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Foreword 

The Government of Western Australia initiated the process to report on the state of Western Australia's 

environment. The Environmental Protection Authority was instrumental in triggering this reporting process. The 

Western Australian Government adopted the format for state of environment reporting used by other states and the 

Commonwealth who have followed the Organisation of Economic Co-operation and Development's 

pressure-state-response model for reporting on the state of a region's environment. That model has been used as the 

basis for this report. A major challenge in using this approach is that it requires involvement of all sections of the 

community to report accurately and fa irly. 

To meet thi s challenge, the S tate of Environment Reference Group was establi shed. Members of this group were 

drawn from the principal natu ral resource agencies, the Soil and Land Conservation Council, the National Parks and 

Nature Conservation Authority, the Lands and Forest Commission, and major community catchment management 

groups. 

To provide an overview of WA the State was divided into regions and Focus Groups were established for most 

regions. This regional approach to reporting on the environment allowed important envi ronmental issues in each 

region to be identified and discussed by loca l people and State agency staff. Hundreds of individuals have had input 

to thi s report either as a group member or as a specialist in some aspect of the env ironment. State agencies have not 

only reviewed the performance of their curret)t programs but also provided advice on ways to respond to identified 

issues. 

There are many important fea tures about Environment Western Australia 1997. These include the following. 

• Specific environmental issues are described concisely and given a priority in terms of environmental status. 

• The condition of the environment, pressures acting on it and responses to these are presented. 

• Rather than being a snapshot of the performance of current government programs as in 1992, this State of the 

Environment Report is designed as a guide to future policy. 

• Important natural resource use sectors are described in terms of their progress towards sustainability. 

• The foundation for an ongoing program to monitor and report on the condition of the environment and the 

effectiveness of our responses is provided. 

• First generation environmental indicators are developed for each of the important environ.mental issues discussed 

in the draft report. 

• This is a draft report and public comment is welcome. This will ensure the accuracy of the info rmation and 

en.able discuss ion about the suggested responses to these issues. 

Many of these features are new to state of environment reports in Australia and reflect the Government's desire to 

include the community in bringing about a more foc ussed and effective approach to managing the environment. 

After the public comment period the draft report will be finalised and the Government will indicate its response 

to the issues and suggestions contained in it. 

I acknowledge the efforts of all those involved and thank them. In particular I congratulate and thank the State 

of the Environment Reference Group for steering the production of the draft report. 

I commend this draft report to you and encourage you to comment on it. 

CL/~ 
HON. C HERYL EDWARDES (MRS) MLA 

MINISTER FOR THE ENVIRONMENT, EMPLOYMENT AND TRAINING 



Preface 

Environment Western Australia 1997 Draft State of the Environment Report, provides an overview of the key 

environmental issue facing Western Australia. The approach taken to produce this report is different from that used 

to produce the 1992 State of the Environment Report. It involved community and government representatives working 

together to identify environmental issues, provide input and suggest. responses. The overall approach has been to 

integrate scientific and local environmental knowledge to inform decision-makers within government and the 

broader community. This builds on the notion that environmental management is more successful when jointly 

addressed by government and community. 

Production of this report was co-ordinated by the State of the Environment Reference Group, made up of 

community and government representatives. The Reference Group was established by the Minister for the 

Environment and its members include: 

• Dr Bryan Jenkins, Chief Executive Officer, Department of Environmental Protection; 

• Mr Rex Edmondson, Chairperson, Soil and Land Conservation Council; 

• Mr Leon Watt, Chairperson, Lands and Forest Commission; 

• Mr Toni. Day, Chairperson, National Parks and Nature Conservation Authority; 

• Mr David Reid, Chairperson, Blackwood Catchment Co-ordinating Group; 

• Mr Noel Robins, Chairperson, Swan Avon Integrated Catchment Management Co-ordinating Group; 

• Mr Keiran McNamara, Director, Nature Conservation, Department of Conservation and Land Management; 

• Mr Kevin Goss, Executive Director, Sustainable Rural Development, Agriculture Western Australia; and 

• Mr Harry Ventriss, Director, Regional Services Division, Water and Rivers Commission. 

The Reference Group has made a conscious effort to ensure that the report is easy to read and understand. As a 

consequence, their has been an emphasis on general rather than technical terms. In some instances this means an 

issue is less precisely described from a scientific view point. 

More detailed information, and first generation environmental indicators, are provided for each issue in the Draft 

State of the Environment Reference Group Working Papers. The draft working papers also contain suggested responses to 

each environmental issue; these have largely been put forward by each of the Regional Focus Groups. 

On behalf of the Reference Group I would like to thank the many people who assisted in preparing this draft 

report, in particular the members of the Regional Focus Groups who volunteered their time and expertise. I would 

also like to acknowledge the members of the State of Environment Unit within DEP; 

• Ms Denise Allen 

• Ms Jookie Wong 

• Mr Michael Rowe 

• Mr Andrew Higham and 

• Dr Ray Wallis 

A full list of acknowledgments is on page 69. 

/ ~ 

~ 

DR BRYAN JENlrNS 

CHIEF EXECUTIVE OFFICER 

DEPARTMENT OF ENVIRONMENTAL PROTECTION. 
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STATE OF THE ENVIRONMENT 
REPORTING IN WESTERN AUSTRALIA 
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Process 
Western Australia's first State of the Environment RejJort 

was produced in 1992. At that time there was a general 

assumption that another report would be produced in 

about four years time. 

In June 1995 the Western Australian Government 

agreed to the production of a second state of the 

environment (SoE) report based on the Organisation 

for Economic Co-operation and Development's 

(OECD) pressure-state-response model (Figure 1) . 
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Figure 1 The Pressure-State-Response model used in State of 
the Environment Reporting. 

The Government felt that it was important to 

report regularly on the environment and provide up-to­

date information to all Western Australians. This draft 

report is also intended to inform debate and stimulate 

action on environmental issues. 

This report differs from the first SoE Report in a 

number of ways. In particular, the current report 

provides advice to government in setting priorities on 

key environmental issues and suggests appropriate 

•••••••••••••••••••••••••••••••• 

responses to these issues. It is focussed on 

environmental issues rather than broad 'parts' of the 

environment. It also proposes an ongoing framework for 

environmental monitoring and reporting, including 

progress towards sustainability for each of the key 

natural resource sectors. 

In October 1995, the Minister for the Environment 

established a Reference Group to steer the SoE 

reporting process. The Department of Environmental 

Protection (DEP) co-ordinated the reporting process. 

It is important to note that the report does not 

consider all of the many issues facing Western 

Australia's (WP.:s) environment. Rather it focuses on 

key environmental issues identified by the SoE 

Regional Focus Groups and Reference Group. 

Regional Focus Groups were established based on 

environmental regions across the State. These regions 

were chosen to reflect the unique diversity of WP.:s 

environme11t and are broadly based on the Interim 

Biogeographic Regionalisation of Australia. The State 

is divided into 23 SoE regions: eight marine and 15 

terrestrial (Figure 2). 

The establishment of Regional Focus G roups 

allowed the report to be prepared with input from 

individuals from the general public, industry and 

government. Where this was not possible because the 

region was too remote, e.g., the G ibson Desert region, a 

network of correspondents was asked to participate. 

Each group or network identified the key issues for 

their region and reported on them. The information 

was discussed by experts in relevant fields and formed 

into the SoE Reference GroujJ Draft Working Papers. 

In addition to key environmental issues, the main 

natural resource agencies have reported on progress 

toward ecologically sustainable development in the 

following sectors: 

• agriculture; 

• fisheries; 

• forestry; 

• mining and petroleum production; 

• tourism; and 

• water supply. 

.--·, 
f '~ . . -- . ~. . 

Environment Western Austra lia 1997 

• ... ._. 

= .... 
~ 
Im! 

= ~ -~ 
• 

-



D State of Environment Terrestrial Regions 

D S l r1t<~ of Env1ro 11 111e 11 t Marine Regions 
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Environ ment Western Aust ralia 1997 



The report is based on a modified OECD pressure­

state-response model so that it is useful at a sub­

national level. This retains the benefits of an 

internationally agreed framework for environmental 

reporting. 

First generation environmental indicators for each 

issue and sector have been developed. Indicators have 

been included in this draft report where possible. The 

full set of first generation indicators is included in the 

SoE Reference Group Draft Working Papers. 

The SoE Reference Group has ranked in priority the 

environmental issues according to a set of criteria 

which took account of: 

• maintenance of ecological integrity; 

• the precautionary principle; and 

• inter-generational equity. 

This was a qualitative assessment. 

Future action on environmental issues should follow 

these priorities. 

About this draft report 
This draft report is divided loosely into three sections. 

It provides information on two fundamental pressures 

on the environment which impact on most components 

of the environment: Population and Environment; and 

Consumption and Waste Management. The draft report 

then discusses 23 priority environmental issues facing 

WA The format for this section is described below. The 

sustainability of the main natural resource sectors 

(agriculture, fisheries, forestry, mining and petroleum 

production, tourism and water supply) is also described. 

The 23 priority environmental issues are grouped 

into five broad categories which reflect the main 

components of the natural environment on which the 

issues have an impact: 

• the atmosphere; 

• land; 

• inland water (groundwater, rivers, wetlands and 

estuaries); 

• the marine environment; and 

• the maintenance of biodiversity. 

To some extent this is an artificial grouping as many 

of the environmental issues are interconnected and 

affect different parts of the environment, e.g., rangeland 

degradation includes aspects of erosion, sedimentation 

•••••••••••••••••••••••••••••••• 

and biodiversity. However, this approach allows the 

issues to be discussed and explained easily. Where an 

issue is directly related to other sections of the report 

those sections are cross-referenced in the text and in 

the bottom right hand corner of each page. 

The format for discussion of each environmental 

issue is shown in the blue text below. 

The environmental issue is named and the regiuns 

where the issue is rdev<mt (as identified by Regiun~1[ 

Focus Groups or the SoE Reference Group) <ire 

identified nnJ mapped. 

Each issue is then addressed in the following form. 

Envirnnmental status 

A rating (out of five) shown hy markers indicates the 

significrnce of the issue hased on severnl environmental 

criteria. A rating of five indicates the highest level of 

sign ificance . 

Conclusion 

A srntement by the SoE Reference Grnup which 

critica lly assesses rhe issue. 

Objective 

Provides a hroad environmental objective fo~ the issue. 

Suggested response 

Nominates poss ible approaches to managing the issue. 

The Rcgiorn1l Focus Groups and Reference Group h;1ve 

been key contrihutors in suggesring these respunses. 

Description 

Expl<1ins the issue. 

Condition 

Summarises what is known about the impact of the 

issue on rhe environment <tnd where possible a 

comparison i~ made wi rh the 1992 SoE Re/Jort. 

Pressure 

Identifies key causes for each issue. 

Current Res/Jonse 

Summarises most of the significant current and ongoing 

community and government responses to each issue. 

Implication 

Idenr·ifies social, enviwnmenrnl and economic 

imp I icat ions of the issue. 

Cross-referencing 

A reference to the SoE Reference GroujJ \Vor/dng Pu/Jers 

is provided for more information. Sometimes crnss­

refcrencing will indicate where the issue interacts with 

:-mother issue in the report. 

Environment Western Austra lia 1997 
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Future Reporting 
The SoE Reference Group has developed an 

environmental objective for each issue in this draft 

report. 

These objectives will guide ongoing SoE activities 

including policy development and the establishment of 

definitive environmental indicators. The objectives are 

derived from the State Conservation Strategy 

(Government of Western Australia, 1987), the 

National Strategy for Ecologically Sustainable 

Development (Anon., 1992) and the 

Intergovernmenta l Agreement on the Environment 

(Council of Australian Government, 1992). 

The Reference Group has also determined a set of 

principles for environment reporting which will provide 

a framework for ongoing environmental reporting. 
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\',11·ill ll '> li l'r'> ,if .L!< lVL'1·nlll 1.' n t, i.L' . l11cd, c 1Lc l11n cnr, 

regiun:il , st: ll L' :111 d n:1 li () 11 :d; 

• dd ivL'r :11111u:d uu1 1()111 cs in li11 e wirh :111di1 

n:quiremcnl s ;111d incurpur:\ll' apprllpri :lt l' 

ind ic n( 1rs i11tu exi .s1 in g ; \llllll <ii re11n r1 ing 

lll l'Cii : \)) i.s lll .s; 
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pni vidc opr urtuni ties fo r a n umber of re pun s to he 

produced Clccording Lo various attr ibuLes, e.g., 

reg i(m, issue, theme, and rqmrr on issues as 

infimnation hecumes av:1ilable or as :111 issue 

hecomcs re lcvim l; 

provide relevant and uscahlc in fu rmalion ro all 

dec ision-m•1kers. 

use in funn:11i on in :1 v:di d and :1ccur:1 Le m: mm:r, 

r<.:-01gn ising Liw lin1i t:ll i1 ms o( the inforn1a1ion; 

idl' n l i(y u llllll\u11i1 y resp()ilSL' tu envimn nw nr:d 

issues in ll' rms llt' atri tude :111d heh:l\· iou1 and 

h:1rri e rs Ill hL·h:1vi1H1r;tl ch: 111gL·; 

:d l1111' ill!' the ~ L : 1 1e'.s L'l ll'i lllll l\IL' lll: ii llhjccLiV L'S 

tu hl' ll ll llli tllrl'd and prllgr1'Ss rl' po rt cd Ill the 

Clllll ll1 11 1l ily ; :111d 

he C()nt in u1n1sly 1q1d:1 1cd :1nd he :iccess ihle tu ;ill 

111 ellllwrs ,,( till' con11111111 ity. 

After the public review period it is anticipated that 

this framework will provide the basis for future 

reporting. 

The SoE Reference Grou/J Draft Working Pa/Jers will 

form the starting point for further discussion on the 

appropriateness of each environmental indicator. The 

Working Papers will also provide input to the strategic 

development of responses to e::ich environmental issue. 

The effectiveness of these responses will be 

measured by the degree to which it brings about change 

in the environmental indicators for that issue. By 

linking objectives, indicators and responses in this 

manner, the community can be confident that actions 

to manage the environmental issues will be better 

targeted, more efficient and cost effective. 

lf the SoE reporting process is followed it will be 

possible to evaluate the effectiveness of society in 

improving the state of the environment, and will assist 

in ensuring that the environmental pe1formance of 

government agencies is accountable to the Auditor 

General. 
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WESTERN AUSTRALIA'S ENVIRONMENT 

................................................................................. 
Physical Features 
Western Australia is the largest Australian State. It 

covers a land area of about 2.5 million km2 (one-third 

of the nation's land area) and includes 12,500 km of 

coast line. There is also an adjacent area of the ocean 

under Australia's Exclusive Economic Zone (EEZ) of 

approximately 12 million km2. 

The land mass is dominated by the ancient Western 

Shield plateau, which is generally 300-600 m above sea 

level. The main mountain ranges of the State are 

located in the Pilbara region, e.g., Hamersley Ranges . 

The landscapes of the central and northern portions of 

the State are some of the oldest in the world and have 

been stable and largely above sea level for about 400 

million years. In the south west of the State, despite 

ancient and nutrient poor soils, the land supports 

extensive agriculture, forest, woodland and heath. Large 

tracts of south west coastal plains are formed from more 

recent sand deposits, e.g., Swan Coastal Plain. The 

south east of the State is dominated by the flat 

limestone Nullarbor Plain. 

Climate 
The sheer size of the State means there is a number of 

distinct climatic regions. These range from the moist 

tropical climate of summer monsoons in the north west 

Kimberley, the hot dry climate with summer cyclones of 

the Pilbara and Gascoyne, the hot dry arid interior of 

the Gibson and Great Victoria Deserts, to the 

•••••••••••••••••••••••••••••••• 

temperate climate of winter rain and dry summers in 

the south west of the State. Figure 3 shows the rainfall 

distribution in WA 

State of Environment Regions 
Due to the size of the State and its environmental 

diversity it has been divided into a number of regions 

as illustrated in Figure 2. These SoE regions are closely 

related to the Interim Biogeographic Regionalisation 

for Australia (IBRA) (Thackway & Cresswell, 1995), 

with larger SoE Regions being combinations of IBRA 

regions. Each SoE region is based on geology, landform, 

vegetation and climate. In some cases the boundaries 

vary to accommodate other factors such as catchment 

boundaries. 

Human Settlement 
Aboriginal presence in WA is considered to be amongst 

the oldest in Australia, probably dating back more than 

50,000 years. As they led a hunter-gatherer lifestyle, 

Aboriginals used a number of campsites. The use of fire 

as a hunting tool is thought to have caused significant 

changes to the vegetation, flora and fauna of the State. 

European settlement began in Albany in 1826 and 

the Swan colony in 1829. Today WA supports 1.7 

million people with over 70 % of the population living 

in the Perth metropolitan region. The rest of the State 

is sparsely settled with the south west corner (other 

than Perth) and the Kimberley the only areas showing 

significant population growth rates. 

Environment Western Austral ia 1997 
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CONCLUSION AND STATEWIDE PRIORITIES 
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Conclusion 
Since the 1992 SoE Report there is now more 

information on the environment. This 1997 report uses 

the most recent available information. However, there 

are still significant shortcomings in the available data 

for environmental management. For many of the issues 

in this report the lack of information means that it is 

not possible to present long-term trends. The report 

emphasises the importance of establishing agreed 

indicators and monitoring mechanisms for the future. 

In general, available information shows a steady 

decline in the condition of the environment and an 

increase in the pressure humans place on the 

environment. However, with effective environmental 

management some issues are improving, e.g., reduced 

levels of atmospheric lead and sulphur dioxide, 

declining chlorine levels in the stratospheric ozone 

layer and recovery of some threatened mammal species. 

The continued decline in the condition of the 

environment will result in increasing social costs. With 

few exceptions the social costs are not being accounted 

for and therefore are not discussed in this report. 

A substantial amount of effort is being applied by 

the community, government and industry to ensure that 

social and economic development is ecologically 

sustainable. At present most of the measures show 

sustainable resource use, e.g. fisheries, and forestry, but 

there are few if any agreed measures of ecological 

sustainability fi;ir these resources. Consequently all 

major natural resource agencies are putting effort into 

developing measures. of ecologically sustainable 

development consistent with national and international 

work in this area. 

Statewide Priorities 
All of the environmental issues considered in this draft 

report are important. The SoE Reference Group has 

assigned priority by rating each issue in terms of its 

environmental status. The purpose of the rating is to 

provide advice to Government on the relative priority 

of the environmental issues for action. 

•••••••••••••••••••••••••••••••• 

Environmental status was determined by. the 

Reference Group based on the core principles of 

ecologically sustainable development (ESD): 

• the maintenance of ecological integrity; 

• the precautionary principle; and 

• inter-generational equity. 

The Reference Group used a number of criteria to 

qualitatively analyse and compare very different and 

complex environmental issues. The criteria included: 

• the irreversibility of the environmental impact; 

• the rate at which each issue is worsening; 

• the degree of impact on other parts of the 

environment; 

• the extent of impact across the state; and 

• the impact on the choices of future generations. 

The Reference Group has provided an environmental 

status rating from one to five for each issue. Five 

markers indicates the highest priority for government 

and community action based on the above criteria. 

•:• •:• •:• •:• •:• (Highest priority environmental status) 
Maintaining biodiversity 
Land salinisation 
Salinisation of inland waters 

•:• •:• •:• •:• Enhanced greenhouse effect 
Stratospheric ozone depletion 
Land contamination 
Loss of fringing vegetation 
Eutrophication 

•:• •:• •!• Photochemical smog 
Haze from particulates 
Erosion 

·:· ·:· 

·:· 

Soil acidification 
Sedimentation 
Contamination of inland waters 
Degradation of marine habitats 
Contamination of the marine environment 
Introduction of exotic m.arine species 
Fish stocks 

Carbon monoxide 
Sulphur dioxide 
Waterlogging 

Lead 
Dust 

Environment Western Aust ralia 1997 
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FUNDAMENTAL PRESSURES 

Population and Environment 

~ 
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Background 

Description 
Western Australia's population is projected to rise from 

the present 1.75 million to 2.7 million by 2029. This 

will put increased pressure on the environment, 

particularly in suburban Perth and coastal regions in 

the south west. Most of us live in low density, mainly 

coas tal settlements and are among the highest users of 

motor vehicles in the world. We currently enjoy a high 

standard of living and have expectations of maintaining 

this in the future. 

However, without careful management we could 

face huge costs in providing clean air, land and water 

for our population. Present planning processes ca ter for 

continued economic and population growth in WA. 

Strategies to stabilise growth have not been developed. 

Population and the environment are inextricably 

linked, so we need to have more information on these 

in order to plan for a sustainable future. We also need 

to realise that as individuals our actions impact on the 

environment. If we are to sustain our quality of life as 

WA's population grows, then our individual and 

collective impacts on the environment will need to be 

reduced. 

Conditjon 

Population Dynamics 
C hanges in the State's population are determined by 

three factors: the rate of natural increase of our 

population; the death rate; and the rate of migration 

into and out of WA. In 1996 WA:.s population was 1.75 

million, with 1.28 million (73 %) of those people living 

in Perth. Perth stretches 90 km along the coast and 40 

km inland, and is characterised by low density, car 

dependent suburbs. The city's population has resulted in 

increased air, water and land pollution, as well as loss of 

biodiversity through habitat destruction caused by 

demand for transport, housing, industry and recreation. 

Rural populations have fluctuated, with the 

wheatbelt region experiencing gradual decline, while 

the south west is showing sustained growth. Busselton is 

one of Australia's fastest growing regional centres . 

.. ............................... . 
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Coastal and wetland areas of the Swan Coastal 

Plain are vulnerable to population growth; already 

70-80 % of wetlands in this area have been irreversibly 

degraded (Government of Western Australia, 1992). 

Migration Trends 
Interstate and overseas migration continues to be an 

important factor in WA:.s population picture, with over 

100,000 people arriving in the State between 1986 and 

1991. Over the same period, 30,000 people moved to 

other locat ions in the State, the majority moving to 

Perth and the wuth west (Western Australian Planning 

Commission, 1996a). 

Settlement Patterns 
Seventy-five per cent of urban Western Australians live 

in detached houses with space for garden and outdoor 

activities, ideally close to the coast. We are very 

dependent on cars, using them more than average 

Australians. In 1995 there was almost 600 passenger 

vehicles per 1000 people in WA, compared to the 

national average of 530 vehicles per 1000 people 

(Australian Bureau of Statistics, 1996b). 

Planning Processes 
Land use planning in WA has evolved rapidly over the 

last 50 years, often driven by bursts of population 

growth and development booms which have provided 

employment and encouraged migration. Until recently 

the most intensive planning .has centred on Perth, 

catering for its strong population growth and resulting 

urban expansion. Since the mid-1950s planning has 

directed Perth's growth along corridors, feeding strategic 

regional centres mostly to the north and south of the 

city centre. These factors have generally increased the 

city's reliance on motor vehicles and which, in turn has 

increased air pollution, noise and urban congestion 

problems (see Carbon Monoxide on page 23 ). The 

corridor plan and earlier planning frameworks have had 

unintentional benefits by preventing urban 

development on Perth's valuable groundwater supply 

areas allocating these areas to forestry reserves. 

Current, long-term planning builds on earlier 

corridor principles in addition to encouraging 



population growth in regional centres (Western 

Australian Planning Commission, 1996b). Recent 

changes to planning law now allow for statutory 

planning schemes to be prepared in regional WA, and 

for them to be subject to environmental review. 

Pressure 

Population and Resource Consumption 
People create pressure on the environment. We depend 

on the environment to provide the majority of the 

resources we need to live, e.g., food, water, shelter and 

warmth. The environment is also a place of recreation 

and a source of inspiration, but must also absorb our 

wastes. Much of the environment is easily degraded and 

its resources depleted if overused. This applies to use by 

both humans and other species. Generally, the more 

populated an area, the more resources are used and the 

greater the potential environmental impact. The wealth 

of a population is also a key factor; usually the richer 

people are, the more they consume. 

The 'ecological footprint' model has been developed 

to measure the effects of human consumption patterns 

on the environment. Its aim is to give an idea of human 

carrying capacity; how many people or what human 

activities the environment can support indefinitely and 

still remain healthy. 

A population's ecological footprint is determined by 

calculating how much land and water is required to 

produce our resources and absorb our wastes. This 

includes those resources consumed and wastes disposed 

outside of a population's immediate living area. 

Developed countries like Australia have large 

ecological footprints because of the resources they 

consume from other parts of the world and the wastes 

they effectively export as a part of trade in raw 

materials (Rees & Wackernagel, 1994 ). 

The Australian Bureau of Statistics quotes an 

estimate of Australia's ecological footprint, comparing it 

to those of Canada, USA and India. The people of 

Australia, USA and Canada respectively use 4.4, 5.1 

and 4.3 ha of productive land each to sustain their 

standards of living, while India uses only 0.4 ha, i.e. the 

average Australian consumes 10 times that of an 

average person from India (Australian Bureau of 

Statistics, 1996b). 

Environmental degradation is a sign that we are 

exceeding our carrying capacity in some areas, which 

•••••••••••••••••••••••••••••••• 

has major implications for our quality of life, not to 

mention that of future generations. Under current 

conditions, the capacity of the land to maintain 

production is diminishing. 

Response 
There is currently no mcchan ism to examine 

ftJndamental questions of how sustainable our 

population and cons11mption patlerns are. The current 

State Planning Strategy provides a fra mework for 

managing growth. In providing this framework the 

State Planning Strategy accepts thal population wilt 

increase at 1.3 % per year for the nexl few decades. 

Simi larly, the Department of Commerce and Trade's 

(Dawkins, Lang & Thorpe, 1996) examirn1tion of WA's 

future to 2029 only considers two scenarios: current and 

'quantum' growth levels; quanrum growth being an 

even more dynmnic rate of growth than presenl. 

So, some difficult questions need to be asked:-

• Are rhere limits to growth in WA? 

• ls rhere an optimum population size for the State ? 

• Shou ld we be ph1nning to limit the size of our 

cities ? 

• Does WA need a population <md consumption 

strategy ? 

• How can we reduce our individual and collective 

impacts so that increas ing population may he 

accomoda ted without increased impact 7 

• Should society incorporate full environmenra l 

cos tings and population options into its 

development decisions ? 

Given the strong growlh ethos in WA these are 

difficult issues for some even to contemplate. Issues of 

population size and composition wilt always be 

contentious. We need to be able to engage in rational 

debate about even the most controversial issues. The 

State Planning Srrategy suggests pop11lation growth be 

monitored and an In terdepartmental Forecasting 

Committee invesrigate the relationships between 

economic growth, population and environment and 

fo rmulate a policy position. Orher mechanisms that 

involve the community should also be considered. 

With rhe great strength of feeling associated with 

some of rhese issues, local, state and federal 

governments have a pivotal ro le to play in ensuring 

that the issues arc exam ined in a ba lanced manner an~! 
that all Western Austra lians can have access to the best 

information availab le. 

See Section 2 of the SoE Referimce Group Draft Wor/ifng 
t ~ Papers for more Information on Population a11d the 

E11viro11menl . 

Environment Western Australia 1997 
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Consumption and Waste Management 
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Conclusion 
Western Australia, in common with most other 

developed societies, exhibits a pattern of increasing per 

capita consumption and an associated increase in the 

production of waste. 

Increasing consumption is depleting essential and 

finite natural resources and impacting adversely on the 

environment. 

Inappropriate creation and disposal of waste has the 

potential to pollute ground and surface waters, 

contaminate and quarantine land, add to the 

greenhouse effect, squander resources and energy, and 

reduce social amenity. 

There is an urgent need to change our society's 

culture of consumption and replace it with one based 

on conservation and re-use of resources. 

Objectives 
• To reduce WA:s per capita consumption of resources 

through programs which discourage unnecessary 

consumption and manage all waste in accordance 

with the waste management hierarchy (avoid, 

reduce, recycle, recover, treat and dispose in 

ascending order of alternative action). 

