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Introduction to the guide
Western Australia’s unique and diverse wetlands are rich in ecological and cultural values 
and form an integral part of the natural environment of the state. A guide to managing 
and restoring wetlands in Western Australia (the guide) provides information about the 
nature of WA’s wetlands, and practical guidance on how to manage and restore them for 
nature conservation. 

The focus of the guide is natural ‘standing’ wetlands that retain conservation value. 
Wetlands not addressed in this guide include waterways, estuaries, tidal and artifi cial 
wetlands. 

The guide consists of multiple topics within fi ve chapters. These topics are available in 
PDF format free of charge from the Western Australian Department of Environment and 
Conservation (DEC) website at www.dec.wa.gov.au/wetlandsguide. 

The guide is a DEC initiative. Topics of the guide have predominantly been prepared by 
the department’s Wetlands Section with input from reviewers and contributors from a 
wide range of fi elds and sectors. Through the guide and other initiatives, DEC seeks to 
assist individuals, groups and organisations to manage the state’s wetlands for nature 
conservation. 

The development of the guide has received funding from the Australian Government, the 
Government of Western Australia, DEC and the Department of Planning. It has received 
the support of the Western Australian Wetlands Coordinating Committee, the state’s 
peak wetland conservation policy coordinating body.

For more information about the guide, including scope, purpose and target audience, 
please refer to the topic ‘Introduction to the guide’.

DEC welcomes your feedback and suggestions on the guide. A publication feedback 
form is available from the DEC website at www.dec.wa.gov.au/wetlandsguide.
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Before you begin

Introduction
Managing wetland hydrology is the most important consideration when managing a 
wetland. A wetland’s physical, chemical and biological processes are so closely tied to 
the natural patterns and fluxes of water that changes to these influence the nature and 
ecological character of a wetland. Managing a wetland’s hydrology is often likely to take 
the highest priority amongst all of the possible actions needed at a wetland, because 
it can trigger cascades of ecological impacts; causing, contributing to or amplifying the 
effects of many common wetland management challenges, such as loss of native plants 
and animals, poor water quality, weed invasion, acidification, inappropriate fire regimes, 
algal blooms and nuisance midge. Dealing with these problems without addressing the 
root cause may achieve little. For some wetland managers, all that will be required is a 
watching brief to make sure changes aren’t likely, while for others managing hydrology 
will consume most of their time.

This topic outlines the causes of altered wetland hydrology in Western Australia (WA), 
the effects of altered hydrology, and potential management responses. The topic, 
‘Wetland hydrology’ in Chapter 2 is recommended background reading because it 
describes the natural hydrology of wetlands, how it influences the plants, animals and 
water chemistry of wetlands and lists resources that can be used to characterise the 
natural hydrology of a wetland in WA.

Altered hydrology affects most of the state’s land area and is one of the most prevalent 
and serious threats to WA’s wetlands. The hydrology of most wetlands and waterways 
in WA have been significantly modified since European settlement, particularly in the 
south-west.1 Some of the best-known examples of wetland decline in WA are caused by 
altered hydrology, including the secondary salinisation of Wheatbelt wetlands and the 
drying of wetlands on the Gnangara groundwater mound in the Perth region. Lesser-
known examples include the acidification of wetlands in the South Coast, south-west 
and in Perth and the coastal plain stretching north and south of it due to drying; and 
the permanent inundation of previously intermittently inundated wetlands in inland 
mining regions due to the disposal of water from mine dewatering. An assessment rated 
the west and the north to be worst affected areas of the state, with the central and 
eastern regions suffering minor hydrological change with localised instances of major 
hydrological change1,2 (Figure 1). 

Altered hydrology is a significant challenge for land management in WA. In 2007 the 
Environmental Protection Authority compared WA’s environmental threats and rated 
altered hydrology as being the second highest priority, on a scale of five, for policy 
development, management action and investment.1 

h
Before embarking on management and restoration investigations and 
activities, you must consider and address the legal requirements, safety 
considerations, cultural issues and the complexity of the ecological 
processes which occur in wetlands to ensure that any proposed actions are 
legal, safe and appropriate. For more guidance, see the topic ‘Introduction 
to the guide’.
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Figure 1. Extent of altered water regimes in WA, by river basins. Image - Environmental Protection Authority.1

“Alteration of natural water regimes is now recognised as a major contributor to  
loss of biodiversity and functionality of aquatic and terrestrial ecosystems. It can 
modify the values of inland waters and lead to other land and water problems 

including floods and drought-like conditions, waterlogging, salinisation, 
eutrophication, acidification and erosion. The maintenance of biodiversity and 

productive land and water systems depends on ecosystem services that in turn rely  
on maintenance of natural water balances and flow regimes. In severe cases,  

excessive alteration of natural water regimes leads to widespread loss of  
whole ecosystems and water supplies.”

- Environmental Protection Authority, State of the Environment Report:  
Western Australia 2007.1
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Despite its high priority for management, altered hydrology and its impacts on WA’s 
wetlands continue to be difficult to address for a number of reasons: 

• Australia is one of the highest users of water on a per capita basis in the world.

• Human demand for water is increasing. Water use in WA has tripled in the last 
twenty-five years3, increasing the competition between water for human needs 
and water for the environment. 

• Altered wetland hydrology can reflect the wider broadscale change in a 
catchment. Very large falls or rises in regional groundwater tables are two of the 
most difficult problems for wetland managers in WA.

• Climate change is causing and will continue to cause severe changes to water 
availability and patterns in most parts of the state. Wetlands in the south-west of 
WA in particular are likely to be adversely affected.

• There exists the universal challenge of balancing land development against 
ecosystem conservation. For example, wetland flats on the coastal plain east and 
south of Perth have been extensively drained to make them more suitable for 
pasture and other agricultural uses. 

• Water flows through landscapes, so hydrological modifications in one part of the 
landscape can affect wetlands located a considerable distance away. For example, 
groundwater dewatering to access minerals can create drawdown in aquifers far 
beyond the mine site, which can cause groundwater dwependent wetlands to dry 
beyond natural variability. 

• Hydrological change can be intractable (that is, complex and enduring) because 
it may be ecologically, politically and/or socially difficult to restore the original 
wetland hydrology. For example, many urban wetlands around the state contain 
water year-round even though they originally dried out over the dry season, 
because the people living around them prefer them that way, despite this altering 
their ecological functions and values. 

• Because of economic and social factors, protecting and managing some wetlands 
often comes at the cost of sacrificing other wetlands. This is the case in many 
secondary salinised catchments of the Wheatbelt, where the alternative to turning 
some wetlands into sacrificial drainage basins is to return almost all of the land 
back to deep-rooted trees, which could only be done at the cost of agricultural 
production.  

• Wetland hydrology is influenced by complex interactions between many factors, 
including geology, soils, landscape shape, vegetation and climate. Information 
gaps can result in misunderstanding of the hydrological system, which undermines 
management decisions. For example, attempts to artificially maintain water levels 
of some wetlands in WA have had unexpected adverse impacts.

• Historical perceptions about the availability of water and the priorities for 
water allocation—“the pathological perception of plenty”4—are built into our 
cultural norms, legislation and infrastructure, so while there has been changes 
in community perceptions there are significant social, technical, commercial and 
regulatory hurdles to overcome in order to make changes to our water use in the 
future. 

• There has been significant water reform in WA. However, a number of water 
management Acts are quite old, limiting some potential reforms. For example, 
the ninety-eight year old Act, Rights in Water and Irrigation Act 1914, was 
written to establish landholders’ rights to water in a very early phase of the state’s 
development.5 It has been recognised as simplistic and out of date with modern 
requirements, including failing to deal adequately with environmental and social 
impacts of water use.6,4 Similarly, legislation for coastal drainage is in need of 
review.7

These complexities mean that managing hydrology in wetlands typically requires much 
more than good local wetland management. It requires understanding, consideration 
and management of the effects of cumulative changes in a catchment, each of which 
viewed on its own may seem insignificant. 
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One of the biggest challenges facing wetland managers is that on-ground works at the 
wetland will often yield little improvement in wetland water regime in the long term, 
especially for those low in the catchment. The landscape-scale hydrological alterations 
driving altered hydrology of most wetlands means that the vast majority of wetland 
managers need to embrace the role of advocate, and work with and influence water 
users, land managers and decision-making authorities across broad landscapes.

Awareness, incentives and regulation are all important and complementary vehicles 
for change. Encouragingly, there has never been more recognition of the problems nor 
momentum across so many sectors to address the issues of water management in WA. 
Wetland managers can capitalise upon and strengthen this momentum by drawing 
attention to local wetlands of conservation significance, and engaging others to better 
understand the cumulative effects of their communities upon these wetlands, what 
values are at threat, and what can be achieved with collective action. The combined 
voice of wetland managers and other stakeholders can and has produced local, regional 
and institutional-scale reforms and initiatives in WA, and it is important that wetland 
managers participate in water planning and water resource management reform 
processes.

To address the big picture, an integrated approach to land and water management, 
often referred to as ‘catchment management’, has been applied to various degrees 
in WA (linked initiatives include total water cycle management and water sensitive 
cities). Key elements include cooperation among state and local governments, natural 
resource management organisations and landholders; involvement of landholders and 
local communities in identification of issues and solutions; and agreement on common 
objectives. A more integrated approach to catchment management requires a long-term 
perspective, and an appreciation that it requires many people and agencies to move 
beyond their traditional roles.8 It is increasingly becoming a feature of natural resource 
management in WA. 

However, sometimes a long-term, holistic approach to addressing hydrological issues 
cannot achieve change quickly enough to protect important wetlands that are under 
immediate hydrological threat. For wetlands of high conservation priority, a quicker-
fix might be necessary, and this usually involves engineering. Engineering solutions 
have been implemented in several WA catchments, where catchment and landscape 
management cannot solve hydrological problems within the necessary timeframe. Some 
examples include artificial supplementation of wetlands with water in response to drying 
outside of known ranges (for example, at Thomsons Lake in the Perth suburb of Beeliar), 
and surface water diversions and groundwater dewatering to protect wetlands that are 
becoming too wet (such as at Toolibin Lake, east of Narrogin in the Wheatbelt and Lake 
Warden system north of Esperance in the south coast region). Unfortunately, this type of 
engineering can have downstream impacts and can be expensive. One study estimated 
that if groundwater dewatering was used to protect just 10 per cent of the Wheatbelt 
ecosystems threatened by rising saline groundwater tables, it would cost $63–78 million 
per year.9



5  Managing hydrology

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

ex
tr

a 
in

fo
rm

at
io

n

Some important concepts in wetland hydrology are summarised here. These concepts are described in more detail 
in the topic ‘Wetland hydrology’ in Chapter 2. 

• Hydrology refers to the properties of the Earth’s water, particularly the distribution and movement of water 
between the land surface, groundwater and atmosphere, and its study. Hydrology can be studied at a range of 
scales (such as hillslope, catchment, regional or global) and from different perspectives (for example, focusing 
on a particular wetland, a river catchment or a groundwater aquifer) depending on the questions being asked. 

• The term wetland hydrology is generally used to refer to the movement of water in and out of, and within a 
wetland.

• The term hydroperiod refers to the periodicity (permanent, seasonal or intermittent) of waterlogging or 
inundation of a wetland. It refers to the potential for water to either inundate a wetland or saturate it without 
supporting a free standing water column, and the duration of these states. Table 1 shows the wetland 
hydroperiods recorded in Western Australia.

Table 1. Wetland hydroperiods recorded in Western Australia. Adapted from Semeniuk and Semeniuk (2011)10 

Periodicity
Hydrotype

Waterlogged Inundated

Intermittent Not applicable Intermittently inundated

Seasonal Seasonally waterlogged Seasonally inundated

Permanent Permanently waterlogged Permanently inundated

• Wetlands with altered hydrology are often described in broad terms such as being ‘wetter’ or ‘drier’ than they 
should be. These descriptions convey the problem in broad terms, which is often all that is needed to initiate 
some form of management action. However, to fully understand and manage altered wetland hydrology what 
is needed is an understanding of changes relative to the wetland’s natural water regime. The water regime 
of a wetland is the specific pattern of when, where and to what extent water is present in a wetland.11 The 
components of water regime are the timing, frequency, duration, extent and depth and variability of water 
presence (Table 2).12 This is also referred to as ‘hydropattern’ in many texts.

Table 2. Features of the water regime of wetlands. Adapted from Bunn et al., (1997).17

Feature Definition

Timing The timing of a wetland being waterlogged or inundated. Within-year patterns are most important in seasonally 
waterlogged or inundated wetlands (that is, what time of year) whereas between-year patterns and the variability 
in timing may be more important to intermittently inundated wetlands. 

Frequency How often wetting and drying occur. Ranging from not at all in wetlands that are permanently inundated (lakes) 
to wetting and drying many times a year. The rate at which wetting and drying occur can also be important.

Duration The length of time of waterlogging and/or inundation. Duration in days, weeks or even years, varying within and 
between wetlands. 

Extent and depth The area of waterlogging or inundation and the depth of the water. 

Variability The degree to which the features mentioned above change at a range of time scales (variability in timing 
mentioned above). Variability is recognised as a significant part of wetland water regime. 

• The wetting-drying cycle encompasses a wetland’s natural, cyclic transition between wet and dry conditions. 
The duration of a single wetting-drying cycle varies between wetlands (with permanently inundated wetlands 
never, or extremely rarely, drying). 

• Surface water reaches wetlands from the catchment, an area of land bounded by natural features such as 
hills or mountains from which surface water flows downslope to a particular low point or sink, where water 

Important concepts in wetland hydrology – a primer from the 
‘wetland hydrology’ topic
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collects. Rain and surface water from overland flows and waterways are important natural sources of water for 
wetlands, particularly perched wetlands, which are not connected to groundwater. 

• Groundwater is water occurring beneath the ground surface in spaces between soil grains and pebbles and in 
fractures or crevices in rocks. The groundwater table (or water table) is the upper surface of groundwater in 
an unconfined aquifer (top of the saturated zone). In technical terms, it is the surface where the water pressure 
head is equal to the atmospheric pressure. Groundwater capture zones are the area within which any 
recharge (infiltrating water) eventually flows into the wetland.

• Groundwater dependent ecosystems are those parts of the environment, the species composition and the 
natural ecological processes of which are dependent on the permanent or temporary presence or influence 
of groundwater. Not all wetlands are groundwater dependent ecosystems (such as perched wetlands and 
gnammas) and not all groundwater dependent ecosystems are wetlands (such as terrestrial vegetation 
communities that use groundwater).

• A water budget is the balance of all of the inflows and outflows of water over a set period of time. 
Inflows (inputs) include rainfall, surface water inflows and groundwater inflows. Outflows (outputs) include 
evaporation, transpiration, surface water outflows and groundwater outflows. 

• Wetland water regime is the most important driver of wetland processes, and plays a key role in determining 
wetland characteristics such as the composition of plant and animal communities. 

• The water regime directly affects wetland species. It also affects species indirectly by influencing the 
characteristics of a wetland including its physical (for example, turbidity), chemical (for example, acidity) and 
biological (for example, algal blooms) characteristics. 

• Wetland water regime is influenced by many factors including climate, landscape shape, geology, soils and 
vegetation. That is, wetland hydrology is complex and driven at a number of spatial scales. 

• Wetland water regime is also dynamic at longer timeframes. Wetlands have responded to changing climate 
over millennia. For example, Semeniuk and Semeniuk13 and McHugh14 have studied changes to Swan Coastal 
Plain wetlands occurring over thousands of years in response to climate changes. 

Important concepts in wetland hydrology – a primer from the 
‘wetland hydrology’ topic (cont’d)
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What causes altered wetland hydrology in 
Western Australia?
The water regime of a wetland can be altered by anything that affects the movement 
of water into, out of or within the wetland. Change within a wetland’s catchment or 
groundwater capture zone has the potential to alter wetland hydrology, with the main 
causes in WA being: 

• climate change

• vegetation change 

- large scale clearing and planting of vegetation, vegetation decline

• removing water from wetlands and associated landscapes

- groundwater bores, surface water pumps, dewatering, subsoil drainage and 

wetland drainage for land reclamation

• disposing of water (applying, disposing and moving) in wetlands and associated 
landscapes

- stormwater disposal, dewatering discharge, deep drainage, irrigating, discharging 

effluent, discharging tailings

• changing wetlands 

- creating islands, deepening wetlands, puncturing confining layers, obstructing flows 

with causeways, burning of soils causing the loss of organic matter and subsidence 

of wetland sediments

• creating water loss

- creating mining voids, artificial lakes

These drivers of altered hydrology are covered in more detail below.

Both the causes and the impacts of altered hydrology can vary in scale. Localised causes 
of altered hydrology include a groundwater bore near a wetland or a stormwater pipe 
discharging directly into a wetland; regional causes include broad-scale vegetation 
clearing or abstraction of significant volumes of water leading to aquifer-wide decline in 
water levels; and global causes include climate change. It is important to consider scale in 
identifying altered wetland hydrology and deciding how to manage it. 

The causes of altered hydrology at a wetland can be multiple, complex and may originate 
far away from the wetland. For example, on the Swan Coastal Plain, hydrological 
change at wetlands is caused by a number of factors, including widespread clearing and 
urbanisation, climate change and groundwater abstraction. These factors are in turn 
driven by social drivers including economic trends, water pricing, politics and population 
growth scenarios.15 

When considering what the causes of altered wetland hydrology might be, it is important 
to consider the potential linkages between water sources. Water resources in Australia 
are often classified as either surface water or groundwater, because in some cases 
the sources are separate. However in WA the connection between surface water and 
groundwater can be significant, and in many cases, abstraction of groundwater may 
cause a decline in the surface water resource, and vice versa.16

The cumulative effect of changes is critical. For example, modelling demonstrates 
that the decline in groundwater table in the superficial aquifer of the Gnangara 
groundwater system varies in location but is primarily due overall to declining rainfall, 
abstraction and pine plantations. This is despite the effect of clearing, which reduces the 
evapotranspiration of water.

Swan Coastal Plain: a 
coastal plain in the south 
west of Western Australia, 
extending from Jurien south to 
Dunsborough, and the Indian 
Ocean east to the Gingin, 
Darling and Whicher Scarps

Abstract: to take, remove, 
extract

Gnangara groundwater 
system: the groundwater 
system formed by the 
superficial, Leederville and 
Yarragadee aquifers located in 
northern Perth, east to Ellen 
Brook, south to the Swan River, 
west to the Indian Ocean and 
north to Gingin Brook
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Lastly, a wetland’s hydrology may alter naturally, but this usually occurs over longer 
timeframes than human-induced changes. For example, the build-up of sediments can 
change the shape of the wetland or modify the conductivity of wetland sediments, 
and these changes can modify the water regime.17 Similarly wetland vegetation can 
influence hydrologic conditions and the physical and chemical environment by slowing 
water flows, creating new flow paths through the wetland, trapping soil particles and 
producing peat and other organic sediments.17

The following is a summary of the main driving forces of altered regime of wetlands in 
WA. 

Climate change
Climate change is a major threat to wetland values worldwide. Western Australia, and in 
particular the south-western region of the state, is recognised as one of the regions most 
vulnerable to the effects of climate change worldwide. 

Climate change is widely used to refer to a change of climate that is attributed directly 
or indirectly to human activity that alters the composition of the global atmosphere 
and which is in addition to natural climate variability observed over comparable time 
periods.18 
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Climate change is defined as a change in the state of the climate that can 
be identified (e.g. by using statistical tests) by changes in the mean and/or the 
variability of its properties, and that persists for an extended period, typically 
decades or longer. Climate change may be due to natural internal processes or 
external forcings such as modulations of the solar cycles, volcanic eruptions and 
persistent anthropogenic changes in the composition of the atmosphere or in 
land use. Note that the Framework Convention on Climate Change (UNFCCC), in 
its Article 1, defines climate change as: ‘a change of climate which is attributed 
directly or indirectly to human activity that alters the composition of the global 
atmosphere and which is in addition to natural climate variability observed over 
comparable time periods’. The UNFCCC thus makes a distinction between climate 
change attributable to human activities altering the atmospheric composition, and 
climate variability attributable to natural causes.18

Climate change defined

The water regime of wetlands can be affected by climate change because it may affect 
natural patterns of:

• temperature 

• evaporative demand 

• rainfall. 

In most areas of the Kimberley, temperature has increased by up to 0.6 degrees Celsius 
over the last forty years, but in some areas it has actually dropped by 0.2 degrees Celsius 
(Figure 2).19 The temperature in the Pilbara has increased by 0.2–0.8 degrees Celsius. 
Although predictions vary between climate change models, northern WA is expected 
to become warmer, with more hot days and less cold nights.19 Increased average and 
maximum water temperatures may trigger changes in the sex ratio of species in which 
temperature influences sex determination, such as turtles and crocodiles.19  

In some parts of northern WA, including the Canning Basin and West Kimberley19, 
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increased rainfall has occurred over the period 1950–2000.20,21 This may possibly be 
due to raised levels of aerosols from particulate pollution over Asia.19 In general, this 
promotes wetter water regimes in the region’s wetlands. The rise in sea level that 
is predicted to occur may also cause seawater intrusion into freshwater wetlands. 
Modelling predicts that rainfall will reduce slightly in the Kimberley by 2030 compared 
to the 1930–2007 baseline.19 Refining climate modelling is an important step towards 
better managing wetlands in northern WA into the future.

Figure 2. Trends in mean temperature 1970-2012. Image - Bureau of Meteorology.

