areas. Its impacts on native species and aquaculture are unknown but 
are considered to be small.

Asian mussel  
(Musculista senhousia)

It was first identified in the Swan Estuary in 1983 and has since been 
found in the Canning River and the Fremantle area. Changes to local 
habitats include an increase in the biomass of benthic macroorganisms 
and a change of sediment from sand to fine mud.

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

European fan worm  
(Sabella spallanzanii)

It was first reported in Albany Harbour in 1965, but positive 
identification did not occur for some time. It has since been found in 
Esperance, Bunbury, Fremantle and Cockburn Sound. It is likely that 
the worm was originally transported from the Mediterranean. In WA, 
there is no evidence to suggest that it is having a direct impact on any 
native species or fishery.

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Japanese goby  
(Tridentiger  
trigonocephalus)

It was first found in Cockburn Sound and the Swan River in 1977. 
It has the potential to compete with native fish species for habitat 
and spawning sites and is capable of spawning more often and over 
longer time periods than native species.

3 low priority – has low impact 
potential and a low invasion 
potential 

Bryozoan  
(Watersipora arcuata)

It is a common fouling organism in its native range of the west coast 
of Central and North America. It attaches to rocks, vessel hulls, 
seaweed and artificial structures and is resistant to antifouling paint.

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Data source: Department of Fisheries (2005a; 2005b); Hayes et al. (2005).  

it is also possible that it arrived with European settlers. It is 
farmed in Western Australia but isn’t known to invade native 
ecosystems in the same way as the European species.

An attempt to introduce the Pacific oyster (Crassostrea gigas) 
to Oyster Harbour Albany was made in 1947, in an attempt 
to establish a new commercial industry. This introduction was 
unsuccessful – a good thing for WA because the oyster is 
established in the wild elsewhere in Australia, and is able to 
outcompete native oyster species. 

Limited studies have found introduced marine species at 
various locations around WA (Table M3.2). Wide scale 
surveys for the State are lacking and ongoing monitoring is 
not generally undertaken (except for biosecurity monitoring 
by quarantine services). Environmental approvals for 
maritime facilities sometimes have requirements for baseline 
and ongoing surveys for introduced marine species. The 
Department of Fisheries is currently collating the information 
known about introduced marine species in Western Australia, 
but this information is not yet available. Some port facilities 
have not yet been surveyed for introduced marine species 
(notably Dampier) and the distribution of many introduced 
species remains unknown. Poor baseline data also means it 
is sometimes difficult to distinguish introduced from native 
species (these species are known as cryptogenic). 

Recent incursions into WA marine waters include the thaid 
snails into the port of Geraldton and black striped mussels in 
Broome (Mytilopsis sallei). In both cases, early detection and 
removal of the animals prevented the establishment of these 
potential pests. Once a species becomes established in the 
marine environment, it is almost impossible to eradicate. 

Pressures
The risks posed by introduced marine species depend on various 
factors, including the impact of the introduced species on 
native organisms and commercial activities; proven invasiveness 
of the organism; ecological conditions to which the organism 
is adapted; volume and source of ballast water transported; 
survivorship of organisms during a voyage; and effectiveness or 
otherwise of detection and prevention programs. 

Indicator M16: Potential invasive marine species for WA.

There are many species that have the potential to be 
introduced to WA and become invasive (Table M3.3). National 
and state agencies are very aware of the potential problems 
posed by these animals and emergency action plans can 
invoked if they are found in WA waters. Several introduced 
species already found in WA (Table M3.1) have been assessed 
by CSIRO as medium priority ranked species (ie. has a 
reasonably high impact and/or invasive potential). The highest 
priority ranked species are not currently found in WA (Table 
M3.3), but they do have potential to spread widely if they 
become established. The analysis considered the movements 
of international and interstate commercial shipping only and 
did not include the movements of small recreational and 
commercial vessels (Hayes et al., 2005). The inclusion of hull 
fouling potential (coupled with the large number) of these 
vessels would undoubtedly have an influence on the relative 
ranking of potential domestic target species.

Indicator M17: Compliance of shipping with ballast water 
requirements.

Approximately 98 million tonnes of ballast water were 
discharged in WA waters during the 5812 commercial vessel 
visits in 2003–04 (A Morley, Australian Quarantine Inspection 
Service, pers. comm.). The Central West Coast marine region 
includes the ports of Fremantle and Geraldton. This region 
records the most ballast discharged in WA (519 860 tonnes), 
but is somewhat biased because only large commercial ships 
with the last port of call in Australia were included (Hayes 
et al., 2005). The ballast water discharged by smaller craft is 
largely unknown, but when considered cumulatively is likely 
to be significant. 

The amount of ballast water discharged is not necessarily 
a large risk factor now that improved and more rigorous 
customs procedures apply. Australian Quarantine Inspection 
Service mandatory ballast water reporting requirements apply 
to all ships arriving in Australian ports from overseas. This 
means that all vessels intending to discharge at Australian 
ports are required to exchange their ballast water at sea, prior 
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Table M3.2: Number of introduced marine species found at various locations in WA

Area Number of introduced 
species

Reasons for introductions or vector Study reference

Western Australia 25 introduced marine species 
known in 1992

Human vector transport: 
• 13 by shipping, mainly as fouling organisms and in  
    ballast water.

Jones (1992a)

Fremantle port and 
Cockburn Sound

11 known introduced marine 
species in 2000. 

Natural range extension and human vector transport: 
• international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

Hewitt et.al (2000)

Albany port 11 known introduced and 1 
cryptogenic marine species 
in 1997. 

Human vector transport: 
• recreational and fishing craft with extensive hull fouling; 
• international and domestic trade shipping; and 
• possibly dredging activity.

CSIRO Marine 
Research (1997a)

Bunbury port 14 known introduced and 3 
cryptogenic marine species 
in 1997. 

Human vector transport: 
• recreational and fishing craft with extensive hull fouling; 
• international and domestic trade shipping; and 
• possibly dredging activity.

CSIRO Marine 
Research (1997b)

Geraldton port 8 known introduced and 24 
cryptogenic marine species 
in 2003.

Human vector transport: 
• international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

Campbell (2003)

Port Hedland port 7 known introduced and 1 
cryptogenic marine species 
in 1999. 

Human vector transport: 
• international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

CSIRO Marine 
Research (1999)

Esperance port 8 known introduced and 15 
cryptogenic marine species 
in 2002, 

Not stated Geraldton 
Port Authority, 
unpublished 
report, 2002

Swan River / 
Cockburn Sound 

27 known introduced species 
identified in 1999. 

Human vector transport: 
• likely international and domestic trade shipping; and  
• recreational and fishing craft with extensive hull fouling.

Hass & Jones 
(1999)

Shark Bay 1 known introduced barnacle 
species in 1990

Not stated Jones (1990)

Carnarvon and  
Shark Bay

At least 10 known introduced 
marine fouling species 
(not including barnacles) 
identified in 2005. 

Human vector transport: 
• recreational and fishing craft with extensive hull fouling.

Wyatt et al.(2005)

Muiron Islands 2 known introduced barnacle 
species in 1996

Not stated Jones & Hewitt 
(1996)

Montebello Islands 1 known introduced barnacle 
species in 2000

Not stated Jones & Berry 
(2000)

Dampier  
Archipelago  
(not port)

6 known introduced barnacle 
species in 2002. 

Human vector transport: 
• likely international and domestic trade shipping; and  
• recreational and fishing craft with   extensive hull fouling.

Jones (2004)

Kimberley region 2 known introduced barnacle 
species in 1992

Not stated Jones (1992b)

Ashmore Reef 1 known introduced barnacle 
species in 2002

Human vector transport: 
• fishing craft with hull fouling.

Jones (2002)

to entering Australian waters. However, potential gaps exist 
including incomplete exchange of ballast water at sea and 
vessels traveling from other Australian ports that currently do 
not have to report. Inspections for introduced marine species 
is lacking outside major ports (especially pleasure craft or 
illegal boats). 

Current responses
International Convention for the Control and 
Management of Ships’ Ballast Water and Sediments: 
begun in 2004 with the intent to prevent, minimise and 
ultimately eliminate the transfer of harmful aquatic organisms 
and pathogens through the control and management of ship’s 
ballast water and sediments. Australia signed the convention 
in 2005, and it will be ratified once it is signed by 30 countries 
representing 35% of world merchant shipping. 

Australian Quarantine and Inspection Services: has a 
compulsory risk assessment procedure which must be 
undertaken by every vessel entering Australian waters before 
ballast discharge can occur. Vessels must keep accurate 
records of ports visited, size of ballast tanks, source of ballast 
water, location at beginning and end of ballast exchange 
and Australian ports to be visited. Australian Quarantine and 
Inspection Services officers conduct ballast water verification 
inspections on-board vessels to ensure compliance with 
Australia’s ballast water management requirements. 
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Table M3.3: Examples of invasive marine species that have potential to enter WA waters. 

Common name Description Appears 
on ’100 of 
the World’s 
Worst’ 
invasive 
species list

Identified by CSIRO as 
national priority pests

Black striped mussel 
(Mytilopsis sallei)

The mussel quickly colonises hard surfaces and spread over 
ship hulls and port infrastructure. It competes with and 
smothers native shellfish and alters ecosystem balance. It 
was introduced to Darwin Harbour in 1999 (possibly from 
Indonesia) and was successfully eradicated using chemical 
means. The mussel has not been recorded in WA waters 
(although it has been detected on Indonesian fishing boats 
apprehended in WA waters). 

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Northern Pacific 
seastar  
(Asterias amurensis)

A seastar that can form large populations quickly and 
feeds on native marine fauna including mussels, scallops, 
clams, gastropods, crabs and barnacles. It is currently 
found in other Australian states.  

3 3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

New Zealand  
screw shell 
(Maoricolpus roseus)

This gastropod can rapidly reproduce forming large 
colonies and can outcompete native species. It is currently 
found in other Australian states. 

Chinese clam 
(Potamocorbula 
amurensis)

This small clam can rapidly reproduce and completely 
dominate the seabed in a variety of conditions. 

3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Japanese seaweed 
(Undaria pinnatifida)

Currently found in Victoria and Tasmania and can form 
dense forests that overgrow native flora. 

3 3 medium priority species – has 
a reasonably high impact and/or 
invasion potential

Killer algae  
(Caulerpa taxifolia)

A native marine cosmopolitan seaweed that can hybridise 
with aquarium species and become extremely invasive and 
destructive to local habitats.

3

Toxic dinoflagellate 
(Gymnodinium 
catenatum)

This phytoplankton species can produce toxins causing 
paralytic shellfish poisoning. 

3 high priority species - has 
reasonably high invasion 
potential and impact potential 
is the highest of all the potential 
domestic target species

Toxic dinoflagellate 
(Alexandrium 
minutum)

This phytoplankton species can produce toxins causing 
paralytic shellfish poisoning. 

3 high priority species - has 
reasonably high invasion 
potential and impact potential 
is the highest of all the potential 
domestic target species

Green lipped mussel 
/Asian green mussel 
(Perna viridis)

This mussel can rapidly reproduce forming large colonies 
and can outcompete native species. 

3 highest risk species found in 
international waters, with a high 
probability of introduction to the 
Central / Mid West region.

Data source: Department of Fisheries (2005a); Hayes et al. (2005); Global Invasive Species Database (2007).

Northern Pacific seastar (C. Astbury) European shore crab (C. Astbury) Killer algae (C. Astbury)
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The Australian Quarantine and Inspection Service is currently 
developing a legislative framework for managing the 
biofouling risk of all international vessels arriving in Australia. 
Currently, only voluntary protocols are in place for the 
management of biofouling on international vessels less than 
25 m in length and vessels of any length apprehended for 
illegal activities or rescued.

Centre for Research on Introduced Marine Pests: CSIRO has 
previously operated a specialised marine pest section, that 
was focused on bio-fouling and ballast water. The Centre set 
up the National Introduced Marine Pest Information System 
(NIMPIS) database, which was last updated in 2005. The 
Centre has now been closed. 

The National Introduced Marine Pests Coordinating 
Group: is responsible for developing the National System 
for the Prevention and Management of Marine Pest 
Incursions and has coordinated the development of an 
intergovernmental agreement between the Commonwealth 
and the states. It includes representatives from State 
and Territory agencies, marine industries, scientists and 
conservation groups. The group is currently developing policy 
instructions for the proposed Biosecurity and Agriculture 
Management Bill and provides the basis for drafting 
instructions to give effect to the Ballast Water Management 
Arrangements. 

The Intergovernmental Agreement (IGA) on a National 
System for the Prevention and Management of Marine 
Pest Incursions: was signed by WA in 200 5 and sets out 
a framework to address all marine pest risks and includes 
governance and infrastructure arrangements, measures for 
prevention (focused on ballast water and biofouling risks), 
emergency response, ongoing management and control, and 
supporting arrangements for monitoring, communications, 
research and development, and evaluation and review. Under 
the agreement, WA is required to implement legislation that 
will allow the State to introduce management arrangements 
that are complimentary to the International Convention for 
the Control and Management of Ships Ballast Water and 
Sediments, as well as to the National System. 

Actions to implement and complement the National 
System for the Prevention and Management of Introduced 
Marine Pests in Western Australia: are underway, 
coordinated by the Department of Fisheries, to initiate a 
Statewide program to determine the extent of the existing 
introduced marine pest problem and develop strategies that 
can minimise further introductions. 

Australian Marine Pest Monitoring Guidelines: sets out 
guidelines for conducting marine pest monitoring programs in 
Australia, but is not yet underway. 

Introduced marine pest management: In WA, the 
Department of Fisheries, the Department for Planning and 
Infrastructure, and individual port authorities have the 
responsibility and jurisdiction to manage marine pests. 
Within Western Australia, the Department of Fisheries 
has been appointed as the lead Agency to develop and 
implement the necessary management arrangements and 
biosecurity control activities to, where possible, restrict the 
introduction and translocation of introduced in relation to 
fish and the aquatic environment.

Legislation: A Biosecurity and Agriculture Management Bill has 
been drafted to provide effective biosecurity and agriculture 
management for Western Australia. It seeks to prevent serious 
pests, weeds and diseases that impact primary production, the 
environment or public amenity from entering the State, and to 

minimise the spread and impact of any that are already present. 
There will be regulations under the Act developed in relation 
to minimising the risk of translocating marine pests through 
ballast water management and vessel biofouling (a requirement 
under the intergovernmental agreement). The bill was passed 
by the Lower House of Parliament in 2006 and has been 
introduced to the Upper House. 

The Australian Quarantine and Inspection Service is currently 
preparing to introduce a legislative framework for the 
management of the biofouling. The National Introduced 
Marine Pests Coordinating Group is developing guidelines, 
voluntary protocols or regulations for managing the marine 
pest risks from biofouling for aquaculture, commercial fishing, 
commercial shipping and non-trading commercial vessels, 
recreational vessels, marine facilities (such as ports, marinas, 
slipways, shipyards and dry docks) and the petroleum industry. 

Research: The CRC Reef Research Centre in Townsville 
conducted a pilot study to test a variety of methods of 
sterilising ballast water, including filtration, ultraviolet light, 
chlorine dioxide dosing and high velocity sonic or shear 
disintegrator. They have published data on the positive and 
negative aspects of various treatment methods and on 
unsuitable treatment methods (Hillman, Hoedt & Schneider, 
2004). CSIRO has projects in place to support the updates to 
the National System for the Prevention and Management of 
Marine Pest Incursions, conduct ballast water risk assessment, 
and genetic work on introduced marine algae. The Defence 
Science and Technology Organisation conducts research on 
antifouling compounds for use in paints for vessel hulls to 
replace tributyltin.

Implications
Failure to control introduced marine species is likely to result 
in the loss of biodiversity and decline or extinction of native 
marine species. The potential economic cost of introduced 
marine species is enormous, and includes costs of control 
measures, loss of biodiversity, and damage to fisheries and 
shipping industries in addition to potential effects on public 
health and recreational amenity. With further population 
growth and associated travel, transport and trade, the risk 
of introducing new species is likely to increase (Convention 
on Biological Diversity, 2005). Hull fouling needs to be 
prevented but many of the suggested replacements for 
tributyltin are also likely to be toxic to native marine species. 
Current Commonwealth and State legislation does not deal 
adequately with the threat of introduced marine species 
as a result of hull fouling on international vessels, or the 
management of quarantine risks associated with domestic 
vessel movements. The proposed Biosecurity and Agriculture 
Management Act should strengthen Western Australia’s 
capacity to act in these areas. Illegal fishing vessels may 
represent a significant future risk for introduced marine 
species into Australian waters. 

suggested responses

6.9  Establish baseline survey data to distinguish 
native from introduced marine species. 

6.10  Clarify and strengthen governance 
arrangements for responding to incursions 
of introduced marine species and their 
elimination.



eMerging issue –  
Marine debris  

Marine debris is classed as an emerging issue due to its 
potential to cause significant impacts to marine wildlife, but 
there is currently inadequate information to report on this as 
an issue. 

‘Marine debris’ is produced from many different sources, 
such as litter thrown overboard from boats, litter that gets 
carried into the marine environment from land or beaches, 
fishing equipment, and items dumped in other parts of the 
world that is circulated by currents. Detrimental effects of 
marine debris include death or injury for wildlife, reduction 
in aesthetic value and pollution of marine and beach 
environments. Marine animals often become tangled in 
discarded fishing gear, plastics and other lost items, which 
can lead to decreased mobility, infection, amputation and 
drowning (Department of the Environment and Heritage, 
2003). Turtles, whales and seabirds are especially at risk of 
entanglement. Debris is often mistaken as prey by some 
marine species and if ingested, it may lead to internal injuries, 
digestive tract blockages and infections (Jones, 1995). Ocean 
debris can have negative economic impacts on tourism and 
fisheries (Wace, 1995), cause injury to beachgoers and divers, 
and degrade aesthetic values (Whiting, 1998).

Plastics are the most common type of debris found in our 
oceans and the most destructive to the environment and 

wildlife (Wace, 1995). Beach debris can take many forms and 
is usually concentrated around major settlements. Fishing 
equipment is often the major source of marine debris in more 
isolated parts of the coastline (Jones, 1995). Throughout 
Australia, beach surveys have been completed to determine 
the debris washing up on our shores and to estimate its 
origin. Nearly 500 kg of marine debris (a total of 11 395 
items) was collected from South West beaches between 
Yallingup and Augusta over a ten-month period in 2005, and 
included cigarette butts, shopping bags, bait straps, rope and 
other items (Tangaroa Blue, 2005). However, in WA a very 
limited number of surveys have been completed and there is a 
general lack of quantitative data about marine debris.

Garbage from ships is subject to controls under the 
International Convention for Prevention of Marine Pollution 
from Ships 1973 (amended in 1978). This convention is 
enforced through the Protection of the Sea (Prevention 
of Pollution from Ships) Act 1983 (Commonwealth) in 
Australia, and prohibits all discarding of plastics overboard. 
The Australian Seafood Industry Council has developed 
a voluntary Code of Conduct for a Responsible Seafood 
industry. This code aims to minimise waste from fishing 
industry activities and to ensure all lost fishing gear is 
recorded and reported.

Environmental management authorities, non-government 
organisations such as WWF and Planet Ark, and statutory 
authorities such as the Rottnest Island Authority have 
completed small surveys or clean-up programs to reduce the 
amount of debris in the marine environment. Educational 
programs such as Clean Up Australia Day and Keep Australia 
Beautiful aim to raise the community’s awareness of damage 
caused by marine debris, especially discarded plastics. 
Ongoing public campaigns are required because marine 
debris is still being dumped or discarded and impacting the 
marine environment. 
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The green turtle is one species at risk from marine debris (Tourism WA)
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Land

Key findings

•  Western Australia’s current form 
of urban development is placing 
considerable pressure on the 
environment.

•  The capacity to manage 
environmental impacts of WA’s 
settlements is constrained by many 
small communities scattered over a 
vast area. 

Theme 7
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Land

Human settlements are the places where people congregate 
to live, work and recreate. In WA, human settlements include 
metropolitan Perth, regional centres, mining and agricultural 
towns, a range of Aboriginal communities, and very small and 
remote settlements. Settlements are fundamental to human 
societies, contributing to the modern economy and providing 
a rich social and cultural environment. 

Human settlements are connected to the natural environment 
in several ways. Firstly, settlements have direct and indirect 
impacts on the natural environment as a consequence of their 
design, construction and operation. Direct impacts include 
loss of biodiversity through land clearing during construction 
and expansion of settlements, air pollution from transport 
and industrial activities, and generation of large amounts of 
wastes that can potentially degrade land and water resources. 
Settlements indirectly impact the environment through their 

populations’ consumption of natural resources, such as wood, 
water, energy and minerals. 

Secondly, human settlements are significant environments in 
their own right and are affected by the surrounding natural 
environment. These relationships have implications for 
human health, as the condition of the environment is a major 
determinant of people’s health and many health problems 
can be linked to particular environmental factors.

Objectives
Reduce the environmental impacts of WA’s settlements by:

•  Monitoring and reporting on the environmental impacts of 
WA’s settlements;

•  Managing for sustainable growth in a manner that 
improves the efficiency of land use and infrastructure;

•  Improving resource efficiency and energy efficiency; and 

•  Protecting and enhancing natural environments that are 
part of the fabric of human settlements.

Headline indicators
There is currently no agreed indicator for measuring the overall 
condition of human settlements. The complexity of human 
settlements, including the processes that take place and the 
various impacts of those processes make it very difficult to 
assess overall condition of settlements based on a single 

introduction
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Human 
settLements

York townsite. WA has settlements ranging in size from cities to small towns (Tourism WA).



indicator. The National State of the Environment Report uses 
the Extended Urban Metabolism Model as a conceptual 
basis for reporting on human settlements. Other States and 
Territories report on human settlements at the issue level only.

Overall condition
Western Australia’s pattern of settlement has influenced 
the type and scale of environmental impacts, as the 
characteristics of WA’s settlements vary greatly in terms of 
size, remoteness, geography, climate and economic profile. 
The environmental impacts of human settlements are of 
concern, but the complex relationships between settlement 
types and environmental impacts make it difficult to 
determine their overall condition.

The capacity to manage environmental impacts in many 
of WA’s settlements is constrained by the small size and 
geographic spread of many settlements. Large settlements like 
the Perth metropolitan area provide the opportunity for more 
efficient centralised services. The provision of some services 
such as waste recycling and local public transport is not 
viable in many rural and remote settlements. However, large 
settlements use large amounts of energy and other natural 
resources and many of WA’s smaller settlements perform 
better than Perth in terms of resource conservation, such 
as water recycling. The growth and character of the State’s 
settlements are strongly guided by planning frameworks 
and strategies. To date they have had limited success in 
achieving improved environmental outcomes, partly because 
the environmental impacts of urban development have not 
received adequate consideration in the State’s planning system.

A significant problem for determining the condition of WA 
human settlements is that data are not collected across all 
settlements, or in a manner that can be used to assess their 
environmental impacts. For example, it is not possible to 
distinguish all energy and water used in the construction, 
maintenance and operation of settlements from that used 
to produce or manufacture exports. Information on waste 
generation is not collected outside the Perth metropolitan area. 

There is a need to better manage the environmental impacts 
of settlements. This requires a clear understanding of the key 
environmental issues associated with settlements and greater 
consideration of environmental factors in urban and regional 
planning policy. Until adequate monitoring systems are in place, 
it will not be possible to fully understand the impacts of the 
State’s settlements on the environment, nor to accurately assess 
the effectiveness of strategies implemented to address them.

Effectiveness
Human Settlements was not covered in the 1998 State of 
the Environment Report and therefore no assessment of 
effectiveness can be undertaken.

suggested resPonses

7.1  Implement Network City: Community Planning 
Strategy for Perth and Peel. This strategy 
outlines a framework for guiding the future 
development and for managing associated 
environmental impacts of settlements. 
However, it is yet to be adopted in planning. 

7.2  Undertake comprehensive environmental 
planning and assessment at all levels in the 
planning process, ensuring the environmental 
factors considered are appropriate to each level.

7.3  Establish environmental performance 
indicators, benchmarks and targets for the 
State Planning Strategy, Network City, regional 
plans and local planning strategies, which are 
regularly reviewed.

7.4  Review the State Planning Strategy to take into 
account management of environmental impacts 
from growth of regional centres, the impacts of 
climate change and future energy scenarios (i.e. 
transition from oil to alternative fuels).

7.5  Ensure all new subdivisions and redevelopment 
areas are designed and developed according 
to sustainability principles for resource 
efficiency and minimal environmental impact 
according to best practice.
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Perth has experienced high urban growth over the past decade (Department of Environment and Conservation).
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indicative extent of iSSue

Priority  
rating:
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settLement Patterns

 Description
Settlement patterns refer to the form, density and distribution 
of human settlements, and how these change over time. 
Settlement patterns influence the environmental impacts of 
settlements, how populations use resources and produce 
wastes, and affect social and economic prosperity. Ideally, 
higher density human settlements and a more compact urban 
pattern are better for reducing resource inputs (such as land, 
infrastructure materials, transport, water and energy needs) 
and for reducing waste outputs (such as air pollutants and 
greenhouse gases). However, these aspects are often balanced 
against social, economic and other environmental costs.

Over the past decade, WA has exhibited patterns of 
increasing urbanisation, particularly a shift towards coastal 
population growth and rural population decline in some 
areas. Perth, the capital city, has exhibited unprecedented 
strong urban growth over the past decade, particularly 
along the coast. Historically, State Government policy has 
encouraged peripheral suburban growth, most notably 
along the coastal corridors, creating a high dependence on 
private motor vehicle use, particularly for journeys to work. 
In other parts of the State, settlement patterns reflect the 
economic and social development of different regions, 
including holiday centres along the coast, remote mining 
towns in the north and east, and small towns scattered 
throughout the agricultural regions (Western Australian 
Planning Commission, 2005a). Many rural settlements in WA 

are currently experiencing population decline, largely as a 
result of increasing economies of scale in primary production, 
but also because of social and environmental issues (such as 
persistent drought and land salinisation). 

The historical and current patterns of settlement in WA have 
had a major influence on both the distribution and nature of 
environmental impacts. Perth’s pattern of growth has placed 
enormous pressure on the land resource, with increasing 
land use conflicts and contributed to substantial loss of 
biodiversity on the Swan Coastal Plain. Continued growth 
will further increase pressure on already stressed native 
vegetation, wetlands, estuaries, beaches and neighbouring 
marine ecosystems. The impacts of unchecked urban growth 
are increasingly of concern in view of the continued approval 
and development of new urban areas with low residential 
densities. Low density urban development carries a high 
environmental cost associated with requirements for land and 
expanded infrastructure (e.g. roads, sewerage) and services 
(e.g. water supply, electricity) in order to function. Similar 
pressures are now of concern in other parts of the South 
West that have also experienced rapid population growth. 

Objectives
Manage urban growth to limit urban spread by:

•  Increasing the efficiency of land use in urban areas;

•  Improving the integration of different land uses and 
transport networks;

•  Increasing housing density in urban developments.

Key findings

•  The urban area of Perth has doubled in size 
since the 1970s to 63 100 hectares.

•  Low density urban spread with single 
detached houses remains the dominant mode 
of urban development in Perth. 

•  Over the period 2000−2005, WA has recorded 
five of the top ten Australian settlements with 
the fastest growing population, and nine of 
the top ten Australian settlements with the 
fastest declining population.

•  Over the past decade, coastal parts of 
the South West and the Peel region have 
experienced high urban growth.

7.1

2

Clearing of native vegetation for residential development in the North 
West corridor of Perth (Department of Environment and Conservation).
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Condition

Indicator HS1: Area of land used for urban development.

The urban area of Perth, and more recently the Peel region, 
has expanded progressively over the past 80 years (Figure 
HS1.1). Perth has doubled in area since the 1970s to around 
63 000 ha in 2002. The rate of urban growth in the Peel 
region over this period has been similarly high. The developed 
part of the metropolitan area is spread throughout the 
designated Metropolitan Region Scheme in four linear 
corridors: North West, Eastern, South East and South West 
as outlined in the 1970s Corridor Plan for Perth (Metropolitan 
Region Planning Authority, 1970). A fifth corridor (North East) 

was added in 1990 with adoption of Metroplan (Department 
of Planning and Urban Development, 1990). This pattern 
of settlement is the result of a complex interplay between 
various policies, strategies, programs and scheme provisions 
established and implemented over several decades. The 
undeveloped areas of land within the urban periphery are 
progressively developed or used over time for urban or urban-
related purposes.

Rapid urban expansion has also been occurring in the South 
West coastal centres of Bunbury, Busselton and Margaret 
River. Information on the extent of urban areas in the South 
West is not available.

Figure HS1.1: Urban land growth in the Perth and Peel regions, 1925–2004.
Data source: Department for Planning and Infrastructure; Analysis: Department of Planning and Infrastructure; Presentation: EPA.

Legend
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Approximately 22.5% of the Metropolitan Region Scheme 
is designated for urban purposes such as residential 
and associated land uses including education, industry, 
administration, and transport corridors. Approximately half 
of this urban zoned land had already been developed in 
2004 (Figure HS1.2). Nearly 42% of the Metropolitan Region 
Scheme is designated and used for non-urban purposes such 
as State forest, regional recreation, public open space and 
water-related (land-based) purposes. Most of the balance 
(35%) is zoned for rural purposes.

Indicator HS2: Increase in new dwellings in urban areas.

There has been a general trend of increasing annual 
approvals of new residential dwellings in WA since 1995–96 
(Figure HS1.3). Residential dwellings are buildings intended 
for long-term residential use. Approximately 18 200 new 
residential dwellings were approved in Perth during 2005–06, 
representing 71% of total new dwelling approvals in WA in 

that period. The significant increase in construction activity 
in 1999–2000, and decline in approvals in 2000–01, can be 
attributed to introduction of the new taxation system in 2000. 
Work was brought forward prior to introduction of the goods 
and services tax, and this was followed by a downturn after its 
implementation (Australian Bureau of Statistics, 2003d).

The number of ‘other new residential’ dwellings (i.e. flats, 
units, townhouses and apartments) approved in Perth has 
increased but remained roughly proportional to the number 
of new houses approved. Single houses remain the dominant 
dwelling type in Perth, representing around 83% of dwelling 
approvals in 2005–06. Analysis of approved houses between 
1998–99 and 2000–01 showed 14% of approved houses 
were grouped dwellings (where two or more houses are 
constructed on a single parcel of land), reflecting the urban 
infill occurring in many established Perth suburbs (Australian 
Bureau of Statistics, 2001d).

Figure HS1.2: Actual used versus designated urban development areas of the Perth and Peel regions, 2004.
Data source: Department for Planning and Infrastructure; Presentation: EPA.
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The number of dwellings in the Peel and Bunbury regions has 
been growing steadily since the early 1990s. Between 1990 
and 2004, the number of dwellings in Mandurah doubled to 
over 25 000 and increased by approximately 40% in Bunbury 
(Montgomery & Saunders, 2005).
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Figure HS1.3: New residential dwelling approvals in Perth 
and Western Australia, 1995–96 to 2005–06.
Data source: Australian Bureau of Statistics (2006c). Note: Other residential buildings 
contain more than one dwelling unit and include flats, units, apartments and 
townhouses.

Indicator HS3: Gross and net residential density.

‘Residential density’ refers to the number of dwelling units 
within a defined site, suburb or region. The residential density 
of settlements can significantly influence environmental 
impacts. Low residential density results in high per capita 
land consumption and requires additional infrastructure such 
as roads, water supply, recreational space and retail facilities. 
Perth has low residential density by international standards.

Measuring residential density is complex. There is little 
agreement on the definition of terms used and several 
different measures exist. Two measures of residential density 
in the Perth metropolitan region are considered here: net 
residential density and gross residential density. 

‘Net residential density’ is the number of dwellings on the 
residential-zoned portion of a defined area, and is expressed 
as the number of dwellings of ‘per net hectare’. The average 
net residential density in the Perth metropolitan region is 
approximately 14.9 dwellings per hectare for fully developed 
lots, and approximately 8.4 dwellings per hectare if vacant 
residential lots are included (Montgomery & Saunders, 2005).

‘Gross residential density’ is the number of dwellings within 
a defined area, including residential and non-residential 
zones, the latter including roads, open space, schools and 
other local and regional uses. It is expressed as the number 
of dwellings ‘per gross hectare’. It is used in addition to net 
residential density because it takes into account all land 
required for urban development, instead of just residential 
areas. A preoccupation with net residential density often 
obscures the fact that other land used for urban and urban-
related purposes tends not to be subject to the same scrutiny 
of resource-use efficiencies. The gross average residential 
density in the Perth metropolitan region is less than one 
dwelling per hectare. The highest gross regional average 
residential density, six dwellings per gross hectare, is achieved 
in more established inner parts of Perth (Montgomery & 
Saunders, 2005).

Dwelling density in WA is largely determined and restricted by 
the Residential Design Codes of Western Australia, which sets 

maximum density limits at the site level (Western Australian 
Planning Commission, 2003). There has been a trend towards 
increased densities in the metropolitan region since the 
1990s. This is reflected in changes observed in the number 
of new dwellings developed in each density code over this 
period, with a significant reduction in low density lots (R0.5 
to R12.5) and an increase in medium density lots (R17.5 to 
R30), (Figure HS1.4). The proportion of high density (R40 
to R160) lots has decreased over this period, representing a 
decline in construction of large apartment style buildings.
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Figure HS1.4: New dwelling development by density code, 
Perth metropolitan region, 1970s–2002.
Data source: Department for Planning and Infrastructure. Note: There are 10 dwelling 
units per hectare on an R10 lot and 160 dwelling units on an R160 lot.

The predominant social preference for large blocks has 
historically driven the low density character of housing 
in Perth. The average area per dwelling is approximately 
13–60% larger than the statutory minimum lot size of the 
residential codes in all density categories (Montgomery 
& Saunders, 2005). Anecdotal evidence indicates that 
developers in Perth are responding to perceived buyer 
demand for lower densities. Analysis of all lots within the 
Perth metropolitan region (Western Australian Planning 
Commission, 2003) has shown that more than one-third of 
all developed lots are zoned at the density standard of 20 
units per net hectare (R20), but a high proportion of these 
lots are actually subdivided at a much lower net site density, 
equivalent to 12.5 units per net hectare (R12.5), (Figure 
HS1.5). This represents loss of a considerable proportion 
of the dwelling development potential. Had this land been 
subdivided in close conformity with the coding, an additional 
184 300 residential lots could have been accommodated on 
the same area of land.
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Pressures

Indicator HS4: Population growth and distribution.

The State’s population is concentrated in the Perth 
metropolitan area, which in 2005 accounted for 74% of the 
total WA population (Australian Bureau of Statistics, 2006f). 
Over the past 30 years, Perth’s population has doubled to an 
estimated 1.5 million, and is currently growing at a rate of 
over 1.6% per annum (Australian Bureau of Statistics, 2006e).

Western Australia’s population is dynamic with significant 
changes in distribution over the past decade or so (Figure 
HS1.6). The South West has experienced sustained growth, 
particularly in coastal population centres, reflecting 
movement of people from Perth and regional inland areas 

to coastal South West settlements. Other regional centres, 
such as Karratha, Broome, Albany and Esperance, have also 
experienced significant growth. Some of the reasons that may 
be driving this shift include leaving the congestion of Perth, 
wanting a more pleasant environment or climate, finding 
more affordable housing, looking for work and retiring from 
work (Australian Bureau of Statistics, 2004b)

Most of the Wheatbelt experienced a slight decline in 
population over the past decade, while significant loss 
was recorded in the Mid West and more remote inland 
communities. Of the top ten local government areas in 
Australia that experienced the fastest population decreases 
over the past five years, nine were in WA (Australian Bureau 
of Statistics, 2006b). 

Figure HS1.6: Population change in Western Australia, 1996–2006.
Data source: Australian Bureau of Statistics (2003a & 2005d); Presentation: EPA.
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Western Australia’s population is projected to grow by 
another 41% (approximately 800 000) by 2031. Most of this 
growth will occur in the Perth, Peel and South West regions. 
Population in the Peel region alone is projected to double and 
in Perth the population is expected to reach over 2 million 
by 2031 (Western Australian Planning Commission, 2005b). 
Population in the Kimberley region is also projected to nearly 
double over this period. Migration away from the agricultural 
zone and to coastal towns of the South West, are projected to 
continue (Western Australian Planning Commission, 2005b).

Indicator HS5: Household formation rate.

The rate of household formation is another factor 
contributing to urban growth, having a considerable influence 
on the rapid growth in Perth housing stock. Household 
formation has been occurring at a faster rate than population 
growth. Between 1991 and 2001, average rate of population 
growth in Perth was 1.6%, while over the same period 
average rate of growth in the number of households in 
Perth was 2.5%. Housing stock increased by 130% in Perth 
between 1971 and 1996 (Newton et al., 2001).

A significant factor influencing household formation is the 
trend in household size, which has been declining since 
the 1960s (Figure HS1.7). In 1961, around 30% of WA 
households consisted of one or two people. By 1991 this 
figure had increased to just over 50%, and by 1996 was 
over 55% (Western Australian Planning Commission, 2002). 
Household size is declining for a number of reasons including 
ageing of the population, increased divorce rates (resulting in 
families splitting into smaller units), increased life expectancy 
and economic prosperity of older persons, declining fertility 
rate, and the increased tendency of widows and widowers to 
remain as individual householders.
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Figure HS1.7: Estimated resident households and household 
size in Perth, 1996–2001.
Data source: Australian Bureau of Statistics (2004a & 2005b).

Current responses
Network City: The State Government, in consultation with 
the community, has prepared Network City: Community 
Planning Strategy for Perth and Peel (Western Australian 
Planning Commission, 2004). This outlines actions to 
improve the efficiency of urban land use and encourage a 
more compact and integrated urban form, including a policy 
objective of limiting development on the urban fringe to a 
total of 40% of new residential building lots.

Review of strategic planning and processes: The 
Department for Planning and Infrastructure is undertaking 
a review of strategic planning and processes to guide future 
growth and urban development in the metropolitan area 
toward more sustainable outcomes. This process includes 
an investigation of the characteristics of current zoning, 
use and development of urban land, and proposed revision 
of the Statement of Planning Policy No. 4.2: Metropolitan 
Centres Policy Statement of the Perth Metropolitan Region 
(Western Australian Planning Commission, 2000), aimed 
at encouraging concentrated development at designated 
strategic, regional and district centres which can be served 
more efficiently by public transport. The Western Australian 
Planning Commission has released the Statement of Planning 
Policy No. 3: Urban Growth and Settlement (2006) which 
aims to facilitate sustainable and efficient patterns of urban 
growth and settlement by guiding regional and local planning 
strategies and planning schemes.

Liveable Neighbourhoods: This policy provides an 
alternative approach for town and neighbourhood design to 
conventional development control policies. The policy aims to 
achieve more compact, well connected and resource efficient 
communities. The Western Australian Planning Commission 
has formally adopted Liveable Neighbourhoods as its 
preferred policy for controlling all subdivision and structure 
plan approvals from mid 2007.

Implications
If current patterns and rates of urban growth in Perth and 
parts of the South West continue, there will be serious 
consequences for the State’s biodiversity. Pressures will 
increase on already stressed ecosystems, resulting in the 
ongoing loss or degradation of remaining native vegetation, 
threatened ecological communities and coastal environments 
on the Swan Coastal Plain. Under current development 
trends, households are becoming increasingly isolated, 
more car-dependent, and have fewer people living in each 
dwelling. This may lead to increased resource consumption 
(e.g. electricity, water, land, infrastructure materials), 
exacerbate motor vehicle dependence and increase the 
challenges of managing wastes. 

suggested resPonses

7.6  Implement Statement of Planning Policy 3: 
Urban Growth and Settlement. 

7.7  Promote sustainable regional growth in areas 
suitable for population growth. 

7.8  Implement the State Buffer Policy to avoid 
land use conflicts in WA’s settlements. 

7.9  Develop mechanisms to assess and record the 
cumulative impacts of clearing in urban areas.
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transPort

 Description
Transport is a fundamental component of human settlements 
that allows movement of people (travel) and goods (freight) 
from one place to another. Modern transport systems are 
dependent on a network of infrastructure (such as footpaths, 
cycleways, roads, rail lines, ports and airports). The level of 
demand for transport reflects the scale, design and distribution 
of activities that require people or goods to be moved.

Transport systems impact the environment in many ways 
including through land clearing for development of transport 
infrastructure; atmospheric pollution from vehicle exhaust 
emissions; the extraction, transport and combustion of 
fuels (including petroleum and gas); and generation of 
wastes. Land used for roads, railways and other transport 
infrastructure can result in the loss or degradation of native 
vegetation, wetlands or other ecosystems, and contributes to 
landscape fragmentation. Motor vehicles are responsible for 
a large number of deaths and injuries to native animals each 
year and facilitate greater spread of feral animals and weeds. 
Motor vehicle use can also generate noise pollution and 
affect water quality through road runoff.

Objectives
Reduce the environmental impacts of transport in WA by:

•  Reducing total vehicle kilometres travelled;

•  Increasing the relative use of public transport and other 
alternative forms of transport;

•  Reducing total vehicle emissions; and

•  Reducing the total amount of fossil fuel used for transport.

Condition
Motor vehicles dominate the State’s transport system, both 
for travel and freight. Perth is one of the most car-dependent 
cities in the world (Western Australian Planning Commission, 
2004). The city also has the highest road length per capita 
of any capital city in Australia, at around 10.7 m/capita 
(Kenworthy et al., cited in Newman & Kenworthy, 1999). 
Many environmental impacts arise from this mode and 
pattern of transport.

Approximately 430 000 hectares of land is occupied by roads 
and rail networks in WA. While this area is small compared 
to the size of the State, it affects other potential land uses 
and needs. Construction of roads and other transport 
infrastructure involves major disturbances to native vegetation 
and wildlife habitats, as this infrastructure often fragments 
landscapes and ecosystems. In the Perth region, exhaust 
emissions from motor vehicles contribute significantly to 
several other air quality issues, including photochemical 
smog, particulates, nitrogen dioxide and carbon monoxide.

Key findings

•  WA has the highest rate of vehicle ownership 
in Australia – nearly 75 vehicles per 100 
people in 2004.

•   Energy consumed for transport (mostly oil and 
petrol) represents about 20% of all energy 
consumed in the State.

•   Motor vehicles contribute significantly to 
several of Perth’s air quality issues and to WA’s 
greenhouse gas emissions.

7.2

3

Motor vehicles dominate WA’s transport system (Department of 
Environment and Conservation).
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Indicator HS6: Motor vehicle emissions and other waste 
products.

Exhaust from motor vehicles is the largest source of carbon 
monoxide (80%) and oxides of nitrogen (42%) in the Perth 
metropolitan area (Department of Environmental Protection, 
2002). Motor vehicle emissions are also one of the principle 
sources of volatile organic compounds in the Perth airshed. 
It is estimated that 29 331 tonnes of oxides of nitrogen were 
emitted by motor vehicles in the Perth airshed during 1998–99, 
an increase of 22% since 1992–93 (Figure HS2.1). The increase 
in oxides of nitrogen, sulfur dioxide and particulates (PM10) 
emissions from motor vehicles over this period is largely 
due to an increase in the number of vehicles and vehicle 
kilometres travelled (Department of Environmental Protection, 
2002). Lead emissions from motor vehicles have decreased 
dramatically since legislation was enacted in 1986, requiring all 
new motor vehicles to run on unleaded petrol. The decreases in 
emissions of carbon monoxide and volatile organic compounds 
between 1992–93 and 1998–99 are probably a result of more 
stringent emission controls and introduction of new motor 
vehicle technology (Department of Environmental Protection, 
2002). Information on emissions from motor vehicles outside 
the Perth metropolitan region is not collected.
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Figure HS2.1: Percentage change in emissions of 
atmospheric pollutants from motor vehicles in the Perth 
airshed, 1992–1999.
Data source: Department of Environmental Protection (2002). Note: NOx = oxides 
of nitrogen, CO = carbon monoxide, SO2 = sulfur dioxide, PM10 = inhalable particles 
(coarse fraction; 10µm and smaller), total VOCs = total volatile organic compounds.

Motor vehicles produce liquid and solid wastes from day-to-
day running and maintenance, and through the replacement 
and repair of vehicle parts. For example, 1.5 million passenger 
vehicle tyres are sold in WA annually: approximately 650 000 
tyres are sent to landfill and 30 000 are retreaded each year. 
Used tyres also end up in rural landfills, mine site tips and at 
illegal dumping sites (Department of Environment, 2005). 
Other waste products generated from day-to-day vehicle use 
are poorly documented.

Indicator HS7: Greenhouse gas emissions from transport.

Transport contributes to approximately 13% of WA’s 
greenhouse gas emissions, most of which are from the 
combustion of fossil fuels. Greenhouse gas emissions 
from transport in WA increased 33% between 1990 and 
2004, from 6.6 million tonnes (Mt) to 8.8 Mt. This is due 
to increased fuel consumption associated with increased 
transport activity and changes in the emissions intensity 
(amount of greenhouse gases generated per energy unit) 
over this period. The emissions intensity of passenger vehicles 
in Australia has increased since 1990 due to the increased 
proportion of vehicles equipped with pollution control 
technology, which produces more nitrous oxide per unit 
of fuel used (Australian Greenhouse Office, 2006). Road 
transport generates 90% of transport emissions, while civil 

aviation contributes 8%, navigation 1%, and rail 1%.

Indicator HS8: Transport energy consumption.

Transport currently represents around 20% of all energy 
consumed in WA, with most supplied by oil, including 
liquid petroleum gas (Australian Bureau of Agricultural and 
Resource Economics, 2005). The rate of energy use has 
stabilised in recent years while the proportion used by various 
transport modes has remained similar (Figure HS2.2). In 
2004–05 total transport energy use was 165.7 petajoules 
(PJ), of which nearly 72% was from road transport.

The average fuel efficiency of the Australian vehicle fleet has 
decreased slightly (about 10%) the since the 1970s (Bureau of 
Transport and Regional Economics, 2002). While technology 
developments have resulted in vehicle engines becoming even 
more fuel efficient, the gains made have been partly offset 
by demand for bigger and more powerful cars, leading to 
only slightly lower fuel use levels per car (Australian Bureau of 
Statistics, 2001c). 
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Figure HS2.2: Transport energy consumption by transport 
mode for Western Australia, 1986–87 to 2004–05.
Data source: Australian Bureau of Agricultural and Resource Economics (2005). Note: 
One petajoule = one million gigajoules or one billion joules.

Pressures
The overwhelming trend in WA over the last 30 years has 
been the increasing dominance of the motor vehicle for both 
people and freight movement. Development across the Perth 
metropolitan region since the late 1950s has been directed 
by a land use planning philosophy that promoted segregated 
uses and low density residential, commercial and industrial 
development. Consequently, Perth has developed a high level 
of dependence on the private motor vehicle. Approximately 
70% of Perth’s new residential development still occurs at 
or beyond the boundaries of currently developed areas. 
Expansion in these locations, with limited services and little or 
no local employment exacerbates vehicle dependence.

Western Australia’s vast rural and remote areas are also 
highly dependent on road transport for supply of goods 
and movement of people. The State’s rail network is 
predominantly used for transporting bulk freight, such as 
minerals and grains for export. The large distances between 
some settlements and Perth mean that a large amount of 
transport energy is required to supply goods to remote 
settlements. Additionally, the increasing cost-effectiveness of 
air travel has led to the growth of a ‘fly-in fly-out’ workforce, 
particularly in the resources sector (Western Australian 
Planning Commission, 2005a).
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Indicator HS9: Total vehicle kilometres travelled.

‘Vehicle kilometres travelled’ is a measure of the total 
distance travelled by motor vehicles, which is one of the main 
factors influencing vehicle-based air pollution and energy 
consumption. The total number of vehicle kilometres travelled 
in WA has increased from 17.7 billion in 1998 to 21.6 billion 
in 2005 (Figure HS2.3). Just over 75% of vehicle kilometres 
travelled in 2005 were by passenger vehicles.