• To halve the amount of waste per capita to landfill 

by the year 2000 based on the 1991 benchmark. 

• To protect the environment, health and social 

amenity by appropriate waste management practices 

and promotion of waste avoidance and reduction 

strategies. 

SL.ggeste response 
• I )L'\'L· lup ;11 1d i111pk 1m ·11t :1 SL\lt' w;1.o; t L' 111; 11 1;1gt'llll' lll 

' l r; 11 q.;y ; 1 nd ; 1ssnc i ;1l t'd 1'rngr; 1111 s 

• l kvt'lo11 :111d 11 1q1k111c111 .1 S1.1tL' w:is l l' red t1L l iu11 <1 l1LI 

l'L'L)'L' l 111g st r:1IL'.l..'.I' ;111ll ;1ss(>L i;1tnl prt>gr<1111s. 

• I kvc l1l11 ;111d 1111pk1 1ll' 111 ;1 St;1tc c k ;mcr p rud L1 Cliu11 

st ratl'gy and ;1ssoci;11nl 1'rugr<1111s. 

• Dl'l't' l()p ;111l l i 111pk1ncnl ;1 St<1 l L' l'l'Snt1rcc 

c( 111sc r1·; 1t it Hl sl ratq.:y ;md :iss( 1c 1;llcd 111'< )gr;uw : ;11mcd 

,\l l'L' l lt iL' ill ,l, <.'ll llSill l lj1(j t lll :l ll li l'l'dlll i l l,!-'. t h L' 

t' 1w in1111rn·11t<d impacLs (J[ n ecessary etlmu 1111 11irn1 . 

Background 

Description 
Historically, the majority of Government and 

community effort in the area of waste management has 

been aimed at ensubng safe disposal of waste. Programs 

are now in place which should ensure that by the year 

2000 the majority of wastes created by society in WA 

are treated or disposed of in accordance with best 

practice and in a manner which should have minimal 

environmental impact. 

On ly recently have limited resources been devoted 

to avoiding the production of waste and recycling and 

re-using it where feasible. Negligible resources are put 

towards producing the cultural change necessary to 

change WA from a society reliant on high levels of 

consumption to one embracing conservation of 

resources. 

Condition 
As a result of increasing population and consumption, 

Western Australians are producing more solid, liquid 

and gaseous wastes than at any time in our history and 

there is no obvious sign that this trend is slowing. ln 

addition, the nature of the wastes produced by society is 

increasing the environmental impact of waste disposal. 

It is estimated that almost 3 million tonnes of solid 

waste is disposed of within landfills each year in WA. 

Many of these landfills are unlined and are polluting 

ground and surface waters in an uncontrolled fashion. 

To date, monitoring suggests that this polluti01i is 

confined to contaminants such as nitrogen which can 

be assimilated in the environment by natllral processes. 

However, increasing quantities of hazardous materials 

are being directed to landfill and this will eventually 

cause adverse environmental impacts unless action is 

taken to divert waste away from land disposal. 

The volume of liquid wastes produced for disposal in 

the sewer or other forms of treatment facility have also 

increased and this is increasing the contaminant 

loading entering the marine environment, groundwater 

systems and inland surface water systems. These 

contaminants contribute to environmental problems 

8 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •r:i _, 
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such as eutrophication and also act to increase the 

burden of toxic materials such as mercury and 

cadmium. In addition, liquid waste disposal sites for 

those wastes which could not be disposed of to sewer 

have been a significant polluter of groundwater. 

Fourteen sites have been identified in Perth, many of 

which were located near current groundwater supply 

areas. Since the 1980s these sites have been closing 

with these wastes now being directed to the Forrestdale 

liquid waste treatment plant. 

The gaseous wastes we produce in the production of 

power, manufacturing of products and for transport are 

also increasing and this is contributing to local impacts 

such as the impact of sulphur dioxide in Kalgoorlie, 

regional impacts such as photochemical smog in the 

Perth metropolitan region and global problems such as 

the enhanced greenhouse effect and stratospheric ozone 

depletion. 

At this stage there is little evidence that we are 

approaching the limit of available natural resources in 

WA, mainly due to the relatively small population and 

large land area in the State. However, the 

environmental and economic costs of extracting these 

resources are now becoming significant issues. 

There is an increasing awareness of the need to 

recycle and reduce waste, however there is also little 

evidence of any real desire in the community to reduce 

the level of consumption. 

Pressure 
Increasing population and the community's demand for 

a continuing high standard of living based on 

increasing levels of consumption will require the 

consumption of increasing quantit ies of natural 

resources and the production of more wastes. 

Information on consumption and waste behaviour in 

WA is only beginning to be collected. This lack of 

information is hindering the development of effective 

policies to manage the pressures on the environment 

resulting from increasing levels of consumption. 

While we are beginning to collect information on 

consumption patterns, many of the factors that 

influence consumptive behaviour must be managed at a 

national and international level because of the nature 

of the economy. 

•••••••••••••••••••••••••••••••• 

Excessive consumption of resources and increasing 

production of wastes will eventually result in 

unacceptable environmental impacts. 

Current Response 
Successive governments have, and continue to 

implement a range nf legislation, policies and studies 

which provide a framework for ensuring that solid, 

liquid and gaseous wnstcs arc d isposed of in man ner 

\\'hich pre\·entb unacceptable loc;1l impacts <ind which 

nim tll minimise the con lrihution of waste emissions to 

regional ;md glohal env i rnn111en t~1 l impacts. There arc, 

however, very few ex;nnples of actions and resources 

directed at encmmtging resource conservation,° waste 

minimisation and cle;rner production. 

At the State government level, Wllrk is wel l 

advanced on the development of a State waste 

reduction and recyc ling policy ::-iml work has beg11 n to 

develop a cleaner prlKlucrion policy. 

Loca l governments have implemented kerbside 

recycling prngrams hut rhc srnnd:1rd of these varies 

gre<itly <llld ;H thb st<1ge they divert less th;m 10-20 '){, 
t lf kerbside waste from Lindfi ll. Clear policies ;md 
leadership frnm Government <1ml the community can 

assist local gtwemments in delivering an effective 

kerhsiJe recycling ser\'ice. 

A numher of comp<mics and loc;1I aurhorities are 

now swning ru explore the use uf a ltern<1tive processes 

for treat ing waste such as compnsti ng <tnd biocl igest inn 

in urder to reduce 1hc V<)l umc of orgm1ic wastes which 

is directed to landfi ll. In addition, individua l companies 

have implemented cleaner production progrnms with 

great success but there is no co-ordinated progrnm 

which is aimed at sign ifica n tly reduc ing the production 

nf waste. 

Implications 
Current consumption patterns are putting increased 

pressure on the environment. This is epitomised by 

depletion of natural resources and emission of waste to 

atmosphere, land and water. Society needs to examine 

consumption patterns in order to develop effective 

strategies to reduce pressure on the environment. 

Co11su111plio11 1111d Wtrsle M111rage111e11I can be direct pressures on the 
environment, resulting In Larrtl Corrl11111i11t11io11 arrd Co11lt1111i1rnlio11 of 
l11(1111d Watas. See these sections within this report. 
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Enhanced Greenhouse Effect 

Environmental Status: •!• •!• •!• •!• 
...........•........•.••........••.•......••.......•••••........••............... 
Conclusion 
ln December 1995 the United Nations 

Intergovernmenta l Panel on Climate Change 

concluded that greenhouse gas concentrat ions in the 

atmosphere have continued to increase and that the 

bal:mce of evidence suggests 'a discernable human 

influence on global climate ' (Houghton et al., 1996). 

While aspects of this conclusion are still uncertain 

and debated, the control of greenhouse gas emi.ssions 

has become an internat ional issue with environmenta l, 

social and economic impl ications. In this regard 

Australia and WA need to contri bute to managing 

domestic and industrial greenhouse gas emiss ions. 

Many activities emit greenhouse gases, e.g., 

residential and commercial users of energy, transport, 

mining and agriculture. The rate of production of 

greenhouse gas emissions in WA will increase. 

Therefore all sectors must work towards reducing these 

emissions. 

Objective 
To reduce net greenhouse gas emissions in accordance 

with A us tralia 's ohl igations under the Fram.ework 

Convention on Climate Change. 

Suggested response 
• The Wcstcrn /\ust r;di ;m novcrnmcn 1 should 

dL'VL' l()I' ;i (~ rl'l'nhtH I SL' S1r:1 1cgy wh ich h11ikJ:., (In 

car li cr str: 1t cg ics and inc ludes :1 r:111gc () f i11iti :11 ivcs 

1,1 rL·ducc grL'l'll lH1usL' ,t;:1s L'111issirn1s . l'crfc1rn1;11Kc i11 

greenhouse g<1s limitations needs 10 hc monitorcd 

:md a11 di1 cd. T he C1uvcrnmcnl should L'S1:1hl i.-.h :1 

prticcss 1·\l :1Chi cvc this. 

Background 

Description 
The greenhouse effect is a naturally occurring 

phenomenon which regulates the surface temperature 

of the earth, allowing life to exist. 

Greenhouse gases occur naturally in the atmosphere 

and include carbon dioxide, water vapour, methane, 

nitrous oxide and ozone. These gases retain heat 

absorbed from solar radiation, and from radiation 

~ ...••.............••............ 
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scattered back into the atmosphere from the Earth's 

surface and from clouds. This warms the Earth's surface 

and lower atmosphere. However, greenhouse gas 

concentrations in the atmosphere have been increasing 

since the industrial revolution as a result of human 

activity. 

This increase has resulted in the 'enhanced 

greenhouse effect.' There is now discernable scientific 

evidence suggesting that the 'enhanced greenhouse 

effect' may cause global climate to change. 

Condition 
Globa lly, since the late 1700s, greenhouse gases in the 

ntmosphere have continued to increase with carbon 

dioxide rising by about 30 %, methane by 145 % and 

nitrous oxide by 15 %. 

Climate change as a result of the 'enhanced 

greenhouse effect' is difficult to measure because of 

natural climatic variability. However, global mean 

surface air temperature has increased and global sea 

levels have risen by between 10 and 25 cm over the 

past 100 years. Much of this sea rise may be related to 

the increase in the global mean temperature. 

Some estimates have been made about the possible 

impacts of the enhanced greenhouse effect on WA!.s 

climate (Hennessy & Whetton, 1994) and the 

environment more generally (Bouma et al., 1996). 

The 'enhanced greenhouse effect' may result in: 

• an increase in fire frequency in many parts of the 

State; 

• temperature rise and changes in rainfall and 

concentrations of carbon dioxide which could 

favour some plants at the expense of others, 

affecting agricultural production and affecting 

species distribution; 

• changes in habitat distr ibution which could 

threaten native animal and plant species, 

particularly those that are geographically isolated or 

adapted to very specific climatic regimes; and 

• coastal areas being vulnerable to changes in the 

intensity and frequency of storms as well as rises in 

sea level. 



For example, early estimates are available for 

changes in temperature by the year 2030 as a result of 

the 'enhanced greenhouse effect'. Using the highest 

estimates of possible temperature change and 

greenhouse gas emissions, the frequency of summer days 

over 35°C is estimated to increase by at least 50 % at 

Albany, Broome, Busselton, Kalamunda, Kuri Bay and 

Manjimup. Similarly the frequency of summer days over 

40°C is estimated to increase by at least 50 % at 

Broome, Derby, Donnybrook, Esperance, Geraldton, 

Kalamunda, Kalgoorlie, Perth, Port Hedland, Wiluna 

and Wyndham (Hennessy &Whetton, 1994). 

Pressure 
Australia with 0.3 % of the world's population 

contributes 1.5 % of global greenhouse gases, of which 

WA currently contributes about 10 %. The 

methodology to report on greenhouse gas emissions has 

changed since the 1992 SoE Report. The National 

Greenhouse Gas Inventory (NGGI) has provided 

estimates of W A's greenhouse gas emissions for 1988 

and 1990. During this period WA's greenhouse gas 

emissions increased by 12 %. No more recent estimates 

are available using this methodology. 

The NGGI uses five broad categories to report on 

greenhouse gas emissions based on the categories 

defined by the United Nations Intergovernmental 

Panel on Climate Change (Houghton et al., 1996). 

These represent the main human activities that 

contribute to the release or capture of greenhouse gases 

into or from the atmosphere (see Table 1) and are as 

follows. 

• All energy includes activities which cover the full 

fuel cycle, including mining, transmission, storage, 

distribution and conversion of fuels. It also includes 

the use of energy for transport. This category was 

the largest source of greenhouse gases in WA in 

1990, contributing about 50 % of the total 

emissions. 

• Industrial processes includes by-products of various 

production processes not including the combustion 

of greenhouse gases produced by industrial processes. 

This category contributed least to WA's emissions, 

contributing only 1.3 % of the total emissions. 

• Agriculture includes emissions from livestock (such 

as methane), nitrous oxide from soils, burning of 

agricultural residue and some cropping activities. 

Emissions from agriculture were significant at 

20.4 % of the total emissions. 

• Land use change and forestry includes emissions as 

a result of land clearing which causes carbon stored 

in the soil to be released as carbon dioxide. In 

Australia, forestry is a net sink of carbon dioxide 

because the carbon dioxide used as a result of forest 

growth exceeds the carbon dioxide emitted as a 

result of timber harvesting. It should be noted 

that there is a large degree of uncertainty associated 

with estimating emissions in this sector. In 1990 this 

sector was estimated to contribute 22. l % of W A's 

total emissions. 

• Waste includes methane and other gases generated 

from waste management activities such as emissions 

that result from the decomposition of material in 

landfill sites and as a result of wastewater treatment. 

In 1990 this category produced 5.3 % of WA's 

greenhouse gas emissions. 

Most of these sectors will continue to emit 

greenhouse gases . The rate of greenhouse gas emissions 

from mineral processing is set to increase rapidly over 

the next few years as several major projects begin in the 

north west of WA. Figure 4 shows projected carbon 

dioxide emissions as a result of energy use in WA. 

Table 1 Contributions to gross greenhouse gas emissions by sector for Western Australia in 1990 
(National Greenhouse Gas Inventory Committee, 1996). 

1" •. •-.• .. " ., . , .......... ~- " t " . ---:-·~ . -y-::. - . '.;"'I' ·- •. "'~ - ~ 

·· · Sector '· Emissions in ' Fiercentage of : 
,• carbon dioxide equivalents Total Emissions 

" . .- . . - '· " ' 
All energy 30,900 50.9 

Industrial processes 776 1.3 

Agriculture 12,386 20.4 

Land use change and forestry 13,447 22.1 

Waste 3203 5.3 

Total 60,712 100 

•••••••••••••••••••••••••••••••• 
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Implications 
The ex;:ict implications of possible climate change 

;:ir ising from the 'enhanced greenhouse effect' are 

unclear. However, climate change cou ld impact on 

human hea lth and the natural environment, as well as 

natura l resource-based industries. The increased 

severity of natural events such as cyc lones, bushfires 

and floods m;:iy also have significant implications. 
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Stratospheric Ozone Depletion 

E . l • • • • nvironmenta Status: •.• •+• •.• •+• 
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Conclusion 
Like the greenhouse effect, the depletion of the 

stratospheric ozone layer is an international 

environmental issue. 

While ozone-depletion occurs mainly over 

Antarctica it also occurs to a lesser extent over most 

parts of the world. The ozone hole allows more 

ultraviolet radiation to reach the earth which can affect 

human health and the environment. Australia as a 

nation, and each State, must work together to manage 

this issue. 

Objective 
To phase out the use and emission of ozone-depleting 

substances in WA. 

~ponse 

• ( :onl inm· t<> implement /\usrrnli;m <ll'd Nc11· 

Zc;1Lmd Envimn111cnt and Cunscrv<l l it>n Cuuncil 

Nauunal Srratcgy fur protect ion tit ti:t>nc through 

WJ\'s cxi,;ring E11virornncnwl IJrolection (C )~one 

Protection) Pnlic>' 1993. 

Background 

Description 
Ozone occurs naturally in the atmosphere and forms 

the stratospheric ozone layer about 15-30 km above the 

earth. Ozone absorbs ultraviolet radiation from the sun, 

shielding the earth from extreme ultraviolet radiation. 

The natural balance of stratospheric ozone has been 

disturbed by the production and emission of ozone­

depl~ting substances. These ozone-depleting substances 

include: chlorofluorocarbons (CFCs); halons; methyl 

chloroform; carbon tetrachloride; 

hydrochlorofluorocarbons (HCFCs); and methyl 

bromide. These substances have been used as 

refrigerants, foam blowing agents, industrial cleaning 

solvents, fire retarding chemicals and pest fumigants. 

Condition 
Due to the global nature of ozone-depletion, the 

condition of the ozone layer will be discussed for 

Australia as a whole. 

•••••••••••••••••••••••••••••••• 

Each spring over the Antarctic the ozone layer is 

severely reduced, when the total ozone declines by 

about 60 %. This is referred to as the 'ozone hole'. The 

ozone hole is replenished at the end of spring when 

ozone-rich air from the tropics and subtropics moves 

southward with the ozone-depleted air bringing ozone 

levels over Antarctica almost back to normal. 

Since 1981, the global ozone layer has decreased by 

6 %. In Antarctica, this has been much higher, with an 

estimated loss of 1 % per year since the mid-1960s 

(Fraser, 1996). ozone-depletion now affects the most 

populated parts of Australia all year. 

The concentration of ozone in a column of air 

above the earth's surface is measured in Dobson Units 

(DU). 

In 1995-96 average ozone levels recorded at Halley 

Bay in Antarctica were the lowest on record (average of 

210 DU) compared with ozone levels from 1957-72 

(average of 310 DU). The minimum level of 

stratospheric ozone for 1995-96 was 105 DU, recorded 

in early October, compared with the lowest ever 

recording of 98 DU in mid-October 1993. 

The aerial extent of ozone-depleted air measured in 

1993-95 averaged about 20-21 million km2 whereas 

the aerial extent for 1987 and 1989-92 averaged 18-19 

million km2. 

Decreased stratospheric ozone allows more 

ultraviolet radiation (particularly ultraviolet-B) to 

reach the surface of the earth. A 1 % decrease in 

stratospheric ozone has been calculated as equivalent to 

a 1-2 % increase in ultraviolet radiation at ground level 

(State of the Environment Advisory Council, 1996). 

No country has carried out reliable long-term 

ultraviolet radiation monitoring, but Australia has 

recently started taking regu lar measurements. 

Exposure to this radiation can affect human health 

and increase the incidence of sunburn, skin cancers and 

cataracts and damage the immune system (McMichael 

et al., 1996). It can also reduce the yield of crops and 

disrupt marine food chains. 

• • 
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Pressure 
While a total ban on the import of ozone-depleting 

substances into Australia was enacted from 1 January 

1996, some of these substances are still being used. The 

amount of these chemicals being released in WA is 

unknown. Because of a total ban on imports, the 

amount available fo r use is progress ively decreas ing 

(State of the Environment Advisory Council, 1996). 

Available information on individual ozone-depleting 

substances for Australia as a whole is summarised below. 

Methyl bromide 
Methyl bromide is used primarily as a fumigant in 

agricu lture. Since it has been used the average global 

concentration of methyl bromide has increased from 

6-7 ppt to 10 ppt. 

Hydrochloroflurocarhons 
Although I-ICFCs have a much lower ozone-depleting 

potential, they are in greater use because they are a 

trans itional substance, used in place of CFCs. 

The atmospheric abundance of HCFC-14lb, -142b, 

-22 are growing rap idly. l-ICFC-22 levels are growing 

steadily at 5 % per year though it appears the rate of 

growth has started to slow clown. 

Chloroflurocarhons anti Halons 
At the beginn ing of the decade, concentrations of 

CFCs were rising at between 4 % and 10 % per year, 

depending on the type of CFCs. 

Chlorine levels from CFCs, methyl chloroform and 

ca rbon tetrachloride started to fall in 1992, and 

although there are growing levels of I-ICFCs, total 

chlorine levels have also started to fa ll. In add ition, the 

growth rates of bromine from halons have started to 

slow down. 

The 'levelling off' of the rising concentration curve 

is attributed to global action to decrease the emiss ion of 

ozone-depleting substances. 
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Implications 
It will take severa l decades to restore the natural 

balance between ozone production and destruction 

because of the time taken for ozone-depleting 

substances to break down. During this time, a large part 

of the world will probably be subject to increased 

ultraviolet rad iation. 

Australia already bas one of the highest incidence of 

ski n cancer in the world. It is estimated that more than 

two-thirds of Australians will develop some fo rm of sk in 

cancer (Environmental Protection Agency, 1996) . 



Photochemical Smog 
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Conclusion 
Photochemical smog can damage human health and 

the environment. If Perth's smog levels increase by 

modest amounts, the present objective will be exceeded 

more often. 

The growth of emissions of smog precursors from 

vehicles and industry will need to be reduced to avoid 

increasing health effects. 

Objective 
That ambient ozone levels be below the National 

Health and Medical Research Council (NHMRC) goal 

of 100 ppb (1-hour average). In the longer term, 

ambient ozone levels should be kept below the World 

Health Organisation (WHO) goal of 80 ppb (1-hour 

average). 

Suggested Response 
Responses to reduce photochemical smog should focus 

on reducing the reliance on motor vehicles for personal 

travel and improving technology to reduce. vehicular 

and industrial emissions of smog precursors: 

• ensuring new vehicles have minimum emission 

levels, and that these are maintained over the life of 

the vehicle; 

• reporting, inspection and repair of defective motor 

vehicles or defective vehicles taken out of service; 

• better management of car parking in the City of 

Perth to improve air quality; 

• promoting higher car occupancy; 

• promoting travel alternatives, including public 

transport, cycling and walking; 

• ensuring industrial emissions are as low as possible, 

given ongoing technological improvements; 

• ensuring urban development patterns and densities 

promote short trips and public transport, walking 

and cycling. 

Background 

Description 
Photochemical smog is one of the most significant 

pollution problems in many cities. It is characterised by 

•••••••••••••••••••••••••••••••• 

high levels of ozone. Ozone in the lower atmosphere is 

not natural and is formed when nitrogen oxides and 

reactive organic compounds (ROC) from motor 

vehicles and other sources react together for a few 

hours under the influence of strong sunlight and high 

temperatures. Smog formation is limited to the period 

from late spring to early autumn. 

Ozone at high concentrations can reduce lung 

function, make asthma worse and cause tissue damage 

deep in the lungs. 

Condition 
Perth's air quality is of a very high standard compared 

with many other cities, however the Perth region 

regularly experiences photochemical smog during, and 

around, summer. Over the three-year period from July 

1992 to June 1995, there were, on average, 10 days per 

year on which the ozone concentration exceeded the 

WHO goal somewhere in the Perth region. Similarly, 

the NHMRC goal is exceeded on about two days per 

year somewhere in the Perth region (see Table 2) . Since 

the 1992 SoE Report the Perth Photochemical Smog Study 

Table 2 Exceedances of Ozone Goals in the Perth Region 
(Source: Department of Environmental Protection). 

- e 
.· vec:ir No. ~-f Days 

> 80 ppb >100 ppb No. of 
(1-hour average) (1-hour average) Sites 

1992-93 9 3 8 

1993-94 9 2 8 

1994-95 12 1 9 

1995-96 17 3 6 

(Department of Environmental Protection & Western 

Power, 1996) has provided much information 

on the cause, sources and nature of smog in Perth. 

However, it is still difficult to determine whether there 

is a distinct trend in relation to ozone levels. 

High ozone events occur within, and beyond, the 

metropolitan area. Nevertheless, Perth's air on most 

summer days is relatively clean due to the windy 

cliniate and isolation from other cities. 
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Pressure 
The main sources of emissions which lead to the 

formation of photochemical smog include motor 

vehicles, industrial emissions, area sources, e.g., service 

station vapour losses, paints and thinners, and biogenic 

emissions (vegetation emits reactive organic 

compounds). Motor vehicles contribute 51 % of the 

total nitrogen oxides emi tted and over 40 % of ROC. 

Industry contributes 44 % of nitrogen oxides and 19 % 

ofROC. Area sources contribute 5 % and 37 % of 

nitrogen oxides and ROC respectively. 

Current responses 
'1 lw fll' rt h Ph111oc/1l'1llirn/ \ 1 11r J,~ \ 111ch l1 :1s tTc'L't l tl y hc'l'll 

rc k:1sc'\ I. 
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1l1e1-c i., 1~ rc· :11 v 1 c1 1C <Ht r: 1,gl' ll\ l' lll , i(p11hli c 1r: lll>j1\ 1r1, 
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cycling, walki ng :md cm-pL>,1k 

A ustrnl ian Des ign Ruic 37/01 fur1 her limit ing 

emissions from new vehicles hns hcen imp lemented . 

Indust ry licensing systems h <ive heen overhnulc, I <1ml 

rcgul :11 io ns Ill cunt rol ROC fro m se rvice sL<llilllts :u-v in 

p l<1 cc . 

The S1:1lc Covc rn111c1ll h:1s given <1 co 111 m iL11 H: 11L to 

the ck've lup111 cn l :md i111pkrnc11t :1Li< 111 of :Ill A ir Q u:1li 1y 

M: lll :1 .gL' ll1c11 1 P l:111 1; >1 Pnt h. T h i.' pt«>cess will he 

in il i: tl l'd l hruugh :1 Pa rli :rn1c 11 1:1ry ~ckct l:o111mi 1 tee. 

Implications 
The current health effects of photochemical smog in 

Perth are limited. However, in the absence of control 

strategies, increasing motor vehicle usage and industrial 

discharges are likely to result in more frequent 

exceedances of air quality objectives. 

f ~lfiiiii .. i!i--:1~· ·1·-i·m 



Haze from Particulates 

Environmental Status: •!• •!• •!• 
................................................................................. 
Conclusion 
Haze levels in the Perth region are likely to increase. 

Arguably, fine particulates pose the greatest air 

pollution-related health risk to the Perth community. 

Objective 
That haze levels do not cause local visual distance 

(LVD) to fall below 20 km ( 1-hour average) and do not 

exceed the DEP's interim objectives for particulate 

matter concentration. 

Suggested Response 
• Appropriate lega l standards for particuhite hme 

should he determ ined. 

Background 

Description 
Haze refers to the presence of very small airborne 

particulates in concentrations large enough to impede 

vision, making the air appear brownish in colour. 

Visibility reduction can be measured directly using 

nephelometers and converting the recorded backscatter 

of light to measure LVD. 

With respect to health effects, airborne particle 

concentrations are measured in two size ranges: PMlO 

for particulates less than 10 µ in diameter (referred to as 

inhalable particulates); and PM2.5, less than 2.5 µ in 

diameter (referred to as fine particulates). There is 

debate about the appropriate air quality standard for 

both fractions of particulates. 

A concern associated with haze is an apparent 

association between airborne particulates and 

premature mortality, especially among elderly people 

with a pre-existing chronic respiratory illness. Overseas 

studies have found links between airborne particulates 

and reduced life expectancy across urban populations. 

Studies have also established associations between 

airborne particle concentrations and higher thai~ 
normal levels of hospital admissions, respiratory illness 

and asthma attacks (Gras, 1996). 

Condition 
The Perth Haze Study has provided information on the 

•••••••••••••••••••••••••••••••• 

cause and sources of haze in Perth. However, it is not 

possible to determine any distinct trends in particulate 

levels. 

Haze levels are highest in winter due to the 

increased emissions from wood heaters and periods of 

overnight to morning inversions accompanied by light 

winds, which restrict dispersion. The goal for LVD is 

regularly exceeded in the Perth region from autumn 

through to spring (see Table 3). 

High haze events are sometimes associated with 

incursions of smoke from open burning activities 

outside the Perth metropolitan area, which add to wood 

smoke which has accumulated over-night. 

Pressure 
The main sources of winter haze in Perth are: smoke 

from domestic wood heaters; particulates emitted from 

motor vehicles (mostly those run on diesel); 

particulates formed from combinations of other 

pollutants; and naturally occurring airborne particulates 

such as dust and sea salt. 