In contrast, in the south-west of WA, both the annual and seasonal (autumn-winter) 
rainfall has already decreased significantly since the mid 1970s (Figure 3) and is projected 
to continue decreasing throughout this century. In fact, the largest reduction in rainfall 
in Australia has occurred in the northern part of the south-west.19 The coastal and near 
coastal region between Geraldton and Albany (which is the study area of the CSIRO 
south-west WA sustainable yields [SWSY] project) has experienced a 10 to 15 per cent 
decrease in annual rainfall since about 197522, with the decline in autumn and early 
winter rainfall being the most marked.22 Already, medium-intensity winter storms (in the 
range of 10–40 millimetres) which generate much run-off have become less frequent.23 
Runoff has decreased by over half since about 1975.22 Extreme summer rainfall events 
have been more frequent since 1970, although there isn’t conclusive evidence of the 
cause.23 
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The south-west is predicted to experience some of the largest reductions in rainfall in all 
of Australia19; projections to 2030 predict a 2–14 per cent reduction (median 8 per cent), 
over and above the 10–15 reduction that has occurred.22 Slightly more rain in summer 
is also likely19, with the potential for more unseasonal rainfall due to cyclonic activity.19 
Although there is a prediction that extreme rainfall events will become more common on 
a global scale, modelling with respect to south-west WA is less clear cut23, with potential 
implications for the maintenance of processes such as the recruitment of trees. 

Figure 3. Average rainfall in south-western Australia, with the black line showing the 15 year 
average. It shows the continuing pattern of declining rainfall in the region. Image – Australian 
Bureau of Meteorology. 

Temperatures have increased 0.4–0.8 degrees Celsius over the last forty years in the 
SWSY region.19 Further increases in temperature are predicted: 0.5–2.0 degrees by 2030, 
compared to the 1960-1990 baseline.19 

These factors contribute to drier wetland water regimes. All aspects of wetland water 
regime are likely to be affected (that is, the timing, frequency, duration, extent and depth 
and variability of water presence). CSIRO has concluded that, in the SWSY study area, 
‘Wetlands and perennial streams that were relatively abundant in the mid-twentieth 
century have either decreased or dried out as a result of this change’.22 It has also 
predicted that falling groundwater levels are ‘likely to result in groundwater dependent 
ecosystems such as wetlands being impacted’22, with the potential for about 20 per cent 
of the area where groundwater dependent ecosystems may occur to experience high or 
severe stress under the dry extreme future climate modelling scenario in the southern 
half of the Perth Basin. Modelling indicates that by 2030, groundwater levels are 
expected to drop by an average of 3 metres within the western Swan Coastal Plain and 
by at least 3 metres within the Blackwood Plateau.24

Vegetation in and around wetlands, waterways and rainforests is likely to be most 
adversely impacted if drying leads to increased frequency of bushfires.

For information on climate change see:

➤	 the DEC website www.dec.wa.gov.au/our-environment/climate-change/index.html 
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➤	 the Australian Bureau of Meteorology website www.bom.gov.au/climate/change 

➤	 the south-west sustainable yields project on the CSIRO website www.csiro.au/en/
Outcomes/Climate/Understanding.aspx 

➤	 the Indian Ocean Climate Initiative website www.ioci.org.au 

➤	 the Intergovernmental Panel on Climate Change (IPCC) website www.ipcc.ch 

Changing vegetation 

Clearing vegetation
Intact native vegetation in catchments and wetlands uses a significant amount of water 
and for this reason is important for maintaining the natural wetland hydrological regime. 
Vegetation clearing has been extensive in WA’s urban centres and in areas used for 
cropping and grazing in the south-west and northern parts of the state. 

The Avon Wheatbelt bioregion is one of the most highly cleared catchments in the world, 
with approximately 93 per cent of original vegetation cleared for cropping.1 Although 
much of the cleared area has been planted with crops, compared with perennial native 
vegetation, these annual crops tend to use less water, have a shallower root profile, 
and only be present for part of the year. These features mean less water uptake and 
transpiration compared with native vegetation, resulting in greater rates of infiltration 
and aquifer recharge. 

In the northern parts of the state, extensive areas of native vegetation have been 
modified through grazing by livestock and feral animals including camels, goats and 
horses, which has led to changes to the hydrology of some wetlands. 

The presence and condition of dryland vegetation across a wetland’s catchment can 
influence its hydrology by regulating the rates, pathways and amount of water that 
reaches the wetland. As water flows through bushland, the stems, trunks and plant litter 
slow its flow and promote its infiltration into soils that are held together by a network 
of shallow and deep roots. A significant amount of the water percolating through the 
soil may be taken up by plant roots and transpired to the atmosphere. Some water 
drains through, reaching the water table and recharging the groundwater aquifer. Some 
is intercepted by plant parts and litter before it reaches the soil, and evaporates. The 
clearing of native vegetation can impact on wetland hydrology in the following ways: 

• Increased runoff on sloped landscapes: removing the stems, trunks and plant litter 
that slow flows on sloped land means that water has less chance to infiltrate into 
the soil and reach the wetland slowly through the sub-surface soil.25 Wetlands 
downslope of cleared areas tend to receive more water, more quickly, via surface 
sheet flows. This can result in wetter water regimes as well as more sediment 
being transported into wetlands. 

• Increased infiltration and aquifer recharge on flat landscapes: removing vegetation 
that intercepts and transpires infiltrating water can allow larger volumes of water 
to reach the water table. This can result in a rise in the water table and wetter 
conditions at some wetlands, as well as secondary salinity and acidity.

Changes in vegetation have been widespread in the south-west, and while there 
are likely to be some further changes in this region, these are likely to be localised. 
Regulations under the Environmental Protection Act 1986 introduced in 2004 regulate 
the clearing of native vegetation, to protect native vegetation while allowing for 
permitted clearing activities. 

One of the emerging considerations in the south-west is the effect of reduced 
rainfall associated with climate change. Current modelling suggests that the reduced 

Perennial: a plant that 
normally completes its life 
cycle in two or more growing 
seasons (from germination to 
flowering, seed production and 
death of vegetative parts)

Annual: a plant that 
completes its life cycle within 
a single growing season (from 
germination to flowering, 
seed production and death of 
vegetative parts) 

Transpiration: the process in 
which water is absorbed by the 
root systems of plants, moves 
up through the plant, passes 
through pores (stomata) in the 
leaves, and other plant parts, 
and then evaporates into the 
atmosphere as water vapour
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groundwater recharge associated with reduced rainfall may slow, but not offset, the 
additional recharge still occurring in many inland catchments of the south-west.26 
Furthermore, the reduction in rainfall can deprive wetlands of the freshwater inputs 
needed to maintain freshwater communities in the many wetlands undergoing secondary 
salinity.

In the north of the state, clearing by grazing, and in some areas mining, has been 
significant in some areas. The reduction in groundcover has significantly altered water 
infiltration and runoff patterns in affected areas. Currently, clearing of thousands of 
hectares of native vegetation is underway within the expanded Ord River Scheme near 
Kununurra, with further clearing proposed in association with the ongoing expansion of 
irrigation areas and the development of new agricultural zones. The Ord East Kimberley 
Expansion Project is a state government initiative that will increase the size of the Ord 
irrigation area to approximately 28,000 hectares of agricultural land. Approximately 
14,000 hectares of irrigated farmland has already been developed. 

➤	 More information on the expansion of agriculture in northern WA is available from 
the Department of State Development website: www.dsd.wa.gov.au/8161.aspx. 

Less well understood is the relationship between vegetation and rainfall. Reduced rainfall 
has been linked with clearing of native vegetation in areas of WA as well as other parts 
of Australia and the globe. For example, studies along the “clearing lines” in the eastern 
Wheatbelt indicate that the removal of vegetation influences rainfall patterns over wide 
areas. The link between vegetation and rainfall is thought to be related to the micro-
relief of the vegetation surface and the air turbulence it causes, producing greater rainfall 
in vegetated areas. 

Researchers from the Centre for Water Research at the University of Western Australia 
have found evidence that extensive clearing in the south west of WA has caused a 16 
per cent reduction in rainfall. Researchers say that clearing of the forested coastal strip 
region south of Perth, which removed 50 per cent of the native forests between 1960 
and 1980, coincided with a 16 per cent reduction in rainfall relative to stationary coastal 
rainfall. This highlights that not all rainfall decline is attributable to climate change, and 
land use decisions relating to clearing, revegetation and particularly reforestation will 
have a bearing on future rainfall patterns. Researcher Dr Mark Andrich cited growing 
tall native trees including jarrah and karri on vacant coastal land, as well as strategically 
growing native trees in and around farms, as possible ways to mitigate changes in 
climate.

Changing fire regimes
European land management practices have led to altered fire regimes across most of 
Australia. Fire removes above-ground plant parts, and therefore can have a similar effect 
on hydrology as vegetation clearing. It can promote run-off from sloped landscapes, 
and increase groundwater recharge on flat areas. As such, changed fire regimes in 
catchments have the potential to impact on wetland hydrology. Fire within wetland can 
also have significant effects on hydrology, particularly where sediments with organic 
matter such as peat are burnt, and the hydraulic conductivity of the wetland changes. 

Tree plantations
Tree plantations (also known as plantation forestry) are common across the south-west 
(notably pines, Pinus pinaster, and Tasmanian blue gum, Eucalyptus globulus). In most 
cases, planting trees that consume large volumes of water can lower the water table in 
two ways: by reducing recharge (the roots take up water before it can percolate to the 
aquifer) and by using groundwater directly. For example, research by the Department 
of Agriculture and Food has shown that in an 800 millimetre rainfall zone, blue gum 
plantations did not allow any part of the annual rainfall to penetrate below 2 metres 

Peat: partially decayed organic 
matter, mainly of plant origin

Hydraulic conductivity: a 
measure of the ease of flow 
through a pore space or 
fractures. Hydraulic conductivity 
has units with dimensions of 
length per time (for example, 
metres per second, metres per 
minute or metres per day).

Plantation forest: non-
irrigated crop of trees grown 
or maintained so that the 
wood, bark, leaves or essential 
oils can be harvested or used 
for commercial purposes, 
including through commercial 
exploitation of the carbon 
absorption capacity of the 
forest vegetation
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depth of the soil profile, leading them to conclude that no recharge occurs in blue gum 
plantations in these areas.27

In catchments where clearing has resulted in excess surface and groundwater, plantations 
may help to return the natural water balance of the catchment. However plantations 
can also lead to the drying of wetlands which source some or all of their water from 
the water table. For example, since the 1970s, the Gnangara pine plantations have 
been responsible in part for groundwater decline in the Gnangara groundwater system, 
which has resulted in severe drying of some wetlands.1 The impact of pine plantations 
on the superficial groundwater aquifer varies, depending upon both the density of 
the plantation and its location on the mound. In areas where pine plantations were 
particularly dense they have caused groundwater declines in the order of 3.5 metres in 
the period 1979–2004.28 

Factors that can increase the uptake of water in plantation forests include:

• large plantation area 

• plantations in valleys and close to wetlands and other aquatic ecosystems

• high tree density

• high leaf cover or density

• no thinning or harvesting of trees

• mature trees with large canopies

• light or medium textured soils

• fresh groundwater

• shallow groundwater.29

Infrequently, tree plantations require the application of abstracted groundwater, rather 
than interception and shallow groundwater use by the trees. For example, proponents of 
a 900 hectare tropical timber (teak, Indian rosewood and Indian sandalwood) plantation 
in Beagle Bay, Dampier Peninsula (120 kilometres north of Broome) proposed to abstract 
4.5 gigalitres (GL) a year from the Broome aquifer for application on the trees.30

Finally, water table changes triggered by the harvesting of plantations may cause 
acidification at nearby wetlands under certain conditions (M Smith, pers. comm.). 

Removing water
Water is usually taken for one of three reasons:

• for use 

• its presence is preventing the installation of infrastructure in the short-term (such 
as below-ground pipelines)

• its presence is preventing the land being used for another purpose in the medium 
to long term (such as mines, agriculture or houses)

Gigalitres (GL): one thousand 
million litres (L); that is, one 
billion litres
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Taking water for use
Water is consumed as domestic drinking water, in producing and processing food and 
other primary produce, extracting minerals, manufacturing, generating energy, watering 
parks and gardens and in other urban, industrial and agricultural uses. It was estimated 
that 2,340,000,000,000 litres, or 2,340 gigalitres (GL), of water was consumed in WA 
in 20053, harvested from a wide range of surface and groundwater sources. Irrigated 
agriculture (including pasture, horticulture and turf) accounts for 35 per cent of all 
licensed use in WA. With a growing population and economy, there is increasing pressure 
on WA’s water resources for consumptive uses.1 This growing demand is an increasing 
threat to wetlands, because any water consumed from or delivered to a wetland’s 
catchment can affect its hydrology. Taking water for use involves either groundwater 
abstraction or surface water harvesting.

➤	 For an overview of WA’s water use by sector, see the State Water Plan.3

Abstracting groundwater for use
Compared with other Australian states and territories, WA relies heavily on groundwater 
for consumption. It is the only readily available source of water over about 60 per cent 
of the state. Groundwater is a source of water in all regions of WA. In fact, until the 
Perth and Southern Seawater desalination plants began supplying water, groundwater 
provided about two-thirds of the state’s water.31 

At the local scale, abstraction can cause localised cones of depression. The cumulative 
effect of large amounts of abstraction can be a significant lowering of the groundwater 
table. These two forms of impact are outlined below.

Drawdown causing localised cones of depression

At the local scale, abstraction can reduce the water in a wetland if it occurs in proximity 
to it, because it creates drawdown in the form of a cone of drawdown. In an 
unconfined aquifer, groundwater pumping causes a cone-shaped depression in the 
water level that expands outwards from the pumping bore until reaching a stable shape 
(Figure 4). If the cone of depression reaches a wetland, water can be drawn out of the 
wetland, leading to a direct reduction in water in the wetland (Figure 5). As a guide, the 
depth of the cone is dictated by the pumping rate, the slope of the cone is dictated by 
the characteristics of the aquifer medium (storativity and hydraulic conductivity), while 
the radius is dictated by the duration of pumping. Both small and large abstraction 
volumes can affect nearby wetlands if not managed appropriately, with the potential to 
generate adverse effects from abstraction for a small-scale market garden through to a 
public water supply scheme bore. 

Drawdown: the lowering of 
a watertable resulting from 
the removal of water from an 
aquifer or reduction in hydraulic 
pressure

Cone of drawdown: 
the depression of the 
potentiometric surface. Also 
known as a cone of depression.

Unconfined aquifer: an 
aquifer close to the land surface 
which receives direct recharge 
from rainfall. Its upper surface 
is the water table. Also known 
as a superficial, or surficial, 
aquifer. 

Figure 4. A stylised cone of depression caused by groundwater abstraction in a superficial groundwater aquifer. Image source - http://
myweb.cwpost.liu.edu/vdivener/notes/groundwater.htm
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Regional drawdown of groundwater aquifers

Sustained abstraction of large volumes of groundwater can significantly reduce the 
amount of water in affected aquifers. Where those aquifers provide water to wetlands, 
or are connected to those aquifers, wetlands can become drier. The risk of wetland 
drying caused by groundwater abstraction is particularly prevalent on the Swan Coastal 
Plain, the south-west, Carnarvon and Pilbara. Groundwater dependent wetlands may be 
maintained by either superficial or confined aquifers. For example, the significant ‘Reedia 
wetlands’ are maintained by groundwater discharge from the Leederville aquifer’s Vasse 
Member.32

➤	 To find out what aquifers occur below/in proximity to a wetland, refer to the 
Department of Water’s Hydrogeological Atlas, available at www.water.wa.gov.au/
idelve/hydroatlas/. 

➤	 To find out more about the state of a particular aquifer, the groundwater webpages 
of the Department of Water are a good place to start: www.water.wa.gov.au/
Understanding+water/Groundwater/default.aspx 

➤	 For mapping of groundwater dependent ecosystems, see the Bureau of Meteorology’s 
National Atlas of Groundwater Dependent Ecosystems: www.bom.gov.au/water/
groundwater/gde/.

The most studied example is the Gnangara groundwater system, which is located north 
of the Swan River in metropolitan Perth. Prior to the operation of the two desalination 
plants supplying Perth, around 60 per cent of Perth’s public water supply was sourced 
from groundwater, via production bores33 (Figure 6), with the Gnangara Mound being 
the main groundwater resource (with the level of abstraction varying in recent years) 
(Table 3). As well as supplying the people of Perth with a very significant proportion of 
their ‘scheme’ water needs (via water service providers such as the Water Corporation), 
very significant volumes of water from the Gnangara groundwater system are also 
used for commercial agriculture, forestry and market gardens, and by local government 
authorities and domestic bore users. The Department of Water estimates that up to 
a quarter of water abstracted from the Gnangara Mound is done so for domestic 
use (domestic garden bores are not licensed or metered).34 The cumulative effects of 
abstraction, climate change and pine plantations have significantly reduced groundwater 
in the aquifers that make up the Gnangara groundwater system. Here the deep, 
confined (northern) Yarragadee aquifer, has declined by approximately 50 metres, 
with most decline centring around Gwelup and Wanneroo.35 The confined aquifer that 
overlies it, the Leederville, shows declines of 10 metres, with the largest decline evident 

Confined aquifer: an aquifer 
deep under the ground that is 
overlain and underlain by relatively 
impermeable materials, such as 
rock or clay, that limit groundwater 
movement into and out of the 
aquifer

Figure 5. A cone of depression that has lowered the superficial aquifer beyond the base of a 
stream. Image – National Water Commission.
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around Wanneroo-Pinjar. Above this is unconfined, superficial aquifer. The water table of 
the superficial aquifer, which most of the 200 wetlands in the area are directly dependent 
upon for some proportion of their water, has fallen by up to 6.5 metres in areas since the 
1970s.36 Impacts from water abstraction are centred on the Pinjar, Wanneroo, Gwelup 
and Mirrabooka borefields, with declines of a maximum of 2.4 metres, 2.0 metres, 
3.0 metres and 1.5 metres respectively within a six kilometre radius of the borefields.28 
Wetlands that are dependent upon this groundwater have been affected, with the 
severity of drying differing between wetlands. Water storage in the aquifer has declined 
by about 500 gigalitres over the last 20 years.37

Although the deeper unconfined aquifers are not directly connected to wetlands on the 
Gnangara Mound, the volume of water stored in them does affect wetlands, as a deficit 
in the volume of water in a confined aquifer can be transferred to the superficial aquifer 
because of the hydraulic connection between aquifers. There is downward leakage from 
the superficial aquifer in locations where the major confining materials are absent from 
the confining aquifers. The Kardinya Shale separates the superficial aquifer from the 
Leederville, while the South Perth Shale separates the Leederville from the Yarragadee.38 
When abstraction in the confined aquifers occurs, the decline in the potentiometric 
heads can cause increased leakage from the superficial aquifer. The increase in leakage 
can cause water table decline in the superficial aquifer. Groundwater modelling suggests 
that while the confined aquifer responds to confined abstraction rapidly, the superficial 
aquifer responds to it slowly.38 In this way, abstraction of an aquifer can have either a 
direct or indirect effect on wetlands. 

➤	 The state of the Gnangara Mound is subject to ongoing monitoring and 
management. Two key webpages are the Gnangara Sustainability Strategy 
webpages, www.water.wa.gov.au/gss, and the Department of Water’s Gnangara 
Mound webpage: www.water.wa.gov.au/Understanding+water/Groundwater/
Gnangara+Mound/default.aspx#1.   

Table 3. 10 year integrated water supply service abstraction history for Gnangara and Jandakot 
mounds. Source – Department of Water39

Year
Jandakot Mound 

(gigalitres)
Gnangara Mound 

(gigalitres)
Combined 
(gigalitres)

2001-02 (dry year) 11.92 153.21 165.13

2002-03 7.8 159.2 167

2003-04 7 151 158

2004-05 5.7 150.3 156

2005-06 5 136 141

2006-07 (dry year) 8.36 160.84 169.2

2007-08 8.5 135 143.5

2008-09 10.8 136.2 147

2009-10 10.8 110.2 121

2010-11 (dry year) 13.3 151.71 165.01
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Harvesting surface water
Harvesting water directly from wetlands

The taking of water directly from a wetland can reduce water levels, particularly in 
wetlands that are not connected to groundwater (in general or at the time of the 
harvesting). Under the Rights in Water and Irrigation Act 1914, areas of the state are 
either proclaimed water resource areas or not. In those areas that are not proclaimed, 
the owner or occupier of any land in direct contact with a watercourse or wetland can 
take water for domestic or non-intensive stock water without a licence under certain 
conditions; these are known as ‘riparian rights’. Permits are required in proclaimed water 
resource areas, regardless of whether a riparian right to take water exists. Landholders 
can take water from springs rising to the surface on their land and wetlands wholly 
on their land, provided the resource is not noticeably or sensibly diminished. The Act 
does not specify the amount that can be taken under the auspices of riparian rights in 
unproclaimed areas.

➤	 A map of proclaimed surface waters of WA is available from  www.water.wa.gov.au/
PublicationStore/first/86306.pdf

Compared with groundwater abstraction, the practice and impact of surface water 
harvesting on WA’s wetlands is thought to be less widespread. While not uncommon in 
Perth’s peri-urban areas, most surface water harvesting is in the high-rainfall south-west, 
and mostly from waterways and dams rather than from wetlands directly. An exception 
is springs, which are often harvested, usually by excavation to allow greater access to 
water for on-farm use. Many of the mound springs of WA have been excavated to 
form dams or filled with limestone to create pasture.40 Intact mound springs are very 
important ecological communities, and across the state, many have been recognised 

Mound spring: an upwelling 
of groundwater emerging from 
a surface organic mound

Ecological community: 
naturally occurring biological 
assemblages that occur in a 
particular type of habitat

Figure 6. (a) Groundwater, surface and desalinated water sources in the Perth area; and (b) a production bore on the Gnangara 
Mound, one of many used to source water for the public water supply. Image (a) Water Corporation; (b) Department of Water. 
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In the south of the state springs under threat include the following ecological 
communities:

• Communities of tumulus springs (Organic mound springs, Swan Coastal 
Plain)

• Assemblages of the organic mound springs of the Three Springs area.

In the north these include the:

• Assemblages of Dragon Tree Soak organic mound spring

• Assemblages of Bunda Bunda organic mound spring

• Assemblages of Big Springs

• Organic mound spring sedgeland community of the North Kimberley 
bioregion

• Black Spring organic mound spring community

• Assemblages of the organic springs and mound springs of the Mandora 
Marsh area. 