The total daily vehicle kilometres travelled in Perth has 
increased by around 50% since 1991 (approximately 26 
million) to 37 million in 2004 (Department of Transport, Main 
Roads Western Australia, Ministry for Planning, Fremantle 
Port Authority, Westrail & Metrobus, 1995; Australian 
Bureau of Statistics, 2005d). This is due mostly to increase 
in population, vehicle ownership and expansion of the 
metropolitan area over this time.
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Figure HS2.3: Vehicle kilometres travelled in Western 
Australia, by vehicle type 1998–2005.
Data source: Australian Bureau of Statistics (2001c, 2003c, 2004e, 2005d & 2006f).

Indicator HS10: Vehicle kilometres travelled per capita

Western Australians have the third highest average rate of 
vehicle use per capita after Victorians and Tasmanians (Figure 
HS2.4). Personal rates of vehicle use are high in WA due to 
the State’s vast size, typically low density urban development 
and high dependence on motor vehicles for personal mobility 
and freight movement in both metropolitan and rural areas.

The average time spent travelling is similar across the Perth 
metropolitan region (60 to 70 minutes per day) and has 
remained relatively constant over the past 30 years. However, 
the average distance travelled per day differs markedly 
between residents in inner and outer suburbs of Perth. 
In inner city areas like Fremantle or the Town of Vincent, 
residents travel about 25–27 km per day, while in outer areas 
like Joondalup or Armadale, locals cover an average distance 
of 36–37 km (Montgomery & Saunders, 2005).
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Figure HS2.4: Total vehicle kilometres travelled per capita in 
Australia and its states and territories, 2005.
Data source: Australian Bureau of Statistics (2006f).

Indicator HS11: Vehicle ownership.

The level of vehicle ownership in WA has been steadily 
increasing over the past 30 years (Figure HS2.5). While 
Western Australians have the third highest rate of vehicle 
use, they have the highest rate of vehicle ownership in 
Australia. In March 2006 there were 784 vehicles registered 
in WA per 1000 population, of which 75% were passenger 
vehicles (Australian Bureau of Statistics 2006e). Of the 1.2 
million passenger vehicles registered in WA in 2006, 77% 
were registered in Perth, which has the highest rate of 
vehicle ownership of all capital cities in Australia (Australian 
Bureau of Statistics 2004d). Perth also has the highest rate 
of ownership of passenger vehicles in Western Australia 
(Figure HS2.6). The Upper Great Southern, Midlands and 
Lower Great Southern areas have the highest rates of vehicle 
ownership in WA, partly because of the high numbers of 
trucks and light commercial vehicles in these areas.

Figure HS2.5: Number of registered vehicles in Western 
Australia per 1000 of population, 1996–2006.
Data source: Australian Bureau of Statistics (2001b, 2002b, 2003b, 2004d, 2005c & 
2006d).
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Figure HS2.6: Average number of vehicles per 1000 of 
population in Western Australia, by statistical division, 2005.
Data source: Australian Bureau of Statistics (2004d & 2005c). Note: UGS = Upper 
Great Southern; LGS = Lower Great Southern; SE = South East; SW = South West.

Indicator HS12: Percentage share of transport travel 
modes.

Travel in the Perth metropolitan region is about 3.1 trips per 
person per weekday (Data Analysis Australia, unpublished) 
equating to over 4.4 million personal trips daily. Most trips 
(80%) are by car, with 62% as driver and 18% as passenger 
(Figure HS2.7). Reliance on private cars rises to above 90% 
of all trips in some newer suburbs on the urban fringe of the 
Perth metropolitan area. Alternative forms of transport such 
as walking, cycling and public transport represent a combined 
18% of all trips.

Car Driver 62% 

Other 2% 

Public Transport 5% 

Car Passenger 18%

Walk 11% 

Cycle 2% 

Figure HS2.7: Percentage share of each transport mode in 
the Perth metropolitan region, 2003.
Data source: Data Analysis Australia.

The total amount of public transport patronage in Perth has 
been increasing over the past 20 years, largely due to growth 
in population (Figure HS2.8). However, the mode shares 
of public transport, walking and cycling, have decreased 
over this period, while car mode share has increased (Data 
Analysis Australia, unpublished). Urban development in the 
northern suburbs is expanding faster than investment in rail 
infrastructure, leaving new suburbs without planned rail 
services. Without adequate rail services, residents tend to 
purchase additional motor vehicles, cementing in place long-
term car dependence.
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Figure HS2.8: Transperth public transport patronage 
– boardings and journeys, 1985–86 to 2004–05.
Data source: Public Transport Authority. Note: System journeys are complete journeys 
from place of departure to destination and may involve one or more boardings.

Indicator HS13: Air passenger kilometres travelled.

Air travel is the second largest contributor to greenhouse 
gas emissions from transport (8%) in the State after road 
transport. The total number of revenue passenger kilometres 
for domestic and regional airlines in WA has nearly doubled 
since 1995 to 11.3 billion (Figure HS2.9). ‘Revenue passenger 
kilometres’ are calculated by multiplying the number of fare 
paying passengers travelling on each flight by the distance in 
kilometres between ports. The increasing prevalence of ‘fly-in 
fly-out’ mining operations coinciding with the resources boom 
has contributed to an increase in regional air travel in WA.
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Figure HS2.9: Revenue passenger kilometres (RPK) for 
domestic and regional airlines in Western Australia, 
1995–2004.
Data source: Department of Transport and Regional Services.

Indicator HS14: Freight kilometres travelled.

Comprehensive data on freight movements supplying WA 
settlements was unavailable. 

Freight is moved over vast distances to service remote 
settlements and transport agricultural, mineral and petroleum 
products for export or processing. Rail and sea are the 
dominant transport modes for bulk freight originating in WA, 
representing 45% and 35%, respectively (Australian Bureau 
of Statistics, 2002a). 
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Freight into and around WA is dominated by road transport, 
and the remoteness of many settlements in the State means 
this is an energy-intensive activity. A study of the Pilbara 
region identified between 585 000 and 660 000 tonnes 
moved to the area by road (mostly from Perth) and around 
34 000 tonnes moved by sea (Sinclair Knight Merz, 2004). 
Most represents the transport of minerals to Pilbara ports for 
export, but also includes goods supplied to the region. 

The small volumes of non-bulk freight to and from regional 
centres, and within virtually all urban areas in the State, 
make rail an inefficient transport mode. Virtually all freight 
movement and goods delivery within Perth occurs by road. It is 
estimated that approximately 50 to 60 Mt of freight per annum 
is transported in the metropolitan region, including 22.4 Mt by 
sea (Minister for Planning and Infrastructure, 2002).

Current responses
Transport strategy: The Perth Metropolitan Transport 
Strategy (Department of Transport, Main Roads Western 
Australia, Ministry for Planning, Fremantle Port Authority, 
Westrail & Metrobus, 1995) sets a target for reducing car-
as-driver trips by 35% over the 30 years to 2029. As part 
of the strategy, the State Government has established the 
TravelSmart program, which encourages behaviour shifts 
from car trips to alternative forms of travel, including public 
transport, walking and cycling.

Freight network strategy: The Metro Freight Network 
Strategy is targeting an increase in rail movement of import 
and export freight containers to and from the Port of 
Fremantle, from 10% (approximately) at present to 30% by 
2013 (Department for Planning and Infrastructure, 2006).

Network city: The State Government, in consultation with 
the community, has prepared Network City: Community 
Planning Strategy for Perth and Peel (Western Australian 
Planning Commission, 2004). The strategy outlines actions 
to address transport problems in Perth and Peel, including 
reducing car dependence, increasing public transport use 
and better aligning land use and transport. A key element of 
the strategy is to support expansion of the public transport 
network by developing a network of activity centres 
connected by transport corridors.

Review of strategic planning and processes: The 
Department for Planning and Infrastructure is undertaking 
a review of strategic planning and processes to guide future 
growth and urban development in the metropolitan area 
toward more sustainable outcomes. This includes revision of 
Development Control Policy 1.6: Planning to Support Transit 
Use and Transit Oriented Development (Western Australian 
Planning Commission, 2006).

Strategic urban centres: Construction of the South West 
Metropolitan Railway and development of strategic urban 
centres in Perth’s southern suburbs aims to increase the 
share of journeys made by public transport and reduce 
car dependence in this rapidly growing sector of the Perth 
metropolitan area, and in the adjacent Peel region.

Implications
The distribution of settlements in WA, existing transport 
networks, urban form and the State’s vast size mean the 
population will remain dependent on fossil fuels and road 
transport into the foreseeable future. Air quality issues are 
likely to become exacerbated in Perth and possibly other major 
regional centres. Greenhouse gas emissions from transport will 
increase. Expansion of the existing road network will further 
impact native vegetation, wetlands and contribute to isolation 
of many ecological communities and wildlife. 

        suggested resPonses

7.10  Develop and implement a comprehensive 
State Transport Strategy that considers 
guidelines for urban design and development 
to reduce motor vehicle dependence, and the 
establishment of targets for vehicle kilometres 
travelled and mode share. 

7.11  Encourage the Commonwealth government to 
introduce mandatory minimum fuel efficiency 
standards for all vehicles.

7.12  Continue to support and expand transport 
and travel behaviour change programs 
including TravelSmart. 

While the total number of train journeys is increasing with population growth, the proportion of travel by public transport is decreasing (Tourism WA).  
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Description
Water is a fundamental resource for human settlements: it 
is critical to human survival, health and wellbeing; facilitates 
economic development; and provides social and recreational 
benefits. Water service provision is necessary in settlements 
to provide clean water for drinking, cooking, cleaning and 
for removing wastes. This issue focuses primarily on water 
used by households, while the broader water supply sector is 
addressed in ‘Towards Sustainability’.

Approximately 1800 gigalitres (GL) of water are used annually 
in WA, of which 18% is consumed directly by the household 
sector. Around 70% of household water comes from the 
Integrated Water Supply Scheme, and 30% from domestic 
bores. Households are indirectly responsible for water use in 
manufacturing and agriculture (particularly irrigated crops), 
as these sectors produce food (such as dairy, fruits and 
vegetables) and manufactured goods (such as paper products 
and cotton garments) consumed by households. Water use 
for public parks and gardens, around 4% of total water use in 
WA, can also be attributed indirectly to households. People in 
urban settlements are also responsible for a significant share 
of water demand in the services industry, especially in relation 
to restaurants, cafes and hotels. 

Increasing demand for water for settlements puts greater 
pressure on limited water resources through excessive 
abstraction of surface water and groundwater sources and 
eventually results in environmental degradation. Wastewater 
from households is either connected to public sewerage 
systems or discharged into septic tanks or other onsite 
treatment and disposal units. If onsite wastewater treatment 
units are not properly installed or maintained, they can pose a 
threat to public health and local receiving environments.

Objectives
•  Reduce per capita water use.

•  Improve water use efficiency in WA’s settlements.

•  Incorporate water sensitive design principles in planning 
for new and retrofitted developments.

•  Increase water reuse and recycling in WA’s settlements.

•  Promote water efficient communities, housing, garden 
design, appliances and behaviours.

Condition

Indicator HS15: Total residential water consumption.

Public scheme water supplies have historically been sourced 
from a mixture of groundwater (approximately 55%) and 
surface water (approximately 45%) sources. In November 
2006, the Kwinana seawater desalination plant commenced 
operations and currently contributes approximately 17% of 
annual demand from the Integrated Water Supply Scheme 
which supplies Perth, the Goldfields and the South West. 
Total residential consumption of scheme water has fluctuated 
between 192 and 231 GL since 1996 (Figure HS3.1). In 
2005–06, residential consumption of scheme water was 
211 GL. Initiatives of the State Water Strategy (Government 
of Western Australia, 2003) may have contributed to the 
stabilisation of household scheme water use since 2004.

The total number of domestic bores in the Perth metropolitan 
area in 2004 was about 140 000, representing 24% of all 
households in Perth (Australian Bureau of Statistics, 2004c). 
In some suburbs of Perth (including Morley, Applecross, 
Bullcreek and Rockingham), more than 75% of houses 
have garden bores (Water and Rivers Commission, 1997). 
In 2003, approximately 11% of households outside Perth 
used bore water (Australian Bureau of Statistics, 2004c). 
Accurate data on household bore water use are not available 
because domestic bores are not metered, but it is estimated 
to average 800 kilolitres (kL) per bore per year in the Perth 
metropolitan area. This water is used almost exclusively to 
water gardens. In 2003–04 total bore water use in Perth 
was around 112 GL, representing 23% of total groundwater 
abstraction in this area (Davidson & Yu, 2004). Garden bore 
abstraction is projected to continue to increase at the rate of 
3–4 GL/year.

Key findings

•  Households directly consume 18% of water 
supplies, with garden watering accounting for 
over half of the water used.

•  Household water use is declining in most WA 
settlements and may be attributed to initiatives 
of the State Water Strategy, including the 
Waterwise program and sprinkler restrictions. 

•  Only 14% of wastewater is being reused in WA.

indicative extent of iSSue

7.3
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Figure HS3.1: Total and per capita residential water use in 
Western Australia, 1996–2006.
Data source: Water Corporation. Note: These data only include water supplied 
through the Integrated Water Supply Scheme directly to the household sector by 
the Water Corporation. It excludes Bunbury and Busselton, remote communities, 
mining towns and small communities whose scheme water schemes are run by local 
authorities. It also excludes household water use from private bores.

Indicator HS16: Residential water consumption per capita

Average residential consumption of scheme water per person 
decreased between 2000–01 and 2005–06 from 142 to 114 
kL per person (Figure HS3.1). Residential water use per person 
varies considerably among settlements throughout the State 
(Figure HS3.2), and is highest in the North West. Until around 
2001, water supply capacity in this region was considered to 
significantly exceed demand and there was little urgency to 
implement demand management measures. Since this time 
there has been a growing need to manage pressure on North 
West water resources due to increased demand, particularly 
from growth in the mining sector. Most of the southern half 
of the State (Perth, South West, Peel and the Agricultural 
and Mid West regions) increased scheme water usage in 
2003–04, highlighting the sensitivity of this part of the State 
to warmer summers, as occurred in 2003–04. However, 
residential water use per capita has generally declined in the 
southern half of the State since 2000–01.
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Figure HS3.2: Trend in average per capita water use in Western Australia, by settlement and region, 1998–2004.
Data source: Water Corporation; Analysis: EPA; Presentation: EPA 

Note: These data only include water supplied through the Integrated Water Supply Scheme directly to the household sector by the Water Corporation. It excludes Bunbury and Busselton, 
remote communities, mining towns and small communities whose scheme water schemes are run by local authorities. It also excludes household water use from private bores.
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Indicator HS17: Household end use of water.

Although high quality potable water sources are used to 
supply public drinking water supply schemes, only a tiny 
fraction of this water is actually used for drinking or cooking 
(Figure HS3.3). A survey of household water use in Perth in 
1999–2000 indicates that outdoor use represents 56% of 
the total water consumption of a typical single residential 
household, which requires little treatment compared to that 
for drinking (Loh & Coghlan, 2003). Nearly all of this (97% or 
687 L/day averaged over a year) is used to water gardens, and 
a further 3% (20 L/day) is used for swimming pools. Baths and 
showers, clothes washing, and toilet flushing account for most 
indoor water use. The proportion of water used for different 
purposes may have changed since the survey was conducted 
due to the introduction of water restrictions in 2001.

According to the survey, multi-residential households (e.g. 
townhouses, villas, flats) use 40% less water on average than 
single residential households although this does not include 
water use in common areas for multi-residential households 
(Figure HS3.3). This is due in part to smaller household sizes, 
but mostly to smaller garden areas per household. Multi-
storey apartments are generally the most water-efficient  
form of housing.

It is difficult to determine exactly how much indirect water 
demand can be attributed to households, but it is likely to 
substantially exceed the water used directly by households.

Total water use — single residential (1259 L/day)

Total water use — muti-residential (768 L/day)

Swimming Pool 2% 

Leaks 2% 

Other 1% 

Toilet 9% 

Washing Machine 11% 

Bath and shower 14% 

Watering 54% 

Leaks 2%

Other 1%

Tap 10%

Toilet 8%

Washing Machine 11%

Bath and shower 16%

Watering 51%

Figure HS3.3: Average water use in Western Australian 
households in 1999–2000.
Data source: Loh & Coughlan (2003).

Indicator HS18: Proportion of wastewater reused.

Reuse of treated water from municipal wastewater systems 
reduces pressure on receiving environments and the 
demand on groundwater and surface water resources. 
Reticulated wastewater systems (deep sewerage) are the 
most common method of household wastewater disposal 
in WA. Wastewater is piped to centralised treatment plants, 
where contaminants are removed or neutralised to levels 
such that the treated wastewater can be safely discharged 
to the environment or diverted for reuse. However, treated 
wastewater can still contain significant levels of pathogens 
and requires higher levels of treatment to be considered safe 
for drinking.

For coastal communities, where urban populations and 
growth are concentrated, marine disposal of treated 
wastewater is considered an environmentally safe and 
sustainable method of disposal, due to the extensive receiving 
environment and its considerable absorptive capacity. For 
inland settlements, disposal of treated wastewater into 
waterways is often constrained by eutrophication (nutrient 
enrichment) problems.

Between 2001–02 and 2004–05 the proportion of 
wastewater generated in WA that was reused remained 
fairly constant as around 10%, with development of new 
wastewater reuse projects being just sufficient to keep pace 
with population growth. In 2005–06, the proportion of 
wastewater reuse increased slightly to 11.5% due largely 
to the commencement of the Kwinana Water Reclamation 
Plant. The plant produces around 16 megalitres per day of 
high quality water from secondary treated wastewater for 
industrial use in the Kwinana area. 

Non-metropolitan areas reuse a higher proportion of 
wastewater than Perth: about 40% compared to 5% 
(Figure HS3.4). This is due partly to the larger number of 
opportunities for large scale reuse in rural areas such as 
irrigation or heavy industry.
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Figure HS3.4: Trends in wastewater reuse in Western 
Australia by region, 2001–02 to 2005–06.
Data source: Water Corporation. Note: Includes townships within the Water 
Corporation’s wastewater service area, including Bunbury and Busselton. Excludes 
remote communities, mining towns and small communities whose sewerage schemes 
are run by local authorities.
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Indicator HS19: Proportion of households connected  
to sewerage.

Connecting households to sewerage is important for 
preventing contamination of local groundwater and 
eliminating threats to public health from on-site effluent 
disposal systems. There has been a steady increase in the 
proportion of households connected to sewerage compared 
to the number of connections available. This trend is due to 
the Water Corporation’s ongoing Infill Sewerage Program 
in established urban areas. Despite this some areas have 
comparatively low rates of connection to sewerage, most 
likely because connection is not enforced on households. 
Perth has the highest rate of sewerage connection compared 
to other regions in WA (Figure HS3.5).

Region
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Year

Perth Agricultural Goldfields Great Southern

Mid West North West South West (incl. Peel) WA Total

Figure HS3.5: Trends in household connection to sewerage 
in Western Australia by region, 2002–03 to 2005–06.
Data source: Water Corporation. Note: Includes townships within the Water 
Corporation’s wastewater service area, including Bunbury and Busselton. Excludes 
remote communities, mining towns and small communities whose sewerage schemes 
are run by local authorities. South West may be artificially low due to different 
methods used to calculate per cent connections. 

Pressures
Population growth is putting considerable pressure on 
water resources and driving an increase in the volume 
of wastewater generated. This increases pressure to find 
new environmental water supplies and expand existing 
ones. It also requires significant new infrastructure for 
water treatment, delivery and wastewater removal, and 
often competes with other sectors and the environment 
for available water resources. Viable opportunities for 
wastewater reuse schemes are limited, particularly in 
Perth and other large urban centres. As population grows, 
there is mounting pressure to find and exploit new reuse 
opportunities, and continue improvements in demand 
management, reuse and source-substitution programs.
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Table HS3.1: Ownership of appliances in Perth. 
Data source: Loh & Coghlan (2003).

Appliance Ownership (%)

1981–82 1998–00

Domestic bore 27% 32%

Below ground pool 11% 21%

Fixed reticulation off mains  
(scheme water)

5% 41%

Automatic reticulation off mains 
(scheme water)

2% 25%

Two or more showers 19% 47%

One or more water efficient showers 0% 35%

Two or more toilets 22% 51%

One or more dual flush toilets 1% 65%

Automatic washing machine 64% 93%

Non-automatic washing machine 30% 6%

Dishwasher 13% 29%

Mundaring dam, a water supply source for Perth (Tourism WA).



The average household size in WA has been declining since 
the 1960s. Smaller households place greater pressure on per 
capita water demand, particularly as water consumed for 
garden watering (the highest use category) is independent of 
the number of persons living in the household.

Our aspirational culture and increasing affluence are placing 
increased pressure on per capita water consumption, 
particularly through higher expectations of garden 
appearance, and increased desire for labour saving appliances 
and fittings. For example, dishwashers use more water than 
hand washing in the sink, automatic washing machines use 
more water than twin-tubs or other non-automatic machines, 
and households with automatic reticulation use almost twice 
as much water on their gardens as those with no automatic 
reticulation. The use of appliances and fittings has become 
far more commonplace over recent decades (Table HS3.1). 
Most significant among these is the sharp increase in the 
proportion of households using automatic reticulation 
systems, up from 2% of households in 1981–82 to 25% in 
1998–00. This trend is expected to continue.

Water restrictions, community education and rebate schemes 
(to encourage use of water efficient fittings and appliances) 
are helping to reduce household water demand whilst 
maintaining lifestyle and cultural expectations. However, 
there is a limit to how much can be achieved with these 
measures. For example, the potential for gains in water use 
efficiency diminishes as more households are retrofitted with 
water efficient devices. Eventually, to further reduce per 
capita water consumption, it may be necessary to challenge 
lifestyle and cultural expectations, such as the desire for 
expansive lawns and exotic garden species.

Long-term rainfall data from the South West indicates a 
10–20% decline in rainfall over the past 30 years, manifested 
as a sudden shift towards a drier climate (from Geraldton to 
Esperance) in the mid-1970s (Indian Ocean Climate Initiative, 
2002). This has produced a 65% decline in environmental 
water availability. Modelling by CSIRO (2001) suggests that 
this trend of declining rainfall will continue, and is also likely 
to impact on water availability in the Gascoyne–Murchison 
and Goldfields regions. In addition to reduced recharge 
of water sources, higher average temperatures are likely 
to increase direct demand from the household sector to 
maintain lawns and exotic gardens, and increase demand 
from the agriculture sector to maintain productivity.

Current responses
State Water Plan: was developed to ensure the strategic 
and effective management of water resources using a whole 
of water cycle approach (Government of Western Australia, 
2007). 

State Water Strategy: was developed to improve water 
demand management and water use efficiency within the 
household sector (Government of Western Australia, 2003). 
Initiatives include a rebate scheme to encourage use of water 
efficient fittings and appliances in homes. The rebate incentive 
scheme has proved successful with 197 627rebates made 
between February 2003 and June 2005 for water efficiency 
products which have saved an estimated 6.7 GL of water per 
annum. Daytime sprinkler bans for households and public parks 
and reserves have also been implemented, and household 
sprinkler use has been restricted to two days per week for 
households served by the Integrated Water Supply Scheme. 

Waterwise program: This includes certification programs 
for industries that service the household sector, including 
plumbers, garden centres and garden irrigators. These 
programs have been well received, with 117 separate providers 
accredited and participating. The Waterwise Schools program 
targets water use efficiency within schools and provides 
comprehensive teaching materials and education programs 
across all areas of the curriculum. As at February 2006, 305 
schools were participating in the program.

Wastewater recycling: The Kwinana Water Reclamation 
Plant will be upgraded to a total capacity of 9.6 GL per year in 
coming years, which is equivalent to approximately 8.3% of 
Perth’s current wastewater production. 

Planning tools: The Department for Planning and 
Infrastructure is developing a WA version of BASIX. This 
web-based planning tool allows designers of new houses 
to achieve reductions in water and energy use compared 
to calculated benchmarks. The department is also giving 
consideration to a similar tool, Retrofix, for existing homes.

Implications
Water use and availability, and wastewater reuse are emotive 
and contentious issues for many WA settlements. Water use 
is expected to continue to grow as new water sources are 
required to meet increasing demands of a growing and more 
affluent population. The volume of wastewater generated 
will also increase and pose further eutrophication (nutrient 
pollution) related challenges for receiving environments. 
Climate change will result in some parts of WA becoming 
hotter and drier, thereby increasing water usage and 
putting additional pressure on environments where water is 
extracted. Water reuse, recycling and climate-independent 
water supplies (e.g. desalinisation) will become more 
important in these areas. Increased demand for high quality 
water sources will require new infrastructure development, 
using more economically marginal water sources than have 
historically been developed. Consequently, this will place 
upward pressure on the cost of household water services. 
Growing demand from the household sector will also increase 
competition with other sectors for scarce water resources, 
which is likely to constrain productivity or economic growth.

suggested resPonses

7.13  Continue to implement the State Water 
Strategy and the State Water Plan: both are in 
the early stages of implementation.

7.14  Implement BASIX in the development of new 
residential buildings and promote Retrofix for 
established buildings. 

7.15  Implement Western Australian Sustainable 
Cities initiatives.

7.16  Expand research and implementation of 
water recycling at planning, subdivision and 
individual building scales.

7.17  Licence domestic bores. 
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energy use in settLements

Description
Energy is a fundamental resource for human settlements: it 
is used during their construction, (e.g. roads, buildings and 
building materials), operation (e.g. homes, offices, transport 
networks) and is fundamental to liveability (e.g. televisions, air 
conditioners, cooking, computers, etc.). The focus of this issue 
is on residential energy use (energy used in homes), while the 
broader energy sector is addressed in ‘Towards Sustainability’.

Western Australian households use a considerable amount 
of energy directly through consumption in the home, and 
fuel use in private travel. Households are also indirectly 
responsible for a large amount of energy use, required 
in production and freight of the goods and services they 
consume. It has been estimated that Australian households 
are ultimately responsible for over half of total energy 
use in Australia, either directly or indirectly through the 
consumption of products and services (Australian Bureau 
of Statistics, 2001a). Nearly all energy supply to the State’s 
settlements comes from non-renewable fossil fuel resources 
(including petroleum products, coal, and natural gas). 

Due to the vast size of WA and inaccessibility of many 
settlements, transmission and distribution of centralised 
fossil fuel-based electricity to the whole State is expensive, 
inefficient and unreliable (Sustainable Energy Development 
Office, 2005). There is a substantial quantity of these low-
cost fossil fuels in WA (namely coal and natural gas), but 

generating and utilising the energy emits large amounts 
of greenhouse gases and particulate matter into the 
atmosphere. These emissions are harmful to human health 
and to the environment. 

Objectives
• Reduce energy demand.

• Increase energy efficiency.

• Increase use of renewable energy.

• Reduce greenhouse gas emissions from energy use.

Condition

Indicator HS20: Total residential energy use.

‘Residential energy use’ is expressed in final energy terms, 
which includes direct energy use in the residential sector from 
electricity, natural gas, wood, oil and related products. It 
excludes energy consumed to generate electricity. Residential 
energy also excludes embedded energy used to produce 
construction materials, build homes, or manufacture and 
transport goods that are consumed by households.

Residential energy represents less than 5% of total energy 
use in WA, but has been growing at an annual average rate 
of 2.2% since 1990 (Figure HS4.1). This is attributable to 
increasing population and per capita consumption. Total 
residential energy use in WA was around 34 petajoules in 
2004–05.

Peak electricity demand on the South West Interconnected 
System has grown at a significantly higher rate than average 
demand growth. Households and commercial businesses have 
a significant influence on peak demand for electricity, mainly 
due to air conditioners and other temperature-sensitive loads 
(Western Power, 2004). Peak electricity demand is forecast 
to grow 25% faster than average electricity demand over 
the next 10 years (Independent Market Operator, 2005). 
Disproportionate growth in peak demand is important 
from an environmental perspective, because it necessitates 
development of new electricity supply infrastructure which is 
only used for a short time period each year.

Key findings

•  Over the last 15 years, residential energy use 
per capita has increased by 15%.

•  Households in the North West consume 
more than twice the energy of South 
West households, largely due to use of air 
conditioners. 

•  Only 0.5% of WA households participate in 
the State’s Green Power program (electricity 
purchased from renewable energy sources), 
the lowest participation rate in Australia.

7.4

3
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Figure HS4.1: Total and per capita residential energy use in 
Western Australia, 1990–2005.
Data source: Australian Bureau of Statistics (2006a), Australian Bureau of Agricultural 
and Resource Economics (2005).

Indicator HS21: Residential energy use per capita.

Since 1990, per capita residential energy use has grown 
about 11%, from 15.5 gigajoules per capita in 1990 to 
17.2 gigajoules per capita in 2005 (Figure HS4.1). The rate 
of growth in per capita residential energy consumption 
has slowed considerably since the mid-1990s and has even 
declined slightly since 2003.

The increase in per capita residential energy use reflects the 
increasing number and use of appliances, and increased 
home heating and cooling. It also reflects the trend towards 
smaller households with larger homes. The majority of energy 
consumption in homes is for home heaters, air conditioning, 
and hot water systems although this varies depending on 
geographic location.

Average residential energy use per household in WA 
varies across the State (Figure HS4.2). The South West 
Interconnected System is WA’s main electricity network, 
covering the south-west corner of the State from Kalbarri 
to Albany, with a spur out to Kalgoorlie. In 2004, average 

Figure HS4.2: Trend in average electricity use per household in Western Australia, by settlement 1998–2004. 
Data source: Western Power; Analysis: EPA; Presentation: EPA 
Note: Based on average electricity consumption by residential customers of Western Power.
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electricity consumption of households connected to this 
system was approximately 5500 kilowatt hours (kWh), 
or 15 kWh per day. Households connected to the North 
West Interconnected System, which services Port Hedland, 
Karratha and Roebourne, consumed on average nearly 12 
000 kWh, or 32 kWh per day, more than double the usage 
rate in the south. The remainder of the State is supplied by 
Western Power’s Regional Network System, with average 
electricity consumption for households of 7600 kWh, or 20 
kWh per day. While reticulated natural gas supply in the Perth 
region may account for some of the difference in electricity 
consumption patterns among different settlements, anecdotal 
evidence suggests air conditioning is the main reason for 
consumption differences between the State’s north and south. 
The average rate of electricity consumption per household is 
increasing in most of WA’s settlements (Figure HS4.2).

Indicator HS22: Energy derived from renewable resources.

Renewable energy resources reduce greenhouse gas 
emissions resulting from energy use and provide a viable 
alternative form of energy supply for remote communities. 
Only 2% of all energy used in WA comes from renewable 
sources. Solar water heating is one of the most common 
forms of renewable energy used in WA homes. The current 
market penetration of solar water heaters in new and existing 
WA homes is approximately 15%, the majority of which are 
electric boosted solar (Australian Bureau of Statistics, 2005a).

Households and businesses connected to the South West 
Interconnected System can purchase electricity generated 
from renewable energy sources through Western Power’s 
accredited Green Power product, NaturalPower. Green Power 
is a national renewable energy program where consumers 
opt to pay a premium to have their consumption provided by 
renewable energy. The price premium subsidises and drives 
demand for renewable energy. Currently less than 0.5% of 
Western Power residential customers purchase Green Power. 
During 2004, the number of NaturalPower customers in WA 
increased by 21% to 1004, of which 90% are residential 
customers (URS, 2005). In comparison to other states and 
territories, WA has the lowest participation in Green Power in 
Australia (Figure HS4.3).
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Figure HS4.3: Residential customer participation in Green 
Power by state and territory, as at 31 December 2004.
Data source: URS (2005).

Pressures
Western Australia’s population growth and increasing 
urbanisation are significant pressures leading to increased 
energy use in the State’s settlements. This increases demand 
for new power stations and expansion of the capacity of 
existing stations. It also requires significant new infrastructure 
for transmission. 

Consumer trends and behaviour patterns are also leading 
to increased consumption of energy in homes. Increased 
affordability and use of electronic appliances (e.g. 
dishwashers, air conditioners, computers, televisions, etc.) is 
contributing to this trend. Average household size in WA is 
declining, while the average floor space of new dwellings is 
increasing. These trends can contribute to increased energy 
use, particularly as more energy is required for home heating, 
cooling and lighting.

Solar energy is a viable renewable energy source in Western Australia, mostly associated with solar water 
heating (Office of Energy).
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Current responses
National Framework for Energy Efficiency: has been 
developed through a joint State-Commonwealth Government 
initiative. The framework defines future directions for 
energy efficiency policy and programs in Australia and 
aims to achieve major improvements in energy efficiency, 
reduce energy demand and lower greenhouse gas emissions 
(National Framework for Energy Efficiency, 2006).

Energy programs: The Sustainable Energy Development 
Office administers a number of programs for energy 
efficiency and renewable energy in settlements. The 
Renewable Remote Power Generation Program provides 
rebates for renewable energy systems in remote settlements 
and on the fringes of the electricity grid. As of November 
2005, the program had funded a combined capacity of 
around 1.2 megawatts of small-scale renewable energy 
systems (Sustainable Energy Development Office, 2005).

Solar water heater subsidy: provides rebates to households 
that install gas-boosted solar water heaters. Sales of gas-
boosted solar water heaters in WA grew at156% per annum 
between 2002 and 2004, compared to the national average 
of 32%, with the majority of systems installed in new homes 
(Sustainable Energy Development Office, 2005).

Photovoltaic rebates: Rebates are available for homes, 
and community buildings such as schools, for installation of 
photovoltaic (solar) power systems. The Sustainable Energy 
Development Office also provides funding to communities for 
innovative renewable energy and energy efficiency projects.

Energy efficiency standards: The State Government has 
been progressively implementing thermal energy efficiency 
performance standards for new residential buildings, as 
specified in the Building Code of Australia. It is also trialling 
AccuRate, energy efficiency software, for application in new 
homes, and in additions and alterations to existing homes. 
AccuRate is a building star-rating program that is designed to 
assess the energy efficiency of dwellings.

Planning tools: The Department for Planning and 
Infrastructure is developing a WA version of BASIX. This 
web-based planning tool, used by the NSW Government, 
allows designers of new homes to achieve reductions in 
energy and water use compared to calculated benchmarks. 
The department is also giving consideration to a similar tool, 
Retrofix, for existing homes.

NaturalPower: is a program offered by Synergy that allows 
residential and commercial customers to choose to pay a 
premium to have their electricity provided by renewable 
sources. NaturalPower is accredited by the National Green 
Power Accreditation Program.

Emissions offsets: Synergy offers ‘Earth Friendly’ electricity, 
in which the greenhouse gas emissions from electricity 
generation are offset through contributions to greenhouse 
abatement programs like tree planting and diverting organic 
waste from landfill.

Implications
Under current trends, energy consumption in WA’s 
settlements is expected to continue to increase. Peak 
energy demand has been a particular problem for Perth in 
recent years, particularly with high summer temperatures 
and increased ownership of air conditioners. Consequent 
greenhouse gas emissions from growth in energy use will 
also continue to increase unless there are significant shifts 
toward greater use of renewable energy and improvements 
in energy efficiency.

    

suggested resPonses

7.18  Implement the National Framework for Energy 
Efficiency.

7.19  Implement BASIX in the development of new 
houses and promote Retrofix for established 
houses. 

7.20  Provide better financial incentives to 
customers to establish private renewable 
power generation and sell energy back to the 
State’s energy grids.

7.21  Make solar water heaters mandatory in all 
new houses.

See also ‘Energy’:

•  Require new generators to meet worlds best 
practice as adapted to Australian conditions 
for generation technology for the chosen fuel 
type and operational mode.

•  Introduce incentives for owners of existing 
plant to improve energy efficiency by 
retrofitting new technology as it becomes 
available.

•  Facilitate the expansion of Western Australia’s 
renewable energy industry.

•  Increase the diversity or capacity of fuel supply 
infrastructure for cleaner fuels.

•  Expand measures to facilitate improvements in 
consumer energy efficiency.

•  Introduce incentives to encourage greater 
uptake of fuel efficient and alternative fuel 
vehicles. 

•  Introduce a fuel efficiency target for 
government fleets. 
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indicative extent of iSSue

Priority  
rating:
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Waste generation 
and disPosaL

Description
Waste is a by-product generated by, and discarded close 
to, human settlements. It may present threats to the 
environment and public health and amenity, but this depends 
on the type of waste and the way it is managed. Wastes are 
classified in many different ways including by the activity 
that generates them (i.e. waste stream) or by their nature 
(e.g. inert, putrescible, hazardous or liquid). The focus of this 
section is largely on solid waste generated from the municipal 
(including household waste), commercial, construction and 
demolition waste streams.

Increased consumption results in greater waste both directly 
from disposal and indirectly from production processes (see 
‘Population and Consumption’).  Waste is produced in a diffuse 
manner across settlements, but management and disposal 
tends to be concentrated at nodes to achieve economic and 
engineering efficiencies. Most solid waste generated in WA 
ends up in landfill sites. Poor waste management practices at 
landfill sites can lead to land contamination and pollution of 
surface and groundwater resources. Landfill sites also generate 
methane, a major greenhouse gas, and litter problems. Landfill 
fires are also potentially environmentally damaging and may 
generate potentially toxic fumes. Communities living adjacent 
to landfill or waste treatment facilities can be particularly 
anxious about potential health effects arising from accidents or 
poor management practices. 

Small scale recycling efforts have been in place for several 
decades. Until recently, most waste streams have generally 
not been considered useful and little effort has been made 
in recovering resources for future use. ‘Resource recovery’ 
involves retrieving resources (materials, products or waste) 
from waste that have potential value and can be used to 
make new products. 

Key findings

•  Western Australians generate about 5 million 
tonnes of solid waste per year. About 20% is 
recycled or composted.

•  Construction and demolition waste makes up 
over half of waste going to landfill in Perth.

•  Recycling in Perth is slowly increasing, but 
significant improvements are needed to 
address rising waste generation.

7.5

3

Poor waste management practices at landfill sites can lead to land and water contamination, generate 
greenhouse gases and cause litter problems (Department of Environment and Conservation).
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Objectives
The State’s Vision is to work “Towards Zero Waste” 
(Department of Environment & Waste Management Board, 
2004), to be achieved by: 

•  Preventing the creation of waste.

• Improving the effective and efficient use of resources and 
the management of waste.

•  Improving resource recovery and recycling.

•  Disposing waste in an environmentally safe manner. 

Condition

Indicator HS23: Waste disposal rates to landfill from 
various waste streams.

Information on waste disposed to landfill is currently only 
collected for the material generated in the Perth metropolitan 
area. The total amount of waste disposed to landfill in Perth 
annually ranged between 1.8 and 3.2 million tonnes (Mt) 
between 1997 and 2005.  In 2005, solid landfill comprised 
25% municipal waste, 21% commercial and industrial waste, 
and 55% construction and demolition waste (Figure HS 
5.1). Waste disposed to landfill decreased in 2001, due to 
the impact of the new taxation system on the construction 
industry. Since 2001, there has been a steady increase in the 
amount of construction and demolition waste disposed to 
landfill due the rapid increase in the level of building activity 
over this period. As construction and demolition waste 
constitutes over half of all waste disposed to landfill in Perth, 
the trend in building activity influences the overall trend in 
waste generation in Perth.

The impacts of waste generation are not well quantified 
in WA as waste related data is not reported by all waste 
generators. 
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Figure HS5.1: Solid waste disposal to landfill by waste 
stream for the Perth metropolitan region, 1997–2005.
Data source: Department of Environment and Conservation.

Indicator HS24: Municipal waste generated per capita.

Municipal waste generation in Perth has been fairly steady 
since 2001 at just over half a tonne per capita (Figure 
HS5.2). There is a decreasing trend in the quantity of waste 
going to landfill per capita, which is mirrored by a slight 
increase in the level of recycling in Perth. It appears from 
2005 data that the increase in recycling is not keeping pace 
with disposal to landfill.  There is insufficient data beyond 
the metropolitan area to make similar observations for all 
Western Australian settlements. 

Figure HS5.2: Municipal waste disposed to landfill and 
recycled per capita per year, Perth metropolitan region, 
2001–05.
Data source: Department of Environment and Conservation.

Indicator HS25: Quantity of hazardous waste transported 
for disposal or treatment.

There is no agreed definition of what constitutes hazardous 
waste. However, the quantity of liquid wastes tracked 
under the Environmental Protection (Controlled Waste 
Regulations) for 2005–06 was 82 000 tonnes (GHD, in 
prep).  This estimate includes clinical and pharmaceutical 
wastes, pesticides, paints and resins, solvents, other organic 
materials, acids, alkalis, chromium, cyanide, inorganic 
chemicals, photographic wastes, low strength waste water 
and miscellaneous wastes. In addition to this, approximately 
42 000 tonnes of solid materials have been discarded to class 
IV or V landfill.  

Indicator HS26: Amount of waste materials recycled.

In the 2004–05 financial year a total of 972 600 tonnes 
of waste material was recycled in Western Australia, with 
59% recycled locally (Hyder Consulting, 2006).  Recycling of 
construction and demolition material accounts for most of the 
recycling activity in Western Australia (42% by weight), while 
the municipal sector represents 25% and the commercial and 
industrial material represents 33% (Figure HS5.3).  

About one third of material recovered for recycling in 
Western Australia is concrete, sand, brick and rubble (Figure 
HS5.3).  Metal, organics and paper products make up much 
of the remaining recycling in the State, although most of this 
material is transported either interstate or overseas for actual 
recycling. Over 362 900 tonnes (37%) was exported for 
recycling, largely to Asia. This is due to the limited recycling 
infrastructure and ease of access to Asian export destinations. 
Materials sent interstate for reprocessing accounted for 4% 
(42,930 tonnes) of total recovery.

Once biodegradable material is disposed to landfill, it 
decomposes to produce methane. This methane can be used 
for energy production. Whilst not totally efficient at capturing 
all methane, energy production is considered the best practise 
at landfills. In Western Australia, nearly all major landfill sites 
now capture methane to produce electricity.
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Commercial and industrial 33%

Plastic, rubber and textiles 1%

Municipal 25%

Construction and 
demolition 42%

Source sector of material recovered (by weight) 
for reprocessing 

Food and garden organics 15%

Glass 2%

Metals 28%

Concrete, sand brick 
and rubble 35%

Paper and cardboard 19%

Composition of material recovered by weight 
(tonnes) for reprocessing

Figure HS5.3: Proportion of materials recovered for 
recycling by source sector and type of material in Western 
Australia, 2004–05.
Data source: Hyder Consulting, 2006.

Indicator HS27: Number of licensed landfill sites.

As of March 2005 there were 309 licensed or registered 
landfills in WA. Landfills are owned and operated by local 
governments, communities and specialist waste companies, 
as well as large companies whose core business is not waste 
management. In the Perth metropolitan region and large 
regional centres, landfills for generally putrescible wastes (the 
component of the waste stream likely to become putrid e.g. 
food waste) are owned and operated by local governments, 
and inert landfills tend to be operated by waste companies. 
In rural and remote areas, landfills tend to be operated by the 
local government or community, although there is at least 
one privately owned and operated putrescible landfill outside 
the Perth metropolitan region. Private landfills are often 
operated on remote mining or pastoral leases.

Indicator HS28: Waste collection, disposal and recycling 
services.

Most Perth metropolitan local government authorities provide 
a kerbside recycling service to urban households. However 
there are some local governments with semi-rural areas 
that do not offer a service e.g. parts of Swan, Wanneroo, 
Mundaring, Rockingham and Serpentine–Jarrahdale. Many 
urban locations outside the metropolitan area also have 
access to recycling services. The effectiveness of various 
recycling systems in recovering resources from waste is 
influenced by socio-economic factors and access to markets 
for recovered resources. 

Household recycling services generally include collection 
of dry recyclables such as newspaper, cardboard, glass 
containers, aluminium and steel cans, plastic dairy and soft 
drink bottles, and liquid paperboard dairy cartons. Green 
waste is collected in separate bins by only two metropolitan 
and one rural council. Many councils collect green waste 
through bulk verge-side waste collections or at drop-off 
areas provided at waste disposal facilities. A number of local 
governments have separate arrangements for recovery of 
specific items such as batteries, chemicals and waste oil. 
Councils provide a range of recycling collection systems 
including extra recycling bins, crates or bags in which 
households deposit recyclables for separate collection. The 
City of Stirling collects recyclables and waste in one bin, for 
mechanical separation at an alternative waste treatment 
facility. The Southern Metropolitan Regional Council operates 
an alternative waste treatment facility at Canning Vale which 
composts the materials in the waste bin used in the region 
– this integrated collection system includes a dedicated 
recycling bin as well. Some small regional local governments 
only provide drop-off facilities at landfills or transfer stations.

Over half of all waste disposed to landfill in Perth is from construction 
and demolition. (Department of Environment and Conservation)

New landfill development in Perth. (Department of Environment 
and Conservation)
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Pressures
Strong links exist between waste generation and economic 
growth. Not surprisingly, total waste generation in Western 
Australia tracks economic growth with an associated increase 
in affluent lifestyles and demand for more consumables (see 
‘Population and Consumption’). 

The current situation in Western Australia is one where 
materials are consumed and then disposed of to landfill. 
Anecdotal evidence suggests that the standard of landfills and 
landfill operation in WA varies considerably, from world best 
practice to substandard. Almost every town or community has 
and needs its own landfill, but many rural and remote local 
governments do not have the resources required to operate 
them at appropriate standards. Some very small landfills in WA 
are open to the public with little or no supervision. The number 
and remoteness of many landfills, with minimal enforcement 
capability, means that many rural/remote landfills have not 
been inspected for a number of years. 

Effective waste management in Western Australia is inhibited 
by the small, often highly dispersed population and the vast 
size of the State. Logistics issues combined with a relatively 
low capacity for generating sufficient feedstock subject the 
reprocessing industry to pressures not felt in most developed 
parts of the world. There is also a general failure to properly 
account for direct and indirect landfill costs associated 
with loss of resources, contingent liabilities for possible 
contamination clean-up, landfill closure and rehabilitation, 
and the price of land, facilities and future replacement. In the 
case of landfills operated by local governments, the charge for 
disposal is often distorted by differential pricing structures. 

Finding alternatives to disposal of wastes can impact upon 
sustainability and environmental issues in several ways. 
The energy required to extract raw minerals or materials, 
process these into products, transport, collect and dispose to 
landfill is greater than the amount used in the collection and 
recycling of materials. Disposal of materials to landfill means 
that these finite resources are effectively lost.  

Encouraging waste reduction by recycling and waste recovery 
presents a challenge for a state as large as WA.  Recycling 
in WA is made difficult by reliance upon global markets, the 
cost of transportation of relatively small, dispersed quantities 
of material from remote areas, the competitive relative pricing 
of products made from virgin raw materials and the relatively 
low cost of disposal of material to landfill. 

Current responses
Waste Management Board: was established by the State 
Government in 2002 to provide advice on waste management 
issues and for developing a sustainable framework for dealing 
with waste. The Board is promoting a shift away from focusing 
solely on reducing the amount of waste to landfill, towards 
managing the whole lifecycle of every product and its wastes.

Waste Management and Recycling Fund: is a trust fund 
established for the Landfill Levy. Money from this fund is 
used for programs related to the management, reduction, 
reuse, recycling, monitoring or measurement of waste. The 
fund also provides financial support to WA-based projects 
for infrastructure, research or demonstration of best practice 
through incentive schemes managed by the Department of 
Environment and Conservation.

Statement of Strategic Direction for Waste Management 
in WA: is a strategy developed by the Waste Management 
Board that established a ‘towards zero waste’ vision for WA. 
It does this by promoting the reduction of waste generation, 
improving resource recovery and recycling, and disposing 
waste in an environmentally safe manner. 