The demand for and use of wood heaters is likely to 

continue. Open burning during autumn and spring is a 

common activity to reduce risks of wildfires, regenerate 

forests and plant communities, and for disposal of 

vegetation. Agricultural burning of stubble and for 

weed control is likely to continue. The use of diesel 

vehicles is likely to increase and particulate emissions 

will correspondingly increase without measures to 

reduce them. 

Current responses 
Educational ca mpaigns to encourage householders to 

opera te wood heaters to min imise emissions of smoke 

and other toxic gases have been implemented. 

Changes to legislation and regulations to address 

wood heater des ign standards, appropriate use, new 

insta llations, a ir quality object ives cmd enfo rcement <ll"C 

being developed. T he DEP has issued guide lines which 

recommend techniques to minimise air pollution from 

the burn ing of vegetation cbired for land deve lopment. 

Predictive computer mode lling is used to red uce the 

smoke impacts from haza rd reduction burning upon 

=-· · -.. ·. ~.--~ --~,~j~~~~~--=~ ·- _:_· :~- ~~~'.·;~z~··;;~i~~~~ 
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pt1 pul;1ted a reas. 

T he S r;1te G \lve rnmcnt is committed to the 

dcvcl\lpmcnt and implcmcnt<ll ion of an A ir Q u;1 lity 

M;m ;1gcmcn t Plan (or Pcrrh . This will be ini ri;1tcd 

th ro ugh :i r .1rliarnenury Se lec t C ommittee . 

T here lws been cunside r;d1lc work un se t tin g 

sL:md;mb for ha:c i nl c rnal io nally. 

Implications 
In the absence of effective control strategies, excessive 

haze levels will become more frequent. The Perth Haze 

Study estimates from measurements of PM 10 and 

PM2.5, that airborne particulates are responsible for 

premature deaths in high risk groups, higher than 

normal levels of hospital admissions, and increased 

respiratory illnesses including asthma attacks . 

Table 3 Exceedances of haze goals in the Perth region (Source: De/Jartment of Environmental Protection). 

~ ~~r••• llJ:HL-0 ·- -· ·~ .... •. • ; .... .. : ·-··.,::·'.c.::\_.~; 

LVD < 20 km (per hour) No. of sites PM10 > 50 µg/m3 (per 24 hour) No. of sites 
1993-94 63 4 3 3 

1994-95 80 5 5 5 

1995-96 76 6 2 4 

Particulate haze over Perth. Photogra/Jh by Dr John Rogers. 

~ .•.............................. 
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Sulphur Dioxide 

Environmental Status: •!• •!• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Sulphur dioxide impacts are highest in the airsheds 

around Kalgoorlie, Kwinana and Collie. The Kwinana 

region is under considerable pressure. Excessive levels at 

Kalgoorlie are expected to fall in the near future .. 

Objective 
That sulphur dioxide (S02) levels be below agreed 

standards: 

• for Kalgoorlie, S02 not to exceed more than 

1400 µg/m3 (1-hour average) and 700 µg/m3 more 

than 8 times per year; 

• for Kwinana residential areas, S02 not to exceed 

350 µg/m3 (1-hour average) more than 8 times/year 

and never exceed 700 µg/m3 (1-hour average); and 

• elsewhere S02 not to exceed 570 µg/m3 (1-hour). 

In the long-term S02 levels should be kept below the 

NHMRC goal of 570 µg/m3 (1-hour average) at all 

residences. 

Suggested Response 
• Due to the high level of S02 emitted 

around K;i lgoorlie, puhlic education about sulphur 

dioxide emissions and envimnmenLal and he: il rh. 

effects is needed in rhb reg ion. 

• Industries in rhe K;1lgoorli e area shnuld be in full 

comp! iance with the EPP cr ite ri<t . 

• The c1uore nt progr:1m of abatement shou ld be 

susrn ined along with the monitoring network. 

• There is concern over the Kalgoorle EPP standard 

of 700 pg/m3 being grea ter than the N HMRC goal. 

Therefore the Ka lgoorlie Er r shoukl be reviewed 

sooner than its scheduled review in 2000. 

• T he proposed Natiunal Environmen tal 

Protec tion Measure and complementary State Air 

EPP should prov ide for regional diffe rences and 

rn1tional standards fo r air quality in WA. 

• The poss ible ac idifica tion of so ils in the Kalgoorlie 

region should be inves tiga ted rn1d quant ified. 

•••••••••••••••••••••••••••••••• 

Background 

Description 
Sulphur dioxide is a significant air pollutant in WA, 

particularly around im.lustrial centres such as Kalgoorlie, 

Kwinana and Collie. It is a strong respiratory irritant, a 

trigger for asthma and can damage vegetation. 

Sulphur dioxide is produced by burning substances 

with a high sulphur content such as coal, through the 

removal of sulphur from ores or industrial feed-stocks, 

or from the production of sulphuric acid. 

Sulphur dioxide in the air oxidises to sulphur 

trioxide which, when dissolved in water droplets, forms 

sulphuric acid. This process is accelerated in the 

presence of particulates. The sulphate ion may appear 

as a particulate. The phenomenon of acid deposition 

(or acid rain) caused by acidic reaction products of S02 

and other pollutants common in parts of Europe and 

America, has not been examined in WA. 

Condition 
Since 1992 the S02 levels around Kalgoorlie have 

declined although they have still occasionally exceeded 

the criteria established in the relevant EPP (see Figure 

5). Kwinana levels have stabilised (see Table 4) though 

the Kwinana area is under significant industrial and 

residential development pressure. Collie is under 

significant pressure from industrial development. 

Pressure 
Sulphur dioxide levels around Kalgoorlie are likely to 

fall significantly following the recent installation of 

scrubbing equipment at the largest industrial source. 

Sulphur dioxide levels around Kwinana are under 

considerable pressure due to the expansion of existing 

industries, the availability of land for more industry and 

the construction of new homes in the buffer zone. 

Collie's S02 impacts are under less pressure relative 

to the other areas, though this is increasing with the 

construction of a new coal-fired power station. 
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Current responses 
Comp uter mode ls used !"or pred ict ing SOz d ispe rsion al 

Kw ina na have 1-cccnLl y hccn upgrnded tu rc f1 cc l srn tc­

u(-1he-; 1rt sc ienti Ci c knrnvkdge. 

A rnktcrm in<1L io11 o( the Kwi n;111;1 EPP is he ing 

plan ned fo r 1997 wh ich will include rhe Lise or 

st;lli sti c tl di sch;1rgc limi ts. 

Licens ing pn lCL'd ures have recen t ly hecn ch;mgcd to 

i11corpl>nt tc disc h;irgc-hasn l li ccnce f'ccs nnd 

im luce 1uc11 ts lu r hL·st pr;1ct iL'L' tu prllV iLk grL':tl L' r 

l' l1ClHIL1,gc 1uc11 1 l(lr i11dust riL'S l<> red uce S02 di sc h:irgcs . . . 
T hL' Cll111 p;111y th:11 h:1s ihl' L1q . .'.L's l c 111 iss iun lli SCl2 

i11 K: tl grnlrli L· h:1s inst:ilkLl cqui 11111 c11 t ll> cu111'L' rt S( )2 
Ill sulph11r ic ;1cid tu rn lucc its g<1sl'l1w; disc h;1rgc . 

Implications 
It is likely that the high SOz levels around Kalgoorlie 

has had periodic health impacts on the local 

population . With decreas ing levels, it is likely that only 

sensitive members of the population will continue to be 

affected . 

The increasing use of the remaining air space for 

SOz dispersion at Kwinana, while meeting the ex isting 

EPP requirements (or possibly the more stringent 

NHMRC goal) is going to require more intensive 

regulatory management. 

Table 4 Exceedances of si~l/>hur dioxide standard.~ in the Kalgoorlie 
and Kwinana regium (Source: Oe/Jartmenl of Environmenwl 
Protection). 
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Figure 5 Maximum average hourly sulf>hur dioxide levels at Kalguorlie Hospital with significant events resulting in changes to the ambient 
suljJhur dioxide concentration (Source: Department of Environmental Protection) . 
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Carbon Monoxide 

Environmental Status: •:• •:• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Carbon monoxide is an urban pollutant caused mostly 

by vehicle emissions. Currently it is not known 

whether carbon monoxide levels in Perth will increase 

as vehicle traffic increases. Increasingly stringent 

vehicle emission design standards in new vehicles may 

offset expected increases in vehicle numbers . 

Objective 
That ambient carbon monoxide levels be below the 

NHMRC goal of 9 ppm (8-hour average) and the 

WHO goal of 25 ppm (I-hour average). 

Suggested Response 
Responses to reduce carbon monoxide should focus on 

reducing the reliance on motor vehicles for personal 

travel and improving technology to reduce vehicle 

emissions and wood heater and combustion stove 

emissions and include: 

• promoting higher car occupancy; 

• promoting travel alternatives, including public 

transport, cycling and walking; 

• ensuring new vehicles have minimum emission 

levels, and these are maintained over the life of the 

vehicle; 

• ensuring urban development patterns and densities 

promote short trips and public transport, walking 

and cycling; and 

• ensuring emissions from wood heaters and 

combustion stoves are as low as possible given 

ongoing technological improvements. 

Background 

Description 
Carbon monoxide is a common urban air pollutant. It 

is a toxic, odourless gas which can enter the 

bloodstream of living things, reducing the oxygen 

carrying capacity of blood. 

Carbon monoxide is a product of incomplete 

combustion. Motor vehicles account for about 75 % of 

carbon monoxide in Penh's air. The highest levels are 

recorded near areas of dense vehicle traffic. 

•••••••••••••••••••••••••••••••• 

Wood fires and combustion stoves in suburban areas 

can also contribute to high winter-time concentrations 

of carbon monoxide. 

Condition 
Since the 1992 SoE Report, the NHMRC goal of 9 ppm 

and the WHO goal of 25 ppm (I-hour average) has not 

been exceeded (see Table 5). There is insufficient 

evidence to conclude that carbon monoxide levels are 

falling. Perhaps because of increased use of motor 

vehicles, the highest recorded levels have remained 

close to the objective. 

Pressure 
Increasing vehicle traffic is likely to add to carbon 

monoxide emissions potential. However, the rise in 

emissions might be offset to some extent by the 

increasingly stringent motor vehicle emissions design 

standards and vehicle fleet tum-over, which together 

should reduce emissions. Carbon monoxide emissions 

from the use of wood heaters may increase. 

Current responses 
Public transport systems have been improved and there 

is greater encouragement of public transport, cycling, 

walking and car-pools. 

Australian Design Rule 37/01 (which came into 

effect from 1January1997) will lower the new vehicle 

carbon monoxide emissions standard to 2.1 g/km from 

its present level of 9.3 g/km. 

Implications 
The implications of increasing vehicle traffic and the 

impact of the new motor vehicle emission standards are 

not known. 

Table 5 Highest Carbon Monoxide Concentrations 
in the Perth Region (Source: Department of 
Environmental Protection) . 
-

Highest: Re£o(d~d : te:vef .x Year _.,.~. 

-
1-hour average 8-hour average No. of 

Cone. (ppm) Cone. (ppm) Sites 

1992-93 13.8 8.2 3 

1993-94 12.8 8.9 3 

1994-95 9.4 7.6 3 

1995-96 10.6 8.7 3 

• " See Section 4 of the SoE Rt>/1•rt>11<e Group Dra/I Worki"IJ Papers 
for more Information on Carbo" Mo110'1de. 
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Lead 
Environmental status: •!• 
................................................................................. 
Conclusion 
Lead pollution from motor vehicles is no longer 

considered a significant issue. 

Objective 
That ambient lead levels are below the NHMRC goal 

of 1.5 pg/m3 (3-month average) . 

Suggested Response 
• lvl"1 1illlr i11g u l ;11u h 1L' ll l ;1t1n"spl H' rit · lc;id il'vl' is 

sh, 11il t l L< 11 11 i 1n 1L' 

Background 

Description 
Exposure to excessive amounts of airborne lead can 

affect the intellectual development of young children. 

The major source of lead in Perth's air is motor 

vehicle emiss ions. This is because lead has been added 

to petrol since the 1920s to increase the efficiency of 

combustion. 

Since 1986 all new petrol-engine vehicles sold in 

Australia have been required to run on unleaded fuel. 

Educational campaigns have also encouraged the use of 

unleaded fuel in pre-1986 vehicles where possible. In 

addition to this, regulations have progressively reduced 

the lead level in leaded fuel from 0.4 g/l in 1993 to 0.2 

g/l from 1996. 

Table 6 Highest recorded lead concentration 
(3-month average) in the Perth region 
( 1991 -96) (Source: De/Jartment of 
Environmental Protection) . 

:i.~,,1:..r.1 . ·- im•'l&T:X.._.qi9t ~raT~iTi'tr:. ........ ~-,._~111~~~ 
.o::ll•,-........ 11 ' I : •>¥' • '!.•. ·'.l.,,T,•_:::r•,• 

3-month average No. of 
Cone. (µg/m3) Sites 

1991-92 1.22 1 

1992-93 1.14 1 

1993-94 0.83 1 

1994-95 0.59 1 

1995-96 0.37 1 

«It •••••••••••••••••••••••••••••••• 
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Condition 
Since 1992 atmospheric lead levels have continued to 

fa ll in response to reductions in the content of lead in 

petrol. This is one example of where the quality of the 

environment has actually improved since 1992. It is 

likely that this trend will continue although at a lesser 

rate . Lead levels are within the NI-IMRC goal (see 

Table 6) . 

Pressure 
Since the late 1980s, airborne lead levels have declined 

and are now levelling off. 

Current responses 
l\c,g11 l:11 in 11 s cun t i 11 t1 L' l n l'L'Llllirc t h :11 11 L.' ll veh ic le~ usl' 

u11k: 1ded l 11l'l ;1n d l i 1lli t tlw 111ax i1llu111 lead cont en t i1 1 

pe trol. 

Implications 
The concentration of atmospheric lead is not expected 

to return to levels that would cause health effects. 

Cars on the Kwinana Freeway: the use of unleaded petrol has 
reduced the level of atmos/>heric lead in Penh's air. Photogra/Jh by 
Department of Environmental Protection. 



Dust 

Environmental Status: •!• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Atmospheric dust resulting from industrial activity, 

urban land clearing and development can have severe 

effects on amenity and can cause short-term nuisance 

events and local ecological impacts . Health impacts 

from atmospheric dust have not been detected. 

Management programs can be used as part of best 

management practice to control dust within 

Department of Environmental Protection · (DEP) 

guidelines. Currently there are no uniform standards 

across the State, however regional standards are 

established for key localities. 

Objective 
To protect the health and amenity of the public and 

local environments by: 

• reducing dust levels below DEP guidelines or 

standards, where appropriate; and 

• ensuring that best management practices are 

achieved in existing and future development. 

Suggested Response 
• Future deve lopment should consider dust 

management as :i n in tegral component of 

environmen rn l management stra tegics. 

Background 

Description 
For the purposes of this report, dust includes all 

airborne particles that are greater than 10 p in diameter 

(PMlO) . Dust can be carried in wind gusts, and is either 

directly eroded from exposed surfaces or emitted during 

industrial activities, ship loading and unloading, 

excavation, or soil disturbance from land development 

sites. The issue of wind erosion on agricultural land is 

considered in Erosion. 

Condition 
A significant level of community nuisance is being 

caused by industrial emissions of dust and dust from 

land clearing and development. Although dust occurs 

naturally in all country areas, dust is of greatest concern 

in Perth, Port Hedland, Kalgoorlie-Boulder and 

Kwinana. In Perth some land development has occurred 

•••••••••••••••••••••••••••••••• 

with little concern for dust emissions. At ports such as 

Port Hedland, the loading of iron ore has caused dust 

problems in the past for local residents and the local 

environment. In mining areas such as 

Kalgoorlie-Boulder, stockpiling, excavation and 

blasting operations can cause short-term dust emissions. 

Environmental impacts are likely to have been 

greatest in Port Hedland due to past management 

practices, planning decisions and the microclimate of 

the area. Currently, dust causes minimal ecological 

damage, and impacts of dust emissions on human 

health have not been detected. 

Mangroves may be affected by dust accumulation on 

leaves, causing dieback of vegetation. Iron ore dust can 

damage and cause mortality of mangrove vegetation 

(Semeniuk, 1994). There is, however, limited 

information to confirm the extent of damage caused by 

dust emissions. 

Dust from industrial sources often contains heavy 

metals that may accumulate and cause contamination 

of inland waters. There is no evidence that dust has led 

to contamination of inland waters at a level that 

exceeds EPA guidelines for the protection of aquatic 

ecosystems. 

Pressure 
The main sources of dust emissions are stockpiles of 

iron ore and mining wastes, handling and shipping of 

ore at major ports, excavation for earthworks and 

development, land clearing for urban development, 

handling of large volumes of other products such as 

wheat in agricultural areas and ports. 

In 1995, 1.2 million tonnes of iron ore was loaded 

at Esperance Port, leading to minor dust problems in 

the local area. This facility now complies with most 

environmental requirements and does not cause 

significant dust pollution. It is an example of best 

management practice for dust management . In 1995, 

58 million tonnes of iron ore were exported from Port 

Hedland, where dust problems have been much more 

severe. The Environmental Protection Authority has 

recently assessed a plan for dust management at Port 

Hedland. 

·~ ·~ ...... -~~.- _·=.:·.~._.·_ :).~ ... ~~'.._--~.-~:.~~~. ~:3~~~7] 
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Poor dust management can lead to dust pollution in 

urban areas. The main pressure causing dust to be a 

nuisance issue is a lack of consideration about the need 

to manage this issue. 

Current response 
Land dcvelor ers and industry are requi red, ;rn d in some 

G1scs, taking the lead , in irn r lcmeni-ing bcsL 

manage men t practices fo r dusr suppress ion and 

m;m;1gcmcn t. For ex:11n plc, a l PorL Hed hnd signi ficant 

improvemen ts ha ve been made i-o ore ha ndl ing 

equip me n t ;md site m;1rn1ge 111 cn t. In 1-he sho rt -term , 

w;1 1e r is used l () C()nLrn l d ust, in the lung- te rm, dust is 

u1 111 1'0i lcd hy 11rugrcss ivL' n.: h;1hiliL;1ti()n ;111d rnck 

;1 r111 11uring. 

T he DEP h;1s set guide I incs fu r deve lopers Lo ensure 

th:1L dusl p11lluti un d11c.-; rn11 occur d uri ng clea rin g and 

c:1rrh wurks (o r urh: 11 1 dl'vc lup 111 e11t 

c: 
0 160 
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T he EPP for Kwinana prov ides the fra mework fo r 

tmmaging dust emiss ions withi n the Kwinana a irshed . 

This po li cy has contro lled dust within set c riteria. 

Bcfure mining ;1pproval is given industry is required 

to provide deta ils on managemen t of dust cove ring 

hoth occup;1t iona l he;1 lth and en vironmen ta l aspec ts 

for a ll phases of mining operat ions . 

Implications 
There is little information on the health effects of 

ambient dust exposure. H owever, in Port H ed land , 

where iron ore dust exposure has been the most 

significant, no health impacts h ave been detected 

(Envi ronmental Protection Authority, 1996). Dust can 

cause significant community nuisance and reduces the 

quality of life in urban areas . Minor losses of 

biodiversity may have resulted from iron ore dust. No 

causal link for this has yet been demonstrated. 

• Dust concentration 

-o- Ore tonnage 
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Figure 6 Tonnage of ore haru:lled through Port I-Iedland versus 
annual average townsite dust concentration 
(Environmental Protection Authority, 1996). 

~ ............................... . ~·~.,.--·_);··'•· --~='--~1 ....... ,-.. -:--~·n; .. -.. ~;,-···a-... ~ .. ·.·-"'6_~-.... ,~m-1m---.~ .-,·~---· .. '@Mi·· . .,-___ --.. ,.· 

,. __ ,~ ' .. ' • • ' ... ~.I I • . ·7/'~~-:·~· .'·"'~.-=-:T!t..l_:.~·~/'?,~l~J."!"' 

Envi ronment Western Australia 1997 



LAND 

Land Salinisation 

Environmental status: •!• •!• •!• •!• •!• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Land salinisation is one of WA's most significant 

environmental issues. It has severely damaged the 

natural environment, and has reduced agricultural 

productivity. 

It occurs over a significant part of the agricultural 

area and also in in'igated areas. The amount of land 

affected by salinity will continue to increase until a new 

hydrological balance is reached. Without action the 

area affected is likely to almost double to 17 % of the 

total farm area, in 15-25 years and eventually double 

again as groundwater levels continue to rise. 

Land salinisation offers a direct challenge to 

traditional farming systems. These need to be 

fundamentally altered in order to redress the 

hydrological imbalance. 

Government has a role in encouraging this change, 

and in investing funds to protect areas of high 

conservation value and water supply. The majority of 

investment in revegetation and other activities will 

need to come from the private sector. Unprecedented 

effort from all sectors is required to manage land 

salinisation. 

Objective 
The WA Salinity Action Plan (Government of Western 

Australia,.1996) has set multiple objectives for the 

management of salinity. Those which relate specifically 

to the salinisation of land include: 

• to reduce further deterioration of agricultural land 

and where possible recover or rehabilitate existing 

salt-affected land; and 

• protect and maintain natural (biological and 

physical) diversity within the agricultural areas of 

WA. 

Suggested Response 
• Re-establish large areas of deep-rooted perennial 

vegetation and continue to improve high water­

using fa rming systems thro ughout the agricultural 

landscape to address the hydrological imba lmi.ce. 

• Implement the WA Salinity Action 

•••••••••••••••••••••••••••••••• 

Plan immed iate ly in consul tation with the 

community. 

• Protect ex isting remnant vegetrition on public and 

private lands from the effects of risi11.g sa line 

gro1111dwater. 

Background 

Description 
Land salinisation is caused by the disturbance of natural 

ecosystems, primarily through land clearing, and the 

replacement of perennial deep-rooted, native 

vegetation with annual crops and pastures. Crops and 

pastures do not use as much water as native vegetation. 

The 'excess' water that is not used by vegetation either 

moves off the land as runoff or moves into the ground 

becoming groundwater (recharge) . This recharge causes 

groundwater tables to rise, bringing with it salt stored in 

the soil. Irrigation can also cause land salinisation in 

some areas. Recharge from excess irrigation and leakage 

from irrigation channels can cause groundwater to rise, 

contributing to salinity. 

When salty groundwater comes close to the surface 

it can enter the root zone of plants. Salinity can kill 

agricultural and native vegetation, causing a loss of 

productivity, habitat and populations of plant and 

animal species. This biological decline is accompanied 

by deterioration in the physical environment producing 

an array of related problems. Waterlogging, erosion, 

sedimentation, the salinisation of land, rivers and 

wetlands are all related to groundwater rise. 

Managing salinity is dependent on managing water 

in the landscape so that recharge and groundwater are 

brought under control at the farm and whole 

catchment scale. 

Condition 
Approximately 9 % of W A's agricultural land is 

currently affected by salinity (Table 7). The area of salt­

affected land could double within the next 15-25 years, 

and double again before a new equilibrium is reached 

(Ferdowsian et al., 1996). Since 1992 considerable 

effort has gone into more accurately estimating the area 

of land affected by salinity. Clearly, with better 
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information the extent of land salinisation is much 

greater than that reported in the 1992 SoE Re/Jort. 

Salinity has markedly decreased biodiversity, 

particularly at the local and regional scales. Up to 80 % 

of suscept ible remnants of n at ive vegetation on farms 

and 50 % on public lands (including nature reserves) in 

WA could be lost within the n ext century. This process 

will continue for many years even if practices to combat 

salinity a re implemented immediately. 

Pressure 
Past land clearing, and replacement of native 

vegetation with crops a nd pastures, have been 

responsible for disturbing the hydro logica l ba lance. This 

imbalance is the do minant pressure causing the spr~ad 
of sa linity. La nd clearing is controlled in WA to 

prevent land degradation. It is still occurring in some 

areas. 

The re is a lso a cont inuing reduction in the qua ntity 

and qua lity of native remnant vegetatio n due to the 

impact of grazing and feral an ima ls, incursion of weeds 

and some land clearing. 

Current response 
A com prch c nsive Su/ini t)' Action Pllln h:1s heen :1dup tcd 

hy th e S L:1 tc Covcrnmt'll l whi t· l1 inc ludl's 11Hm it11 ri11 g 

:11 1d n·111 >rt i11e llll the t'X ll'lll :111 d seve rity"' sa liiltl y. 

l \e.,L .. 1rch I<> q u; 11 1l il y tl1c 1i;1t urc :1nd t·x ten t " ' 

s:il in ity has occ ur red o ver nwny yea n;. 

T he c, >11l lll ll ilW L': d l11 :llld Sta le Cuvem 111 cn ts 

prov ide (umling fo r va rio us p ro,g ram s d i1-ccted ;1L 

111 <111 :1,t; ing s:di n ity. 

Resea rch h:is hecn cond ucted on n1 0 1-c pn>d uc t i vc 

;1nd h ighe r w: ll c r using {;irllling sys te ms and th ese :ire 

hL·ing :1dop1 ed. lvl: m y c 11 chmcn t grrn q1s ;111d (;1rn1crs 

ha vt' '"'t IL'>L'd o n sa lin ity 111 ;111;1gc ll1 L' lll . I lll11•evc r, 

s:d in it y 111:11l;1gern c nt th rough witl t'scde rcvegc t at io n 

h:1s llCC UITcd in !cw C: tlC hlll l' ll ts. i"\esc;u·ch and 

development is a lso hc in .1.; u mduc ted to :lss ist in th e 

hni;idso1k int rod uc ti o n ol comme rc ial t ree c rops un 

cleared agric ulLUm l land and inlegrnti ng Lliese t ree 

crops into formi ng syste ms. 

C lear ing con Lrols ex ist tn prntccL re m rnm L 

veget<i ri on. In some c 1tch111cn ts, 1·hcrc me tot:1I c learing 

h:ms. Re m1rnn t vege l :11 ion is he ing pro tected umler the 

Remnan t Vege1:1ti 1>n Protec t io n Scheme a nd clearing 

con trol s hy A gt-cc rn e n rs t1> Resctve. 

Implications 
The implicat ions of land salini sa tion for W A's 

environmen t and soc iety a re enormo us (Chief 

Executive Officers of Agric ulture W es tern A ustralia, 

Wate r and Rivers Commissio n, Dep:utm1..nt of 

Conse rva tio n a nd Land Ma nagement, De partment of 

Environmental Protection, 1996) . The estimated 

capital value of the land lost to sa linity is in the o rder 

of $1 445 million. If the current rate of sa linity 

expansion continues, the resulting loss of land cap ita l 

va lue will be $64 milli o n each year until a new 

hydrologica l balance is reach ed . 

Environmental costs associated with salinity largely 

relate t:o losses in biodiversity. This h as associated costs 

in terms of lost plant and a nima l resources, including 

lost opportunities for econo mic development. 

Agricultural production will be reduced through the 

loss of shelter for livestock and so ils becoming sa lty. 

Forty-six millio n dollars has a lready been spent in 

compensating farmers for not being able to clear land in 

selected Clearing Control Catchments which protect 

water resources. There will also be capital costs 

associated with the use of more saline water. 

Salinity threa tens local recreation resources and 

diminishes the inland region's to urist potential. Several 

wheatbelt t:owns are experie ncing encroaching salinity 

problems. Much existing infrastructure, e.g., roads have 

been located and designed without considering risks 

assoc iated with increased salinity and waterlogging. 

W a terlogging will dramatically increase the magnitude 

o f run-off vo lumes and peak flood events. 

Table 7 The estimated area affected by salinity in the South West Land Division of WA for 1994 , 20 10-20 and /iotential 
(depending on rainfall) (Ferclowsian et al. , 1996). 

South West 
Land Division** 

19,231,400 1,804,000 

• Includes some land partly covered by native vegetation. 

9.4 3,296,300 17. 1 6,109,000 31.8 

••The South West Land Division includes the Midwest Coastal Plain, Wheatbelt, Swan Coastal Plain, Naturaliste, South West Forests and South 
Coast SoE Regions. 