For more information on these threatened ecological communities (TECs), refer 
to DEC’s TEC webpage: www.dec.wa.gov.au/management-and-protection/
threatened-species/wa-s-threatened-ecological-communities.html. 

Figure 7. (a) This dam 
has been constructed 
to reduce the impact 
of livestock on (b) 
Saunders Spring, 
Mandora Marsh, Shire 
of Broome. Water is 
gravity-fed, while the 
wetland is protected 
by fencing. Photos – G 
Daniel/DEC. 

by the state and Australian governments as threatened ecological communities. As well 
as being threatened by surface water harvesting, many mound springs are threatened by 
groundwater decline, and in the Pilbara, from direct impacts of trampling by managed 
and unmanaged livestock and feral camels. 

(a) 

(b)

Springs under threat
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Harvesting surface water flows 

In agricultural catchments, the natural volume of overland flows into wetlands can be 
reduced if seepage or run-off is harvested by altering flows using roaded catchments 
and other earthworks41 and directing water into farm water storages such as dams. 
Historically, much of this water harvesting actually helped to combat the effect of 
widespread clearing, which makes wetlands wetter than they are naturally. However, 
with the intensification and diversification of agricultural land uses and the effect of 
climate change in the south-west, harvesting surface run-off is now potentially depriving 
many wetlands of their natural inflows. The construction of dams has been linked with 
a number of environmental changes including major impacts on wetland ecosystem 
hydrology by altering the timing, magnitude and frequency of water movement.42 The 
changes in water movement that a dam creates may threaten the ecological values of 
wetlands.42 Similarly, structures to harvest rainwater falling on natural granite outcrops43 
can deprive wetlands on granite outcrops and in the surrounding areas of an important 
source of water. 

Dewatering groundwater
Dewatering involves the removal of groundwater to provide access below the water 
table. It is a common practice across WA. Dewatering is often a component of mining, 
as well as when installing underground infrastructure such as pipelines. Dewatering 
may be achieved by pumping water from groundwater bores in order to draw down the 
groundwater table (Figure 8a). Alternatively, groundwater that flows into an excavation 
may be pumped out. Both methods usually result in drawdown of the groundwater table 
beyond the excavation area. In the case of mining, the groundwater table may need 
to be lowered by hundreds of metres, and over timeframes of decades. This is the case 
in a number of operations in the Pilbara.44 In fractured rock aquifers of the Pilbara, the 
amount of water abstracted may range from less than 1 gigalitre to 10–40 gigalitres per 
year.45 Mine dewatering discharge accounts for an estimated 52 per cent of total water 
use in the Pilbara, which in 2008 was estimated at 127 gigalitres per year.45 It is predicted 
that over the next 20 years, mine dewatering volumes in the Pilbara are likely to increase 
threefold.46 Altered wetland hydrology due to dewatering can be caused by either the 
drawdown itself, or by disposal of unwanted groundwater to wetlands, discussed later. 
Groundwater drawdown can cause wetlands near the dewatering site to experience 
drying, if their natural water source includes the superficial aquifer and the cone of 
depression reaches the wetland (Figure 8b). This has been identified as a risk for wetlands 
near mines in the south-west, Pilbara47 and the Mid-West.48 

Roaded catchment: a catchment 
where a series of adjacent v-shaped 
(in cross section) channels are 
created in the landscape to channel 
water to a downslope water 
storage 

Dewatering: the process of 
removing underground water to 
facilitate construction or other 
activity. It is often used as a safety 
measure in mining below the 
watertable or as a preliminary step 
to development in an area.
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(a)

(b)

Figure 8. (a) a groundwater drawdown cone of depression produced by a pump in a mining 
void; and (b) a groundwater drawdown cone of depression affecting the water regime of a 
wetland. 

Transferring water to aquifers
Aquifer storage and recovery is a process in which water is harvested when it is readily 
available and pumped into an aquifer for storage, for use in drier times. Distinction is 
made here between aquifer storage and recovery using water harvested from natural 
water sources, and managed aquifer recharge using sources such as wastewater, 
stormwater and dewatering excess, as discussed later in this topic. Aquifer storage and 
recovery is not widespread in WA, but it has been suggested as a method to replenish 
hypersaline aquifers (that is, aquifers containing water saltier than seawater) in the 
eastern Goldfields depleted by abstraction for minerals processing.49 Water from a large 
network of salt lakes has been proposed as a potential source of water for replenishment 
in the eastern Goldfields.49 The use of water from wetlands to ‘replenish’ these aquifers 
would result in sudden and possibly extreme drying of wetlands from which water is 
sourced. 

Draining wetlands

Traditional drainage: open and piped drains
Much of the urban, agricultural and industrial landscapes present today across the south-
western coastal areas of WA were made possible through extensive draining, clearing 
and infilling of wetlands.50 Much of Perth was built on drained wetlands (for example, 
the northern Perth area, known as the ‘Great Lakes District’, shown in Figure 9.
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Figure 9.  Map of the former Perth wetlands or ‘Great Lakes District’, constructed from a map 
by M. Pitt (1979), which itself was reconstructed from a map by John Septimus Roe (1834). 
Source – Wikipedia (http://en.wikipedia.org/wiki/Perth_Wetlands).

Open or piped drains may carry away up to 80 per cent of the rainfall volume in clay 
catchments and up to 25 per cent in sandy catchments in south-western WA. By rapidly 
transporting water away, there is less recharge of rainfall to shallow, unconfined aquifers 
and greater volumes of water are transported and discharged into downstream receiving 
surface water bodies. Many drains also intersect the groundwater table. Today, much 
of the south-west coastal zone has networks of drains that intersect the groundwater 
table to prevent natural winter waterlogging and inundation.50,51 Broadscale draining of 
wetlands has particularly targeted the once extensive areas of flat, winter-waterlogged 
wetlands common to areas of WA’s south-west, particularly eastern Swan Coastal Plain 
and the Scott Coastal Plain, as well as Albany. Water levels in some drains are manually 
controlled using checks and boards, weirs or other devices.

Rural surface drainage of the Swan and Scott coastal plains
Swan Coastal Plain

Most areas of pasture on the eastern side of the Swan Coastal Plain either are or were 
wetlands52 that, when intact, had exceptional ecological significance. The remaining 
intact areas are representative of what was naturally a mosaic of an extensive area of 
flat, seasonally waterlogged wetlands that were interspersed with shallow, seasonally 
inundated basins and channels and dryland prior to European settlement. They are 
described as a “broad, interconnected chain of swamps many kilometres wide”. There 
are a number of accounts of wetland loss and devastation of such areas (including 
Riggert53, Seddon54 and Bekle55), and all indicate the significant extent of impact. For 
example, Seddon reported that between 1955 and 1966, the area of wetland identified 
as ‘shallow freshwater marshland’ on the Pinjarra Plain declined in extent from around 
8,000 hectares to less than 3,000 hectares, whilst ‘deep freshwater marshland’ declined 
from more than 6,000 hectares to less than 1,500 hectares.54 Rural drainage on the 
Swan Coastal Plain was reported as extending over 200 kilometres south of Perth, 
covering an area of 321,000 hectares, and encompassing five gazetted drainage districts: 
Mundijong, Waroona, Harvey, Roelands and Busselton. 

Seasonally waterlogged flats (called palusplains) on the Pinjarra Plain occur because of 
the presence of clay soils interspersed with sandy soils in a very flat landscape bound by 
scarps.57 The clay impedes the movement of groundwater both horizontally and vertically, 
and so rain and runoff collects on the Pinjarra Plain, creating waterlogged conditions 
until drying occurs in late spring/summer57, when evaporation exceeds rainfall. In many 
cases, these wetlands were targeted for use because they offered good prospects for 
pasture or horticulture due to the water held in their sediment. 

Check: a concrete frame with 
boards slotting into it, creating 
a barrier across the drain. The 
checks are opened or closed 
by addition or removal of the 
boards.



22  Managing hydrology

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

DEC’s Geomorphic Wetlands Swan Coastal Plain dataset52 shows that 97 per cent of 
palusplain on the Swan Coastal Plain has been cleared. Widespread clearing had the 
effect of increasing the water in the landscape, prompting the installation of rural 
drains and, over time, extensive and effective rural drainage networks. This is described 
by Safstrom and Short: “Eventually, after landholders lodged numerous complaints 
relating to lost crops and property damage, the government addressed the problem of 
inundation by implementing a network of drains. In 1900, the first Drainage Bill was 
passed by state parliament. Over the next 70 years, trees on the banks of waterways 
were removed, lower river reaches were de-snagged, the rivers were straightened 
and deepened, and systems of interconnecting drains were dug across pastoral lands. 
Swamps were drained and the flow rate of the river courses increased”.58 The effect 
of these drains on the hydrology of the wetlands has been variable, but with time a 
common trend has been the compounding effect of climate change, because of the 
rainfall-dependent nature of these wetlands. In Pinjarra, for example, there has been 14 
per cent less rainfall on average between 1975 and 2008 than in the period 1877–1975. 
As a result, there is more drying of palusplains than previously.

Scott Coastal Plain

The Scott Coastal Plain occurs on the south coast. It covers a total area of about 105,000 
hectares and stretches about 70 kilometres along the coast and 20 kilometres inland, 
covering Brockman Highway, Stewart Road, Barlee Brook, Donnelly River, the Southern 
Ocean coastline and the Blackwood River. Private freehold land covers about 42,900 
hectares, with the remainder being state forest, national parks/nature reserves, other 
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Rural drains were created by the Public Works Department and managed by 
drainage boards from 1900 under the Land Drainage Act 1900 and subsequently 
the Land Drainage Act 1925. An example of a drainage board was the Benger 
Drainage Board, which regulated water levels in Benger Swamp between 
1918 and 1985.56 Drainage districts, including those of Albany, Mundijong, 
Waroona, Harvey, Roelands and Busselton, were gazetted under these Acts. The 
Public Works Department also developed and managed irrigation channels in 
irrigation districts proclaimed under the Rights in Water and Irrigation Act 1914. 
Responsibilities associated with drainage were assigned to the Water Authority 
upon its creation in 1985. The Water Corporation, created in 1996, now has 
responsibility for the provision of services to the drainage districts as a community 
service obligation under the service standards imposed by the operating licence 
issued and regulated by the Economic Regulatory Authority under the Water 
Services Licensing Act 1995. The Water Services Operation Licence No 32 outlines 
the Water Corporation’s sole operational requirement in this regard: “to operate 
and maintain its rural drainage infrastructure so that the period of inundation to 
land abutting a drain that forms part of the system shall be a maximum of 72 
hours”. The Water Corporation has the authority to control connections into their 
drainage systems. The Water and Rivers Commission, also created in 1996, was 
given the power in 2000 to provide local bylaws to regulate and control drainage 
and dewatering that was likely to affect the water in a wetland under the Rights 
in Water and Irrigation Act 1914, but this has not often been exercised. The 
Department of Water, created in 2006, is now responsible for administering this 
Act, including drainage governance and reform. More information of the history 
of drainage governance is available in the Coastal drainage discussion paper.7 

Who is responsible for rural drainage?
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Crown land and other minor uses. It consists of predominantly undulating to near flat 
land. It is an area of deep sediments, with varied soils including coloured deep sands, 
some deep sandy duplex soils, sandy loams and loams. A significant proportion of 
the plain has been classified as being wetland, containing a large diversity of wetland 
types ranging in both size and condition. Wetland types include extensive seasonally 
waterlogged or inundated areas (palusplain, damplands, sumplands, creeks) and areas of 
permanent water (lakes, rivers). 

Most agricultural or land planning reports tend to refer to ‘poorly draining’ land that 
is ‘subject to high watertables and waterlogging in winter’. Particularly in the eastern 
Scott Coastal Plain, this has been attributed to the presence of a coffee rock (iron-oxide 
cemented layers) or impermeable peaty layer, which serves to slow vertical leakage of 
groundwater from the superficial aquifer into the Yarragadee aquifer. The water held in 
these wetlands also provides significant flows to the Scott River and the Hardy Inlet. 

Drainage in the Scott River catchment is notable in that it has been designed and 
installed in an ad-hoc way with little coordination or integrated planning. As it is not 
a gazetted drainage district, there is no governance structure, meaning that no single 
organisation is responsible for the management and operation of these networks. It 
was not until 1984 that the Water Authority was given the power to prohibit drainage 
works, by amending the Rights in Water and Irrigation Act 1914. It is also notable in that 
it is one of the largest areas where drainage development is still underway. The effect 
of drainage on the area’s wetlands is likely to be variable; for example, large areas of 
wetland are likely to be drained of water while others are likely to be receiving excess 
discharge.

Urban subsoil drainage
Subsoil drainage is used to control the maximum height of the groundwater table. It 
is usually used in urban areas with high groundwater tables, such as areas supporting 
wetlands, to achieve a vertical separation distance between the groundwater table and 
infrastructure such as houses. It is used instead of, or in combination with, the use of fill 
(that is, soil sourced from somewhere other than the location being developed) to ensure 
that infrastructure and health are not adversely affected by water being present at or 
close to the soil surface in inhabited areas. It is likely to become used more often, due 
to urban development in urban centres including Perth and Peel increasingly occurring 
over more marginal land - areas of wetland and areas where shallow, unconfined 
groundwater is in proximity to the natural ground surface. It is also likely to become 
more popular with the land development industry because sourcing and transporting fill 
to new developments is an increasingly expensive and unsustainable proposition, with 
the availability of fill becoming more limited, and mining/quarrying for this fill having 
significant ecological impacts.

Subsoil drainage in urban areas is typically achieved by draining away groundwater using 
100 millilitre pipes with slotted holes (perforations). Coarse gravel is laid around the 
perforated pipes to enable groundwater intake. When groundwater rises to the level 
of the pipes, they take in water, minimising the vertical distance that the groundwater 
reaches above the pipes. The pipes are usually laid in road reserves to enable access for 
maintenance, although in industrial developments they may be installed down the back 
or sides of lots. The spacing of the pipes influences the degree of drainage achieved. 
The groundwater is drained to an outlet location. Following installation, subsoil drain 
infrastructure typically becomes the management responsibility of local government 
authorities.

Drainage planners design subsoil drainage to specific controlled groundwater levels 
(CGLs). A controlled groundwater level is the invert level of a groundwater management 
conduit such as a drain or channel in metres Australian Height Datum. The CGL is a 

Controlled groundwater 
level: the invert level of a 
groundwater management 
conduit such as a drain or 
channel in metres Australian 
Height Datum (AHD)

Invert: the level of the lowest 
portion at any given section 
of a liquid-carrying conduit, 
such as a drain or a sewer, and 
which determines the hydraulic 
gradient available for moving 
the contained liquid
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different depth to the separation distance, which is the actual maximum groundwater 
level achieved, taking into account the mounding in between pipes. This is an important 
distinction for infrastructure managers.

Where heavily degraded wetlands and non-wetland areas with a high water table are 
developed over, there is a need to ensure that urban developments are not affected 
by high water levels. But this approach can have significant environmental impacts 
when the drainage is indiscriminate, as the maximum water level of any remaining high 
conservation value wetlands in the area are also capped, while downstream wetlands 
(and other ecosystems) may be receiving environments for this drainage discharge. 

Disposing water: applying and discharging it

Disposing of stormwater in urban wetlands
Stormwater consists of rainfall runoff and any material it picks up in its path of flow. 
Stormwater is an important source of water for wetlands, and either too much, too 
little or poor quality stormwater can affect wetlands. In undeveloped catchments, up 
to 90 per cent of rainfall is absorbed and infiltrated into the earth’s topsoil, and there 
is relatively little stormwater. Particularly when the rainfall event is small, most of the 
rainfall is infiltrated into the topsoil. Some of it may then slowly reach a wetland by 
subsurface flows. Some of it is lost to the atmosphere by evaporation from the soil and 
other surfaces; some is lost to the atmosphere by transpiration by vegetation in the 
catchment. Some of it reaches the water table, thereby recharging groundwater, and 
slowly reaching downgradient groundwater dependent wetlands in this way. In moderate 
to large rainfall events, a greater proportion of the water is likely to be stormwater, 
following natural overland flow paths to receiving wetlands and waterways. 

In contrast, in built environments including urban, commercial and industrial areas, 
as little as 10 per cent of rainfall may infiltrate into the earth because of the extent of 
paved, impermeable surfaces that limit the rate of infiltration of stormwater into the 
ground.59 The risk of flooding is significantly increased by the reduction in the vegetated 
area, and the reduction in permeable surfaces where water can infiltrate, meaning that 
a lot of water needs to be ‘caught’ and conveyed to reduce this risk to humans and 
property. Conveyance to wetlands, waterways and oceans using infrastructure such as 
pipes and open channels has traditionally been the approach used, and much of the 
stormwater infrastructure in urban areas around WA is designed to do this (Figure 10). 
This causes one of two problems for a wetland: either it receives more water than it 
should, or the stormwater infrastructure bypasses it or provides it with a limited amount 
and it receives less water than it should. Both pose serious threats to wetlands.

Figure 10. Pipes discharge stormwater directly into Lake Monger, Perth. Photo – L Mazzella/
Department of Water. 

Stormwater: water flowing over 
ground surfaces and in natural 
streams and drains as a direct result 
of rainfall over a catchment60

Recharge: water infiltrating to 
replenish an aquifer

Impermeable surface: the 
part of the catchment surfaced 
with materials, either natural or 
constructed, which prevent or 
limit the rate of infiltration of 
stormwater into the underlying soil 
and groundwater and subsequently 
increases stormwater runoff flows. 
Also referred to as impervious 
surfaces.
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Although wetlands receiving stormwater would have naturally received stormwater, 
they would not have received so much, so quickly. This is because water captured and 
conveyed from largely developed catchments delivers water to wetlands in greater 
volumes by bypassing the natural evaporation, transpiration and infiltration pathways 
in the catchment. Following a large rainfall event, water is captured and conveyed to 
wetlands and other receiving environments in greater amounts over shorter periods, 
without the passive water quality treatment that the earth and native vegetation 
provides. Under these circumstances wetlands can experience:

• increased volume 

• increased rate of water rise

• longer duration of the high water level 

• potentially less groundwater input

• erosion and sedimentation caused by the entry of water from pipes and open 
drains

• potentially more water in  the dry season.

In Perth and surrounding urbanised parts of the Swan Coastal Plain, and in some 
other urban centres in WA, stormwater often flows into networks of drains that are 
also designed to lower the groundwater level, often called main (arterial) drains and 
branch drains (Figure 11). The intercepted groundwater flows into the drain along 
with stormwater. In this way, stormwater and groundwater management in the Perth 
metropolitan area are integrally linked.59 

Figure 11. A main drain in Baldivis, south of Perth. Photo – J Higbid/DEC.

In some areas, drainage schemes have formally designated the use of wetlands as 
receiving bodies for stormwater. For example, Yangebup Lake is designated as a 
‘compensating basin’ for the South Jandakot Drainage Scheme, which drains a number 
of southern Perth suburbs, with an area of 200 square kilometres. The aim of the 
system is to provide drainage for the urbanised areas and to maintain the water levels in 
Thomsons Lake, recognised as internationally significant via the Ramsar Convention. The 
drainage scheme was approved by the Environmental Protection Authority. The scheme 
was designed so that stormwater could flow directly into Yangebup Lake, North and 
South Kogolup lakes and Thomsons Lake from residential areas, and through a series of 
pumps and drains the maximum water levels in each can be controlled. When the water 
reaches a maximum designated height in Yangebup Lake it is pumped out to Cockburn 
Sound. It is reported that prior to the 1960s Yangebup Lake was a seasonally inundated 
wetland, naturally drying out each year.61 With the water received from the urbanised 
catchment, it is now permanently inundated. Many wetlands are affected by such 
drainage schemes in urban areas in the south-west.  
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In south-western WA, the excess water being delivered by traditional stormwater systems 
to many wetlands is to some extent being counteracted by the drying effects of climate 
change and the abstraction of groundwater. This needs to be taken into account when 
managing stormwater. Stormwater is a precious resource that, with good management, 
can be an important water management tool. Especially in a drying climate, stormwater 
can be an important source of water within a wetland catchment that may ultimately 
reach a wetland, and if it is instead discharged to the ocean or another catchment, 
affected wetlands may experience a drier water regime. 

➤	 Documents describing drainage schemes in the Perth and Peel area include:

• Byford townsite drainage and water management plan62

• Forrestdale main drain arterial drainage strategy63

• Jandakot drainage and water management plan: Peel main drain catchment64 

• Murray drainage and water management plan65

• Swan urban growth corridor drainage and water management plan66

Disposing of drainage water in Wheatbelt wetlands
In the Wheatbelt, large areas of agricultural land are degraded, or at risk of degradation, 
by secondary salinisation. One response is the removal of saline waters using a 
network of deep drains, mole drains, bore siphons and groundwater pumps, directed 
to valley floors, wetlands and waterways. Affected wetlands are subjected to wetter 
water regimes (Figure 12), and a new water source which often carries higher salt loads, 
acid and heavy metals.67,68 These wetlands are often called ‘sacrificial wetlands’ as, 
in effect, they are sacrificed to reduce the impacts upon the surrounding agricultural 
land. Wetlands that are hydrologically downstream of the receiving wetland can also be 
affected.

 
Figure 12. Hydroperiod and salinity patterns in a naturally saline 
Wheatbelt wetland (a) hydrologically undisturbed, and (b) receiving 
drainage. Image – Halse (2004).68

Secondary salinisation: a 
human-induced process in 
which the salt load of soils, 
waters or sediments increases 
at a faster rate than naturally 
occurs
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It is estimated that more than 5,000 kilometres of deep open drains that intercept 
groundwater have been constructed in the Wheatbelt.69 Jones et al (2009) describe how 
‘Some of the saline water removed from these areas is re-used, but the vast majority 
is discharged into a receiving water body. Often, natural waterbodies, such as basin 
wetlands, are seen as ideal disposal bodies for this water since they function as natural 
evaporation basins and are agriculturally unproductive’.70 Jones et al found that the 
effect of the disposal of groundwater into wetlands depends on the quality, volume 
and timing of discharge, and the physical, chemical and biological characteristics of the 
receiving basin. Drains in the Wheatbelt have been reported to carry from around 8,600–
2,592,000 litres per day in spring.71 When this large quantity of water is discharged into 
a basin, it is likely to change the timing, frequency, extent and inundation period of the 
wetland.