Core Consultative Committee on Waste (3C): was 
established by the Waste Management Board to develop and 
implement a stakeholder involvement program that would 
advise on the establishment of new and better hazardous 
waste treatment facilities in WA. The 3C provided its advice 
to Government in late 2006. Government is due to provide its 
response to the 3Cs recommendations by mid 2007.

Zero Waste Plan Development Scheme: provides financial 
support to local government and to industry for the 
development and implementation of a waste management 
plan. The Zero Waste Plans will reward effective use of 
synergies between other local governments or organisations 
to work toward best sustainable solutions to waste 
management. The Resource Recovery Rebate Scheme has 
now finished and an interim scheme currently ensures that 
recycling data is collected until Zero Waste Plans for Local 
Government and online reporting of performance is in place.

Implications
As the State’s population grows, generation of waste will 
increase unless major achievements are made in the areas 
of waste minimisation and resource recovery. Our continued 
reliance on landfill as the principal means of dealing with 
waste in WA is imposing an environmental, social and 
economic liability on future generations, through resource 
loss, increased greenhouse gas generation, and potential 
contamination of groundwater and surface water supplies. 

In recent years there have been a number of waste related 
incidents and events that highlight the fragility of current 
waste management and resource recovery practices in WA. 
These have contributed to increasing community concern 
about the need to better manage waste. They include 
the Bellevue fire in 2001; closures of the Brookdale waste 
management facility and the AVI WA glass processing 
facility in 2003 and 2004 respectively; and the collapse of 
the Recycling Company of WA in 2005. As a result of these 
events and other potential problems from poorly designed 
and/or managed waste facilities, plans to establish sites in or 
near urban environments are now often met by community 
opposition. This is particularly true for hazardous wastes and 
for thermal processing.

    

suggested resPonses

7.22  Develop and implement a State policy and 
program for waste prevention and recycling in 
both the private and public sectors.

7.23 Implement a more strategic approach to 
use of the landfill levy and other economic 
instruments that will act to progressively 
discourage reliance on landfill and move 
towards more sustainable practises.

7.24  Consider waste and recycling in the broader 
sustainability context, looking at full life cycle 
impacts of products and disposal methods.

7.25  Continue to implement bio-solid disposal, the 
solid waste from wastewater treatment for 
beneficial uses in agriculture, horticulture and 
domestic gardening. 
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emerging issue – 
environmentaL HeaLtH

Environmental health is classed as an emerging issue because 
there is currently inadequate information to report fully on 
this issue: environmental conditions can affect human health 
and in many instances the links between the two are not 
well understood. Environmental health is the relationship of 
human health to environmental factors including water, air, 
food, contaminated land, waste management, vector-borne 
disease and the built environment. Environmental changes 
arising from urbanisation, population increases, and industrial 
and agricultural activities have resulted in reduced quality 
of air, water and soil and a greater presence of persistent 
chemical pollutants. Environmental degradation and chemical 
overload can be linked to diseases such as respiratory and 
cardiovascular disease, neurological and physiological 
disorders, and increased incidence of many cancers.

Although it can be demonstrated that disease and death 
occur without environmental health safeguards, direct causal 
links between specific environmental factors and particular 
disease outcomes are often not well understood and are 
difficult to show. Some direct relationships have been 
established, for example between toxic algal blooms and 
water-borne disease. Another link, between urban form and 
motor vehicle use, and obesity and heart disease has been 
demonstrated. It is more difficult to show a direct relationship 
between a particular substance in the environment and 
diseases such as asthma or lung cancer (these illnesses can 
have other causal roots such as genetic predisposition, 
exposure to cigarette smoke or lifestyle). Many environmental 
issues discussed in this report, including the three examples 
which follow, have impacts on human health. 

1. Vector-borne diseases are caused by pathogens 
transmitted from infected to susceptible hosts via the bite 
of vector organisms. Vectors are usually arthropods (insects 
and insect-like organisms) including biting flies, mosquitoes 
and ticks. They transmit a diverse array of pathogens 
including viruses (e.g. arboviruses), protozoa (e.g. malaria) 
and nematode worms (e.g. lymphatic filariasis). In WA, the 
vector-borne diseases of greatest concern to public health 
are mosquito-borne viruses including Ross River virus and 
Barmah Forest virus. These viruses occur statewide, but are 
most prevalent in coastal areas of the South West, and in 
the Kimberley and Pilbara regions. They cause non-fatal but 
potentially debilitating symptoms, which may persist for 
weeks or months. An average of well over 1000 cases of Ross 
River virus has been reported for each of the last three major 
outbreaks in WA. In the Kimberley and Pilbara, the rarer but 
potentially fatal Murray Valley encephalitis virus is a public 
health concern. There are no cures or vaccines for these 
native mosquito borne diseases. 

Mosquitoes have successfully colonised a vast array of 
natural and artificial water bodies. The current trend in WA 
of building new residential subdivisions in close proximity to 
inland waters and artificial wetlands, has resulted in a much 
larger human population residing in high-risk environments. 
This conflict between public health risk and ‘desirable’ real 
estate has been particularly evident during recent major 
outbreaks of Ross River virus. Of the 805 rural South West 
cases reported in 2003–04, 627 were in communities around 

major coastal waterways in the Peel, Leschenault, Capel and 
Busselton regions. The majority of 488 cases reported from 
Perth during the same outbreak were from outer semi-rural 
suburbs or suburbs with natural or artificial wetlands. Clear 
relationships between distance from water bodies and 
number of cases of Ross River virus during major outbreaks 
are evident from an earlier outbreak in the Peel Region (e.g. 
Figure HS6.1). This highlights the importance of planning for 
adequate buffers around waterways and wetlands.

In addition to the burden on human health, mosquito-borne 
diseases have substantial economic costs, including costs 
of health care, lost productivity, and negative impacts on 
tourism and real estate values (Commonwealth of Australia, 
1999). The nuisance caused by biting insects, especially 
mosquitoes, can impact severely on quality of life for 
communities in affected areas.
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Figure HS6.1: Cases of Ross River virus (in one kilometre 
zones from waterways) in the Peel region, including the 
Murray and Serpentine rivers, 1995–98.
Data source: Department of Health.

2. Allergic and respiratory diseases affect a significant 
proportion of the community, with one in five households 
affected by respiratory disease and more than 30% of the 
community having an allergic disorder. There has been a rapid 
increase in allergic diseases in the last 30 years, an epidemic 
seen only in western societies. This is likely to be directly related 
to the impact of human settlements on our environment and 
on disease. Causal links between environmental factors and 
some respiratory or allergic diseases have been established. For 
example, the number of cardiorespiratory deaths in Australia 
is directly proportional to the level of small particulates in city 
air (Simpson et al., 2005). Exposure to air pollutants has been 
linked to several other diseases including adenocarcinoma, 
emphysema, chronic bronchitis, pneumonia, Legionnaire’s 
disease and sick-building syndrome.

Both indoor and outdoor air quality have a considerable 
influence on lung and allergic diseases, many of which are 
caused by multiple environmental factors. An example is 
asthma, a chronic disease that has serious health effects 
and if uncontrolled leads to permanent lung damage. Grass 
pollens, such as rye and oats, are blown into settlements 
from surrounding rural areas and are a common trigger 
factor (allergen) for asthma (Burton et al., 2002). Outdoor 
air pollutants, such as those from vehicle exhaust emissions, 
can exacerbate asthma enhancing allergic responses and 
converting some pollen proteins (e.g. birch pollen) into 
allergens. Childhood asthma rates are higher for those who 
live near major traffic corridors (Brauer et al., 2002). Indoor 
allergens such as house dust mites, cats, cockroaches, moulds 
and gases trapped in the home are also common triggers 
for asthma (D’Amato et al., 2005), and are exacerbated by 
housing design which encourages poor ventilation and low 
air exchange rates. Occupational asthma constitutes 5–10% 
of all asthma, with over 350 known causative agents in the 
workplace (American Thoracic Society, 2003).
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Respiratory diseases have a significant socio-economic 
impact. For example, 10% of adults and 20% of children are 
affected by asthma in Australia (Australian Centre for Asthma 
Monitoring, 2005), which costs the nation nearly $1 billion 
annually (Australian Centre for Asthma Monitoring, 2001). 
This figure is matched only by the cost of emphysema and 
chronic bronchitis (Australian Lung Foundation, 2002). 

3. The health of Aboriginal people in WA is much poorer in 
general than the health of the non-Aboriginal population, with 
higher rates of infectious illness, chronic diseases and disability, 
and life expectancies around 15 to 20 years lower. The state of 
Aboriginal living environments is a contributing factor to poor 
health. Many Aboriginal people living in remote and town-
based communities in WA do not enjoy the same standard 
of environmental health infrastructure (such as power, water 
and waste removal services) as people living in cities and 
major towns. This affects capacity to implement healthy living 
practices in these communities. A recent environmental health 
survey (Environmental Health Needs Coordinating Committee, 
2005) of 274 discrete Aboriginal communities (those inhabited 
by Aboriginal people and with community-owned housing or 
infrastructure) showed that 73% use bore water and 58% of 
smaller communities have untreated water. Fifty per cent of the 
communities using septic tanks reported being without pump-
out equipment for maintenance, and 80% of communities also 
lacked a dust suppression program.

Hospital morbidity data (2000-2004) show that patient 
discharges for influenza, pneumonia and intestinal infectious 
diseases were six times higher for Aboriginal people than for 
the non-Aboriginal population, and acute upper respiratory 
infections were 4.5 times higher (Department of Indigenous 
Affairs, 2005). These conditions have been linked to the 
state of living environments. Many infectious illnesses are 
preventable if people have basic healthy living practices. 
Aboriginal housing surveys in rural and remote communities 
in WA showed that in a sample of 469 houses 25% had 
working showers; 40% had working basins, baths or tubs; 
25% had functioning facilities to wash clothes and bedding; 
50% had functioning flush toilets,;7% had all drains working; 
and only 3% had kitchens enabling storage, preparation and 
cooking of food (Healthabitat Pty Ltd, 2005). Equipment 
problems were mainly due to faulty installation and lack of 
regular maintenance.

Reduced health of Aboriginals in remote and regional towns 
can have substantial social and economic impacts, including 
reduced life expectancy, quality of life, and settlement 
productivity and viability.

 

Residents living close to stagnant water bodies are at higher risk of 
contracting vector-borne diseases when outbreaks occur (Department 
of Health).
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Perth central business district (Tourism WA).



Land

Key findings

•  Statutory recognition of heritage 
and its governance arrangements are 
fragmented. Both are significantly 
impeding the effective protection and 
management of heritage in WA. 

•  There is no single, formal list of heritage 
places in WA available to determine the 
total number of heritage places.

•  There is a distinct lack of monitoring 
and reporting for heritage places and 
this is impacting on the quality of 
heritage management decisions. 

•  Anecdotal evidence suggests the 
condition of some heritage places is 
declining. 

Theme 8
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Land

Heritage refers to something that we inherit and that we 
want to preserve and pass on to future generations.  Western 
Australia has abundant heritage that enriches our lives and 
helps shape our individual and community identities. Heritage 
is present in many forms including places, objects, languages 
and other intangible forms. In this report, only heritage places 
(or sites) are considered as part of the environment. Other 
forms of heritage (heritage objects in museums, intangible 
heritage and languages) fall outside the jurisdiction of the 
Environmental Protection Authority and are beyond the scope 
of the Environmental Protection Act 1986. 

The State’s heritage places range from landscapes, to 
landmarks, to sites and buildings that have heritage 
significance for current and future generations. Heritage 
places are important to WA because they help us to 
understand our past, enrich our understanding of our society 
and contribute to social cohesion and community and 
individual wellbeing. They support urban and rural amenity by 
contributing to a sense of place and by enhancing the quality 
of our environment generally. 

Heritage places are defined by the heritage values that people 
recognise in them. These may be natural and/or cultural values 
that are significant for aesthetic, historic, scientific or social 
reasons (Environment and Heritage Legislation Amendment 
Act (No.1), 2003 [Commonwealth]). Heritage values are 
important as they are the underlying reason for conserving 
heritage places (Allen Consulting Group, 2005). For the purpose 
of this report, heritage encompasses natural heritage places, 
Aboriginal heritage places and historic heritage places. It should 
be recognised that heritage places can have multiple heritage 
values and that many values are interrelated and require 
integrated management. In WA, there are many heritage 
places that have multiple heritage values and most have values 
that are rarely realised in financial terms. However, heritage 
conservation can aid economic prosperity by contributing 
to the attractiveness of the living and working environment, 
by stimulating and supporting tourism and by encouraging 
economic diversification and investment in a locality or region.

Objectives
•  Protect, manage and conserve heritage places of 

significance to the Western Australian community.

•  Ensure that the value and benefits of heritage 
conservation are widely recognised by the Western 
Australian community.

Headline indicator

Indicator H1: The number of heritage places in Western 
Australia recorded in a formal list.

The identification and formal listing (registration) of heritage 
places underpins effective protection and management of 
natural and cultural heritage. It demonstrates the extent to 
which our knowledge has been compiled in a comprehensive 
and publicly accessible form, enables sound management 
of heritage and in many cases, provides legal protection for 
listed places. An exception is Aboriginal heritage places, 
which are protected by the Aboriginal Heritage Act 1972, 
regardless of whether they have been registered.

There is currently no formal list of all heritage places in WA. 
Several heritage registers or lists, serving different purposes, 
exist at the Commonwealth, State and local government 
levels (Table H0.1). Not all lists provide statutory protection 
of registered places. The number of heritage places that 
have been recorded on a formal list varies across the State 
(Figure H0.1). The distribution of registered heritage places 
reflects the historical pattern of settlement and development 
across the State and the factors leading to the identification 
of heritage places. For various reasons, there are many 
other heritage places that have yet to be listed or formally 
identified – especially Aboriginal heritage places (see ‘Loss or 
degradation of Aboriginal heritage’). 

Natural heritage on some publicly owned land is largely 
protected through the conservation reserve system (see 
‘Conservation’). Mechanisms are not well-established or 
coordinated for the protection of natural heritage areas on 
other public lands or on privately owned land. As of June 
2006, the size of WA’s formal conservation reserve system 
was 20.4 million hectares with nearly 1.7 million hectares 
being added between 1999–2000 and 2005–06. Also during 
this period, areas under conservation covenants have tripled 
to 260 000 ha. 

Aboriginal heritage places are protected by the Aboriginal 
Heritage Act 1972 and formally recognised on the Aboriginal 
Sites Register. As of June 2006 the register contained over 23 
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Heritage



205 aboriginal heritage sites. About 4800 sites were added 
to the register between 2000–01 and 2005–06. 

 
As of June 2006, there were 1166 historic heritage places 
in the State Register of Heritage Places and over 17 000 

recognised in local government inventories. Over 350 places 
were added to the State register between 2000–01 and 
2005–06.     
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Table H0.1: Heritage registers relevant to Western Australia.

Jurisdiction Heritage register Provides statutory protection? Heritage type

International World Heritage List Yes All

National Commonwealth Heritage List Yes All

National Heritage List Yes All

Register of the National Estate No All

State Aboriginal Sites Register Yesa Indigenous

National Trust of Australia (Western Australia) 
Classified List

No All

Shipwrecks Databaseb Yes Historic

State Register of Heritage Places Yes Historic

Local government Local government inventories No Historic

Town planning scheme heritage lists Yes Historic

Notes: (a) The Aboriginal Sites Register does not of itself provide statutory protection to registered sites. The State Aboriginal Heritage Act 1972 protects all sites, whether 
registered or not. (b) Also includes sites protected under Commonwealth legislation.

Overall condition
Significant impediments exist to the effective protection 
and management of heritage places. The current approach 
to statutory recognition and protection of heritage in WA is 
fragmented, with several acts protecting different types of 
heritage and no comprehensive register of heritage places. 
Incomplete recognition, monitoring and maintenance of 
heritage places is often the result of inadequate resources 
at the State and local government levels. There are also 
significant gaps and deficiencies in heritage legislation. 

The Commonwealth Environment Protection and Biodiversity 
Conservation Act 1999 makes some attempt to rectify these 
problems, requiring all forms of environment and heritage 
protection to be within one framework. The Act also 
establishes the National Heritage List comprising natural, 
historic and indigenous places that are of outstanding 
national heritage value. Generating this list will be challenging 
due to the different legislation governing various heritage 
components and it will only cover a small number of WA’s 
heritage places.

Indicator H2: The condition of heritage places in Western 
Australia.

There is inadequate knowledge about the condition of 
heritage places due to insufficient and inconsistent data. 
Therefore, it was not possible to assess the overall condition 
of natural, Aboriginal and historic heritage places in WA. 
Limited historic heritage survey data does show a decline in 
the condition of places and anecdotal evidence suggests that 
many Aboriginal heritage places are deteriorating 

Indicator H3: Demolition and loss of heritage places in 
Western Australia.

Data on the loss of heritage places is poor, despite this being 
a significant issue. There has been progressive loss of cultural 
landscapes and Aboriginal and natural heritage in Perth due 
to redevelopment, urban expansion, clearing of remnant 
vegetation, draining of wetlands, and landscape modification 
and development.  It is not known how many Aboriginal 
heritage places have been destroyed over the past few 
years as there have been inadequate resources to conduct 
appropriate monitoring and reporting. Between 2000–01 
and 2005–06, 13 historic heritage places in the State Register 

of Heritage Places were demolished. Demolition of historic 
heritage places in local government inventories is occurring 
at a faster rate compared to places on the State register, but 
data on the precise number of local heritage demolitions is 
not available.

Better information about the condition and loss of heritage 
places is crucial to the preservation, protection and 
management of these valuable cultural and natural resources. 

Effectiveness 
Heritage was not covered in the 1998 State of the 
Environment Report and therefore no assessment of 
effectiveness can be undertaken.

suggested responses

8.1  Review the operation of heritage legislation, 
with a view to strengthening heritage 
conservation, management and enforcement 
capabilities. The legislation should be based on 
national standards for heritage legislation as 
described in the Commonwealth Government’s 
A National Strategy for Australia’s Heritage 
Places (Commonwealth of Australia, 1999). 

8.2  Develop and implement a State Heritage 
Strategy to improve governance arrangements 
and community involvement in heritage 
management, adoption of common standards 
and other processes to ensure that heritage 
issues are included in government decision 
making in a more integrated and accountable 
manner.

8.3  Establish effective mechanisms for monitoring 
and reporting the condition of the State’s 
heritage places with collaboration at all levels of 
government.

8.4  Build on existing education programs to 
broaden community understanding and 
appreciation of heritage places.
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Figure H0.1: Number of heritage places (natural, Aboriginal and historic) by local government area in 2005.
Data source: Department for Planning and Infrastructure – Bushforever [ver. 2002], Department of Conservation and Land Management – Marine Reserves [ver. 2005], Managed 
Lands and Waters [ver. 2004], Department of Environment – Wild Rivers [ver. 2002], Department of Environment and Heritage – Collaborative Protected Areas Database [ver. 
2002], Commonwealth Heritage List [ver. 2004], Directory of Important Wetlands [ver. 2001], Marine Protected Areas [ver. 2004], National Heritage List [ver. 2004], Ramsar 
Wetlands [ver. 2000], Register of the National Estate [ver. 2004], World Heritage Areas [ver. 2004], Department of Indigenous Affairs – Indigenous Heritage Sites [ver. 2005], 
Heritage Council of WA – Local Government Heritage Inventory [ver. 2005]; Analysis: EPA; Presentation: EPA..

New Norcia skyline. Heritage places are important cultural and economic assets for many settlements (Tourism WA).
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Loss or degradation 
of naturaL Heritage
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Description
Natural heritage areas are valued for their biological and 
physical features. They may be significant in terms of their 
existence or intrinsic values, or in terms of their social, 
aesthetic, life support or scientific values for both present and 
future generations (Lennon et al., 2001). They may also have 
cultural or spiritual significance. Natural heritage places can 
be diverse and include such things as landscapes, waterways, 
desert mound springs, or marine or bushland ecosystems. 
Natural heritage places are usually rich in biodiversity and are 
important scientifically for understanding the evolution of 
plants, animals and the natural landscape. Natural heritage 
also includes geological features that are important for 
understanding Earth’s evolution. Significant geoheritage may 
include important fossil localities, rock relationships, type 
sections, significant landforms (e.g. mountains, outcrops) 
or other geological or geomorphological features that are 
unique or considered scientifically valuable.

Objectives
•  Protect, conserve and manage the State’s natural heritage.

•  Ensure that new development is sympathetic to the 
significance of natural heritage.

Condition
Indicator H4: Number, area and comprehensiveness of 
natural heritage listings.

The number of all natural heritage places has not been 
systematically collected, as there is no single registration 
system in WA. At the national level, the Register of the 
National Estate contains the most extensive list of natural 
heritage places in WA. In 2007, 285 natural heritage 
places were registered on the register, which was compiled 
between 1976 and 2003. A further 222 places have not been 
registered because funding cutbacks in 1998 resulted in the 
cessation of registrations in WA. 

Natural heritage places of high conservation value are 
normally included in the State’s conservation reserve system 
and nationally significant natural heritage is included on 
national heritage registers (Figure H1.1). Between 1999–2000 
and 2005–06 the total area protected in the conservation 
estate increased from 19.1 million hectares to 20.4 million 
hectares, or 7% (Table H1.1). Most of the increase occurred 
in 2004, with the expansion of marine conservation areas 
and the creation of 46 new national parks, nature reserves 
and conservation parks. Despite the proclamation of an 
increasing number of conservation reserves in recent years, 
the reservation target of 15% of each native vegetation 
type has only been met in 20% of the terrestrial bioregions 
(see ‘Conservation’). In addition, reservation alone does not 
ensure that natural heritage will survive in perpetuity, but it 
does provide more security for protection. 

Key findings

•  The total area of natural heritage in WA under 
protection is about 20.7 million hectares 
– about 8% of the area of the State.

•  There is currently no formal state register for 
natural heritage.

•  The conservation estate is a major form of 
protection for natural heritage, but only 18% 
of conservation parks and reserves have 
management plans. 

• There are 150 geological places of heritage 
significance in WA – but they are currently not 
all legally protected. 

indicative extent of iSSue

8.1

priority  
rating: 4
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Figure H1.1: Distribution of natural heritage places identified through the conservation reserve system, heritage registers 
and other databases, as at 2005.
Data source: Department for Planning and Infrastructure – Bushforever [ver. 2002], Department of Conservation and Land Management – Marine Reserves [ver. 2005], Managed 
Lands and Waters [ver. 2004], Department of Environment – Wild Rivers [ver. 2002], Department of Environment and Heritage – Collaborative Protected Areas Database [ver. 
2002],Directory of Important Wetlands [ver. 2001], Marine Protected Areas [ver. 2004], Ramsar Wetlands [ver. 2000], Register of the National Estate [ver. 2004], World Heritage 
Areas [ver. 2004]; Analysis: EPA; Presentation: EPA.

Legend
Natural Heritage Areas

Local Government Authority boundaries

Hamersley Range in the Pilbara is a geoheritage site (Tourism WA).



Table H1.1: Number and area of natural heritage places in Western Australia.

1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Number of national parks 
Area of national parks (‘000 ha)

64 69 69 69 69 96 97

4 939 5 092 5 095 5 095 5 093 5 591 5 594

Nature reserves (‘000 ha) 10 775 10 818 10 825 10 827 10 828 10 857 10 861

Marine parks, marine nature 
reserves, marine management 
areas (‘000 ha) 

1 146 1 146 1 146 1 146 1 227 1 536 1 537

Other parks and reservesa 
(‘000 ha)

529 951 951 951 952 995 1 097

State forest (‘000 ha) 1 727 1 727 1 730 1 730 1 730 1 305 1 305

Private land under 
conservation covenantsb 
(‘000 ha)

78 94 105 120 237 250 260

Data source: Department of Conservation and Land Management, National Trust of Australia (WA). Notes: (a) Includes conservation parks, section 5(1)(g) reserves, section 
5(1)(h) reserves, section 16 reserves (mostly regional parks managed by agreement between CALM and Western Australian Planning Commission). (b) Includes Land for Wildlife, 
nature conservation covenants and National Trust of Australia (WA) covenants. Does not include areas under private covenanting programs (e.g. BushBank, Australian Bush 
Heritage Fund, Gondwana Link).
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It should be noted that not all natural heritage places listed 
on formal heritage registers (e.g. Register of the National 
Estate) fall within the State’s conservation reserve system. 
For example, it excludes local government reserves and some 
places identified through environmental protection policies. 
The extent of natural heritage places on private land, and 
for other tenures, is largely unknown as this information 
is not routinely collated or collected. However, the area of 
private land under conservation covenants through public 
covenanting programs increased from 78 000 ha to 260 000 
ha (230%) between 1999–2000 and 2005–06

There is currently no system for formal recognition of 
geoheritage. The Geological Society of Australia has 
identified approximately 150 significant geological sites 
in WA (Carter, 1987; Lemmon et al., 1979). Proposals for 
about another 20 sites exist. Some sites are protected as 
they are contained within conservation reserves or formal 
reserves for the protection of sites of geological significance. 
Conditions may also be placed on mining tenements that 
cover geoheritage sites. However there is currently no formal 
protection mechanism that covers all geoheritage sites.  

Comprehensiveness is a measure of the extent to which all 
relevant place types have been recognised, at an appropriate 
scale, and the extent to which all relevant places have been 
recognised. It is not permanently achieved at any given time, 

as knowledge of our heritage places is constantly evolving. 
It is not possible to quantify the comprehensiveness of the 
State’s natural heritage in the absence of a register and a 
comprehensive database. 

Indicator H5: Condition and integrity of natural heritage 
places.

Information about the overall condition of natural heritage 
places is not available. In the absence of this information, 
the extent of natural heritage areas covered by management 
plans provides a surrogate measure of condition and integrity 
as it indicates the extent to which natural heritage is being 
pro-actively managed. Management plans are prepared for 
protected areas in the conservation reserve system and are 
intended to guide strategic and long-term management of 
protected areas. The total number of management plans 
under the Conservation and Land Management Act 1984 is 
48. A further 35 plans are being prepared. Currently 18% 
of the total area of the conservation estate is covered by 
management plans (Table H1.2; Department of Conservation 
and Land Management, 2005). This statistic only includes 
areas managed by the Department of Environment and 
Conservation and does not indicate the management status 
of all natural heritage in WA. Information on management 
of natural heritage places under the jurisdiction of local 
government and in private ownership is not available.

Table H1.2: Department of Environment and Conservation protected areas covered by management plans as at 2006. 

Area covered by management 
plan (ha)

Total tenure area (ha) Per cent covered (%)

National parks 1 751 553 5 593 536 31%

Nature reserves 361 956 10 860 832 3%

Marine reserves 1 489 461 1 536 551 97%

Other recreational/ conservation 
reserves

94 110 990 195 9%

Total 3 473 080 18 981 114 18%

Data source: Department of Conservation and Land Management (2006).



Pressures
Western Australia’s natural heritage is subject to a range of 
pressures that contribute to a loss of heritage values. The 
main pressures on natural heritage are from development, 
objections to natural heritage protection, and land, water 
and biodiversity degradation problems, many of which have 
been covered elsewhere in this report. An emerging pressure 
identified by the United Nations Educational, Scientific and 
Cultural Organization for world heritage properties and 
applicable to other natural heritage places is the potential 
impact of climate change (Commission III, 2005). Climate 
change may have serious impacts on natural heritage areas in 
WA in the future (see ‘Climate change’).

Indicator H6: Level of objections to proposed protection 
of natural heritage.

Objections to proposed protection of natural heritage places 
are typically the result of development pressures and views 
about property rights from some sectors of the community. 
The number of objections to statutory protection of natural 
heritage is not comprehensively measured. Objections are 
often made by property owners to proposed protection of 
natural heritage places on private land or when proposed 
protection of public areas restricts the use of the area. 

As an example, in July 2004 the EPA released the Revised 
Draft Environmental Protection (Swan Coastal Plain Wetlands) 
Policy 2004 for public comment. The draft policy sought to 
protect Swan Coastal Plain wetlands of high ecological value 
on private and Crown land. A total of 664 submissions were 
received in relation to the draft policy and draft register, 
with the majority from private landholders objecting to 
any form of restrictions being placed on their property and 
therefore opposing protection of the wetlands (Environmental 
Protection Authority, 2004).

Indicator H7: Level of development pressures on natural 
heritage.

The main development processes placing pressure on natural 
heritage are urban growth, land clearing and industrial 
development. There is currently no measure of the overall 
level of development pressure on the State’s natural heritage.

Current responses
Conservation reserve system: The principal State legislation 
providing for the establishment and management of the 
public terrestrial and marine conservation reserve systems is 
the Conservation and Land Management Act 1984. Reserves 
are vested in the Conservation Commission (terrestrial) 
and the Marine Parks and Reserves Authority (marine). The 
Department of Environment and Conservation manages 
reserved lands and waters. A number of new national parks 
and conservation reserves have been created through a 
variety of processes including the Government’s Protecting 
our Old Growth Forests Policy (Australian Labor Party 
Western Australian Division, 2001) and the Gascoyne–
Murchison Rangelands Sstrategy (Government of Western 
Australia, 1997).

State Register of Geoheritage Sites: The Geological Survey 
of Western Australia is in the process of developing the 
register, which will formally identify and protect significant 
geoheritage sites in WA, enabling them to be managed 
on an integrated basis. Reserves for the protection of sites 
of geological significance are being created which provide 
added protection for geoheritage sites. There are currently 
five such reserves in WA and a further two are in the process 
of being created. 

Planning: Natural heritage is beginning to achieve statutory 
recognition within planning processes. For example, an 
increasing number of regional land use plans now cover 
heritage and landscape issues. Some local governments 
recognise and identify places of natural heritage within 
their town planning schemes, local planning strategies and 
municipal inventories. Survey results indicate that in 2005, 
26% of local governments had biodiversity plans or green 
plans. On average, local government expenditure on natural 
heritage conservation was $14 000 per $1 million in revenue, 
or 1.4% (Charlton & Betham, in prep.).

Natural Heritage Trust: This Commonwealth program has 
provided funding for many programs in WA that extend to 
conservation, biodiversity protection and heritage protection. 
Heritage issues and management needs are identified 
to varying degrees in the natural resource management 
strategies developed by regional natural resource 
management groups.

Covenanting: The National Trust of Australia (Western 
Australia), the Department of Environment and Conservation 
and the Department of Agriculture operate covenanting 
programs to protect high conservation value areas on private 
property. Since 2000, the area of private land registered 
under Department of Environment and Conservation and 
National Trust conservation covenanting programs has 
tripled to approximately 250 000 ha. Several other programs 
involve conservation on private land including BushBank, the 
Australian Bush Heritage Fund and the Gondwana Link.

Non-government organisations: Several non-government 
organisations, such as the Wildflower Society of WA and 
Birds Australia, are actively involved in the promotion of 
natural heritage.

Implications
Significant natural heritage places are protected under the 
State’s conservation reserve system; however, areas can 
still be subjected to development (especially mining) with 
Parliamentary approval. Unfortunately, many aspects of 
natural heritage can not be restored or rehabilitated once 
they have been impacted. The destruction of natural heritage 
places diminishes our understanding of our place in the world 
and undermines community identity, amenity and quality 
of life. It also contributes to the loss of biodiversity and 
geological diversity across WA. Decline in the State’s natural 
heritage areas adversely impacts on the tourism industry, 
which may have negative flow-on effects to regional areas 
dependent on nature-based tourism.

suggested responses

8.5  Establish a system for statutory recognition of 
natural heritage, including geoheritage.
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Loss or degradation of 
aboriginaL Heritage
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Description
Aboriginal heritage places include landscapes, sites and areas 
that are particularly important to Aboriginal people as part of 
their customary law, developing traditions, history and current 
practices. Aboriginal heritage is therefore an integral part of 
Aboriginal culture, and central to the spiritual wellbeing of 
Aboriginal people. It is embedded in the natural landscape 
and keeps the connection to ancestors, land and country 
alive. For thousands of years Aboriginal people have woven 
their intricate knowledge of Australia’s natural landscape 
into a life guide. Consequently, Aboriginal heritage values 
are present in the land, air, waterways, animals, and plants, 
making the natural landscape fundamental to Aboriginal 
heritage. Not surprisingly, there is considerable overlap 
between natural heritage and Aboriginal heritage in WA.

Encompassed in Aboriginal heritage values are intangible 
expressions of culture and spirituality. Places may be of 
particular spiritual value to Aboriginal people for a number of 
reasons: because of the mythological lore connected to these 
places; because of past use as meeting places for special 
ceremonies and as places for mythological depiction through 
rock art; as burial grounds for ancestors; or as places of the 
Dreaming’s spiritual beings. Traditional Aboriginal knowledge 
is shared by telling stories, through art, dance and songs. 

These cultural expressions connect generations over time and 
must be sustained. Aboriginal heritage is a central element 
of Aboriginal spirituality and customary law. Its conservation 
ensures continued respect for Aboriginal ancestors and 
ancestral beings that shaped the land and waterways.

tHe dreaming

Aboriginal people attribute their origins and 
occupation of Australia to the Dreaming, the time of 
Creation when ancestral spirits came to Earth to create 
landforms, plants and animals. As these Creator beings 
moved through the land they created waterways and 
mountains. These journeys left very long Dreaming 
tracks that twisted their way through many Aboriginal 
clan groups. Aboriginals can see the events of the 
Dreaming recorded in the surrounding countryside 
and they can find ancestral beings living in waterholes, 
rock formations, animals and plant life. The ancestral 
beings created rules and laws to govern the land and 
its inhabitants. The Dreaming did not end with the 
arrival of Europeans, but evolved into a new era and 
continues as a powerful living force that must be 
looked after and maintained.

Objectives
• Protect, conserve and manage the State’s Aboriginal 

heritage.

•  Ensure that new development is sympathetic to the 
significance of Aboriginal heritage.

Condition

Indicator H8: Number of Aboriginal heritage listings.

As of 30 June 2006, the Aboriginal Sites Register contained 
23 205 sites (Table H2.1). There are currently 80 protected 
areas that include multiple sites. Approximately 90% of sites 
are reported through heritage survey reports submitted to 
the register (Table H2.1). Since 2000–01 an average of three 
Aboriginal sites has been reported in each heritage survey 
submitted.

Key findings

•  The Aboriginal Sites Register contains over 23 
000 sites. There are also many sites that are 
not recorded.

•  Nearly all development applications likely to 
impact on Aboriginal heritage places were 
approved between 2001 and 2006.

•  The Dampier Archipelago has the world’s 
largest collection of petroglyphs (numbering 
about 250 000 individual rock carvings) but is 
under significant development pressure. 

indicative extent of iSSue

8.2

priority  
rating: 2



Table H2.1: Number of Aboriginal heritage listings and site survey reports submitted.

2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Aboriginal Sites Register 18 437 18 973 20 212 21 362 22 134 23 205

Site survey reports submitted — 273 404 331 395 289

Data source: Department of Indigenous Affairs – Aboriginal Sites Register,

Note: The figures include the total number of sites and objects reported to the registrar. There are currently over 2000 sites reported to the registrar that do not meet the terms 
of section 5 of the Aboriginal Heritage Act 1972 and are considered not to be sites until sufficient information is presented to determine their status.
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The geographical spread of places in the Aboriginal Sites 
Register largely reflects where Aboriginal heritage surveys 
have been conducted. Large areas of the State have not been 
surveyed as heritage surveys are normally only undertaken 
in response to development proposals. This has resulted in a 
bias of site identification primarily in areas subject to recent 

development (Figure H2.1). The low density of sites in the 
South West reflect the fact that a significant area of land has 
been historically developed for agriculture, and there are less 
mining developments and fewer Aboriginal communities than 
elsewhere in the State. 

Figure H2.1: Number of Aboriginal heritage places by local government area, as at 2005.
Data source: Department of Indigenous Affairs – Indigenous Heritage Sites [ver. 2005]; Analysis: EPA; Presentation: EPA.
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Knowledge of the presence of Aboriginal heritage places 
may also be withheld. The Aboriginal Heritage Act 1972 
obliges any person who has knowledge of the existence of 
an Aboriginal site to report the site to the registrar or a police 
officer. However, many Aboriginal sites are not recorded on 
the Aboriginal Sites Register either because they have not 
been reported to the registrar or because Aboriginal people 
have decided to keep information about sites confidential. 
The Act provides Aboriginal people the right to withhold 
reporting of sites if it conflicts with relevant Aboriginal 
customary law or tradition. This is an integral component of 
the Aboriginal Heritage Act 1972, which provides blanket 
protection for Aboriginal sites whether or not they appear on 
the Aboriginal Sites Register. 

Indicator H9: Condition and integrity of Aboriginal 
heritage listings.

Our knowledge of the overall condition and integrity of 
Aboriginal heritage places is inadequate. However, anecdotal 
evidence suggests that many places are deteriorating or are 
at risk. An example is the Dampier Rock Art Precinct, located 
in the Dampier Archipelago, which contains the largest 
collection of petroglyphs (rock carvings) in the world. Over 
250 000 individual rock carvings are estimated to be in this 
region with some dating back as far back as 10 000 years 
(National Trust of Australia, 2005). Since the 1960s, the rock 
art complex on the Burrup Peninsula (part of the Archipeligo) 
has been physically disturbed and some of the area’s rock 
art has since been destroyed. While a number of actions 
are being taken to protect the majority of rock art on the 
Burrup Penninsula, approval has been given for some sites 
to be disturbed to enable further development in the area. 
Emergency listing of the Burrup petroglyphs on the National 
Heritage Register was rejected by the Federal Minister in 
December 2006. 

Monitoring and maintenance of Aboriginal heritage places 
has been limited by a lack of value placed on Aboriginal 
heritage. The Aboriginal Heritage Act 1972 creates offences 
for disturbing Aboriginal sites without Ministerial consent. 
However there is inadequate monitoring and reporting 
to determine the level of compliance with the Act. Under 
existing laws, developers (or proponents of projects 
impacting heritage) are required to undertake heritage 
surveys. Although this normally results in intensive studies, 
this information is not often released publicly and therefore 
the value of the site is not well understood by the broader 
community. 

Pressures
Development is the major pressure on Aboriginal heritage. 
However deficiencies in heritage legislation and inadequate 
protection and management also contribute to a decline 
in Aboriginal heritage in WA. The Aboriginal Heritage Act 
1972 is arguably one of the most comprehensive pieces 
of Aboriginal cultural heritage legislation in Australia. 
However, since its enactment there have been considerable 
changes in the legal, economic and social factors affecting 
the preservation and protection of Aboriginal heritage. 
As a result, many of the provisions now appear outdated 
and some sections of the Act have not kept pace with the 
changing environment. The resource and development 
industry has continually raised its concerns about difficulties 
associated with the land use approvals process under the 
Aboriginal Heritage Act 1972. 

Indicator H10: Level of development pressures on 
Aboriginal heritage.

Aboriginal heritage places face pressure from all forms 
of development but most notably industrial and urban 
development. Among other things the Aboriginal Heritage 
Act 1972 makes it an offence to excavate, destroy or 
damage an Aboriginal site. Landowners may apply to the 
Minister for Indigenous Affairs for consent to use land in 
a way that would be likely to impact a site. The number of 
applications to impact a site considered by the Aboriginal 
Cultural Material Committee and the number of consents 
granted by the Minister infers the level of development 
pressure on Aboriginal heritage. On average about 25% of 
heritage survey reports submitted to the Aboriginal Sites 
Register result in an application to disturb a site. The number 
of applications increased steadily between 2001 and 2004 
then declined marginally in 2005 and 2006 (Table H2.2). Of 
the 487 applications determined over this period, only one 
was declined. Nearly 85% were given approval (including 
those with conditions) and13% were referred back to the 
proponent.

Aboriginal communities often face difficult management 
decisions in relation to Aboriginal heritage places because 
of conflict between traditional obligations and the flow on 
benefits to the communities from development. However, the 
increasing involvement of Aboriginal people in developing 
Indigenous land use agreements, heritage protection 
agreements and consultations about Ministerial conditions 
indicates a growing willingness of Aboriginal people to 
participate in the ongoing management and protection of 
sites when confronted with development pressures.

State of the environment report WeStern auStralia 2007
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Table H2.2: Number of applications to impact Aboriginal Heritage sites and approvals by the Aboriginal Cultural Material Committee 
and Minister for Indigenous Affairs.

Year No. of section 18 
applications

Referred back to 
proponent

Approval (includes 
conditional consent)

Declined

2001 57 14 44 0

2002 73 12 61 0

2003 91 17 75 0

2004 99 7 89 1

2005 86 4 76 0

2006 81 10 62 0

Data source: Department of Indigenous Affairs. Note: “section 18 applications” refers to applications to the Minister for Indigenous Affairs for consent to use land in a way that 
would impact an Aboriginal site.



Indicator H11: Level of objections to sites placed on the 
Aboriginal Sites Register.

There is much debate about the advantages and 
disadvantages of recording Aboriginal sites on the Aboriginal 
Sites Register. Aboriginal communities have concerns about 
how the registered information might be used, particularly 
where native title is yet to be determined and there are 
concerns about whether information submitted is exempted 
from requests under the Freedom of Information Act 1992. 
Additionally, the failure of the Aboriginal Heritage Act 1972 
to adequately protect some sites has led to scepticism about 
the capacity of registration to provide better protection than 
withholding knowledge about sites. Aboriginal communities 
who have good relationships with developers often believe 
that the best means of protecting sites is to be actively 
involved in their day-to-day care and management rather 
than having sites recorded on the register. 

The concerns over listing of Aboriginal heritage sites on the 
register often confounds traditional European-style planning 
and development processes and complicates heritage 
protection and management. However, it is clear that a 
standard approach to heritage management, via registration 
does not necessarily work in all situations.

Current responses
Legislation and policy: The Department of Indigenous 
Affairs is implementing new administrative processes, 
information standards and guidelines, establishing time 
limits for assessment processes and increasing the level of 
compliance monitoring to improve the effectiveness of the 
Aboriginal Heritage Act 1972. The Aboriginal Lands Trust 
established a land use and development policy in 2004 that 
provides a framework for assessment, referral and approval 
of all developments on the Aboriginal Lands Trust estate. The 
policy seeks to protect the natural and cultural values of these 
lands while allowing for development that is of economic and 
social benefit to Aboriginal communities.

Native Title: is a recognition under the Native Title Act 1993 
that allows Aboriginal people who have maintained links to 
their country, laws and customs, to hold rights to their land 
and waters. This may include the right to protect important 
places of heritage value. As of 2006, there are about 620 
000 square kilometres of native title area (including both 
consent and litigation claims) in WA, but there are about 120 
outstanding native title claim applications.

Land acquisition: The Indigenous Land Corporation, a 
Commonwealth statutory authority, acquires land for 
grants to Indigenous people. There are four land acquisition 
programs, including one specifically for land of cultural 
significance. This program is aimed at ensuring that land 
purchased will remain Indigenous-held to provide future 
generations with cultural, social and environmental benefits. 
Through the cultural program, a total of 11 properties in WA 
have been granted to Indigenous corporations.

Land agreements: Mining companies typically enter into 
agreements or partnerships with traditional owners that 
facilitate greater benefits for both parties from mining 
operations and include provisions for greater protection and 
management of Aboriginal heritage places. For example, 

Indigenous land use agreements are a voluntary agreement 
between native title claimant groups and other parties 
that allow agreements to be made about how land is used 
without entering into the usual native title process. Argyle 
Diamonds and the Mirriuwung and Kija people of the East 
Kimberley have entered into an agreement which establishes 
management plans for Aboriginal heritage sites, among other 
initiatives (Office of Native Title, 2005).

Grants: Grants are available to Aboriginal communities 
for heritage conservation through the Department of 
Indigenous Affairs and Lotterywest. In 2002, the Department 
of Indigenous Affairs established the Aboriginal Heritage 
Grants Program. An annual budget of $100 000 is allocated 
for the overall program with grants up to $5000 available 
for local, community-based projects that assist in promoting, 
protecting and recording Aboriginal heritage and culture 
(Department of Indigenous Affairs, 2005). A total of 15 
grants worth $66 018 was given to Aboriginal communities 
for the protection, management and recording of sites and 
objects from 2002–03 to the beginning of the 2004–05 
financial year. 

Management: The Aboriginal Lands Trust and the Indigenous 
Land Corporation have established a partnership to provide 
funding to Aboriginal land managers for Caring for Country 
activities aimed at restoring and protecting the natural 
and cultural values of lands of interest to the Aboriginal 
community. The Aboriginal Lands Trust is undertaking a 
systematic inventory of the natural and cultural values of the 
lands held by them in partnership with resident Aboriginal 
communities, including an assessment of the condition 
of the land. This information will be a valuable source for 
determining pressures and risks and will assist in prioritising 
and developing appropriate responses to these pressures.

Implications
The destruction of Aboriginal heritage sites adversely 
impacts on Aboriginal culture, spirituality and their 
connection with country and their ancestral history. 
Differences between Aboriginal and European-based 
cultures often result in inadequate understanding, valuing 
and protection of Aboriginal heritage. There is a need to 
bridge the cultural divide and a better understanding of the 
values of Aboriginal heritage by the broader community will 
be critical to address this. 

suggested responses

8.6  Increase the involvement of the Aboriginal 
community in heritage management and 
decision-making.

8.7  Review the Aboriginal Heritage Act 1972 
to improve the effectiveness of protecting 
and conserving Aboriginal heritage sites 
by reviewing Ministerial powers to make 
decisions on protected sites and on consents 
to damage sites, and providing greater 
decision making powers to custodians of 
heritage sites.
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Loss or degradation 
of Historic Heritage
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Description
Historic heritage places date from the time of European 
settlement in WA. They include buildings, structures and 
gardens which demonstrate physical characteristics or 
other associations with important events, developments 
or cultural phases in the State’s history. Also included in 
historic heritage are maritime heritage (e.g. shipwrecks) 
and cultural landscapes. Cultural landscapes refer to places 
(e.g. townscapes) that illustrate how human society and 
settlements have evolved with the natural landscape. Historic 
heritage contributes to community cultural identity and ‘sense 
of place’. The preservation of historic heritage places can 
enhance the amenity of towns and streetscapes, and provide 
economic benefits by encouraging tourism and increasing the 
financial value of properties. 

Objectives
•  Protect, conserve and manage the State’s historic heritage.

•  Ensure that new development is sympathetic to the 
significance of historic heritage.

Condition

Indicator H12: Number and comprehensiveness of historic 
heritage listings.

The number and location of historic heritage places 
throughout WA reflects the pattern of European settlement, 
with most identified places in the developed parts of the 
South West (where the first European colonies were built in 
WA) and the Kalgoorlie area (a historic gold mining town) 
(Figure H3.1). The State Register of Heritage Places provides 
formal recognition and protection of significant historic 
heritage places. Between 2000–01 and 2005–06 the number 
of places in the State register increased from 808 to 1166 (or 
44%), with an average of around 70 places being added each 
year (Table H3.1).

Key findings

•  There are over 1100 historic heritage places on 
the State Register of Heritage Places.

•  Both the number of listings and the 
comprehensiveness of historic heritage 
registers are increasing.

•  The proportion of historic heritage places 
in good condition fell from 44% to 32% 
between 2001 and 2004. 

•  Between 2000 and 2006, 13 historic places in 
the State Register of Heritage Places (or 1%) 
were demolished. 

indicative extent of iSSue

8.3

priority  
rating: 3

The condition of some historic places is declining due to neglect or 
lack or maintenance, for example the Newmarket Hotel, Hamilton Hill 
(Heritage Council of WA).
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Figure H3.1: Western Australian historic heritage places by local government area.
Data source: Heritage Council of Western Australia [ver. 2005]; Analysis: EPA; Presentation: EPA.
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The condition of some historic places is declining due to neglect or lack or maintenance, for example Maddington Homestead, Maddington 
(Heritage Council of WA).