L1111rl Sa/i11isafio 11 is a di rect pressure ca using Sali11isat ir111 of 111/1111 .t 
Waters . It also impacts on Walerloyyilly , Loss of Fri11yi11y Vegef·11tio11 
and Biodiversit y. 

E» •••••••••••••••••••••••••••••••• • • See Section 5 of the SoE Reference Cro1111 Draft Worfil11f1 
.- · -·~ f'apersfor more lnform_atlon on _L.111111 Sall11/s111iol1~ • ' :· · ~=,.·: '~ 
~~....,::.-= ~ -~·~·4"'~_:_::.__ __ ~L~~~::·~·." ~ __ .,~~-r~·o:.:---..;;;..... :;~~ 
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Land Contamination 

Environmental status: •:• •:• •:• •:• 
........ .. ..... .. ............................................................... 
Conclusion 
Although land contamination is a serious 

environmental problem, detailed information on the 

extent and severity of contaminated land in WA is not 

avaitable. 

Over 1500 contaminated sites are thought to exist 

in WA (Department of Environmental Protection, 

1995a). It is not known how many contaminated sites 

exist outside of Perth, although a significant number of 

rural properties are contaminated by organochlorine 

pesticides and arsenic from old sheep dips. 

Clearly, there is an urgent need to better understand 

the nature and extent of land contamination in WA. 

Objective 
To identify contaminated sites and manage land 

contamination. 

Suggested response 
• Amend existing leg islation to provide m1 

integrated cont<im inated sites management 

framework. 

• Esrnblish an inventory of cont~1m inaEecl sites. 

Background 

Description 
Land contamination can be defined as land where 

hazardous substances occur at concentrations which 

pose, or are likely to pose, an immediate or long-term 

hazard to human health or the environment. The 

problems associated with land contamination vary with 

each site in character, hazard potential and importance 

to human health or infrastructure. 

Land contamination can lead to contamination of 

inland waters, particularly in sandy soils (see 

C ontamination of Inland Waters) . 

Condition 
Since 1992 more contaminated sites are being re­

developed and the focus has shifted from landfill sites to 

inner-urban redevelopments. This has substantially 

increased the number of contaminated sites that have 

been identified to the DEP. Of the potential 1500 

contaminated sites in WA, 1200 of these occur on the 

•••••••••••••••••••••••••••••••• 

Swan Coastal Plain. It is not known how many sites 

occur in the Perth Metropolitan Region. Most were 

caused by poor chemical storage, waste containment 

and disposal practices. Over 100 of these sites currently 

require active management. The nature of 

contaminating substances at many potentially 

contaminated sites in the metropolitan area is largely 

unknown. 

Some land used for industry or agriculture has been 

turned into residential land. In some cases this land 

may be contaminated from past activities and practices, 

e.g., below McCabe St, Mosman Park. 

There are currently 12 operating, and about 100 

abandoned landfill sites in the Perth Metropolitan 

Region. Increased ammonia is the only major change in 

groundwater quality caused by landfill sites (see 

Consumption and Waste Management). Elevated levels of 

heavy metals or pesticides have not been detected 

(Department of Minerals and Energy, 1995). 

In rural areas the application of some agricultural 

pesticides (particularly organochlorine pesticides) has 

caused land contamination, e.g., some potato growing 

areas near Manjimup. The 1992 SoE Report indicated 

that 12,700 ha is subject to management notices under 

legislation . More recent estimates are in preparation. Of 

the 1200 properties subject to management notices, a 

substantial portion occur on the Swan Coastal Plain. 

However, contaminated agricultural properties have 

largely been identified and do not pose a direct threat 

to the environment or human health as organochlorine 

pesticide residues adhere to soil particles and generally 

are not mobile inthe environment. 

Low-level heavy metal (primarily cadmium) 

contamination from fertiliser application also occurs in 

agricultural areas. The affected areas have not been 

clearly identified. 

Pressure 
Activities which can cause land contamination include: 

• disposal of waste; 

• accidental spillage; 

• leakage during plant operation; 

• storage or transportation of raw materials, finished 
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products or wastes; 

• the spreading of sewage sludge; 

• migration of contaminants into a site from 

neighbouring land-use, either as vapour, leachate or 

movement of liquids through the soil; and 

• the use of agricultl1ral chemicals (Australian and 

New Zealand Environment and Conservation 

Council & National Health and Medical Research 

Counci l, 1992). 

The main sources of potential contamination in the 

metropolitan area are underground storage tanks, e.g., 

petrol tanks beneath service stations, and industrial 

sites. 

Current response 
The DEP h"s released a position paper on contamina ted 

sites fo llowing public comment on a 

d iscuss ion paper released in August 1995. The position 

paper wi I I form the basis of the framework to manage 

contaminated sites. 

Implications 
One of the key implications of land contamination 

relates to potential health impacts. Research has been 

conducted on the health impacts of heavy metals and 

some organochlorine pesticides. 

However, little information is ava ilable on the other 

implications arising from land contamination, except 

where it has a direct impact on primary production, 

e.g., contaminated meat arising from pesticide use. 

The Swan River foreshore adjacent to the McCabe Street redevelo/Jment in Mosman Parh is one exam/Jle of a contaminated site in the Perth 
Region which is cuJTeT{tly being cleaned-ufJ . U/Jon com/Jletion of the clean-u/J /Jrogram, the foreshore area will be covered with clean fill and 
rehabilitated to ensure that it is left in a stable condition. Photogra/Jh by Dr John Rogers. 

See also Co11la111inalio11 of l11ln11tl Water5 within this report. 

4J» •••••••••••••••••••••••••••••eee • • See Section 5 of the SoE Refere11ce Group Draft Worf1111g Papers 
for more Information on Laud Co11taml11atlo11 . 
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Erosion 

Environmental status: •!• •!• •!• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
While soil erosion is not the problem of say 10 years 

ago, it continues to affect the productivity of 

agricultural and pastoral lands. It can also lead to offsite 

environmental effects, such as sedimentation and 

eutrophication of inland waters. 

Soil erosion is a sporadic event and difficult to 

monitor on a statewide basis. Emphasis is being placed 

on the prediction of unseasonal events to assist in the 

management of erosion. However, some information is 

available for pastoral lands and selected agricultural 

areas. 

Although methods to manage erosion are well 

established more effort is required to promote best 

management practice for this issue. Improved hazard 

assessment, in the face of unseasonal conditions and 

better defined management responses are required. 

Objective 
To minimise the extent and severity of soil erosion. 

Suggested response 
• Furrher development of better management 

practices for erosion and communic8t ion of these to 

land nrnnagers. 

• De velopment of more effective indicators of erosion 

for agricultura l lands. 

• Development of an 'early warn ing system' which 

can trigger land managers to take steps to prevent 

wind eros ion. 

Background 

Description 
Soil erosion occurs when soil is exposed and disturbed, 

e.g., by the clearing of land for cultivation, or through 

grazing by stock. Both wind and water can cause soil 

erosion by detaching soil particles from areas not 

protected by vegetation and moving these down-slope 

or down-stream. 

Erosion causes a loss in agricultural productivity 

through the loss of fertile topsoil and exposure of hard 

subsoils. It also leads to a loss of biodiversity. 

••••o•••••••••u••••••••••••••••• 

Eroded soil can move into rivers and streams 

causing sedimentation as well as eutrophication due to 

nutrients being carried into waterbodies on soil 

particles. 

Condition 
The extent of erosion is difficult to measure across the 

State because it is dependent on management practices 

of landholders and seasonal conditions which vary from 

year to year. 

No recent estimates of erosion are available for the 

agricultural area other than data presented in the 1992 

SoE Report. This indicated that some 50,000 ha were 

affected by wind erosion, and some 750,000 ha were 

affected by water erosion. However, these estimates 

have been questioned and it has been suggested that 

these figures significantly underestimate the area 

affected by erosion in WA. 

For the South West Land Division the historical 

pattern has been severe wind erosion events about 

every 10 years (affecting hundreds of thousands of 

hectares), moderate erosion about every 5 years 

(affecting thousands of hectares) and some erosion can 

occur every year (affecting hundreds of hectares). As 

much as 20 mm of top soil has been lost from parts of 

some paddocks during a single storm. Damage done in 

severe events has taken many years to recover. 

Severe wind erosion events have occurred along the 

South Coast and the Midwest Coastal Plain Regions in 

recent years (1987, 1990, 1991, 1994, 1995 and 1996). 

The extent of agricultural land currently affected by 

water erosion is not known. Most water erosion occurs 

with severe rain events, often in summer or early 

winter. 

Estimates of the extent of erosion on pastoral land 

are available from rangeland surveys conducted over the 

last 30 years. 

For all of the regions surveyed, some 677,800 ha 

(about 1 %) is severely degraded and eroded (Pringle et 

al., 1994). While some of this information is dated, the 

situation is unlikely to have changed significantly (see 

Table 8). 
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Much of the severely degraded and eroded land in 

pastoral areas is found on river frontages and deltas. 

This land h as both high pastoral value and high 

conservation value. 

The WA Rangeland Monitoring System (WARMS) 

is used to monitor changes in the vegetation and soil 

condition in the rangelands. Recent information from 

WARMS sites suggests that as many sites are improving 

as declining but most sites remain stable . 

Pressure 
The primary pressures lead ing to erosion are agricu ltural 

practices which increase the exposure and vuln erabi li ty 

of so ils. These pressu res include the remova l of 

protective vegetative cover through graz ing, 

cultivation, compaction and chemica l changes to the 

so il, such as salinisation or acid ification. The light, 

sandy so ils of the South Coast and Midwest Coasta l 

Plain regions are particularly vu lnerab le to pre-fronta l 

winds at the start of winter. Information on the 

adoption of best management practice for erosion 

contro l in agr icu ltura l areas is now being collected 

through the Australian Bureau of Statistics (ABS). 

Total graz ing pressure is an indicator which 

considers th e graz ing impact of domestic, fera l and 

native animals on rangeland vegetation. It is an 

indicator of pressure on the pastoral lands. While 

domestic livestock numbers are regularly researched 

there is limited information on the numbers of other 

grazing animals. 

Current response 
There is incrcaseJ use of hest management rract ices in 

<1gr icu lture includ ing mini mum tillage systems (or crop 

esr:1blishment which incorpmat1.:s stuhblc in to th e so il 

rn the r than hurning it. F<1rme rs : l!T :dso more respllnsivc 

lo :1dvcrse seasona l cond itiuns by remuving stuck rrom 

areas suscept ibl e lll wind cros iun . R esea rch is 

Cllnti nui ng lu de tenninc the hcsl mc;ms o f' 111 ;1rn1gin,g 

cn1si u 11 . 

RemulL' se nsing inf 11rni;1 t i'l> n h :1s hL' L' l1 an :1lyscd l(1 r 

some p;1rr -; 111 1h e S u te tn 11H ll11 ll1 r the ex te nt ;111d 

.">e ve1i1y u( wincl L·111s io 11 . l\:i 11 gc l;m,J sm veys h;1vc 

ll ll': 1surl'\ l lhe cx lL' l\I nf l. md deg r:1d .ll i1m , 11:irl it ll l:1rl y 

crll.-; iu11, i11 11 H1s.t p:1st1ir:tl 1·c.:.; iu11s . The W/-\ IUvl S 

mo n ilur ing ,, ites pruv iclc infnr ma l irn1 1m the ch:m ging 

vege ta t io n st ruc ture :md su il <.: 1111 d it illn ;11 selected sites 

on p;1s1nr:d prope rt ies tl11«H 1ghu11l t he ::; l:ll c . 

T he El't\ will L·<111t i1n tl' 111 in vcs1ig: 11 e thL· 

dc vc lupill l' Jl l o f' l' ll Viro illlll' 11 l:d rmll l'C l i<lll l l ll' : J.,lll'e~, if 

rcq u irl'd , 111 11 11dl' rp i11 and gui de ecolugicdl y sus1:1i11a hk 

· 11'1 1 Lll«il n:-;u11 rcc 11 1;111:1.t;e 111en l in 1 h e 1-:1 11 .t;el:mds . 

Implications 
Erosion contribu tes to env ironmenta l problems such as 

sedimentation and eutrophication. The 1992 SoE 
Re/Jort estimated that wind erosion in the agr icultura l 

region reduced cereal and pasture productivity at a cost 

of $21.3 million annua lly. No recent estimate of the 

cost of eros ion in terms of lost prod uctivity on pastoral 

and agricul tural lands are ava ilable. 

Table 8 Extent of erosion as estimated by traverse assessments from range/and surveys and /Jercentage area of severely degraded 
and eroded land ma/JjJed by rangeland surveys (Source: Pringle et al., 1994) . 

Gascoyne (1969) (1972] 2426 Information not available 63,400 (1.9)* 

West Kimberley (1972) [1979] 4532 47.1 26.5 16.5 9.9 89,600 (2.2)* 

Nullarbor (1974) [1979] 1273 100 0 0 0 47,400 (0) 

Ashburton (1976) [1982] 8608 79 13 5 3 93,600 (0.6) 

Carnarvon Basin ( 1980) [1987] 10,952 90 6 2 1 74,000 (0.9) 

Murchison (1985) [1994] 13,441 83 11 5 1 88,360 (1.8) 

Roebourne Plains (1987) [1994] 1172 75 16 8 1 10,200 (2.3) 

NE Goldfields (1988) [1994] 10,470 89.7 6.6 2.3 1.4 100,570 (0.4) 

Sandstone-Yalgoo- 9435 94 .7 3.6 1.3 0.4 94,710 (0.2) 
Paynes Find (1992) [In prep] 

All areas surveyed 62,309 83 10 5 2 661,840 (1.0) 

Erosio11 can contri bute to Eulrop(1 icntio 11 and Sedi111e 11 l11 l lo11 an d Is re la ted 
to Loss of Fri119i11g Vegeln llo11 . See these sections within this report. 

CJ» •••••••••••••••••eeeeeee•eeee•eO • • See Chapter 5 of the SoE Referenre Croup Omfl Worfii119 
Papers for more information on Erosion. 
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Acidification 

E . l ..... • • nvironmenta status: • .... •+• •+• 
................................................................................. 
Conclusion 
Soil acidification can be caused by a range of activities 

including agriculture, the exposure of natural sulphide 

bearing rocks and acid deposition from industrial 

pollutants. This report focuses on acidification as a 

result of agriculture . 

Acidification of agricultural land will reduce 

agricultural productivity and contribute to 

environmental problems such as salinity and erosion 

throughout the agricultural area if not corrected. Soil 

acidification is increasing as a result of current 

agricultural practices. 

Soil acidification of agricultural land is managed 

through the application of neutralising substances such 

as lime sand or limestone which is widely available and 

provides a solution for most agricultural areas. Lime 

extraction requires careful management to ensure areas 

of high conservation value are protected and 

environmental impacts are managed. 

Objectives 
• To alleviate the effects of agricultural soil 

acidification. 

• In mining lime, to minimise the impacts of lime 

extraction and related mining practices on nature 

conservation and other land-use values. 

Suggested response 
• Further monitoring of the extent of soil 

acidi fi cation. 

• Funber research inLo less acid ifying agricu ltu ral 

systems . 

• Further education about the costs of 1ncmaging soil 

acidi ficat ion <lncl benefos of applying lime. 

• A State Lime Strntegy should be develuped to 

secure lime sources and protect meas of high 

conservation value. 

Background 

Description 
Acidification is a direct result of agricultural production 

as the increased acidity of soils is caused by the removal 

of nutrients by plants and animals. 

•••••••••••••••••••••••••••••••• 

Legume crops and pastures, as well as nitrogen-based 

fertilisers, have increased soil acidity through the 

leaching of acid substances directly into the soil (Office 

of the Commissioner for the Environment, 1991). 

Environmental problems can result from soil 

acidification. For example, if agricultural soils become 

too acid, vegetation is unable to grow and the soil 

becomes prone to erosion. 

Also, a lack of acid tolerant species inhibits efforts 

to grow plants to manage other land degradation 

problems. This has implications for the management of 

rising groundwater and land salinisation. 

Condition 
The acidification of agricultural land is gradual, 

invisible and requires ongoing monitoring. 

Since 1992 more accurate estimates of the area 

affected by acidification are available . These estimates 

are much higher than those presented in the 1992 SoE 

Report which are now considered conservative. It is also 

likely that the area affected by acidification will 

continue to increase without appropriate management. 

In WA the estimated area affected by soil acidification 

is 4.7 million ha of highly acidic (pH <4.8) soils and 

4.7 million ha of moderately acidic (pH 4.9-5.3) soils 

(AACM International Pty Ltd, 1995). This occurs 

throughout the Wheatbelt, South Coast, Midwest 

Coastal Plain, and South West Forest regions. It is 
becoming an increasing problem on land used for 

viticulture in the Naturaliste region. 

Pressure 
Agricultural production results in a net acid gain to 

soil. The main pressures causing agricultural soil 

acidification are legume crop and pasture species and 

the application of nitrogen-based fertilisers; both 

critical to maintaining agricultural productivity. The 

total area planted to legumes has increased between 

1993 and 1995. It is likely that this trend will continue. 

No estimates are available for the amount of nitrogen­

based fertilisers applied in WA. 

Current response 
T he number of fo rmers applying lime to m:im1ge soil 
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acidification has rapidly increased . However, the 

amount app lied is not cons istent with the scale of the 

problem. 

Agricu lture WA has conducted a successful 'Time to 

Lime' campaign from 1996, accurate prescri pt ions for 

managing ac idificaLion arc ava i bble and research into 

its 1m111 agcmcnt is being conducted. In 1994- 95 about 

160,000 tonnes of lime ;md/or dolom ite were app lied 

across ahout J 60,000 ha in WA. 

Implications 
In 1992 it was estimated that soil acidification had the 

potential to reduce production on about 55 % of the 

State's agricultural area. The estimated cost of lost 

production from soil acidification is $150/ha with an 

estimated loss in areas of high pH of about $70 million 

annually (Landcare Review Committee, 1995) . 

Soil acidification is managed through the 

application of neutral is ing substances, e.g., lime sand or 

Clt •••••••••••••••••••••••••••••••• 
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limestone. The economic benefits of liming are 

generally greater than the costs. However, it is not a 

viable management option for all areas of the state, or 

for all farming systems (AACM International Pty Ltd, 

1995) . 

No other neutralising substance is available in 

sufficient quantities to manage acidification. While 

there is sufficient lime to manage acidification for 

several hundred years, lime sources will come under 

increasing pressure from many industries, including 

agriculture. 

Lime substances are a finite natural resource often 

occurring in vegetated areas of high conservation value 

and their use is not ecologically sustainable in the very 

long-term. Areas of high conservation and landscape 

amenity value must be protected and the impacts of 

lime extractiOn carefully managed. 

• • See ChaptE'r 5 of the SoE R••lemrtr Group Ora/I Worf1i11g 
P.aJlers for more lnf<;>rmatlon on Addl/lrnllo11 . 



Waterlogging 

E . l • • 11v1ronmenta status: •+• •+• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Waterlogging on agricultural land impacts on the 

environment as well as reducing agricultural 

productivity. 

Waterlogging increases runoff, erosion, recharge and 

soil structure decline . Waterlogging and runoff from 

waterlogged areas can damage remnant vegetation, 

leading to losses in biodiversity. 

The extent of waterlogging in WA is generally 

unknown except for some areas where it has been 

studied in detail. 

Objective 
To reduce the extent of waterlogging and inundation 

(surface ponding) on agricultural land and their 

associated impacts. 

Suggested Response 
• lmplem~nt rhe WA Salinity Action Plan including 

surface water control measures . 

• Develop and evaluate new enterprises requi ring 

water harvesting and use, e.g., aquaculture. 

• Use appropria te technology, e.g., satell ite imagery, to 

trion itor waterlogged and sali ne areas to ass ist in 

providing information for improved practices. 

Background 

Description 
Waterlogging is excess water in the root zone of soils 

and results in damage to, or the death of, plant roots. It 

reduces soil oxygen levels, causes a build-up of gases 

toxic to plants and alters the concentration of nutrients 

around the roots (Setter & Belford, 1990; Mcfarlane & 

Belford, 1993). 

Waterlogging occurs naturally in low-lying areas, 

e.g., swamps and wetlands. However, on agricultural 

land it can severely reduce the yield of crops and 

pastures. Here waterlogging is caused by reduced use of 

rainfall by plants, poor runoff, poor drainage of water 

through the soil profile and the accumulation of 

groundwater within the soil profile leading to a shallow 

water table. 

e@eeoeeeeeeee•eoeeeeeeeeeeeeecee 

Agricultural waterlogging also impacts on the 

natural environment. Excess water from waterlogged 

agricultural areas can flow into remnant vegetation, 

carrying nutrients, sediment and salt. This can damage 

the vegetation, leading to losses in biodiversity. 

Waterlogging can also contribute to other forms of 

land degradation such as land salinisation, soil structure 

decline and water erosion (Government of Western 

Australia, 1992) because of its association with reduced 

total water use by plants. 

Waterlogging and rising salinity are closely related 

and both can be managed by making use of excess water 

on agricultural lands (the 'use it or move it' approach), 

through the establishment of perennial vegetation and 

agroforestry. Environmentally acceptable surface 

drainage works are often essential to improved crop and 

pasture establishment and tolerant crops and pasture 

species may be developed and adopted. 

Condition 
The extent of waterlogging varies from year to year 

because it is highly seasonal. Therefore the area of land 

affected by waterlogging is not readily measurable. 

Lack of information on the extent of waterlogging 

does not allow for an analysis of change in the area 

affected since 1992. However, the estimate provided in 

the 1992 SoE Report is now considered conservative 

(Wheaton, B., 1996, pers. comm.). It is likely that the 

extent of waterlogging will continue to increase. 

Detailed information on waterlogging is available for 

the Great Southern ABS Region only. 

Several landforms throughout the agricultural area 

are particularly prone to waterlogging. These include 

duplex and sodic soils. Some land which was naturally 

wet, low-lying and poorly drained, such as coastal, 

estuarine and riverine systems, now experience 

waterlogging. These areas probably should not have 

been cleared for agriculture . 

Pressure 
The pressures which contribute to waterlogging are 

largely a result of agriculture , inappropriate 

management practices, the clearing of low-lying areas, 
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the absence of surface water management and the 

inadequate water use of agricultural species. This is 

confounded by a lack of appreciation of its impact. 

Waterlogging is generally not perce ived as a problem by 

land managers until inundation occurs . 

ln addition, the current trend away from wool 

production means more cropping is occurring in 

susceptib le areas. This increases the total area at risk of 

crop yield reductions from waterlogging. 

Soil cultivation, and compaction by vehicles and 

stock, exacerbates waterlogging. Some forms of 

drainage need to be carefu lly prescribed and regulated 

to ensure they do not contribute to waterlogging or 

have other offsite impacts. 

Current response 
l\esl': 1rLh is llCCurring 1lll tlw usL' ll f rl' ll H>l l' se nsing 

tl'c i111 ll l(}gy I<> ll ]( lllit or w;1tc rl<lggi 11 g. T hL' uis t ol 

w: 1t vrlo ggi ng o n prod11c ti\'ily ;md t lw hl' twfib u( 

111:111 ;1gc 111 c 11t o l w; 1t crlogg i11 g 11s i11 g dr:1i11s, t\lk r;1 11 t 

spn· il's :111d ;1g r<llh >l11 Y h :tVL' :tl so hL'l'll i11 vcs 11,g;tl L'l l. 

Surf;Kl' water d r:1i n:1gc wo rks :111d pL1n t ing ()I 

tolerant pasLU re spec ies arc increas ing. 

H igher wate r using perennial and tree crop spec ies 

are he ing developed (ur inLegration into agricultura l 

sys tc rn s. 

Implications 
While waterlogging of agricu ltural land is a major 

economic issue, it can have significant environmental 

implications. 

The inundation of remnant vegetation, caused 

partly by waterlogging and runoff from agricultural 

land, has been identified as a major contributor to the 

decline of remnants in agricu ltu ra l areas. However, no 

detailed information is avai lable on the direct impacts 

of waterlogging on remnant vegetation. 

Detailed information on the impacts and costs of 

waterlogging in WA is only ava ilable for the Great 

Southern ABS Region. In this area, lost productivity as 

a result of waterlogging ::imounts to millions of dollars 

each year. In wet years th is can amount to over $100 

million, with a sim ilar loss expected for pasture 

production. 

Waterlogging can reduce agricultural /Jroduccivity and contribute to offsite im/Jacts lil<e tlie inundation of remnant vegetation and salinity. 
Phowgrn/Jh by Agriculture \Vestem Au:malia. 

~ •••••••••••••••••••••o••••••••• • • See Section 5 of the SoE Reference Croup Draft Working 
Papers for more Information on Walerloggl11g. 
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INLAND WATERS 

Salinisation of Inland Waters 

Environmental status: •!• •!• •!• •!• •!• 
................................................................................. 
Conclusion 
Salinisation has steadily degraded most of the inland 

waters in the south west of WA since clearing began. 

Salinisation severely alters aquatic ecosystems and 

reduces biodiversity and the supply of potable water. 

Most rivers in the south west have had lower 

salinity levels since 1990, compared to the preceding 

five years, largely due to higher rainfall. Major 

exceptions are the Avon, Kent and Brockman rivers 

that have markedly higher salinities. Significant 

reductions have occurred in groundwater levels and in 

the amount of salt transported by streamflow from 

experimental catchments where reforestation has taken 

place. Discernible reductions have been observed in the 

salt input to Wellington Reservoir following the 

reforestation of about 10 % of the total cleared land in 

the catchment (7000 ha in the highest salt yielding 

portion of the catchment). As stream flow has also 

declined with reforestation, reductions in stream 

salinity are not yet clear and more data are required to 

show statistically significant trends. 

Increases in stream salinity are preventable. 

However, long-term, concerted effort, involving the 

establishment of extensive areas of deep-rooted 

perennial vegetation, is required to halt and reduce the 

problem. Complete elimination of the problem is 

unrealistic. 

Objective 
Consistent with the WA Salinity Action Plan the 

objectives for remedying the salinisation of inland 

waters are: 

• to protect and restore key water resources to ensure 

salinity levels are kept at a level that permits safe, 

potable water supplies in perpetuity; 

• to protect and restore high value wetlands and 

maintain natural (biological and physical) diversity 

within the agricultural areas of WA; and 

• to restore additional inland water systems consistent 

with community driven priorities; 

•••••••••••••••••••••••••••••••• 

This will be best achieved by establishing a stable water 

regime within catchments that protects the condition 

of inland waters. 

Suggested Response 
Implement the WA Salin il)' Action Plan by: 

• expm-id ing programs to recove r and protect 

catchmen ts which have high wcdand , biodiversi ty, 

and poLabl e w<iter supp ly va lues and to protecL 

important in frast ructure under threat from s;ilin ity; 

and 

• supporting community and farmer groups in the 

development and implcmenrati.on of ca tchment 

ma nagement pl<ins to achieve their defined sa linity 

rn rgets. 

Background 

Description 
Salinisation of inland waters occurs when salts 

mobilised by rising groundwater enter a river or 

wetland. As land salinity increases, water which drains 

the landscape also becomes more saline. 

Condition 
Before native vegetation was cleared throughout the 

south west of WA it is believed that nearly all streams 

were usually fresh or marginally saline. Some streams 

would have been marginal or brackish during low flow 

periods. 

A series of naturally saline waterbodies occur in the 

eastern wheatbelt and other inland areas . Such areas 

were seasonally inundated and before clearing would 

have caused relatively minor increases in river salinity 

on rare occasions. 

The average salinity of streams which drain cleared 

areas where rainfall is less than 900 mm/year invariably 

have become brackish or saline (over lOOOmg/L TSS). 

The average salinity of streams which drain the high 

rainfall areas of the Darling Range (greater than 1100 

mm/year) usually remain fresh following clearing (less 

than 500 mg/L TSS) although some increases in 

salinity occur, particularly at low flows. The larger river 

systems that flow from the inland agricultural areas are 

Environment Western Australia 1997 

• 

-



• 
-­... ~ .-.. _. .. 
~ 
~ 
~ .-. -• 

either saline, brackish or of marginal salinity. 