The hydrology of many Wheatbelt wetlands have been altered, or are at risk of alteration 
due to the rising groundwater. The effect of deep drainage upon the hydrology of 
receiving wetlands compounds these hydrological effects. Adding to this complexity is 
the potential for less rainfall and different rainfall patterns due to climate change. 

➤	 Reports describing the effect of deep drainage on wetlands include:

• the topic ‘Water quality’ in Chapter 3 of the guide, which covers wetland 
acidification;

• the topic ‘Secondary salinity’ in Chapter 3 of the guide

• the report, The potential effects of groundwater disposal on the biota of wetlands 
in the Wheatbelt, Western Australia.70

Discharging of dewater

Direct discharge to wetlands
Dewatering is the process of removing groundwater to facilitate construction or other 
activity. It is often used as a safety measure in mining below the watertable or as a 
preliminary step to development in an area. The water, sometimes referred to as dewater, 
is sometimes directly discharged into a wetland. This imposes wetter water regimes and 
introduces a new water source that may be of a different chemical composition, and 
therefore water quality, to a wetland’s natural water sources. Dewatering discharge 
to wetlands has occurred in the Goldfields and the Pilbara. In the Pilbara, mine 
dewatering discharge accounts for an estimated 52 per cent of total water use in the 
Pilbara, which in 2008 was estimated at 127 gigalitres per year.45 Discharge to salt 
lakes is commonplace in a number of mining operations in the Goldfields. These salt 
lakes are typically intermittently inundated, receiving water episodically from rainfall 
and catchment runoff in times of heavy rainfall, some remaining dry for years and 
often holding surface water for as little as a few months. A report published by the 
Department of Water provides some background to their use as dewatering discharge 
sites: ‘The salt lakes of the Goldfields have been the preferred option for the disposal of 
surplus groundwater (dewatering discharge) produced during mining operations. The 
lakes are large and flat, providing an expansive surface area for evaporation. Because of 
the lack of knowledge and understanding of salt lake ecosystems, there was a perception 
that they were ‘barren’ and that disposal to these lakes was the most ‘environmentally 
friendly’ option for dewatering discharge’.72 Table 4 is reproduced from this report. 
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Table 4. Dewatering discharge wetlands in the Goldfields, as listed in Outback Ecology Services 
(2009).72

Discharge lakes in 2009 Discharge lakes, prior to 2009

Lake Carey Kurrawang White Lake

Lake Way  Lake Fore

Lake Raeside  Lake Tee

White Flag Lake  Banker Lake

Lake Lefroy  Southern Star Lake

Lake Cowan  Lake Miranda

Lake Hope  North Lake Austin

Lake Wownaminya  Lake Koorkoordine

Yarra Yarra Lakes

Dewatering discharge has been found to generally result in a prolonged wet cycle, with 
the input of discharge water resulting in permanent localised inundation.72 Factors that 
affected the water regime include:

• the rate and volume of water discharged

• bathymetry of the wetland

• the permeability of wetland sediments

• the natural cycles of wetting and drying of the wetland

• the prevailing wind direction, as this can influence movement of the discharge 

• the capacity of the wetland and the changes in water levels that occur upon filling. 

In addition the discharge has the potential to cause significant water quality impacts. 
For example, in the Goldfields, hypersaline groundwater is continuously added to 
many salt lakes, such as Lake Austin, which is naturally intermittently inundated from 
rainfall.73 In the Pilbara, the opposite has historically occurred, with fresh groundwater 
being continuously disposed of into wetlands such as the naturally intermittent, brackish 
to saline Fortescue Marshes. Both situations can be damaging to the ecology of the 
receiving wetland. Other contaminant may also be discharged, including metals.

➤	 The report, Development of framework for assessing the cumulative impacts of 
dewatering discharge to salt lakes in the Goldfields of Western Australia72 is a useful 
summary of the state of discharge in the Goldfields.

➤	 The classification of inland salt lakes in Western Australia74 also provides information 
on discharge characteristics.

Discharge to the superficial aquifer causing mounding
Dewatered groundwater and treated wastewater is sometimes re-injected or allowed to 
re-infiltrate into a superficial aquifer. This can cause groundwater mounding, that is, a 
localised dome in the water table, which has the potential to cause wetter conditions in 
nearby groundwater dependent wetlands. This has occurred at The Spectacles wetlands 
in the Town of Kwinana. Water quality changes may also occur, due to the addition of a 
new source. 



29  Managing hydrology

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

Irrigating
Irrigation is most widespread in WA’s south-west and in specific irrigation areas in the 
north and mid-west, including the Ord and Carnarvon irrigation areas.75 The production 
of fruit and vegetables is the largest component of the irrigated agricultural sector, 
with dairy and beef pasture, nurseries and turf farms the other major irrigation groups. 
Irrigation, and low-efficiency irrigation in particular, has the potential to cause wetter 
water regimes in nearby low-lying wetlands, because water drains beyond the root 
zone of crops, and flows downgradient through sub-surface soil. Agricultural chemicals 
can also be transported to wetlands along with this water.76 Furthermore irrigation 
salinisation, which currently occurs in the Ord irrigation area and in some of the irrigation 
areas of the south-west, poses an additional threat to wetlands in these areas.77 Some, 
but not all, irrigation is regulated; irrigators generally use groundwater and surface water 
under licence, though there are some groups in unproclaimed water resource areas that 
operate without licences. Changes to the regulation of irrigation instigated in the mid-
2000s75 has seen an increase in the efficiency of irrigation.

➤	 For more information, see the Irrigation review final report.75

Discharging effluent
Sewage pumping stations and on-site sewage systems can have localised effects on 
wetland hydrology. On average, domestic on-site sewage systems dispose of a minimum 
of 150–200 litres of wastewater per person per day.78 Septic tanks (underground tanks 
where sewage is treated to a degree before leaching into the soil) are prevalent in 
WA. They generally pose a more serious threat to a wetland’s water quality than to its 
hydrology. 

Tailings dams
Water used in the mining process is often disposed of in tailings dams, mined-out voids, 
valleys created by overburden stripping or underground mined areas. Tailings water 
typically contains toxic substances such as arsenic and heavy metals, and may also be 
a high temperature. If tailings storage areas are not properly sealed, contaminants may 
leach into the groundwater and affect wetlands.79 As with sewage from septic tanks, the 
input of contaminants to groundwater from tailings dams is generally a greater risk than 
the change in hydrology associated with the input of water. 

Changing wetlands

Mining/deepening/lining/sealing wetlands, creating islands
Since European settlement, physically altering wetlands has been a common wetland 
‘enhancement’ practice in WA. Whether for aesthetic purposes, mining (peat, gypsum, 
bentonite, marl, salt and algae are just some of the products mined), recreational 
purposes (such as waterskiing, swimming and fishing) or water-holding purposes (for 
livestock watering and fire-fighting), these practices result in altered water depth and 
duration. For example:

• in the case of basin wetlands, deepening may result in a seasonally inundated 
wetland becoming permanently inundated, by intercepting the groundwater table, 
or holding a greater volume of water for longer. Excess sediment ‘spoil’ is often 
used to create islands in wetlands, which compounds the altered hydrology.

• in the case of flats, deepening tends to involve creating a basin and results in a 
seasonally waterlogged flat becoming a seasonally or permanently inundated basin

• deepening alters the composition of the sediment and its spatial arrangement and 
distribution, which affects the water holding capacity of the wetland 
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Lining wetlands using impervious or low-permeability materials has the effect of 
artificially retaining surface water in wetlands. Materials that have been employed or 
proposed to be employed include a polymer proposed to be used at Lake Jualbup in 
the Perth suburb of Shenton Park (formerly known as Shenton Park Lake, and originally 
known as Dyson’s Swamp). In considering the proposal, the Environmental Protection 
Authority has concluded that in addition to altering the wetland water regime, and 
limiting the ability of the oblong turtle population to burrow into the sediment, the 
installation of a polymer in Lake Jualbup would in effect create a closed system that 
would result in the concentration of contaminants and nutrients and could lead to odour 
problems.80

Obstructing flows via roads, causeways and tracks
WA’s roads, causeways and tracks act as hydrological barriers in the landscape, changing 
the route and characteristics of surface and shallow sub-surface flows. As barriers to 
surface flows, roads can alter the water regimes of surface water fed wetlands. By 
diverting sub-surface flows to the surface, they can create wetlands where they did not 
naturally occur. Causeways have been constructed across the beds of a number of large, 
intermittently inundated wetlands in WA, and can obstruct natural flow paths within 
wetlands, leading to a change in inundation extent (Figure 13). Culverts enable greater 
hydrological connectivity (Figure 14), but can produce increased flow rates as water is 
forced through them, causing erosion and sedimentation on the downgradient side, 
creating turbid conditions. 

Figure 13. The causeway across Lake McLeod in the Gascoyne region prevents the spread of 
surface water across the bed of the wetland. Photo - A Lam. 

Figure 14. Culverts can enable some degree of water flow beneath barriers such as roads, but 
they need to be well designed in order to avoid problems such as erosion and sedimentation. 
Image – Department of Water.

Culvert: a conduit used to enable 
water flow beneath a structure 
such as a road, causeway, railway 
or track

Turbid: the cloudy appearance of 
water due to suspended material
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Earthworks and control structures to confine water to wetlands
Some wetlands in regional WA are used for recreational activities such as waterskiing. 
Many of these wetlands have been altered to improve conditions needed for these 
activities. In particular, artificially blocking a wetland’s natural drainage outlets using 
earthworks or control structures, so that high water levels are maintained for longer 
following rain, has made a number of wetlands more suitable for waterskiing. This 
results in wetter water regimes. This has occurred at Yenyening Lakes, where a gate at 
Qualandary Crossing was constructed in the early 1900s and has served to dam waters in 
the lakes for a variety of purposes over time, including waterskiing.81

This practice is also carried out for agricultural purposes. Levee banks (human-made 
ridges or embankments) are often constructed around wetlands to confine water to 
reduce the size of the wetland and reduce the amount of water that spreads across 
the land around the wetland. Levee banks sever the natural hydrological connectivity 
between a wetland and its surrounding landscape - a process which is important for 
the exchange of material and nutrients. Levee banks are also used to direct flows 
downstream. This increases the rate of downstream outflow, as water is prevented from 
spreading out across the land. This delivers more water to downstream wetlands, causing 
wetter water regimes in them. 

Puncturing retarding layers 
Excavation near or in wetlands, for purposes such as pipelines, bores and cores, can 
puncture natural layers in the sediment or soil that retard water leakage and so retain 
water in wetlands. Many wetlands in WA are perched (not connected to groundwater). 
In these wetlands, water from rainfall and often from surface flows waterlogs and/or 
collects as a lens on top an impermeable surface layer (such as heavy clays). Perched 
wetlands are fairly common in the Wheatbelt, along the eastern side of the Swan 
Coastal Plain (Pinjarra Plain wetlands), and some of the salt lakes of the Goldfields. If the 
impermeable layer that contains the water is punctured by excavation, it may, in effect, 
‘leak’, leading to drier water regimes. Some of the activities that require excavation 
include drilling bores and cores, installing underground pipes, mining and laying building 
foundations. 

Creating water loss

Mining voids
The holes created by excavating mineral ores are called mining voids. In 2003 it was 
estimated that there were approximately 1800 existing mine voids and more than 150 
mines operating below the watertable in WA.82  Some of these holes dwarf the natural 
wetlands of WA in dimension, particularly in depth, such as the Muja coal pit in Collie, 
that is predicted to be 200 metres deep and 400 hectares in area. The extent of impact 
of these mine voids on the surrounding groundwater environment is largely dependent 
on the local hydrogeology, as to whether the mine void will act as a groundwater sink 
or groundwater throughflow cell. In the groundwater sink regime, evaporation exceeds 
the rate of groundwater inflow into the void and is typical of most hard-rock mines 
throughout Western Australia.82 Wetlands down-gradient of mine voids that function as 
groundwater sinks can experience altered hydrology. Hydrogeological connection of mine 
voids with important wetlands or groundwater resources is a major consideration in the 
Pilbara.82

Constructing (artificial) lakes 
Many water features in urban developments, including those marketed as stormwater 
treatment constructed lakes, are permanently inundated constructed water bodies 
with very little native vegetation. These constructed features can be subject to high 
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evaporation rates due to their depth to surface area ratio and where they intercept 
groundwater, or are topped up with groundwater, they can result in substantial water 
loss. They often have serious water quality problems, weeds, algal blooms and nuisance 
insect populations, and if poorly planned, have the potential to generate acid sulfate 
soils, on-going maintenance and life-cycle costs and flood risks.

➤	 For more information see the Department of Water’s Interim Position Statement: 
Constructed Wetlands.83

Altering hydrology to manage other wetland 
problems
Sometimes, hydrology is altered in order to manage other problems, such as poor water 
quality and nuisance populations of midge and mosquito in wetlands. The decision to 
manage water quality by altering a wetland’s hydrology should be taken with extreme 
care, within the context of all the management issues at the wetland, by developing a 
wetland management plan, and ensuring that all legal requirements are met.

One method involves reducing the volume of inflowing water of poor quality. For 
example, Toolibin Lake, 40 kilometres east of Narrogin, is recognised as an internationally 
significant wetland, but its condition is threatened by rising groundwater of very high 
salinity. To mitigate this risk, the natural flow pathways into the wetland have been 
deliberately modified. This involves diversion of the ‘first flush’ of water that would 
normally flow into the wetland with each rainfall event (which carries high salt loads 
from the catchment) to Lake Taarblin, a downstream wetland. Toolibin Lake receives less 
salt but also less water, and the downstream wetland receives more water and salt.84 
Later flows that are lower in salt are allowed to flow into Lake Toolibin to help maintain 
the hydrological balance of the lake.

Another method involves diluting or flushing polluted water with a new, clean water 
source. For example, freshwater creeks which previously bypassed Lake Towerrinning 
in the Shire of West Arthur are now diverted into the wetland to dilute nutrients and 
prevent algal blooms. This approach has implications for the ecology of the freshwater 
creeks as well as environments downstream of Lake Towerrinning. From a wetland 
conservation perspective, it is much more sustainable to manage the nutrients entering 
the wetland. 

What effect does altered hydrology have on 
wetlands?
Altered hydrology can affect wetland water quality, the species and communities 
present in individual wetlands, the physical and chemical processes in wetlands, regional 
populations of wetland species, and in the case of drying, it may ultimately result in 
the loss of wetlands. In practice, it can be difficult to separate out the effects of altered 
hydrology, because water has such a fundamental effect on wetland species, and 
physical and chemical conditions in wetlands. 

In 2004, a summary of the likely impacts of various threatening processes in the south-west 
was estimated based on the then current literature and expert assessment by scientists of 
the (then) Department of Conservation and Land Management. This assessment focused 
on the number of likely species extinctions that would arise if threatening processes were 
not managed. Altered biochemical processes associated with altered hydrology were found 
to be the most significant potential driver of species extinction in the south-west (750 
species extinctions).85

At the community scale, thirty-seven of the sixty-nine threatened ecological 
communities currently listed by the WA Minister for Environment are wetland 

Threatened ecological 
community: naturally 
occurring biological 
assemblages that occur in a 
particular type of habitat that 
has been endorsed by the 
WA Minister for Environment 
as being subject to processes 
that threaten to destroy or 
significantly modify it across 
much of its range
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communities. Hydrological alteration and climate change are major threats to these 
communities. It also threatens many wetland communities listed as priority ecological 
communities.

Table 5 summarises the effects of altered hydrology.

Table 5. A summary of the effects of altered hydrology on wetlands

Change Increased risks associated with 
increased drying

Increased risks associated with 
increased wetting

Changes in water quality • Altered water chemistry

• Acidification

• Eutrophication

• Altered salinity

• Altered water chemistry

• Altered salinity 

• Eutrophication

Changes in species and 
communities, in some 
cases leading to changes 
in regional populations of 
species

• Altered species composition

• Altered species distribution

• Species mortality

• Altered species richness

• Altered species abundance

• Altered community structure

• Altered species composition

• Altered species distribution

• Species mortality

• Altered species richness

• Altered species abundance

• Altered community structure

Changes in physical 
and chemical wetland 
functions

• Altered nutrient cycling

• Increased risk of frequent fire, and 
associated risk of acidification

• Altered sediment including 
desiccation, smaller organic fraction, 
cracking, oxidation, consolidation

• Altered nutrient cycling

• Altered sediment including swelling, 
flocculation, increased suspension, 
increased organic fraction, less 
oxygen leading to reducing 
conditions

Loss of wetland types and 
wetlands

• Conversion of wetland types (e.g. 
permanently inundated wetlands to 
seasonally inundated)

• Loss of wetlands, particularly 
seasonally waterlogged wetlands

• Conversion of wetland types (e.g. 
seasonally inundated wetlands to 
permanently inundated)

Effects on water chemistry and quality 
For an organism to inhabit a wetland, the wetland’s water regime and water chemistry 
must suit its needs. Because altered hydrology can alter water regime and chemistry, 
it can cause changes in the mix of species able to survive at a wetland. What is more, 
organisms can modify their environment. So to complete the cycle, a change in the 
mix of wetland species can have impacts on the water regime and water quality. In this 
way, altered hydrology can cause a series of impacts in wetlands that involve the water 
regime, water quality and the ecological community (Figure 15). 

Figure 15. Altered hydrology can produce a range of far-reaching effects because of the 
interactions between the hydrology, water regime, water quality and biological impacts of 
wetlands. 
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If the wetland begins to receive water from a different source, or the proportion of water 
it receives from each source changes, this can lead to changes in water chemistry. Water 
sources vary naturally in their composition. For example, groundwater is often rich in 
minerals, and can vary in salinity from fresh to hypersaline, while rainwater is typically 
fresh and slightly acidic. Surface water may be derived from rainwater or groundwater, 
and can pick up both soluble substances (such as salt) and insoluble substances (such 
as sediment) on its way to a wetland. These differences in composition give rise to 
variations in characteristics of water such as temperature, salinity, hardness, acidity, 
nutrients, turbidity, light and dissolved oxygen. A wetland’s unique mix of water sources 
influences its water quality, so any change in sources caused by altered hydrology can 
cause changes in water quality. 

Salty, turbid or acidic water sources are commonly recognised as having potential to 
degrade the water quality in a wetland that is not naturally salty, turbid or acidic, but 
fresh, clear, and neutral water can cause problems too. The dilution of natural substances 
within a natural water source lowers their concentration, and changes the water 
chemistry in a way that might not suit the resident wetland species (as is occurring at 
the Fortescue Marshes, Figure 16). Wetland ecosystems are adapted to their own unique 
mix of water sources, which might naturally include salty, turbid or acidic waters, for 
example. 

The way water leaves a wetland has an influence on the concentration of dissolved 
substances in the water. Water can leave a wetland through the processes of evaporation 
and transpiration; processes which leave behind and concentrate compounds such 
as salt. On the other hand water that flows out of a wetland removes the dissolved 
substances with the water, and their concentration does not change. Wetlands that are 
connected to waterways may experience large pulses that flush them, scouring them 
of sediments or salt, for example. In areas of WA this process isn’t as common as in the 
eastern states of Australia, where it is one of the tools used in wetland management. In 
this way alterations to hydrology that influence how water leaves a wetland also have 
the potential to cause changes in water quality that degrade wetlands. 

Figure 16. Fortescue Marshes, Pilbara. When fresh groundwater dewatered from a nearby 
mine was being disposed of in this wetland, the combination of the wetter water regime and 
continuous fresh water affected the native salt marsh vegetation. Photo – S Halse/DEC. 
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Acidification of wetlands due to altered hydrology is a major management issue in 
the south-west of WA. Acidification is a serious threat to wetlands and the primary 
management aim should be to avoid triggering it, with altered hydrology a key trigger.

In the case of wetlands containing acid sulfate soils, the sulfidic material-containing 
soils are benign when they remain waterlogged or inundated, but when they are 
exposed to air, they generate acid which can be released into the wetland. Changes to 
water regime that involve surface or groundwater drawdown can trigger this process. 
The acid itself can cause ecological damage. In addition, toxins such as metals and other 
poisons such as arsenic remain bound in wetland soils under neutral conditions, but they 
become soluble and toxic when conditions become acidic. Below are some examples of 
alterations to hydrology leading to acidification: 

• excavation of peat-based wetlands in the City of Stirling in Perth for urban 
development generated acidic groundwater, which became contaminated with 
arsenic as a result86 

• inland peat wetlands in the south-west have become acidic because of dewatering 
and peat mining (for example, Lake Cowerup in the Lake Muir-Byenup Lagoon 
Ramsar site87) 

• wetlands receiving drainage constructed to combat rising groundwater in the 
Wheatbelt are suffering the effects of acidity and salinity.

Nutrients may also increase with drying. For example, drying of peat releases nutrients, 
particularly organic nitrogen.88

Not only can changed water regimes generate contaminants, they can also move 
existing contaminants into wetlands. Secondary salinity in the Wheatbelt is also caused 
by altered water regimes moving existing salt into new places. Rising water tables wet 
previously dry parts of the soil profile, mobilising salt and bringing it to the surface. The 
combination of saltier and wetter (waterlogged) conditions affects wetlands.

➤	 The management of altered hydrology in the Wheatbelt is also addressed in the topic 
‘Secondary salinity’, in Chapter 3.

Groundwater drawdown in near-coastal superficial aquifers may allow seawater intrusion 
into the aquifer.89 This may result in seawater entering wetlands that previously received 
groundwater. 