The comprehensiveness of the State Register of Heritage 
Places is indicated by the extent to which different place 
types and the State’s regions are represented. It is measured 
by comparing the content of the register with targets or 
benchmarks derived from the comprehensive statewide 
database of historic places. The database includes all places 
listed in local government inventories and other community-
based lists such as the National Trust Classified List and other 
heritage surveys. Between 2000–01 and 2005–06, the 
comprehensiveness of the State register increased from 45% 
to 61%. On the whole, the State register is well-balanced; 
the only place types or regions which are significantly under-
represented are residential buildings and the Wheatbelt region.

The comprehensiveness of local government inventories 
(also confined largely to historic heritage) is measured by the 
extent of their statewide coverage. One hundred and forty 
local governments have prepared inventories, which equates 
to 98% coverage. In 2006, there were over 17000 listings 
in local government inventories (Table H3.1). There are a 
number of problems with listing at the local level including 
an increased potential for disagreement on listing criteria, 
inconsistent approaches between councils and issues arising 
from the application of planning provisions.
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Table H3.1: Number and comprehensiveness of listings in the State Register of Heritage Places and local government inventories.

2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

State Register of Heritage Places

Number 808 879 954 1 041 1 113 1166

Comprehensiveness 45% 50% 50% 58% 62% 61%

Local government inventories

Number 15 900 16 500 16 800 17 000 17 100 17 300

Comprehensiveness 95% 97% 98% 98% 98% 98%

Data source: State Register of Heritage Places, Heritage Council

Cultural landscapes are not well-represented in the State 
register which contains only six landscape areas. This is 
largely because of the controversial nature of conserving 
significant cultural landscapes. As of November 2004 there 
were 103 cultural landscapes in the National Trust’s Classified 
List, although this does not provide statutory recognition. 
The advantages and disadvantages of conservation of 
cultural landscapes need to be more widely debated in the 
community, as changing values and land uses make this a 
difficult area of heritage conservation.

The Western Australian Maritime Museum Shipwrecks 
Database contains all known shipwrecks on the WA coast 
including Commonwealth and State waters. There are 
currently 1432 shipwrecks listed in the database. Most of 
these are historic shipwrecks and therefore are protected 
under State or Federal legislation. 

Indicator H13: Condition and integrity of historic heritage 
places.

In 2004, a survey of the condition of some historic heritage 
places in the Commonwealth Register of the National Estate 
(Pearson & Marshall, 2004) was commissioned by the 
Commonwealth Department of Environment and Heritage. 
Survey results provide a surrogate measure of the condition 
of historic heritage places in WA. The proportion of WA’s 
historic heritage places in good condition declined from 
44% in 2001 to 32% in 2004, while the proportion of 
places in fair condition increased from 50% to 64%. The 
proportion of historic places in poor condition declined 
marginally from 6% to 4%. Some historic heritage places 
have also been destroyed. Between 2000 and 2005, 13 
historic places in the State Register of Heritage Places 
were demolished. Four of these were located in the Perth 
central business district and were demolished as part of the 
Southern Suburbs Railway development. 

The condition of heritage places in local government 
inventories and town planning scheme lists has not been 
measured. The frequency of demolition of local historic 
heritage places is comparatively higher than for the State 
register, but data on the precise number of local heritage 
demolitions is not available. There has also been no 
comprehensive assessment of the condition of the State’s 
maritime heritage. 

Pressures
The main pressures for historic heritage are development 
(especially urban redevelopment), objections to heritage 
listings and the costs involved in achieving comprehensive 
listings and maintaining heritage places. The maintenance 
of historic heritage places is increasingly limited by declining 
public expenditure on historic heritage conservation together 
with rising costs of maintenance. There are also problems 
with the Heritage of Western Australia Act 1990, which 
provides the legal framework for historic heritage protection 
in WA. These mainly relate to the effectiveness of the Act in 
protecting historic heritage places. For example, the current 
legislation permits decisions about registration of places to 
be made on grounds other than their heritage significance; 
provisions for works approval to develop heritage listed places 
are weak; and penalties for non-compliance with the Act are 
extremely low.

Local governments have a major role in historic heritage 
conservation though the management of local strategic 
planning, involvement in the development assessment 
process, management of local government owned heritage 
properties and provision of support to private property 
owners in heritage conservation (Productivity Commission, 
2006). However, local governments are often constrained 
in their capacity to adequately fund heritage conservation. 
Survey results indicate that Western Australian local 
governments spent just under 2% of revenue ($17 500 per 
$1 million in revenue) on historic heritage conservation in 
2003–04 (Charlton & Betham, in prep). 

Indicator H14: Level of objections to listings of historic 
heritage.

Objections to proposed historic heritage listings are typically 
the result of development pressures and views about property 
rights from some sectors of the community. In principle, 
community support for historic heritage conservation is 
high, with a recent nationwide survey showing that 94% 
of Western Australian respondents believe it is important to 
protect heritage places even though they may not visit them 
and 91% believe it is important to keep historic heritage 
features wherever possible when improving towns and 
cities (Allen Consulting Group, 2005). In practice, there is 
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less support for heritage listing of properties when they 
directly involve property owners:  nearly 30% of proposed 
registrations for historic heritage listings on the State register 
are objected to by property owners. Contributing to this is 
the misconception that heritage protection is detrimental to 
property values and limits development potential. Community 
support for heritage is often influenced by the level and tone 
of media coverage of heritage issues. Historic heritage has 
been marked by considerable adverse publicity over the past 
few years, usually based on a property rights platform. 

Indicator H15: Level of development pressures on historic 
heritage.

Development pressures are not easy to quantify for historic 
heritage, but they are significant and are increasing. In 
particular, historic heritage places often become subject to 
redevelopment proposals. The number of land development 
applications considered by the Heritage Council has increased 
each year over the past five years. Each year the Heritage 
Council considers about 700-800 referrals (M Betham, 
Heritage Council, pers. comm.). However, funds spent on 
referrals have been consistently decreasing. Conservation of 
historic heritage places is sometimes lost to development, as 
often, limited weight is given to heritage matters in planning 
decision making. 

Current responses
Registers of historic heritage: The State Register of Heritage 
Places formally recognises and protects places of historic 
heritage significance. The WA Maritime Museum Shipwrecks 
Database records maritime heritage places. Cultural 
landscapes are gaining more recognition in the National 
Trust of Australia (WA) Classified List, although this list does 
not formally protect cultural landscapes. Local government 
inventories are regularly reviewed by local governments 
and their comprehensiveness is progressively improved in 
accordance with common standards. However, heritage lists 
in town planning schemes are frequently incomplete and local 
governments are encouraged to address this when local town 
planning schemes are reviewed periodically. 

Legislation and policy: The Heritage of Western Australia 
Act 1990 provides a mechanism for the control of 
unsympathetic development of places in the State Register of 
Heritage Places. 

Planning: Local governments have an important role in 
the protection of historic heritage through Town Planning 
Schemes, updating registers and in the maintenance 
of historic heritage places. Often these aspects are not 
well understood, valued or adequately managed by local 
governments. 

Grants: A number of grant programs support historic 
heritage conservation including the State Government 
Heritage Grants Program, the Lotterywest Heritage Program 
and local government heritage grants. In 2003–04, these 
totalled $2.7 million.

Education: A key objective of the Heritage Council 
of Western Australia is to promote awareness and 
understanding of the State’s cultural heritage. The Council 
provides advice to the community on the processes of 
registration and development, and promotes awareness 
of the importance and value of heritage to the wider 
community. The National Trust of Australia (WA) has 
developed an enquiry-based education program that 
facilitates heritage education using National Trust properties 
as a resource.

Implications
Loss or degradation of historic heritage undermines the 
character and feel of WA’s towns and cities. The loss of a 
single landmark building can considerably alter the qualities 
of a main street, while the incremental loss or deterioration 
of many historic heritage places over time can significantly 
affect urban amenity, community identity and sense of place. 
Appreciation of historical and cultural heritage is essential 
for the maintenance of heritage values and for passing on 
those values to future generations. However, the trend in 
historic heritage appreciation is not clear with conflicting 
messages coming from opinion surveys, support for historic 
heritage listings and the tone of media coverage on heritage 
issues. There has been significant negative publicity in recent 
years over specific listing issues, such as the proposed listing 
of residential properties in the Subiaco Municipal Inventory 
and the listing of the Empire Games Village in City Beach. 
Conversely, opinion surveys undertaken by the City of 
Subiaco and at the national heritage level indicate majority 
support for historic heritage protection. 

suggested responses

8.8  Complete the State Register of Heritage 
Places.

8.9  Review the Heritage of Western Australia 
Act 1990 to improve the effectiveness of 
historic heritage protection by strengthening 
the registration process, works approval 
provisions, enforcement and penalties for non-
compliance and incentive provisions.

8.10  Develop a comprehensive program of 
heritage incentives (especially planning-based 
incentives) to encourage the adaptive reuse 
or ongoing use of historic heritage places to 
prevent their decline.
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Bluff knoll, Stirling Ranges (Tourism WA)
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Rock art on the Burrup Penninsula.  Some sites are under pressure from industrial development (Tourism WA).
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Land

The 1998 State of the Environment Report documented the 
progress of the natural resource sectors towards achieving 
ecologically sustainable development. However, the broad 
concept of sustainability has significantly evolved since then 
and Western Australia now has a State Sustainability Strategy. 
In the words of the strategy, sustainability is an aspirational 
goal of ‘meeting the needs of current and future generations 
through an integration of environmental protection, social 
advancement and economic prosperity’ (Government of 
Western Australia, 2003a, p. 24).

Although sustainability is a relatively new concept, it has 
been widely embraced by many nations, states, businesses 
and communities as a powerful means of realising a better 
future. This concept requires us to challenge the normal way 
of doing things and to look for opportunities that improve 
the environment, society and economy without accepting 
trade-offs. The concept of sustainability is sometimes 
described in business decision making as the ‘triple bottom 
line’ of economic development, environmental integrity and 
social and cultural wellbeing. True sustainability, however, is a 
much broader concept and should be expressed through the 
unification of the three bottom lines, when all are considered 
as one. ‘Sustainable development’ is also a term often used 
to describe the application of sustainability principles to 
development projects. Again, the concept of sustainability is 
broader than just being considered in relation to development. 

The Towards Sustainability theme focuses primarily on 
the ‘environmental integrity’ component of sustainability. 
Environmental integrity aims to ensure that our State’s ‘… 
natural resources are conserved, managed, protected and 
used sustainably for the common good’ (Government of 
Western Australia, 2003a, p. 108). Other components of 
sustainability, notably the social and economic aspects, have 
not been addressed in detail as it falls outside the scope 
of this report – although many inter-linkages have been 
recognised herein. 

Each major natural resource sector has reported its progress 
towards managing, conserving, protecting and/or using 
natural resources in a sustainable manner:

•	 Managing natural resources sustainably refers to 
maintaining or enhancing natural resources, while 
providing for beneficial uses. Often environmental 
management systems or accreditation schemes are used 
to ensure a coordinated, logical approach to managing 
the natural resource. This approach usually requires 
establishing a vision and setting environmental values, 
objectives and criteria/targets through a community 
consultation process. It includes best practice, strategic 
planning and natural resource management for delivering 
on-ground environmental improvements.

•	 Conserving natural resources means preserving highly 
valued parts of the environment for the long term. This 
is often achieved by placing environmental assets in the 
conservation reserve system or other informal protection 
mechanisms.

•	 Protecting natural resources refers to ensuring the health 
of natural resources by maintaining key ecosystem services 
including soil, water and vegetation health, habitat 
provision, carbon sequestration, climate regulation and 
cultural values, amongst others. Inadequate protection of 
ecosystem services will impact natural cycles that humans 
often take for granted. This approach includes pollution 
control, environmental harm and planning mechanisms.

•	 Using natural resources refers to consuming natural 
resources to provide economic and social benefit. This 
requires the determination of sustainable yield or allocation 
limits for natural resources to ensure that resources 
aren’t consumed beyond acceptable means. Adoption 
of eco-efficiency practices should also be considered 
for the sustainable use of natural resources (e.g. waste 
minimisation, efficient resource use).

The sectors covered in ‘Towards Sustainability’ are agriculture, 
conservation, energy, fisheries, mining and petroleum, 
pastoralism, tourism, water supply and wood production. Each 
report represents a sector-wide collaboration with input from 
government agencies, industry, business, universities, research 
institutions and special interest groups (where appropriate). 
Therefore, it should be noted that the content of the Towards 
Sustainability chapter does not necessarily reflect the views of 
the Environmental Protection Authority. The EPA has used this 
information to assess each sector’s environmental performance 
and integration of sustainability (see ‘Overview’). 
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agricuLTure

State of the environment report WeStern auStralia 2007

9.
1 

To
w

a
r

d
s 

s
u

sT
a

in
a

b
iL

iT
y

 a
g

r
ic

u
LT

u
r

e

244

Description
The agriculture sector in this report is defined as the 
management, protection and use of land for broadacre crop 
production, livestock and intensive industries. It focuses 
specifically on agriculture practices within the South West 
part of the State, an area of about 25 million hectares (or 
15% of the State).

The Wheatbelt, situated in the State’s South West, supports 
broadacre, rain-fed crop and stock farming across a variety of 
soil and landscape types. Common crops include wheat and 
other grains, oil seeds and pulse crops. Livestock industries 
are more commonly found in the higher rainfall areas, 
primarily involving cattle and sheep husbandry for meat and 
wool production. Intensive agricultural industries including 
horticulture, dairying, piggeries and feedlots are scattered 
throughout the State, but mostly closer to Perth and regional 
centres. Alternative agricultural activities are increasing in 
popularity and include silviculture (trees), viticulture (table 
and wine grapes) and hobby farms. The sector significantly 
overlaps with other natural resource sectors, particularly 
pastoralism, fisheries, wood production and water supply. 
these are addressed in separate chapters as they have 
different environmental impacts from agriculture.

Agriculture plays a major role in the economy of WA, 
representing the largest renewable resource sector. In 
2005–06 the gross value of agricultural production was 
estimated to be $5.7 billion, with the value of agricultural 
exports being $4.3 billion (including production from pastoral 
areas). This represents 9% of the value of the State’s total 
exports and approximately 16% of national agricultural 
exports, second only to the mining sector (Department of 
Agriculture and Food, 2006a). Fifty per cent of Australia’s 
wheat exports come from WA. The agriculture sector also 
has direct flow-on effects to other sectors of the economy, 
with the WA agri-food industry contributing more than $10 
billion to the State’s economy in 2003–04. Agriculture also 
supports approximately 17% of WA’s workforce (Australian 
Farm Institute, 2005).

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). The 
WA agriculture sector has proposed a sustainable vision of 
‘… ensuring profitable agricultural systems that conserve our 
environment whilst contributing to the economic and social 

wellbeing of rural Western Australia’ (Government of Western 
Australia, 2003a, p. 115). The objectives for sustainable 
agriculture reflect these vision statements:

•  Promote the adoption of adaptive management practices 
that mitigate on-site and off-site environmental impacts 
while achieving agricultural profitability and social 
responsibility.

•  Protect or enhance land, water, biodiversity, and 
atmospheric resources used or impacted by agriculture.

•  Ensure effective and efficient use of resources and 
management of waste.

Headline indicators

Indicator TS1:	Per	cent	of	farmers	certified	through	formal	
assessment	of	their	farm	management	systems	under	
accredited	processes	such	as	codes	of	practice,	quality	
assurance	or	environmental	management	systems.

Farming for the Future is a Department of Agriculture and 
Food initiative that is developing farm sustainability practice 
standards to assist industry meet demands to demonstrate 
sustainable practice. A self assessment tool based on 
current recommended practices has been made available 
to farmers. The Department is now working with industries 
and representatives of the supply chain to further refine 
this, and related tools, to meet their particular needs. An 
annual telephone survey conducted by the department 
asked the question: ‘Have you used a Quality Assurance, 
Environmental Management System or Code of Practice to 
guide your management decisions?’ In 2006, just over one-
third (35%) of farmers undertook a formal assessment, which 
was marginally higher than the 31% in 2005 (Department 
of Agriculture and Food, 2006b). Surveys indicate that the 
farmer participation rate was nearly double for farms in 
high rainfall areas compared to those in lower rainfall areas. 
Further refinement of the question is needed to reflect more 
clearly the intent of this indicator.

Indicator TS2:	Proportion	of	natural	resource	base	
used	by	agricultural	sector	covered	by	regional	natural	
resource	management	plans,	and	the	extent	of	progress	
made	towards	resource	condition	targets	specified	under	
these	plans.

This indicator includes natural resource management 
plans and biosecurity plans incorporating risk assessment, 
targets, asset prioritisation and processes for evaluation and 
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Mixed	agricultural	land	use	in	the	State’s	South	West	near	Lowden	
(Tourism	WA).
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monitoring. Regional natural resource management groups 
have accredited regional strategies based on continuous 
improvement. Investment plans focus investment on 
achieving resource condition targets in the regional strategies. 
Targets will be refined and validated as part of the continuous 
improvement process. The plans offer a long-term approach 
to investment in resource protection and the development of 
agreed targets, and will assist the integration of effort across 
the sector. 

Indicator TS3:	Trends	in	efficiency	of	resource	use	by	key	
agricultural	industries	as	measured	by	regular	assessments	
(every	3–5	years)	using	techniques	such	as	life	cycle	
assessment.

Techniques such as life cycle assessment take a whole-
of-lifecycle view of a product or industry to help 
identify processes that are resource inefficient or where 
environmental impacts are likely to occur. To date, the grains, 
dairy and piggery industries have undertaken life cycle 
assessment. However, this would need to be applied to a 
broader range of industries and redone regularly to reveal 
trends and identify where process improvement is needed 
throughout the supply chain. The approach will require 
some development and will be refined as research needs 
are identified and new or improved technologies emerge for 
different stages of the industry cycle.

Status

ManageMenT Of agrIculTural reSOurceS

The agriculture sector has a major role in natural resource 
management and a responsibility to ensure continuous 
improvement and adaptive management. Recent research has 
shown that the most important influences on the adoption of 
sustainable farming practices in Australia include participation 
in natural resource management programs, managerial skills 
and economic factors such as farm profitability, farm size, off-
farm income and level of farm equity (Nelson et al., 2004).

Since the 1998 State of the Environment report (Government 
of Western Australia, 1998a), there has been a substantial 
increase in participation in management systems that identify 
and manage the environmental impacts of the farm business 
and improve production efficiencies. Such approaches 
– including environmental management systems, various 
industry codes of practice and relevant quality assurance 
systems – include tools such as best management practices 
(Table TS1.1), the development of property management 
plans, hazard analysis and critical control points. While there 
are no long-term measures of the rate of involvement, recent 
surveys show that 35% of farmers in the surveyed sample 
participated in a systematic assessment of their management 
practices (Department of Agriculture and Food, 2006b).
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Table TS1.1: Per cent of farmers adopting best practice, 2002–06.

2002 2003 2004 2005 2006

Practices (%) (%) (%) (%) (%)

Agronomy	practices

Planted non-irrigated perennial pasture species 34 33 39 39 42

Planted saltland pasture species (agriculture region only) 23 15 21 17 32

Stubble retention or mulching practices (agriculture region only) 62 48 71 60 64

Land	conservation	management

Tree/shrub planting 62 56 56 59 70

Preserved or enhanced areas of conservation value 60 57 62 58 75

Excluded stock from areas impacted by land degradation 60 58 65 60 62

Protected river/creek frontages from grazing animals 42 48 43 47 48

Resource	monitoring

Regular soil testing for nutrient levels 70 59 72 67 73

Regular soil testing for pH 70 61 72 66 73

Regular monitoring of pasture/vegetation cover on sandy/light soils 56 48 58 66 54

Surface	water	management

Water on sloping lands (e.g. grade banks) 54 43 59 47 64

Water on valley floors using surface drains (agriculture region only) 32 29 41 31 49

Water on valley floors using deep drains 16 12 15 12 27

Data sources: Department of Agriculture and Food, 2006b.

Profitability can be a key indicator of agricultural sustainability. 
It highlights the likelihood of a business remaining viable 
and its capacity to spend surplus income on natural resource 
conservation and management. In the last three years the WA 

broadacre and grains industries were more profitable than their 
eastern states counterparts and in a better position to adopt 
best management practices (Table TS1.2) 



 Table TS1.2: Farm business profit for agricultural industries in Western Australia and Australia.

2003–04
$

2004–05
$	

2005–06
$	(preliminary)

Broadacre industries (WA) 88 682 26 285 3 099

Broadacre industries (Australia) 4 537 3 693 8 620

Dairy industry (WA) 687 1 532 51 550

Dairy industry (Australia –14 158 19 967 19 260

Grains industry (WA) 164 137 50 938a –12 706a

Grains industry (Australia) 59 446 23 300a 11 100a

Data sources: Australian Bureau of Agricultural and Resource Economics (2006a & 2006b). (a) represents estimates, pers. comm. ABARE.

Protection of natural resources
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Profit-at-full-equity represents the economic return to land, 
capital and management after the value of labour provided 
by managers has been deducted (eds Hajkowicz & Young, 
2002). It provides an indicator of capacity of businesses to 
adapt to variable weather conditions, environmental pressures 
and market conditions. Farms in the South West have a wide 
spread of profit-at-full-equity (Figure TS1.1). The extensive 

areas of low profit represent pastoral areas of the southern 
rangelands. Excluding rangelands, it is estimated that 80% of 
profit-at-full-equity came from less than 3% of agricultural 
land (eds Hajkowicz & Young, 2002; National Land and 
Water Resources Audit, 2002). This significant inequity in 
profitability suggests some structural problems that may 
warrant intervention through public policy.

legend

Profit	at	Full	Equity	($/ha/yr)

< - 5.00

-5.01 - 0.00

0.01 - 10.00

10.01 - 50.00

50.01 - 100.00

100.01 - 500.00

> 500.01

figure TS1.1:	Profit-at-full-equity,	a	five-year	average	for	1992–96.
Data source: CSIRO [ver.1997]; Analysis: CSIRO; Presentation: EPA.



Not only can diseases, weeds and pests damage native 
environments, they can lead to a decline in agricultural 
production and affect trade in international markets (see 
‘Introduced animals’ and ‘Weeds’). Western Australia has 
one of the world’s most pest and disease-free agricultural 
production environments (Agriculture Protection Board 
of Western Australia, 2004). As well as preventing new 
animal pests, diseases and weeds from arriving, biosecurity 
involves getting rid of, and controlling, those that are already 

here. The sharp decrease in the number of animal diseases 
identified on WA farms is in part due to the reduction in the 
list of notifiable diseases. The decrease in the interceptions 
of significant pests, diseases and weeds is a positive result 
for the State (Table TS1.3). Biosecurity plans have been 
developed to protect agricultural industries. These include 
Grainguard, Hortguard (i.e. horticulture), Stockguard (i.e. 
livestock) and Beeguard.
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Table TS1.3: Biosecurity statistics for Western Australia.

Service	measures 2002–03 2003–04 2004–05 2005–06

Identification of notifiable animal diseases 23 22 23 3

Interceptions of significant pests, diseases, weeds 278 367 297 192

Removal of properties from quarantine 122 119 106 101

Data source: Department of Agriculture and Food, 2006c.

Table TS1.4: Number of farmers involved in major Western Australian covenanting programs and the area of protected native vegetation.

Hectares Number	of	farmers

National Trust of Australia (since 1999) 8 882 95

Soil and Land Conservation Council (since 1988) 180 000 2 500

Department of Environment and Conservation (since 1999) 4 605 66

Data sources: National Trust of Australia (Western Australia), Department of Agriculture & Department of Environment and Conservation.

Protection mechanisms such as covenanting programs are 
used by farmers to voluntarily protect and manage native 
vegetation on their property. Covenants are available through 
the National Trust of Australia, Soil and Land Conservation 
Council and Department of Environment and Conservation 
programs. Covenants restrict clearing and grazing of native 
vegetation and may help establish management arrangements. 
Fencing may be required to ensure livestock do not intrude into 
a covenanted area. Nearly 200 000 ha of native vegetation 
(affecting 2700 landholders) has been protected since 1988 
through these three programs (Table TS1.4). 

uSe Of naTural reSOurceS

It is generally recognised that many forms of agriculture are 
not sustainable. Over the long term this will require major 
changes for some agricultural landscapes. In the short to 
medium term, sustainable use of natural resources can be 
achieved by improvements in eco-efficiency, that is, the 
production of goods that use less energy and fewer raw 
materials, leading to less waste, less pollution and reduced 
cost. Technological innovation informed by life cycle 
assessment will be a key to this.

Life cycle assessment is an emerging technique for assessing 
the eco-efficiency of agricultural industries. It examines the 
efficiency of production processes that help to transform raw 
agricultural materials into finished product, and the associated 
production of waste. Life cycle assessments can focus on 
specific areas of inefficiency or environmental degradation 
on the production line. Policy measures, including targeted 
research, can be implemented to rectify these problems.

recenT exampLes of Life cycLe assessmenTs incLude:

1.  The Western Australian grains industry found the 
following areas for improvement in the pre-farm and 
farming stages of bread production: global warming, 
human toxicity, terrestrial ecotoxicity and eutrophication 
(Narayanaswamy et al., 2002).

2.  The Australian dairy industry found the following areas for 
improvement in the production of milk on farm: water use, 
eutrophication and greenhouse gas emissions (Nicol, 2005).

Efficiency of resource use can also be determined from the 
amount of production per unit area of farm land. Land use 
and production efficiencies vary across agricultural industries. 
For example, wheat yields in WA are improving by 20–50 
kg/ha per year, depending on the location. On average, this 
has resulted in a doubling of yields over the last 20 years, a 
doubling of water-use efficiency and a three- to four-fold 
increase in the proportion of the crop qualifying for premium 
payments related to quality. This improved crop production 
was due to plant genetics, adaptation to environment and 
crop management, and has helped farmers remain profitable 
in the face of relentlessly declining terms of trade (increased 
costs with reduced returns).

Total factor productivity growth represents increases in 
outputs relative to resource inputs. The State’s agricultural 
sector growth is estimated to be 4.2% per annum, which 
is among the highest in Australia. Within WA, the wheat–
sheep zone has the highest total factor productivity growth 
of 6.6% per annum: sheep (4.1%), beef (3.5%), mixed 
sheep–beef (4.7%) and mixed crop–livestock (3%) (Islam, 
2000). Given that crop yields are still improving despite recent 
low rainfall years, it is believed that the growth in yield is 
due to improved technologies and better use of rainfall. A 
significant component of doubling wheat yields per hectare, 
often in the face of declining rainfalls, has been improved 
water use efficiency through reduced losses of rainfall to soil 
evaporation and drainage (Anderson et al., 2005).

While increased water scarcity within the agricultural sector 
will motivate farmers to improve their irrigation practices and 
reduce their water consumption per output unit, agriculture 
is among the highest water users in the State, consuming an 
estimated 40% of supplied water (see ‘Water supply’). There 
is a wide range of returns on water use within the agriculture 
sector. The Department of Agriculture (2004a) estimated that 
returns per unit of water used varied from highs of around $13 
000/ML and $9 300/ML for potatoes and apples respectively, 
to a low of $600/ML or less for flood-irrigated dairy or beef 
production. From 1990 to 2000, an increase in the use of 
more efficient irrigation methods occurred. For example, drip 
or micro spray use went from 18% to 38%, and there was 
a corresponding decrease in less efficient methods including 



furrow or flood irrigation (which decreased from 48% to 
35%), and spray/sprinkler methods, which decreased slightly 
(Australian Bureau of Statistics, 1991 & 2001).

Water resource allocation and management policies that 
facilitate a shift in water use towards activities with the 
highest economic returns is predicted to result in investment 
in water management and more efficient systems that will 
support improved sustainability outcomes. Western Australia 
uses less energy per dollar product than the Australian 
average, probably due to the comparatively low use of 
irrigation (Figure TS1.2). The State efficiency is not as high as 
for Australia generally, but usage is decreasing more rapidly 
(Department of Agriculture, 2005a).
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figure TS1.2:	Comparison	of	energy	use	in	Western	
Australia	and	Australia	for	the	agricultural	sector.
Data source: Department of Agriculture (2005a).

In contrast, efficiency of fertiliser use in WA (Figure TS1.3) 
decreased from 1990 to 2003 for wheat and barley 
(Department of Agriculture, 2005a). The reason for this 
requires further analysis. It may reflect a significant shift 
from sheep to grain production that has opened up areas 
for grain growing where farmers typically do not achieve the 
efficiency levels of ‘traditional’ cropping areas (i.e. those with 
high rainfall and fertile soils). The trend to increased use of 
nitrogen fertiliser is also likely to be a factor.
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figure TS1.3:	Fertiliser	(NPK)	use	efficiency	for	wheat	and	
grain	farms	in	Western	Australia,	1990–2003.
Data source: Department of Agriculture.

Pressures

Land and inLand waTer pressures

Public awareness of environmental issues has meant that farm 
practices are increasingly influenced by environmental quality 
and landscape amenity concerns. Many of the key issues 
affecting land and water resources associated with agriculture 
(e.g. salinisation, nutrient run-off causing eutrophication, soil 
acidification, waterlogging, loss of soil health) are discussed 
elsewhere in this report. Other land degradation issues 
include water repellence of some soils, waterlogging, soil 
erosion and deterioration in remnant vegetation.

biodiversiTy pressures

Pests, weeds and diseases regularly threaten the productivity 
of agricultural systems. As global trade has increased, so 
has the risk of introduction of exotic pests and diseases. 
Agricultural industries are continually challenged by exotic 
disease and pest threats (e.g. anthracnose in lupins, apple 
scab, Queensland fruit fly and skeleton weed in broadacre 
crops). Exotic vermin (e.g. foxes, rabbits and wild cats) and 
weeds (e.g. bridal creeper) once established greatly threaten 
native wildlife and natural habitats. Surveillance and control 
of pests and diseases will have ramifications not only for farm 
businesses but also for natural environments.

cLimaTe cHange

Climate change is likely to pose a long-term challenge for the 
agricultural sector through a reduction in growing season 
rainfall, on-farm water availability, animal health, and extreme 
weather conditions. It could also affect soil stability, human 
health and the risks from insect pests and weeds (see ‘Climate 
change’). Rising wheat yields over the past 30 years in the 
South West (despite reduced rainfall in the growing season) 
illustrates the importance of farming technology changes 
and suggests that improvements in farming systems and 
technology have been able to cope with the climate trends 
to date. Whether this will continue in the future remains 
uncertain and will be a challenge for adaptation and planning 
for the future of the industry.

waTer suppLy

Irrigation water use will come under increasing pressure from 
competing uses such as public water supply and industrial 
use. Agricultural industries will also be under scrutiny in 
regards to the efficiency of water use, water allocations, 
receipt of cross-subsidised water supplies and impacts on 
water quality through salinisation and nutrient export.

sociaL and economic pressures

A pressure on sustainable agriculture is the depopulation 
of rural areas and subsequent reduction of services in rural 
towns. Rural employment is decreasing with increased 
mechanisation, comparatively lower wages for rural 
workforces and the low diversity of job opportunities. Rural 
communities are also becoming a declining political force.

Some of the economic pressures on sustainable agriculture 
are the declining terms of trade, the declining importance 
of agriculture in the nation’s economy, the weakening 
relationships between farm and food prices, the deregulation 
of markets and the spread of quality assurance schemes 
requiring farmers to rapidly learn new skills.
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current responses
Research,	development	and	extension: Research, 
development and extension in agriculture are vital to the 
sector’s performance. Current activities include developing 
standards and better management practices; developing 
more sustainable land management systems; productive 
use and rehabilitation of saline lands; climate science 
and adaptation; recycled organics; and exploring new 
opportunities such as bio-energy production and carbon 
sequestration through revegetation (e.g. trees, saltland 
pasture) to offset agricultural greenhouse gas emissions. 
Much of this work involves collaborative programs across 
a range of research organisations and government 
departments. For example, the Future Farm Industries 
Cooperative Research Centre is at the forefront of research, 
development and extension with programs covering the 
fundamentals of plant-based solutions to salinity.

Integrated	planning:	Regional natural resource management 
groups have developed regional plans in partnership with 
Commonwealth, State and local governments and regional 
communities in order to gain accreditation through the 
National Action Plan for Salinity and Water Quality (Council 
of Australian Governments, 2000) and the Natural Heritage 
Trust. These programs and processes have built on the 
previous Landcare movement. The regional natural resource 
management strategies involve resource risk assessments, 
identification of priority assets, setting targets for natural 
resource management indicators, and establishing local/farm-
level practices to help meet desired outcomes at regional and 
State levels. Integrated land use planning is being used in a 
number of areas to manage potential threats to agriculture and 
to identify and promote new land use opportunities aligned 
with land suitability or improvements to existing agricultural 
practices. These developments indicate a positive move 
towards strategic and integrated planning for investment of 
public and private funds for sustainable use of agricultural land.

Economic	instruments: Investigations are being undertaken 
of economic incentives and innovative instruments as 
drivers of land use change towards more sustainable use of 
agricultural land. They include biodiversity offsets, integrated 
ecosystem services trading, tax incentives and environmental 
stewardship rebates as well as land purchase.

Education	and	training: Substantial work is underway in 
education and training programs by the Department of 
Agriculture and Food, regional natural resource management 
groups, research organisations, private grower groups and 
programs such as FarmBis.

Industry	management	programs: Trials are being conducted 
in WA as part of the Environmental Management Systems 
National Pilot Program. These projects are now being built 
upon by a number of broader industry environmental 
management systems pathways projects. Most agricultural 
industries and their supporting service industries have 
established or are establishing codes of practice which 
promote quality assurance (including best practice farm 
management and production of safe food and fibre 
products). Innovative producer groups like the Mingenew–
Irwin Group, Blackwood Basin Group and the Fitzgerald 
Biosphere Group are integrating sustainability principles 
into production through the environmental equivalent of 
quality assurance programs. Many agricultural industries are 
introducing programs to ensure sustainable production for 
the future, for example, the national Dairying for Tomorrow 
program with Western Dairy, Horticulture for Tomorrow, and 
Grain and Graze.

Industry	biosecurity	management	plans:	Hortguard and 
Grainguard are examples of industry management plans 
which address roles and responsibilities, risk assessment and 
processes for joint decision-making and cost sharing based on 
public versus private good. They focus on prevention through 
border protection, preparedness by the agriculture sector, and 
response to incursions of exotic pests, weeds and disease.

Implications
Agricultural industries and farming communities have a 
responsibility to ensure that natural resources are maintained 
or improved for future generations and that associated 
impacts are not transferred to the wider catchment. 
Unsustainable agricultural practices may result in loss 
or decline in native vegetation, reduced biodiversity, 
introduction and invasion of weed and feral species, altered 
water regimes, salinisation, soil erosion, acidification, 
sedimentation, eutrophication and contamination of 
waterways and wetlands.

Unsustainable agricultural land use also results in reduced 
production and decreased economic profitability. It may 
render the land unsuitable for other potential uses that could 
be better suited to the land including tourism, silviculture, 
aquaculture, water supply catchments, conservation and 
potentially carbon trading. Market access for some industries 
required to meet triple bottom line accountability and 
performance standards may also be affected.
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Fertiliser	use	efficiency	for	wheat	and	grain	farms	has	been	declining	(Tourism	WA).



Unsustainable agricultural practices may result in a net 
migration of people away from farms that become less 
profitable or degraded. A decreasing population base will 
generally result in reduced local development opportunities 
and business interest, a fall in employment and a gradual loss 
of community services that support the agricultural sector.    

suggesTed responses

9.1  Develop a Climate Change Adaptation Strategy 
for agriculture in WA in a partnership between 
the relevant government and non-government 
organisations. This would include alternative 
farming systems that enable adaptation to 
climate change and promote sustainable 
industries and technologies that are profitable 
as well as environmentally beneficial, such as 
bio-fuels or carbon sequestration.

9.2  Establish strategic land use analysis and 
planning capacity to advise land managers and 
industry about the sustainability of current 
and alternative land uses.

9.3  Develop economic incentive packages and 
market-based schemes to drive land use 
changes where necessary.

9.4  Accelerate adoption of schemes such as 
‘Farming for the Future’, quality assurance, 
environmental management systems and 
life cycle assessment. Incentive programs 
and innovative extension and environmental 
education methods need to be developed 
to ensure a critical mass of adoption of 
these initiatives and to encourage the 
establishment of new behaviour norms for 
the agriculture sector.
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The	piggery	industry	has	been	incorporating	sustainability	principles	
into	its	operations	(Department	of	Agriculture	and	Food).

case sTudy – THe pig indusTry

The	pig	industry	provides	a	very	good	example	of	
an	industry	that	has	incorporated	triple	bottom	line	
sustainability	principles	into	its	operations.	It	has	
achieved	this	through	modifying	various	production	
processes	and	the	continued	enhancement	of	
Codes	of	Practice	to	address	environmental	issues	
associated	with	pig	production	including	odour,	
nutrient	enrichment	of	ground	and	surface	waters,	
and	erosion	and	land	degradation	associated	with	
poorly	run	operations.	For	example,	the	industry	
increased	the	efficiency	of	pig	diets	by	altering	the	
proportions	of	phosphorus	and	nitrogen	in	pig	food.	
Straw-based	housing	systems	were	introduced	for	
grower/finisher	pigs	that	retained	waste	in	the	straw	
instead	of	transferring	it	to	traditional	large	effluent	
ponds.	This	reduced	the	risk	of	nutrient	pollution	in	
local	groundwater	and	streams.	Water	use	efficiency	
was	also	improved,	with	water	now	only	being	used	
for	drinking	and	not	for	cleaning	and	washing	down	
pig	pens.	Changes	were	also	made	industry-wide,	
including	uptake	of	a	quality	assurance	program	and	
the	development	of	environmental	codes	of	practice.	
As	a	result,	the	industry	has	reduced	its	environmental	
impacts	and	improved	export	opportunities.

case sTudy – THe mingenew–irwin group

The	Mingenew–Irwin	Group	began	investigating	
the	applicability	of	environmental	management	
systems	to	broadscale	agriculture	in	2000,	and	in	2003	
developed	an	environmental	management	systems	
workbook	and	best	management	practice	guidelines.	
They	then	started	work	on	a	new	research	project	to	
look	into	the	widespread	adoption	of	environmental	
management	systems,	ensuring	practical	application	
and	benefit	testing,	as	part	of	a	national	environmental	
management	systems	pilot	program	(funded	by	the	
Natural	Heritage	Trust).	The	group	continues	to	train	
local	producers	and	support	them	in	developing	
individual	business	environmental	management	
systems	through	workshops	and	individual	support.

The	environmental	management	systems	approach	
is	based	on	the	principles	of	the	internationally	
recognised	code	ISO	14001,	and	also	includes	some	
of	the	techniques	from	quality	assurance	code	SQF	
1000.	These	deal	with	major	environmental	factors	
such	as	chemical	usage,	salinity,	erosion,	groundwater	
contamination,	eutrophication	of	waterways	and	the	
introduction	of	genetically	modified	crops.

Some	of	the	benefits	are	improved	environmental	and	
whole-of-business	management	by	farmers,	which	
leads	to	overall	improvements	in	land	management.	
It	is	seen	as	a	proactive	approach	to	environmental	
management	and	provides	benefits	by:

•		 assuring	the	farmer	that	they	are	producing	their	
goods	and	managing	their	natural	resources	in	the	
best	way	possible;

•		 assuring	the	consumer	that	goods	produced	by	
that	farmer	were	grown	following	well-defined	
sustainable	principles;	and

•		 assuring	the	WA	public	and	regulators	that	farmers	
are	using	the	State’s	natural	resources	productively	
and	responsibly.
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9.2

Description
The ‘conservation sector’ in this report refers to those parts 
of WA’s environment that form part of the National Reserve 
System and the National Representative System of Marine 
Protected Areas, or included in complementary off-reserve 
conservation areas managed for nature conservation. The 
conservation sector differs from the other sectors in this 
theme because it does not relate to extractive use of natural 
resources. The sector aims to protect biodiversity, including 
highly valued and representative ecosystems, native flora and 
fauna (especially rare and threatened species), and important 
landscapes in many instances. 

The formal conservation reserve system has the highest levels 
of long-term (statutory) protection and their management 
is open to public accountability. This public terrestrial and 
marine protected area system is considered a major strategic 
component to conserving biodiversity in situ and meeting 
sustainability objectives. In WA, the following categories 
under the Conservation and Land Management Act 1984 
are collectively considered part of the National Reserve 
System and National Representative System of Marine 
Protected Areas: national parks, nature reserves, conservation 
parks, marine parks, marine nature reserves and marine 
management areas. The management of formally reserved 
areas under the Act is the responsibility of Department of 
Environment and Conservation.

Informal (or off-reserve) conservation is provided by a range 
of instruments to complement the objectives of the formal 
conservation reserve system. These instruments generally 
do not meet the standards of the National Reserve System, 
but are also important for achieving conservation outcomes. 
They include private protected areas, Commonwealth 
Indigenous Protected Areas, covenanting schemes (such 
as Nature Conservation Covenants) and non-binding 
management agreements (such as Land for Wildlife and 
Woodland Watch). Some have a level of legal protection, e.g. 
private land covered under accredited Nature Conservation 
Covenants. Other areas are managed for conservation 
purposes by local governments or State agencies other 
than Department of Environment and Conservation. 
Commonwealth Indigenous Protected Areas are set aside 
for biodiversity conservation and preservation of cultural 
heritage (e.g. the Ngaanyatjarra Indigenous Protected Area 
covers 9 812 900 ha and contains all of WA’s Central Ranges 
bioregion, an area the size of Tasmania).

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). The 
conservation sector objectives that reflect this vision aim to:

•  Establish a formal conservation reserve system that 
captures the full range of biodiversity (through being 
comprehensive, adequate and representative) ensuring its 
protection into the future and the long-term security of 
tenure for management.

•  Provide a network of off-reserve conservation areas that 
complement the formal conservation reserve system in 
maintaining the State’s biodiversity.

Headline indicators

Indicator TS4:	Per	cent	of	terrestrial	biogeographical	
regions	that	meet	the	15%	reservation	target.

The benchmark of at least 15% reservation has been 
increasingly recognised for terrestrial bioregions (Department 
of Conservation and Land Management, 2003). It originates 
from the Nationally Agreed Criteria for the Establishment of a 
Comprehensive, Adequate and Representative Reserve System 
for Forests in Australia (ANZECC & MCFFA National Forest 
Policy Statement Implementation Sub-committee, 1997), but 
has been expanded to include other ecosystems as well as 
forests. The National Objectives and Targets for Biodiversity 
Conservation (Environment Australia, 2001b) required that 
a representative sample of each bioregion be protected by 
2005 within the National Reserve System or network of 
Indigenous Protected Areas, or as private land managed for 
conservation under a conservation agreement. As of June 
2005, only 20% of the terrestrial subregions (defined by the 
Interim Biogeographic Regionalisation of Australia) met the 
objective  15% or more of the area reserved; 11% of the 
subregions did not contain any formally reserved areas (Table 
TS2.1; Figure TS2.1). To date, no formal evaluation against the 
target has been undertaken.

Karri	forest	walk	in	Beedelup	National	Park	(Tourism	WA)
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Indicator TS5:	Per	cent	of	marine	biogeographical	regions	
with	no	formal	reservation.

The National Objectives and Targets for Biodiversity 
Conservation (Environment Australia, 2001b) requires 
that progress be made towards the establishment of a 
comprehensive, adequate and representative system of 
marine protected areas. However, no specific targets of 
percentage per marine region or ecosystem type have been 
set. The State Government has developed the strategy New 

Horizons – The Way Ahead in Marine Conservation and 
Management to develop a marine conservation reserve 
system that manages the biological and recreational 
resources to take into account other essential and sometimes 
competitive activities (Government of Western Australia, 
1998b). Most marine bioregions have a very low level 
of reservation with 65% of bioregions having no marine 
reservation (at June 2005) (Table TS2.1; Figure TS2.1). In 
contrast, the Ningaloo bioregion has the highest level of 
reservation at 82% of its area. 

Table TS2.1: Terrestrial subregions and marine bioregions in Western Australia that meet various levels of reservation, as of June 2005.

Level	of	reservation Number	of	terrestrial	
subregions

Per	cent	reserved Number	of	marine	
bioregions

Per	cent	reserved

0% 6 11% 11 65%

0.1–5.0% 20 37% 2 12%

5.1–10.0% 9 16% 0 0%

10.1–15.0% 8 15% 0 0%

More than 15.1% 11 20% 4 23%

Total 54 17

Data source: Department of Conservation and Land Management [ver. 2006]. Note: Includes the formal conservation reservation system only. Data from Indigenous protected 
areas and private land is not included. Terrestrial subregions are defined by the Interim Biogeographic Regionalisation of Australia,  marine bioregions are defined by the Interim 
Marine and Coastal Regionalisation of Australia.

Two	Peoples	Bay	Nature	Reserve	on	the	South	Coast	(Tourism	WA)

Wildflowers	in	Kalbarri	National	Park	(Tourism	WA)
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figure TS2.1:	Per	cent	of	terrestrial	and	marine	subregions	in	Western	Australia’s	formal	conservation	reserve	system,	as	of	
June	2005.
Data source: Department of Conservation and Land Management – Marine Conservation Reserves [ver. 2005], CALM managed land [ver. 2005]; Department of Environment 
and Heritage – IBRA [ver. 2005], IMCRA [ver. 1997]; Analysis: CALM; Presentation: EPA. Note: Figures in brackets show the area that will be reserved when outstanding Forest 
Management Plan reserve proposals and pastoral acquisitions are added.

Status

conservaTion of naTuraL resources

At 30 June 2006, WA had a formal terrestrial conservation 
reserve system comprising national parks (97 parks, covering 
5 593 536 ha), conservation parks (843 155 ha), nature 
reserves (10 860 832 ha) and  miscellaneous conservation 
reserves (285 832 ha) under the Conservation and Land 
Management Act 1984. The total area of 17 583 355 ha 
equates to 6.95% of WA’s land area. In addition,  
5 265 201 ha of former pastoral leasehold land has been 
acquired for conservation reserves as at 30 June 2006 
but has not yet been formally reserved. Under the Forest 
Management Plan 2004–2013, approximately 195 000 ha 
of land tenure was marked for addition to the conservation 
reserve system (Conservation Commission of Western 
Australia, 2004). Reservation of these areas will increase 
the total area of the formal conservation reserve system 
to around 22.85 million ha, or 9% of WA’s land area. 
Furthermore, a total of more than 1.4 million ha of land 
in the rangelands has been identified for exclusion from 

pastoral leases when the leases expire in 2015, and will be 
incorporated in the formal conservation reserve system.

Principles for the formal conservation reserve system rely on 
‘representativeness’, which requires different vegetation types 
to be distinguishable from each other and mapped to be 
included in the conservation reserve system. There are many 
different ways of mapping vegetation, but to be consistent 
with other states WA has adopted the National Vegetation 
Information System methods. A ‘vegetation association’ is a 
discrete identifiable set of species that occur together, and 
usually includes information about vegetation structure. As at 
June 2005, 19 vegetation associations had been extensively 
cleared to at least 90% of pre-European settlement occurrence, 
and were not represented in the formal conservation reserve 
system. This included seven associations with 2% or less 
remaining native vegetation. About 39% of vegetation 
associations were not protected in the formal conservation 
reserve system (Table TS2.2). Thirty-one per cent of vegetation 
associations had greater than 15% of their occurrence 
represented in the formal conservation reserve system.

legend

Per	cent	of	Terrestrial	Sub-Regions	(IBRA)	or

Marine	Regions	(IMCRA)	under	Formal

Conservation	Reservation

0%

0.1 - 5.0%

5.1 - 10.0%

10.1 - 15.0%

> 15.1%
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Table TS2.2: Proportion of vegetation associations protected 
in the formal conservation reserve system, as an indicator of 
representativeness as at June 2005.