In all waterbodies that become saline, the diversity 

of life that can live in them decreases. Fringing 

vegetation dies lead ing to weed invasion and bank 

erosion or is replaced with sa lt-to lerant species. 

Table 9 shows sa linity levels of representative rivers 

for each affected region. Information on salinity of 

wetlands is limited. 

Pressure 
Any activity that disturbs water balance can increase 

the sa linity of inland waters. C learing native vegetation 

for agriculture has been the most long-term and severe 

pressure. Forestry and mining operations cause 

temporary disturbances to the water balance and can 

lead to minor and temporary increases in salinity in 

some areas. The processes causing salinisation of land 

are the pressures causing sal in isation of inland waters 

because of the relationship between a catchment and 

its river or wetland. The pressure on in land waters is 

quantified in Land Salinisation and Section 5 of the SoE 
Reference Grou/J Draft Working PajJers. 

Current Response 
A ll 111 :1jor curren t responses me focussed o n reduc ing 

s:1l in is:1tinn nf Lmd and a rc oui-l incd in Lnnd 

.~11 /in ist1 l i 1m . T he W:u er a nd R ive rs Commiss iun (WRC ) 

is wmk ing wit h the W:1rcr C urpm:1Liun l t1 reduce 

sa lini ty in some prior ity wa ter resource ca tchments 

throu gh cbiring cnn trll ls :ind rcvegct<1t ion . Ac ti ve 

1-c (orcsu1 t iLm has heen cc1rried ouL on two ex ist ing wa te r 

supply ca tchments, and private 

investment in co mmerc ial tree farming encouraged on 

other catchments. Programs of research and 

development to improve the commerc ial viability of 

reforestat ion have been carri ed out <lnd auively 

promoted . These activi t ies are being adopted by some 

landowners, although th is is current ly foc ussed on the 

high er rainfall meas . 

l mpm ved pro tec ti on of stre:1ms (rum the tempornry 

impac t o ( logg ing has hccn developed :md long- te rm 

research and monitoring programs :ire in place to 

ensure carefu l man;1ge 111 c nt uf h:iux ite mi ni ng and 
suhscqucllt rch :1 hi lit:1l ion . 

Implications 
In addition to the ecological effect of groundwater rise 

and salinity, the economic and other social costs of 

sa linity are enormous and include the following: 

• death of riparian vegetation and salt intolerant 

aquatic fauna leading to loss of biodiversity; 

• loss of potable water and decline in the quality of 

farm water supp lies, that is, dams and soaks. It is 

estimated that only 48 % of divertible riverine 

water resources remain fresh in the south west of 

WA; 

• loss of biological productivity of rivers and streams; 

• creation of new dams as existing ones become 

sa line; 

• significant water treatment costs; and 

• infrastructure damage and repair. 

Table 9 Salinity in re/msentative rivers for affected areas of tl1e State 
(Source: Water and Rivers Commission). 

Rivers 

Frankland River 

Kent River 

Swan-Avon River 

Greenough River 

Blackwood River 

Collie River 

Murray River 

• Insufficient data to form trend 

. Proportion Current Rate of salinity 
of Catchment Cleared Salinity _increase since 1965 . 

(% in 1986) 

56 

40 

75 

50 

85 

24 

75 

(mg/I TSS) . (mg/l/y).,." .. 
. . 

2760 74 

2087 58 

5835 • 

4908 • 

1760 58 

790 24 

2260 93 

The Safi11is11 fio11 of l11 ln111I Wa ters is di rectly related to Laud 
Sali11isalio11 . See Ltrllll S111i11isaf/011 In this report. 

C» •••••••••••••••••••••••••••••••• • • See Seclion b of the SoE Rrfrre11(f' Gl"oup Drnfl Worfilng Papers 
for more information on Sall11 lsatlo11 of l11lmul Wa tel"s. 
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Loss of Fringing Vegetation 

Environmental status: •!• •!• •!• •!• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
One of the most damaging changes we have inflicted 

upon inland waters is the widespread loss of native 

fringing vegetation. All prevailing signs indicate that 

the fringing vegetation of rivers, wetlands and estuaries 

has continued to decline since the 1992 SoE Report. 

Remnant fringing vegetation is not being managed 

sustainablyl . If inland waters are to be sustained 

ecologically they require healthy vegetation along their 

foreshore. In addition, to buffer against changes in the 

groundwater regime which may also affect rivers, a 

significant proportion of the surrounding catchment 

must have intact vegetation. Revegetation should be ' 

strategically located and indigenous vegetation 

established for conservation purposes. 

Objective 
To achieve ecologically sustainable management of 

fringing vegetation zones to meet required 

environmental values, including water quality 

objectives (see Salinisation of Inland Waters, 

Eutrophication and Contamination of Inland Waters), by 

the year 2020. 

Suggested Response 
• Large scale restoration of fringing vegetation is 

necessary to ach.ieve the State's environmental 

objective (above) . Esta bi ish vegetated waterway 

protection corridors on at least 50 % of substantial 

streamlines2 by 2010. Corridors should be of 

adequate width to meet ecological funcrions. 

Guide I ines should be flexible to meet the needs of 

rhe river environtnent <md local community. 

• Research into fringing vegeta tion zone restoration 

techno logies is needed. 

• Waterways restoration progr<1ms, as part of strategic 

environmental plans for environmental regions, 

including carchrnent-basecl revegern rion progrnms, 

are necessary. 

Background 

Description 
Fringing vegetation is the vegetation immediately 

•••••••••••••••••••••••••••••••• 

adjacent to a waterbody. When fringing vegetation is 

lost, a number of environmental problems result 

because native fringing vegetation performs several 

important ecological functions: 

• the reduction of erosion and sedimentation; 

• filtering of nutrients and pollutants; 

• reducing channel erosion by decreasing the speed of 

riverflow; 

• maintenance of river habitats and aquatic 

biodiversity; 

• provision of habitats for important terrestrial fauna 

associated with riparian environments; and 

• provision of ecological corridors for long-term 

ecological sustainability. 

Condition 
Generally, zones of fringing vegetation are not being 

managed sustainably and will continue to degrade in 

non-forested areas, except in small areas where the 

community has taken an active role in their protection 

and restoration. 

Weeds now dominate the zone of fringing 

vegetation in many rivers and wetlands. Table 10 

indicates the condition of riparian vegetation for the 

main channels of all rivers currently surveyed. Forty-six 

percent have no or sparse fringing vegetation. Smaller 

streams, which form most of the river network are 

generally in much worse condition. 

Hill et al. (1996) assessed the quality of wetlands 

based on their surrounding vegetation. They found that, 

of the 60 % of rivers and creeks surveyed between 

Gingin and Mandurah, 52 % of rivers and 66 % of 

creeks had lost half of their native fringing vegetation. 

Only 7 .5 % of wetlands in the same area were found to 

have healthy fringing vegetation. This provides a 1991 

baseline for performance evaluation on the northern 

Swan Coastal Plain. 

A recent study of the samphire marshes of the 

Peel-Harvey estuarine system has found that samphire 

1 A working definition of ecologically sustainable management for 
riparian zones is included in the Working Papers. 

2 A substantial stream is defined as any stream shown on a 1 :50,000 
topographical map. 
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marshes are declining both in quality and quant ity and 

have done so since 1965. Between 1965 and 1994, 

37 % of samphire has been lost (McComb et al., 1995). 

In a community survey of att itudes toward the 

hea lth of the Blackwood River's fringing vegetation, 

more than 80 % of the people who live near the 

Blackwood River were concerned about its condition 

and believed that river h ealth would further decline if 

no action was taken (Butterworth & Carr, 1996). 

Pressure 
The primary pressure on fringing vege ta tion is a lack of 

management and protection to ma inta in the 

env ironmenta l benefits tha t it provides . Currently, the 

proportion of substan tial streamlines not managed 

susta inab ly is n o t known. 

Fringing vegetation is prone to degradation from 

overgrazing and trampling by livestock, weed invasion, 

frequent burning and recrea ti on. Recreation and 

development is a significant pressure on fringing 

vegetation of es tuaries. 

Salinity levels have increased in waterways and this 

is degrading fringing vegetat ion (see Salinisation of 

Inland Waters). Drainage can h ave a significant impact 

if it carries saline water into fringing vegetation. 

Groundwater rise, and increases in the vo lume of 

runoff, are causing inunda tion of fringing vegetation 

which can resul t in its decl ine, espec ially around lakes. 

Dieback can be particu larly severe in fringing 

vegetat ion because the fungus moves rapidly in wet 

soils. 

Weed seeds carried in urban and rural drains can 

establish large infestations when they discharge into 

rivers and wetlands. W eeds can a lso degrade fringing 

vegetation. 

Current Response 
f\ sr;tn.:widc walc rways (ri ve rs and es tua ries ) 

m;111;1gc rn cn l str;iregy is und c1· developmen t. Th e S t;itc 

governmen t is a lso fun Lling Lh c :1ssess rn cn l of fr inging 

vcgc t;ll ion , cd uc1 t i<ll1 11rugi-a 111s and ri ve r rcs to raL ion. 

Ma n:1gcmc nt ;1utho ri t ies h:1 vc hccn cs tahl ished f\ ir so 111 c 

L· ;1t ch 11\ L' 11ts i11 th e S< >u th WL'St o i' W A . Ca tchnll'nt 

groups in thl'sl' ;1re;is :irt' m;in;ig ing zones o ( fring ing 

\'L'gl·t ;\l illn where possi hie . 

T li l' pnip() rt1 u11 () ( s11hst:1 n t i;il strl';1 m lim·s ;id,1plcLI 

;lll , I au ivdy 111;lll:tged m·eds t() he acn1r:1t c ly 

de tc ri11incd , hut is 11nih;1hl y less tli.111 5 % (Prn L. 1996 , 

11l' JS. C() llllll . ) . 

T he L 111LI ;111LI \Xl; 1t e r IZl's< >llJTt's l\esL·;1rc h ;md 

I kvl' l,1pme n1 C m p() f' ;t t i<> 11 's N :1t iun; d Ri11: 1ri;m /one 

l'n1gr;1111 ;1i ms Lu c L1r i(y h()w !'ri nging Vl'gt·t;H iun, 

scd i111 en t:1t iun ;md cu lTnphi c 11 i<' l1 inl cITl' l:itc , ;IJld h <1w 

Lh<.: he;dlh tif dnwns1 rc:i m watc rw;1 ys is .iffccLcd hy the 

hc;dd1 ()( frin .t.; in ,t.; vcg<.: r; \I i<1 11 . 

Implications 
There are importan t imp lications o f loss of fringing 

vegetation on landscape amen ity, biodiversity and the 

ecological funct ions of inland waters, e .g., fish nurseries 

and water bird habitats . There h as been n o ana lysis of 

the social and economic implications of fringing 

vegetation decline in the State. 

Table 10 Assessment of the condition of fTini;ing vegetation in the South Coast State of Environment region and in 
the South West other than the South Coast State of Environment region . 

Near pristine 

Relatively natural 

Corridor river 

Habitat river 

Agricultural drain 

•The condition of fringing vegetation and the main 
channel is classified using the following categories : 
Near pristine - river section and upstream 
catchment contained within natural bush. 
Relatively Natural - river section in natural bush 
but some portion of upstream catchment cleared 
for agriculture or some other landuse. 
Corridor river - river section in a substantial 
corridor of vegetation 

17 % 

21 % 

21 % 

22 % 

19 % 

34% 

8% 

3% 

7% 

48% 

Habitat river - river section retains significant 
fringing vegetation . 
Agricultural drain - river section with nil or only 
sparse fringing vegetation. 
t (Agriculture Western Australia , in press) 
+ (Source: Water and Rivers Commission) 

The Loss of Fringing Veget11fio11 is caused in part by the S11li11irnflon 
of ln lanrl Wafers and Lturrl S11li11is11flo11 and relates to M 11/11lal11i119 
Biodi1•ersify. See these sections In this report. .. ·····························~·· Efliliiii~ 
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Eutrophication 

Environmental status: •!• •!• •!• •!• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Many estuaries and wetlands in the south west of WA 

are nutrient enriched, that is, eutrophic. The effects of 

eutrophication have increased since the early 1970s, 

including: 

• the fouling of beaches with macroalgae; 

• the loss of important habitat; 

• algal blooms in river and wetland systems and a 

decline in water quality; and 

• significant losses of wild life, including large fish 

kills, mortality of entire ecosystem components and 

loss of some ecosystem functions. 

Eutrophication is the result of complex processes 

that are not completely understood. While it is 

necessary to continue investigations to better 

understand these processes, there is a need for 

immediate management action to reduce the nutrient 

loads entering waterbodies, rather than expensive 

technological solutions to the problems once they have 

occurred. This management action will require 

co-operation by landholders and management agencies 

in the catchments. The perceived negative economic 

implications of some actions have been the main reason 

for lack of such action in the past. 

Objective 
• To protect and enhance the condition of inland 

waters to meet specified environmental value 

requirements. 

• To reduce so il and nutrient export from industry, 

farmland and urban sources to waterbodies to 

sustainable levels by the year 2020.1 

Suggested Response 
• 

• 

Develop a framework for Jete rm ining 

envininmenta l vn lues nnd solutiuns to 

eutroph.icat ion in WA, based on the Nati onal 

Water Q uality Management Strategy hy 1998. 

Determine env ironment::i l va lues hy 2000. 

Develop restora tion progrnms for <ill ;1ffected 

·envirnnmenrn l re.l(inns as 11;1rt uf strntegic 

···············~················ 

envirnnment,11 plans and incorporat ion into 

in tegra ted catchmen t mam1gement in it iat ives. 

• Best land managemen t practices should be 

implemented hy 50 % of hmd-users by 2010 and 

100 % hy 2020. 

Background 
Description 
Eutrophication refers to the ecological changes that 

result from the overloading of waterbodies with 

nutrients . Eutrophication of waterbodies is a slow 

natural process that is greatly accelerated by human 

activities. Nitrogen and phosphorus are the most 

important of the nutrients causing eutrophication. 

Algal blooms need phosphorus and nitrogen to 

occur. Phosphorus is the main nutrient causing algal 

blooms in most inland waters in the south west of WA. 

Phosphorus can be present either attached to soil 

particles or dissolved in water. Nitrogen is usually 

already available in sufficient quantities to support algal 

blooms and the outflow of nitrogen-rich water from 

estuaries into coastal waters can cause eutrophication of 

the marine environment (see Contamination of the 

Marine Envirnnment). 

Generally, sandy soils do not hold nutrients and 

allow direct leaching of dissolved nutrients. Western 

Australia has low fertile soils which support plants that 

are adapted to low nutrient levels. In the other areas 

wh.ere soils are heavier and nutrients are bound to soil 

particles, soil erosion plays a leading role in 

eutrophication. The release of stored nutrients from 

sediments into the water column continues to fuel algal 

blooms. In all regions the decay of organic matter in 

wetlands, streams, river pools and estuaries can reduce 

oxygen levels in the water column and thereby trigger 

release of nutrients from sediments and exacerbate 

eutrophication. 

The changes that result from eutrophication can 

cause widespread death of aquatic animal and plant life , 

can decrease diversity, and cause algal blooms which are 

1 Some activities such as logging, road and bridge construction and 
mining cause short-term soil exports that may be sustainable in the long­
term, but require tight controls to prevent long-term degradation. 
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unsightly, smell and are sometimes toxic. 

Condition 
The Select Committee into Land Conservation 

(Legislative Assembly, 1991a) reported that in the 

south west of WA only seven estuaries out of 22 had 

low nutrient levels. This situation has not improved. 

The estuaries that are not eutrophic occur within 

forested catchments. 

Information on nutrient trends over the last few 

years indicates that except for the Peel-Harvey coastal 

catchment, phosphorus levels are not being reduced, 

although most nutrient data have not been rigorously 

analysed. 

Pressure 
The most important sources of nutrients are: fertilisers 

from broad-acre app lications; fertilisers leached from 

horticultural practices; nutrient-rich runoff from 

intensive rural industries; urban development; and 

waste water from industrial sources. Western Australia 

is by far the largest phosphate fertiliser user in Australia 

(Australian Bureau of Statistics, 1996a). 

There is a tendency to over-ferti lise private gardens 

in the false belief more fertiliser results in a greener 

garden. Excess fertiliser is leached from soil into 

groundwater or carried as runoff into wetlands, rivers 

and estuaries. 

Various human uses reduce river flow including 

public and private clams and river diversion. Decreases 

in river flow often increase the likelihood of 

eutrophication. This is because there is less flushing for 

nutrients to be diluted, because the river will move 

more slowly, and nutrients can accumulate in sediment. 

Hirschberg and Appleyard (n.d.) found that 

agriculture is increasing the nutrient concentration of 

groundwater, particularly on the Swan and Scott 

Coastal Plains. Expansion of horticulture on coastal 

plains is a significant and growing pressure. 

Point sources of pollution that contribute to 

eutrophication include some waste disposal and 

industrial sites, sewage and waste water discharges. 

Figure 7 presents the severity of nutr ient loads to 

various waterbodies in the State. 

Cl» •••••••••••••••••••••••••••••••• 
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Implications 
The impact of eutrophication on recreation has been 

significant, especially on the Swan Coastal Plain. The 

total economic cost would be very large and include the 

cost of lost biological resources, lost nutrient resources 

and required remedial measures. In addition there are 

significant implications for local losses in biodiversity. 

Eutro/>hication leads to excessive growth of macroalgae. Here a 
tractor removes unsightly and />Ungent algae from an estuary 
foreshore. Photogra/Jh by Ernest Hodgkin. 

See Section 6 of the SoE Reference Croup Drqfl Warklug 
~~-"'.'.'.Pa ers •for )more'lnformatlon 'on~ulril"jjfrlcntlon _ _ _ _ - --. -~ 
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Figure 7 Severity of nutrient load.s to various waterbodies in the State (after Legislative Assembly , 1991 a) . 
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Sedimentation 

Environmental status: •!• •••••• • • 
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Conclusion 
The extent and severity of river, estuary and wetland 

sed imentcition h<ls not been quantified and no 

significant infonmi.tion C<ln be <idded to that provided 

in th e 1992 SoE Re/loll. 

Howeve r, sed imen tcit: ion is a seriou~ environmental 

issue th<lt reduces water quality <1.nd biodiversity, and 

incre<lses rhe likelihood of floodin g. 

Sediment load from erosion in the surrounding 

ca tchment is a major source of nutrients causing 

eutrophication in the .-;nuth west. 

Objective 
To retu rn the sedimentation in waterways 'md wetl<incls 

to ecologically susta inable leve ls and restore a 

significant proportion of river chm111els, pools and 

wetlands by 2020. 

SUP,Reste Response 
·11 1nl· is ;1 11 11 rgl'IH Jl l' l'd lu \'.'>l:1hli.,h n«d1,1 k lung- tc11 11 

t:l l'f',\' ls l< l :1ch il'V <' t lw nh.i <'\ ' t iv<' f. 11· snlimc111:11 in 11 p ( 

w: 11nw:1ys . T lw t:irgl' ls sh,iu ld hl· h: 1sl'd <l ll rl'sl':m·h 

findings :md :1n :1grl'cd :q1prnac l1 to sl'd i111 l·n t 

muni tu ring hy tlw end o ( 199.S . l ~csponsc .s shrn il d 

inc ludL' :1c l iu11 tuw:1rd: 

• cst:1hlishi11 g vcgct:1l l'll w: 11 c rw: 1y pr11rcc l iun co rri d<l rs 

( .q'l' L(Jss (/ / F1·i11 .~ i1 1 g \/l'gl't11 ti rn1 ); 

• 11 1111 i11 1i si ng tl H· ,Ji,L h:1rgl' ,1[ ,l'd 111H ·1 11 lrrn 11 rura l :1 11d 

m h:m dr:1i1 1.s so :1s (() hl' :11 tT() log ic dly st1st:1i11:1h k· 

lcvl' ls hy 2020; :1nd 

• l' nsmi ng lwst l: md 111 :111:tgL' ll1 l' l1l pr;1ct icl's :trl' 

adopll'd hy 50 'X• 111 h ml use rs hy 2000. O ne 

l11111 drcd J1LTL'L' l11 ti l l. md 11sns shrnild h:1vc :1du1• tc1l 

l>l'Sl rn:magL'Jlll'lll pr: 1c1 icl's hy 2l)20. 

ll.1·s11<1JlS<'s :1111• ly l<l ru1a l ;111d urh:111 :trl':ts :1ml should he 

dcvl' l<1pl'd :1s :1 \'1111q1llm·111 <i i the Suite's inll'gr:tlL·d 

c:1tch111cn l 1n: 111:1,t.:l' Ill l' llt pll li cy. 

Background 

Description 
Sedimentation of waten\lays <ind wetlands occurs when 

soil becomes unsrnble and erodes from urban and 

G •••o••ee• .... c .. "' e • • • o • e • e e e e e 
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agricultural catchments and the banks ancl beds of 

streams. 

ln the wurh west of the State, catchment runoff has 

increased where native vegetation has heen cleared. 

The high peak flow rntes t·hat resu lt erode the exposed 

sn il, crca1·ing gulli es and d;-1maging srream channels. 

Wind can <1 lso disturb ex posed soi l and ca rry it into 

waterhodies. In the north of the state sedimentation 

rates ::u e n<lt:mal ly high, hut pastoral and some mini ng 

activities have <iccelcrat'cd the r;ir t:' of erosion. 

Where w;i\"er flow dccrecisrs , sf'dimen r fo ]J., from 

suspension, cove ring vegernrion mid scvPrf'ly dcgr;;id ing 

the ecnlogy of aquatic systems. Eventually sediment rn n 

completely f!ll deep ri\·cr poo ls. A simil.ar process occurs 

in wetlands. 

O rg<inic matPrial, e.g., anim<ll m;i nure, rn n cause 

orher problems as i.t clec<iys, such as decreasing the 

;i mo11nt of oxygen availahlc to susrn in aqua.Lie life. 

Condition 
C urrently it is not possible to doc ument accurately and 

consistently the num ber of ri ve r pools, weLlands and 

estuaries affected by sedimen tation. However, it has 

been estimarccl drnt over half of the fo rmer pools on 

the Avon R iver have been filled with sediment. ln a ll 

rivers where sedimentation is occurring ecologic::llly 

important pools me being lost. 

Figure 8 shows the rivers currcnrly known to be 

most affected by sediment<irion. Sed imenrntion <i nd 

erosion can he severe in the Kimberley, cilmost all of it 

resulting d irectly from p<lst practices of the pastora l 

industry such as overgrazing and the introduction of 

ff·ral animals. 

The 1992 SoE Rc/J01't estim<ited that: 

• 3-4 m of sediment scours the Fitzroy main 

channel during peak flows ; 

• a single summer flood brough1· 100,000 m3 of soil to 

Beaufort Inlet and reduced its depth hy 25 mm; 

• the depth of Stokes Inlet has been reduced by 20-25 

cm in 30 years; 

• sed iment a lmost filled rhe Irwin Inlet in a flood 

event ; and 

~ .,..,.... .... --- ........ -......,- -.- - ...... -- - -----·-- ....,..._ 
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• many other south west estuaries have become 

shallower since clearing for agriculture began. 

Pressure 
Sedimentation affects all rivers where agriculture, 

pastoral activities and degraded fringing vegetation 

zones occur (Legislative Assembly, 199lc). 

Healthy fringing vegetation protects rivers from soil 

erosion in the catchment and prevents bank erosion. 

Information on fringing vegetation zones is reported in 

Loss of Fringing. Vegetation. 

Human activities in the catchment of a river, 

estuary or wetland can increase the natural rate of 

erosion. Erosion from agricultural areas is a major 

pressure on inland waters and is discussed in Soil 
Erosion. 

In the north of the state, pastoral activities have 

been particularly damaging to flood plains surrounding 

rivers and wetlands because their grasslands are 

favoured by stock. While the numbers of animals 

grazing along river frontages has been significantly 

reduced in recent years, gully erosion has accelerated in 

these areas and the total rate of sedimentation has not 

declined. 

In severe cases the natural rate of erosion increases 

more than 1000 fold and waterbodies rapidly fill with 

sediment (CSIRO, 1992). Large scale soil disturbance 

and exposure is the main cause of sedimentation and 

this was rare before Aborigines were disposessed of their 

land and land clearing began (Olsen & Skitmore, 

1991 ). 

Fire can cause large scale soil disturbance and leads 

to sedimentation. It seems likely that the vast majority 

of fires in the Kimberley region are deliberately lit. 

Natural fires are less frequent and can be caused by 

lightning strikes. Fire frequency and extent appears to 

have increased dramatically in recent years. Although 

data are sparse in WA, it seems likely that fires and fire 

frequency is causing an accelerating and perhaps 

irreversible impact upon the natural vegetation of the 

region and therefore upon soil erosion and 

sedimentation levels. 

Artificial drainage systems built throughout the 

State also contribute considerable quantities of 

sediment to surface waterbodies, because many of these 

structures are poorly maintained and are degraded and 

eroding. 

Current response 
The Nation;:i l Riparian Zone Progrnm involves research 

to qu;m ti(y the value of riparian vegetat ion in 

······························~ 

protecting rivers from sedimentation. 

Activiti es conducted by commun ity groups flnd 

supported by govern ment have resulted in fencing and 

reh abilitation of some waterways, for example, the 

Kalgan, Hay, and Blackwood Rivers . 

Min ing activities in places may cause 

sed imentation. However, when undertaking ground 

d isturb ing activ ities, miners ;me! explore rs must submit 

under rhe M ining Act 1978 (WA) an application for 

ground disturbmce or a Not ice of Intent:. These deta il 

bo th the management commitmems to avoid 

envi ronmen rnl impacts, and rhe rchabiliLation 

procedures to be employed. O ngoing activi t ies are 

monitored through the annual environmental repmring 

process . 

Significant stretches of the .Fitzroy River fron tage 

has been fenced to prevent stock access . Agricultu re 

WA and the P;:istura l Board are entering into 

management agreements with pastorn lists to contro l 

grazing on rive r frnntages. However, vegeration 

degradat ion and increasing levels of soil erosion 

currently occurr ing on orber rivers in the north west" 

will cause future problems and di mi n ish the ir potent ial 

and economic worth as poss ible development sites <lncl 

sources of water supply. 

Integrated catchment management provides the 

framework for co-ord irnHing custodial 1rnmage men t in 

rural and urban meas. 

Implications 
Soil is a valuable resource that is being lost at rates that 

are economically and ecologically unsustainable. The 

economic and social costs of sedimentation are 

unknown. Howeve r, loss of river pools has significantly 

reduced recreational opportunities for some agricultural 

communities and also directly reduces biodiversity. 

Bulong pool on the Avon River was once about 10 m deep . It 
acted as a summer refuge fo1· aquatic fauna. Now the )Jool is 
completely filled with sediment from the surrounding catchment. 
Photograph, Water and Rivers Commission. 

Setl i111e11 lal io11 is directly rela ted to the Loss of Fri11g i11 g Vegelalio11 and 
So l! Erosion . See these sections In this report. 

• ~ See Section b of the SoE Referen(e Gro1111 Dra~ Worf1i11g 
Pt1pers for more information on Setli111e11talio11. 
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Figure 8 Severity of sedimentation in rivers of the State currently known to be most affected by sedimentation based on availnble 
information. 
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Contamination of Inland Waters 

E . l •• • • nv1ronment11 status: +• •+• •+• 
................................................................................. 
Conclusion 
In several SoE regions, waterbodies are affected by 

contaminants at levels that exceed EPA guidelines for 

the protection of aquatic ecosystems (Environmental 

Protection Authority, 1993). The effects of 

contamination are often not immediately visible, and 

the problem may go unnoticed for a long time. 

Contamination events are often undetected and 

monitoring programs rarely detect peak concentrations. 