When vegetation is cleared and land is developed over or put into agricultural 
production, shallow sub-surface flows are often re-routed to the surface, increasing the 
proportion, amount and flow speed of water delivered to wetlands as surface water. 
This water may gather contaminants as it flows overland to the wetland, without the 
filtration provided by flowing slowly through the soil. In addition, its increased flow speed 
may allow it to collect and deliver extra sediments and organic material to wetlands. 
In this way, the load of manufactured chemicals, the turbidity and nutrient content of 
a wetland’s waters can be increased. If large amounts of extra sediment are delivered, 
sedimentation can cause changes to wetland shape, which may bury wetland organisms 
and/or result in further changes to the water regime. 

Changes to water regime and/or water quality may leave dead vegetation or animals 
in the water column. Decomposition of this organic material by bacteria and other 
organisms consumes oxygen, resulting in low levels of dissolved oxygen in the water 
column. This can affect the health of aquatic plants and animals, including fish, and can 
cause further deaths of wetland organisms. 

➤	 The effects of altered hydrology on water quality is discussed in the topic ‘Water 
quality’, also in Chapter 3.

Acid sulfate soils: includes all soils 
in which sulfuric acid is produced, 
may be produced or has been 
produced in quantities that can 
affect the soil properties. Also 
referred to as acid sulphate soils.
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Effects on populations, communities and species
As established in the topics ‘Wetland ecology’ and ‘Wetland hydrology’ in Chapter 2, 
when seeking to determine how species may be affected by altered water regimes, an 
understanding of their water requirements is critical.

Some of the key points about water requirements include: 

• Species have water requirements: the water required by a species, in terms of 
when, where and how much water it needs, including timing, duration, frequency, 
extent, depth and variability of water presence.

• Water requirements are driven not only by the water needed by a species, but also 
the chemical environment of water, such as the levels of oxygen, carbon dioxide, 
light, salt and acidity in water. 

• Water absence and presence also drives physical processes in sediments. For 
example, the cracking and swelling of clays in response to drying and wetting 
that is important for some wetland plants and animals (such as planigales, which 
are very small carnivorous marsupials); the consolidation of sediments on drying 
that provides habitat for rushes and sedges; and the development of peat, and 
impairing peat fires, that provides a refuge for desiccation and fire-sensitive 
species. 

• Species employ a range of adaptations that enable them to cope with particular 
water regimes. These include physiological, behavioural and reproductive 
adaptations or traits. For example, in wetlands that dry, smaller animals 
develop desiccation resistant/tolerant resting eggs before dying (such as many 
microcrustaceans); plants develop seeds, algae and bacteria develop spores and 
cysts; larger animals go into aestivation or dormancy in the wetland sediment 
(including some fish, crayfish, molluscs and turtles) or migrate to another site 
(including crocodiles and other reptiles, frogs, birds, mammals, many insects); and 
plants use groundwater where it is within reach.

• Boom and bust cycles are a natural part of the population dynamics of many 
wetland species in WA. Many of the species that inhabit WA’s wetlands are quite 
resilient to year-to-year hydrological change over their normal wetting-drying 
cycles (for example, seasonal or intermittent waterlogging/inundation). 

• In highly altered landscapes, the ability of individuals and populations of plants 
and animals to cope with natural amounts of variability in water regime can be 
compromised by the additional stressors (such as salinity, fragmentation, excess 
nutrients, weeds, fire and so on). Human-induced change is escalating population 
and ecosystem level stress, threatening wetland biodiversity in the south-west15 
and other areas of WA. 

• The study of water requirements goes under many names including environmental 
water requirements, ecohydrology and hydroecology.

For an organism to live at a wetland, the wetland’s water regime and water quality must 
suit its requirements. Altered hydrology can impact on both of these factors, and can 
result in organisms’ requirements not being met. 

An aspect of the water regime (frequency, duration, depth, extent, seasonality, rate, 
variability) may be particularly important for an individual’s survival or reproductive 
success. So may an aspect of water quality (such as salinity, acidity, nutrients, oxygen, 
turbidity, light or temperature). Since altered hydrology can impact on any combination 
of these, there is a large chance that altered hydrology will affect a wetland’s suitability 
for a range of organisms. Conditions beyond an organism’s tolerance, or threshold, can 
cause declining health, dispersal to more suitable habitat, or death. 

Drought and flood can naturally cause such conditions to occur. However, human 
changes to the environment have greatly impaired the natural capacity of many species 
and communities to recover from drought90 and flood, particularly in areas impacted 

Thresholds: points at which a 
marked effect or change occurs 
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Knowledge of water requirements is based upon 
deduction, observation, and studies. Some of the 
local studies are listed below. There are also a large 
number of studies of the water requirements of WA’s 
waterways, available from the Department of Water 
website www.water.wa.gov.au.

Wetland vegetation has been much more intensively 
studied than fauna. However, even with this level of 
study, scientists generally cannot make absolute or 
definitive statements about the response of a particular 
species in different wetlands. As described by Horwitz, 
Sommer and Hewitt92, the degree of response depends 
on the magnitude, rate and duration of water level 
increase or decrease, the historic changes in water 
levels, the specific site conditions (soil stratigraphy, 
etc.), habitat type and species in question, the 
influence of disturbance impacts (fire, etc.), and 
finally the condition of the vegetation. Resilience of a 
community may be site-specific, rather than species-
specific, stemming from historical adaptations.93

Generalised understandings of a species response 
can be refined at a particular wetland using a range 
of investigations, including measurements of water 
potential and sapflow sensors to quantify a plant’s 
water use.

Methodologies
• Approach to determination of ecological water 

requirements of groundwater dependent 
ecosystems in Western Australia94 

Kimberley
Riparian studies that include wetland species in the 
Kimberley include:

Water regime for wetland and floodplain plants. A 
source book for the Murray-Darling Basin95 (includes 
some species found in WA wetlands including 
Eucalyptus camaldulensis)

Pilbara
Riparian studies that include wetland species in the 
Pilbara include:

• Environmental water report series, report no. 17: 
Determining water level ranges of Pilbara riparian 
species96 

• Environmental water report series, report no. 20: 
Determining water level ranges of the lower De 
Grey River97

• Environmental water report series, report no. 22: 
Determining water level ranges of Lower Robe 
River98

• Climate, management and ecosystem interactions 
in the Pilbara: tree water use at Millstream 
National Park, WA99

• Waterlogging and salinity tolerance in riparian and 
floodplain trees and shrubs in the Pilbara region 
(in preparation)

• Water requirements of the riparian tree Melaleuca 
argentea in the Pilbara (in preparation)

Studies of the water requirements of WA’s wetland species

by intensive land and water use. For example, at Lake Gregory, prolonged inundation 
triggered by a cyclone resulted in drowning and death of the wetland’s trees. Seedlings 
sprouted but regeneration was limited by cattle grazing of the seedlings. Lake Gregory’s 
trees are vital to maintaining waterbird breeding levels at the wetland.91 Animals 
may also be directly affected: land uses can create barriers and hazards to migration 
to remaining suitable habitats during drought, particularly for animals such as frogs, 
tortoises, quendas, rakali, fish, snakes and lizards; and when they coincide with bust 
cycles of a population, they can have catastrophic consequences for the population. The 
loss of the mosaic of wetland and dryland in natural landscapes means that those species 
with poor dispersal abilities will be disadvantaged. 

Decline in condition of vegetation
A decline in condition of plants often occurs with altered water regime. Wetland plants 
establish under the conditions that suit their anatomy and physiology, and when the 
conditions change, their condition can decline, in very rapid (days) to very long-term 
(decades) timeframes, depending on the change and their ability to adapt to it. Decline 
in the vigour of a plant is usually evident as yellowing, browning, wilting or dead foliage. 
In the case of drying, dropping leaves or branches can help plants to survive by reducing 
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their water needs. Some species may show signs of stress sooner than others, or plants 
in one area or zone of the wetland may show signs of distress first. While it is possible to 
make generalisations about the response of a species to wetland water regime changes, 
there is variability amongst individual plants and sites.

Some wetland trees, such as the moonah Melaleuca preissiana (a paperbark that 
occurs in the south-west of WA), may alter their root system distribution and attempt 
to elongate their roots to follow water down the soil profile when the groundwater 
table declines. Certain conditions are needed, with a slow rate of change one of the 
most important factors in addition to the magnitude of change. A range of studies by 
Professor Ray Froend and others (including Froend et al106, Groom et al117, Froend and 
Loomes94, and Sommer, Froend and Paton118), have demonstrated the importance of rate 
of change for trees and other Swan Coastal Plain wetland plant species. For example, it 
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Swan Coastal Plain
• Draft Ecological character description of the 

Becher Point Wetland Ramsar Site100

• Gnangara mound ecohydrological study. Final 
report to the Western Australian Government, 
Department of Water. Report No. CEM2010-20101

• Study of the ecological water requirements of the 
Gnangara and Jandakot Mounds under section 46 
of the Environmental Protection Act102

• Ecological water requirements for selected 
wetlands in the Murray drainage and water 
management plan area103

• A guide to emergent plants of south-western 
Australia104

• Identification of the wetland plant hydrotypes on 
the Swan Coastal Plain, Western Australia105

• Wetlands of the Swan Coastal Plain: The effect of 
altered water regimes on wetland plants106

• Ecological character description of the Forrestdale 
and Thomsons Lakes Ramsar Site, A report to the 
Department of Environment and Conservation107

Unpublished

• Turquoise Coast Development Jurien Bay: 
Assessment of likely impacts of drawdown on 
groundwater dependent ecosystems108

South-west WA
• Determination of ecological water requirements 

for wetland and terrestrial vegetation – southern 
Blackwood and eastern Scott Coastal Plain109

• A summary of investigations into ecological 
water requirements of groundwater-dependent 
ecosystems in the South West groundwater 
areas110

• South West Yarragadee – assessment of 
vegetation susceptibility and possible response to 
drawdown111

• Relationship between water level, salinity and 
emergent and fringing vegetation of the Muir-
Byenup wetlands112

• Ecological character description of the Muir-
Byenup System Ramsar Site, South-west Western 
Australia: report prepared for the Department of 
Environment and Conservation113

• Ecological character description of the Lake 
Warden System Ramsar Site, Esperance Western 
Australia: a report by the Department of 
Environment and Conservation114

• Environmental water requirements of wetlands in 
the Torbay Catchment, South Coast Region.

Unpublished

• The south-west Yarragadee Blackwood 
groundwater area project: Assessment of fauna 
in relation to groundwater dependent ecosystems 
and ecological water requirements115

• South West Yarragadee proposal: Assessment of 
drawdown impacts upon fauna116 

Studies of the water requirements of WA’s wetland species (cont’d)
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Precautionary principle: 
where there are threats 
of serious or irreversible 
environmental damage, lack 
of full scientific certainty 
should not be used as a reason 
for postponing measures 
to prevent environmental 
degradation123 

has been found that at slow rates of change, moonah can be fairly resilient to altered 
groundwater regimes, responding over many decades. Figure 17 shows the risk of impact 
for wetland vegetation, based upon research done in WA. Trees are often long-lived (for 
example, moonah can be hundreds of years old), and can provide a long-term indication 
of conditions. When mature trees die due to altered conditions, they are sometimes 
replaced with new recruits that are better able to cope with the conditions if they 
develop root morphologies suitable to the new water regime. 

Banksia tree species have a dimorphic rooting system consisting of a central thick sinker 
(tap) root and subsurface lateral roots from which smaller sinker roots may arise.119 
Banksia littoralis is a wetland tree in coastal and near-coastal south-west WA that has 
been declining in abundance, with poor seedling recruitment.117,120 It was one of two 
Banksia species looked at in a recent study into response to water decline. The study 
found that the maximum rate of root elongation was 18.2 mm day-1 but that this rate 
was not achievable when plants were unable to meet their water requirements once 
the groundwater table fell below the rooting depth of the plants. It confirmed that 
the response of phreatophytic Banksia to rapid water table decline depends on the 
availability of other water sources, and the rate of groundwater table decline.121

Figure 17. Risk of impact categories for wetland vegetation (trees, shrubs, sedges) based on 
cumulative rate and magnitude of groundwater level change (drawdown). Source - image in 
Sommer and Froend101, citing Loomes and Froend (2004).

It is important to note that the risk categorisation in Figure 17 is a guide to the risk 
of impact. There are a number of sites where decline has occurred even though the 
drawdown was within the low risk of impact category (for example, at Lake Yonderup122). 
This highlights the importance of understanding individual wetlands and applying the 
precautionary principle in decision-making. Extrapolating known responses to new 
sites involves risks, and expertise and site-specific knowledge is generally advisable. As 
researchers (Horwitz, Sommer and Hewitt92) describe, the degree of response depends 
on the magnitude, rate and duration of water level increase or decrease, the historic 
changes in water levels, the specific site conditions (stratigraphy, etc.), habitat type 
and species in question, the influence of disturbance impacts (fire, etc.), and finally the 
condition of the vegetation. Resilience of a community may be site-specific, rather than 
species-specific, stemming from historical adaptations.93 Generalised understandings of 
a species response can be refined at a particular wetland using a range of investigations, 
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including measurements of water potential and sapflow sensors to quantify a plant’s 
water use. Sophisticated methods of studying tree water use, such as Zim probes, are 
now being employed in some areas (for more information, see www.foresthealth.com.
au).

Plants also respond to too wet conditions in a variety of ways, depending upon their 
anatomy and physiology. Generally speaking, where the duration or depth of inundation 
is beyond the tolerance of plants, there are a minimum of two key problems: the plant 
cannot get enough oxygen, and secondly the lack of oxygen in the soil creates reduced 
soil conditions that lead to the development of toxic compounds that can affect plants. 
When the oxygen supply to roots is reduced, respiration and photosynthesis rates are 
reduced. Plants may wilt, drop leaves and branches, and ultimately die if the duration 
of inundation is sustained. Plant species respond differently to sustained inundation, 
and indeed, individual plant responses can vary depending on site-specific factors and 
degree of adaptations such as shallow root systems, aerenchyma, pressurised gas flow, 
adventitious roots, loss of stomata and floating leaves (described in the topic ‘Wetland 
ecology’ in Chapter 2).

Changes in species distribution and abundance within a wetland
Changes in water regime can change species distribution within a wetland. Where 
changes are beyond the capacity of individual plants to adapt, vegetation sometimes 
responds to wetter conditions by shifting to drier areas of the wetland, or to drier 
conditions by shifting to wetter areas of the wetland. This is because under the new 
hydrological conditions, the new location meets their water requirements better than 
their original location (Figure 18). As well as colonising new locations by growing from 
seed, sedges and rushes can expand vegetatively in the preferred direction by growing 
extra rhizomes, roots and shoots. Some wetland trees, such as sheoaks (Casuarina 
species), can also expand vegetatively, by growing roots horizontally under the ground, 
or suckering. However, many wetland shrubs and trees can only shift locations through 
the germination and establishment of seedlings in the new location. 

Of course, vegetation may only shift within a wetland if there is:

• another location that meets its water requirements and other conditions such as 
suitable soil type) 

• an area available for colonisation 

• seeds or vegetative parts that are able to reach that location. 

Vegetative reproduction: a 
type of asexual reproduction 
found in plants. Also called 
vegetative propagation or 
vegetative multiplication.

Suckering: growing roots 
laterally under the soil, which 
project shoots to emerge in a 
new location away from the 
base of the parent plant

Original watertable

Original watertable

New watertable

New vegetation growth area

Original vegetation growth area Figure 18. Within a wetland, 
plants sometimes germinate or 
otherwise colonise drier locations 
(often upslope) in response 
to wetter water regimes, or 
wetter locations (downslope) in 
response to drier water regimes, 
in areas that best suits its water 
requirements. In basin wetlands, 
this may involve colonising a 
different part of the bank. In 
wetland flats, this may involve 
movement to localised mounds or 
depressions. 
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If these conditions aren’t met, species may become locally extinct at the wetland.106 
In a number of wetlands on the Swan Coastal Plain, for example, swamp paperbarks 
(Melaleuca rhaphiophylla) are being replaced with flooded gums (Eucalyptus rudis) 
trees. Forests and woodlands dominated by the swamp banksia (Banksia littoralis) are 
becoming rare, due to the combined effect of wetland drying, Phytophthora dieback 
and more frequent fires.120 If fauna rely on the species for habitat, they may also be 
lost. The process in which wetland plants are replaced by dryland plants is known as 
‘terrestrialisation’.

At some wetlands, flood events are required for the establishment of stands of trees, 
including some species of wetland paperbarks and eucalypts. Changes to the frequency 
of flood events can therefore influence the success of recruitment. This may lead to long-
term changes in the structure and composition of wetland ecosystems.

Loss of species from a wetland, changes in species composition 
Altered hydrology can change the mix of species (species composition) present at a 
wetland. Species differ in their capacity to tolerate changes in wetland water regime, 
with some species more sensitive to changes in water regime and water quality than 
others. More sensitive species may decline, while more tolerant species may increase in 
abundance. This may be short, medium or long term, depending upon the changes that 
have occurred and the resilience of the species to variability. 

Species of mammals, birds, reptiles, frogs, fish, invertebrates, fungi, plants and bacteria 
may all be affected. Altered hydrology can lead to invasion by new species (both native 
and introduced), as the new water regime provides suitable conditions where they did 
not exist before. For example, simpler, less diverse aquatic invertebrate communities 
may be present in drier years, with richer and more diverse assemblies returning under 
more normal conditions if they are able to reach the wetland. Or, as has happened in 
many Wheatbelt wetlands, much more pervasive change has occurred, where seasonally 
drying, freshwater wetlands dominated by rushes, sedges, submerged plants and 
charophytes have become permanently inundated, saline wetlands that are dominated 
by benthic microbial communities.124,125 The seed banks of the plants may have 
disappeared from many of these wetlands.125

Some species have times in their lifecycle at which they are most sensitive to alterations. 
For example, adult frogs may be able migrate to more suitable wetlands but if, when 
they spawn, the water levels dry rapidly, tadpoles will not be able to mature past their 
aquatic phase (Figure 19). In these ways, altered water regime can have significant 
impacts on a wetland’s species composition. 

Species composition: 
the species that occur in a 
community

Benthic microbial 
communities: bottom-dwelling 
communities of microbes (living 
on the wetland sediments) 

Figure 19. The water in this 
wetland near Mandurah, in the 
Peel region, receded before these 
tadpoles could mature into adult 
frogs. Photo – J Lawn/DEC.
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The ways in which altered wetland water regime may affect an individual include:

• by altering cues for hatching/germination of eggs, seeds, spores and cysts. These 
include the depletion of eggs and seed banks due to too frequent flooding and 
drying, or the loss of their viability due to age given unsuitable conditions to hatch 
or germinate

• by reducing the ability of animals to develop into adults, reproduce and maintain 
resilience to disease

• by reducing the ability of plants to grow, maintain new growth, periodically flower 
and set seed, and maintain resilience to disease and other factors

To complicate matters further, altered hydrology can also have a range of indirect effects, 
because it can disrupt normal biological interactions such as pollination, predation, 
herbivory and symbiosis. Even if a species is itself able to tolerate the new hydrological 
conditions, it may be impacted indirectly through the decline of another species on 
which it depends. Altered hydrology may also bias the outcome of competition between 
two species, particularly if the new conditions favour one species more than another. 
Cascading effects on habitats and food webs may be triggered.

The compounding effect of drought in combination with ongoing climate change is 
of particular concern. An example comes from a study of invertebrates in gnammas 
(granite rock outcrops) of the Wheatbelt by researcher Dr Brian Timms.126 Granite rock 
outcrops are important habitats for small aquatic fauna, including many endemic 
species. They support a rich and diverse range of species and have particular conservation 
value for rotifers, microcrustaceans, oligochaetes and midges.127 They are important 
because they are seasonally inundated, ‘freshwater islands’ in areas where wetland 
plants and animals are seriously threatened by sustained waterlogging or inundation 
and secondary salinisation. These wetlands fill by rainfall, typically in winter, and persist 
for several weeks or sometimes months, depending on their size, shape and when the 
rainfall occurs. Their inhabitants are well adapted to this seasonality by being able to 
disperse (insects), having a drought-resistant stage such as a resting egg (such as rotifers 
and copepods) or silk-encased larvae (some midge).127 The water regime is of paramount 
importance to the invertebrate community structure of gnammas. Of concern is the 
decrease in rainfall of between 2 and 10 per cent in much of the Wheatbelt over the last 
forty years. Generally being active dispersers, the insects inhabiting these gnammas are 
relatively buffered in drier times. However, the very small crustaceans such as cladocerans 
and ostracods need water for periods of time in order to complete their life cycles. In 
considering whether the changing climate has affected this, Dr Timms concluded that, 
given that all crustaceans and almost all insects completed their life cycles in the drought 
year of 2010 at most study sites, there isn’t conclusive evidence yet of invertebrate 
communities in the study area being affected. However, in considering the predictions of 
a further decrease of 2–5 per cent in rainfall, Dr Timms predicts that life cycles may be 
disrupted and diversity affected. In considering the most affected northern gnammas, 
where many species did not complete their life cycles in the drought year of 2010, Dr 
Timms notes that it is not known how often the failure of many species to complete 
their life cycles can occur before local extinction takes place, and indeed whether it has 
already taken place in some areas.  

Some obligate wetland species have a low tolerance for altered hydrology and are 
more likely to show a decline in condition if a wetland begins to dry, and are therefore 
useful as ‘indicator species’ of altered hydrology (Figure 20). Dryland obligate species can 
be used in a similar way to indicate wetter water regimes. Many facultative wetland 
plants, which can also occur in drylands, are likely to tolerate a wide range of water 
regimes. They are less likely to be affected by altered hydrology, and therefore more 
expertise and more supporting evidence is generally required when using them to infer 
that a wetland’s hydrology has been altered.

Invertebrate: an animal 
without a backbone

Gnamma: a hole (commonly 
granite) that collects rainwater, 
forming a wetland. This word is 
of Nyungar origin. 