Per	cent	formally	
reserved

Per	cent	of	National	Vegetation	
Information	System	vegetation	
associations	(total	=	818)	

0% 39%

0.1 – 5% 16%

5.1 – 15% 14%

>15% 31%

Data source: Department of Conservation and Land Management [ver. 2006]; 
Department of Agriculture – National Vegetation Information System data [ver. 2003]. 
Data analysis: Department of Conservation and Land Management.  Note: Calculations 
include areas proposed for reservation under the Forest Management Plan and former 
pastoral lease areas that have been acquired, but are yet to be reserved.

The comprehensive, adequate and representative reservation 
system has been largely defined by vegetation and geological 
features. Although some protected areas contain inland 
water systems, these are not usually the focus of reservation. 

As a result, waterways and wetlands are often not reserved 
as whole functioning systems. The Natural Resource 
Management Ministerial Council (2004) aims to amend the 
National Reserve System scientific guidelines to ensure that 
freshwater ecosystems are appropriately incorporated into the 
formal conservation reserve system (with a particular focus on 
planning so that ecosystems reduced to less than 30% and 
less than 10% of original areas can be identified).

There are currently 12 internationally recognised Ramsar 
Convention listed wetland sites (covering 35 005 ha and 
including some marine areas) and 120 Directory of Important 
Wetlands of Australia (nationally-listed wetlands) in WA, but 
listing does not provide legal protection for the wetlands 
(unless included on reserved land). The Environmental 
Protection (Swan Coastal Plain lakes) Policy 1992 covers 
some wetlands on the Swan Coastal Plain due to specific 
conservation values. These have legal protection but are not 
formally reserved.

Table TS2.3: Growth of two off-reserve conservation programs administered by the Department of Environment and Conservation 
in Western Australia since 2000.

Year Land	for	Wildlife	(wildlife	habitat	only)	 Nature	conservation	covenants	

Area	(ha) Number	of	properties Area	(ha) Number	of	properties

1999–2000 77 795  478 0 0

2000–01 92 431  636 119 9

2001–02 102 691  807 380 20

2002–03 115 635  981 606 33

2003–04 227 628 1 090 2 852 46

2004–05 236 778 1 218 4 605 66

2005–06 244 398 1 380 5 786 70

Data source: Department of Conservation and Land Management [ver. 2006]; Department of Conservation and Land Management (2006) Note: The two Indigenous protected 
areas (Ngaanyatiarra and Paruku) cover a total of 10 247 500 ha and form a significant part of the State’s off-reserve conservation areas.

At 30 June 2005, WA’s marine conservation reserve system 
comprised nine marine parks, two marine management 
areas and one marine nature reserve, covering a total area 
of around 1.54 million ha, or 12.2% of the area covered by 
marine bioregions. Currently, 2.5% of State marine waters 
are afforded the highest level of protection in marine nature 
reserves or sanctuary zones of marine parks, with other marine 
protected areas allowing other beneficial uses (Figure TS2.1).

Marine parks are created to protect natural features and 
aesthetic values while at the same time enabling sustainable 
recreational and commercial use where these activities do 
not compromise conservation values. There are four types of 
management zones applicable to marine parks: recreation 
zones, general use zones, sanctuary zones and special 
purpose zones. Sanctuary zones afford the highest level of 
protection for environmental values in marine parks, and only 
allow passive recreational uses consistent with the protection 
of those values. 

There have been some significant achievements in the 
establishment of the marine conservation reserve system 
in WA, with the creation of the Jurien Bay Marine Park, the 
Montebello Islands Marine Park, the Barrow Island Marine 
Park and the State’s first marine management areas, the 
Muiron Islands Marine Management Area and the Barrow 
Island Marine Management Area in 2003 and 2004. In 2005, 
two existing marine parks were also significantly extended: 
the southern portion of the Ningaloo Reef was added to the 
Ningaloo Marine Park and all of the surrounding State waters 
were added to the Rowley Shoals Marine Park, significantly 
increasing the ecological integrity of both reserves.

Of the 18 marine regions in WA, 11 have no marine reserves 
and a further two have less than 3% of their area reserved 
(Figure TS2.1). Planning is underway for the establishment of 
new marine conservation reserves for Dampier Archipelago to 
Cape Preston, the ‘Capes’ (Geographe Bay and Cape Leeuwin 
to Cape Naturaliste and Hardy Inlet), Walpole–Nornalup inlets 
and extensions to the Shark Bay and Shoalwater Islands marine 
parks. Gaps remain in the marine conservation reserve system, 
particularly in the Kimberley and South Coast regions. The 
Recherche Archipelago and Roebuck Bay have been identified 
as high priorities for future reservation consideration.

managemenT of conservaTion areas 

The Directions for the National Reserve System – A 
Partnership Approach (Natural Resource Management 
Ministerial Council, 2004) provides a common approach and 
framework to establish and manage the National Reserve 
System. It sets minimum standards which must be met 
for protected areas to be included in the National Reserve 
System, and targets for reservation. The National Reserve 
System Program under the Commonwealth’s Natural Heritage 
Trust assists the states and territories, non-government 
organisations and private land managers to establish and 
manage Australia’s National Reserve System through financial 
incentives and best practice standards for management.
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Management plans and interim management guidelines 
form the basis for conservation practices and actions in the 
conservation reserve system. At present, WA has 56 current 
final management plans for the conservation estate covering 
2 080 574 Ha (9% of the total conservation estate in WA). 
The approach to management has changed over time, and 
some areas have had management plans superseded by 
different management frameworks over time (e.g. Three 
Forest Region regional management plans were superseded 
by the Regional Forests Agreement process and then by 
the subsequent Forest Management Plan 2004–2013). In 
addition, there are 23 management plans in preparation, 
covering another 4 158 001 ha. 

Western Australia’s Forest Management Plan 2004–2013 
(Conservation Commission of Western Australia, 2004) 
implements government policy for Protecting our Old-
growth Forests (Australian Labor Party Western Australian 
Branch, 2001). It extends the conservation commitments 
made under the South West Regional Forest Agreement of 
1999 and nominates further areas for inclusion in the formal 
conservation reserve system. The agreement was based 
on national criteria to reserve 15% of the pre-European 
forest ecosystems, increase reservation level for vulnerable 
ecosystems to 60% of remaining extent, and increase the 
reservation level of rare and endangered forest ecosystems to 
100% of remaining extent.

The 2015 pastoral lease exclusion program has resulted 
in more than 1.4 million ha of land with high biodiversity 
conservation value in the rangelands being identified for 
addition to the conservation estate when pastoral leases 
expire on 30 June 2015. Early surrender of some of these 
pastoral leases has commenced. Bush Forever (Western 
Australian Planning Commission, 2000) identifies regionally 
significant bushland within the Perth metropolitan area of the 
Swan Coastal Plain. It aims to formally protect at least 10% of 
the 26 original vegetation complexes.

Two important objectives in the National Strategy for the 
Conservation of Australia’s Biological Diversity (Department 
of Environment, Sport and Territories, 1996) are the need 
to strengthen biodiversity conservation outside of formal 
conservation areas and the need for bioregional planning. 
Areas managed for nature conservation on private land are 
most prevalent where land has been significantly modified, 
and where comprehensive, adequate and representative 
reserve system objectives cannot be met through formal 
reservation. Private land ownership is highest in the State’s 
South West. Significantly, there has been continual growth 
of off-reserve conservation networks in the Swan Coastal 
Plain, south coast, northern agricultural and Wheatbelt 
regions. Other types of reserves, such as waterway reserves 
and roadside corridors that are not managed for the purpose 
of biodiversity conservation, may form important corridors 
between the formal conservation reserve system and off-
reserve conservation areas.

Public interest in conservation on private land has grown over 
the last five years, and consequently the number of properties 
and areas subject to various types of agreements or where 
management advice is offered has increased over time (Table 
TS2.3). Nature conservation covenants and management 
agreements may provide incentives for management 
(such as fencing of significant areas), provide guidance on 
management and place conditions under nature conservation 
covenants that endure on the title of properties through 
changes in ownership. There are other notable programs 
(such as the National Trust of Australia’s nature conservation 
program and the WWF–Australia Woodland Watch) that have 
also become popular in some areas. 

Pressures
Pressures are threats to the health and ecological integrity of 
conservation areas can be divided into two main types: those 
involving biological processes, and pressures that stem from 
institutional issues.

environmenTaL THreaTs

There are many specific threats that have been addressed 
elsewhere in this report. The spread of invasive species 
(environmental weeds, introduced animals, introduced 
marine species and diseases such as Phytophthora dieback) 
are biological pressures that disrupt ecological processes, 
resulting in a decline or loss of biodiversity. The decline in or 
loss of habitat values and ecosystem function can be due to a 
number of impacts including changed fire regimes, salinisation 
of land and water, off-site pollution and contamination, and 
soil erosion. Often these pressures are a legacy of former land 
uses that initiated degrading processes and these continue to 
impact on conservation values. Climate change impacts on 
biodiversity also represent a significant threat.

Land resource use confLicT

Current State Government policy through the Mining Act 
1978 allows for exploration mining tenements and mining 
titles over some forms of existing conservation reserves. 
During economic booms, there is increased demand for 
natural resources in WA (e.g. minerals, petroleum, wood 
products, water supplies), which may impact on the State’s 
biodiversity. Population growth also has potential to impact 
valuable biodiversity assets. As the Perth metropolitan region 
expands and becomes more consolidated, property reserved 
for conservation purposes becomes more economically 
valuable and more attractive for development. Irresponsible 
behaviour of people (such as illegal rubbish dumping, 
vandalism, poaching of native species and illegal land clearing 
activities) also affect conservation areas.

Weano	Gorge	in	Karijini	National	Park	(Tourism	WA)
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managemenT issues

Benign neglect or inadequate management which fails to 
respond adequately to developing threats will result in further 
decline of conservation areas . Of the total conservation 
estate in WA, 9% is covered by a management plan. 
Agencies responsible for management of all conservation 
estate areas have the responsibility to maintain biodiversity 
values. However this can be very difficult when managing 
landscape level threats.

KnowLedge gaps and sHorTfaLLs 

Society’s failure in the past to adequately value biodiversity 
has resulted in its continued decline. The lack of 
biodiversity knowledge further impedes the identification 
of representative ecosystems and species for conservation. 
Small reserved areas in fragmented or largely modified 
landscapes are effectively islands subject to problems due to 
small and genetically isolated populations, and are vulnerable 
to environmental change. The long-term security of legal 
instruments such as conservation covenants and management 
agreements is largely untested. There is a lack of public 
scrutiny of contract formation, circumstances under which 
they can be dissolved and any potential action that could 
be taken if contravention of a covenant or management 
agreement occurs.

current responses
Legislation:	The principal State legislation providing for the 
establishment and management of the public terrestrial and 
marine conservation reserve systems is the Conservation 
and Land Management Act 1984. Reserves are vested in 
the Conservation Commission (terrestrial) and the Marine 
Parks and Reserves Authority (marine). The Department of 
Environment and Conservation manages reserved lands and 
waters on behalf of the people of WA.

Formal	conservation	reserve	system:	has the highest levels 
of long-term (statutory) protection and its management 
is open to public accountability. This public terrestrial and 
marine protected area system is considered a major strategic 
component to conserve biodiversity in situ and in meeting 
sustainability objectives. The Department of Environment and 
Conservation is responsible for the design and establishment 
of the formal terrestrial and marine conservation reserve 
system in WA. The State’s biological survey program 
provides a basis for the selection of areas for the terrestrial 
conservation reserve system. To date, about 25–30% of 
the State has been systematically assessed to determine 
biodiversity patterns and components, and conservation 
status. This is complemented by a number of local scale 
biological surveys and assessments.

Forest Management Plan 2004–2013: implements 
government policy for Protecting our Old-Growth Forests 
(Australian Labor Party Western Australian Branch, 2001). 
It extends the conservation commitments made under 
the South West Regional Forest Agreement of 1999 
and nominates further areas for inclusion in the formal 
conservation reserve system.

Indigenous	Protected	Areas: The Indigenous Protected 
Areas Program is a Commonwealth initiative under 
the Natural Heritage Trust to develop agreements with 
Indigenous communities regarding the management of 
biodiversity and cultural assets on their lands, in order to 
further complement the formal conservation reserve system. 
The program helps develop Indigenous protected areas.

Environmental	protection	policies: The Environmental 
Protection (Swan Coastal Plain lakes) Policy 1992 was 
established to protect wetlands on public and private land 
in the Swan Coastal Plain. The Wetlands Conservation Policy 
(released in 1997) outlines principles and actions for wetland 
conservation and management. The policy is currently being 
reviewed and updated. In contrast to terrestrial vegetated 
areas, no national program exists to specifically develop a 
system of representative freshwater reserves.

Land	for	Wildlife: is a voluntary property registration scheme 
for landholders who wish to manage areas of wildlife habitat 
on their property. The program encourages and assists 
landholders to include nature conservation along with other 
land management objectives.

Nature	Conservation	Covenants: The Department of 
Environment and Conservation offers landowners the 
opportunity to use conservation covenants to protect 
the nature conservation values of their properties. It is a 
voluntary, legally binding document that has provisions 
restricting activities that might threaten the land’s 
conservation values. Every conservation covenant is 
individually negotiated between the Department and the 
landowner, and aims to maintain the conservation values 
of the bushland whilst allowing for flexibility to reflect the 
landowner’s wishes for the land. 

Strategic	plan	for	marine	protected	areas:	The Strategic 
Plan of Action for the National Representative System of 
Marine Protected Areas: A Guide for action by Australian 
governments (ANZECC & MCFFA Task Force on Marine 
Protected Areas, 1999) outlines 34 actions to be implemented 
by the Commonwealth, state and territory governments to 
advance the establishment of marine protected areas.

Implications
The conservation of biodiversity is fundamental for the 
long term protection of the State’s natural capital and 
the achievement of sustainability goals. Biodiversity and 
associated ecosystem services underpins many of the 
State’s economic sectors, such as tourism, and the health 
and wellbeing of most Western Australians. Despite many 
of the environmental issues identified in this report, some 
parts of WA are considerably less-degraded than other parts 
of Australia and the world, so a significant opportunity 
exists to systematically consolidate them in the formal 
conservation reserve system for the benefit of current and 
future generations. Despite the proclamation of a number of 
conservation reserves in recent years, the target of more than 
15% reservation of each terrestrial bioregion has only been 
met in 20% of terrestrial subregions. The reservation levels 
for marine ecosystems are also inadequate. Reservation alone 
does not ensure the protection of biodiversity in perpetuity 
– ongoing management and control of environmental threats 
is still necessary. 

     

suggesTed responses

9.5  Accelerate the establishment of the formal 
conservation reserve system, particularly in 
priority terrestrial subregions and marine 
regions. 

9.6  Progressively implement a protected area plan 
for each priority subregion and region, and 
provide adequate management.
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energy

Description
The energy sector comprises the extraction and conversion 
of energy (from primary fuel sources into useful energy), the 
consumption of energy and energy used for transportation. 
Resource extraction of fossil fuels has been discussed 
elsewhere (see ‘Mining and petroleum’). Sustainable energy 
may be broadly defined as energy which is replenished on 
a time scale comparable to its utilisation, and where its 
use causes no adverse inter-generational social, economic 
or environmental impact. This usually involves increased 
utilisation of renewable energy, improved generation 
efficiency, fuel substitution to less environmentally damaging 
sources (as an interim measure) and energy efficiency 
initiatives. More recently, resource depletion and security 
of energy supply has also come under the umbrella of 
sustainable energy.

Western Australia has an energy-intensive, export-oriented 
economy with a significant primary industry sector. The 
State has an abundance of energy resources comprising 
fossil fuels such as coal, oil and natural gas, and renewable 
sources including wind, solar, wave, geothermal and biomass. 
Western Australia is a net exporter of energy with large 
contracts for the sale of natural gas to China, Japan and 
Korea. The State also has significant reserves of uranium. 
The State’s large area, relatively small population, economic 
structure and heavy reliance on fossil fuels pose particular 
challenges to improving the sustainability of energy use and 
conversion in WA.

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). The 
energy sector objectives that reflect this vision aim to:

•  Reduce reliance on fossil fuels and increase reliance on 
renewable energy.

•  Improve the efficiency of energy use in the Western 
Australian community.

•  Improve awareness of the environmental, economic and 
social benefits of renewable energy and energy efficiency 
among Western Australians.

Headline indicators

Indicator TS6:	Primary	energy	use	by	fuel	type.

Primary energy use represents the total consumption of each 
primary fuel. It includes fuel used directly in ‘end-use’ sectors 
as well as fuel used in the conversion of primary fuels to 
electricity and petroleum products. In 2003–04, total primary 
energy consumption in WA was approximately 760 petajoules 
(PJ) (Figure TS3.1). The State is reliant on fossil fuels: 98% 
of WA’s primary energy needs are supplied from fossil fuels. 
Nearly half of all fuel use is from natural gas, followed by oil 
(32%) and coal (17%). Renewable energy sources constitute 
2% of primary energy in WA and include wood used for 
heating and solar water heaters.
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figure TS3.1:	Western	Australia’s	primary	energy	usage	
(historical	and	forecast)	by	fuel	type.
Data source: Office of Energy estimate, based on Australian Bureau of Agricultural 
and Resource Economics (2005a); Akmal & Riwoe (2005).

Indicator TS7:	Primary	energy	consumption	per	dollar	
gross	state	product	(energy	intensity).

Primary energy consumption per dollar of gross state 
product is a measure of the intensity of energy use in the WA 
economy. Energy intensity is often used as a proxy indicator 
for how efficiently energy is used. Energy intensity decreased 
by 18% between 1998 and 2004 to 8.75 PJ per billion 
dollars gross state product (Figure TS3.2). Although energy 
intensity is decreasing (improving), changes in fuel mix, levels 
of production and the structure of the economy can mask 
real trends in energy efficiency. For example, a change in 
the structure of the economy away from energy intensive 

9.3

Electricity	transmission	lines		(Department	of	Environment	and	
Conservation).
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industries, such as from ore refining to office based service 
industries will reduce energy intensity. However, energy use 
per unit output within those sectors may not have changed. 
Analysis by the Australian Bureau of Agricultural Resource 
Economics suggests that after accounting for these factors, 
energy efficiency has not changed significantly since the late 
1990s (cited in Tedesco & Thorpe, 2003). 
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figure TS3.2:	Primary	energy	consumption	per	real	dollar	
gross	state	product	(2004	prices).
Data source: Australian Bureau of Agricultural and Resource Economics (2005a); 
Australian Bureau of Statistics (2004). Note: Energy consumption is measured in 
petajoules (PJ).

Status

energy use

Primary energy consumption has grown by 3% per annum 
since 1998 and is forecast by the Australian Bureau of 
Agricultural and Resource Economics to grow by 3.8% in 
the medium term (Akmal & Riwoe, 2005). This growth rate 
includes the effect of several new liquid natural gas projects, 
such as the Gorgon Venture.

Manufacturing is the largest sector in terms of primary energy 
use, accounting for 29%, followed by electricity generation 
at 28%, transport at 18% and mining at 16% (Figure TS3.3). 
Bauxite refining, iron ore, nickel, mineral sands and silica 
processing are energy-intensive industries that collectively 
consume over two-thirds of the primary energy used in the 
manufacturing sector.

figure TS3.3:	Western	Australian	primary	energy	use	by	
sector	and	fuel	use	in	the	electricity	generation	sector,	
2003–04.
Data source: Office of Energy estimate, based on Australian Bureau of Agricultural 
and Resource Economics (2005a).

Over 80% of energy used in WA is used for stationary (non 
transport) purposes. Of energy used for these purposes, 
natural gas remains the most significant fuel comprising 
around 60% of stationary energy use, followed by coal (21%) 
and oil and its derivatives (17.5%). Renewable energy sources 
supply approximately 2.5% of stationary energy use. Since 
1998, the stationary energy sector has increased by 3.6% per 
annum in primary energy terms.

Electricity is the main product from energy sources used for 
stationary purposes. Natural gas has become the dominant 
fuel source for electricity generation in the State, with growth 
in electricity demand supplied by natural gas-fuelled power 
stations (Figure TS3.3). Coal use for electricity generation 
has remained stable since 1998. Electricity generated from 
renewable sources remains a small proportion (approximately 
3.2% in 2005–06) of total electricity generation in WA. 
Historical and forecast electricity consumption by end-use 
sector shows continuously increasing growth (Figure TS3.4). 
The forecast electricity usage does not reflect current changes 
to government policy and approvals for new electricity 
generation infrastructure. Specifically, the forecast excludes 
the NewGen Power natural gas-fired power station, the 
Bluewaters 1 coal-fired power station, the retirement of Muja 
A and Muja B power stations, and the State Government’s 
6% renewable energy target for 2010.
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figure TS3.4:	Historic	and	forecast	electricity	consumption	
by	sector,	1989–2030.
Data source: Office of Energy estimate based on Australian Bureau of Agricultural and 
Resource Economics (2005a); Akmal & Riwoe (2005). Note: Energy consumption is 
measured in petajoules (PJ).

Woodside’s	onshore	gas	processing	plant.	Nearly	half	of	WA’s	primary	
energy	comes	from	natural	gas	(Woodside).
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A number of new renewable energy projects have been 
developed in recent years, particularly by the private sector, 
assisted by legislative and structural changes to WA’s 
electricity system. Electricity market reforms have also 
allowed new retail entrants to become established. Since 
1998, approximately 125 megawatts (MW) of new renewable 
energy plant greater than 0.5 MW capacity has been 
constructed, with 80 MW of wind farms committed or under 
construction. Wave and geothermal energy sources are also 
emerging as potential new sources of renewable energy. 

Electricity consumption is forecast to grow at an average 
rate of 2.7% per year (Australian Bureau of Agricultural 
and Resource Economics, 2005a). The most significant 
growth in average electricity demand is forecast to come 
from the mining and commercial sectors. To meet growth in 
average electricity demand, a new combined cycle natural 
gas-fired power station will partly replace the aging coal-
fired Muja power station (Muja A and Muja B), scheduled 
for decommissioning in 2008. A new 200 MW coal-fired 
power station at Collie has also been approved and is 
under construction. Peak electricity demand is forecast to 
increase at a rate approximately 25% higher than average 
electricity demand due to weather-sensitive loads such as air-
conditioning (Independent Market Operator, 2005).

Cogeneration, or the combined generation of electricity 
and heat energy for industrial processes, will become 
more significant in the State. A cogeneration plant has a 
much higher efficiency than stand alone electricity or heat 
generation. Currently 890 MW of full or partial cogeneration 
capacity is installed in WA, with a further 280 MW of new 
gas-fired cogeneration systems under construction.

Transport energy comprises 18% of primary energy use. 
Petroleum products (including liquid petroleum gas) supply 
nearly all transport energy demand. The rate of growth of 
transport energy use in the State has declined since 1998, 
with little net change in road transport energy consumption. 
The data suggest the robust growth in transport energy 
consumption experienced in the mid 1990s has slowed. A 
trend for increased oil prices may have impacted on travel 
behaviour. The Australian Bureau of Agricultural Resource 
Economics (2005a) forecasts that between 2001–02 
and 2029–30, primary and final road transport energy 
consumption in WA will continue to rise.

managing energy reserves

Although WA is a net exporter of energy resources it imports 
significant quantities of liquid transport fuels. Estimates 
of fuel reserves are often conflicting and reserves are only 
‘proven up’ as needed. A Ministerial Council on Energy study 
found that Australia possessed sufficient primary energy 
resources to meet demand for the next thirty years (Strategic 
Energy Supply and Security Working Group, 2004). However, 
the WA transport sector’s reliance on liquid fossil fuels 
increases vulnerability to price rises due to supply disruptions. 
Sustained high oil prices (due to supply constraints or political 
instability in oil-producing regions) may act as a driver to 
improve energy efficiency and investment in alternative 
vehicle fuels. Sustained higher oil prices could also make the 
conversion of gaseous to liquid fuels economically viable.

Western Australia has large reserves of fossil fuels including 
coal and natural gas. Natural gas is the cleanest burning 
fossil fuel and whilst non-renewable, there are still significant 
reserves around the world. Estimates indicate that the State 
holds around 80% of Australia’s natural gas reserves, with 
production around 65% of the nation’s gas production 
(Department of Industry and Resources, 2005b).

The State also has significant reserves of uranium, but 
current State Government policy prohibits uranium mining. 
The possible adoption of nuclear power would need to 
consider community concerns about the long-term storage of 
radioactive waste, the cost of electricity generation and the 
safety of the technology. The inter-generational impacts of 
nuclear energy would also need to be balanced against the 
inter-generational impacts of greenhouse gas emissions and 
climate change.

Western Australia has good wind, wave, tidal, geothermal 
and solar renewable resources. Geothermal and biomass 
resources (in the form of landfill gas, organic wastes and 
vegetative biomass) are currently receiving more attention 
from renewable energy generators. Unlike wind, solar and 
wave energy, output from geothermal and biomass plants 
are not intermittent and its output can be managed. This has 
advantages for network operation and stability.

Pressures

cLimaTe cHange

Climate change poses a significant challenge to the energy 
sector in terms of infrastructure and potential economic 
impacts. The energy sector is the single largest contributor 
to greenhouse gas emissions in WA, which are a major 
contributor to human-induced climate change. Emissions from 
fossil fuel combustion constitute two-thirds of the State’s 
emissions. To date, the environmental costs associated with 
climate change and greenhouse gas emissions have remained 
largely external to the price of energy. Energy supplies from 
less greenhouse-intensive sources of energy are typically more 
expensive than from conventional fossil fuels, partly because 
of these costs are not factored in to energy prices. The lack 
of recognition in economic terms of the environmental cost 
of greenhouse gas emissions from energy sources is also 
impeding the investment impetus for cleaner technologies.

Cogeneration	plant	at	Alcoa’s	Pinjarra	alumina	refinery.	Cogeneration	
systems	for	industrial	processes	have	much	higher	efficiency	than	stand	
alone	electicity	or	heat	generation	(Alcoa).
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peaK eLecTriciTy demand

Increasing peak electricity demand places pressure on WA’s 
electricity infrastructure. Installing new electricity generation 
and network infrastructure upgrades (wires and poles) to 
meet the disproportionate growth in peak demand can 
be economically inefficient. Peak demand occurs for only 
a small period of the year and electricity plant to supply 
this load may only operate for one to two days a year. As a 
consequence, peak electricity generation is very expensive. 
Reducing peak and overall electricity demand will reduce the 
need for new power stations and upgrading of electricity 
networks. Collectively termed ‘demand management’, this 
can involve shifting electricity demand to off-peak periods, 
and improving energy efficiency and energy conservation. It is 
important to note that not all demand management options 
save energy (load shifting, for example).

TransporT

Western Australia is Australia’s largest state geographically, 
with consequent implications for transport energy use. There 
are constant and increasing pressures for increased mobility, 
driven by economic and social factors, e.g. increasing industry 
activity and associated freight transport, and increasing 
movement of people for work and other activities.

It will be a significant challenge to address greenhouse gas 
emissions from the transport sector. Our cities are based 
around inexpensive personal motor transport, relative to some 
other economies. This urban model encourages increased 
travel by motor vehicles and discourages more sustainable 
forms of transport such as public transport, walking and 
cycling. The State’s freight network is also dominated by the 
motor vehicle and considerable investment has been made 
in infrastructure that supplies transport fuel. There is also 
a general lack of understanding in the community of the 
environmental impact of transport energy. As with stationary 
energy, the environmental costs of climate change are 
excluded from transport fuel pricing. Current financial models 
in Government and the private sector for vehicle pricing, fuels 
and transport systems encourage growth in the number and 
use of environmentally harmful vehicles and fuels.

current responses
State	Government	energy	supply	initiatives: The State 
Government has set a target of 6% of electricity sold on the 
South West Interconnected System (the main electricity grid 
in WA, servicing Perth and surrounding regions) to come from 
renewable sources by 2010 (Australian Labour Party Western 
Australian Branch, 2001) and is working with other states 
and territories on options for implementing this requirement 
through a multi-state scheme. Electricity generated from 
renewable energy sources on the grid has quadrupled in 
recent years and is currently 4.2% of all electricity generation 
on this system. A longer-term renewable energy strategy 
that will include a target for 2020 is under development. 
A bioenergy strategy is being developed with a focus on 
Landcare benefits. A handbook to guide development of 
renewable energy projects has been developed.

The State Government has committed to purchasing 20% of 
its electricity needs from renewable energy sources by 2010. 
A solar schools program is being established that will see 
the installation of 100 photovoltaic systems in State schools. 
The government is also funding an urban renewable energy 
demonstration plant and providing support for the Kalgoorlie–
Boulder Sun Farm that proposes to use concentrating solar 
dishes. The Narrogin Integrated Wood Processing plant has 
demonstrated the Landcare potential that biomass can offer 
and represents the first Australian biomass gasifier to generate 
electricity into an electricity grid. Consumers can also choose to 
purchase renewable energy through the Green Power program. 

The joint State–Commonwealth Remote Renewable Power 
Generation Program reinvests diesel excise funds paid by 
the State in renewable energy projects in remote areas. 
The terms of the agreement with the Commonwealth have 
been renegotiated to fund renewable energy projects on 
the fringes of the electricity grid as well as off-grid energy 
efficiency initiatives. As of 2005, the program has funded 1.2 
MW of small scale solar projects and 5.4 MW of larger wind 
energy projects.

Electricity	market	reforms: Major reforms have been 
made to the electricity market in WA, making it easier for 
intermittent renewable sources (e.g. solar and wind) to 
participate in the market. An Independent Market Operator 
has been established to ensure fair access to the transmission 
and distribution system (wires). The Independent Market 
Operator is also required to investigate the potential for 
demand management options when new generation capacity 
is required. Following the separation of Western Power into 
four separate businesses, the ‘new’ Western Power (which 
manages the electricity network) is required to consider 
alternatives to new network infrastructure, including demand 
management and embedded generation.

Energy	efficiency	initiatives: Energy efficiency is generally 
agreed to offer the least-cost means to address climate 
change. Energy efficiency offers positive economic benefits 
and frees up resources for investment elsewhere. The State 
Government has implemented the Energy Smart Government 
program which seeks to reduce energy consumption in 
government buildings and services, and achieve a cultural 
shift in how energy is consumed in the public sector. Results 
for the 2005–06 financial year show the program has 
reduced the energy consumption of participating agencies by 
7.8% towards a final target of 12% by 2007. The program 
has reduced associated greenhouse emissions by 3.6%.

Western Australia participates in the National Appliance 
and Equipment Energy Efficiency Program. This program 
implements and coordinates product energy efficiency 
initiatives nationally. The program sets minimum energy 
performance standards for appliances and equipment, 
administers a testing program, and coordinates appliance 
energy labels. By 2020 the cumulative savings in WA are 
estimated to be 65.7 PJ in final energy terms and 15.7 
million tonnes of greenhouse gas emissions. The program is 
estimated to have a greenhouse gas abatement cost of –$23 
per tonne of carbon dioxide.

The State Government in collaboration with the 
Commonwealth and other state and territory governments 
has developed the National Framework for Energy Efficiency. 
The framework aims to capture the potential of energy 
efficiency and is currently being implemented. The program 
has established improved standards for energy efficiency in 
residential and commercial buildings and energy efficiency 
reporting for larger energy users.

Transport	initiatives:	There are a number of State 
Government programs underway to decrease the impact of 
transport energy use on the environment. These measures 
include restricting the number of 6-cylinder vehicles in 
the government fleet, promoting alternative fuels such as 
liquefied petroleum gas and hybrid vehicles, and trialling 
alternative fuels in the form of hydrogen and biodiesel.

Measures to improve the public transport system include 
converting the bus fleet from diesel to compressed natural 
gas and extending the current public transport network, 
for example the Mandurah to Perth railway. Urban design 
measures include promoting ‘mixed use’ urban centres with 
convenient access to public transport and cycling and walking 
infrastructure, such as Subiaco and East Perth.
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Australian vehicle emission standards generally follow 
European standards. Some American standards have been 
adopted for heavy-duty vehicles, where compliance costs 
are lower. Typically Australia lags behind Europe in adopting 
equivalent emission standards. The Fuel Quality Standards Act 
2000 (Commonwealth) now provides a national framework for 
Australia’s fuel standards. The first set of standards for petrol 
and diesel was introduced in 2002. Western Australia has been 
proactive in regulating fuel quality standards with regulations 
enacted in 1999 for petrol and diesel. Standards are currently 
under development for liquefied petroleum gas and biodiesel. 
Compressed natural gas standards are likely to be developed in 
the near future (Motor Vehicle Environment Committee, 2003).

Implications
Climate change has a number of implications for the 
stationary and transport energy sectors that affect the 
economic drivers of the industry as well as raising technical 
challenges. It is widely acknowledged in Australia and 
overseas that major reductions in global greenhouse 
emissions are required to manage the potential environmental 
impacts of climate change. In effect, the energy sector will 
become ‘carbon constrained’ in the future if the negative 
environmental outcomes of climate change are to be avoided. 
It is foreseen that major changes in how the State generates 
and uses energy will be necessary. Domestic and foreign 
demand for WA’s extensive reserves of natural gas are likely 
to increase considerably in the transition to a ‘low emission’ 
economy where natural gas is seen as an important interim 
alternative to coal. However, increased production of natural 
gas for export will increase greenhouse gas emissions from 
this sector. Power stations require large capital expenditure 
and are constructed to last for decades. Constructing power 
plant in the near term using conventional technologies and 
greenhouse-intensive fuel sources could have implications for 
meeting greenhouse emissions reductions in the longer term. 

Unchecked growth in electricity demand is likely to bring 
forward the need for new electricity generation infrastructure. 
Without pricing systems that reflect environmental costs, there 
is little incentive for investment in more sustainable forms of 
generation including renewable energy. Geosequestration 
(long-term underground storage of carbon dioxide) has been 
proposed to manage greenhouse gas emissions from fossil 
fuels. While carbon dioxide reinjection is a proven technology 
within the petroleum industry, the technology required for 
carbon dioxide capture and storage from stationary energy 
sources is still under development. There are examples of 
commercial geosequestration projects globally, but it is still to 
be proven on a commercial basis in Australia.

    

suggesTed responses

9.7  Require new generators to meet world’s best 
practice, as adapted to Australian conditions, 
for generation technology for the chosen fuel 
type and operational mode.

9.8  Introduce incentives for owners of existing plant 
to improve energy efficiency by retrofitting new 
technology as it becomes available.

9.9  Facilitate the expansion of WA’s renewable 
energy industry.

9.10  Increase the diversity or capacity of fuel supply 
infrastructure for cleaner fuels.

9.11  Expand measures to facilitate improvements in 
consumer energy efficiency.

9.12  Introduce incentives to encourage greater 
uptake of fuel efficient and alternative fuel 
vehicles. 

9.13  Introduce a fuel efficiency target for 
government fleets. 

Approximately	3%	of	WA’s	electricity	is	generated	from	renewable	
resources	such	as	wind	power	(Tourism	WA).

case sTudy: deparTmenT of Land informaTion

The	Department	of	Land	Information	is	a	state	
government	agency	responsible	for	land	and	property	
information	and	a	proven	leader	in	energy	efficiency.

In	1994,	the	department	started	an	energy	
management	program	for	its	head	office	in	Midland.	
Between	1998	and	2002	the	program	achieved	a	
24%	reduction	in	energy	use	and	a	25%	reduction	in	
energy	costs.

Seeking	to	capitalise	on	gains	made	under	this	
program	the	department	entered	into	an	energy	
performance	contract	in	2003.	The	contract	manages	
investment	risk	through	linking	expert	knowledge	
with	day-to-day	operations.	It	guarantees	a	15%	
reduction	in	energy	and	cost	savings	over	the	duration	
of	the	contract.	To	date,	the	energy	performance	
contractor	has	exceeded	these	targets.	In	2005,	the	
department	achieved	energy	savings	of	1	349	157	
kilowatt	hours	(kWh)	against	the	baseline	for	the	
Midland	building,	which	is	an	excess	savings	over	the	
guarantee	of	510	317	kWh.

Between	2003	and	2005	upgrades	were	made	to	the	
lighting,	building	control	systems	and	water	heating	
systems.	An	additional	reduction	in	energy	use	of	23%	
was	achieved	between	2003	and	2005.	Over	the	last	
seven	years	the	department	has	also	realised	energy	
cost	savings	of	$1.3	million.	This	is	an	outstanding	
example	of	what	can	be	achieved	when	motivated	
staff	work	with	industry	experts	to	implement	
innovative	approaches	to	energy	management.

The	Department	of	Land	Information	has	been	widely	
recognised	for	the	innovative	energy	efficiency	
strategies	introduced	by	its	Midland	staff	more	than	
a	decade	ago.	The	department	has	also	received	the	
prestigious	Premier’s	Sustainable	Environment	Award	
and	the	WA	Environment	Award	for	Energy	Efficiency	
in	2003.
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Description
The fisheries sector includes the harvesting of fish and 
other marine organisms from marine or inland waters for 
consumption. It includes the harvesting of natural stocks 
and organisms artificially grown in inland waters and marine 
farms (e.g. pearling, aquaculture). Western Australia’s unique 
oceanography determines the productivity and diversity of 
species. The Leeuwin Current transports warm, nutrient-poor 
tropical water southwards along the continental shelf and 
heavily influences coastal waters. As a consequence, WA’s 
oceanic waters are relatively unproductive and nutrient-
deficient when compared with the west coasts of other 
continents. Benthic primary producers (namely seagrasses and 
algae) predominate, whereas in many other marine systems 
phytoplankton are the major primary producers. 

By world standards WA’s take of seafood in terms of tonnage 
is very small, amounting to less than 0.4% of the world catch 
by weight (Australian Bureau of Agricultural and Resource 
Economics, 2005b). Western Australia’s catch of all species 
for 2002–03 was slightly less than 34 000 tonnes; in 2002–
03 it constituted less than 14% of the total weight of seafood 
taken in Australian waters (Australian Bureau of Agricultural 
and Resource Economics, 2005b). However, despite the 
relatively small catch, the State’s fisheries are economically 
significant, contributing 25% of the total value of Australia’s 
fisheries (Department of Fisheries, 2005a). Commercial 
wild-caught fisheries and aquaculture are now established 
throughout the State and directly contribute between $500 
and $750 million to WA’s economy each year. 

Recreational fishing is a popular activity that involves about 
34% of the State’s population and an increasing number of 
tourists. Along with aquatic ecotourism, it contributes $500 
million in annual economic activity to WA, and is important 
to regional economies. Marine farming of South Sea Pearls is 
the longest established, largest and most successful marine 
aquaculture industry in WA. There were 16 pearling licensees 
in 2003 in an industry valued at $120.5 million. Other WA 
aquaculture activities include the marine farming of pearls 
(other than South Sea), beta carotene production from 

salt fields, and mussel, oyster, barramundi, trout, marron 
and yabby farming. Generally these are relatively small 
aquaculture businesses valued at $6.5 million in 2003–04 
(Department of Fisheries, 2005a).

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). The 
environmental objectives for good fisheries management are 
set out in a number of international standards and guidelines 
(e.g. United Nations Convention on the Law of the Sea 1982; 
Food and Agriculture Organisation Code of Conduct for 
Responsible Fisheries; Reykjavik Declaration on Responsible 
Fisheries in the Marine Ecosystem 2001) as well as in 
National and State legislation. The key objectives for fisheries 
management in Western Australia are:

•  Ensure that fisheries are managed sustainably.

•  Protect and conserve habitats and ecosystems that 
support fisheries production, and ensure that fishing does 
not cause irreversible ecological change.

Headline indicators

Indicator TS8:	Proportion	of	fish	stocks	managed	
sustainably.

Sustainability indicators for the fisheries sector are still in 
development. However, interim measures examine criteria 
for adequate breeding stocks and acceptable catch (or 
effort) levels. Both criteria are needed to sustain a fishery 
for the long term. The number of fisheries under formal 
management plans is slowly growing over time and in 
2005–06, 35 fisheries were reviewed. About two-thirds 
of fisheries were assessed by Department of Fisheries as 
being sustainable, having both adequate breeding stock 
and acceptable catch levels (Table TS4.1). Unfortunately, 
information was not available for 17% of fisheries to assess 
both criteria.

9.4

Table TS4.1: Per cent of assessed WA fisheries meeting both adequate breeding stock levels and acceptable catch (or effort) levels.  

2004–05 2005–06

Number of fisheries 35 35

% of sustainable fisheries 62.9% 65.7%

Data source: Department of Fisheries, 2005b and 2006.

Fishing	boats	at	Fremantle	Harbour	(Tourism	WA)



Indicator TS9:	Certification	of	the	ecologically	sustainable	
management	of	fisheries.

The focus of fisheries management has broadened in recent 
years, from managing stock levels, to also considering the 
wider ecological impacts of fisheries. Since January 2002, all 
Commonwealth Government managed fisheries and state 
export fisheries are subject to an independent assessment 
under the Environment Protection and Biodiversity 
Conservation Act 1999 (Commonwealth). An assessment 
is conducted by the Department of the Environment 
and Heritage against the Guidelines for the Ecologically 
Sustainable Management of Fisheries (Environment 
Australia, 2001a). This assessment determines if fisheries 
are being managed in an ecologically sustainable way 
and promotes continuous improvement in environmental 
performance. It takes into account effects on habitats, marine 
communities and ecological interactions, as well as bycatch 
and undesirable impacts on endangered and protected 
species. Through this process the department assesses the 
management arrangements in place to ensure the ecologically 
sustainable management of the fishery. The assessment 
process is limited to Commonwealth and State fisheries that 
export their catch; there is currently no ecological assessment 
of minor domestic fisheries or recreational fishing, although 
this is planned for the future.

Status

use of fisHeries

Traditionally, fisheries management has focused on managing a 
fishery so that the catch of fish does not exceed the maximum 
sustainable yield, i.e. sufficient numbers of fish should remain 
within the population to ensure ongoing breeding success 
and the maintenance of fish stocks at the desired level. A 
more recent recommended approach to measuring fishery 
sustainability has been to use assessment of breeding stock 
together with trends in catch and fishing activity. 

In total, WA has 35 managed commercial fisheries, with an 
additional 15 under other forms of management arrangement 
(overseen by the Department of Fisheries under the Fish 
Resources Management Act 1994). Of the 35 fisheries 
reviewed, 94% had breeding stock assessments available 
for major species. Insufficient data was available for the 
remainder but catch histories indicate that harvested stocks 
are relatively stable using a precautionary approach. Of 
assessed fisheries, 88% had adequate breeding stocks 
in 2005–06 (Figure TS4.1). Fisheries with inadequate or 

uncertain breeding stocks include the Shark Bay snapper 
fishery, northern shark fishery, the southern and west coast 
demersal gillnet and longline fishery (southern shark), and 
the south coast crustacean fishery (Department of Fisheries, 
2006). Trends in the level of adequate breeding stocks have 
been similar in recent years, but higher compared to the late 
1990s (Figure TS4.1)
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figure TS4.1:	Per	cent	of	fisheries	where	breeding	stocks	of	
the	major	target	species	are	both	assessed	and	adequate	to	
ensure	catches	are	sustained	at	maximum	levels	within	the	
range	expected	under	typical	environmental	conditions.	
Data source: Department of Fisheries (2006).

A target catch or fishing effort (limits on fishing, gear, or 
number of operators) is determined for each of the fisheries. 
This indicator provides an assessment of the success of 
management plans and regulatory activities in keeping fish 
catches from each of the managed stocks at appropriate 
levels. When the plan is operating effectively, the catch by 
the fishery should fall within a projected range. The catch 
range reflects the variability of environmental conditions 
that influence the recruitment of juvenile fish that can’t be 
controlled by a management plan. Some fisheries are quota 
based, which restrict the volume of harvested stock. If quotas 
are not met, it may indicate insufficient industry activity or 
that the abundance of stock is significantly lower than when 
the quota was set. 

Comparisons of the catch or effort level were available for 
30 of the 35 fisheries in 2005–06. Inadequate data were 
available for some fisheries, but others (such as the pilchards 
fisheries) were recovering from exotic viruses and rebuilding 
stock levels. Of the four fisheries with catch quotas, 3 (75%) 
operated within their catch targets and one (the Shark Bay 
snapper fishery) exceeded its target and requires a review. 
Of the 26 effort controlled fisheries, 21 (81%) had catches 
that were within acceptable limits of their catch targets. 
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Spangled	emperor	are	taken	in	the	Pilbara	trap	fishery	(Tourism	WA)



Five fisheries (19%) exceeded their allowable catch targets 
including the northern shark fishery, Pilbara trap and line, 
northern demersal scalefish fishery, south coast crustacean 
and the Cockburn Sound crab fisheries (Department of 
Fisheries, 2006). In summary, 80% of assessed fisheries were 
considered to have acceptable catch levels (Figure TS4.2). 
Trends in the acceptability of the catch or effort level appear 
to be declining (Figure TS4.2). 
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figure TS4.2:	Per	cent	of	fisheries	where	the	catch	or	effort	
reported	is	acceptable	relevant	to	the	target	management	
range	being	applied.
Data source: Department of Fisheries (2006).

Over-fishing may result in the fish caught being less than 
optimal size and may also result in the average number 
of recruits declining due to insufficient parental biomass. 
Alternatively, the targeted removal of a particular size of 
animals can affect the overall health of the ecosystem. Whole 
of ecosystem requirements have been implemented in the 
Southern and Western purse seine fisheries because other 
animals (such as seabirds and sharks) are dependent on the 
same size or class of fish that humans take. This reflects a 
broadened approach to fisheries management, by considering 
the wider ecological impacts. 

Both current breeding stock assessment and current catch 
levels are needed in the context of assessing the sustainability 
of a fishery (Table TS4.2). About 66% (23 out of 35) 
of WA managed commercial fisheries are known to be 
currently sustainable, having both adequate breeding stock 
and acceptable catch levels. About 17% of fisheries have 
insufficient information to assess either one or both criteria. 
Another 17% of fisheries do not meet one or both criteria. 
About 8–9% of fisheries were considered to be unsustainable 
in 2005–06 (did not meet both criteria), including the Shark 
Bay snapper fishery, the northern shark fishery, and the south 
coast crustacean fishery. Management of these fisheries 
(amongst others) are under priority review. 
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Table TS4.2: Per cent of WA managed commercial fisheries meeting breeding stock and catch level criteria.

Year %	fisheries	
meeting	both	
criteria

%	fisheries	
meeting	only	1		
of	2	criteria

%	fisheries	
meeting	no	
criteria

%	fisheries	with	
inadequate	data	

Total	formally	
managed	fisheries

2004–05 62.9% 5.7% 11.4% 20.0% 100%

2005–06 65.7% 8.6% 8.6% 17.1% 100%

Data source: Department of Fisheries, 2006; Data analysis: EPA.

Recreational fishing has grown over the past decades as the 
State’s population and economy expanded. About 600 000 
people now fish in WA waters, compared to 284 000 in 1987. 
However, fish stocks on which recreational fishing is based 
are finite. In WA fishing effort is highest in the more heavily 
populated south of the State, from Port Gregory to Augusta. 
This is the State’s most significant recreational fishing area, 
having 68% of the recorded effort, or an estimated 5.6 
million fishing days during 2003–04 (Department of Fisheries, 
2005a). By contrast, only 4% of the State’s recreational 
fishing effort (an estimated 348 000 fishing days in 2003–04) 
occurred in the Gascoyne region, with most of the fishing 
effort concentrated in the peak season of April to August.