There have been very few measurements of water 

contamination in WA to assess the extent of the 

problem at the regional and statewide scale. There is 

no coherent strategy for addressing contamination by 

diffuse and unregulated land-uses. 

Objective 
To identify and contain contamination of inland waters 

induced by h: mans at levels below EPA guidelines or 

environmental value criteria by 2001, while preventing 

contamination from singular or cumulative sources in 

future development. 

Sugg~sted l{espo11se 
• The dfrctiveness of responses to b;:m or restrict 

some pesticides has not heen assessed and could be 

linked to the National Lmd nnd Water Audit. The 

audit should also determine the current status uf 

con tarn ination. 

• Environmental guidelines arc rwt available for 

acceptable levels of contam inants in stream <md 

wetland sed iment. The EPA should review the 

guidelines for soil conramin<1tion (Austrn li<m <rnd 

New ZeaLmd Environment and Ccmscrvatil1n 

Council & Nmional Health and Medica l Research 

Cuuncil, 1992) and develop a suitable set of 

gu idelines for assessing conrnmirn1tion in sediments. 

• All sign ificm1t point sources of contaminants should 

be identified by 1998 and be fully regulated by the 

year 2000 as part of a statcwide Clmtam irnition 

srrntcm1• 

• A strategic system of monitoring contaminmlt loads 

into majur watcrbndics subject to significant h uman 

pressure to be in pl<ice by the ycm 2000. 

·············••@••·············· 

Background 

Description 
For the purposes of this section, contaminants include 

chemical pollutants (see Environmental Protection 

Authority, 1993) other than nutrients, salts and 

sediment which are addressed as separate issues because 

of their significance (see Eutrophication, Sa1inisation of 

Inland Waters and Sedimentation). ~ 

Severe contamination can restrict human use of 

waterbodies and cause health problems. It can also 

cause many ecological impacts. Above certain levels 

pollutants can cause mutation in organisms, a decline 

in the health and diversity of vegetation and at extreme 

concentrations, the death of plants and animals. 

In some cases the effects of pesticides on native 

fauna are greater than on the target species 

(Department of Environmental Protection, 1995b) . 

Condition 
The extent and severity of contamination depends on 

the source of the contaminant, the land-uses and 

industries in the catchment area and the effectiveness 

of pollution controls, if any exist. 

Pesticide concentrations monitored in the 1970s 

and 1980s indicated that in many cases EPA guidelines 

were exceeded, but generally contamination was limited 

in extent. Many pesticides that have been monitored 

are now banned from use . Recent monitoring has only 

been conducted for the Preston River (1985-86) to 

confirm the effectiveness of these bans at reducing 

pesticide concentrations (Klemm, 1989). This study 

confirmed that the number of samples of 

dichlorodiphenyltrichloroethane (DDT) and dieldrin 

exceeding EPA guidelines had decreased, but another 

substance, chlordane, had appeared at levels exceeding 

the EPA's guidelines in 12 % of samples. 

The concentration of many heavy metals (copper, 

mercury, lead, zinc and chromium) has exceeded EPA 

guidelines at po ints in the Swan River Estuary. Recent 

monitoring of the Peel-Harvey Estuary found the heavy 

metals chromium, lead, mercury, selenium and zinc well 

in excess of EPA guidelines (Agriculture Western 

Australia, 1996). 
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No consistent method has been developed to report 

on wa ter pollutants. Information on po llutants other 

than heavy me tals and pesticides is limited and 

reporting on the condition of the environment a t the 

region al scale is currently not possible. 

Pressure 
Diffuse source contamination can resul t from urban, 

agricultural and forestry use of pesticides and fertilisers. 

Monocul ture crops usually require rigorous pest­

management programs. 

Soil conta ining excess fertiliser and pesticides can 

erode , carrying chemica ls into waterways . Poorly timed 

applica t ion o f fertilise r and pes ticides can a lso 

con tri bute to this prob lem. Po llu tants can leach 

th rough sandy so il, contaminate groundwater and often 

move into waterbod ies. 

Herbicides are used fo r mainta ining fire breaks and 

fo r weed control. In timber plantations perennial and 

annua l weeds are often con trolled with herbicide. 

Herb ic ides used to control weed infesta t ion near 

waterboclies are used in suffic ient quantities to cause 

short-term contaminatio n . The refore, protecting 

fringing vegeta tion from humari disturbance is 

important to prevent weed invas ion and contamination 

fro m herbicides . 

Unsafe disposa l or use of chemicals may cause 

contamination. This problem is often exacerbated by 

poor industrial and commercia l by-product t reatment 

and management. Useful by-products may be wasted 

because it is often ch eaper and eas ier to disch arge them 

into waterbodies. 

Heavy meta ls and o the r chemicals en ter waterboclies 

through drains that carry water from industrial and 

commerc ial areas . Urban stormwate r drains a lso 

t ranspo rt a lot of ch emical res idue from roads and 

surround ing land- uses. Dumping of tox ic substances 

such as motor o il and chemical waste into drains is the 

resul t of poor disposal practices and lack of economic 

incentives. 

The main con taminan ts from industrial effluent 

likely to pollute inland waters are metals, acids, alkalis, 

su1tactan ts, organic chemica ls such as phthala tes, 

phenols and creso ls, waste o ils, a romatics, po lycyclic 

aromatic hydrocarbons, po lychlorinated biphenyls, 

h alogenated a liphatics, pes ticides and metabolites, 

radionuclides and bio logica l contaminants. The amount 

of these contaminan ts emitted to waterbodies is 

unknown. 
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Current response 
T he use ;md d isposal uf chemica ls h;is heen 

rrogressive ly reguhLcd. Fo r cxamp k , o rganochlorinc 

chem ica ls that h;1vc hecn widely used as pesti c ides, e.g. 

DDT. d ie ldri n ;md heptach lm, have hern h;11rnL·d af'tt.: r 

1ll;1ny ye;1rs of use :1(1 er idc n tif"ic1t i(ll1 or the ir <1dvc rsc 

en viru11 111e ni-a l imp:lCts. 111 thL· p:1s l , <1 rig!lruus 

p1-cLa ut ion;1rr :1ppro;1ch has noL heen <1p pl iL·d when 

;iLTept ing 11L' IV Lhe111 ic;1J., frn· use in the c11v in>nment. Jn 

jullL' \ lJK7, m g<1nuLhll1r i1w f'L'St ic idcs were dcreg is1c rcd 

t(1r .di ;1griL1 il t111·; il llSL".', ;\I HI i11 J111w \l)LJ'i , 1hc ll' ll l< li ll i11g 

11rh,1n 11 scs uf ,1rg;1nut h l,1r i1ll' 11cs t iL i1ko- we re 

dn cgistc1ul . Ti ll' rc i~ u l. 11 1 , 111 ,1 \ 1wsti Lidco- i11 W/\ 10-

lll <1 11 ;1gL·d j,1int ly hy the l k.dth l k 11:11 t1n c1 1t uf W/\ ;111d 

/\_gr iuil tur, · W/\, thr() 11 .1.: l1 vmio11s p iL'L'l'S ll l lcgisL1t ion. 

B()t h :igc nc ics ;K l ivL·ly pro 11Hll l' rcs11rn 1s ihk JW.s t ic itl c 

I I.SL' i11 h,11 '1 111h; 111 :111d :1 gr1c11l tur:d L' ll\"ll"l111111 e 11 1s. 

l Ill' I ll ;\', '-;w;111 Ri1·L·r Trnst .md WI~(', :il P11g with 

J,1v; il 1·1>rn 11 11 1ni1v -h;1sL·, l L·11 1·1rP1 11 111·111 .1•n111 ps, p;1rt i1 ip;1t 1· 

i11 11u ll111 1,11 1 .11v.11\' lll"."- ;1 111l n l11L; ll iu11 li ll ll \1;i i_g11s. Tl1c 

vo lun1.1 ry work,, \ L·1w1n111111,·11t _grrnq10- .'l 1cli as the 

Cllnscrl':1t 1u11 C()11 11Lil o f W/\, (~ rcenpt.:< I Ce ;111d till' 

/\ 11s tr;d i:1n ('t1nsc rv;1t iu11 Fou 111h ti, 1n h:1s ll (IL.'n set t l1\' 

p:1CL' in t.:Ll uc 1t i1 111 ;1ml <11V: 1rc1JL·ss pn 1gra111 s. 

l'vl: 11 1y 1'1l ll l\ l.s l1; 11"l' 1; 1kc11 11p till' L· ld k11gL' Pl. 

re,l lll i 1 1 .1~ \WS I IL11it.: tlSL" ilmn1.i.;l1 r\'se;11 ch in tll 111 tc.1.;1:1 ted 

pes t-m;m:1 gcme n t, 1x·r1rn1c ul ture ;ind organ ic hmn in11 

pr:1ct in ·s. 

Env ironmcnt :d Pn 11 ect iun l\ 1licies (EPP) a11d :1 

St:llt.: PL11 111i ng l\ 1l iq ;i re hcing dt.:vc l"ped tu he lp 

11revcnt nm1;1 111in;1t im1 in Slllll e nf Pe nh's va luahlc 

gru11nd w;\lc r res() 11 rces. !\ sr:1 rew idc EJ' l"'> wi ll he 

devc lllpcd in the ne;1r fut ure ILl pmvidc ;1 st r;ll cg ic 

fralll L' Wl ir k fn r gn 1u11dw;1LL' r 11rulL'L I io n. 

/\ Sc k'c t C ll 111 mi l Ice int () tvlc 1 mp,1 liL;111 

D\'ve lop1ne11 t :1 11d () m1 111 dwat l'I" S up11li t.:s replll"tcd (111 

lll <ll tc rs 1;c L1ting Ill gr(l11 11dwater c1>nt;m1in ;\l ion in 1994 

f(1 r l'er th 's puh li1 d rin ki ng w:1 tcr source :1rcas 

( Lcg isl:1 t i Vl' !\ ssl'l\1 hi y, l t.Jl)4) . T h is h :1s led to ch;m _gL'S 

Ill 1hc hil urn L1 riL'S llf wat l'I" pl1 il uliun L'll l1 irll l ;i n ·: 1s ;111 d 

pn ,prn.ccl ,1111t.: 11du1e11ts to t li l' tvk1 n 1p,1li1;1 11 R1· ,t; i()n 

::-ichcm c . 

Implications 
Besides the ecologica l impacts that contamination can 

cause, human h ealth can also be impa ired . M any water 

po llutants in h igh doses are known to cause cancer and 

a range of other illnesses . Information to quantify th ese 

effects is no t available. 

T he Co11 tn111i1111 t i1111 of t11t1111d Wa ters is closely related to Ltmtl 
Co11t11 111i11111io11 . See th is sect ion In this Report. 



MARINE 

Degradation of Marine Habitats 

Environmental status: •!• •!• •!• 
................................................................................. 
Conclusion 
Based on available information, important marine 

habitats are generally considered to be in good 

condition. There are some locations where habitat has 

been damaged. 

Detailed knowledge of most habitats is poor and this 

needs to be redressed. Lack of information does not 

allow reporting on the degradation of marine habitats 

at the regional or State scale. 

Objective 
• To ensure there is no further significant human 

induced loss or degradation of marine habitats. 

• To protect and enhance all environmental values of 

marine habitats . 

• To document and monitor the condition of WA:.s 

marine habitats. 

Suggested response 
• Esrnhlish a representative system Llf mar ine reserves 

in line wirh the New Horizons in Marine 

Ma1wgcme11t Pol icy. 

• Improve our knowledge uf impurtant marine 

hab it<1ts and resources th rough a co-ord inated 

research and monitnring prngrn m. Identify, map, ;1nd 

establish baseline cnnditions of hab itats . 

• Establish regiona l strategies for susrn inab le 

resource use for meas under greatest pressure (such 

as Pi lb,1ra ;:md Perth metropll l i rnn 1m1ri ne regions). 

• Develop a publ ic inform;1tion progrnm to ensure 

users of the mar ine environment act respons ibly and 

do not dmrn1ge import;1n t habita t. 

Background 

Description 
There is large diversity of marine habitats in WA The 

main types of marine habitats of concern in WA are 

mangroves, algal dominated reefs, seagrass meadows, 

coral reefs and soft sediment sea floor (benthic) 

communities. 

The emphasis in this section is upon degradation of 

marine habitats which have been identified as 

significant from community and scientific opinion. This 

·······························~ 

issue should be read in conjunction with the section on 

Biodiversity. 

Condition 
The coastline of WA supports about 20,000 km2 of 

some of the most diverse assernblages of seagrasses in 

the world. Seagrasses are in good condition except for 

Albany harbours, Cockburn Sound and parts of 

Geographe Bay. 

The remoteness of many of WA:.s coral reefs has 

protected them from degradation. Most reefs are 

considered to be in pristine condition. 

Mangrove forests extend 2500 km around the coast 

from the Northern Territory border. Most of the 

mangrove forests are in good condition. In some places, 

e.g., the Pilbara, the mangrove forests have both local 

and global significance and some areas have been lost 

as a result of port and road work, and salt farms. 

There are limited <lata on WA soft sediment sea­

floor communities other than in Cockburn and 

Warnbro Sounds and on the North West Shelf. Data 

indicate that the North West Shelf is an area of high 

biodiversity (Ward & Rainer, 1988). 

The benthic fauna of southern Cockburn Sound 

shows signs of pollution effects. (Department of 

Environmental Protection, 1996). 

Pressure 
The dominant pressures affecting these habitats are: 

• direct physical damage caused by port and industrial 

development, pipelines, communication cables, 

mining and dredging, mostly in the Pilbara and 

Perth Metropolitan marine regions ; 

• excessive loads of nutrients from industrial, 

domestic and agricultural sources, mostly in the 

Lower West Coast, Perth Metropolitan and 

South West Coast marine regions (see suggested 

responses in Contamination of the Marine 

Environment) ; 

• land-based activity associated with ports, industry, 

aquaculture and farming, mostly in the Pilbara, 

Central West Coast, Lower West Coast, Perth 

Metropolitan and South West Coast marine regions; 

• direct physical damage caused by recreational and 
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commercial boating activities including anchor and 

trawling damage, mostly in the Kimberley, Pilbara, 

Shark Bay, Perth metropolitan coast and Geographe 

Bay areas. 

~1..ll~,:;.-

S mvc ys :111d 11 11 111 itl ll lPg st ud ies have s tc.lll il y 111nc:1scd 

l1 111' lrnl>w lcdgl' l>i 111 :1r i11l' h: d1 i1.1 1s .1 11'1 hiod i vcr~: i 1y . 

l\·1n 1ku1 11 crn 1q1:111 ics , J)q1:ll'llll L' ll t nl C llnsc rv:1 t il1 11 :i n d 

I .:111d M:.11:11~l· 1 1 1 ,·1 1 t (t ';\ J lvl), I k p: 1rtu1c111 1if 

Em m >11111l' llt :il l' n11,·LtiPn , ivlun l11cl1 U 11 1n·rsi1y, tl w 

ll 11i nTsi 11 ul\\//\,' :s' J~(), WA 1'v!i 1Sl 11111, 111,· 

/\i ts tl':\ ll:il l J1 1Sti t lltl' <ii rvl:ll'llll' :-;l il'i)Ll', t ill' hslinJ,'.S 

I lc [':lrt 11ll' l11 , 11 \'\,//\ :11h l 1 1 1 lw r '1ri~: 11 1 1:; :1 1 i1 >1 1:, 11 11·<.' 

\ ll il: 1h111 :1l\'1l 1111 1· : r1<>11' f11'<1j('1·1s l<1 111. q1 m: 1r i1w 

l1:d111:11 .-; , 11H1111l ll r w; ll lT <111 :1 l1 1y.; 1111l 1111d, ·rt :1kl' n ·s1·; ll'l l1 

111tll d 111, 111 1gs , sl'a hird .-;, turtk, , V L'~'. l' l :i t ion, Cish, 
< 111,1; 1, ,·;11is ;11 1l l 111« lh 1sc .s. 

T 1rgets 1;1r 11 u tr ic 11 ts a nd ilH•llitu1111g llt nul11 c 11L !evds 

h.ivc hc c.:11 1mp lcmc n tcd succcsstul ly fo r l'rmccss R,iy: d 

lb rhour and O yst er Hmhour :It /\ lh:111 y ,md (, ir th e 

l'e rrh mct rupo lit :1 11 C():ts Lil w:1tc rs. 

A .'i l:t11 ·w1,k sy:-:t u11 11( 11 1:1 ri n L 1·l'Sl'rVL''.s 1.s hc111.t.: 

l'.st: ihli sh cLI hy C/\ Uvl. 

Tli l'l'l' ·1rl' sc1 n a l n t h l' r c ur re nt resp<H lsl'S Ill 

d l'gr:1da t io 11 ,1l111:1ri t1 L' l1 ah i1 i: 11.-;. h n· n; :11n p lL., tli l' Shark 

lhy /V!: 11i 1w ]'· 11-k prn l\'l' tS S()l\H' 111t ill' 111llSI llll j1l ll i;\I) _ 

"·:1gr. 1s.'i 1m 1til111'S 111 WA "". h l' l·islin il·s Pc11: nl 111l'll l 1.s 

Jll <'S\'1 1!i y \':l1'1\ i11g I HI( Sl':1hn l ~ ll l'h\'S ll1 ckl i111i t ,\ll'.IS 

1<>1 tL111 l111,g 111 Sl 1: 1rk J\: 1y. 

Implications 
As the State develops its industrial and resource sectors 

increased pressures will be placed on marine habita ts. 

Our knowledge of these habitats is scant and any loss of 

biodiversity could significantly affect ex isting resources 

such as fish stocks. 

See a lso M11i11flli11ing Bimli i•ersity a nd Fisfi<•rit.•s in this report. 

- ••••••••••••••••••••••••••••••••Lu 
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Contamination of the Marine Environment 

E . l • • • nv1ronmenta status: •+• •+• •+• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Contamination of the marine environment is most 

pronounced in the Perth metropolitan coastal waters. 

Past actions are beginning to deliver reductions in 

pollutants but as Perth's population increases there will 

need to be further steps taken to reduce the discharge of 

contaminants. 

Objective 
To protect and enhance marine waters to meet 

environmental value requirements. 

Suggested response 
• A 'rntewide invenrory uf contmnin :ml Stlurces 

should he developed <md maint<tined by Dep;-iriment· 

uf Environmental Protection (DEP) <is part of the 

N~1tion;1l Pol lut<11lt Inventory. 

• Eiwirnnmenr;1l surveys should he undertaken in 

areas of knuwn contamination to qu;mtify ;my 

effects and to prov ide n hasel ine for the future . 

• T he Environmental Pwtection Authority should 

fo rmall y des ignate env ironmen ta l values for Perth 

merrnpolit<m coasrn l waters by the end of 1997. 

Designation of environmental values of the 

remainder of the State should occur by 2000. 

• A contamirnmt management strntegy should be 

developed for Cockhu rn Sound and Sepia 

Depression by 1998. 

• The WA Government should seek a rev iew of the 

Australian and New Zealand Environment and 

Conservatim1 Cnuncil recommendations on 

ant ifou ling paints for vessels over 25 m, with a view 

to reducing tr ibu tyl tin levels. Hc~1 Ith implications of 

current tTihutyltin levels in she llfish need to he 

quantified . 

• The WA Government shou ld estab lish a forma l 

framework to co-ord inate environmenral 

m;magcmcnt wichin Perth\ mctmpo li 1;111 coasta l 

waters and between these ll'aters and their hm d 

c1tchments. 

••••••••••••••o••••••••••••••••• 

Background 

Description 
Contamination of the marine environment is caused by 

a variety of substances discharged through wastewater 

in outfalls and drains and from contaminated 

groundwater, rivers and estuaries. The major 

contaminants are sewage, agricultural runoff, industrial 

discharges, and tributyltin which is an ingredient of 

anti-fouling paint applied to ships and coastal vessels 

above 25 m in length. 

Condition 
The Perth metropolitan coastal waters are subject to a 

number of contaminants. Nutrient-rich waters 

discharged from the Peel-Harvey and the Swan­

Canning estuaries in winter affect the area from 

Dawesville to Yanchep. Trends in water quality since 

the 1970s are shown in Table 10. 

Organic pollutants such as pesticides and 

hydrocarbons are low and within the range typical of 

uncontaminated areas. 

Heavy metals are low except in harbours, marinas 

and within 1 km of the Cape Peron outfall. Heavy 

metal concentrations in mussels are well within public 

health standards. 

Based on projections made in June 1994, loadings of 

contaminants from domestic waste water treatment 

outfalls have increased since the 1992 SoE Report and, 

assuming current levels of treatment and disposal 

practices, will continue into the future . 

Tributyltin contamination is widespread throughout 

Perth metropolitan waters and has increased since the 

1992 SoE Report in areas frequented by vessels longer 

than 25 m. It is highest near marinas and ports. 

Tributyltin contamination is present in all major ports 

in WA. 

Outside the metropolitan area sewage discharges to 

the ocean have mostly ceased. There are local cases of 

sewage contamination. For example, in Coral Bay · 

contaminated groundwater from sewage leach drains is 

moving into the bay. Nutrient discharge from rivers and 

estuaries is restricted to the south west. The effects of 
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these discharges on the marine environment are 

unknown. Similarly, the effects of discharge of sediment 

from rivers in the Pilbara and Kimberley following 

cyclones is unknown. 

Pressure 
Sources of nutrient to the metropolitan marine 

environment are predominantly from domestic waste 

water via outfa lls at Cape Peron, Ocean Reef and 

Swanboume and to a lesser degree, contamin ated 

groundwater and river and estua ry discharges. This 

waste load is expected to grow significantly as Perth's 

popul a tion increases. Elsewhere in WA , o utfa lls have 

been removed. Spi lls and systems fa ilure remain as 

potentia l p ressures. 

Heavy metal inputs are likely to increase by a factor 

of two or three over the n ext 20 years in metropolitan 

waters. 

Further i.ndustrial development in the P ilbara and 

expansion of ports wi ll increase the sou rces of these 

co n taminants. 

Current response 
The .\rnaltern Mcrrn/)()litan Coaswl \,Vwns Study 

C() Jld l!cll'd hy the DEi' ;111d l he Perth Couswl \,Voters 

. '-;1 111/y (.'l'l° \V;11vr /\11lh•>r i1y (\ ( WL'S ll'1'11 /\L1str; tl i<1, 1995) 

Lund i" lnl hy ilw \Xl;itl'r C1> rJ'l •r:11 h111:11·L' 111:1j,>r 

;1dv;m ccs in um 11nd l.'. rs1;1rn li11g ()I the 111 :1ri11e 

L'11vin> 11 111cn l . T hv W:1 ll'!' C1>rJ'lll'< tl i•>11 is invcs1 ig:1t ing 

Lrl':ll lll l' llt u p! iuns 1m th l' Cape l'cron uuth ll whic h wi ll 

red11ce suspended so lids, n utri ent and metal lliads . 

T he use of trihu ty lt in in antil't>u ling paim has been 

h;mned since J 991 on vessels less than 25 m. 

lntcrn:1tion:d act iun on disc h ;1 rgc fro m shi ps has 

hcen ;1do11tl.'.d hy Auslra lia . Emergency pLins for 

shi pp in g ;1Ccidc nts ;rnd o il sp ills :11T in pl ;tcc..:. 

l ndusuy is cun t in 11 ing lo rl'd uce its d ischa rges 10 the 

Llla rinl' l' twironn1en l. Moreover, th mugh the J\11srrn li;111 

:md New Zc; tl :m d strategy lo protect th e nwrine 

L'IWirllnrne n l sign ific;1111 steps arc hl'in .~ 1;1ken 

n;ll io n:t!I) Ill minirnisL' ihl' incidl'ncl' o( dehris (ro rn 

shi ps :111 d imp;icts (n >11 1 shi l'·'' h;tl l:ist w:Hc rs. A lso, ;11·L·:1s 

lik L·ly l u he ;1d w r . .;c ly .1f'IL'L'll'll hy sli i11pin g t> i1L'r;1l it>ll.' 

;1rc Ill he.: idcnl i(i cd . 

111 Corn! B: 1y <Ill i11lr;1,lrt1C111rL' 11!;111 h :1s hce n 

deve loped lo rl'd11cc 1rnl riL'l1 1 p ressure on the Bay. 

Implications 
The issue of cun tmninams to the marine environment 

involves a wide cross-section of society. The curren t 

level of co-ordinat ion and integration is insufficien t to 

en sure that the management of the various uses of th e 

marine waters is socially equitable and ecologically 

susta inable . Th.ere is a need for a formal framework in 

which this can be achi eved . 

Fundamenta l research. tu improve our knowledge 

base is n eeded to en sure that ex isting contaminant 

levels are not causin g undetected problems. 

Tabl~ 10 'frends in nutrient related water quality in Perth\ 
marine waters since the 1970s (Source: Department vf 
Environmental Protection) . 

it.-: ,.. • -Lo ... ....- - - - -~ ~ • Q_ ' • • .. - ' ~' I ' 

"' Location i!,l ~· .... - ~ .. ~ ..... !.- ·Trend:·-:'·":.:'.'·;.• i ~~:..:1..;::t"·"' ·::¥ 

lilie.~~: ....... ~' :a.~·i;o{ . •• "'""··~"' --~~·?"'·~- ',,>'ii,~·. i1;. 

·Cockburn Sound Initial improvement, 
subsequent deterioration 

Owen Anchorage Significant improvement 

Warnbro Sound No change 

Northern beaches No change 

Cape Peron/Sepia Slight deterioration 
Depression 

- 11t•li1410elll900QW •J•11tUetJ()OIJ901i10@ Qf)QI\,) 
See Section 7 of the SoE Worf1l11g Group Draft Refere11ce 

'' • Papers for more Information on Co11tn111l11nt1011 of Ifie Mnrl11e 
En11iioni1il't1f..~""· ~ ~.=--.+: :. ~;~~: _";·, -7~ ~~ ~~ 7·. ~ ~~' 
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Introduction of Exotic Marine Species 

Environmental status: •!• •!• •!• 
................................................................................ 
Conclusion 
Exotic marine organisms have been introduced to WA 

via ballast water and hull fouling from shipping. 

Knowledge of species introduced and their 

distribution has recently been updated. 

The risk of damage to marine biodiversity is largely 

unknown. 

Objective 
To ensure that there are no further introductions of 

exotic species. 

Suggested response 
• Complete baseline studies cspeci;1 lly in areas of 

gremcsr pressure. 

• Adopt the recornmen1.h.itions reg<1rding h,1l1;1st water 

in Mnritimc Accidents and Pollution : lm[;acts _on 

the marine cnvironmen t from shij>]Jinr; o/>ernciom 

(A ustralian and New Zealand Environment and 

Conservation Council, J 996) . 

• Implement rhe Drn(t Australian Ballasr \\'later 

Management Strnte[D', cmd as;;ist in reviewing and 

updming rhat str:1tegy. 

Background 
Description 
Exotic species can be introduced into coastal waters 

from the hulls of ships or as a consequence of ships 

discharging ballast water. The issue of controlling 

international shipping is best dealt with in the 

international arena. Currently, controls are only 

volunta1y. 

Introduced marine species may threaten native 

marine flora and fauna and human uses of marine 

resources such as fishing and aquaculture. 

Condition 
It has been estimated that over 2 7 exotic species have 

been introduced to WA (Furlani, 1996) and 21 of these 

are known to have been introduced into Perth 

metropolitan waters, the most highly visible being a 

large polychaete worm. This worm occupied up to 20 

ha of the sea-floor and most of the man-made structures 

in Cockburn Sound, but its incidence may be declining. 

Limited information is available on the distribution of 

these species or the effects on the local environment. 

Pressure 
Ships discharge ballast water to take up their cargo. 

This water usually has its origin outside WA. The risk 

of introduction of exotic species is related to the origin 

and destination of discharged ballast water and the 

amount of ballast water discharged. The tonnage of 

shipping is a surrogate indicator of this pressure. 

Most ballast water discharged in WA originates in 

the Asia-Paci.fie region with 58 % coming from Japan. 