Endemic: naturally occurring 
only in a restricted geographic 
area

Obligate wetland species: 
species that are generally 
restricted to wetlands under 
natural conditions in a given 
setting 

Facultative wetland plants: 
plants that can occur in both 
wetlands and dryland under 
natural conditions in a given 
setting
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Figure 20. The endangered Dunsborough burrowing crayfish, Engaewa reducta, is one of the 
endangered species of burrowing crayfish that inhabit WA’s south west and south coast. They 
burrow into damp soils each year once surface water dries out and resurface with the onset 
of rains. With a drying climate the soils of many of their wetland habitats are drier for longer. 
Photo – K Rogerson/DEC. 

➤	 For additional detail on wetland species’ water regime tolerance, see the topic 
‘Wetland ecology’ in Chapter 2. 

Changes in population distributions
Species with the ability to disperse may show significant population-scale changes in 
distribution in response to large-scale altered hydrology and climate changes. Waterbirds 
may breed less frequently in wetlands subject to reduced water. Migratory birds may also 
be affected by disruptions to the synchronicity of migration and prey flushes131, that is, 
changes in the timing of environmental cues to migrate and during migration that may 
have effects on migratory birds.

The Swan Coastal Plain has been recognised as playing a significant part in the life cycle 
of many WA birds, playing a part in life-supporting systems that is out of all proportion 
to its size.54 Researcher Dr Stuart Halse has considered the effect of climate change on 
waterbirds, and predicts that the proportion of the State’s waterbirds using northern 
Australia will increase and the Swan Coastal Plain will probably become less important 
as a summer drought refuge, as well as a breeding area. Southern specialists such as 
chestnut teal are most likely to be affected by climate change. Dr Halse also considers 
it possible that some species of waterbird characteristic of the north are likely to extend 
their ranges southwards with increased summer rain.26 

Extinction of species 
Large-scale changes to hydrology in a region can endanger species. In particular, 
warmer, drier conditions predicted under many climate change scenarios will pose a 
significant threat to a number of WA’s wetland species, particularly flora of shallow 
freshwater claypans, salt-intolerant species, cool-adapted species, species with poor or 
flood-dependent dispersal mechanisms, and groundwater dependent species, such as 
aestivating fish, some frogs, burrowing crayfish.132 

Many species of frogs in the south-west are potentially at risk. For example, the climatic 
habitats of the white-bellied frog (Geocrinia alba), yellow-bellied frog (Geocrinia vitellina) 
and sunset frog (Spicospina flammocaerulea) are predicted to disappear completely with 
an increase of annual temperatures of 0.5 degrees Celsius.133

Initiatives such as ClimateWatch are collecting information on the population of 
particular species to understand how changes in temperature and rainfall are affecting 
their behaviour. WA animals studied in the initiative include the oblong turtle and a 
number of frogs. It uses citizen science, enabling every Australian to be involved in 
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As peat forms in places that rarely dry out, drier water regimes at peat wetlands can cause great damage:

Firstly, the plants and animals are exposed to drier conditions. 

Secondly, the drying of the peat can trigger acidification, affecting sensitive species. 

Thirdly, the wetlands may become more susceptible to fire. Peat does not occur in places that normally 
become dry enough to burn, yet dried peat, being dry organic matter, is flammable. In general, the 
species at peat wetlands are not adapted to fire and are more likely to be killed by it. Peat fires at 
wetlands are difficult to extinguish, and can burn underground for weeks, or even months. For wetlands 
undergoing drying and acidification, resilience in the event of fire can be low, with the potential for the 
loss of the original ecological community. 

Lastly, burning or overheating of sediment due to fire can result in the loss (volatilisation) of organic 
material, cracking and/or erosion, further exposing the remaining sediment to air and potentially 
triggering the release of significant amounts of stored acidity. Cracks as deep as 1 metre have been 
recorded in organic sediments.128 

In addition to these impacts, peat smoke contains compounds which are toxic to humans, so the burning 
of peat wetlands can be a serious human health issue.129 

Drying, acidification and fire has occurred at Lake Wilgarup, a peat wetland on the Gnangara Mound 
in the City of Wanneroo. A progressively drier water regime was causing declines in the condition of 
dense stands of paperbarks (Melaleuca rhaphiophylla) within the wetland. A fire in January 2005130 killed 
much of these stands, and the population has not regenerated because of a combination of drier water 
regimes and changed soil conditions after the fire, including the drying of organic sediments and severe 
acidification due to oxidation of acid sulfate soils. Dense recruitment by flooded gums (Eucalyptus rudis), 
which tolerate drier water regimes, is now replacing the paperbarks (Figure 21). 

Figure 21. A dense stand of flooded gums (Eucalyptus rudis) are recruiting under the dead stags of paperbarks 
(Melaleuca rhaphiophylla) at Lake Wilgarup on the Gnangara Mound. The paperbarks were killed by fire, and were 
unable to regenerate because of drier water regimes. Photo - R Susac/DEC. 
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collecting and recording data that will help shape the country’s scientific response 
to climate change. ClimateWatch was developed by Earthwatch with the Bureau of 
Meteorology and The University of Melbourne. The website is www.climatewatch.org.au. 

Effects on wetland soils
The types of sediments that develop, and their rates of accumulation can be determined, 
in part, by a wetland’s water regime. For example, in wetlands with permanent 
inundation or waterlogging, it is not uncommon for peat to develop, over long 
periods of time. Peat is the product of wetland plants that have only partially decayed/
decomposed. In wetlands with inundation and other conditions suitable for diatoms 
(a type of algae), the sediment may be dominated by their remains: tiny glass-like cell 
walls of silica; this sediment is known as diatomaceous earth, which slowly builds up 
over time. In inundated wetlands, abundant populations of charophytes, molluscs and 
other invertebrate fauna can leave behind shells and deposits, which over time, can form 
carbonate sediment. Drier water regimes may reduce the extent to which these types of 
sediments accumulate, and with increased potential for fire, they are at greater risk of 
losing peat and other organic sediments through combustion (as discussed in the earlier 
case study ‘When peat wetlands dry out: a case study of Lake Wilgarup’).

Drying of wetlands that contain acid sulfate soils can generate acids and trigger serious 
changes to wetland soils. These are described earlier and also in the topic ‘Water quality’ 
in Chapter 3.
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A collaborative project coordinated by Murdoch University concluded that the 
species most vulnerable to climate change in the south west are anticipated to be:

• Species of seasonally inundated or waterlogged wetlands whose life cycles, 
survivorship and reproduction may be adversely affected by premature 
wetland drying and change in seasonality.

• Freshwater turtles which depend on permanent moisture, regular winter 
rainfall and temperatures to determine sex of offspring e.g. western swamp 
tortoise Pseudemydura umbrina and side-necked tortoises (family Chelidae).

• Species that breed in autumn because the change in timing of seasonal 
rainfall and temperature triggers may not allow them to complete life cycles 
(e.g. tadpoles may not have time to develop into adult frogs).

• Species of cold climates, mostly with south coast distributions, which will lose 
suitable habitat due to increasing temperatures e.g. the rare sedge Reedia 
spathacea and disjunct south-eastern Australian wetland sundew species 
Drosera binata.

• Species which are endemic, have restricted range, are already endangered or 
threatened, for example, Albany pitcher plant Cephalotus follicularis, sunset 
frog Spicospina flammocaerulea, white-bellied frog Geocrinia alba, hairy 
marron Cherax teniumanus.

For more information, see the report Climate change and Western Australian 
aquatic ecosystems: impacts and adaptation responses.132

Species vulnerable to climate change in the south-west of WA
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➤	 Detailed case studies of changes to wetlands and wetland soils arising from climate 
changes are provided in the article, The response of basin wetlands to climate 
changes: a review of case studies from the Swan Coastal Plain, south-western 
Australia.13

Effects on wetland ecosystems
The changes to water quality, soils, species and communities can have cumulative effects 
on wetland ecosystems. Changes may be evident as a gradual change; this is known as 
‘proportional response’ and describes a progressive decline in ecosystem processes with 
changes in water regime.94 An abrupt change or regime shift can signal the occurrence 
of a ‘step change’ or ‘threshold change’, this is when little change is evident until a 
particular threshold is reached and rapid and extensive changes follow. It describes a 
non-linear response to a relatively small change in the external stressor. 

The response of the wetland to altered regime can inform the potential management 
response. For example, for those wetlands where the hysteresis model of non-linear 
change applies, reversing the external stressor does not result in the original wetland 
ecology being restored.

The concept of defining ‘limits of acceptable change’ can be useful for wetland 
managers seeking to identify the water requirements needed to maintain a wetland’s 
ecological character (Figure 22A). In addition to defining absolute minimums and 
maximums, it is important to consider other aspects, such as baseline shifts, number of 
peak events and seasonal shifts (Figure 22 B–D).

Figure 22. Limits of acceptable change. Source – Hale and Butcher (2007).134

Limits of acceptable change have been defined for a number of Western Australia’s 
internationally significant wetlands recognised via listing under the Ramsar Convention. 
Table 6 is an excerpt of the limits of acceptable change defined for Thomsons and 
Forrestdale Lakes in southern metropolitan Perth.

➤	 A factsheet on limits of acceptable change is available from the Australian 
Government website: www.environment.gov.au/resource/limits-acceptable-change-
fact-sheet 

Hysteresis: the condition that 
caused a shift from one state 
to another does not necessarily 
result in a shift back to the first 
state when the condition is 
simply reversed 

Limits of acceptable change: 
variation that is considered 
acceptable in a particular 
component or process of the 
ecological character of the 
wetland, without indicating 
change in ecological character 
that may lead to a reduction or 
loss of the criteria for which the 
site was Ramsar listed
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Table 6. An excerpt of some of the limits of acceptable change defined for Forrestdale and 
Thomsons Lakes, internationally significant wetlands located in Perth’s southern suburbs. 
Source – Maher and Davis, 2009.107

Components 
and processes

Baseline condition and range of natural 
variation where known (range with average 
in brackets)

Limits of acceptable change

Annual minimum 
water depth

Typically falls to around 0.5 m below the lake bed level. 

Permanent water (in most years): 

• Thomsons: 1972–1977 and 1989–1995 

• Forrestdale: 1972–1982 and 1989–1993 

Annual drying (in most years): 

• Thomsons: 1978–1988 and 1996–present 

• Forrestdale: 1983–1988 and 1994–present 

• At the sediment surface (wet years), or up to 0.5 m 
below the lake bed levels (medium years), or 0.5–1.0 
m below the lake bed surface (dry years) (DoE 2004) 
for 3–4 consecutive months annually.

• Always <1.0 m below the sediment surface (DoE 
2004).

• Not 0.5–1.0 m below the sediment surface for longer 
than 4 consecutive months more than once every ten 
years or for 2 consecutive years (Froend et al 1993).

Annual maximum 
water depth

1952–2005: Thomsons Lake 38–371 cm (139 cm) 
Forrestdale Lake 45–266 cm (129 cm) 

1980–1999 (decades before and after Ramsar listing): 
Thomsons 38–206 cm (105 cm) Forrestdale 47–187 cm 
(103 cm) 

•  >0.9 m (DoE 2004) for 2 months during spring.

• > 1.6 m at least once every 10 years (for invertebrates)

• No less than 0.5 m more than once every 10 years 
(Froend et al 1993).

• No greater than 2.5 m for 2 consecutive years (Froend 
et al 1993).

Period of 
inundation/

drying

1972–2005: Thomsons 5–12 months (9.6 months) 
Forrestdale 5–12 months (9.9 months) 

Drying phase 1 (1980s): Thomsons 7–10 months 
(8.6 months) Forrestdale 9–12 months (10.2 months) 

Drying phase 2 (mid-1990s to 2005): Thomsons 
5–9 months (7.3 months) Forrestdale 5–9 months (6.8 
months) 

• > 6 consecutive months annually (Balla and Davis 
1993; Briggs and Thornton 1999). 

• Preferred earliest drying by April (wet year), Feb–Mar 
(medium year) or January (dry year) (DoE 2004). 

• Permanent water present for not more than 2 
consecutive years in every ten years (Crome 1988; 
Halse et al. 1993; Davis et al. 2001). 

Loss of wetlands
Complete, sustained drying beyond natural variability can lead to the loss of areas of 
wetlands and entire wetlands. The terrestrialisation of wetlands into dryland is a natural 
phenomenon that can occur due to natural processes and conditions, but the potential 
scale and rate of human-induced terrestrialisation, in already very altered landscapes, 
may have much larger ramifications for biodiversity and groundwater quality.  

Wetlands are the ecosystems most vulnerable to 
climate change in the south-west of WAh

A collaborative project coordinated by Murdoch University concluded that 
the ecosystems most vulnerable to climate change in the south west are 
anticipated to be:

• shallow, seasonally wet (waterlogged or inundated) surface water 
dependent wetlands

• groundwater dependent wetlands, especially where water abstraction 
is also occurring, such as the Swan Coastal Plain.

For more information, see the report Climate change and Western Australian 
aquatic ecosystems: impacts and adaptation responses.132
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Recognising the signs of altered hydrology
There are observable changes in wetland ecosystems that can indicate a change in 
wetland hydrology and water regime. The observations take various forms, but do not 
have to involve direct numeric measurement. Given that most WA wetlands naturally 
go through cycles of wetting and drying, detecting a relatively slow or subtle change 
in water regime is likely to require observations over several years (or even decades). 
Wetland ecosystems with greater natural variability in their hydrology or longer wetting-
drying cycles will require observations over longer time periods. The ecological and 
hydrological time lags between disturbance to the groundwater regime and an ecological 
response vary.

General observations
A person familiar with a wetland will often notice hydrological changes, or their 
biological symptoms, without measuring their observations. Regular visitors to a wetland 
might notice such signs as: 

• in wetlands with surface water, sustained trends in patterns of movement of the 
waterline (which signifies extent and depth of water) (such as over a number of 
years)

• a decline in the condition of wetland vegetation evident as yellowing, browning, 
wilting or dead foliage in vegetation

• population declines or explosions of particular plants or animals, including weeds 
and feral animals

• new types of plants or animals appearing, or familiar plant species appearing in 
new parts of the wetland

• changes in the sediments, such as deep cracking in clays, beyond what normally 
happens in drought. 

Care should be taken when attributing any observed ecological effects to altered 
hydrology or any other cause, because altered hydrology is only one of many 
environmental factors that might affect wetland organisms. Some other factors include 
diseases, fire, predators, herbivores, competition, nutrients, weed invasion, salinity or 
other pollutants. If altered hydrology is suspected to be the cause of decline in ecosystem 
condition, then further information should be sought to confirm it, and to investigate its 
potential links with other potential degrading processes. 

Aside from general observations, information can be gained in several ways, including: 

• talking with people who are familiar with a wetland over a number of years

• viewing sequences of aerial photographs, which can show changes in the 
distribution of perennial wetland vegetation, sediments or the water line over a 
number of years. Internet sources of aerial photography include Google EarthTM 
and Landgate’s map viewer (www.landgate.wa.gov.au/bmvf/app/mapviewer). 

• viewing old photographs of the site

• reading oral histories and history books, which can be an important source of 
information on past vegetation structure, land use, fauna populations and water 
regime of the wetland (see below)

• looking at long-term data on water levels from a variety of sources (see below)

• examining rainfall records, which can be used to understand general trends in an 
area. Rainfall records are available for most locations in the state from the Bureau 
of Meteorology website through tools such as ‘Climate data online’: www.bom.
gov.au/climate/data/index.shtml. 
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Sources of information on wetland water levels include:

• The Department of Water’s water information network. Its records are available 
online at the water information resources catalogue: http://kumina.water.wa.gov.
au/waterinformation/wric/wric.asp  

• Hydrographs are available for many sites, available at http://kumina.water.wa.gov.
au/waterinformation.wrdata/wrdata.cfm

• Reports from the South West Wetlands Monitoring Program, available via the DEC 
library: http://science.dpaw.wa.gov.au/conslib.php (authors ‘Lane’ and ‘Halse’).

• Reports online, and in public libraries, state government libraries, and the 
repositories of regional natural resource management (NRM) organisations. 

Historical information on wetland water levels
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Oral histories can provide a wealth of information on conditions in wetlands following 
European settlement, but prior to monitoring. 

For example, Clohessy describes how: “Oral histories compiled by the Gwelup Progress 
Association provide an interesting account of the historical horticultural activities 
that dominated the Gwelup area for about 90 years until the commencement of 
urbanisation in the 1970s. The City of Stirling was identified as ‘swamp land that 
people could crop three times a year’ and was generally thought to be a productive 
horticultural precinct. The presence of peat in the City of Stirling was identified long 
before the onset of urbanisation and was crucial to the horticultural productivity of 
the area. Sand-dominated landscapes were considered ‘worthless’ as there was no 
irrigation in the area prior to the late 1930s and 1940s, making it difficult to produce a 
consistent crop on these nutrient poor sands. Upon the construction of irrigation bores, 
horticultural activities expanded to the ‘sanded land’, which was also much cheaper 
and easier to work than the ‘swamp land’ as horses and machinery could be used 
(Moore 2001).

Farming practices associated with horticultural activities in the Gwelup area comprised 
the burning of peat (Moore 2001) and the use of fertilisers. The burning of peat 
may have released significant amounts of stored acidity, perhaps adversely affecting 
the quality of groundwater prior to the onset of urbanisation. Fertiliser use during 
this horticultural era contributed to the presence of elevated nutrient concentrations 
in groundwater in combination with the commencement of unsewered urban 
development (Barber et al. 1993). Nitrate concentrations in the lower half of the 
Superficial aquifer, where production bores are screened, have declined since”.135 

Relevant oral histories include:

• Forrestdale: people and place136

• Oral histories documenting changes in Wheatbelt wetlands137

• Oral histories of Wanneroo wetlands: recollections of Wanneroo pioneers, changes 
that occurred between European settlement and the 1950s138 

• Recollections of the Beeliar wetlands139

For more sources, see the WA Branch of the Oral History Association of Australia 
website: www.ohaa-wa.com.au/ and the Royal Western Australian Historical Society 
Inc: http://histwest.org.au/?page=links.

Oral histories



50  Managing hydrology

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

Monitoring water levels
Monitoring the levels of surface water and groundwater provides data on some of the 
most important aspects of the water regime that affect wetland ecology. Monitoring 
water depth through time at various points within a wetland provides information on the 
depth, extent, duration and timing of inundation or waterlogging.

Monitoring the surface water depth of wetlands that are inundated can be carried out 
by installing a depth (or staff) gauge and measuring the depth of water in relation to 
the depth gauge. A gauge should be positioned so that wetland water levels can be 
measured when they are at their lowest and highest; in drying wetlands, some gauges 
have been left stranded by water level declines. In some cases, it may be appropriate to 
carry out a lakebed sediment bathymetric survey to determine the lowest lakebed level, 
so that surface water staff gauges can be installed in the most appropriate locations, as 
occurs in monitoring of some wetlands on the Gnangara and Jandakot mounds.140 In 
wetlands that are seasonally waterlogged, neutron probes may be useful for monitoring 
moisture content.

Groundwater can be monitored using monitoring bores, also known as piezometers, 
to measure the depth of water in the bore. The installation of the bores needs to be 
carefully considered in order to get the information required, particularly the location, 
screens and configuration of the bore network. The bores should be positioned up-
gradient and down-gradient of the wetland so that both horizontal and vertical 
groundwater flow can be measured. For wetlands fed by the superficial aquifer, it may 
be useful to install the groundwater monitoring bores in clusters of three: shallow 
(screened at the water table), intermediate (screened approximately half way through the 
superficial aquifer) and deep (screened at the base of the superficial aquifer). It is also 
important that the flow components of the regional groundwater system in the vicinity 
of the wetlands are known. Neutron probe access tubes, for monitoring unsaturated 
zone moisture content, may also be installed adjacent to monitoring bores. 

Changes may influence the timing (season or month) of the driest or wettest conditions, 
or the rate of change in water depth or extent. Water regimes can be characterised 
using a range of parameters that define features of the water regime (timing, frequency, 
duration, extent, depth and the variability in these). The water regime parameters used 
might vary between wetlands, because a parameter that is meaningful to describe one 
water regime may be irrelevant in another. For example, ‘season of maximum inundation’ 
might be a meaningful parameter to define a seasonally inundated wetland, but is 
irrelevant for a wetland that could contain surface water in any season, or for a wetland 
that naturally experiences waterlogging but not inundation. 

Some of the parameters used to characterise water regimes at wetlands are: 

• timing (season or month) of driest/wettest conditions

• frequency of driest/wettest conditions

• duration of driest/wettest conditions

• maximum and minimum depth of inundation or waterlogging

• extent (area and location) of inundation or waterlogging

• rate of change in water depth or extent

In all wetlands there is natural variation in water regime. This means that water regime 
parameters are best described by a range of values rather than a definitive value. For 
example, the recorded maximum water depth of a seasonally inundated wetland might 
vary ‘between X and Y metres’ in a ten year period. When characterising the water 
regime, the extremes should be recognised as natural to the wetland, unless there is 
evidence to suggest that the extremes have been caused by altered hydrology. The 
natural variability should therefore be taken into account when deciding whether a 
wetland’s water regime (and therefore its hydrology) has been altered. 
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 ‘When Europeans arrived in Australia… they called the dry times ‘drought’ and the 
wet times ‘flood’ and the times of perfect pasture growth ‘normal’. The extremes 

were regarded as aberrations of the ‘normal’ conditions. However, as records show, 
extremes of wet and dry are not abnormal – they are part of the natural pattern.’

-Brock et al. (2000)141, p. 2. 

➤	 For additional detail on monitoring, see the topic ‘Monitoring wetlands’ in Chapter 4. 

Monitoring vegetation or other biological indicators
Photo monitoring can provide a good visual record, where a rigorous record of change 
is not required. If time or money is not available for the quantitative monitoring of 
vegetation and other wetland parameters, photo points may be useful in determining 
if changes are occurring. Photo points are simple, fast and relatively cheap to establish. 
The drawback of photos is that they only provide an indication that a change is occurring 
or has occurred and may not enable that change to be quantified. Small, incremental 
changes may be difficult to detect in photos, and it may take a number of years before 
change is noticeable, by which time remedy or reversal may be difficult to achieve. 