There have been advances in angler efficiency through 
improved technology and competing users have placed 
greater fishing pressure on limited fish resources. Along with 
these changes has been an increasing awareness among 
recreational fishers of the need to fish sustainably and a 
greater concern for the state of the environment. Community 
groups such as Recfishwest use fishing clinics and other 
means to foster an appreciation of measures that provide for 
the sustainability and quality of recreational fishing.

proTecTion of naTuraL resources

There is concern that trawling (dragging a net behind 
a boat) may cause a decline in species and ecological 
communities in marine environments. Concerns focus 
on the impact of trawling on benthic habitats (including 
those made up of algae, seagrass, sponges or sandy 
bottoms), fish and invertebrate assemblages, the mortality 
of threatened species such as turtles, and catch of juvenile 
and/or adult fish and invertebrate species of commercial 

or recreational importance. Trawling can be done with 
or without disturbance of sea floor biota and sediments 
by using equipment that either scrapes the sea floor or is 
suspended in the water column (depending on the type of 
animal being targeted). The Shark Bay prawn fishery is of 
concern in relation to its trawling impacts on non-target 
species (bycatch) and the ecological impacts to shallow 
sandy habitats. The Pilbara demersal finfish fishery has a 
trend of decreasing by catch and food chain effects, and 
has been consistently assessed as having a moderate impact 
on protected species and habitats (Department of Fisheries, 
2005a). Concern has also been raised about impacts of the 
Abrolhos Islands scallop trawl (see ‘Marine’). 

Preliminary findings of studies into the biodiversity impacts 
of trawling in Shark Bay, Exmouth Gulf and near Onslow 
(Fisheries Research and Development Corporation, in prep), 
showed that species richness and abundance in trawled 
areas were not significantly different to untrawled areas. 
However, some individual species showed higher abundance 
in untrawled areas indicating vulnerability, while other species 
showed a preference for the trawl grounds. Management 
actions are in place to maintain sustainable fisheries, so 
trawling occurs within a defined season, where a limited 
number of boat operators hold licences, and the annual area 
trawled is a small proportion of the total trawl ground. Recent 
improvements to net design also allow for unwanted bycatch 
animals (such as turtles and dolphins) to escape via windows. 

Apart from putting pressure on fish stocks, recreational 
fishing may have environmental impacts if not carefully 
carried out. Discarded line and litter may entangle or harm 
wildlife. The incorrect use of four-wheel drive vehicles may 
damage coastal and riverbank areas. In addition, reef top 
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harvesting for species such as abalone may result in trampling 
of reef organisms. The death of unwanted or undersized 
species can also be an issue for recreational fishers if they 
are unaware of correct handling and release techniques. 
Currently there is limited policy for assessing the ecologically 
sustainable development of predominantly recreational 
fisheries. This is problematic because although other industry 
sectors (such as State domestic fisheries and aquaculture) 
are assessed for ecological sustainability, the environmental 
impacts of recreational fisheries are not quantified.

managemenT of fisHeries

Commercial fisheries are managed through restrictions 
on catching capacity (number of fishing boats, type of 
fishing gear used, areas where the gear can be used, 
closed seasons), size regulations (covering gear, catch and 
prohibition on the capture of breeding females) and caps 
on the maximum number of licences that can be issued. 
This type of management requires careful monitoring of fish 
stocks and adaptive management to ensure that the catch 
remains within the sustainable yield of the fishery. A high 
level of fisheries surveillance has contributed to the success 
of management practices in commercial and recreational 
fisheries. Assessments of the sustainable management of 
fisheries have been a priority since 2002.

The western rock lobster is the most valuable single species 
fishery in Australia and usually represents about 20% of the 
total value of Australia’s fisheries (Department of Fisheries, 
2004). The western rock lobster fishery is also one of the 
first fisheries in the world to be certified as ecologically 
sustainable by the Marine Stewardship Council (2006). The 
Council is a global independent organisation that recognises 
well managed fisheries and improves consumer marketability 
of the product. 

For most WA fisheries, formal management plans are in place 
to directly control the amount of fishing effort being applied 
to fish stocks, with the level of the catch taken providing a 
measure of the effectiveness of the management plan. Where 
the plan is operating effectively, the fishery industry’s catch 
should fall within the projected target range. The target 
range allows for environmental variability where the rate of 
juvenile recruitment to stock can not be controlled by the 
management plan (Department of Fisheries, 2006). 

In the past, fish resources have been shared mainly on an 
implicit basis, with no explicit setting of catch shares within 

an overall total allowable catch (or effort). Integrated fisheries 
management is a new approach being implemented in 
WA that considers aggregate effects of all fishing sectors. 
Integrated fisheries management involves (Department of 
Fisheries, 2006):

•  setting a total sustainable harvest level for each resource 
to allow for an ecologically sustainable level of fishing;

•  allocating explicit catch shares for commercial, recreational 
and Indigenous fishers;

•  continually monitoring each sector’s harvested catch;

•  managing each sector within its allocated catch share; and

•  developing mechanisms to enable the reallocation of catch 
shares between sectors.

This approach, believed to be a world-first, follows the 
recommendations of the Integrated Fisheries Management 
Review Committee (2002). As the community’s use and value 
of fish resources changes over time, reallocation mechanisms 
will be introduced to enable changes in catch allocation. 
Integrated fisheries management will be progressively phased 
in and is likely to take 10 years to bring the majority of WA 
fisheries under the new framework (Department of Fisheries, 
2006). 

Pressures
There are a number of significant issues and trends to 
be addressed in the short to medium term to ensure the 
conservation and sustainable development of the State’s fish 
resources and the protection of fish habitat into the future. 

popuLaTion growTH and deveLopmenTaL pressure

A growing and more affluent population is placing more 
pressure on the marine environment. Increased coastal 
residential development places pressure on inshore fish stocks 
as a result of increased recreational and commercial fishing 
pressures, a greater amount of pollutants being discharged 
via stormwater and treated sewerage outfalls, and increased 
habitat disturbance through boating activity and new 
infrastructure. Recreational fishing has grown over 200% 
in the past decade as the State’s population and economy 
has expanded. Construction of marinas, ports and other 
coastal developments in sensitive marine environments can 
have dramatic impacts via dredging, toxicants and habitat 
destruction or modification. 
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The	Western	Rock	Lobster	industry	is	the	most	valuable	fishery	in	Australia	and	is		leading	the	way	with	Integrated	Fisheries	Management	
(Department	of	Fisheries)



cLimaTe cHange

Western Australia’s fisheries industries are highly climate 
dependent, with recruitment and migration patterns of some 
fish species sensitive to climatic conditions. The productivity 
of many WA fisheries is influenced by the El Niño Southern 
Oscillation, which in turn influences the Leeuwin Current. 
These fisheries could be affected if El Niño becomes more 
prevalent (Australian Greenhouse Office, 2003). Coastal 
fisheries that are dependent on vulnerable coastal wetlands 
and estuaries as nursery grounds may be particularly 
impacted. Freshwater fisheries, such as marron and estuarine 
fisheries, are likely to be the most affected, particularly in 
areas where rainfall changes are expected (e.g. South West). 

compeTiTion wiTH oTHer naTuraL resource secTors 

Pressures on fisheries are arising from conflicting resource 
requirements of different community and industry 
stakeholders, particularly in once-remote coastal areas that 
are now coming under increasing development pressure. The 
increased complexity and lack of integration of conservation 
and planning processes as they affect coastal fisheries is also 
complicating fisheries management. Aboriginal fishing rights 
and the development of the law in respect to Native Title is 
also contributing to uncertainty. 

iLLegaL fisHing

Illegal fishing has become an increasing problem for the 
sustainable management of fisheries in the State’s North 
West, particularly for trocus and shark. In such remote parts 
of the State it is difficult for Department of Fisheries staff 
to protect fish stocks. At times members of the community, 
including Aboriginal communities, have been employed as 
part time marine rangers. In recent years, there has been an 
increase in the number of interceptions and prosecutions of 
illegal fisherman. 

growTH in recreaTionaL fisHing

Recreational fishing is likely to increase with the State’s growing 
population, so there is an ongoing need to manage this effort 
to prevent stock collapse and ecosystem damage (compared to 
commercial fisheries where the total number of fishing licences 
is capped). Recreational fishing effort has been a significant 
factor in the collapse of fish stock. For example, fish stocks that 
are restricted to the inner gulfs of Shark Bay were subjected to 
significant recreational fishing pressure and now require special 
management arrangements. Detailed research identified that 
pink snapper stocks were over-exploited by recreational fishers 
in the early to mid 1990s. As a result a total prohibition on the 
take of pink snapper was introduced in the eastern gulf of Shark 
Bay between June 1998 and December 2002. Compliance 
with the ban and subsequent fishing regulations has allowed 
the fish population to rebuild. In 2003, for the first time in 
fisheries management in WA, a total allowable catch was set 
for each pink snapper stock/fishery area in Shark Bay. The 
recreational sector, which includes catches from charter vessels, 
was allocated 75% and the commercial sector 25% of the 
available catch in each management area. Lessons learned from 
the Shark Bay snapper fishery are now being applied at other 
locations in the State, such as Cockburn Sound, where fishing 
was recently closed to protect spawning stocks of pink snapper.

current responses
Ecologically	sustainable	development	assessments:	a 
requirement of the Environment Protection and Biodiversity 
Conservation Act 1999 (Commonwealth) is for the 
Department of the Environment and Heritage to conduct 
assessments of ecologically sustainable practices in the 
management of a fishery, and evaluate responses to the 
issues identified in those assessments. The framework allows 
managers to demonstrate that ESD principles are being used 

and provides a way to judge the results. For example, before 
they can be granted an export licence, each fishing industry 
will have to show that their fishing operations and methods 
are not endangering any species or ecosystem.

Integrated	Fisheries	Management	(IFM): the 
implementation of IFM in WA fisheries has progressed since 
its inception in 2004. A final allocation report has been 
prepared for the western rock lobster, and a final report for 
metropolitan abalone is expected in 2007. Focus will now 
turn to finfish resources over the next two to three years – in 
particular, the West Coast and Gascoyne demersal scalefish 
fisheries (especially for dhufish, baldchin groper and snapper). 
A 10 year plan for IFM is in progress that will ensure a long 
term program for the continued implementation of IFM.

State	of	the	Fisheries	reports:	Annual ‘State of the Fisheries’ 
reports are prepared by the Department of Fisheries and have 
increasingly focused on broader ecosystem management. 
The reports summarise the outcomes of many departmental 
activities including management changes, compliance work, 
and research to assess stock levels, monitor breeding stock 
and undertake environmental assessments. 

Community	programs: Fishing industry involvement in non-
government organisation programs, particularly the Marine 
Stewardship Council certification of the western rock lobster 
fishery and the various programs of Oceanwatch and Seanet 
(mitigating non-target species, including protected species).

Codes	of	conduct: Industry-initiated codes of conduct, such 
as Western Rock Lobster Managed Fishery Code of Practice 
for Reducing Whale Entanglements (Western Rock Lobster 
Council Inc., c. 2005), Northern Shark Industry Association 
Industry Code of Practice for Responsible Fishing (Bevilacqua 
& Diver, n.d.), South Coast Purse Seine Code of Practice 
(Ocean Watch & SeaNet, 2005b), Lake Argyle Handling 
Manual (Bevilacqua, c. 2005) and Lake Argyle Bycatch Action 
Plan (Ocean Watch and & SeaNet, 2005a).

Raising	awareness: Programs are in place to increase 
awareness among recreational fishers of fishing practices that 
are sustainable and environmentally responsible. For example, 
fishing clinics by Recfishwest, Volunteer Fisheries Liaison Officer 
program (Department of Fisheries); the promotion of release 
weights to return fish with inflated swim-bladders to deep 
water to reduce trauma and incidental mortality (Department 
of Fisheries, Recfishwest and Australian National Sports Fishing 
Association); and to research recreational fishing practice and 
impacts (Department of Fisheries and Murdoch University).

Aboriginal	fishing	strategy: was developed with four 
main elements (Franklyn, 2003) including: consultative 
and joint management mechanisms to involve Aboriginal 
people in the management of fish resources; employment 
and training opportunities for people in natural resource 
management and compliance, particularly in regional areas; 
economic development initiatives linked to the State’s soon 
to-be released Indigenous economic development strategy 
(which provide opportunities for Aboriginal people to access 
commercial fishing authorisations through open market 
processes); and recognition of continuing customary fishing 
rights and responsibilities (including traditional ownership 
of waters) within fisheries legislation and policy. National 
principles that recognise the cultural significance of fishing 
to Aboriginal people have recently been formally endorsed 
by the Commonwealth Government, the majority of state 
and territory governments, the Australian Seafood Industry 
Council, Recfish Australia and peak Aboriginal representative 
bodies. These national principles support increased 
participation by Aboriginal people in the protection, sharing 
and use of fish resources and are consistent with the State’s 
draft Aboriginal Fishing Strategy.
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Implications
Ecologically sustainable development certification for 
export fisheries under the Commonwealth Government’s 
Environment Protection and Biodiversity Conservation Act 
1999 ensures that environmental issues are at the forefront of 
fisheries management. The process will set a benchmark for 
the management of all fisheries, although there is currently 
no formal requirement or strong urgency to assess non-
export and recreational fisheries and aquaculture. Sharing of 
fish stocks between sectors will continue to be an important 
issue requiring careful management while recognising the 
requirements of commercial, and recreational sectors and 
Aboriginal people. Good environmental management of 
fisheries will require an increased research focus on the 
environmental and ecological impacts of fishing, and the 
value of fish habitats, including the identification of habitats 
of critical importance in the life cycle of fishes. Further 
aquaculture development in the State will require improved 
consideration of coastal planning and pollution issues. 
Remote marine and coastal areas of the State are coming 
under increased pressure from a range of development 
pressures and other impacts, such as illegal foreign fishing.

suggesTed responses

9.14  Continue to implement ecologically sustainable 
development, including the completion of 
accreditation of all Western Australian fisheries 
through the Department of Environment and 
Heritage process, and the extension of the 
assessment process to minor and low value 
fisheries, recreational fisheries and aquaculture. 

9.15  Progress the introduction of Integrated 
Fisheries Management to allow the integrated 
management of critical Western Australian 
commercial and recreational fisheries.

9.16  Increase the focus on ecosystem management 
of marine resources.
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case sTudy – THe inTroducTion of TurTLe and 

bycaTcH excLusion devices in THe exmouTH guLf 

prawn fisHery

The	Exmouth	Gulf	prawn	fishery	is	confined	within	
the	waters	of	Exmouth	Gulf,	with	the	prawn	nursery	
grounds,	spawning	areas	and	trawl	grounds	all	within	
the	gulf.	The	fishery	has	been	operating	since	1963	and	
is	the	second	largest	trawl	fishery	in	the	State	with	13	
boats	fishing	during	2003.	The	fishery	targets	western	
king	prawns,	brown	tiger	prawns,	endeavour	prawns	
and	variable	quantities	(according	to	season)	of	banana	
prawns.	The	fishery	is	managed	using	a	variety	of	
controls	to	limit	fishing	effort,	including	regulations	
that	specify	fishing	gear	that	can	be	used	in	the	fishery.

An	issue	of	concern	in	many	prawn	trawl	fisheries	
around	the	world	is	the	incidence	of	bycatch	of	
unwanted	fish	species	and	the	capture	of	large	animals	
such	as	turtles,	sharks	and	rays.	Typically,	in	tropical	
demersal	trawl	fisheries,	more	than	10	kg	of	unwanted	
fish	are	trawled	for	every	1	kg	of	the	target	prawns.	In	
the	Exmouth	prawn	fishery	a	bycatch	action	plan	has	
been	successfully	implemented	which	has	resulted	in	
the	low	rate	of	bycatch	in	the	fishery	today.

In	1999	the	industry,	in	association	with	Fisheries	
WA	(now	the	Department	of	Fisheries),	commenced	
voluntary	trials	of	grids	fitted	into	the	trawl	nets	to	
allow	any	turtles	entering	the	nets	to	escape	(termed	
turtle	exclusion	devices).	A	wide	variety	of	turtle	
exclusion	devices	were	trialled	over	two	years	and	
then	these	devices	were	made	mandatory	within	the	
fishery.	The	introduction	of	turtle	exclusion	devices	
to	the	fishery	has	virtually	eliminated	the	capture	
of	turtles.	However,	work	is	continuing	to	improve	
the	fishery’s	performance	with	respect	to	bycatch.	
Secondary	bycatch-reduction	devices	(fish-exclusion	
devices	designed	to	reduce	the	catch	of	unwanted	
fish)	such	as	square	mesh	panels	have	been	trialled	
prior	to	adoption	within	the	fishery.	In	addition,	many	
of	the	boats	operating	in	the	fishery	have	installed	
‘hopper’	sorting	tables.	With	this	arrangement	the	
catch	is	dumped	from	the	cod	end	of	the	net	into	a	
well	of	flowing	seawater.	The	catch	is	then	removed	
from	the	well	on	a	moving	conveyor	belt	and	sorted.	
This	reduces	the	amount	of	time	bycatch	species	spend	
out	of	water	and	increases	survival.

The	success	of	the	various	turtle-exclusion	and	
fish-exclusion	device	designs	has	been	monitored	
through	the	use	of	voluntary	logbooks	and	through	
an	observer	program.	The	efforts	made	by	industry	to	
address	the	environmental	impact	of	the	fishery	have	
paid	off.	The	fishery	has	achieved	Commonwealth	
ecologically	sustainable	development	accreditation,	as	
well	as	certification	for	export	to	the	United	States.

Recreational	fishing	is	a	popular	recreational	activity	in	WA		
(Tourism	WA).
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mining and peTroLeum
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Description
Mining and petroleum industries are referred to collectively as 
the resources sector. The WA resources sector is a world-scale 
supplier of petroleum and mineral commodities (Geological 
Survey of Western Australia, 2005), including:

• precious minerals and metals (diamonds, gold and silver);

• steel industry metals (iron and magnesium);

• specialty minerals and metals (titanium, vanadium and 
rutile);

• base metals (lead and copper);

• alumina and specialty alumina-based products;

• industrial minerals (garnet, gypsum and talc);

• basic raw materials (limestone and granite); and

• energy and petrochemical feedstock (oil, natural gas, 
liquid natural gas, liquid petroleum gas and coal).

Mining and petroleum operations have a finite life during 
which there are three distinct phases, including exploration, 
production and decommissioning at the end of the project’s 
economic life. The life span of resources projects can range 
from as little as a few months to 50 years. Impacts on the 
environment are varied due to the wide range of extraction 
and processing operations, phases of operational life, and 
the diverse range of environments where resource extraction 
occurs. This sector report presents only the significant 
environmental issues directly related to the extraction of 
minerals and petroleum – not downstream processing 
activities.

From a natural resources perspective, the mining and 
petroleum sector is unique in that the resource base (i.e. 
minerals, ores, petroleum) is extracted and not replenished 
over time. This makes it difficult to apply the concept of 
sustainability to this sector in terms of ‘environmental 
integrity’. However, the sector is applying environmental 
stewardship practices to manage its environmental impacts, 
and is recognised for providing significant economic and 
social benefits to the State. In 2006, the value of sales from 
the resources sector was $48.4 billion. The sector contributes 
about 85% of the total value of State exports (Chamber 
of Minerals and Energy, 2006) and is directly responsible 
for about 5% of the State’s total employment (Chamber of 
Minerals and Energy, 2005).

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). The 
mining and petroleum sector has a vision that “minerals and 
petroleum production in Western Australia remains at world 
best practice and the industries help to establish the standard 
for sustainability” (Government of Western Australia, 2003, 
p. 139). The objectives for the sector include:

• Ensure that responsible development of the State’s 
mineral and petroleum resources comply with relevant 
legislation and undertake appropriate levels of planning, 
environmental research and environmental management.

• Minimise and mitigate emissions to the environment from 
mining and petroleum operations.

• Maximise the efficiency of natural resource use and 
resource extraction in mining and petroleum projects.

Headline indicators

Indicator TS10:	Area	of	land	disturbed	and	rehabilitated.

Estimates based on data collected between 1986 and 2002 
indicate that the area disturbed by mining was approximately 
162 00 hectares. Comprehensive data on the area disturbed 
by mining after 2002 was not available. Approximately 24 000 
hectares of land was rehabilitated between 1986 and 2002.

Indicator TS11:	Per	cent	of	environmental	conditions	in	
compliance.

Mining and petroleum operations are audited, through 
several mechanisms, for compliance with the Department of 
Industry and Resources and the Department of Environment 
and Conservation environmental conditions. This information 
has not been standardised to enable reporting as a headline 
indicator.

Indicator TS12:	Greenhouse	gas	emissions	from	sector.	

Annual greenhouse gas emissions from the resources sector 
nearly doubled between 1990 and 2002 to 12.3 million tonnes.

Indicator TS13:	Water	use	by	sector.

It is estimated that the sector’s total water use was 
approximately 428 gigalitres (GL) in 1999–2000. Up to 30% 
of the water used on mine sites is recycled at least once.

9.5

Iron	ore	mine	pit	operations	at	Hamersley	Iron,	Tom	Price	(Tourism	WA).
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figure TS5.1:	Major	mineral	and	petroleum	projects	in	Western	Australia.
Courtesy of Department of Industry and Resources.

Woodside’s	Goodwyn	Platform,	North	West	Shelf	(Woodside).Iron	ore	mine	pit	operations	at	Hamersley	Iron,	Tom	Price	(Tourism	WA).



Status

use of naTuraL resources

Currently there are 67 producing oil and gas fields and 560 
commercial mineral projects in the State, including 1222 
operating mine sites (open pit, underground and quarries) 
which produce over 50 different minerals (Figure TS5.1). 

During 2005–06, petroleum production for the State totalled 
11.5 GL of crude oil, 5.63 GL of condensate and around 7.71 
giga-cubic metres of gas. Production of other key mineral 
commodities during 2005–06 included 11.5 million tonnes of 
alumina, 161 tonnes of gold, 191 000 tonnes of nickel and 
244 million tonnes of iron ore (Department of Industry and 
Resources, 2006a). The sector is experiencing rapid growth 
and projections indicate that sector output is likely to grow 
by 50–75% over the next decade (Chamber of Minerals and 
Energy, 2005).

Most of the land disturbed by mining activity is used for 
tailings dams/evaporation ponds, waste rock dumps/heap 
leaches, infrastructure or it becomes a pit. Estimates based 
on data collected between 1986 and 2002 indicate that 
approximately 162 000 hectares of land was disturbed 
by mining, which represents approximately 0.07% of the 
State’s total land area (Figure TS5.2; Department of Industry 
and Resources, 2003). The area of land revegetated over 
this period was approximately 24 000 hectares. These 
estimates should be considered incomplete for this period as 
comprehensive data collection only began in 1995 and do 
not include disturbance from exploration. The area of land 
disturbed and rehabilitated post-2002 was not available, as 
reported information was not compiled comprehensively for 
these years. However, an increasing trend in the approved 
number of notices of intent to clear for mining between 
2002 and 2004 suggests that the area of land being 
disturbed is rising (Figure TS5.2). In 2004 a new system for 
application to clear native vegetation was established with 
the introduction of the Environmental Protection (Clearing of 
Native Vegetation) Regulations 2004. During 2005 and 2006, 
applications were made to clear approximately 10 600 ha for 
mining. This data is not comparable with the data from the 
notice of intent process. 
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figure TS5.2:	Area	subject	to	disturbance	and	rehabilitation	
and	number	of	notices	of	intent	approved	for	mining	in	
Western	Australia.
Data source: Department of Industry and Resources. Note: ‘Disturbed’ includes areas 
where vegetation has been cleared and/or topsoil has been removed. ‘Preliminary 
rehabilitation’ includes areas that have undergone reshaping, capping and water/wind 
erosion control. ‘Revegetation’ includes areas that have established self sustaining 
vegetation cover based on data available through established reporting mechanisms 
but does not include all legacy sites.

The efficient use of natural resources is widely 
acknowledged in the mining and petroleum sector. This 
sector ranks second to agriculture in the total volume of 
water used in the State. Around half of the water used is of 
poor quality (naturally saline) and not well suited to most 
other uses. It is estimated that the sector’s total water use 
was approximately 428 GL in 1999–2000. Up to 30% of 
the water used on mine sites is recycled at least once before 
discharge to tailings storage facilities or evaporation ponds 
(Economics Consulting Services, 2004). The major water 
resource issue for the sector is potential contamination. 
While precise data on the volume of water used by the 
sector is not available, data on water allocations to the 
mining industry is available (Figure TS5.3). Petroleum 
operations use very little water in the production process.

figure TS5.3:	Proportion	of	mining	sector	water	licence	
allocation	by	mineral	commodity	in	Western	Australia,	2004.
Data source: Economics Consulting Services (2004).

In comparison, energy use in the minerals and petroleum 
sector is increasing (Figure TS5.4). Despite efforts to improve 
energy efficiency within the sector, there has been an overall 
increase in energy use due to growth in sector activity.

figure TS5.4:	Energy	use	in	the	resources	sector	in	Western	
Australia.
Data source: Australian Bureau of Agricultural and Resource Economics (2005a). 
Note: Includes all industries in the Australian and New Zealand Standard Industrial 
Classification Codes under ‘Division B: Mining’ (Australian Research Council, n.d.).

managemenT of naTuraL resources

Before mining or petroleum extraction projects commence, 
companies submit proposals to the Department of Industry 
and Resources for assessment. These proposals detail the 
measures that will be taken to minimise impacts on the 
environment and plans for closure and decommissioning once 
operations have ceased. Projects having proposed impacts to 
environmentally significant areas are also assessed by the EPA. 
Operating conditions included in environmental licences and 
ministerial approvals are employed to manage environmental 
risks and impacts. 
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Conditions may address:

•  limits on emissions or discharges to the environment;

•  land clearing and rehabilitation criteria;

•  storage and handling requirements for environmentally 
hazardous materials;

•  water allocation limits, balance, and water use efficiency; 
and

•  reporting criteria for project specific environmental issues.

Mining operations are audited against criteria relating to 
various aspects of environmental performance. Currently, 
audit assessment scores are collated by the Department of 
Industry and Resources and presented in an environmental 
compliance index. In 2005–06, the overall score for mining 
operators was 106 against a baseline of 100 for the year 
1998–99, which represents a slight improvement compared 
with the baseline year (Department of Industry and Resources, 
2006b). This assessment and scoring process is currently 
being reviewed to enable compliance with the Mining Act 
1978. Auditing of the petroleum industry is also undertaken 
to determine compliance with relevant environmental 
management criteria. In 2005–06, 100% of audited projects 
had no reports of major corrective actions (Department of 
Industry and Resources, 2006b). Data on levels of compliance 
with ministerial conditions set by the Minister for the 
Environment and licence conditions implemented under the 
Environmental Protection Act 1986 are unavailable.

Mining companies are required to undertake rehabilitation 
of land disturbed by mining upon a project’s completion. 
Industry financial securities are held by government 
authorities to ensure rehabilitation is completed to a 
satisfactory standard. For the mining industry, the State 
Government holds around $455 million in unconditional 
performance bonds for the purpose of funding a program 
of rehabilitation works in the event that operations fail to 
meet rehabilitation standards agreed to in their conditions 
of approval (Department of Industry and Resources, 
2006b). Petroleum companies are required to prepare 
decommissioning and closure plans and maintain adequate 
insurance against environmental risks such as oil spills. 
Currently, it is not common practice to require bonds for 
onshore petroleum projects.

While there are now processes governing the rehabilitation 
of land, this has not always been the case. There are 
many abandoned mines sites that were approved before 
rehabilitation protocols were established and there remain 
areas of land yet to be rehabilitated. Historical sites continue 
to have an impact on flora and fauna. On-ground exploratory 
drill holes can also act as pitfall traps for native fauna and 
contribute to local erosion and the formation of sinkholes. For 
example, a study undertaken in the early 1980s in Fitzgerald 
River National Park recovered the remains of nearly 300 
marsupials and reptiles from two shallow uncapped drill holes 
(Geological Survey of Western Australia, n.d.). Surveying 
of abandoned mine sites has been ongoing since 1999 and 
82% of known high priority sites have now been inspected 
(Geological Survey of Western Australia, 2005). Companies are 
now required to routinely plug drill holes and also to plug the 
holes of previous explorers on their acquired mining leases.

The environmental impacts of petroleum operations 
arise from drilling, ship and platform anchoring and the 
construction of infrastructure such as subsea pipelines, 
production facilities and shore-based facilities that process 
oil and gas. Onshore operations, such as oil and gas 
processing facilities, also generate environmental impacts. 
Active management is required to minimise land disturbance, 
impacts on biodiversity and loss of conservation and heritage 
values. When offshore drilling operations cease, all wells are 
plugged below the seabed surface. 

proTecTion of naTuraL resources

Many operational discharges are authorised under project 
approvals and licence conditions. However, some accidental 
releases and spills occur. Releases to the environment 
from the mining industry potentially include spills of fuel, 
oil, chemicals, process water, saline borefield water or 
tailings. Tailings storage facilities are of most concern as 
they pose a risk to native flora and fauna and groundwater 
contamination. While mining facilities are audited and 
spills investigated by the Department of Environment and 
Conservation, comprehensive data on quantities of spills and 
releases to the environment are unavailable.

For the petroleum industry, releases to the environment can 
include oil, gas, fuel, other hydrocarbons and saline water. 
Data on accidental releases of gas or liquid hydrocarbons are 
submitted to the Department of Industry and Resources and 
the Department of Environment and Conservation. In 2005–
06 there were 384 L of total hydrocarbons released during 
reportable incidents from onshore operations in the upstream 
petroleum industry. A total of 582 L of hydrocarbons were 
released in State and Commonwealth waters from offshore 
operations during the same period. Reportable gas venting 
totalled 387 200 m3 during 2005–06. 

Acid mine drainage is an emerging issue for the mining 
industry. Acid mine drainage occurs when sulfidic minerals 
along the walls of open pits and in waste rock dumps and 
tailings storage oxidise, resulting in the release of acidic 
drainage water and dissolved metals which may impact 
on terrestrial and aquatic environments. The sector has 
recognised acid mine drainage as a significant issue and 
a number of industry groups are undertaking research to 
improve management of acid mine drainage .

Greenhouse gas emissions from the sector are increasing 
(Figure TS5.5). New gas ventures in the North West are 
expected to increase the State’s carbon dioxide emissions 
by up to 10 million tonnes. Coal mining is also a significant 
source of fugitive methane emissions, with smaller amounts 
of fugitive emissions resulting from the extraction and storage 
of oil and gas. Some operators are working to improve 
efficiencies and consequently, emissions have declined on a 
per unit production basis for some projects. However, these 
improvements have been offset by significant overall growth 
in sector activity. 
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Minesite	rehabilitation	with	native	vegetation	(Department	of	Industry	
and	Resources).



figure TS5.5:	Total	sector	greenhouse	gas	emissions	(carbon	
dioxide	equivalent)	in	Western	Australia.
Data source: Australian Greenhouse Office (2005).

The sector emits a significant quantity of sulfur dioxide, most 
of which is produced during the smelting of sulfide ores in 
mineral processing and some from the flaring of natural gas 
while extracting crude oil. There is an increasing trend in the 
emissions of sulfur dioxide from the sector (Figure TS5.6), with 
it being a significant issue in the Kalgoorlie–Boulder area (see 
‘Sulfur dioxide’). Dust is also recognised as having significant 
localised impacts, particularly around mining facilities in the 
North West (see ‘Particulates’). Various dust suppression 
techniques are being developed and implemented by the sector. 

figure TS5.6:	Sulfur	dioxide	emissions	from	the	mining	and	
petroleum	sector	in	Western	Australia.
Data source: National Pollutant Inventory (2006). Note: Includes all industries in the 
Australian and New Zealand Standard Industrial Classification Codes under ‘Division 
B: Mining’ (Australian Research Council, n.d.). Reporting is only required for 
facilities emitting more than 10 tonnes of sulfur dioxide per year.

Pressures

Trends in secTor acTiviTy

Sector activity is significantly influenced by the cyclical nature 
of commodity prices on international markets, and experiences 
‘booms’ and ‘busts’. Over the last ten years the resources sector 
has experienced a nominal growth rate of about 8% per annum 
(Figure TS5.7). As at December 2006, it was estimated that 
$81 billion worth of projects were either under construction 
or planned for the State. It is anticipated that the State will 
continue to experience growth in demand in the resources 
market fuelled by strong economic activity in Asia (Department 
of Industry and Resources, 2005c; Department of Industry and 
Resources, 2007). While some per unit production impacts on 
the environment (e.g. from atmospheric emissions and energy 
usage) are decreasing, the increasing demand for resource 
commodities and the corresponding increasing levels of 
production will continue to place pressures on the environment.

figure TS5.7:	Value	of	Western	Australia’s	minerals	and	
petroleum	sales	for	selected	commodities.
Data source: Department of Industry and Resources (2005c).

waTer use and disposaL

Sourcing water for use in resource extraction (particularly 
for the mining industry) has become a major problem in 
specific areas in recent years with increasing competition 
for water resources and the need to allocate more water 
for the environment. In particular, the rapid expansion of 
downstream processing related to the mining industry along 
the Pilbara Coast between Karratha and Port Hedland is 
resulting in increasing pressures on available water supplies.

aTmospHeric emissions

The international focus on the contribution of industrial 
emissions to climate change has increased pressure on the 
sector to reduce greenhouse gas emissions. There is also a 
recognition of the importance of environmental health issues 
and the need to minimise particulate emissions. While per 
unit levels of emissions are decreasing, this will continue to be 
offset by sector growth.

current responses
Legislation: The relevant State legislation governing the 
environmental impacts of the sector includes the Mining 
Act 1978, several petroleum Acts and the Environmental 
Protection Act 1986. In addition to these Acts, there is 
a range of other Commonwealth and State legislation 
governing specific aspects of environmental management in 
the sector.

Sector	initiatives: A number of industry-led initiatives 
aim to support sound environmental management and 
provide mechanisms for the broader public to identify 
organisations adhering to more stringent requirements. 
State-based industry organisations actively involved in 
supporting sound environmental practice include Chamber 
of Minerals and Energy, Australian Petroleum Production 
and Exploration Association Limited (WA), Chamber of 
Commerce and Industry, and Association of Mining and 
Exploration Companies (WA). International organisations 
that have developed codes of practice to guide responsible 
environmental planning and management of sector 
operations include:

• International Petroleum Industry Environmental 
Conservation Association;

• International Council on Mining and Metals;

• Mining, Minerals and Sustainable Development Project; 
and

• Global Reporting Initiative.
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Greenhouse	gas	emissions: An increasing number of 
resource companies operating in WA are members of the 
Commonwealth’s Greenhouse Challenge Program (see 
‘Greenhouse gas emissions’). As of 1 July 2006, participation 
in the Greenhouse Challenge Plus program became 
compulsory for all Australian companies receiving fuel excise 
credits of more than $3 million and for proponents of large 
energy resource development projects.

Rehabilitation: The Department of Industry and Resources 
is undertaking a review of the environmental bond system 
for rehabilitation works which is investigating the adequacy 
of environmental bond rates, assessment methodologies and 
bond administration.

Abandoned	mine	sites:	Since 1999, the Geological Survey of 
Western Australia (2000) has been undertaking an inventory 
of abandoned mine sites. The aim of this project is to provide 
a basis for planning of remedial action and rehabilitation of 
high-risk features on abandoned mines. Priority has been given 
to areas within 10 km of major towns or less than 1 km from 
main roads, where rehabilitation is now largely completed. 
Surveying has now commenced in areas within 5 km of smaller 
towns or less than 1 km from selected tourist routes.

Land	and	water	contamination:	The Contaminated Sites 
Act 2003 and supporting Regulations came into effect in 
December 2006 and has become an effective mechanism for 
improved reporting, assessment and management of soil and 
water contamination on mine sites.

Recognition	of	excellence	in	environmental	management:	
The Department of Industry and Resources mission is to 
facilitate responsible resource development in WA. The 
department established the Golden Gecko Awards for 
Environmental Excellence in the Mineral and Petroleum 
Industries in Western Australia to recognise excellence 
and leadership. The awards acknowledge the outstanding 
contribution recipients have made in balancing environmental 
responsibility with the successful development of the State’s 
resources (Department of Industry and Resources, 2005a). 
A Golden Gecko Award symbolises the commitment of 
companies and individuals to go beyond basic compliance 
with regulations, and provides public and industry recognition 
for their efforts.

Implications
The management of environmental impacts, including impacts 
on biodiversity and emissions to the environment, is essential 
to maintain broad community support for the operations 
of the mining and petroleum sector. Without such support, 
the sector’s capacity to contribute to the State’s economy is 
reduced, with significant economic impacts felt in regional WA, 
where a high proportion of employment is often due to the 
resources sector. Resource companies and their shareholders 
have a direct financial stake in implementing appropriate 
environmental management practices to manage pressures 
on the environment. As well as company funds being held 
in performance bonds, increasingly well-informed global 
consumers are basing investment and purchasing decisions 
on factors other than price, one of which is environmental 
performance (Chamber of Minerals and Energy, 2004).

suggesTed responses

9.17  Develop a comprehensive central database to 
collate and process environmental data and 
information prepared by the sector to enhance 
the State’s environmental knowledge.

9.18  Establish sector-wide targets and benchmarks 
in order to assess whether implemented 
environmental strategies are achieving 
required outcomes.

9.19  Develop guidelines on rehabilitation and 
relinquishment standards consistent with the 
Australian and New Zealand Minerals and 
Energy Council/Minerals Council of Australia 
Strategic Framework for Mine Closure.

9.20  Develop strategies for more effective 
information exchange between mining 
companies on practical and effective mine 
closure and rehabilitation techniques.

9.21  Coordinate and advance research in 
rehabilitation techniques in WA.

9.22  Adopt collaborative processes when significant 
environmental values and significant resource 
development economic benefits coincide, to 
achieve multiple land-use objectives.
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Alcoa’s	Huntly	minesite	-	inspecting	rehabilitation	(Alcoa).
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pasToraLism
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Description
Western Australian rangelands account for 87% (about 
2.175 million square kilometres) of the State’s land area, 
including all but the South West corner (Environmental 
Protection Authority, 2004). About 42% of the rangelands 
are vested as pastoral leases. There are two broad regions 
of the pastoral rangelands; the grasslands of the Kimberley 
and Pilbara regions (known as the Northern Rangelands), and 
the shrublands of the Gascoyne, Murchison, Goldfields and 
Nullarbor regions (known as the Southern Rangelands).

Pastoralism is the extensive grazing of native vegetation 
by livestock. In WA it occurs on Crown land held under 
pastoral leases. There are 525 pastoral leases across the 
State, ranging in size from 3000 to 500 000 hectares (ha). 
Grazing of livestock (cattle, sheep and goats) represents the 
major land use on pastoral leases, although diversification to 
activities such as tourism, rural retreats, conservation, wood 
production, horticulture and aquaculture is becoming more 
common (Department for Planning and Infrastructure, 2003). 
Some Aboriginal communities with a historical connection 
to the land use leases to generate income while meeting 
traditional social and cultural needs.

The pastoralism sector in this report is defined as the use, 
management, conservation and protection of pastoral land 
for the purposes of livestock grazing. Grazing animals are 
reared for their meat and for associated products, such as 
wool and fibre. Pastoral production contributes about $200 
million annually, which is around 3% of the State’s gross 
value of agricultural production (Department of Agriculture, 
2004b). The Southern Rangelands contributed 27% of that 
amount with pastoral activities consisting mostly of wool 
production, although meat production from cattle, sheep 
and goats is becoming increasingly important. The Northern 
Rangelands contributed 73% , mostly from meat production 
from cattle (Department of Agriculture, 2005b).

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). 

Sustainable pastoralism requires objectives that reflect the 
above vision, including:

 •  Ensure that the pastoral rangelands are managed 
sustainably in accordance with the requirements of the 
Land Administration Act 1997.

•  Protect land, water and biodiversity resources to maintain 
ecosystem services and prevent degradation.

•  Provide opportunities for diversified and sustainable 
production from the pastoral rangelands.

•  Support off-reserve conservation of biodiversity on 
pastoral lands to complement the conservation reserve 
system.

Headline indicators

Indicator TS14:	Average	Range	Condition	Index	for	
pastoral	leases.

The Range Condition Index summarises pastoral lease 
performance for range condition, namely perennial 
vegetation and surface soil condition. Index scores range 
from 1 to 3, with 1 = good condition, 2 = fair condition, 
and 3 = poor condition. The headline indicator score of 
1.79 is the average index score for all pastoral leases where 
recent inspections were undertaken between 1999 and 
2005. This score indicates that most pastoral leases are in 
good to fair condition, showing a marginal improvement 
over time compared to range condition surveys undertaken 
between 1972 and 1998, when the average score was 1.85 
(Department of Agriculture, unpublished).

Indicator TS15:	Per	cent	of	Western	Australian	Rangeland	
Monitoring	System	sites	for	which	shrub	density	or	
perennial	grass	frequency	remained	steady	or	increased.

The Western Australian Rangeland Monitoring System 
sites are based on the dominant vegetation type (shrubs or 
grasses) present on a pastoral lease. Per cent change was 
calculated by comparing the most recent sampling occasion 
with the previous sampling occasion. Generally, an increase 
in shrub density or perennial grass frequency is seen as an 
improvement. The indicator shows that shrub density or 
perennial grass frequency remained the same or increased for 
68% of sites (984 out of 1448) over the past decade. Thirty-
two per cent of sites experienced a decline.

9.6

Cattle	mustering	in	the	Kimberley	(Tourism	WA).



Indicator TS16:	Median	stocking	rate	of	pastoral	leases.

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Median stocking rate  
(dry sheep equivalent per ha)

0.067 0.067 0.071 0.067 0.067 0.063 0.059 0.048 0.050 0.052 0.053

Data source: Department of Agriculture. Note: Dry sheep equivalent is a method of reporting cattle, sheep and goat numbers on the same scale.
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There has been a decline in the median stocking rate of 
pastoral leases since the late 1990s, with current stocking 
rates of about 0.05 dry sheep equivalent per hectare (or 
about 20 hectares per head of livestock). Lower stocking 
rates mean fewer head of livestock being grazed on pastoral 
land. This may be a response to poor seasonal conditions; 
for example, much of the Southern Rangelands experienced 
drought in 2003 and 2004.

Status

use of pasToraL Land

Family-owned businesses make up nearly half of the pastoral 
industry (Figure TS6.1). The number of pastoral leases has 
declined over the past decade, due largely to the purchase of 
leases by the Department of Environment and Conservation 
for the conservation reserve system. Demand for lifestyle 
properties is also increasing.

figure TS6.1:	Composition	of	pastoral	industry	based	on	
pastoral	lessee	types.
Data source: Pastoral Lands Board [ver. 2005].

 

Historically, sheep have been the most common pastoral 
livestock type in WA (Figure TS6.2). Since the mid-1990s there 
has been a steady decline in sheep numbers and a rising trend 
in cattle numbers. As of 2004, cattle numbers outweigh sheep 
numbers. Widespread drought, low wool prices and difficulties 
with labour and infrastructure for wool production have forced 
many pastoralists to cut sheep numbers. The gradual rise in 
cattle numbers was largely driven by access to new markets at 
profitable prices and the greater tolerance of cattle to wild dog 
predation. Goats are increasingly recognised by pastoralists as 
valuable livestock and numbers are slowly rising. 

figure TS6.2:	Trends	in	stock	types	based	on	estimated	
number	of	head	in	pastoral	Western	Australia.
Data source: Department of Agriculture. Note: Goat numbers are independent of the 
number of feral goats in pastoral areas. 

Controlling	access	to	watering	points	is	an	important	tool	for	managing	stock	distribution	on	pastoral	leases	(B.Lloyd)



Sustainable use of pastoral lands is largely determined by 
stocking rates. Pastoralists must control the distribution of 
stock and the intensity and length of grazing to prevent 
land degradation and allow vegetation to regenerate. 
Comparing actual stocking numbers with the land’s 
maximum carrying capacity is a useful method to track the 
sustainable use of pastoral land (Figure TS6.3). Maximum 
carrying capacity refers to the potential stocking rate when 
the land and vegetation are in good condition and the lease 
is fully-watered (5 km to 8 km maximum distance between 
watering points). A low percentage indicates that the land 
has low stock levels which may be the result of conservative 
management decisions, seasonal conditions, or degraded 
land condition. A high percentage (close to 100%) indicates 
that the land is carrying close to maximum stocking levels. 
Since the early to mid 1990s, increasing trends towards 
maximum carrying capacity have occurred in the Pilbara and 
Kimberley districts, with current levels at about 110% and 
75% respectively. Decreasing trends have been observed for 
the Goldfields, Gascoyne and the Murchison in recent years. 
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figure TS6.3:	Actual	stocking	rate	compared	to	maximum	
potential	carrying	capacity,	by	district.
Data source: Department of Agriculture.

managemenT of pasToraL Land

Pastoralists recognise the need to balance productivity 
increases and station performance with natural resource 
condition. This involves knowledge of pasture types, 
understanding stock distribution and grazing patterns, 
managing stocking rates based on land capability and 
pasture production, and knowing the stocking thresholds 
before damage occurs. Recent surveys indicate that 53% of 
pastoralists have a management plan that addresses land 
management issues (Pastoral Lands Board, unpublished data). 
Occasionally the Pastoral Lands Board may request a pastoral 
station to develop a management plan where environmental 
management or other issues have been identified.

Environmental management systems are tools that help 
businesses improve their environmental performance. They 
have not been widely embraced by Western Australian 
pastoralists, but are becoming recognised as a way of 
enhancing their competitiveness in international markets that 
are now demanding evidence of sustainable practices. Three 
pastoral leases in the Gascoyne–Murchison region have been 
involved in a trial to attain certification for food safety and 
environmental accreditation systems.

proTecTion of pasToraL Land

It is important to protect the natural assets in the pastoral 
rangelands in order to maintain key ecosystem services, such 
as soil and vegetation health, habitat provision, water capture 
and filtration, carbon sequestration, landscapes and a sense 
of place. Inadequate protection of these ecosystem services 
will not support productive pastoralism.

A good measure of pastoral rangeland condition is the Range 
Condition Index, which is derived from traverse assessments 
of the impact of grazing on perennial vegetation and surface 
soil condition collected during pastoral lease inspections. 
The index is scaled from 1 (good range condition) to 3 (poor 
range condition). Index scores for the most recent assessment 
show most leases in good to fair condition (Figure TS6.4). A 
high proportion of leases in the Southern Rangelands are in 
fair to poor range condition, which may be due to drought 
conditions, inappropriate grazing management practices 
or inadequate maintenance of infrastructure leading to 
uncontrolled grazing. Consideration should also be given to 
whether the Range Condition Index is stable, improving or 
declining over time (Figure TS6.5). Most leases show little or 
no change over time. However, attention should be focused 
on pastoral leases showing significant deterioration (large 
negative change) and recognition given to leases showing 
significant improvements (large positive change).

Monitoring results from the Western Australian Rangeland 
Monitoring System were analysed at the bioregion scale to 
determine change in vegetation condition, i.e. shrub density 
or perennial grass frequency (Figure TS6.6). Change was 
determined by comparing the most recent sampling occasion 
(1999–2004) with the previous sampling occasion (1993–2002). 
For most bioregions, shrub density or perennial grass frequency 
remained the same or increased on the majority of sites over 
the past decade (yellow or green in Figure TS6.6). Shrub density 
or perennial grass frequency decreased on the majority of 
sites for several bioregions in the Murchison and Pilbara coast 
(pink in Figure TS6.6). While these areas have recently been 
exposed to a prolonged dry period, there are also indications 
that inappropriate grazing management has contributed to the 
decrease (Department of Agriculture, unpublished).
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Fencing	on	pastoral	leases	can	be	problematic	and	costly	due	to	the	
massive	size	of	leases	and	the	terrain	involved	(B.Lloyd).
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figure TS6.4:	Range	Condition	Index	values	at	last	inspection,	1999	to	June	2005.
Data source: Department of Agriculture [ver. 2005], Analysis: Department of Agriculture, Presentation: EPA.

legend

Rangeland	Condition	Index

Good

Good to fair

Fair to poor

Poor

Inspected but not surveyed

Agricultural Clearing (extent of monitoring)

Many	pastoralists	are	swapping	from	sheep	to	cattle	livestock	(Tourism	WA).
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figure TS6.5:	Change	in	Range	Condition	Index	from	historic	surveys	(1972–98)	compared	to	recent	inspection.
Data source: Department of Agriculture [ver. 2005], Analysis: Department of Agriculture, Presentation: EPA. Note: This map depicts change in Rangeland Condition Index (RCI) 
between an RCI monitoring site’s intial survey (1972 to 1998) and it’s last inspection (1999 to 2005). Negative change indicates a decline in pastoral lease condition and positive 
change indicates an improvement.

conservaTion of vaLued pasToraL Land

The sustainability of pastoralism depends on the conservation 
of native species (particularly perennial plant species) and 
the ecological processes they support, minimising land 
degradation, generating seed, and providing habitat for 
native animals that pollinate and scatter seed. Areas of land 
placed under conservation also helps to maintain landscape 
integrity and biodiversity and enable greater diversification 
opportunities for alternative land uses, such as ecotourism  
or bioprospecting.