The Pilbara receives about 50 % of ships to WA. It is 

estimated that 100 million tonnes is discharged into 

this region's marine waters each year. 

The most significantly affected ports are Dampier, 

Port Hedland, Fremantle, Cape Lambert and oil 

terminals off Onslow. Due to the nature of the 

receiving waters, Esperance is also a high risk port. 

Current response 
Surveys by CSIRO mxl the Austral ian Quarantine 

Inspection Service are currently underway to est<1bl ish 

the number of introduced species <md their disuibution 

in WA. 

An A ustrn 1 ian Ballast Water Advismy Council was 

establ ished in 1995. 

Internationa l gu idelines have been adopted on a 

voluntary basis to reduce the risk of transporting marine 

organisms. l n WA a memorandum of 11ndet·standing has 

been developed between the Fisheries Department and 

the Department of Environmental Prmection on the 

rrnnslocat ion of live aquatic non-endemic species into 

or within WA. 

Implications 
The risk is that an introduced species will establish and 

cause signifirnnt damage to local biodiversity. It may 

also pose a threat to existing and or future uses of the 

marine resources of an area. None of these aspects has 

been quantified for WA. The cost of removing an 

introduced species once it is established would be much 

greater than the cost of preventative measures . 

See also Biodiversity in this report. 

See Chapter 7 of the SoE Refere11re Group Dr<1fl Worfiing 
eeeeeGe•oeeoeeeeeooeooeee~eoeeoe~• ' 
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Fish Stocks 

E . l • • • nv1ronmenta status: •+• •+• •+• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Conclusion 
Each year the Fisheries Department prepares a State of 

the Fisheries Re/Jort which describes the status of the 

exploited fish stocks. In 1995-96 18 of 21 of the major 

commercial fisheries had breeding stock levels that 

were adequate to maintain present stocks. 

The knowledge base regarding recreational fishing is 

limited. Improving this is critical for long-term 

management and is being actively addressed. 

Objective 
To ensure all fish stocks are managed on a sustainable 

basis. 

5c;;.estert r~soonse 
• !\t1;111 11:1 111 ;i pp11 1pr i: tl L' 111;111,tgl'nll'llt l il L'llSll lT th e 

'.·;1i,.t ;1i11;1 h il11yof :tl l t·ll1 t11111·n i:tl ;11 1d l'L'L i·cati<'11:tl 

I isl l s1' H k., 

• t " 111l11t I l'•"'L'' ll\ h Ill 111q 1r111·1 · k1111\\ lnli~L' nl kn 
ll'l n:;d rt 1i lf 1I :.; pl..' t. l l'.'• . 

Background 

Description 
Fishing, whether commercial or recreational, has the 

potential to deplete the numbers of target and non­

target species. Understanding the relationship between 

fishing pressure and stocks of target species is 

fundamental to meeting the objective of sustainability. 

The sustainability of individual fish stocks is 

described by measuring the quantity caught each year, 

the effort applied to catch that quantity and the size of 

the breeding stock. 

Condition 
Most commercial fish species are regarded as being fully 

exploited. Trends in breeding stock vary, with some 

increasing, e.g., Shark Bay snapper, western rock lobster 

and Shark Bay tiger prawns. Most fisheries have 

adequate stocks, e.g., Australian salmon, catfish and 

abalone. Limited data have restricted full assessment of 

some fisheries although their catch histories indicate 

stable stocks, e.g., Ons low and Nickol Bay prawns. 

Three fisheries are rated as having decreasing breeding 

stock levels; two shark fisheries and the herring trap 

~ ............................... . 
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fishery. 

Since 1991, the number of commercial fisheries 

considered over exploited has decreased from 12 % 

to 8 %. 

The status of recreational fisheries is not as sound as 

that of commercial fisheries. This is especially so for 

tai·geted species in the metropolitan area such as 

herring and dhufish. The trend in stock numbers and 

distribution for these species is uncertain. 

Pressure 
The pressures on fish stocks relate to the fishing effort 

and intensity of that effort. Clearly fishing effort is 

variable between fisheries and locations around WA. 

Generally the greatest recreational fishing effort is 

around coastal population centres such as Perth. The 

number of recreational fishers is increasing and it is 

anticipated that marine tourism including fishing will 

increase, placing added pressure on recreational fish 

stocks. 

Increased pressure on commercial fish stocks arises 

from improved fishing skills and improved technology 

such as global positioning systems. 

Current response 
/\ ll c1 11u111nc i;d i'ish s lllc ks ;tr l' pn1 ILT t L'd hy ;1 pp n1pr i; 1t e 

lll('<tll s () I rcgu la1·in 11 This varil's hl't wec n fi.-; lwr'ics a nd 

c; 111 i11 cludc. li m it i11g th e 11 u111hcr () f huals, 1hc (1sh i11g 

L;L': tl, 1he scas()ll .11 1d 1hc ;11 1111111 11 "( lish L:i t1 gh 1 !\ l111y 

h; Kk SLhL' lll L" Cu 11 dnl hy L't> ll ttm·1-c i;d l'ishn~; is rcd uci ll !-'. 

1/ic ll tllllhcr (l( Clllll lll C!'C i;t! tis h in ,g liCl' ll CL'S . 

T h e re is lllll 1.lw s: 11m ·· l t · ~e l u( L·u 111 rn f u 1 ~ 

recre;1Ji1 111 a l fi shcriL·s. !\ liLT nce is requ ircLI f,ir su lllL' 

fislw ri cs ;111.I I hc rL~ :i re l1111i 1s ()I\ il w s ize. md 11 11 11;hL·r uf 

i'ish t'<11 1,gh t. /\h; il.,rn· (1s hi 1 ~ .!~ in tiw lllL' l1t1ptll 1t.111 ;irL·;1 

l'L' l1 l'l'Sl' ll iS ti ll' l"\11\' ll H' (,l.SL' wllL'll' (i, l1 ing i, l' ICSL' lll!y 

rt•s1 r ictl'li Ill 7.5 lltlurs ;t )'L';tr. T h l' rl' is ;il s<> ;i li cl'ncc; kl~ 

;11lll ii n ui uhcrs li1111t !tl r this rl'lrl';t l i11n;tl !'ishL·ty 

Implications 
Continued vigilance is needed to ensure that the 

harvested fish stocks of WA are managed sustainably. 

The commercial species are well understood and · 

managed. Recreational fish species require increased 

attention. 

n'fli.T•. 

• 



BIODIVERSITY 

Maintaining Biodiversity 

Environmental status: •!• •!• •!• •!• •!• 
................................................................................ 
Conclusion 
Biodiversity, the variety of genes, species and 

ecosystems, is essential to human well-being in many 

ways. It underpins the economy and ecological 

processes that are vital to human health and survival. 

Its value to society and the State's economy is 

immeasurable. It is also valued highly by many people 

for cultural, ethical and aesthetic reasons. 

Biodiversity is potentially affected by all human 

activities. Measures of impact need to be included in 

assessments of human activities and in economic 

indicators. 

Our knowledge of the biodiversity of WA is limited, 

with many species not being scientifically described or 

named, and the conservation status of many species 

being unknown. There is no comprehensive catalogue 

of ecosystems or ecological communities or of their 

conservation status. Knowledge of the genetic diversity 

of species is almost non-existent. 

Monitoring and management of ecosystems and 

species is essential if the State's natural heritage is to be 

maintained. Conservation of biodiversity can be 

achieved by expanding the conservation reserve system, 

improving conservation outside the reserve system, 

ameliorating threatening processes, conserving 

threatened ecosystems and species, and promoting 

ecologically sustainable development. Many of these 

activities are already underway, but their continuing 

success will require a commitment from all Western 

Au~tralians and improved methods of monitoring and 

management. 

Objective 
• To document and monitor WP.:s flora, fauna, and 

ecosystems. 

• To ensure there is no further loss by human impact 

on known native species and habitat diversity. 

• To recover populations of threatened native species 

and ecological communities and to maintain them 

at sustainable levels. 

•••••••••••••••••••••••••••••••• 

• To ensure that, by the year 2010, all ecosystems 

within WA are adequately and comprehensively 

represented in the conservation reserve system 

and appropriately managed to ensure their viability. 

• To ensure that the principles of biodiversity 

conservation are integrated into land and marine 

management practice outside the conservation 

reserve system. 

SJg re;:;ponse 
• lnadcqu;1c1cs in rl1L' Lmd ;·1nd marine cnnser\';Hio11 

reserve system need tll lie ;1d1lrcsscd, ;il111H.: wirh 

hettcr rn;inagement of Cll\lserv;nion ;md hiodi\·c·rsit y 

h01h inside ;md tllitsidc reserves. 

• lmp11rtant vegetation Clllllll1ll11ities ;111d animal 

h;1h i1ats (Lind , m;trinc ,l!ld fre.-diwaler) need tn he 

1drnr ified and pr11Lect ive me;1surcs .p11t in place. 

• Gon~rnmcn t: shrn ild consider i 11twduci ng 

:nnend mcnrs tll thc\Vildlifc Comcrmrion Act 1950 

(\Vi\) to pmtect key h;1hita t ;irc;1s ;1s well as spcc ics, 

hy 2000. 
• Devclllpmcnt ;md planning should .min im_isc the 

clearing of na t ive vcgcr~t tiun ;111J encnurnge rlw 

development of corridllrs of vegcr.ition . Ry rhc year 

2000, a ll prnpus:1ls to clear nati\'l' vegetation should 

he suhject tn a n:v1ew cind appru1·al process that 

specifically cons iders biod ive rsity impacts. 

• Local cunsen·auun stra tegics need tci be devd uped 

;md should be based un the National Srrntc,gy fur 

Conservation of A 1tstrnlia's Biological Divcrnty 

(Cl~m mon11·cal th of A ustr;1lia, 1996) . 

• B11ild on ex ist ing t' artncrsh ips hetwccn Abrnig incs 

and ot her bnd-uscrs in hiudivcrs ity cc1nserv;1t ion . 

• Develop a pacLtgc of measures ro encourage ;md 

(K ilitate c\lnservati1•n on pri\';\tc Lind~ to 

complement the cnnscrv~ttinn reserve system and 

rcnwve d isincentives to conserving billd iversity. 

Background 

Description 
Biodiversity means the variety of all life forms, that is, 

all plants, animals and micro-organisms in the 

environment, the genes they contain and the 

Environment Western Australia 1997 
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• ecosystems on which they are a part. 

The health of ecosystems and the life forms 

associated with them is crucial to human h ealth and 

prosperity. Biodiversity is centra l to the: 

• species we harvest; 

• genetic resources for crops , medicines and 

biotechnology; 

• health of surrounding agricultural systems; 

• protection of water quality; and 

• quality of life in urban areas. 

Main taining hiodiversity includes all activities that 

will ass ist in meeting the objectives for biodiversity as 

listed. 

Condition 
Wesr·ern Austral ia is one of the most biologic:a lly 

diverse places in the world . This is because of the large 

expanse of the State, the variety of so il types, climate 

and the long period of iso lation from other lands. There 

is ;i lsn a high level of endem ism in the hio rn of the 

south west. 

Knowledge of Western Australia's 

Biodiversity 
Weste rn Australia has about 50 % of Austra li a's known 

flowering plants, ferns and cycacls. There are over 800 

distinctive pl;:int communiti es. The south west of the 

State b<ts rhe greatest variety of these phnts. 

Knowledge of other plant's such as mosses, liverworts, 

algae, f1111gi :-ind lichen is very poor. 

There are over 2700 vertebr;:ite species in WA 

(Table 11). Of Lhis group of animals, land mammals, 

b irds and reptiles are best known. 

There are also many tens of thousands of 

invertebrate animals, know ledge of which is poor or 

r1bsent. lL is est imated that there are 15,000-20,000 

species of insects alone. 

The 1m1rine environment of WA is extensive and 

highly diverse. Knowledge of the 1mwine flora and. 

invertebrate fauna is very limited. Fish are better 

known and about 1500 species have been identified so 

fa r. 
With the exception of vertebrates, the flora and 

fauna of inland w<iters is poorly known. There are about 

60 freshwater fish and 77 species of frogs known at 

present. 

Lost and threatened biodiversity 
There are 29 plant species presumed extinct and 321 

plants threacenecl . Of the 149 species of terrestrial 

mammals, 10 are extinct and 36 are threatened. The 

~ ••••••••&eee~oeeeeoeeoooeeoo~~oo 
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greatest number of extinctions has occurred in the 

Wheatbelt region. 

Ecosystems have also been lost or are threatened. 

This is especially so in the Wheatbelt and Swan 

Coastal Plain regions, for vegetation communities, 

wetlands and riverine ecosystems. 

Pressure 
Most of the activities of our society such as providing 

food, she lter, water, en ergy, transport, recreation and 

goods and se rvices, affect biodiversity. The Swan 

Coasta l Plain, Wheatbelt, South Coast, Naturaliste, 

Pi.I bara and Great Sanely Desert are regions which 

experience greatest pressure on biodiversity (adapted 

from Thackway & Cresswell, 1995). 

The most significant pressure is the ongoing 

modification of habitat. This can be by the clearing and 

grazing of n<itive vegerntion, filling <ind draining of 

wetl<incls, clamming rivers, recreation, contmnin<Jtion 

and introducing fe ral animals, weeds <ind d iseases. 

C onsequently, activities such as agricu lture, 

aquaculture, forest ry, fishing, tourism, mining ;md urban 

and industrial clevelopment need to he carefully 

managed to avoid detrimental impacts on biodiversity. 

Many of the key env ironmental. issues identified in 

this report such as land salinis;ition, loss of fringing 

vegeta tion, greenhouse effect, sedimentation, 

salin isation <ind eutrophication place pressures on 

maintenance of biodiversity. 

Current response 
Thl' \Xl ildl ijc C rmscH•111im1 !\c l 1950 (W !\) , C rm.1ervwi01 1 

mid Lorn/ Mww,~emc:11 t /\et /984 (WA ) and Fi.\h 

nc:vmrces Mmwgeme11t Act 1994 (\.VA ), pruv idc die 

kgisL 1ti vc h:1sis (,ir Lh c S L:ll c's m;111 ;1ge111 cn1 n( 

l' iud ivcrs ily. T he S1,1t e is ,1 sig11;1 f<\I \' tn the Ni11 irnw/ 

\ 1r111 egy fo r the C rm.\Cr'l'l lliun o( 1\11strn l111's llr nln,r.;irn l 

Pi1•n.1ity (C t1111 11l <H1Wl': il th <>( AusLr: il i:1, 1996). 

U mlc rta kin.g scicn l ifk research ;111 d surveys <1 f'L' 

maj , \I· ac t ivit ics lt> rt.:d rcss our l:ick u ( knmvledgl' ol 

hind ivns ity. h ·<>lll t l1i s. in (" rll1; 1t irn 1 pri u rit y st't t ing f~ir 

l'O J1SL' l' \'<ll itlll o f Li1rL';JIL'l1l'd l'C() lllgica l l'tlllllll ll ll it il's, 

ll ll r:i ;md laun <i is rcv icwl'l l ;mn u: illy. 

H.ecovc ry 1~ n 1gr:1ms ;ire i1 1 ph cc or hL'ing prcp:1rcd 

tor rh rca tcncd Sj 'CLics :md cco lll,g irn l crnn rn uni tics 

CJ:1hk 12). 

M:rn ;1ge 11w n1 and crn Hrnl llf int rrn li1cl'd ;mim: tls, 

pl;i n ts ;111d d isc:1scs is ;111 a rc;\ of growing im pllri<lllCl'. 

h 1xl's, c; 1ls, r:i hhits, go;i fs and d ich;1ck ;1rc h igh pn1fi k 

examples uf tli c~c. Fnx h;i i1 ing pn1gr:1 ms k ivc hccn 



successful with native mammals showing a strong 

increase in n11mhers. 

The Urban Bushland Strategy established the Urban 

Bushland Advisory Group which provides advice to the 

WA Planning Commission on bushland areas. It has 

also contributed to reviewing and updating the 

conservarion status of urban bushland by identifying 

regionally significant bushlcmd for protection. Review 

of conservation reserve recommend~1tions in the System 

6 area, including the Swan Coas tal Pl;iin, is also 

undcrway. 

The conservation reserve system represents 6.2 '}{, of 

the land area of WA. Marine conservation areas arc 

limited and a program to add to the exisring reserve 

system is underway. 

Table 11 Composition of Western Australia's fauna . 

Implications 
Our knowledge about biodiversity at the ecosystem and 

species level is limited and at the genetic level, 

virtually 

zero. There is an urgent need to identify and protect 

habitats and vegetation assemblages across the state. 

Conservation outside the reserve system will need 

to increase substantially if many species and plant 

communities are to survive. 

Understanding the relationship between human 

activity and biodiversity needs to be raised in the 

community, because much of what we take for granted 

in the environment is deteriorating. Without proactive 

management by all sections of society, biodiversity will 

continue to decline. Ultimately this will affect our own 

well being. 

,· ,..,, .v. ·.· ... -~ .. · •. '. ~:.. t. '(.•· .. ~.~_-:~~: .:•,·: ' . ~ :· .. ·~ ... - ..... 
. Group . . · Total number '.'{.::·-::· Es.tiniates of ~ Number,ofspecies. · Number of species/ · 
:..... "::· /. , :: speties described,.>· known species~ ·. presuined extinct · . ~ .·taxa extant but 

'O 1 '• ,- .,, ',; r • . ,. •, ~ • .. ..,.,.., '·' ••- '.. " -, '" ' '. P ,, •• • ,;•• .~ • •;, T. ·- • • • 

·--" , · so far', -. , -~· · . . : .. in last1200 years . threatened , 
._1. ·- J..,_ --- ; - ~ ... ·, -~>. ·> -:~.. ~· " , .. 

Mammals 149 185 10 31 terrestrial 
5 marine 

Birds 510 516 2 18 species and 
13 subspecies 

Reptiles 440 484 0 8 species and 
3 subspecies 

Amphibians 77 83 0 3 

Fish 1600 1900 0 2 

Vascular plants -8,000 -12,000 27 293 

Non vascular -1,500 -100,000+ to 0 1 
plants -200,000 

Data Sources: a unpublished data from the Department of Conservation and Land Management, WA Museum 
b Hopper et al., (1996) 

•••••••••••••••••••••••••••••••• 
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Table 12 Recovery jJlans and management jJrograms for threatened flora, fauna and ecological communities in Western Australia 
(data su/JjJlied by the De/Jartment of Conservation and Land Management) . 

Grouping Approved Recovery Draft Recovery Plans and 

Plants 

Mammals 

Reptiles 

Amphibia 

Birds 

Ecological Communities 

Plans and Management ·Management Progr~ms 
Programs · · 

Rose Mallee 
Wongan Triggerplant 

Region and District 
Threatened Flora 
Management Programs 
for the: 
• Northern Forest Region 
• Metropolitan Area 
• Merredin District 
• Albany District 

Woylie 
Chuditch 

Western Swamp 
Tortoise 

Orange-bellied and 
White-bellied frogs 

Noisy Scrub-bird 

Corrigin Grevillea 
Matchstick Banksia 
Wongan Cactus 
Wyalkatchem Foxglove 

Region and District 
Threatened Flora Management 
Programs for the: 
• Esperance District 
• Moora District 
• Narrogin District 
• Geraldton District 
• Katanning District 

Draft interim recovery plans 
for 32 other plant species 

Numbat 
Dibbler 
Shark Bay Mouse 
Gilbert's Potoroo 
Antina (Central Rock-rat) 

Lancelin Island Skink 

Night Parrot 

Draft interim recovery plan 
for the Western Ground Parrot 

Toolibin Lake 

Shee/J grazing in unjJrotected remnant vegetation has led to comjJlete removal of the understorey. Practices such as this continue to threaten 
biodiversity. Photogra/Jh by Agriculture Western Australia. 

Cl» •••••••••••••••••••••••••••••••• ••111zr1un1tru&Zmt1 
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TRACKING PROGRESS TO ECOLOGICALLY 
SUSTAINABLE DEVELOPMENT IN THE USE OF 
NATURAL RESOURCES 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Agriculture 
Conclusion 
Agriculture currently contributes about 20 % of WN.s 

total exports . Much of the wealth of the State is the 

result of the development and use of arable and grazing 

lands over the last 100 years or so. This wealth has 

come at the great cost of widespread land degradation 

associated with unsustainable farming and grazing 

systems. There has been significant progress in 

developing and adopting more sustainable farming and 

grazing systems. While there has been progress in 

catchment scale approaches to sustainable farming 

systems, many of the existing practices are still 

degrading the land and waterways. 

Objective 
• To improve or maintain the condition of the State's 

natural resources. 

• To ensure the use of best management practices 

which minimise environmental impact while 

improving profitability. 

• To facilitate land-use changes within agriculture. 

• To contribute to desirable ecological outcomes and 

long term profitability. 

Next Steps 
In rhe past, agricultural research has looked to increase 

crop yields, animal weight ga ins and short term profit 

mmgins. The research d id not put as much emphas is on 

the long term effects on the land or rhe waterways. 

New wa ys of farming are required which consider these 

onsite and offsite effects and let fa rmers make a living. 

No single approach will work. In agricultural areas 

improvements in sustainabili ty will come from 

combinations of best management practices, e.g., 

minimum till age, and land-use changes, e.g., integrated 

fa rm fo restry. Implementation of the WA Salinity Action 

Plan coupled with research and deve lopment by 

Agriculture WA, evolu tion of fo rming sys tems and 

provisions of technical and catchment support serv ices 

will be vital. 

In the rangehmds of WA fl ex ible rmd innovati ve 

•••••••••••••••••••••••••••••••• 

approaches to land-use options are required whi ch rnp 

the wilderness, conservat ion and heri tage values of 

these lands. 

Background 

Description 
The wheatbelt of WA supports broad-acre, rain-fed, 

farming across a wide range of soil types. Farmers grow 

wheat, other cereals, lupins, wool, meat, oil seeds and 

pulse crops. Most properties are in a strong financial 

position. 

Farmers in the high rainfall traditional Woolbelt 

zone, who relied on wool for the major source of 

income, are now turning to cropping for economic 

survival. Areas which have not been previously cropped 

are being sown for the first time. 

Farmers within the State's highest rainfall areas 

have traditionally produced beef cattle and prime lamb. 

There are many alternative and competing land-uses 

including horticulture, viticulture, dairying and hobby 

farms. Over 25,000 ha/year is being planted to 

commercial trees, particularly Western bluegum and 

pine. 

The pastoral (cattle and sheep) industry of WA 

occupies about 38 % of the state or about 950,000 km2 . 

The intensive agricultural industries, which include 

horticulture, dairying, piggeries and feedlots are found 

from Kununurra in the north to Albany in the south. 

Environmental impacts 
In agricultural areas, clearing over the last 100 years has 

caused groundwater tables to rise, bringing saline 

groundwater closer to the surface. This has resulted in 

about 9 % of the productive land becoming salty. Rivers 

also become salty. The rising salty water even damages 

buildings in the towns. Regulations to control clearing 

have been in place for several years but are not enough. 

The effects of earlier clearing will be seen for many 

years to come. 

Soils are becoming more acid, as a result of farming 

practice. This means applied fertiliser is less effective 

and crop yields are lower. More herbicides are required 

to kill weeds. Soil structure decline, subsoil compaction 
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and water repellent soils are widespread affecting up to 

34 % of agricultural land . Loss of topsoil through 

unwise cultural and grazing practices is easy to see but 

affects only a small area. The number of native plant 

and animal species has been greatly reduced through 

land clearing and other agricultura l practices. 

In pastoral areas, management practices are 

ecologically unsusta inable. There has been widespread 

soil erosion and loss of perennial grasses and shrubs. 

Uncontrolled access of cattle has caused damage to 

critical wildlife habitats and siltation of rivers. There 

are , however, indications that the land is now being 

managed in a more sustainable way. Few of the 

properties in the sheep areas are providing enough 

money to cover reasonable living expenses . Agi11g 

fences are falling down and water points are 

deteriorating. 

In tensive agricul tura l industri es all have highly 

localised impacts on the environment. Smells, dust and 

chemical use affect people living nearby. Leaching of 

nutrients and farm chemicals damages waterways and 

estuaries. Often these industries are close to expanding 

towns and cit ies and compete for scarce fa rm land. 

Challenges to Ecologically 

Sustainable Development 
For agriculture to be assured of a prosperous future, land 

management practices in agricultu ra l and pastoral lands 

must change. The Landcare movement has successfully 

raised awareness of land degradation . 

Government ass istance programs have adapted to 

tackle natu ra l resource management, rural adjustment, 

environmenta l repair and improved business 

performance in an integrated way. Governments and 

the wider community must play a part where a change 

of management is required that has little benefit to the 

farme r but makes life better for others . Fixing our 

damaged waterways is one example. Much remains to 

be done. 

A comprehensive approach is required covering: 

research and development; improved management 

pract ices and land- use changes; better options for 

economic, natura l resource and biodiversity outcomes 

Cl» •••••••••••••••••••••••••••••••• 
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(including direct financial ass; .cance for the 'public 

benefit'); and monitoring of outcomes. The best current 

example of this is the WA Salinity Action Plan. 

Current response 
A t the in1 e rna rinn:d scale, Aus11 ,di ;1 is comm iucd lll a 

numher of cun vent iom that guid e ccol<lgic;11ly 

susu1 i nah le :1gr icu I Lure . 

A r ;1 rnll ion;d scale sus tain;ihk ;1griculture is guided 

hy severa l key str:1t·L'g il's rl' nect ing h<l th nat ional and 

internarilm:d impcrat ivcs. 

T here h ;1s hcL'11 significanl 11ldiq rL·s11"11sc in WA 

1h1,1ugh 1hc 11 :1tur:d rc., llll !Tc 11i: 1 11 a .~l·11 1c 11 t s1r;11 cgy 

:1t LtL·hL·d lll the N;1t j, >11 :d l.;111 Lk ill"l' l' rngr;1 11 1 .md ll !l \ \ 

rl'g i<ln ;d initi a t ives 1;11 il 1c ~wan A\'\n1 ;111d n l:i. h "1ll1d 

C:i tch mcn ts, tltL', ,1 >1 1tl1 \. \ 1;1,,t l!.L";1111\ (11'1 1!11· 

UascoyilL'-M urc hi ,,llll lic~111 11; d '.-i t1 1l tTY· 

Agricu liu rc \X//\ ::, iliL· !<-;·I :1 .. :• . y 111r 111i 1>1 l 1111·: :1 ing 

these 1•11 lic ics :111 d ,.;1r.11 q , i1·,, ·" 1t i J,. ,, li 1' 1.1;111 :11 y 

rl'sprn1si hil ity (rn· ;1c!11L'\' ll'!' s11:.!:l11 1. ;11k 11·,, 1d 1lll' 

;1grin dtur;d ;111d p:istm ;d J;111 ds, ;d tht ll tgl1 u tli cr <1 gl'l1l il's 

:ds11 p l:r y i1n1'mt;111t rnks. l\l'Cl'll l ch: 111gcs in 

Agri cu lt ure WA have r:i ised tlil' p rofile o( s11st;1inahk 

l:md-usc ;md 47 % of its hudge t is <ii i<lrn ted to ITSO lll"CL' 

pn1tcct ion :md susL1 i11: 1hk rn rnl d l.' vclop nwn t. Effec tive 

1111111 1tmi 11g fiir Lkus11111 111aki11g in 11 se ul 11:it11r:tl 

rcs<lurces is .I ll irn p<l rl <i ll t Ct1 lll pl 1t1l' ll l ul th is p1ogrnm. 

Implications 
Protection of the resource base is essential to ensure 

continued viability of agricultural and rural 

communities. Ecological sustainability provides the 

basic framework to economic and social well-being. 

Reclamation to pre-settlement conditions may not be 

economically feas ible part icularly on low value per 

hectare land such as pastora l leases. 

Furthermore susta inability of industries is 

increasingly becoming necessary to access international 

markets and trade and to get the best prices. Those 

countries and industries that can show that the ir 

products are safe to eat and environmentally friendly 

'Clean and Green' are predicted to enjoy an increasing 

market advantage. 