Similarly, examination of aerial maps and photographs from monitoring points over time 
are simple methods of identifying change. 

➤	 For a guide to photo points for monitoring purposes, see the Land for Wildlife 
program’s Wildlife Note No. 9 Photographic monitoring of vegetation.142 

➤	 Google Earth www.google.com/earth supplies a free software program that provides 
online access to aerial photography covering WA. Some areas have many years of 
aerial photography (time series), which can assist with identifying vegetation change. 

➤	 Aerial photography can be viewed and purchased from Landgate’s Map Viewer www.
landgate.wa.gov.au/bmvf/app/mapviewer/ and NearMap www.nearmap.com.  

To detect the degree and rate of the change associated with water regime, vegetation 
monitoring may consider characteristics such as: 

• extent

• species composition

• structure (height class and dominance); and

• vegetation density (percentage cover)

Common measures include stem diameter at breast height (DBH); species richness; 
crown health; species cover and abundance; weediness index; regeneration index; stem 
condition; presence/absence of seedlings; and presence/absence, density and foliage 
cover of understorey species. Monitoring programs need to be designed carefully to 
detect and record change accurately and to establish any correlations with water regime 
changes. Quadrats are a standard monitoring tool.

➤	 For additional detail on monitoring, see the topic ‘Monitoring wetlands’ in Chapter 4. 

➤	 More guidance on composition, structure and density changes are provided in 
‘Managing wetland vegetation’ in Chapter 3. 

Technology now offers opportunities to monitor vegetation in new ways, making use of 
aerial photography and high-resolution digital airborne imagery to detect indications of 
canopy change, water use and plant health. These techniques may be suitable for large, 
complex wetlands or those in remote or inaccessible areas.

Quadrat: a plot (often square) that 
is marked, either temporarily or 
permanently, to facilitate counts of 
plants in a given area
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➤	 For more information, see CSIRO www.csiro.au/Organisation-Structure/Divisions/Land-
and-Water/Environmental-Earth-Observation.aspx. 

Understanding the potential for, and the impact 
of, altered hydrology
Models are often used to simulate hydrological systems, and predict the effect of 
changes. A groundwater model is a simplified representation of a groundwater system 
and it captures and synthesises all of the known information, and where information is 
not known, identifies any assumptions being made about how the system is thought 
to work. Groundwater models may be conceptual, analytical or numeric. Conceptual 
models are used as visual tools to display the relationships between parts of the 
groundwater system. They may be simple or more complex, such as shown in Figure 
23. Numeric models assign actual quantities to each part of the system. Perth regional 
aquifer modelling system, or PRAMS, is a regional model of Perth’s groundwater (Moora–
Mandurah). It is used by the Department of Water to manage groundwater in the region 
and to help predict cause and effect under different scenarios (for example, more or less 
groundwater abstraction). The Peel-Harvey and south west models are referred to as 
PHRAMS and SWAMS respectively.

While regional groundwater models tend to be useful in understanding regional trends, 
they are often unsuitable for use at the scale of individual wetlands. In the case of 
PRAMS, its calibration and resolution are based on a 500 by 500 metre grid size and 
therefore cannot provide detailed information for local scale management objectives, 
such as managing individual wetlands, which require smaller grid sizes, higher resolution 
conceptual models and higher quality calibration. To gain a better understanding of the 
role of the Gnangara groundwater system’s effect on wetlands, the Department of Water 
have developed local area models (LAMs) at a refined level of detail (50 to 100 metre 
grid) for five wetlands/wetland sites (Lake Mariginiup, Lake Nowergup, Melaleuca Park, 
Lake Bindiar and Lexia). These local area models provide quantitative tools to assess land 
and water use impacts on the environment and groundwater systems. These local area 
models will be used to refine and improve PRAMS so that the impact on wetlands due to 
changes in the superficial aquifer can be determined.

Modelling of surface water-groundwater interaction sometimes involves the coupling of 
surface hydrological models with groundwater models. 

Models are often used to help determine the potential environmental impacts of 
proposals assessed by the Environmental Protection Authority under the Environmental 
Protection Act 1986. It is important to be aware that models reflect the information they 
are based on, and it is possible for them to be wrong. For example, if a model is based 
upon one year’s monitoring data, its predictive capability about how a system works 
over the long term and how it may respond to events is likely to be extremely limited. 
Important factors include the type of model used and its suitability for the task at hand, 
the assumptions built into the model, the integrity of the data, calibration and the stated 
uncertainty of its outputs.

➤	 For more information on groundwater modelling, see the Australian groundwater 
modelling guidelines.144

➤	 The eWater toolkit www.toolkit.net.au/Default.aspx is a source of software tools and 
information related to the modelling and management of water resources provided by 
the eWater Cooperative Research Centre.

➤	 For more information on local area models, see the reports listed under ‘Local area 
modelling’ at: www.water.wa.gov.au/sites/gss/reports.html. 
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At the wetland scale, the complexity of groundwater flows can be compounded by the 
complexity of wetland sediments. For example, Figure 24 shows the wetland sediment 
profile of Lake Mariginiup on the Gnangara Mound, in the suburb of Mariginiup north 
of Perth. In winter/ spring, groundwater flows into the wetland on its eastern side, then 
up to 92 per cent is removed by evapotranspiration; a small amount is recharged to 
groundwater from the western side of the wetland.145 

Figure 24. In many wetlands, the sediment is not uniform across the wetland, such as those of 
Lake Mariginiup, represented here in cross-section. Image – Department of Water.63

Notwithstanding this, models can help us to analyse a lot of complex information and to 
draw conclusions about broad trends. Examples are the:

• South West Sustainable Yields Project, which models the potential effects 
of climate change on wetlands between Geraldton and Albany (Figure 25). 
Predictions have been developed of the potential effects of drying upon wetlands 
under a number of different potential future climate scenarios. These predictions 

Figure 23. A conceptual hydrogeological model of the Perth groundwater system. Image 
– Department of Water.143
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are an important tool for people involved in natural resource management at 
subregional to regional scales. At the scale of individual wetlands, however, 
predictions should be used with care. For more information, see www.csiro.au/

partnerships/SWSY. 

Figure 25. Modelled predicted impacts of climate change on wetlands of south-west WA, 
based on different climate and abstraction scenarios. Image – CSIRO.

Managing hydrology in wetlands
First and foremost, deciding how best to manage altered hydrology at a particular 
wetland requires an understanding of the wetland’s hydrology (including catchment and 
aquifer, where relevant). 

Once this is established, an important decision is the level or levels at which to take 
action. The various levels at which to operate range from on-ground works or local scale 
works through to involvement in sub-regional or regional initiatives, plans and policies. 
The appropriate level of action will depend on the circumstances. In most cases, the 
actions that yield the biggest effect on managing a wetland’s hydrology do not involve 
on-ground work. The existing approved land and water uses, competing demands 
for land and water use, legislative controls, available funding, conservation priorities, 
likelihood of success of on-ground works and so on all need to be weighed up when 
deciding how best to act. 

It might be within the power of one person or an organisation to effectively tackle 
altered wetland hydrology, if the cause is localised. However, managing a wetland’s 
hydrology usually requires a catchment- and aquifer-scale approach. As well as improving 
outcomes for wetland ecosystems, such an approach may also improve outcomes for 
natural dryland ecosystems, as well as farming systems and infrastructure, because 
hydrology can affect all of these things, not just wetlands. These gains, however, do not 
come easily and quickly. It can be challenging to align the priorities of all of the relevant 
people and organisations to develop a suitable approach to manage a landscape and 
its hydrology. Managing at this scale requires a big-picture approach and a long-term 
vision to achieve ecosystem health and productive landscapes that meet human needs. 
Determining and agreeing on an appropriate approach may take years, implementing 
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the approach will take more years, and waiting for the hydrological outcomes can take 
decades. These improvements might be too late to save wetlands of high conservation 
priority which are at immediate risk of degradation due to altered hydrology. 

To deal with wetlands of high conservation priority that are under immediate 
hydrological threat, a quicker solution than catchment and aquifer-scale management 
is required. In these cases, engineering solutions are often considered, as a way to take 
immediate pressure off a high-value ecosystem. Some approaches include earthworks 
to modify surface flows, groundwater pumping to lower water tables, and artificial 
supplementation of water levels. These options require large investments of time, 
commitment and money, and require expertise from a number of fields. They are 
usually only used where a wetland’s conservation values are well-documented, and its 
conservation priority is well-justified and accepted. Due to the investment levels required, 
government is normally involved. 

For social, economic or ecological reasons, it may not be possible or appropriate to 
restore every wetland to its original hydrology. In these cases, it might be better to accept 
the altered hydrology and where appropriate, shift focus from restoring hydrology to 
maintaining a functioning, if changed, ecosystem. 

Lastly, it is important to acknowledge that it is possible that reinstating the natural water 
regime might not restore the wetland ecosystem present before the change to the 
water regime, or might have unintended outcomes. This is potentially the case at Lake 
Warden, where lowering the water level in the wetland to natural levels appears to have 
dramatically increased the wetland salinity.

Table 7 provides a summary of the major causes of altered hydrology in Western 
Australia, and how their impacts may be mitigated. In some cases, the only mitigation 
measure is to avoid the activity that causes hydrological change. 

Ensuring you have sound expert inputh
Before embarking on on-ground activities, you must consider and address 
the legal requirements, safety considerations, cultural issues and the 
complexity of the ecological processes which occur in wetlands to ensure 
that any proposed actions are legal, safe and appropriate. 

On-ground actions to manage wetland hydrology should generally only 
be taken after a management planning process has been completed and a 
management plan prepared, however basic it may be. This process should 
determine what actions are legal, feasible, cost-effective and without 
adverse side effects. For guidance on wetland management planning, see 
the topic ‘Wetland management planning’ in Chapter 1.

Where on-ground action involves hydrological interventions, it is likely 
that the input of a qualified hydrologist or hydrogeologist, and in some 
cases, an engineer, will be needed.

It is also essential to make sure you have all the necessary legal 
approvals. Guidance is provided in the following sections and in the topic 
‘Legislation and policy’ in Chapter 5.
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Table 7. Potential responses to altered hydrology.

Cause Potential management responses

Aim: to maintain hydrological processes in healthy wetlands

• maintain wetland vegetation 
and surrounding dryland 
vegetation

• avoid any earthworks, drainage, 
pumping, clearing or plantations 
that might alter flows into or 
out of the wetland

Page 57

• avoid placing abstraction bores 
near the wetland, or borefields 
upgradient of wetlands that rely 
on groundwater.

• monitor wetland condition

• influence proposals in planning 
phase

• influence legislation, policy or 
plan

Pages 57 - 63

Aim: to avoid water rise in wetlands

New proposal to 
dewater or clear

• influence proposal in planning 
phase

• influence legislation, policy or 
plan

Pages 57 -63

Dewatering • aquifer reinjection of dewater 
(managed aquifer recharge)

• alternative uses of excess 
dewater

Pages 65 - 66

Aim: to manage water rise in wetlands

Clearing • maintain native vegetation • large scale revegetation Pages 66 - 72

• large scale deep-rooted 
perennial cropping/plantations 

• landscape drainage 
modifications

• surface water inflow diversions • wetland dewatering

• groundwater pumping

Aim: to manage water decline in wetlands

New proposal to 
take water

• influence proposal in planning 
phase 

• influence legislation, policy or 
plan

Pages 57 - 63

Existing use of 
water

• ensure water is allocated to 
wetlands at a sub-regional scale

• employ water use efficiencies Pages 72 - 87, 
89 - 91,  
93 - 94

• deter illegal/unapproved use 
of water

• recycle water

• use alternative water sources  

- desalination 

- alternative groundwater aquifers

- stormwater and rainwater

• recharge groundwater

• avoid abstracting near wetlands • minimise drawdown of 
wetlands via best practice 
abstraction

• artificial supplementation

Dewatering • use alternative to dewatering • design and operate dewatering 
to minimise impacts

Pages 88

Plantation, 
vegetation

• design, operate and modify tree 
plantations 

• modify natural vegetation Pages 92 - 93

Aim: to manage water balance 

General 
development

• use well-designed culverts in 
existing wetland causeways

• do not install new causeways
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Cause Potential management responses

New proposal 
for urban 
development

• influence proposal in planning 
phase

• influence legislation, policy or 
plan

Pages 57 - 63

• infiltrate water into the soil 
throughout the catchment in 
small rainfall events, rather than 
directing it into pipes or open 
drains

• use well-designed public 
open space, road reserves and 
wetlands to receive stormwater 
in moderate to large rainfall 
events by overland flow paths 
across vegetated surfaces

Pages 85 - 87, 
95 - 97

• adequately separate sub-soil 
drainage systems from wetlands

Urban 
development

• Retrofit urban environment Pages 85 - 87

Maintaining hydrological processes in healthy 
wetlands
Prevention is better than cure. It is easier to maintain hydrological processes than to 
reverse altered hydrology. If a wetland’s hydrology is still largely intact, then the following 
actions will help achieve good hydrological management: 

• maintain wetland vegetation and surrounding dryland vegetation

• avoid any earthworks, drainage, pumping, clearing or plantations that might alter 
flows into or out of the wetland

• avoid placing abstraction bores near the wetland, or borefields upgradient of 
wetlands that rely on groundwater

• monitor wetland condition.

Influencing legislation, policies and plans to protect 
wetland hydrology
Government policies, plans and legislation form the basis for permitting or prohibiting 
activities that can alter hydrology, and therefore they can strongly influence wetland 
hydrology. They can determine the nature of land use or water use, so influencing their 
formulation or their revision can be more effective than on-ground works to maintain or 
restore natural wetland hydrology. 

The community has an important role in setting political agendas and raising government 
awareness of wetland conservation issues. While specific government agencies are 
assigned responsibilities for wetland conservation by the state government, government 
agendas and programs are frequently influenced by community concerns and opinions. 
Some government committees include community representatives to facilitate greater 
consideration of community opinions when developing policy and making decisions. For 
example, the Wetlands Coordinating Committee (described later) and a number of its 
sub-committees include representatives of the voluntary conservation movement and 
wetland scientists from universities and the private sector. 

Agencies of both the Western Australian and Australian governments publish documents 
that guide water management in the spheres of land use planning, environmental 
protection and water resources. Influencing the positions established by government, and 
ensuring that these positions are mirrored in decision-making processes, can be effective. 
Most policies, strategies, and position statements developed by government agencies 
or committees are released in draft form for public comment. Submissions made during 
this time are usually considered through a formal process and a response is made to 
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each substantive point raised. Submissions with well defined and explained points make 
it easier for the agency or committee to respond. Most agencies publish guidelines 
for preparing submissions. The response to submissions is sometimes published. Some 
agencies or committees will invite community input before a draft is prepared, in the 
form of a workshop or survey. Invitations may be extended on a random basis or to 
known representative community members. 

Broad policy development can also be initiated by government in response to an issue 
raised by the community through individual or group lobbying to the responsible Cabinet 
Minister. The community response to a specific plan or proposal can also contribute to 
broader policy development on an issue. 

Changing the way water is managed, referred to as water reform, has been high on 
the state and Australian Government agenda. In particular, the National Water Initiative 
(NWI), of the National Water Commission, is guiding nation-wide reforms. The NWI 
represents a shared commitment by governments to increase the efficiency of Australia’s 
water use, leading to greater certainty for investment and productivity, for rural and 
urban communities, and for the environment. The WA Government signed the NWI 
in April 2006. WA’s water reform agenda is aimed an ensuring there is enough water 
for long term economic and social needs in a changing climate as well as ensuring the 
environment is protected. Improved water planning and water allocation processes and 
outcomes are key tenets of water reform. 

Table 8, Table 9 and Table 10 outline some of the key studies, state plans and legislation 
that determine how wetland hydrology is influenced by water and land use in WA. 
More information on water allocation process is provided in the below section entitled 
‘Ensuring water allocated to the environment in water allocation plans provides for 
wetland water requirements’.

➤	 More details on water reform progress are available from www.water.wa.gov.au/
Future+water/Water+reform/default.aspx#1. 

➤	 More information on policies and legislation relevant to the protection of wetland 
water regimes is available in the topic ‘Legislation and policy’ in Chapter 5.
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The Gnangara sustainability strategy (GSS) is a cross-government initiative working 
on an action plan to ensure the sustainable use of water for drinking and commercial 
purposes and to protect the environment. The consultative approach taken seeks 
to address land, water and biodiversity issues on the Gnangara system through a 
transparent, cooperative framework for the benefit of all groundwater users.

The draft GSS was released for public comment on 6 July 2009 for an eight week 
period concluding on 31 August 2009. Sixty-two submissions were received, consisting 
of 1179 comments. A further 136 comments were made on Appendix 1 - Gnangara 
groundwater system zone plans. All comments received during the public submission 
period for the draft GSS have been collated and analysed. The analysis of public 
submissions is available from the GSS website, and together with a final strategy 
has been delivered to the Western Australian State Government for consideration in 
December 2009. Further consultation is taking place on some elements of the strategy.

For more information see www.water.wa.gov.au/sites/gss/index.html. 

Gnangara sustainability strategy: an example of 
public participation
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➤	 Information on the roles of state and Australian government agencies is provided in 
the topic ‘Roles and responsibilities’ in Chapter 5.

Table 8. Regional water studies

Study Geographic 
scale

What it 
establishes

More information

Northern 
Australia 
Water Futures 
Assessment

Kimberley, 
north and 
east from 
Broome across 
northern 
Australia

The information 
needed to inform 
the development 
and protection of 
northern Australia’s 
water resources, so 
that development 
is ecologically, 
culturally and 
economically 
sustainable

www.environment.gov.au/topics/water/water-
information/northern-australia-water-futures-
assessment

Table 9. Some of the plans, licenses and approvals that have an influence on wetland 
hydrology (see also Table 11, page 97)

Type of plan Geographic 
scale

What it 
establishes

Lead 
organisation

More information

Regional water 
plans

Regional The region’s 
water 
allocation; 
water use 
efficiency; 
water service 
provision; 
waterways, 
drainage and 
floodplain 
management.

Department of 
Water

www.water.wa.gov.au/Future+water/
Resource+management/
Regional+water+planning/Overview/
default.aspx   

Currently, there are four regional plans 
covering the Kimberley, Pilbara, Perth-Peel 
and South-west regions.

Water allocation 
plans

Regional How much 
water is 
allocated to 
wetlands

Department of 
Water

www.water.wa.gov.au/Managing+water/
Allocation+planning/default.aspx 

See also the below section ‘Ensuring water 
allocated to the environment in water 
allocation plans provides for wetland 
water requirements’.

District water 
management 
strategies

District Whether 
the area is 
capable of 
supporting 
urban 
development, 
and if so, how 
water in the 
landscape will 
be managed

Department of 
Water

www.water.wa.gov.au/Managing+water/
Water+and+land+use+planning/default.
aspx 

www.water.wa.gov.au/
Managing+water/Urban+water/
Strategies+and+management+plans/
default.aspx#1

Strategic water 
issue plans

Variable Variable Variable For example, the Gnangara 
Sustainability Strategy is a cross-
government initiative: www.water.wa.gov.
au/sites/gss/gss.html 

Development 
proposals

Local How a 
development 
is designed, 
constructed 
and operated

Department 
of Planning, 
Environmental 
Protection 
Authority
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Type of plan Geographic 
scale

What it 
establishes

Lead 
organisation

More information

Licenses to take 
water

Local How much 
water can be 
taken and 
under what 
conditions

Department of 
Water

www.water.wa.gov.au/
Business+with+water/Water+licensing/
default.aspx 

Wetland 
management 
plans

Local How a 
wetland is 
managed

Land manager; 
third party on 
behalf of/with 
consent of land 
manager

Seek from the land manager.

Strategic 
regional plans 
(various names)

Regional What vision 
and priority 
is given to 
wetlands in 
a region by 
the group/ 
community

Natural 
resource 
management 
organisations

Northern Agricultural Catchments Council 
www.nacc.com.au

Regional Natural Resource 
Management Strategy, Northern 
Agricultural Region of Western 
Australia 

Perth Region NRM www.perthregionnrm.
com

The Swan Region Strategy for Natural 
Resource Management

Rangelands NRM WA

www.rangelandswa.com.au

Rangeland NRM Strategic Plan 2012-
2015

South Coast Natural Resource 
Management Inc.

www.southcoastnrm.com.au 

Southern Prospects 2011-2016

South West Catchments Council

www.swccnrm.org.au

Draft South West Regional Natural 
Resource Management Strategy 2012-
2020

Wheatbelt NRM

www.wheatbeltnrm.org.au

Wheatbelt Strategic Plan 2010-2012

Table 10. WA Acts covering water resources management 

Act Purpose

Country Areas Water Supply Act 1947 Provides for the protection of public drinking water source 
areas in rural areas and the regulation of clearing control 
areas.

Environmental Protection Act 1976 Provides for the prevention, control and abatement of 
pollution and for the conservation, preservation, protection, 
enhancement and management of the environment.

Land Drainage Act 1925 Provides for the constitution and abolition of drainage 
districts.

Metropolitan Water Authority Act 1982 Authorises the provision of certain drainage works and 
coordinates drainage services.

Metropolitan Water Supply, Sewerage and 
Drainage Act 1909

Provides for the protection of public drinking water source 
areas in the metropolitan area.

Rights in Water and Irrigation Act 1914 The principal legislation for the allocation and management 
of use of water resources.

Water Agencies (Powers) Act 1984 Provides many of the works and other powers of the 
Minister for Water and the Department of Water.

Waterways Conservation Act 1976 Provides for the conservation and management of certain 
waters and associated land and environment.
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Influencing proposals and decisions in the planning 
phase - avoiding or mitigating impacts 
Decision-making processes often have a public consultation phase built-in. Community 
input during these phases can be a very effective way to influence a decision-making 
authority’s determination of a proposal (a decision-making authority, or DMA, is a public 
authority empowered by legislation to make a decision in respect of a proposal). Raising 
issues early in the planning process is most effective, as it provides the proponent with 
more opportunity to address an issue or modify a proposal during the earlier stages of 
planning. 