Since 1989, a number of pastoral leases have been placed in 
the conservation estate for biodiversity conservation. Twenty-
nine whole pastoral leases with an area of 4 527 371 ha and 
parts of 23 pastoral leases with an area of 1 108 280 ha 

have been purchased and included in the formal conservation 
reserve system. As a result, the area of conservation reserve 
in the rangelands has increased 37% over the past decade 
(N. Sercombe, Department of Environment and Conservation, 
pers. comm.). Private conservation groups have also purchased 
six pastoral leases. Informal conservation agreements between 
Department of Environment and Conservation and pastoral 
landholders make up only 7235 ha.

In 2015, the State Government will resume land from about 
20% of pastoral leases. Just over one million hectares will be 
added to the State’s conservation reserve system, in addition 
to providing land for recreation and tourism, Aboriginal uses, 
and townsite expansion (Table TS6.1).

legend

Change	in	Rangeland	Condition

Large positive change

Small positive change

No change

Small negative change

Large negative change

No data available

Agricultural Clearing (extent of monitoring)
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figure TS6.6:	Per	cent	of	Western	Australian	Rangeland	Monitoring	System	sites	with	stable	or	increasing	native	vegetation	
per	bioregion.
Data Source: Department of Agriculture [ver. 2005], Analysis: EPA, Presentation: EPA.

Table TS6.1: Area of pastoral leases to be transferred into the conservation reserve system in 2015.

Conservation region Summed area of pastoral leases to be transferred in 2015 (ha)

Kimberley 347 106

Pilbara 400 202

Midwest 179 865

Goldfields 125 930

TOTAL 1 053 103

Data source: Department of Environment and Conservation.

legend

Per	cent	of	Monitoring	Sites	per	Bioregion	with	
Stable	or	Increasing	Native	Vegetation	Density

0 - 20%

21 - 40%

41 - 60%

61 - 80%

81 - 100%

IBRA sub-regions with less than 10 sites

Agricultural Clearing (extent of monitoring)

IBRA sub-regions with no WARMS monitoring sites
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Pressures

cLimaTe cHange

Pastoralists in WA work with variable weather on a day-to-
day basis. However, climate change is likely to pose a long-
term challenge for the pastoral sector (Robertson, 2002). 
A projected rise in temperature across the State of several 
degrees Centigrade is likely in this century, in line with global 
projections. Temperature increases may have significant 
implications for the pasture growing season. If rainfall 
decreases by more than 10%, animal production will decline 
(Commonwealth of Australia, 2002). While significant rainfall 
declines are expected over the State’s South West, rainfall 
predictions in the Northern Rangelands remain uncertain. 
A substantial decline in rainfall of more than 15% would 
markedly reduce livestock carrying capacity and the viability of 
the sector. In the Northern Rangelands, enhanced storm and 
cyclone intensity may pose an increased threat to livestock. 
The actual outcomes depend on global action on limiting 
greenhouse gas emissions over coming decades and these 
cannot be predicted (Indian Ocean Climate Initiative, 2005b).

inTroduced and pesT species

Feral grazing animals are considered threats to the pastoral 
sector as they compete with livestock for available feed, 
water and habitat, and can cause land degradation and 
spread of disease. These grazers include camels, pigs, buffalo, 
donkeys, horses, rabbits, horses and goats (Rangelands NRM 
Co-ordinating Group, 2005). Other introduced animals, 
such as foxes and wild dogs, can cause significant stock 
losses through predation. Even though kangaroos and emus 
are native, they too can pose a threat to pastoral activities, 
especially when large populations compete with livestock for 
available feed and water.

Invasive weeds potentially reduce the area of productive land 
and increase pastoral management costs. Although damaging 
from a biodiversity perspective, some introduced species such 
as buffel grass and birdwood grass are useful for pastoral 
grazing. Of 463 exotic pasture species introduced to northern 
Australia, less than 5% became useful, and less than 1% 
of those are useful without also being a weed. About 10% 
of species became weeds with no recorded use (Lonsdale, 
1994). The introduction of foreign diseases also represents a 
significant threat to livestock and native animals.

Land and waTer degradaTion

Land degradation issues such as soil erosion, increased 
runoff, loss of soil health and vegetation decline all reduce 
the productive potential of pastoral land and the provision 
of ecosystem services. Inaction by pastoralists (i.e. failure to 
reduce stock numbers in times of drought), or re-stocking 
immediately following a drought (before the vegetation 
recovers) can result in soil erosion and loss of perennial 
shrubs and grasses. Grazing pressure is highest where water 
is available. Natural water sources often have riparian areas 
with soils that are highly susceptible to erosion. Excessive 
animal movement in these areas can severely degrade 
fringing vegetation, increase sediment transport and cause 
water pollution.

waTer suppLy

Pastoralists are reliant on access to water. Surface water 
availability in the Pilbara, Gascoyne–Murchison, Goldfields 
and Nullarbor is extremely seasonal in response to 
rainfall. However, most pastoral activities rely on access 
to groundwater and many groundwater supplies remain 
undiscovered or unassessed. The key challenge facing 
water planners is the ongoing impact of climate variability, 
increased water consumption and other longer-term changes 
in water supply.

fire

Large-scale fires have a destructive impact on infrastructure, 
grazing vegetation and livestock numbers. When fire is used 
in a controlled manner, it can be an effective management 
tool. However, excessive use of controlled fires can radically 
alter the landscape by affecting plant community composition 
and biodiversity, and reducing pastoral productivity. Frequent 
burning also leads to increased soil erosion and air and water 
quality problems. The Kimberley has the most frequent and 
extensive fires in the state.

sociaL and economic THreaTs To pasToraL Land

The rangelands in WA are currently undergoing rapid change 
affecting many pastoralists and local communities. Many 
pastoral areas are being depopulated, particularly as a result 
of reduced sheep numbers (and associated need for shearers) 
and also the fly-in fly-out policy for mine site workers. Lack 
of a permanent population in regional towns often results 
in a reduced number of services being made available to 
pastoralists. Some pastoral landholdings are not of an 
adequate size and do not have adequate carrying capacity 
or infrastructure required for a profitable enterprise. Sound 
governance is needed to prevent land degradation issues 
on these leases. Some leases also support large Aboriginal 
communities and should be considered differently to those 
running business enterprises.

Some pastoral leases are economically marginal and affected 
pastoralists face a constant struggle to make a living from 
the land. When markets are low or drought conditions 
persist these pastoralists could be forced out of the 
industry. At best there is limited capacity to undertake best 
management practices.

current responses
Review	of	the	Pastoral	Industry: The review involved 
an extensive public consultation process including two 
major pastoral industry forums (the ‘Gascoyne Musters’). 
The Pastoralism for Sustainability report (Department for 
Planning and Infrastructure, 2003) outlined a number of 
recommendations to progress the sector towards achieving 
sustainable pastoral rangelands management.

Rangelands	natural	resource	management	strategy: 
The strategy has been developed by the Rangelands 
NRM Coordinating Group (2005) to ensure on-ground 
environmental improvements occur via a targeted strategic 
approach at the regional level. An investment strategy 
outlines specific targets and on-ground projects.

Land Administration Act 1997: The Pastoral Lands Board is 
established under this Act. One of its functions outlined in 
s. 95(c) is to ‘… ensure that pastoral leases are managed on 
an ecologically sustainable basis’. The board has developed 
policies relating to best pastoral and environmental practices 
including best management practice guidelines for sheep, 
cattle and goat grazing and fire management.

Management	plans: The Pastoral Lands Board may require a 
pastoralist to develop a management plan to address specific 
issues that have been raised following a range condition 
assessment of the pastoral lease.

Rangeland	Resource	Inventory: This inventory provides 
detailed mapping of landforms, soils and vegetation types 
in the rangelands. It provides information comparing pre-
settlement condition and condition following land use 
development or degradation. Almost 87% of the pastoral 
rangelands are mapped to land system level.

Pastoral	lease	inspections: provide advice on range 
condition and trend, infrastructure issues, and plant and 
animal pests at the paddock and property scale. Pastoral 
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leases are assessed on a 1–6 year cycle according to land 
management issues on the lease. A Range Condition Index 
has recently been developed to summarise this information at 
the lease scale.

Western	Australian	Rangeland	Monitoring	System:	This 
system provides regional and district scale trend assessments 
of perennial vegetation and soil surface condition. Currently, 
it is made up of 1628 sites, comprising 996 shrubland sites 
and 632 grassland sites. Shrubland sites are assessed every 
five years in the southern Pilbara through to the Nullarbor. 
Grassland sites are assessed every three years in the 
Kimberley, Pilbara and north-western Gascoyne. About 400 
sites are reassessed each year.

2015	lease	exclusions: All pastoral leases expire on 30 June 
2015. Most leases have been offered for renewal after this 
date. Under the lease renewal process parts of a number 
of leases will be excluded for conservation, recreation and 
tourism, Aboriginal uses and townsite expansion.

Implications
Unsustainable pastoral practices result in lost productive 
potential for an industry that occupies a large percentage 
of WA’s land area. Such practices can result in loss or 
decline in vegetation, reduced biodiversity, invasion of 

weed and introduced species, soil erosion, sedimentation, 
eutrophication, and contamination of waterways and 
wetlands. They may also render the land unsuitable for 
other potential land uses. Unsustainable pastoral practices 
may result in a net migration of people away from pastoral 
stations, when leases are no longer profitable or become 
degraded. A decreasing population base will generally result 
in a gradual loss of community services and business interests 
that support the pastoral industry.

suggesTed responses

9.23  Develop a State strategic policy for the 
rangelands, providing for effective, 
coordinated and integrated sustainable 
management of natural resources.

9.24  Develop an action plan to progress 
implementation of the Pastoral Industry Review.

9.25  Encourage diversification of activities beyond 
traditional cattle and sheep production on 
pastoral leases, based on sound sustainability 
planning.
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case sTudy – evaLuaTing THe Gascoyne– 

Murchison strateGy

The	Gascoyne–Murchison Strategy	was	a	collaborative	
effort	between	the	State	and	Commonwealth	
governments	and	the	local	community.	The	goal	of	
this	innovative	strategic	approach	was	to	establish	
‘…	a	socially	and	economically	viable	community	
involved	in	a	range	of	industries,	based	on	the	use	of	
the	rangelands	in	a	sustainable	way’	(Department	of	
Agriculture,	2004b,	p.	6).	One	of	the	strategies	was	the	
establishment	of	a	regional	environmental	management	
program	to	promote	sustainable	land	and	water	
management	and	biodiversity	conservation	through	
grants	to	implement	best	practices.	The	strategy	has	
been	independently	evaluated	recently	(URS	Australia	
Pty	Ltd,	2004).	Two	examples	from	this	report	that	
highlight	successful	actions	at	the	pastoral	lease	scale	
are	discussed	below.

deveLoping an environmenTaL  

managemenT sysTem

Assistance	was	provided	to	the	Dowden	family	of	Challa	
Station,	Mount	Magnet,	to	develop	an	environmental	
management	system	for	their	business	(URS	Australia	
Pty	Ltd,	2004).	The	family	found	it	a	lengthy	process,	
but	they	now	have	an	accredited	management	system	
under	the	Safe	Quality	Food	1000	standard.	Although	
obtaining	accreditation	came	at	a	cost,	the	owners	
recognise	definite	benefits	for	the	business,	including:

•		 a	limited	increase	in	interest	in	the	Challa	wool	clip	
from	buyers.	Although	this	hasn’t	translated	into	
higher	prices,	it	has	made	the	wool	more	saleable	at	
the	shed	door	with	minor	cost	savings;

•		 greater	control	over	staff	and	contract	employees	
(e.g.	shearers)	who	can	use	the	environmental	
management	system-related	documentation	to	
clearly	explain	to	workers	what	is	required	under	
their	business	practices;	and

•		 greater	sense	of	pride	in	the	way	they	are	managing	
their	business	and	the	land.

using ToTaL grazing managemenT yards

A	family	in	the	Shire	of	Meekatharra	sought	to	improve	
the	efficiencies	of	cattle	mustering	on	their	pastoral	
lease	(URS	Australia	Pty	Ltd,	2004).	Normal	operations	
involved	several	mustering	vehicles	to	gather	the	cattle	
and	the	occasional	use	of	a	plane.	This	represented	a	
drain	on	staff	time,	money	and	resources	that	could	be	
used	elsewhere	on	the	property.	With	the	assistance	of	
the	Gascoyne–Murchison Strategy,	the	family	installed	
several	total	grazing	management	yards	to	trial.	These	
yards	use	a	trapping	system	to	control	entry	of	livestock	
and	feral	animals	to	watering	points,	thereby	allowing	
animals	to	be	gathered	together	without	mustering.	
The	family’s	experience	was	very	positive,	with	several	
advantages	being	noted,	including:

•		 significant	reductions	in	the	cost	of	cattle	mustering	
and	handling;

•		 more	time	to	attend	to	other	things	on	the	property;

•		 significant	increase	in	percentage	of	herd	handled	
each	year;

•		 greater	capacity	to	control	grazing	pressure	from	
cattle,	native	and	feral	animals;	and

•		 greater	capacity	to	control	feral	animals	such	as	
donkeys	and	horses.

While	costs	involved	the	initial	construction	and	ongoing	
maintenance	of	the	yards,	the	family	recognised	that	
the	benefits	heavily	outweighed	the	costs.	Eventually,	
all	22	watering	points	on	the	property	were	set	up	
with	total	grazing	management	yards.	The	family	said	
that	the	general	concept	of	total	grazing	management	
yards	was	‘fantastic’	and	that	they	made	a	significant	
improvement	in	the	capacity	to	manage	the	property.	
Approximately	1000	total	grazing	management	yards	
have	been	installed	across	8	million	hectares	of	pastoral	
land	in	the	Gascoyne–Murchison	region	(Rangelands	
NRM	Coordinating	Group,	2005).
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Tourism
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Description
The World Tourism Organization defines tourism as ‘… the 
activities of persons travelling to and staying in places outside 
their usual environment for not more than one consecutive 
year for leisure, business and other purposes…’ (Commission 
of the European Communities et al., 2001). Tourism is 
a service-based sector comprising a number of tangible 
and intangible components. Tangible components include 
accommodation, transport, natural and built attractions, 
tour operators, restaurants and other infrastructure used 
by tourists. Intangible components relate to the experience 
that people have when they visit an area, and how well that 
experience matches their needs and expectations.

Tourism is one of a few sectors that place a value on the 
conservation of the environment for economic and social 
benefit. The natural environment is a major attraction 
for visitors to WA. International and domestic visitors are 
drawn to the State for its pristine ocean, waters and reefs, 
spectacular outback gorges, tall forests and wildlife (plants 
and animals). The future of tourism in WA relies heavily on 
the maintenance of the quality of the environment and the 
management of natural attractions and their associated 
cultural values.

Tourism makes a major economic contribution to WA, 
generating a range of economic and social benefits. Tourism 
generates approximately $3.6 billion annually from visitor 
expenditure, contributing 5.5% of the State’s Gross State 
Product. The sector employs approximately 54 000 people, or 
5.8% of the State’s workforce (Access Economics Pty Ltd, 2003).

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). 
Objectives derived from this are to:

•  Ensure that visitor numbers, visitor behaviour and tourism 
operations are managed to minimise the impact on the 
environment.

•  Ensure that future tourism developments are sustainable 
and minimise environmental impacts.

Headline indicators
Headline indicators that measure the environmental 
performance of the tourism sector are only now being 
developed by tourism research bodies and management 
agencies (Tonge et al., 2004). The following headline 
indicators, while not ideal, are the most relevant existing 
headline indicators.

Indicator TS17:	Per	cent	of	ecotourism	businesses	that	
have	obtained	environmental	accreditation	under	
recognised	tourism	certification	programs.

Only 4% of ecotourism businesses have obtained 
environmental accreditation, which certifies ecotourism 
businesses based on various environmental management and 
sustainability practices. Currently, 384 nature-based tourism 
businesses are registered to operate within Department of 
Environment and Conservation’s conservation reserves. Of 
these, 16 are accredited ecotourism businesses. 

Indicator TS18:	Per	cent	of	tourists	(domestic	and	
international)	that	visit	natural	icons	or	undertake	
outdoor	activities	in	Western	Australia.

This indicator represents a surrogate measure of the value 
placed on our State’s natural environment by tourists. 
There has been a marginal increase in the percentage 
of tourists visiting natural icons or undertaking outdoor 
activities in recent years. This may be related to nature-based 
tourism marketing strategies, or it may reflect that the WA 
environment is becoming more important for the tourism 
sector. It should be noted that a large percentage of visits to 
WA by tourists are business or family related.

9.7

Year 2000 2001 2002 2003 2004 2005 2006

Per cent of tourists 38% 35% 37% 41% 42% 41% 40%

Data source: Tourism Western Australia.

Camel	trek	on	Broome’s	Cable	Beach	(Tourism	WA)



Status

managemenT of TourisTs

The sustainability of the Western Australian tourism sector is 
closely linked to the health of the State’s environment, and 
the quality of nature based experiences. The sector requires 
that natural resources and the environment are maintained 
so that the tourism experience, with its economic and social 
benefits, is available for future generations.

In 2006, WA recorded approximately 7.39 million overnight 
visitors, made up of international (8.4%), interstate (18%) 
and intrastate visitors (73%) (Tourism Research Australia, 
2007). In Australian terms, the WA tourism industry is not 
large, representing a market share of about 10–12%. The 
Tourism Forecasting Council predicts that domestic visitation 
to WA will grow by less than 1% a year over the next 10 
years, while international visitation will grow between 5–6%. 
By 2014 the number of overnight visits in WA is forecast to 
increase by approximately 20% from current levels (Tourism 
Research Australia, 2005).

About 40% of all visitors to WA in 2006 participated in an 
outdoor or nature experience, such as going to the beach, 
visiting national/state parks, bush walking, rainforest walks, 
visiting botanic/public gardens, scenic tours and visiting 
farms (Table TS7.1). Over 80% of international visitors 
participated in nature or outdoor activities, reflecting the 
value overseas people place on the State’s natural attractions 
and biodiversity (Table TS7.1). It also demonstrates the ability 
of natural icons to inspire people to travel. This verifies 
studies that found the main reason for international tourists 
visiting Australia was the unique wildlife and open landscape 
(Working Group on Tourism, 1991; Tourism and Transport 
Forum, 2004). When combined with anticipated growth rates 
for international visitors, this will put significant additional 
pressure on the State’s natural icon sites. In contrast, only 
36% of domestic visitors participated in nature or outdoor 
activities, which may be associated with a large proportion of 
business or family related trips (Table TS7.1).
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Table TS7.1: Total visitor numbers for tourism zones in Western Australia and per cent of those undertaking nature and outdoor 
activities in 2006. 

Domestic International Total

Tourism	
region

Visitors	per	
region

Per	cent	
of	nature/
outdoor	

visitors	per	
region

Visitors	per	
region

Per	cent	
of	nature/
outdoor	

visitors	per	
region

Total	
(domestic	and	
international)	

visitors	per	
region

Per	cent	of	
total	visitors	

to	region	

Per	cent	
of	nature/
outdoor	

visitors	per	
region

Experience 
Perth a

3 212 000 27% 601 500 83% 3 813 500 52% 35%

South West 1 966 000 51% 102 200 96% 2 068 200 28% 53%

Golden 
Outback

778 000 22% 42 300 95% 820 300 11% 26%

Coral Coast 585 000 55% 61 400 98% 646 400 9% 59%

North West 675 000 36% 60 900 86% 735 900 10% 40%

Total b 6 764 000 36% 624 000 83% 7 388 000 40%

Data source: Tourism Research Australia, National and International Visitor Survey (2007). Notes: (a) The Experience Perth region stretches from Lancelin in the north, east to 
Northam and York, and south to Mandurah and Dwellingup. (b) Total visitors do not represent the sum of regional visitors, as a visitor may visit multiple regions and be counted 
multiple times.

Most visitors to WA travelled in the Perth and South West 
tourism zones, with considerably fewer visitors distributed 
across other parts of the State (Table TS7.1). The key appeal 
of most of the State’s tourist regions is linked to their natural 
icons and environmental values (Figure TS7.1). For example, 
a study by the Sustainable Tourism Cooperative Research 
Centre estimated that natural icons such as the Ningaloo 
Reef and Cape Range National Park were the primary reason 
for travel of 92% of all visitors to the Exmouth region. In 
Pemberton and Walpole in the South West region, native 

forests are the primary reason for travel of 80% of all visitors 
(Carlsen & Wood, 2004). Expenditure linked to tourists 
visiting the dolphins at Monkey Mia is estimated to make 
up between 5–11% of the total regional economy in the 
Gascoyne region (Stoekl et al., 2005). Visitation to areas such 
as Exmouth (whale sharks) and Albany (whales) are highly 
dependent on wildlife populations at certain times of the 
year. Likewise, the peak season in the Golden Outback region 
coincides with the annual wildflower season.
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figure TS7.1:	Icons	and	icon	experiences	by	tourism	region	.
Courtesy of Tourism Western Australia.

The	treetop	walk	in	Denmark’s	Valley	of	the	Giants	is	a	popular	tourist	attraction	(Tourism	WA)



While environmental impacts from tourism are considered to 
be low on a statewide level, there are a number of natural 
icons identified by Tourism Western Australia that could be 
seen as ‘hot spots’, which reflect their importance as tourism 
attractions and potential for environmental degradation 
(Table TS7.2). For many hotspots, the trend has been one of 
continuous growth. In 2003–04 it was estimated that 10.9 
million people visited Department of Conservation and Land 
Management national parks and reserves across the State, an 
increase of 12.3% since 2000–01.

In some areas, licences are issued to commercial tourism 
operators who operate businesses in national parks. Issued 
licences increased 3% between 2000–01 and 2003–04, with 
increases in the Experience Perth, South West and Golden 
Outback regions and small reductions for the Coral Coast and 
North West regions. Operator licenses may reflect demand 
for nature-based experiences in those particular regions and 
may also be an indicator of pressures imposed on nature 
reserves by tourism operators and their clients (such as 
increased vehicle traffic and waste generation).
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Table TS7.2: Visitor numbers to various natural icons per financial year, 1999–2006. 

1999–00 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 %	change	

North	West

Karijini 50 000 76 064 87 115 88 284 104 098 114 110 120 000 140%

Purnululu 17 073 17 800 21 451 21 152 22 641 21 995 23 844 40%

Gibb River Road (a) 40 037 40 538 41 045 41 558 41 975 44 074 46 277 16%

Coral Coast

Nambung (Pinnacles) 194 100 170 518 173 314 205 784 212 349 223 296 258 857 33%

Cape Range 135 229 120 316 132 858 132 862 194 742 180 521 180 523 33%

Kalbarri 88 567 102 664 100 999 98 765 107 776 128 861 196 897 122%

Monkey Mia 100 751 92 555 107 285 100 875 108 554 91 743 86 156 –14%

South	West

Leeuwin Naturaliste 1 490 300 1 506 321 1 489 582 1 696 672 1 897 908 1 917 872 2 165 323 45%

Stirling Range 78 142 86 538 76 901 66 993 71 373 63 144 54 673 –30%

Walpole Valley of the 
Giants

204 529 192 063 201 926 200 006 188 030 171 640 162 110 –21%

Golden	Outback

Cape Le Grand 73 433 72 865 96 542 105 388 110 152 116 587 124 742 70%

Cape Arid 17 189 16 290 15 611 13 035 16 059 16 352 12 581 –27%

Experience	Perth

Rottnest Island (b) 348 498 347 045 351 292 353 750 338 389 314 115 n/a  –10%

Kings Park (c) n/a n/a 4 560 000 5 200 000 5 200 000 4 700 000 4 800 000  5%

Data source: Department of Conservation and Land Management; Main Roads Western Australia; Rottnest Island Authority; Botanic Gardens and Parks Authority. Notes: (a) 
Gibb River Road figures are estimates from Main Roads Western Australia. (b) Rottnest Island figures are for the number of people arriving by commercial aircraft or boat; visitors 
arriving by private means (estimated at around 150 000 per annum) should be added to this figure. (c) Kings Park estimates are from the Botanic Gardens and Parks Authority 
annual reports. Basis of collection of visitation figures changed in 2001–02, making comparisons with previous years inappropriate.

Pressures

gLobaL pressures

Global pressures such as climate change pose significant 
future threats to biodiversity and natural systems that form 
the basis for many natural tourism attractions. The Australian 
Greenhouse Office has identified Ningaloo Reef and 
Rowley Shoals as being at particular risk from rising ocean 
temperatures (Allen Consulting Group, 2005). 

Tourism is a significant contributor to global greenhouse gas 
emissions, with the bulk of these created by the aviation 
industry. The energy footprint of tourism is large in relation 
to other sectors and this is counter to its projected image 
of being environmentally benign. While important, efforts 
to develop ecofriendly infrastructure will only have a very 
small effect on the overall reduction of the sector’s energy 
consumption. The impact of the increasing cost of fuel as 
global oil supplies diminish may have considerable impacts, 
particularly on remote tourism communities. Research 
published recently by the Australian Greenhouse Office has 
indicated that the nature-based tourism sector needs to 
consider adaptation strategies to protect itself from climate 
risk (Allen Consulting Group, 2005).

Conservation practices in Australia and overseas may have a 
significant impact on migratory species such as whale sharks, 
humpback whales and migratory birds, which are important 
for tourism in WA. The tourism sector in WA is volatile and 
competes with many other Australian and international 
destinations. Threats of global terrorism, diseases (e.g. bird 
flu epidemic), natural disasters (e.g. tsunamis, earthquakes 
and cyclones) and wars are also having a significant impact 
on the economy and subsequently affect individual travel 
decisions. Apart from major global events, it is also influenced 
by economic factors (including interest rates, employment, 
inflation, economic growth and exchange rates) that determine 
whether people can afford to travel. The availability of quality 
tourism infrastructure such as accommodation, attractions, 
restaurants, tours and transport is an important factor for 
whether a destination can attract tourists.



capaciTy To manage during peaK seasons

Tourism is often highly seasonal, with the number of tourists 
varying widely depending on the time of the year (Table 
TS7.3). Seasonal changes in visitation can have a huge impact 
on the profitability of tourism operators and their capacity 
to implement best practice. High visitor to resident ratios 
(i.e. during peak season) also creates enormous challenges 
for conservation agencies managing large visitor numbers 
to sensitive environments and the associated environmental 

impacts. Local governments may sometimes struggle to 
deliver key environmental services during peak seasons 
(such as waste management, energy and water supplies), 
particularly where visitor numbers outstrip the availability of 
local supplies. Peak season issues such as accommodation 
availability, traffic congestion, litter, air and noise pollution 
may detrimentally affect the amenity of local communities, 
the environment and the experience of tourists.
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Table TS7.3: Number of overnight visitors and seasonal visitor/resident ratios for 2006.

March	quarter	2006 June	quarter	2006 September	quarter	2006 December	quarter	2006

Local	
government	
area

Visitors Visitor	/	
Resident	
ratio

Visitors Visitor	/	
Resident	
ratio

Visitors Visitor	/	
Resident	
ratio

Visitors Visitor	/	
Resident	
ratio

Perth 405 800 0.27 461 000 0.31 511 200 0.34 619 000 0.41

Exmouth 6 800 3.03 18 300 8.15 29 200 13.0 27 800 12.4

Shark Bay 13 800 13.9 16 400 16.5 33 100 33.3 44 300 44.6

Kalgoorlie–
Boulder

42 700 1.48 57 900 2.00 56 000 1.94 37 200 1.29

Broome 41 100 2.79 49 800 3.39 105 400 7.17 61 900 4.21

Wyndham–
East Kimberley

2 500 0.32 15 800 2.03 51 000 6.56 33 500 4.31

Ashburton 6 800 1.13 14 900 2.47 23 500 3.89 19 100 3.17

Augusta–
Margaret River 

129 600 10.8 100 200 8.35 63 900 5.33 130 000 10.8

Busselton 216 100 7.54 148 700 5.19 118 300 4.13 159 200 5.56

Manjimup 76 400 8.00 64 300 6.73 29 700 3.11 59 700 6.25

Data sources: Tourism Research Australia (2007); Australian Bureau of Statistics.

compeTiTion wiTH oTHer naTuraL resource secTors

Tourism often has conflicting values for natural resources 
and can be affected by environmental impacts of other 
sectors. In the Pilbara region, very few rooms are available 
to accommodate tourists due to the demand from local 
mining companies. Mining operations and infrastructure 
may drastically alter landscapes and natural icons that appeal 
to tourists. Commercial fisheries close to popular tourist 
destinations may result in decreased tourist recreational 
fishing or diving experiences. Timber production in South 
West forests may impact on sensitive wildlife populations or 
alter scenic landscapes that may not be particularly attractive 
to tourists. In contrast, increased tourism in forest reserves 
may inadvertently lead to the spread of dieback or other 
diseases. Increased mobility of tourists can also introduce or 
spread weeds or pests in rangeland areas, and cause fires or 
traffic damage to native vegetation and habitat.

environmenTaL impacTs

Tourism is the world’s largest industry. Global visitation 
exceeded 800 million for 2005, representing an all-time 
record (World Tourism Organization, 2006). This is at a 
time when there is mounting evidence of serious global 
environmental degradation. The tourism industry is a 
contributor to issues such as climate change, species loss, 
habitat destruction, water availability, pollution and waste. 
It has been slow to respond to these issues, show leadership 
and take firm action to initiate change and manage its 
impacts (Worboys, Lockwood & De Lacy, 2005).

Tourism impacts on the environment occur in different 
ways. The construction of major tourism infrastructure (e.g. 
hotels and marinas) can impact local environments and 
encourage a greater influx of visitors than would otherwise 
visit the area. The additional demand on water and energy 
supplies may also require further infrastructure development. 

Large developments also have the potential to generate 
significant quantities of waste that may lead to pollution and 
degradation of ecosystems if inadequately managed. While 
environmental impact can be addressed through good design 
and best practice, impacts caused by inappropriate location 
of tourism activities will be difficult to address. Examples of 
inappropriate location impacts include coastal camping and 
activities like sand boarding and four-wheel driving in fragile 
dunes, resorts with high water use in arid environments, 
and concentrated recreational and charter fishing in sensitive 
marine habitats.

Pressure to open up new wilderness experiences may 
threaten pristine values and may also generate unwanted 
environmental consequences, such as the desire to interact 
with native animals, pick wildflowers or touch rock paintings. 
Impacts will depend on the level of visitor controls in place, 
education and interpretation facilities and visitor type.

current responses
Nature	based	tourism: Tourism Western Australia is the 
State’s statutory authority responsible for promoting and 
developing the Western Australian tourism sector. In 
December 2004 it launched Keeping it Real – A Nature Based 
Tourism Strategy for Western Australia, outlining a vision 
and strategies for the development of sustainable nature-
based tourism through business development, environmental 
accreditation, strategic research, marketing, education and 
training. Among other things, the strategy recommended: 
closer links between tourism accreditation and licensing; 
the development of strategic research programs through 
the Sustainable Tourism Cooperative Research Centre; 
the development of low impact, innovative tourism 
developments; and integration of tourism into regional, 
district and park management plans (Tourism Western 
Australia, 2004).
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The Commonwealth Government launched the Tourism and 
Conservation Initiative in 2004. The partnership program 
promotes the development of nature-based tourism 
businesses that feature native ecosystems and biodiversity 
and encourages regional cooperation and collaboration 
between the tourism and conservation sectors.

Regional	planning	and	management:	Tourism Western 
Australia has developed destination development strategies 
for the State’s five tourism regions. The strategies guide the 
development of iconic tourism areas, identify infrastructure 
gaps and develop strategies to disperse visitors across the State.

The Ningaloo Coast Regional Strategy Carnarvon to Exmouth 
was developed in 2004. Key elements of the strategy include 
banning high impact developments such as marinas and 
canals, zoning to ensure appropriate tourism developments in 
natural areas and expanding the current marine park system 
(Department for Planning and Infrastructure, 2004). Similarly, 
the Rottnest Island Management Plan 2003–2008 guides the 
Rottnest Island Authority in its management of the island 
(Government of Western Australia & Rottnest Island Western 
Australia, 2003).

Conservation	reserves: The Department of Environment and 
Conservation uses a range of strategies implemented through 
individual park management plans to manage tourism 
impacts in the State’s conservation estate. This includes 
developing site plans for recreation development, licensing 
tourism operators, managing access to sensitive environments 
and developing tourism infrastructure.

Accreditation	and	best	practice:	Ecotourism Australia is 
the peak body for the ecotourism industry that runs an Eco 
Certification program. Certification means the product is 
backed by a commitment to ecological sustainability, natural 
area management, and the provision of quality ecotourism 
experiences. Tourism operators in WA conservation reserves 
are also licensed according to tourism accreditation. Tourism 
Western Australia also provides advice to tourism businesses 
about best practices for nature-based activities and eco-ethics.

Ecotourism	ventures:	A number of ecotourism operators 
work closely with conservation partners to advance 
environmental goals. For example, Ningaloo Deep Charters 
has worked with researchers from CSIRO, Murdoch 
University and James Cook University to study whale shark 
behaviour. Landscope Expeditions is a joint venture between 
the University of Western Australia and Department of 
Environment and Conservation that offers visitors the 
opportunity to help preserve endangered wildlife and 
their habitats. The Dolphin Discovery Centre operates a 
popular tourist and research centre in Bunbury and is run by 
community volunteers and corporate sponsors.

Research:	Through the Sustainable Tourism Cooperative 
Research Centre, CALM, Tourism Western Australia and State 
universities, a partnership to research the environmental 
impacts of tourism in WA has been developed. Key studies 
have focused on the application of visitor data in protected 
areas, the economic value of nature tourism (Carlsen & 
Wood, 2004), an inventory of wildlife tourism (Sandilands, 
2004) and the effectiveness of visitor management strategies 
in national parks (Walker, 2004). The research centre is also 
working on a sustainable destination model which, in the 
future, could act as an effective monitor of a destination’s 
status from a sustainability point of view.

Implications
Unsustainable tourism practices have the potential to threaten 
the future of the $3.6 billion tourism industry in WA. Tourism 
relies on satisfying the needs and expectations of visitors 
to the State and the WA community. Research highlights 
the key role the natural environment plays in the decision-
making process of visitors to this State. A fine line exists 
between encouraging tourism to a region and the need for 
environmental management. Declining environmental values, 
or limited ability to manage the natural environment for 
tourism, will eventually result in declining tourism numbers. 
A decline in tourism may threaten the social sustainability 
of many small regional communities. Tourism provides an 
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Diving	with	whale	sharks	in	Ningaloo	Marine	Park	(Tourism	WA).



economic benefit to remote communities in proximity to 
tourist destinations and for those landholders who choose to 
protect the environment.

To protect iconic natural attractions from degradation, 
strategies need to be developed that focus on quality 
experiences with higher economic returns, rather than 
promoting as many visitors as possible. Tourists also need to 
be dispersed across regions and natural icons to maximise 
social and environmental benefit and limit environmental 
impacts. The tourism sector needs to promote sustainable 
tourism business practices and educate visitors to appreciate 
and respect the environment.

    
suggesTed responses

9.26  Develop strategies to assist local governments 
in implementing sustainable tourism planning 
through their local plans.

9.27  Develop and promote sustainable tourism 
practices to the Western Australian tourism 
industry and market. 

9.28  Assist the development of sustainable 
tourism products that enhance the uptake of 
environmental accreditation.
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case sTudy – purnuLuLu naTionaL parK

Purnululu	National	Park,	in	the	Kimberley,	is	expected	
to	have	increasing	numbers	of	visitors	in	the	future,	
especially	in	light	of	its	recent	attainment	of	World	
Heritage	Status.	The	Park’s	managing	agency,	the	
Department	of	Environment	and	Conservation	
(DEC),	looked	at	ways	to	ensure	that	the	activities	of	
commercial	operators	offering	camp	accommodation	
and	activities	would	lead	to	more	sustainable	outcomes.	
DEC	developed	sustainability	based	selection	criteria	
(environment,	built	and	social)	that	tour	operators	could	
be	audited	against	to	assess	their	performance.	These	
three	criteria	have	been	coupled	with	a	standard	DEC	
business	sustainability	selection	criterion	to	assist	in	
identifying	financially	sustainable	operations.

The	“Pressure-State-Response”	framework,	originally	
developed	by	the	Organisation	for	Economic	Cooperation	
and	Development	(OECD)	and	consistent	with	State	of	
the	Environment	Reports,	was	used	to	define	a	set	of	
sustainability	indicators.	In	the	context	of	low	impact	
nature-based	(sustainable)	tourism	assessment	at	
Purnululu	National	Park,	pressures	relate	mainly	to	the	
scale	and	style	of	proposed	activities.	State	indicators	
relate	to	the	impact	of	the	tourism	activities	on	people	
and	on	the	biophysical	environment.	Response	indicators	
relate	to	management	or	engineering	systems	(visitor	
interpretation	and	education,	landscape,	architectural	
and	engineering	design).

For	each	pressure,	state	or	response	a	range	of	possible	
measures	was	identified	as	well	as	a	minimum	standard	
(expected	of	all	successful	applicants)	and	a	best	practice	
standard	(to	which	operators	will	be	expected	to	move	
towards	through	their	licence	period).	Applicants	
were	also	required	to	provide	business	plans	and	
demonstrate	their	ability	to	be	financially	viable	as	well	
as	contributing	financially	to	the	management	of	the	

park.	Operators	were	required	to	consider	strategies	for	
fulfilling	the	indicators	within	the	four	assessment	criteria	
(environmental,	built,	social	and	business).	Minimum	
standards	were	identified	to	set	short-term	benchmarks,	
and	strategic	objectives	were	provided	to	guide	operators	
in	the	application	of	the	sustainability	principles	to	their	
operations.

Nine	significant	key	issues	were	identified	for	
consideration	in	the	development	and	delivery	of	
sustainable	tourism	services	at	Purnululu.	The	issues	
ranged	from	impacts	on	the	biophysical	environment	
to	less	tangible	aspects	of	sustainable	tourism,	such	as	
visitor	satisfaction	and	ethical	marketing.	Some	of	the	
outcomes	pertinent	to	improving	sustainability	are:

1.		The	sustainability	criteria	allowed	for	applicants	
to	be	innovative	in	meeting	the	Department’s	
requirements	and	also	developing	facilities	that	met	
market	needs.

2.		Licence	conditions	were	developed	that	were	
consistent	with	the	sustainability	indicators	that	were	
measurable	and	auditable.

3.		The	demonstrated	measure	of	an	operator’s	
performance	can	be	used	when	assessing	renewals	
and	also	assists	the	Department	in	meeting	its	audit	
responsibilities	to	the	Purnululu	Park	Council	(which	
includes	traditional	owners)	and	the	Conservation	
Commission	of	WA.

4.		The	criteria	and	its	subsequent	uptake	have	
significantly	improved	the	quality	and	standard	
of	the	tourism	product	and	environmental	
sustainability.

5.		The	model	has	been	adopted	in	other	protected	
areas	across	the	State	and	applied	to	other	forms	of	
tourism	activities.

Visitors	to	Purnululu	National	Park	have	increased	40%	over	the	past	6	years	(Tourism	WA).
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waTer suppLy

Description
Western Australia’s environment, economic productivity 
and the community’s lifestyle and health all depend upon 
the availability of good quality fresh water. To provide these 
services, water needs to be extracted from waterways and 
groundwater aquifers. Careful management and use of 
water resources is necessary to ensure that ecosystems are 
sustained while delivering economic and social benefits.

The water supply sector aims to provide public and private 
users with a reliable water supply, both in quantity and 
quality, while safeguarding the needs of the environment. 
The sector is responsible for managing, protecting and 
allocating the use of surface water and groundwater 
resources in a sustainable manner for the benefit of current 
and future generations. This sector refers to water that is 
directly used for consumptive or productive purposes. While 
it does not extend to sewerage disposal, mine dewatering or 
agricultural surface drainage, it is recognised that these forms 
of water can be treated and reintroduced to the water supply 
chain for productive purposes. 

As the State’s population has grown so has demand for 
water, bringing with it the responsibility to manage this 
resource sustainably. The past decade has seen a continuation 
of reduced rainfall and increased population growth in 
the South West. These trends have placed unprecedented 
management pressures on the State’s water resources. It has 
become clear that water managers must address the shift to a 
drier and warmer South West climate, rather than regard it as 
short-term drought. This requires the water sector to become 
more strategic in the way water resources are developed, 
protected, used and reused.

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common

 good’ (Government of Western Australia, 2003a, p. 108). 
The State Water Plan (Government of Western Australia, 
2007c) has a vision of ‘Our precious water resources are 
managed and developed in a sustainable manner to maintain 
and enhance our natural environment, cultural and spiritual 
values, our quality of life and the economic development of 
the State’, and is supported by objectives that include:

• Use and recycle water wisely.

• Plan and manage water resources sustainably.

• Protect ecosystems, water quality and resources.

• Enhance the security of water for the environment and use.

Headline indicators

Indicator TS19:	Per	cent	of	water	management	areas	
(surface	and	groundwater	combined)	that	have	at	least	one	
management	unit	approaching	or	exceeding	full	allocation.

This headline indicator represents an average of how 
sustainably WA’s surface water and groundwater resources 
are being managed. In 1997, 36% (or 16 out of 44) of 
surface water management areas had at least one unit that 
was at, or exceeded, its allocation limit (most up to date 
information available). In 2006, 32% (or 12 out of 38) of 
groundwater management areas had at least one unit that 
was approaching or had exceeded its allocation limit.

Indicator TS20:	Per	cent	of	household	drinking	water	
schemes	that	comply	with	water	conservation	targets.

This headline indicator summarises the water use efficiency 
of WA households. Sixty-four percent of the State’s 116 
water supply schemes met the State Water Strategy water 
use target of less than 155 kL a person per year in 2005–
06. Although this target level was developed for Perth 
households, the target can be applied across the State as an 
interim measure.

Indicator TS21:	Annual	household	water	consumption	per	
capita	for	Perth.

9.8

The	irrigated	agriculture	industry	is	the	State’s	largest	water	user	by	
sector	(Department	of	Water).

1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Water consumption 
(kL/person)

175 187 153 150 155 154 151
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This headline indicator summarises the household water 
use efficiency of Perth, the main area of drinking water 
consumption in the State. Consumption of scheme water 
in the Perth metropolitan area for 2005–06 was 151.4 kL 
per person. The target adopted in the State Water Strategy 
of less than 155 kL per person in a given year has been 
met since 2001–02. Annual water consumption per capita 
has decreased considerably in recent years, which may be 
attributed to intensive awareness campaigns and moderate 
sprinkler restrictions.

Status

use and reuse of waTer resources

An estimated 2340 gigalitres (GL) of water was used in 
WA in 2005 (Government of Western Australia, 2006b), 
representing an increase of over 300% since 1980 (Figure 
TS8.1) and is still increasing. The State’s population growth 
is one of the major drivers influencing water consumption. 
Climate change is also beginning to affect water supplies in 
the South West and increase water demand. Until the 1960s 
most of the State’s drinking water came from surface water 
sources (rivers and creeks). Since the mid-1980s, groundwater 
has become the State’s major water supply source. In 2005, 
this represented about 70% of total water use (Figure TS8.1).
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figure TS8.1:	Historical	water	use	for	Western	Australia.
Courtesy of Department of Premier and Cabinet.

The Perth region has the highest water use in the State. 
Historic records from the Water Corporation show that 
water use per capita has generally increased since the 
1940s until peaking in 1975 at 233 kL per person (Figure 
TS8.2). Consecutive dry years in the mid- to late-1970s 
prompted severe restrictions that dramatically reduced water 
consumption. Through the 1980s and 1990s, yearly water 
use ranged between 160–180 kL per person. This was further 
reduced in recent years to about 150–160 kL per person per 
year under the influence of the State Water Strategy. 
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figure TS8.2:	Per	capita	water	demand	for	households	in	
the	Perth	Integrated	Water	Supply	System.
Courtesy of Department of Premier and Cabinet.

About three-quarters of the State’s water resources are used 
by the private sector, primarily for agriculture, mining, industry 
and services (Figure TS8.3). The largest water users are from 
the irrigated agriculture (40%) and mining (24%) sectors. 
In comparison, households use only 18%. Nearly two-thirds 
of total surface water extracted from waterways is used by 
irrigated agriculture (65%). The major users of groundwater 
are mining (35%) and irrigated agriculture (25%).

 

figure TS8.3:	Total	water	use	by	Western	Australian	user	
group,	1999–2000.
Data source: Department of Water.

Water is a valuable resource and efforts to recycle and 
reuse water (in appropriate circumstances) are being 
encouraged. The State Water Strategy set a target of 20% 
of treated wastewater to be recycled by 2012 (Government 
of Western Australia, 2003b). On average, about 12% 
of the State’s treated wastewater is currently recycled. 
Regional communities currently reuse about 40% of all 
municipal wastewater due to limited supplies of freshwater 
and the high cost of alternative supplies. Only about 5% of 
treated wastewater in the Perth city region is being recycled  
(See‘Human Settlements‘).

Stock water 4%

Mining 4%

Parks and gardens 0% 

Private household bores 0%

Industry 5%

Services 7%

Households 15%

Irrigated agriculture 65%

Surface water use

Stock water 3%

Services 7%

Industry 4% 

Mining 35%

Parks and gardens 7%

Households 11%

Private household bores 8%

Irrigated agriculture 25%

Ground water use

Stock water 3%     

Services 7%

Industry 4% 

Mining 24%

Parks and gardens 4%

Households 13%

Private household bores 5%

Irrigated agriculture 40%

Total water use
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managemenT of waTer resources

The new Department of Water is responsible for determining 
the sustainability of water resources. This involves determining 
how much water can be taken for consumptive use without 
significant risk to ecological systems. Ecological water 
requirements are determined from scientific investigations and 
modelling. Environmental water provisions take into account 
the ecological, social and economic context. This information is 
used to derive the sustainable yield and set the allocation limit 
for consumptive use. (Department of Water, 2006).

In 2006, about 30% of groundwater management areas and 
groundwater management units were close to full allocation 
or over-allocated (Table TS8.1). Of all management areas 
and management units, 13% and 11% respectively were 
over-allocated (exceeded their allocation limit and deemed to 
be unsustainable), (Table TS8.1). Groundwater management 
plans, some of which incorporate preliminary environmental 
water provisions, exist for 21% of heavily allocated 
groundwater areas (see ‘Altered water regimes’). 

Current information for surface water allocation is 
not available and presents difficulties in managing the 
resource sustainably. In 1997, about 36% of surface water 
management areas in the State had at least one management 
unit that was at full allocation or over-allocated. At the 
smaller management unit scale, one-quarter of those units 
were at or exceeding the estimated sustainable yield (Table 
TS8.2). Surface water management plans, containing detailed 
environmental water provisions, exist for 12% of heavily 
allocated surface water areas, namely the Harvey River and 
the Ord River (see ‘Altered water regimes’).