Fisheries 
Conclusion 
Almost all of W A's major commercial fisheries are 

being fished at sustainable levels. This is based on an 

annual assessment of fish stocks, the level of fishing 

activity and trends in fish catches. 

Fishing pressure from recreational fishing however, 

is expanding and increasing restrictions on this sector 

will be required in the future. 

Objective 
To ensure that the State's fisheries resources are 

harvested sustainably while minimising the effect on 

the environment. 

Next Steps 
The Fisheries Depmtment will con1-inue to undertake a 

combination of directed research and appropriate 

management to ensu re that all fisheries sectors 

(commercial, recreational <mJ aquaculture) operate at 

sustainable levels with minimal impact: on the aquatic 

environment. Moniroring the effects of fishing methods 

will be essentia l to provide the informmion required to 

en3ble management of fisheries on an ecologically 

sustainable basis. 

The focus in the future will be on controlling 

recreational catches <.me! developing aq uaculture 

production on a sustainable basis . This will assist in 

meeting the market demands for seafood without 

compromising the sustainability of wild stocks or their 

habitats. 

Background 

Description 
Western Australia's fisheries resources are shared 

between commercial and recreational fishing and 

aquaculture. The most valuable commercial fisheries 

rely on relatively high value, low volume products for 

their viability. These fisheries, rock lobster, abalone, 

prawn and scallop combined, are worth approximately 

$400 million annually. The remaining fisheries produce 

a large variety of finfish and shellfish in similar volumes 

but with generally lower prices. It is estimated that the 

add on value for all commercial fisheries is $1 billion 

per year. 

Recreational fisheries are a major community asset 

involving about 30 % of the State's population (Reark 

Research, 1996). Recreational fishing is estimated to 

•••••••••••••••••••••••••••••••• 

contribute more than $400 million a year to the State's 

economy. 

The aquaculture industry competes for space within 

the marine environment. A diverse range of 

aquaculture ventures continue to develop throughout 

the State; however, the culture of pearl oysters in WA 

is the most successful. Pearl production in WA is worth 

about $150 million a year. 

Environmental Impacts 
Most fisheries in WA have limited impact on the 

general environment. In 1995-96, 18 of the 21 major 

commercial fisheries had breeding stock levels that 

were adequate to maintain present stocks. Methods that 

significantly impact on the environment, e.g., dredging 

and pelagic drift gill-netting are banned. Other 

methods that alter the environment, e.g., trawling and 

purse seining, are restricted but are know to cause 

environmental impacts. The numbers of these licences 

will be reduced over time as will the areas in which 

they are permitted to operate. 

Fishing does change the overall abundance of the 

target species and in some cases the species which are 

closely related in the food chain. 

Challenges to Ecologically 
Sustainable Development 
Population growth and the resulting human-induced 

environmental changes (pollution, loss of habitat, 

sedimentation from dredge spoil and agricultural run 

off) continue to threaten WA fisheries . Improved 

fishing technology and exploitation of fish in previously 

remote areas, places unprecedented pressure on many 

fish stocks at all stages of their life cycle. 

Outside of the State's marine waters, but within the 

EEZ, there is an Indonesian Artisanal fishery which 

targets a number of species and is difficult to monitor 

but is subject to an agreement with Indonesia. There is 

a also Japanese long-line tuna fishery which is the 

subject of a tri-national agreement between Australia, 

New Zealand and Japan. This agreement is 

compromised by fleets from other nations fishing 

outside the EEZ. A major environmental concern of 

this fishing is the incidental catch of albatross. 

Environmental fluctuations such as the recent 

extended 'El Nino' condition can also affect fisheries. 

This climatic condition impacting on ocean currents is 

thought to have caused the recent decline in the 

herring trap fishery. 

Environment Western Aust ralia 1997 
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Current Response 
The Fish e ri es Departmen t uses a r;rn ge of tec hniques to 

m;magc WA's fi she ries. In t h e comm erc ia l f'i sh c ry, 

contro ls arc placed on : th e number and size of hoa t ; rh c 

a rea of the fish ery; <m d the ;111H n 111t o r type of Cishi n g 

ge:1r; a m o ng others. T h ese 111 ;111 ;1gcmen t a rrange mcnrs 

ha ve hcc n successfu l largely as n result of research , fi eld 

upcrat it ms and ma n a.L(e m c nl cc 1-opern t ion wi t h ind us try. 

Managing t he rcc rea ti o n:d fi shny is llHlll' d ifficu lt 

ill'c 1usc ol. I h e increas ing rn1mhn o ( fi slwr.-;. Prese nt 

cunt rul s incl ude rcstr1ct io 11s o n the ni1mlw r :llld s ize pf 

fis h C lllghr illlll in Sll lll l' c;1ses th e I i111 c,, illll l :ll'L' i\S 

l ish n l. T i ll' l'l' is strc111 g n 1111 11 H111 i 1y i11 v ui VL' l1l l' lll a nd 

su pp11rt ln r rcgul:1 r irn1, phc in g <111 L' llll1h:1sis o n 

sustaining fish stocks as well as valuing the fishing 

experience. 

The Fish and Fish Habitat Protection Program has 

recently been established and the Fisheries Department 

is becoming more involved in habitat and species 

protection. 

Implications 
The overa ll response to management controls for each 

of the fisheries sectors has been positive. The major risk 

in the future is from compet ition between 

the sectors leading to increases in exploitation of fish 

stocks. A combination of research and management 

planning will ensure that all stocks fished are managed 

sustainably. 

Western Au5tralia's commercial fisheries are worth $400m annually. Photogra/)h, De/)artmem of Environmental Protection. 

See also Flsf1 Slod1s In this report. 

Cl» ·····~·························· 
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Forestry 
Conclusion 
Since the proclamation of the Forests Act 1918 (WA), 
successive governments have managed the State forest 
for multiple uses, including timber production on a 

sustained yield basis. State forests are the subject of 
management plans, continuous research and 
monitoring that are designed to achieve ecologically 

sustainable forest uses. 

Objective 
The Department of Conservation and Land 
Management's Forest Management Plan 1994-2003 
defines the State's objective for forest management: 
To manage the native forests of the south west of 

Western Australia, in consultation with the 
community, so that they provide the values required by 

society while sustaining indefinitely their biological and 
social diversity. 

Next Steps 
Key elements of ecologically sustainable development 

are <ilready in place in the forestry sector. Action now 
centres on refinement of the conservation reserve 
system and forest management systems with in the 
nationally <igreed Regional Forest Agreement process 
;;me! at a State level. Research ncecls to continue to 

furrher define internctions between different pressures 
on the forest, and their impacts, leading to fine-tuning 
of management . An increasing demand fo r timber 
requires a conrinued focus on the development of 
adcli ti onal planta tions on agricu ltural land, which in 
turn assists in redressing the water b<ilances in cleared 

agricultura l landscapes. 

Background 

Description 
Approximately 71 % of the jarrah/marri forest and 
82 % of the karri/marri forest that existed before 
European settlement have been retained in WA. 
Ninety two percent of the existing forest is retained 

under the control of the Crown and in the tenure of 
State forest or conservation reserve, e.g., National 
parks, and the remaining 8 % of native forest is in 

private ownership and subject to clearing controls 
under State legislation, e.g., Soil and Land Conservation 
Act. Private landholders are encouraged to manage 
their forests in a sustainable manner. 

Forests are managed for a multitude of diverse 
industries and conservation values including: 
conservation and protection of biological diversity; 
recreation (including tourism); timber production 
through plantations and native forest on a sustainable 

yield basis (a wide range of valuable products such as 
sawn timber, veneers, composite fibreboards and pulp 

from residues are produced); water catchment 
protection - a source of drinking water in surface and 
underground catchments; and mining. 

Environmental Impacts 
A range of pressures impact on the forest environment. 
Unmanaged fire, disease, weeds and feral animals can 

change the forest ecosystem and impact on the 
beneficial uses and values of forests. Harvesting forest 
for timber products results in changes to forest structure 
over the short to medium term (up to 100 years). Other 

activities, including mining and agriculture, result in 
even longer term or complete disruption to forest 
ecosystems. Tourism and recreation development and 

activities must be carefully managed to minimise 
impact on the forest environment. 

Challenges to Ecologically 
Sustainable Development 
The most significant challenges to ecologically 
sustainable development of the forestry sector include 
activities which result in permanent loss of forests, or in 
plant diseases such as Phytophthora cinnamomi which 

impair the capacity of forest to grow and regenerate. 
The challenge of meeting increasing demands from our 
forests is met by increasing plantations for timber, along 
with value adding of native forest timbers. Changing 
community values and aspirations concerning forests 
are accommodated by regularly reviewing forest 
management plans and making adjustments as required. 

Current Response 
A range of responses are in place which contribute to 

susrainable forest 1wmagement including; legislat ive 
procedures, including management planning; intensive 
research on, and m<inagement of, threats to biological 
processes such as Phyto/Jhthorn cinnamomi on plant 
commun it ies and fern ! predators , espec ially the 
European Fox, on <inimal communities; research into 
tree crops ;:ind the estab lishment of p lan tations; and 
management plans for fire. Existing procedures are in 
place to protect water and conservation values during 
timber harvesting <ind regeneration. The Forest 
Management Plan provides for a balance of age classes 

and the maintenance of older (mature and senescent) 
stands rhroughout the landscape. 

Implications 
The long history of multiple-use sustainable forest 

management has already led to many of the major 
pressures and threats being addressed. Agreement on 
indicators for reporting on ecologically sustainable 
forestry is critical to the effective management of 
forests . 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 2 ••&@ 
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Mining and Petroleum 
Production 
Conclusion 
The mining and petroleum industries have a good 

record of environmental performance. In many cases 

the industry has gone beyond mere compliance to 

legislative requirements and contributed to the 

sustainabi lity of our natural resources. To ensure access 

to resources in the future, these leve ls of performance 

will need to be maintained and improved over time. 

Objective 
The Department of Minerals and Energy is responsible 

for managing the development of the State's mineral 

and petro leum resources for the benefit of the 

community. It aims to ensure sound environmental 

practice during and after exploration and production 

operations. The Department of Resources Development 

is responsible for ensuring the efficient and effective 

development of the State's natural resources, 

particularly mineral and petroleum resources, by the 

private sector for the ongoing benefit of the WA 
community. 

Next steps 
lnc rcascd sc icn t i fi e lrnmv k dge and cl i:111 gi ng 

envinmmental , suc i;1[ and economic conditions lead to 

the devclnpme nt o f new prac t ices :md procedures 

which de Cine and redefine man;1gemcnl prnc L ice~. 

Annu:d e1wiro11111 en ta l aud iLs prov ide ;iddiLion<1l 

i n(ormaLion on the exten t o f the pressure on the 

e nviro nme nt , how industry is responding to these 

pressures and what (u rl he r ;ict ion is requ ired hy buth 

indusLry :111d gnvemm e111 . 

Background 

Description 
Minerals and petroleum are non-renewable resources . 

However, with adequate environmental safeguards and 

management, it is possible to discover and develop 

these in a way that will benefit both present and future 

generations. Future needs for resources will be met by a 

combination of changing economics and new 

technology. 

Environmental impacts 
If not adequately managed, the following impacts may 

result from mining and petroleum operations: 

~ •••••••••••••••••o•••••••••••••• 
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Physical 
Erosion, soil damage, changes to surface water and 

groundwater, salinisation, acidification, changes to 

coastal processes, dust and noise in the terrestrial 

environment, sedimentation and turbidity in the 

marine environment. 

Biological 
Loss of flora and fauna , hab itats and food sources, and 

the introduction of pests and diseases 

Social 
Impacts on local industry, public works, conservation 

values, agriculture, heritage and recreation sites and 

land use conflict. 

Waste and pollution 
Soil and water contamination, groundwater 

contamination, a ir emissions and localised marine 

pollution and the possibility of oil spills. 

Challenges to Ecologically 

Sustainable Development 
The mining and petroleum industries are a major source 

of income for WA. However, as the population 

increases, access to resources will be affected by 

competing needs. Environmental awareness and social 

pressure to minimise the impacts of development 

challenge industry to keep developing new procedures 

and practices to ensure that mineral and petroleum 

resources are identified and extracted using techniques 

consistent with the principles of ecologically 

sustainable development . 

Current response 
S reps ;dre;1dy take n towards susrain;ihilty inc lude: 

• lmvs ;111d condi rinns ;1re in pl ace wh ich <lre 

cnn li nu;dl y reviewed tn ensure envirnn me nL;il 

11i;111 <1ge menl 1·cf"lccts co 11111H1ni ly value.'\ 

• reh;1 hili L. 1Li nn tha t is crnnp;1t ihle with Cuture Lind 

use; 

• environmental imp;ict <1s~essme 11L of new 11rnposa ls ; 

• commu n ity consul tat. inn ; 

• env iron menta l report ing, ;iud it ing ;md mon itoring 

o( nper;it ions ( includ ing requi re ments unde r S tale 

Ag reemen t AcLs ;111d the Mining Ace 1978 (WA)); 

• 111; 1in1 en;111ce o( a renewilh le en vironmental 

pe d.ormc111ce hond system l\l cnsu1·e mining 

companies cnmply with the ir environmenta l 

obl igat iun~; 

• 11e1rnl e11m comp;rni es must h;ive insurn nce funds to 

clean up th e env ironmen t should the company he 



unable to meet its environmental commitments in 

the event of an environmenral accident; 

• policy and guidel ines are developed to assist min ing 

::md petroleum comprinies to s1 1srn inably develop 

minernl <md petro lellm resources; 

• guideli nes for environmental management of 

mining are prepared to assist industry to meet 

government and community expectations; 

• oil spill contingency pl<rnning; 

• reviews of industry performance; 

• a number of industry associations have developed 

environmenrnl codes of practice, e.g., the Minera ls 

COlmcil of Austrn lia has a Code of Env ironmental 

Management and the Australian Petrob1m 

Production rind Exploration Association has a Code 

of Environmental Pract ice ; 

• mining and petroleum companies have contributed 

to various environmental projects includi ng 

CALM's Western Sh ie ld Project and rhe Alcoa 

Landcare Program in the Avon catchment. 

• programs to rehabilitate abandoned minesites 

identified as a public health risk are underway in 

the Eastern Goldfie lds, Galena area and at 

Wittenoom 8nd Ravensrho rpe. An inventory of 

abandoned mines h<is commenced so 1hat remedial 

work can be done; 

• flora surveys of areas where mining is proposed; 

• fera l animal contro l; 

• mm1agemenr of pastora l leases throL1gh purchase by 

mining companies; and 

• recognition. of environmental excellence through a 

government award system. 

Implications 
If adequate environmental management and 

rehabilitation practices are not maintained by 

companies operating in the mining and petroleum 

industry, then companies may not be permitted to gain 

access to resources. The community is unlikely to 

support mining and petroleum production if such 

safeguards are not in place, especially in 

environmentally sensitive areas . 

Western Mining Company, Mt Magnet tailings dam wall. Photograph, Department of Minerals and Energy . 

••••••••••••••••••••••••••••••• • • See Section 3 of the SoE Rl'fere11re Group Draft Worf1i119 Papers 
for more information on Ml11i11g a11d Pl'lrole11111 Pro1l11ctio11. 
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Tourism 
Conclusion 
The current and expected rapid growth of tourism in 

WA will bring increased pressure on the natural 

environments used by the tourism industry. To ensure 

these assets are protected a greater allocation of 

resources is necessary to measure and understand the 

potentia l impacts and to introduce methods to ensure 

they are controlled. 

Objective 
To preserve the natural environment while enabling 

nature-based tourism and other to urism activities. 

Next Steps 
()uvl' rl1111 1.:11 l ;1gl' llCies in v() lvcd in I h i.: m:111 :1gc1 11 1.: nt and 

11 rumut iu n of tlw 11;11 ur;il e 11 virn1111 11.: 111 s usl'd hy th l' 

tou ri slll indus t ry m11'1 fm ther devl' lllf' meth ()ds () f 

measur ing the im p;1c1 luuri slll 1s h:1\'i11g u n thl' 

c 11 vi ru 111t1 l' lll . l:.xisl in .t.: st r:it cg ies must he rt: f-in cd :1nd 

1ww ; q111ro<1chcs lk vclnpcd l t) c nsu 1-c th e ;irc:is be ing 

ut ili sl'd hy ltli 11·ists :m· ;1dcqu;ll e ly l'l'l> tectcd Cmm 

d ; Jl1l<l ,l_!C . 

Background 

Description 
The tourism industry consis.ts of many sectors and uses 

a wide variety of the State's environments in many 

different ways . This is generally passive use that should 

not of itself cause a great impact on the environment 

except in the case of large scale developments or a 

concentration of developments in one area. 

Environmental Impacts 
Tourism does have the potential to impact on the 

environment in the form of accommodation 

development, coaches, four-wheel-drive and priva te 

vehicle travel and possible damage caused by pedestrian 

traffic. In many cases the level of impact is directly 

linked to the volume of development taking place and 

tourist numbers visiting an area or attraction. 

~ ............................... . 
Environment Western Austral ia 1997 

Challenges to Ecologically 
Sustainable Development 
The growth of visitor numbers to this State, especially 

from international markets, will require the 

introduction of new methods to regulate their potential 

impact. 

The development of methods to identify visitor 

'carrying capacities' for our natural assets is a major 

challenge. If the 'carrying capacity' of areas can be 

established, the most appropriate form of controls can 

be put in place to ensure the environment is protected. 

It is necessary to change objectives for tourism 

growth from focussing on visitor numbers to the yield 

that is achieved from the visitors received, up to the 

identified carry ing capacity. Once the determined 

carrying capacity is reached the focus will be on gaining 

optimal visitor expenditure from the visitors received 

while ensuring the environment is protected. 

Current Response 
T he Depal'l 111 L' n t ti l C o nservmi() ll ;111d L md 

M;rn;1gc111 L' nr, <1.' ;1 111 ;1jm m:111 ;1gc r ul Linds and wat ers 

uLil ised fo r Lou ri sm, h:is inst ituted a rn ngc of 

manage me n t pr;i c Li ces tu ensure the prorcc ri ()n of rhc 

:1sse ts ;111d the ir susrai n:1hlc use fo r tourism . 

T lw \VA T< 1urism C t>111 111 iss i()n am ! C A LM h;1ve 

prepared ;1 dra (L u:1 Lu re-hascd tourism strategy LO gu ide 

l he susta inahlc dcvclupmenl ur the tour ism ind usrry in 

th e fu ture. The str:11 egy will he in place by Lhe end of 

1997. 

T he WA Tu urisrn C omm issiL>n has in recenl Li mes 

shifred (rom only measuring incri.:ascs in visitor 

numhc rs to inc lude increases in vis itl)r cxpi.:nd iture. 

The WA Tourism C ommi s.-, ion is :dso irnp lcrncnring 

:1 qu nlity :1s.-; un111 ce progrn111 (o r the tou1·ism industry 

th;H will e ncomp;1ss en viron mcn t:il gu ide l incs . 

Implications 
The future of the tourism industry relies on the 

protection of the State's natural assets and 

environment. Poor management of these assets has the 

potential to destroy the very basis of what attracts 

tourists to WA. 

re MllMl1Mll&~ ,_ -1 



Water Supply 
Conclusion 
Increasing demands for access to water due to 

population growth and economic activity are being 

satisfactorily managed although more attention is 

required for surface water allocation particularly in 

determining environmental water provisions. Water 

efficiency responses are being adequately addressed in 

the priority demand centres of Perth and Kalgoorlie . 

Strong actions are required to address land-use 

pressures on existing and potential water supplies. 

Salinity threats to the 'marginal' quality south west 

catchments are an ongoing problem. Urban 

development pressures on groundwater resources in the 

Perth region are now being satisfactorily addressed 

through implementation of the recommendations of the 

Select Committee on Metropolltan Development and 

Groundwater Supplies (Legislative Assembly, 1994). 

Potential climate change effects on water supply system 

yields in the south west will need to be addressed. 

Objectives 
• Ensure that consumptive use of water is kept within 

environmentally sustainable limits . 

• Assign access to available water resources in 

accordance with community priorities. 

• Ensure appropriate protection of water resources 

earmarked for consumptive use. 

• Minimise the need for additional water resource 

development by ensuring efficient use of existing 

water supplies. 

Next Steps 
• Continue to manage ongoing pressures for water 

source development to keep allocations wirhin 

susta inable limits. Provide additional ~mention to 

management of surface water allocat ion pa rt icu letrly 

the determination of env ironmental water 

provisions. 

• In the semi-arid Pilbara and Kimberley regions, 

identify h igh va lue water dependent environmental 

fea tures, improve the determination of 

environmental water provisions from existing or 

proposed sources and increase the tmmagement of 

mine dewatering arrangements . 

• Implement the WA Salinity Action Plan. Fully 

Committee on Metropolitan Development and 

Groundwater Supplies. 

• Investigate the potential cl imate change effects on 

water resources and reach agreement on poss ible 

yield reductions of existing and proposed sources for 

a nominated period. This will need to make 

provision for environmen tal water needs. 

Background 

Description 
Water is extracted from rivers, streams, wetlands and 

groundwater aquifers for domestic, commercial, 

institutional, industrial, irrigation and rural use. This 

extraction of water from the natural environment needs 

to be carefully managed to ensure long term 

sustainability. 

Environmental impacts 
The main onsite impacts are: 

• cumulative impact on vegetation complexes and 

associated habitat; 

• possible loss of high environmental value river 

reaches; and 

• direct loss of habitat and native fauna, e.g., native 

fish, at damsites, reservoirs and treatment plants. 

The main offsite impacts are: 

• reduced water available to maintain downstream 

water-dependent environments; 

• barrier effect on fauna movement upstream; and 

• possible saltwater intrusion into fresh groundwater. 

Challenges to Ecologically 
Sustainable Development 
Increasing population growth and associated economic 

and social activity lead to increasing demands for water. 

At a regional scale the two areas with high levels of 

utilisation are Perth and the Goldfields . 

Areas with comparatively high levels of utilisation 

need to be carefully managed to prevent over allocation 

and handle competition for limited available water. 

About two thirds of the licensed groundwater use is 

covered by formal groundwater area management plans 

with highest priority placed on areas with high 

utilisation levels . About 5 % of groundwater 

management sub-areas have an over-allocation of water. 

There are currently few formal management plans 

for surface water use. Hence it is more difficult to 

determine if there is any over-allocation of surface 
implement the recommendations of the Select water. 

• 
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The mining industry in the goldfields makes 

extensive use of hyper-saline groundwater from 

paleochannel aquifers to extract minerals from ore. 

Because the hypersaline water does not support any 

ecological values , extraction rates well in excess of 

recharge are allowed and the mining industry accepts 

the steady depletion of the resource. Surface vegetation 

does not rely on the sa li ne to hypersaline groundwater 

in the 20-70 m of the relat ively impermeable clays 

covering the pa leochannel aquifers. 

Increas ing development pressures in the semi-arid 

P ilbara and Kimberley regions will require careful 

management of water resources . Water-dependent 

env ironmental features have high ecologica l and soc ial 

va lue in these regions and it will be important to 

identify and prevent loss through inappropriate 

deve lopment. Determining envi ronmental water 

provisions from surface and groundwater sources in a 

semi-arid climate is difficu lt and will require greate r 

attention. Mine dewatering can have significant effects 

on local groundwater and discharge streamlines. 

Past land clearing for agriculture has resu lted in 

rising salinity levels and extensive loss of potential 

water resources. Ongoing deterioration of unfenced 

remnant vegetation by grazing is contributing to this 

problem. 

The shallow groundwater sources in the Perth 

region have come under pressure from potentially 

polluting land-use activity. 

In the south west, average annual rainfalls over the 

las t few decades have been significantly lower than the 

long term average. Hence water supply systems may not 

have enough capac ity to mee t demand without ongoing 

restrictions on use. 

Current responses 
Nat ion:d conce rn ;1ho uL w1dcs11rcad wme r resource 

dcgr:KL11 ion led LO the 1994 Counc il o r A ustra lian 

Gove rnm e nts agreement on water resources po licy. The 

S l;11 e ( )ove rn 111 e11t \i ;1s hegun wmk o n this strategic 

fra mework for ;1 r;mgc Ll water l' L1li cy issues. 

The J' n>ccss (or selt 111g sust:1inablc limit s lll l 

groundw<ll l'r use is wc ll l's tahli shcd from th e ex tens ive 

wllrk done on the G n:111gara and Ja nd:1kut mound 

resources. In con rrast· ro grou nd w:uer, 1he 

derermin :1t ion Lif env in mmcnt;d wa rcr req uireme n ts fur 

surface wa l-e r is in it s inf:mcy. 

Cl» •••••••••••••••••••••••••••••••• 
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T he WRC requ ires wate1 users to he effi cien t in 

the ir w<1 ter use. A water effi ciency program, developed 

:is p:irt of the ' Perth 's water (u ture strategy' is currently 

heing implem ented hy the \V';ll er C orpu1«1t iun . Likewise 

a w<1Le1· e ffi c iency prngmm fllr Ka lgomlie has hecn 

h igh ly success(ul in seeki ng tu achi eve a 'w:1 tcnv ise 

c ity' . 

The WRC gives priuril y ILl areas wi 1h rcLHi vcl y 

high levels of 11 1ilisa ti<H1. T hi s in vo lves more de ta iled 

assess tn ent uf tl1 e sust: 1i11:1hlc yie ld li111 it, incre:1sL'd 

11 Hm it nr i11 g u f ind icatnrs (w:11c1 leve ls and 

c1wiru n111e111: il illllic 11<1 rs) , 111<1n· sLr i11ge 11 1 liCL'llsi 1\g and 

: \II L' 1nph :1s is UJ l eiliLie11 1 wa lc1· use hy e:-\isL ing use rs. 

In 1TsponsL' l<1 conce rns :1ho 111 the rising s;di ni ty 

k ve ls p ( south wes1 rivers the llovernn ll' nr in il i;1ted 

L le; ir ing e< 1111 rnl :1ml la1 lL I :d 1cn.11 ion h:1 11s on sclec1cd 

L: ll \ h nw nl s in 1 he sou1h WL'sl durin g 1 he la1c 1970s. 

In add it io n , tl1L' W RC h:is n:pl:1111 ed ;1houl 8000 h:1 

i11 :1 sL· ii L' llll' L,( 11:1 1 I i:il rdu1L·sl:il itll1 ul thc W c lli 11g tu11 

l1: 111 1 L.1tc li 111c111. 

l\ess111·es (m m h;1n deve loprnc n l ove r mcrrorll litan 

grn undw;uer resources wc rL'. l l1 e suhjecL of ;1 recen t 

p;1rli:1 men1·ary inquiry (Legisla l ivc Assc mhly, 1994 ). 

T lw Selec t C n m111itlel' rl'crnnm cnded tll Cllvc rnment 

I h: 11 11 n 11cc1 ion u l ilw sh:d I, 1W gro11 ndw;11 e r rt'S('rV<'S o( 

t lw i'l'rl h :1rc:1 shoul d havl' 11rcccdcncc over 

devclopmc n t and t hal the re shou Id he a strengthen ing 

tl l the lcgisb t illn 10 :1d1ieve li1is, combined witli 

imprnved coord inat ion o ( Gt1ve rnmcn t ;ige ncy 

pn >C eSSL' S. 

Wit h respect 10 c lim :1t ic vmi ;1hil ity concerns, the 

111Tv ious W:1te r A uthor il y \kr: 1ted' th e sys te m yields ,if 
s11 r(:1 «c w; ll er snurccs Sl'rvi ng 1he Mctrnpn li urn Wal er 

S upp ly system in the mid - 1980s. 

Implications 
There are sign ifi cant risks to the community and the 

environment if pressures on the sustainable use of water 

are not managed well. Inefficient use will lead to 

excess ive development of limited water resources. 

Overallocation and fa ilure to address climate change 

will damage water-dependant ecosystems and cause 

water supply shortages. The water quality of public 

supplies will deteriorate if land-use pressures are not. 

well controlled. 
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