Surface water in the South West is allocated to public and 
private users to various extents (Figure TS8.4). Under most 
pressure are surface water resources in the Harvey River Basin, 
which is nearing 100% of the allocation limit, and surface 
water resources in the Swan Coastal and Murray basins, which 
have reached more than 80% of sustainable yield. The use of 
surface waters in other parts of the South West is comparatively 
small and remains largely unmanaged, and there is significant 
additional water demand in the Collie and Denmark basins.

Table TS8.1: Allocation status for groundwater management areas and units.

Year Per cent of groundwater 
management areas 
approaching or exceeding 
allocation limits

Per cent of groundwater 
management areas 
exceeding allocation limits

Per cent of groundwater 
management units 
approaching or exceeding 
allocation limits

Per cent of groundwater 
management units 
exceeding allocation limits

2006 32% (12/38) 13% (5/38) 31% (216/700) 11% (74/700)

Data source: Department of Water. Groundwater management areas represent a collection of units with similar characteristics. Groundwater management units represent only 
sedimentary resources where specific sites where allocation limits have been set.. It is difficult to determine a sustainable yield and an allocation limit for fractured rock resources 
(148 units), other than assigning a bulk limit to allow licences to be issued, hence these have been excluded from the table. Allocations set aside for future town water supplies 
have been included.

    

Table TS8.2: Allocation status for surface water river basins and units for 1997.

Year Per cent of river basins with at least one 
management unit at or exceeding sustainable yield

Per cent of surface water management units at or 
exceeding sustainable yield

1997 36% (16/44) 25% (75/304)

Data source: Department of Water. Note: River basins represent the natural catchment of a major river. Surface water management units represent sites where allocation limits 
have been set.

Inter-regional	transfer	of	water	supplies	(such	as	the	CY	O’Connor	Goldfields	pipeline)	is	important	when	existing	water	supplies	become	
inadequate	(S.	Wild).



State of the environment report WeStern auStralia 2007

9.
8 

To
w

a
r

d
s 

s
u

sT
a

in
a

b
iL

iT
y

 w
a

Te
r

 s
u

p
p
Ly

292

figure TS8.4:	Surface	water	allocation	status	in	the	South	West.	
Courtesy of Department of Water. Cited in McFarlane (2005). Note: The size of the circles represents the relative volume of the surface water resources. Only allocations >1% of 
the estimated sustainable yield displayed in the pie charts.

legend

Surface	Water	Allocation

Licensed Private Allocation

Licensed Allocation to Public Water Supply Providers

Estimated Use

Additional Allocation Requested

Unallocated Surface Water

figure TS8.5:	Groundwater	allocation	status	in	the	South	West.	
Courtesy of Department of Water. Cited in McFarlane (2005). Note: The size of the circles represents the relative volume of the groundwater resources. Only allocations >1% of 
the estimated sustainable yield displayed in the pie charts.

legend

Groundwater	Allocation

Licensed Private Allocation

Licensed Allocation to Public Water Supply Providers

Public Water Supply Reserve Committed

Additional Allocation Requested

Unallocated Groundwater
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 With the exception of the Perth North Basin, groundwater 
in the South West is mostly allocated to private users (Figure 
TS8.5). Groundwater use is highest for the Perth North, Perth 
South, Bunbury and Busselton–Capel basins, with allocations 
typically exceeding 50% of sustainable yield. Groundwater 
in the Perth North Basin (including the Gnangara Mound) is 
under the most pressure, exceeding 100% sustainable yield, 
and environmental damage has been documented on the 
Gnangara and Jandakot mounds. Other groundwater basins 
in the South West remain largely unallocated, although there 
is significant additional groundwater demand in the Bunbury, 
Busselton–Capel and Augusta basins.

Some areas of the South West utilise a large proportion of 
their allocated limits (Figure TS8.6). While the majority of 
groundwater areas along the coast remain within allocation 
limits, there is evidence of over allocation in many areas. In 
the Gingin, Perth North, Busselton–Capel and Collie basins, 
up to 10% of management units are over-allocated.

proTecTion of poTabLe waTer resources

There are 139 water supply sources in the State that need 
to be protected to a high standard to provide drinking 
water (Government of Western Australia 2003a). Protecting 
water at the beginning of the supply system minimises the 
risk of contamination and reduces the amount and cost 
of treatment. Management consistent with the Australian 
Drinking Water Guidelines (NHMRC & ARMCANZ, 1996; 
NHMC & NRMMC, 2003) helps ensure that water supplies 
are protected. An important element of protection is the 
recognition of public drinking water source areas and the 
preparation of drinking water source protection plans 
(Table TS8.3). These plans focus on the characteristics of 
individual catchments so that suitable land use controls can 
be established and pollution risks and other issues addressed. 
As of June 2006, plans had been completed for 41% of water 
source areas requiring a protection plan. While the number 
of plans completed is gradually rising, the number of newly 
developed water supply sources has also increased marginally. 

figure TS8.6:	Groundwater	resource	allocation	categories	(C1	to	C4)	in	the	Perth	and	Collie	Basins	for	2005.
Courtesy of Department of Water. Cited in McFarlane (2005).

legend

Utillisation	of	Groundwater	Allocation

C1: 0% - 30% Utillisation of Allocation Limit

C2: 30% - 70% Utillisation of Allocation Limit

C3: 70% - 100% Utillisation of Allocation Limit

C4: > 100% Utillisation of Allocation Limit

Table TS8.3: Per cent of drinking water source protection plans completed identifying protection measures for consumptive use of 
public water supplies, as at June 2006.

2002–03 2003–04 2004–05 2005–06

Completed drinking water 
source protection plans

33% 35% 40% 41%

Data source: Department of Water.
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conservaTion of waTer

Water conservation means using water more efficiently (see 
‘Water use in settlements’). The State Water Strategy set a 
yearly target level of consumption of 155 kL/person for Perth 
domestic scheme consumers (Government of Western Australia, 
2003b). This target has been met since 2001–02 and is largely 
attributed to rebates on water conservation and efficiency 
products, awareness campaigns and sprinkler restrictions. 
Although the target was not designed for regional water supply 
schemes, their performance against the target shows that 64% 
of schemes achieved the target in 2005–06 (Table TS8.4).

Industry has also played a leading role in the conservation of 
potable water supplies by sourcing other alternative water 
supplies. For example, Alcoa has developed a strategic water 
conservation program that achieved a 20% reduction in 
potable water use from 2001 to 2005. Between 1996 and 
2001, BP’s Kwinana Refinery achieved a 25% reduction in 
total water use and an 82% reduction in drinking water use. 
Swan Brewery saved about 60 ML per year of potable water 
by implementing recycling initiatives and Wesfarmers CSBP 
had reduced its industrial use of potable water by about 440 
ML per year (Chamber of Commerce and Industry, 2002).

Table TS8.4: Per cent of major water supply schemes (per region) that met the 155 kL/person/yr target over time.

Per	cent	of	schemes	meeting	target

Water	supply	region Number	of	schemes 2003–04 2004–05 2005–06

Perth  1 100% 100% 100%

South West 31  48% 48% 71%

Agricultural  1 100% 100% 100%

Goldfields 11  55% 27% 73%

Great Southern 16  81% 44% 81%

Mid West 42  52% 46% 56%

North West 14  57% 29% 36%

TOTAL 116  57% 44% 64 %

Data source: Water Corporation, Aqwest (Bunbury Water Board), Busselton Water Board.

figure TS8.7:	Projected	South	West	water	demand	scenarios.	
Courtesy of Department of Water. Cited in McFarlane (2005).

legend

Water	Demand	Scenarios
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Pressures

popuLaTion and economic growTH

Water use in WA has tripled over the last 25 years, and may 
double again over the next 20 years. This is caused mainly 
by growth in private supply for irrigated agriculture and 
mining, and a steady growth in demand for public water 
supplies as the city of Perth and regional centres continue to 
grow (Figure TS8.1). The Perth region has already outgrown 
its readily available water resources (Figure TS8.7) and its 
continued growth will place water supplies in neighbouring 
regions under more pressure (e.g. Preston and Peel regions). 
The biggest growth is expected in the Perth–Moore regions 
(due to urban use and irrigation), the East Kimberley (due 
to Ord Stage 2 irrigated agriculture), Preston (due to urban 
growth and manufacturing industry) and the Goldfields 
(expansion of gold and nickel mining). Additional demand 
for water resources will place more pressure on infrastructure 
and the environment. In some areas water from natural 
sources may be insufficient to meet demand and alternative 
supplies may be costly, limiting economic development.

inappropriaTe caTcHmenT managemenT

Inappropriate catchment management may lead to biological 
or chemical contamination of potable water supplies. 
Salinisation, eutrophication and erosion are considered 
significant threats to urban, industrial and agricultural 
water supplies. For example, more than one-third (36%) 
of waterways in the South West have become brackish or 
saline and are no longer fit to be used for drinking water 
(Government of Western Australia, 2000). A further 16% is 
of marginal quality. In terms of eutrophication, there is also 
evidence of some regional water supplies becoming impacted 
by nitrate plumes originating from horticultural practices 
(Water Corporation, unpublished). In terms of erosion, Lake 
Argyle (the State’s largest water supply dam on the Ord River) 
has been heavily impacted by sedimentation, with more than 
10% of the dam’s capacity being filled by eroded sediment 
from the catchment over the last three decades (Government 
of Western Australia, 1998a). 

cLimaTe cHange

A projected rise in temperature across the State of several 
degrees Centigrade is likely in this century in line with global 
projections. This is expected to be accompanied by further 
significant decrease in rainfall over the South West. The 
actual outcomes are dependent on global action on limiting 
greenhouse gas emissions over coming decades and these 
cannot be predicted. However, it is expected that climate 
change will place water supplies under significant pressure 
(Indian Ocean Climate Initiative, 2005b). The South West 
has already experienced a 10–20% decline in rainfall over 
the last 30 years, caused by a sudden climate shift in the 
mid-1970s (Indian Ocean Climate Initiative, 2002 & 2005a). 
This has subsequently reduced surface runoff of water into 
dams by an average of 50% (Figure TS8.8; Government of 
Western Australia, 2006b) and reduced water infiltration to 
groundwater aquifers. Future changes to climate will have 
significant implications for the determination of sustainable 
yields for surface and groundwater resources, the allocation of 
water resources to consumers, and infrastructure development.

Annual Total 1911 to 1974 av (388 GL)

1975 to 1996 av (177 GL) 1997 to 2005 av (114 GL)
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figure TS8.8:	Streamflows	to	Perth’s	public	water	supply	
dams	since	1911.
Courtesy of Department of Premier and Cabinet.

insTiTuTionaL arrangemenTs

In 1996, Western Australian government institutions for water 
services and water resource management were separated in 
line with national water reform policy. While this may have 
assisted in removing conflicts of interest between water 
service providers and resource managers, and improved 
the efficiency of water service provision, it did not benefit 
water resource management to the same degree. Previously, 
WA was a national leader in water resource assessment 
and management, but these institutional changes diluted 
and weakened the State Government’s water resource 
management expertise. Part of the reason for the decline was 
a 33% reduction in funding over the period 1998–2003 for 
core water resource management operations which include 
water resource investigation, assessment, planning, licensing 
and regulation. There is also a severe deficiency of information 
for private water use (i.e. mining, industry, agriculture and 
household bore use). A review of State water resource 
management in 2003 (Auditor General for Western Australia, 
2003) identified significant deficiencies in most water resource 
management functions and some major challenges now facing 
water management. A new Department of Water has been 
formed to address these deficiencies.

current responses
State Water Strategy and	State Water Plan: The State 
Water Strategy (Government of Western Australia 2003a) was 
released largely in response to drought conditions. It outlined 
means of improving water use efficiency, recycling, research 
and innovation and community understanding of the real 
value of water. A State Water Plan (Government of Western 
Australia, 2007c) was recently released to build on the 
strategy and outlines the policy direction for the sustainable 
management of water resources, including the development 
of regional water plans, strategic water issue plans and 
statutory water management plans. 

Water	reform: As part of the State Water Strategy, the State 
Government undertook a review of irrigation activities in WA 
(Government of Western Australia, 2005). The review made a 
series of wide ranging recommendations with implications for 
the way water resources were planned, allocated, managed 
and monitored. The government also signed the National 
Water Initiative in 2006, which required further water sector 
reform. The Blueprint for Water Reform in WA (Government 
of Western Australia, 2006) provides recommendations for 
development of statutory water management plans, water 
access entitlements, metering, water resource management 
charges, water use efficiency, integration of land and water 
planning. A Government response document (Government 
of Western Australia, 2007a) outlines a number of actions to 
implement water reform.



National	Water	Initiative:	In April 2006 WA became party to 
this Commonwealth program that recognises the imperative 
to ensure the health of groundwater and river systems, ensure 
environmentally sustainable levels of extraction, increase the 
productivity and efficiency of water use and secure water 
supply services. It builds on the 1994 National Water Initiative 
(Council of Australian Governments, 1994) where greater 
attention was made to ensure adequate environmental water 
provisions are set when sustainable water allocation limits 
are assessed. Western Australia has since developed a draft 
implementation plan (Government of Western Australia, 
2007b). The plan will be underpinned by reform of water 
legislation and will focus on water access entitlements, the 
planning process for setting allocations, water entitlement 
trading, metering and water pricing. 

Water	use	efficiency: Water use efficiency measures 
for public water supplies were developed through the 
Perth’s Water Future Report (Stokes et al., 1995) and 
then enhanced through the State Water Strategy. Highly 
successful components were sprinkler restrictions and the 
suite of Waterwise programs for householders and industry, 
including the State Government’s rebate scheme for efficient 
household appliances. A total of 5.5 GL per year had been 
saved through the Waterwise program since 2003 (Kobelke, 
2007). It has been extended on-farm with an education and 
training program for irrigators and farmers, coordinated by 
the Department of Agriculture. The program has also been 
extended to plumbers, garden centres, land developers, 
garden irrigators and schools. There has not been an 
equivalent education program to improve the water efficiency 
of private users. CSIRO is undertaking several research 
programs including the development of models that better 
utilise technology for water allocation, storage, treatment and 
reuse in relation to sustainability principles.

Water	reuse:	Increasingly, wastewater, stormwater and 
rainwater are being seen as recyclable water alternatives, 
rather than as disposal problems. Only about 5% of treated 
wastewater in the Perth city region is being recycled. To 
increase this figure the Water Corporation is focussing on 
four key categories of water recycling schemes for Perth: 
reuse, public open space irrigation, agricultural irrigation and 
scheme water augmentation. Comparatively, wastewater 
reuse in regional settlements is much greater.

Water	quality	protection: Protecting the quality of water 
resources in public drinking water source areas is important. 
There are currently some 80 public drinking water sources in 
the State that lack a protection plan. As the plans can affect 
what landowners can do on their land, considerable public 
consultation is required. Once proclaimed, they are used in 
planning decisions at the State and local government levels.

Desalinisation: the State’s first desalinisation plant to be 
used as a major public water supply was officially opened 
in April 2007. It produces 45 GL/year at full production, 
which is currently ~17% of the annual demand from the 
Integrated Water Supply Scheme; including the Goldfields 
and agricultural region serviced by the Water Corporation. 
To reduce environmental impacts, electricity for the plant has 
been sourced from the Emu Downs Wind Farm.

Managed	aquifer	recharge: is the infiltration or injection of 
water into an aquifer for immediate or deferred use. There 
is a number of research projects currently underway using 
treated wastewater. In January 2007 the Water Corporation 
announced plans for a $38 million four-year groundwater 
replenishment trial in the Leederville aquifer. The Water 
Corporation would undertake this trial with the intention of 
implementing a full scale system to deliver 27 GL/y of public 
drinking water by 2015.

Implications
The State’s growing population and its mining, industrial 
and agricultural sectors are dependent on adequate water 
supplies. While sustainable management and use of the 
State’s water resources is essential, it is becoming increasingly 
difficult to achieve alongside optimal economic growth. 
As the community seeks to become more involved in 
water resources management, it will also become essential 
that quality information on the State’s water resources is 
readily available. The health of our inland waters depends 
on adequate water flows and groundwater levels. The 
building of dams and bores to abstract water can directly 
impact and erode environmental and social values. It will 
be critical to determine environmental water provisions for 
all water resources to prevent this from happening. Water 
licence holders are seeking to enhance the value of water 
entitlements through greater security of water allocations 
(based on a share of the available water) and increased ability 
to trade them. Adopting more secure water entitlements 
needs to be balanced with the potential for increased risks to 
the environment and other users.

New sources of water are needed to meet demand across the 
State. The key challenge facing water planners is the ongoing 
impact of changing climatic conditions that may affect the 
amount of water available from various source options. For 
example, in response to consecutive dry years in the late 
1990s, the State Government accelerated development 
of its water supplies, including recent construction of 
Stirling Dam on the Harvey River and the Kwinana seawater 
desalinisation plant. Other potential water source options 
including extracting water from the South West Yarragadee 
groundwater aquifer and transporting water from the 
Kimberley have been investigated. Without reliable sources of 
water, consumers face uncertain water supplies. 

suggesTed responses

9.29  Develop and implement regional water 
strategies and statutory water management 
plans for priority areas.

9.30  Review water pricing structures to better 
reflect the true costs of water resource 
management. These costs should be passed 
on to all public and private consumers 
responsible for current consumption levels.

9.31  Promote water recycling and efficiency 
measures to allow for more to be done with 
the same volume of water, matching water 
quality to water use, and rationalisation 
of source development impacts on water 
dependent ecosystems.

9.32  Develop an appropriate and effective balance 
of water source options to maintain security 
of supply, while minimising environmental 
impacts in a changing climate.
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case sTudy – managing THe groundwaTer 

resources of THe Lower gascoyne river

Carnarvon	(population	approximately	10	000)	stands	at	
the	mouth	of	the	Gascoyne	River.	The	town’s	population	
and	industry	are	totally	dependent	on	river	flow	events	
for	water	supply.	The	river’s	unique	hydrology	is	such	
that	river	flow	almost	instantly	recharges	groundwater.	
The	groundwater	supports	a	wide	range	of	crops	
including	bananas,	citrus	fruit,	stone	fruit	and	many	
different	vegetables.	It	also	supports	native	riparian	
vegetation,	mainly	river	red	gums	and	coolabah	trees,	
along	the	lower	Gascoyne	River.

Water	management	areas	(Basin	A)	in	the	lower	
Gascoyne	River	support	mostly	horticulture.	Water	
management	areas	further	upstream	(basins	B	to	L)	
support	the	Water	Corporation’s	well	field,	which	
supplies	scheme	water	to	households	and	industries	in	
the	town.	When	the	Gascoyne	River	stops	flowing	and	
river	recharge	to	groundwater	ceases,	groundwater	
in	Basin	A	can	still	be	pumped	for	irrigation.	However,	
excessive	pumping	may	produce	prolonged	periods	
of	drawdown	that	can	cause	salt	water	to	move	into	
freshwater	areas,	making	the	water	unsuitable	for	
irrigation,	human	consumption	and	riparian	vegetation.

Following	an	18-month	period	of	no	river	flow	in	1994,	
maximum	groundwater	drawdown	levels	ranged	from	
3.25	m	to	10.30	m	below	the	ground	surface.	Trees	
remained	healthy	during	this	time.	However,	excessive	
exposure	to	saline	groundwater	could	have	lead	to	
death	of	fringing	vegetation	along	the	river.	In	2002,	the	
former	Water	and	Rivers	Commission	(now	Department	
of	Water)	worked	with	the	Carnarvon	community	

to	produce	a	strategy	that	ensured	optimised	water	
use,	provided	drought	security	and	enabled	key	
environmental	goals	to	be	met.	Several	agreed	
management	actions	were:

•		 When	groundwater	salinity	reaches	1000	mg/L,	
pumping	ceases	in	agricultural	bores.	Farmers	have	a	
choice	of	ceasing	irrigation	or	purchasing	water	from	
the	scheme	supply	in	basins	B	to	L.	This	continues	
until	the	next	river	flow	when	the	groundwater	
reserves	are	replenished.

•		 Farmers	are	encouraged	to	access	the	scheme	water	
in	basins	B	to	L,	which	will	allow	the	horticultural	
industry	to	expand	in	Basin	A.

•		 Groundwater	abstraction	is	managed	to	protect	the	
environment	so	that	maximum	drawdown	levels	
experienced	in	1994	are	not	exceeded.

•		 As	farmers	begin	to	access	more	groundwater	in	
the	future,	historical	maximum	drawdowns	may	
be	exceeded.	If	this	occurs,	the	rate	of	fall	will	not	
exceed	5	mm	a	day	to	allow	the	river	red	gums	to	
adapt	to	the	new	water	level	regimes.

It	is	expected	that	these	management	actions	will	
ensure	a	greater	reliability	of	water	supply	during	times	
of	no	river	flow	and	prolonged	drought,	and	protect	
the	native	vegetation	along	the	lower	Gascoyne	River.	
Groundwater	use	in	this	area	has	proven	to	be	very	
efficient.	Carnarvon’s	productivity	to	usage	ratio	is	one	
of	the	highest	in	the	State	(around	$4000/ML)	compared	
to	other	areas	(around	$2000/ML).

Gascoyne	River	(S.	Wild).
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Description
Wood is derived from the harvesting of trees from native 
forest, woodlands and plantations. Approximately 25.7 
million hectares of Western Australian land is classified as 
forest, representing about 10% of the total land area of 
the State (National Forest Inventory, 2003). Forests provide 
a range of values and services such as ecosystem services, 
biodiversity conservation and social and economic values. 
Wood production in this report is defined as the conservation, 
protection, management or use of forests from which wood 
is harvested. Harvested wood and wood products are sold 
on domestic and international markets, although WA is a net 
importer of wood products by value. Wood that cannot be 
sawn for solid wood products (construction timber, furniture) 
may be used for reconstituted fibre products (particle board, 
paper), industrial firewood (charcoal for silicon manufacture), 
biomass for energy generation or domestic firewood.

State Government figures for 2005–06 show that the total 
volume of native hardwood harvested was 0.54 million cubic 
metres, valued at $39.5 million (Forest Products Commission, 
2006). This volume represents an increase over 2004–05 of 
6.4% while remaining within the limits imposed by the Forest 
Management Plan 2004–2013 (Conservation Commission 
of Western Australia, 2004), which incorporated the 
Government’s Protecting Our Old-Growth Forests Policy. 

The plantation industry has experienced considerable 
growth over the past decade, particularly with hardwood 
species planted in higher rainfall areas of the South West. 
In 2006, WA had the second largest plantation area of all 
Australian states (396 000 ha or 21%), comprising 27% 
softwood species and 71% hardwood species (Parsons & 
Gavran, 2007). Softwood species consist mostly of Pinus 
species (otherwise known as pine trees) and hardwood 
species consist mostly of Eucalyptus species (mainly blue 
gums). In 2005 private landholders and businesses own 
72% of plantations, while government owns 20% and joint 
cooperative ownership represents 8% (Parsons et.al, 2006). 
State Government plantations produced 0.87 million cubic 
metres, principally of softwoods, in 2005–06 valued at $47.7 
million (Forest Products Commission, 2006). Production 
figures from private plantations are not readily available, 
but in 2002 about 2.62 million cubic metres of timber was 
produced (Ferguson et al., 2002).

Objectives
The State Sustainability Strategy outlines a vision for our 
natural resources by ensuring that they are ‘… conserved, 
protected, managed and used sustainably for the common 
good’ (Government of Western Australia, 2003a, p. 108). 
The State’s Forest Management Plan 2004–2013 outlines 
specific objectives based on the Montreal Process Criteria for 
sustainable forest management (Conservation Commission of 
Western Australia, 2004). Most objectives have been derived 
using this plan:

•  Ensure that forest resources are harvested within 
sustainable yield limits.

•  Maintain, and where applicable, enhance the productive 
capacity and vitality of forest resources subject to wood 
production.

•  Conserve biodiversity and landscapes in native forests 
subject to wood production.

•  Protect forest resources from pressures that may damage 
productivity and ecosystem health.

•  Prioritise plantation developments that deliver 
environmental, social and economic benefits.

Headline indicators

Indicator TS22:	Per	cent	of	South	West	native	forest	
available	for	wood	production.

This indicator reflects the relative value the community 
places on wood production in the State’s South West native 
forests. About 55% (1 041 830 ha) of South West native 
forests vested in the Conservation Commission is in formal 
conservation reserves (current and proposed) or informal 
reserves that are established under the Forest Management 
Plan 2004–2013. In 2004, 45% of native forest vested in the 
Conservation Commission was available for wood production 
(848 380 ha). Changes over time reflect the value that the 
State Government and the community place on native forests. 
The data for this indicator are limited to the area covered by 
the Forest Management Plan from Lancelin to Denmark.

9.9

Harvest	of	jarrah	(G.Stoneman).



Indicator TS23:	Average	per	cent	of	jarrah	and	karri	sawlogs	harvested	compared	to	sustainable	yield.

Financial	year 2001–02 2002–03 2003–04 2004–05 2005–06

Annual average per 
cent harvest

71% 50% 60% 98% 102%
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Jarrah and karri are the two major timber species harvested in 
native forests in WA. This indicator represents an average of 
the volume of jarrah and karri sawlogs harvested compared 
to their respective sustainable yield levels. This reflects 
the compliance of the wood production sector in relation 
to established harvest limits. Figures exceeding 100% 
may indicate unsustainable levels of harvesting. However, 
because levels of harvest can be averaged over the 10-
year life of the Forest Management Plan 2004–2013, small 
overcuts can be balanced by undercuts over this period. 
The lower percentages between 2001 and 2004 reflect the 
government negotiating lower harvest levels than provided 
for in the Forest Management Plan 1994–2003 (Conservation 
Commission 2004) following introduction of its Protecting 
Our Old-Growth Forests Policy (Australian Labor Party 
Western Australian Branch, 2001) and do not represent 
undercutting.

Status

use of wood resources

The principle of sustainability is contained in the relevant 
Acts relevant to the Forest Products Commission (the State 
Government’s wood trading enterprise) and Department of 
Environment and Conservation (the State Government’s forest 
management agency). Sustainability is also an important 
management objective of private enterprises in the wood 
production sector.

Since 1970, the area of native forest in the South West 
available for timber production has decreased by about 50% 
(Figure TS9.1). This decrease represents a gradual shift in 
State Government policy brought about by the increasing 
value the community has placed on native forests for uses 
other than timber production, which has increased the 
amount of native forest placed in reserves where wood 
production is not a permitted use.

The level of harvest in native forests is determined by a 
calculated sustainable yield. Sustainable yield is the quantity 
of timber that can be harvested from the area of forest 
available for timber harvesting each year, which can be 
continued indefinitely with minimal long-term environmental 
impact. The timber resource in native forest available for 
timber harvesting is measured using inventory plots to 
determine the quantity of timber available and the rate at 
which it is growing.
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figure TS9.1:	Trends	in	the	area	of	jarrah	and	karri	available	
for	timber	harvesting,	1970–2005.
Data source: Department of Conservation and Land Management.

figure TS9.2:	Jarrah	sawlog	timber	harvested	relative	to	
agreed	limits.
Data source: Forest Products Commission. Note: 2003–04 limits represent a transition 
from previous limits established under regional forest agreements to current limits 
established under the Forest Management Plan 2004–2013.
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figure TS9.3:	Karri	sawlog	timber	harvested	relative	to	
agreed	limits.
Data source: Forest Products Commission. Note: 2003–04 limits represent a transition 
from previous limits established under regional forest agreements to current limits 
established under the Forest Management Plan 2004–2013.

A review of the sustainable yield limits was undertaken for 
the development of the Forest Management Plan 2004–2013, 
which began on 1 January 2004. This resulted in a reduction 
of the sustainable yield limit for sawlogs because of large 
increases in conservation reserves and more conservative 
forest management practices. Sustainable yields for jarrah 
and karri sawlogs were lowered, representing a 63% and 
64% reduction from pre-2004 levels established by Regional 
Forest Agreements (Figures TS9.2 & TS9.3 ).

In 2005–06, actual harvested volumes of jarrah and karri 
sawlogs were 104% and 98% of sustainable yield levels 
respectively (Figures TS9.2 & TS9.3). Although the jarrah 
harvest exceeded the sustainable yield levels in 2005–06, 
the Forest Management Plan allows for the annual harvested 
volume to be averaged over three years and then compared 
to the sustainable yield limit. Marri sawlogs remain largely 
unused, with actual harvest levels at about 8% of the 
sustainable yield limit for bole logs in 2005–06.



Progress has been made with value-adding (improving the 
end uses of timber) in the past 15 years, with 60% to 70% of 
the sawmill output of native forest timbers now being used 
for flooring, joinery and furniture (Government of Western 
Australia & Forest Products Commission Western Australia, 
2004). There is also pressure on sawmills to improve milling 
yields from higher value and scarce sawlogs and to effectively 
use logs that could not be previously used for sawmilling. 
Further improvements in native timber utilisation also need to 
occur with machine harvesting.

Sandalwood is a small tree that grows in the WA Southern 
Rangelands. This parasitic plant uses Acacia and other plants 
as a host. It is harvested for its wood and aromatic oils. In 
recent years sandalwood harvesting has been below the 
allowable harvest, and is current  (Figure TS9.4). It is worth 
noting that allowable yield limits are used, as sustainable 
yields limits for sandalwood have not yet been determined.

    

figure TS9.4:	Harvest	of	sandalwood	from	Crown	land	
compared	to	allowable	yield	limits.
Data source: Forest Products Commission.

The plantation component of the timber industry has an 
increasingly important role to play in WA. Plantations have 
the potential to generate wood products to compensate 
for reduced harvesting from native forests, although 
recent growth in the area of plantations is mainly aimed 
at producing pulpwood rather than sawlogs. Plantations 
are strategically important resources, acting as sinks for 
greenhouse gases (storing carbon) and helping to remedy 
salinisation, erosion and other land degradation issues. 
If planted with appropriate species, plantations can help 
restore biodiversity values. Some plantation species also show 
potential for future bio-energy production.

In 2006, WA had the second largest plantation area of all 
Australian states of 396 000 ha (21%), comprising 27% 
softwood species and 71% hardwood species (Figure 
TS9.5) (Parsons & Gavran, 2007). In terms of annual volume 
harvested, output from plantations is much larger than from 
native forests, and is likely to continue to increase over the 
coming decades. Compared to the combined jarrah/karri 
harvest from native forests of about 0.5 million cubic metres:

•  the State’s pine plantations supply 1 million cubic metres 
of logs for wood panel manufacture, sawn timber, 
pulpwood, fencing materials, and export; and

•  Eucalyptus globulus (blue gum) plantations currently 
supply over 1 million cubic metres of pulpwood logs for 
woodchips, which may rise to a predicted 4 or 5 million 
cubic metres by 2013 (Government of Western Australia & 
Forest Products Commission Western Australia, 2004).

The majority of plantation wood is used for relatively low value 
products, with about 27% of current production being sawlog 
material (Ferguson et al., 2002). This proportion will reduce 

significantly as production of hardwood pulpwood increases. 
The potential exists for plantation timbers to be used for high-
value end uses as alternatives to native forest timbers. However, 
this is dependent on changing plantation management intent 
and techniques that may affect profitability.

figure TS9.5:	Total	area	of	Western	Australian	plantations,	
1995–2006.
Data source: National Plantation Inventory (2000), Parsons and Gavran (2007).

proTecTion of wood resources

Protection of forest resources is aimed at controlling and 
reducing the risks such as fire, pests and disease that may 
impact wood production. Protection of soil, water and 
vegetation also plays an important role in biodiversity 
conservation, the provision of ecosystem services and 
protection of catchment water supplies. Much of the 
information about native forest condition and relevant 
threats can be found elsewhere in this report (see ‘Loss or 
degradation of native vegetation’). 

Protection of forest and its associated values also depends 
upon successful regeneration following harvesting. In 2005, 
some 6220 ha of forest were harvested for regeneration and 
4920 ha were treated to achieve regeneration. In 2005, some 
460 ha of karri forest was clear felled or partially cut, and 
1070 ha were thinned. Regeneration was completed for 740 
ha of karri forest. Improvements in sandalwood regeneration 
have been made in recent years by mimicking the natural 
seed distribution behaviour of woylies. However, feral goat 
grazing is likely to be limiting sandalwood regrowth in some 
rangeland areas.

managemenT of wood resources

The Forest Management Plan 2004–2013 has used the 
Montreal Criteria to provide a framework for setting the 
objectives and actions for the sustainable management of 
native forests in the South West (Conservation Commission 
of Western Australia, 2004). The Forest Products Commission 
has been operating with environmental management system 
accreditation (ISO 14001) for five years, and the Department 
of Environment and Conservation will be developing an 
environmental management system. Private companies 
involved with native forest harvesting must also follow 
a contractors timber harvesting manual, which outlines 
required practice.

Forest owners or managers can apply for certification against 
a sustainability standard, such as the Australian Forestry 
Standard or the Forest Stewardship Council. Currently two WA 
businesses has been certified under the Australian Forestry 
Standard, and six businesses are operating in WA with 
certification under the Forest Stewardship Council. Private 
plantations are usually required to develop a management 
plan. These plans are framed to address the principles, goals 
and guidelines documented in the Code of Practice for Timber 
Plantations in WA.
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conservaTion of foresTs

About 15% of native forest statewide (3.8 million ha) is 
within formal conservation reserves, with another 37% (9.4 
million ha) occurring on other Crown land (National Forest 
Inventory, 2003).

In the South West area covered by the Forest Management 
Plan 2004–2013, about 30% of the original extent of native 
forests (pre-European settlement) is within the State’s 
conservation reserve system (Table TS9.1).

Concerns about the sustainable management and 
conservation of South West native forests were reflected in 
the State Government’s Protecting Our Old-Growth Forests 
Policy (Australian Labor Party Western Australian Branch, 
2001). The Forest Management Plan 2004–2013 incorporated 
the relevant components of the policy, which resulted in 
considerable conversion of State forest to national parks 
and nature reserves (about 700 000 ha). Many of the new 
reserves were formally established through three reserve Acts 
that passed through Parliament in 2004.
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Table TS9.1: Representation of native forest ecosystems in conservation reserves covered by the Forest Management Plan 2004–2013.

Forest type Area of native forest types (ha) covered by 
the forest management plan 

(Per cent extent of forest type compared 
to pre-European settlement)

Per cent representation in conservation 
reserves compared to pre-European 

settlement

Jarrah 1 806 650 (65%) 25%

Karri 190 160 (82%) 43%

Wandoo 218 680 (42%) 19%

Total (including other forest ecosystems) 2 624 060 (63%) 30%

Data source: Conservation Commission of Western Australia (2004).

Pressures

economic condiTions

The significant reduction in the size of the native forest 
harvest and the increased complexity of management has 
created challenges to the ongoing economic viability of this 
component of the timber industry and thus its capacity to 
achieve best practice environmental management. While 
demand for plantation timber is expected to grow, market 
changes can threaten the industry’s economic viability. 
Diversification of wood products is likely to be an increasingly 
important strategy to deal with this. The rapid growth of the 
plantation industry in recent years owes much to a booming 
house construction industry, improved tax incentives for 
investment and declining terms of trade for agricultural 
commodities. A reversal of these conditions could threaten 
future plantation expansion.

weeds, pesTs and diseases

A major threat to the South West jarrah forests is the plant 
pathogen, Phytophthora cinnamomi, which causes the 
disease known as Phytophthora dieback. P. cinnamomi will 
affect the health, productivity and regeneration of native 
forest and plantations, thereby reducing productive capacity 
and ecosystem health. Hygiene management plans are 
prepared and implemented to minimise the risk of spreading 
the pathogen. Despite this, modelling by the Department of 
Environment and Conservation estimates that the percentage 
of the forest area infested by the pathogen will increase from 
14% in 2001 to 34% by 2061. There are also a number of 
chronic or periodic crown dieback syndromes that affect tree 
species such as tuart, wandoo and flooded gum. Species of 
Armillaria are also known to cause root rot and subsequent 
losses of timber in native forest and plantations. A variety of 
insect pests including beetles, weevils, moths and locusts, can 
cause damage to plantations when infestations occur. Many 
types of weeds also have the potential to affect the growth 
of young plantations and affect forest values in surrounding 
lands. Control of wildlings (wild plant species) originating from 
plantations is imperative to prevent uncontrolled spread to 
nearby native forests. Some introduced animals (e.g. foxes and 
cats) can affect forest regeneration by preying on native animals 
that have an important role in seed dispersal or pollination and 
others (e.g. goats, rabbits and pigs) can affect regeneration 
through soil disturbance and overgrazing of young plants.

fire

Fire is necessary for the regeneration of native vegetation and 
release of nutrients for plant growth. Some fires may have 
significant impacts on forest ecosystems, depending on their 
intensity, frequency and the burn season. Prescribed burning 
of native forests has been employed as a management 
activity over the past 80 years to reduce fire fuel loads, 
minimise the risk of high intensity fires and prevent the loss of 
lives and property. However, uncontrolled fires, unmanaged 
burning practices or inappropriate fire regimes can be 
detrimental to native forests and plantations (Conservation 
Commission of Western Australia, 2004).

cLimaTe cHange

A projected rise in temperature across the State of several 
degrees Centigrade is likely in this century in line with global 
projections. This is expected to be accompanied by a further 
significant decrease in rainfall across the South West. The 
actual outcomes are dependent on global action on limiting 
greenhouse gas emissions over coming decades and these 
cannot be predicted (Indian Ocean Climate Initiative, 2005b). 
In the medium term, some models predict small to moderate 
increases in forest growth where rainfall remains stable, due 
to increased temperatures and carbon dioxide levels. Under 
drier conditions, forest productivity may be detrimentally 
impacted, including increased fire and disease risks (Allen 
Consulting Group, 2005).

communiTy accepTance of pLanTaTion indusTry

While the plantation industry offers a sustainable approach to 
wood production in WA, there remains a negative perception 
of the plantation industry by some in the community. 
These concerns include the loss of prime agricultural land 
to plantations, increased fire risk and water consumption, 
increased nutrient and chemical runoff, and questions of 
ongoing social and economic support for the local community.

compeTiTion wiTH oTHer naTuraL resource secTors

Mining for minerals such as bauxite and coal results in the 
clearing of some forest areas. While mining is generally a 
short-term activity (less than five years), it takes considerably 
longer for the forest to be rehabilitated to a productive state. 
Water supply catchments in the South West are generally 
located within native forest. However, during droughts there 
is increased water uptake by plants and reduced runoff into 



dams. This is compounded by a growing demand for water 
from an expanding population and further pressure for 
increased environmental water provisions. Increasing water 
demand and a drying climate has increased the pressure for 
thinning and more frequent burning of forested catchments 
in order to deliver increased streamflow or groundwater 
recharge (e.g. forest thinning in the Wungong catchment and 
Gnangara Mound).

LacK of sTraTegic direcTion for THe pLanTaTions 

indusTry

At the national level, the National Forest Policy statement 
(Commonwealth of Australia, 1995) and Plantations 
for Australia: The 2020 Vision provide strong direction 
for plantation development. However, while the State 
Government has promoted a vision of a dynamic and 
profitable plantation industry, it is perceived there has been 
inadequate strategic direction for the industry. Consequently, 
there is a lack of consistency between local governments in 
assessing applications for plantation developments. Lengthy 
delays in plantation approvals, the imposition of significant 
legal and other costs and the setting of unreasonable 
development conditions have all affected the commercial 
viability of plantation developments and limited the potential 
growth of the industry. Contradictory policies at the national, 
State and local government levels reinforce this lack of a 
consistent strategic direction. For example, strategic plans 
being prepared by regional natural resource management 
groups recognise the strong role that plantations can 
play in remedying land and water quality problems, but 
these planning processes have weak input from plantation 
industries. Timber industry development plans may go some 
way to addressing these issues.

current responses
Legislation: Statutory changes were made in 2000 to allow 
for the creation of the Forest Products Commission Western 
Australia and the Conservation Commission of Western 
Australia. The changes were required to remove potential 
conflicts of interest for the Department of Environment and 
Conservation arising from its role as an agency responsible 
for both conservation and timber harvesting. The amended 
Conservation and Land Management Act 1984 established the 
Conservation Commission of Western Australia and defined the 
principles of ecologically sustainable forest management that are 
also outlined in the Forest Products Act 2000.

Protecting our Old-Growth Forests Policy:	The State 
Government implemented this policy in February 2001. It 
ended logging of old-growth forests in the South West of the 
State and made progress towards ensuring sustainable forest 
management.

Forest Management Plan 2004–2013: This plan was 
developed by the Conservation Commission of Western 
Australia to provide for sustainable management of 
South West native forests. The plan requires that Forest 
Products Commission and Department of Environment and 
Conservation operate in accordance with the management 
plan. The Conservation Commission also undertakes audits of 
the performance of both agencies against the plan.

Private	forestry	development	committees:	Five regional 
committees comprised of community and industry 
representatives are working closely with government 
agencies, timber industry stakeholders, small business and 
local farmers in developing regional plantation and farm 
forestry strategies.

Action	plan	for	tree	farming:	This State Government 
program coordinates plantation production by matching 
tree species with soil and rainfall conditions and proximity to 

commercial markets. Sustainable benefits include a capacity 
to deliver an ongoing source of wood and wood products, 
combating environmental problems such as saline and 
waterlogged land, and providing an additional income stream 
for farmers.

Timber	industry	development	plans: The Forest Products 
Commission has prepared several tree farming and industry 
development plans related to specific target regions for 
industry and stakeholder consultation. The plans are designed 
to match specific tree species to suitable soils, rainfall, 
infrastructure and other issues to provide a viable industry 
focus for each region.

Accreditation	programs: The Australian Forestry Standard has 
been developed with support from State and Commonwealth 
governments in collaboration with forest organisations 
and other stakeholders. It provides a basis for voluntary, 
independent third-party certification against auditable, 
sustainable forest management criteria and can be used in 
conjunction with an environmental management system. 
The Forest Stewardship Council is an international non-profit 
organisation that supports environmentally appropriate, socially 
beneficial and economically viable management of the world’s 
forests. Labelling of accredited wood products provides an 
incentive in the market place for good forest management.

Infinitree	program: Infinitree is a tree farming marketing 
program for the South West that partners the Forest Products 
Commission with farmers and investors to create commercial 
tree plantations on their properties. 

Fire	management	program: Department of Environment 
and Conservation has a prescribed burning program in 
which low and high intensity fires are used to maintain 
biodiversity, regenerate the forest and reduce the build up 
of leaves and twigs on the forest floor to avoid destructive, 
high intensity wildfires.

Water	management	in	forested	catchments:	Wungong 
and Gnangara Mound catchments, where water supplies 
and water-dependent ecosystems are threatened by falling 
watertables, are undergoing thinning and plantation 
harvesting to maximise water recharge and streamflow.

Bioenergy	production	trials:	Western Power, in conjunction 
with other stakeholders, has established an Integrated Wood 
Processing Plant at Narrogin. Locally planted mallees are 
used as the fuel for renewable energy production. The plant 
produces other by-products such as activated carbon and 
eucalyptus oil.

Implications
Historically, native forest management has been a contentious 
topic in WA. Community and industry opinions have often 
been polarised between the view that native forests should 
not be harvested and the view that harvesting timber 
from native forests is a renewable activity that generates 
income and employment in the region. Government 
policy, implemented through the Forest Management Plan 
2004–2013, aims to foster a balance of sustainable native 
forest uses, including biodiversity conservation, tourism and 
water supply. Government policy also promotes plantation 
development for industrial use and environmental benefits.

Unsustainable forest harvesting practices have been well 
documented worldwide. The major potential environmental 
impacts of forests policy and management practices are on 
conservation of biodiversity, maintenance of ecosystem health 
and vitality, and maintenance of soils and water resources. 
Policy and best practice in WA needs to continue to improve, 
especially in light of a growing plantation industry and the 
possible emergence of carbon markets.
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case sTudy – THe roLe of farm foresTry in THe 

recovery of THe denmarK river

The	Denmark	River	was	dammed	in	1960–61	to	supply	
the	south	coast	town	of	Denmark	with	drinking	water.	
It	has	the	potential	to	become	a	major	water	supply	
for	the	growing	Albany–Denmark	area.	However,	salt	
levels	in	the	river	increased	in	the	late	1960s	as	a	result	
of	agricultural	clearing	in	the	upper	catchment.	This	
raised	concerns	that	the	water	could	become	too	salty	
to	be	used	as	drinking	water.

Initial	attempts	to	reduce	salinity	in	the	late	1970s	
involved	the	State	and	Commonwealth	governments	
in	purchasing	land	and	replanting	trees	in	cleared	
areas.	In	1996,	under	the	Salinity	Action	Plan,	the	
river	was	identified	as	a	water	resource	recovery	
catchment	with	the	objective	of	reducing	salinity	to	
achieve	drinking	water	quality	(500	milligrams	of	salt	
per	litre)	by	2020.	Many	State	Government	agencies	
were	involved	in	developing	and	implementing	a	
catchment	management	plan	with	farmers	and	the	
local	community.

Commercial	and	community	actions	played	a	vital	role	in	
recovery	efforts.	Preparation	of	farm	plans	led	to	local	
farmers	establishing	plantations	on	land	previously	used	
for	crops.	These	tree	farms	utilised	more	groundwater	

than	would	have	been	used	by	annual	crops	and	
pastures,	thereby	reducing	the	threat	of	rising	saline	
groundwater.	Eucalyptus	species	(primarily	Tasmanian	
blue	gums)	were	the	primary	plantation	type	used,	as	
they	are	well-suited	to	the	climate.	The	strategic	value	of	
plantations	in	these	areas	was	quickly	realised	and	rapid	
private	investment	in	blue	gum	plantations	occurred.

Between	1990	and	2002,	nearly	50%	of	previously	
cleared	areas	in	the	upper	Denmark	River	catchment	
had	been	converted	to	plantations.	Amongst	other	
initiatives,	tree	farming	projects	have	been	pivotal	in	
helping	to	reverse	the	salinity	trend	in	the	Denmark	
River	(Figure	TS9.6).	This	is	the	first	major	catchment	
in	WA	where	a	downward	trend	in	river	salinity	is	
being	observed	in	response	to	direct	on-ground	works,	
primarily	revegetation	(Bari	et	al.,	2004).

Economic	and	social	benefits	have	also	been	realised	
from	an	expanding	plantation	and	timber-based	
industry.	Farms	have	become	more	diversified	and	
local	and	regional	economies	have	been	strengthened.	
The	Forest	Products	Commission	is	now	working	with	
regional	natural	resource	management	groups	to	focus	
new	plantation	development	in	lower	rainfall	regions	
of	WA	with	a	view	to	delivering	similar	benefits	in	other	
salt-affected	catchments.

suggesTed responses

9.33  Encourage owners and managers of native forest and 
plantations to adopt sustainable forest management 
accreditation schemes and public reporting against 
national and international standards.

9.34  Enhance the legal, institutional and economic 
framework to deliver sustainable forest management 
in the face of present and future challenges.

9.35  Develop a policy for greenhouse initiatives, such 
as efficient use of residues from harvesting native 
forest (minimal wastage), plantation harvesting for 

bioenergy and other greenhouse positive initiatives, 
while reducing the impact of greenhouse negative 
alternatives to wood products.

9.36  Research the impacts of climate change on forests 
to identify appropriate adaptation strategies for 
forest management.

9.37  Develop a strategic planning framework to provide 
certainty to the plantation industry and assist in 
maximising the social, economic and environmental 
benefits to the community, including taxation issues 
and market-based incentives (e.g. a carbon credit 
trading scheme).

figure TS9.6:	Salinity	levels	in	the	Denmark	River,	with	average	and	predicted	forecasts	under	various	management	scenarios.
Data source: Bari et al. (2004). Note: Salinity is measured as total dissolved salts in milligrams per litre (mg/L).

Land	clearing	increases		
untill	the	mid	to	late	1970s

1988	Reforestation	begins

1978	Clearing	controls	begin
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