Planning development and new infrastructure can require considerable investment and 
the later in the process an issue is raised, the less likely it will be that the proponent will 
want to, or be able to afford to change the proposal.

A decision-making process that can involve considerations of wetland hydrology is the 
environmental impact assessment process. Where proposals that are likely to result in a 
significant effect on the environment, these need to be referred to the Environmental 
Protection Authority (EPA) under Part IV of the Environmental Protection Act 1986. For 
example, where an application for a water licence being sought under the Rights in 
Water and Irrigation Act 1914 would have a significant effect on the environment the 
Department of Water must inform the EPA, and the impact of the licence would be 
considered by the EPA during its environmental impact assessment process. 

As shown in Figure 26, the EPA requires proponents of land and water use proposals to 
seek to avoid impacts to the environment.

Figure 26. The EPA’s decision framework. Avoiding environmental impact is the primary 
objective of environmental impact assessment. Image – R Pybus/DEC, adapted from EPA 
(2006).146 

Via the environmental impact assessment process, the Government of Western Australia 
has established the water to be allocated to wetlands and other groundwater dependent 
ecosystems on Perth’s Gnangara and Jandakot mounds. 
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In 1986 the EPA assessed the Water Corporation’s proposal to abstract groundwater 
from the Gnangara Mound for public water supply and provided advice to the Minister 
for the Environment. In 1988, the Minister for the Environment approved the proposal, 
subject to conditions, to ensure that the wetlands (and other groundwater dependent 
environments) would be protected. These conditions were applied under the provisions 
of the Environmental Protection Act 1986 and published in Ministerial Statement No. 
021. These conditions established water level criteria for a number of wetlands. These 
wetlands are commonly referred to as ‘Ministerial criteria sites’ and they were chosen 
to represent the range of wetlands across the mound. The water level criteria were 
established through the determination of ecological water requirements. Typically, the 
way water was ‘allocated’ to wetlands was to identify a minimum water level permissible 
at each wetland below which the water should not fall (either surface or groundwater). 
The Ministerial conditions for the Jandakot Mound were first established in 1992 in 
Statement No. 253. 

The impacts of abstraction are chiefly measured through compliance with environmental 
conditions that are monitored at Ministerial criteria sites. Compliance reporting is 
published by the Department of Water. The Ministerial conditions have been revised 
a number of time since 1986, in part because of the compounding effect of climate 
change and pine plantations on groundwater levels (the amendment of conditions 
is provided for under section 46 of the Act). Since 1997, the then Water and Rivers 
Commission (now Department of Water) has been subject to the Ministerial conditions. 
A review of the Ministerial conditions was completed in 2008 and most recently the 
requirements have been established in Ministerial Statement No. 819147 for the Gnangara 
Mound, and Ministerial Statement No. 688148 for the Jandakot Mound. 

➤	 For water level data for selected wetlands on the Gnangara and Jandakot mounds, 
see http://kumina.water.wa.gov.au/waterinformation/ewp/ewp.cfm. 

Other water supply projects approved with Ministerial conditions under the 
Environmental Protection Act 1986 include the Exmouth and Kemerton water supply.

The environmental impact assessment process grants members of the community specific 
rights to have concerns and views regarding proposals taken into consideration. These 
rights are generally applicable where a proposal is formally assessed, however, the EPA 
may request targeted public input into proposals that are assessed informally and that do 
not have to undergo a full assessment. 

The types of submissions and appeals an individual may make include:

(i) a submission to the EPA during the public submission period of a project proposal 

undergoing environmental impact assessment 

(ii) an appeal against decisions, recommendations and orders issued in respect to the 

environmental impact assessment process and applications to clear native vegetation to 

the Minister for Environment. 

Appeal rights include the right to appeal: 

• the decision of the EPA not to assess a proposal 

• the content or recommendations of an EPA report.

The following appeals are only available to the proponent of the proposal:

• conditions imposed on a proposal by the Minister 

• an order imposed on a proponent by the Minister following a breach of conditions. 

➤	 More information on public participation in decision making processes is available in 
the topic ‘Legislation and policy’ in Chapter 5.

➤	 Information on the roles of decision making authorities is provided in the topic ‘Roles 
and responsibilities’ in Chapter 5.
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Accepting hydrological change and managing the 
new conditions
It will not always be possible, practical or appropriate to reinstate the wetland’s 
hydrology, or even to know what it was. Some of the reasons for this include:

• The remediation tools and techniques available are not effective enough to 
reinstate the original hydrology and vegetation. 

• Wetland conservation may be a lower priority than the management goal for 
which the hydrology was altered (for example, water supply, urban development).

• The influence of a changing climate on wetlands cannot be mitigated directly 
through on-ground management. 

• New ecological or social values have developed at the wetland as a result of the 
altered hydrological conditions. For example, at Lake Yangebup drainage inputs 
have caused increased water levels, and the lake now supports a significant 
population of diving birds. 

• Irreversible change has occurred. For example, Lake Gnangara, which has 
undergone drying over more than twenty years, severe and sustained acidification, 
and a complete change in the ecological community; and some wetlands in the 
WA Wheatbelt.125 

In such cases, management might involve accepting the wetland’s new state, making 
modifications to reduce (rather than cease) the impacts of the land use, or a combination 
of the two. 

More broadly, there are some basic principles that can be applied to assist wetland 
ecosystems to adjust to new hydrological conditions. These include: 

• Preventing excessive or sudden hydrological changes, to allow plants and animals 
to ‘migrate’ if possible. 

• Increasing the resilience of wetlands by reducing other stressors, and managing 
other threats to the integrity of wetland ecosystems. Under changed hydrological 
conditions, wetlands are likely to be less resilient to other threats, for example, 
the effect of too frequent fire if a wetland is drying, particularly if there is a risk 
of acidification. Similarly, other threats could reduce the capacity of wetland 
ecosystems to cope with altered hydrology. 

• Improving the biological connectivity between wetlands in the landscape, through 
a planning process that supports ecological corridors and land uses that are 
sympathetic to nature conservation. 
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Prioritisation processes
Often the regional scale of altered hydrology means that it is likely that it will not be 
possible to tackle altered hydrology at every wetland. Prioritisation is typically required 
to decide which wetlands should receive intervention measures and which will miss out. 
In areas where the risks of altered wetland hydrology are high, prioritisation processes 
can help to focus management efforts where they will have most effect. Prioritisation 
processes usually entail an identification of:

• wetland values

• threatening processes

• potential to address threats.

An example of sub-regional wetland prioritisation process is the Buntine-Marchagee 
Natural Diversity Catchment Recovery Plan: 2007–2027.149

A drying climate in the south-west and further pressures on water resources are realities 
that must be taken into consideration in wetland management. The draft Gnangara 
Sustainability Strategy150 recognises that some of the legally required water levels for 
wetlands on the Gnangara Mound (via ministerial conditions) are no longer achievable. 
It is generally agreed that new standards need to be set, against which to monitor 
management of the groundwater resource.150 This will require accepting that many 
Gnangara Mound wetlands will inevitably become drier and some will transition to 

What not to do:  
make wetlands deeper if they dry out h

Landowners can understandably become upset when wetlands dry 
out beyond their natural water regime. There are many instances of 
landowners excavating wetland soil to make a deeper wetland that 
intercepts groundwater. There are many potentially significant impacts in 
doing this including:

• a high potential to cause the acidification of soils and water due to 
disturbance of acid sulfate soils

• direct harm to species inhabiting the soils including aestivating 
turtles, fish, frogs, plants, macroinvertebrate egg banks and wetland 
plant seed banks 

• changes in habitat due to changes in the topography of the site

• loss of wetland sediment, which is habitat for species

• alteration of the ecological character of the wetland, due to the loss 
of sediment biogeochemical processes 

• alteration of wetland sediment, potentially increasing the loss of 
water from the wetland due to loss of retarding layers such as clay 
and important soil stratigraphy such as layers of sand and clay

• exposure of groundwater, increasing transpiration of the superficial 
aquifer and potentially affecting other nearby wetlands and 
waterways

Digging out wetlands may constitute environmental harm under the 
Environmental Protection Act 1986.  Authorisation is typically required to 
carry out such actions, as outlined in the topic ‘Legislation and policy’ in 
Chapter 5. 
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dryland environments. Minimising further exacerbations to wetlands adjusting to new, 
drier conditions will involve designing ways to abstract groundwater that protect the 
most sensitive locations. 

Avoiding water rise in wetlands 
Wetlands and interconnected drainage network systems are not appropriate discharge 
outlets for dewatering. Methods used to avoid water rise in wetlands include:

• aquifer reinjection of dewater

• alternative uses of excess dewater

Reinjecting aquifers with dewater (managed aquifer recharge)
Where conditions are suitable, aquifer reinjection of dewater offers an alternative 
to direct discharge into wetlands. It has been employed in the Pilbara, where it was 
pioneered at the Yandicoogina mining operation by Rio Tinto Iron Ore. Via five re-
injection bores,16,500,000 litres (0.0165 gigalitres) a day of excess water has been 
reinjected into the Yandicoogina aquifer since 2006, avoiding what had been the 
standard regional practice of discharging surplus water into surface ecosystems such as 
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There are two main categories of human responses to climate change: mitigation 
and adaptation. Both types of response help to reduce the risks of climate change.

Mitigation involves actions that are intended to reduce the magnitude of our 
contribution to climate change. It includes strategies to reduce greenhouse gas 
sources and emissions and enhance greenhouse gas sinks.

Adaptation consists of actions undertaken to reduce the adverse consequences 
of climate change, as well as to harness any beneficial opportunities. Adaptation 
actions aim to reduce the impacts of climate stresses on human and natural 
systems.

At the scale of a region’s wetlands, adaptation strategies include:

• identifying, protecting, managing and planning for climate change refuges

• maintaining and creating connectivity of habitats and landscapes

• using technological and engineering solutions to sustain important threatened 
ecosystems 

• translocating fauna to other habitat, where assessments indicate this is 
appropriate

• increasing resilience by reducing other stressors

• effective monitoring of change and timely and appropriate responses

• establishing incentives to promote improved conservation management on 
private lands.151

For more information, see the Climate change and Western Australian aquatic 
ecosystems, impacts and adaptation responses, 2011 report card19

Climate change adaptation: what the buzz words 
mean for wetlands
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waterways.152 The project was recognised as leading practice, winning the ‘Management 
of water resources – commercial project’ category at the 2007 Western Australian 
Water Awards. This aquifer reinjection is considered to be a form of managed aquifer 
recharge.

Using surplus dewater rather than discharging it to wetlands
Mining proponents are required to use dewatering volumes to mitigate any 
environmental impacts in the first instance. That is, where dewatering is creating a 
deficiency for a wetland or other ecosystem, the priority is for the dewatering to be used 
to mitigate this. Water needs of the mine and mining camp are the second and third 
priorities. Where surplus water still exists following these needs being met, it is now 
required of proponents of mining operations to consider alternatives to discharge to the 
environment.153 There is now a mandate for the analysis of the potential for appropriate 
alternative uses of dewatering surplus in sectors such as irrigated agriculture, industry or 
recreational or social needs in the community. 

Managing water rise in wetlands
Methods used to manage water rise in wetlands include:

• large-scale native revegetation of dryland and wetland

• planting of deep-rooted perennial crops

• modifying landscape drainage patterns

• controlling surface water inflows

• wetland dewatering

• groundwater pumping 

• draining into low value ecosystems to protect high value ecosystems

Managing water in agricultural catchments can entail retaining and replanting native 
vegetation and modifying landscape drainage patterns. In productive agricultural 
catchments, it is not always viable to revegetate catchments to the extent needed to 
improve wetland hydrology. The significant resources need to alter catchment flows by 
means other than revegetation means that a limited number of priority wetlands and 
priority catchments are the focus of recovery actions by state government.

The ‘Natural Diversity Recovery Catchments’ program developed under the State 
Salinity Strategy is a landscape-scale program aimed at protecting areas with high 
natural diversity that are threatened by rising water tables and salinisation, and focusing 
especially on wetlands. So far, six Natural Diversity Recovery Catchments exist:

• Buntine-Marchagee

• Drummond

• Lake Bryde complex

• Lake Muir-Unicup

• Lake Warden

• Toolibin Lake.

A central aim of salinity and landscape-scale water management in these catchments 
is to achieve integration between nature conservation and sustainable agricultural 

practices149 (Figure 27).

Managed aquifer recharge: 
recharging an aquifer under 
controlled conditions to store the 
water for later abstraction, to 
achieve environmental benefits 
or to mitigate the impacts of 
abstraction
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Figure 27. Integrated water management at the landscape scale in agricultural catchments 
has a positive effect on reducing salt, nutrient and sediment export to downstream wetlands.  
Engineering and biological options are integrated to optimise gains in water management 
(surface and groundwater) and agricultural productivity in this 800-hectare demonstration 
area in the Buntine-Marchagee. Note the elevations are exaggerated. Image – R Dawson/DEC.

➤	 Information on DEC’s Natural Diversity Recovery Catchments can be found at DEC’s 
website.154 

Another major state government program, which focuses on landscape-scale salinity 
management more broadly, is the Engineering Evaluation Initiative led by the Department 
of Water. It examines a range of potential mitigation options including deep drains, 
groundwater pumping and surface water management, safe saline water disposal and 
regional drainage planning.

➤	 More information on the Engineering Evaluation Initiative is available from the 
Department of Water website.155 

Retaining and replanting native vegetation
Native vegetation uses water, and retaining vegetation is a cost-effective way of 
maintaining existing water use. It also slows surface flows in the catchment, and 
understorey vegetation can be just as important as trees in regulating flows. Native 
vegetation also helps to maintain biodiversity. It can be achieved by fencing off remnant 
vegetation from livestock (Figure 28). 

While not offering a magic bullet to landscape-scale watertable rise in agricultural 
settings156, replanting native vegetation can also be beneficial (Figure 29). For maximum 
effectiveness the extent needed and location is best determined in consultation with 
hydrologists, based on an analysis of recharge characteristics in a catchment. As a rule, 
trees are best planted in recharge areas; discharge plantings rarely reclaim saline areas; 
responses are generally confined beneath the planting; and plantings of extensive 
areas of a landscape are required to significantly reduce watertables.157 Perennial crop 
plantations such as oil mallees158 can achieve nature conservation and sustainable 
agricultural objectives under the right conditions.159 A number of government and non-
government programs provide funding and labour for fencing of native vegetation and 
covenanting of protected remnants.

In some circumstances, the government offers farmers cost-sharing arrangements to 
revegetate areas to improve water use and contribute to recharge control. This is the case 

Oil mallee: multi-stemmed 
eucalypt planted on agricultural 
land, with the stems arising 
from an underground root mass 
known as a lignotuber. Stems 
can be harvested for products 
such as eucalyptus oil. 
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in the 140,000 hectare Lake Bryde Natural Diversity Recovery Catchment, where more 
than 400,000 native species plants have been planted on private property and reserves, 
and more than 500 hectares of remnant vegetation have been fenced off. These actions 
are complemented by a large scale surface water management project. 

➤	 For more information on funding, labour and other assistance see the topic ‘Funding, 
training and resources’ in Chapter 1.

➤	 Analysis of the uptake of water by trees is outlined in reports such as Hydrological 
impacts of integrated oil mallee farming systems.159  

➤	 Revegetation case studies, such as those provided at www.dec.wa.gov.au/
management-and-protection/land/salinity/revegetation.html?showall=&start=1 
highlight useful information. 

Figure 28. Fencing off native vegetation can be a cost-effective measure for hydrological 
management. Photo – G Mullan/DEC.

(a)
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 (b)

Figure 29. (a) oil mallee eucalypts, on right of photo, a prospective commercial crop, growing 
alongside traditional crops in the Buntine-Marchagee catchment; and (b) mixed shrubs and 
trees have been chosen in this location within the Buntine-Marchagee catchment for their 
resilience, structural diversity and genetic integrity. Photos – G Mullan/DEC.

Retaining and replanting trees
Deep-rooted trees are proving useful in lowering high groundwater in some areas of the 
south-west. For example, blue gum (Eucalyptus globulus) plantations are attributed with 
reducing the unnaturally high water levels in some wetlands in the south coast of WA 
associated with widespread clearing of native vegetation for cropping and grazing. In 
the West Poorrarecup area, for example, it was found that some wetlands were showing 
improvements in condition as a result of nearby plantations27, while other wetlands 
had dried up160, although it is not clear whether these had formed due to the high 
groundwater following clearing.

Modifying landscape drainage patterns
Simple modifications can often be made to water flow paths to lessen the impacts 
of altered hydrology on wetlands. Increasingly, farmers are using mulching and 
earthworks to increase water uptake, slow the flow of water through the landscape, 
promote infiltration and reduce erosion and sedimentation. This might simply involve 
the reinstatement of the original lie of the land by removing artificial structures such as 
drains or levee banks. Other measures include contour banks161, grassed waterways 
(G Mullan 2009, pers. comm.)(Figure 30), and cropping practices that leave stubble 
and mulch in place such as conservation tillage. These works can also improve farming 
outcomes, as healthy catchments are more productive. Any works should be undertaken 
with caution, because manipulating hydrology can often have unexpected impacts. 
Changes to landscape drainage patterns may be subject to regulation under the Soil 
and Land Conservation Act 1945 and the Environmental Protection Act 1986. For more 
information, see the ‘Legislation and policy’ topic. 

 Contour banks: mounds of 
earth which follow hillslope 
contours to arrest flowing 
water and allow infiltration 

Grassed waterway: a 
vegetated channel which 
directs water flow paths. The 
vegetation slows surface flows. 
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Figure 30. A landholder inspects a constructed grassed waterway in full flow in the Buntine-
Marchagee catchment. The grassed waterway is part of the landscape-scale integrated water 
management approach. Photo – K Stone.

Controlling surface water inflows
Structures that bypass or divert some of the surface water flows are used in some high 
value wetlands, such as Toolibin Lake. A surface water diversion channel is used at 
Toolibin Lake to regulate the amount and quality (specifically, salinity) of the surface 
water that enters the wetland. The diverted flows are sent to the sacrificial wetland, Lake 
Taarblin. However, in the last decade, the management criterion for salinity levels at the 
wetland inlet has rarely been met, and as a result, the wetland bed has been largely free 
of surface water for an extended period162 which creates another suite of problems for 
the wetland. Large rainfall events can play an important role at such sites, for example, 
an intense rainfall event on 12 December 2012 resulted in 0.013 gigalitres (13,000,000 
litres) entering via the diversion weir, with the majority slowly evaporating over six 
weeks.163

Changes to surface water inflows may be subject to regulation under the Soil and 
Land Conservation Act 1945 and the Environmental Protection Act 1986. For more 
information, see the ‘Legislation and policy’ topic.

Dewatering wetlands
Lowering wetland water levels by directly removing surface water is a management 
response that, due to its expense, is an intervention measure for wetlands of high 
conservation significance. Because of the need to dispose of the water, significant 
downstream impacts are possible. It can necessitate the construction of an evaporation 
basin or the sacrifice of other wetlands to receive the discharge. This is particularly 
harmful when the water is of a different salinity (or similarly different in its water 
chemistry). 

Lake Wheatfield in the Lake Warden Ramsar system in Esperance is dewatered and the 
discharge is released into Bandy Creek. Dewatering removes excess water from the 
wetland generated from increased catchment runoff caused by clearing 85 per cent of 
the catchment’s native vegetation to allow for agricultural land uses. Lake Wheatfield is 
hydrologically connected to Lake Warden. Prior to dewatering, “beach” areas needed by 
migratory and resident waders had been significantly reduced and bird numbers recorded 
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in biannual monitoring showed steep declines. The dewatering successfully controls 
water levels (Figure 31) and available wader habitat. However, the alteration of water 
levels has contributed to increased salinity levels, a serious management issue.

Figure 31. Hydrological response to management interventions for Lake Wheatfield (blue) and 
Lake Warden (red). Measurements are in metres AHD. Image: J Lizamore/DEC.

➤	 Dewatering of wetlands may be subject to regulation under the Soil and Land 
Conservation Act 1945 and the Environmental Protection Act 1986. For more 
information, see the ‘Legislation and policy’ topic.

Pumping groundwater
Groundwater pumping to lower the groundwater discharging into wetlands is a 
management response that, due to its expense to establish and operate, and potential 
complexities, is an intervention measure for wetlands of high conservation significance. 
It is a measure that ‘buys time’ to allow longer-term measures to be put in place. It 
isn’t always an option, particularly when the hydrogeological setting is not suitable. 
Groundwater pumping is being used to help manage groundwater levels at Toolibin 
Lake, although in the past technical problems have resulted in two periods where 
many groundwater pumps have been out of commission.85 Groundwater pumping 
may be subject to regulation under the Environmental Protection Act 1986. For more 
information, see the ‘Legislation and policy’ topic.

➤	 For a general review of the considerations involved in groundwater pumping, see 
the report, A review of groundwater pumping to manage dryland salinity in Western 
Australia.164

Draining into low value ecosystems to protect high value 
ecosystems 
Inland drainage should result in an overall environmental benefit.165 Any proposal to 
install inland drainage should avoid wetlands and other ecosystems of high conservation 
value. Wetland mapping and a number of studies and policies have been developed 
to aid land managers and decision making authorities to identify wetlands of high 
conservation value in the Wheatbelt and other areas where deep saline drainage is being 
used to manage waterlogging and salinity.  These resources include:
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• Wheatbelt basin and granite outcrop wetland evaluations dataset

• Evaluating the conservation significance of basin and granite outcrop wetlands in 
the Avon natural resource management region: Stage One Assessment Method166

• Evaluating the conservation significance of basin wetlands within the Avon Natural 
Resource Management region: Stage Three Assessment Method167

• Policy framework for inland drainage165

Minimising water decline in wetlands
Minimising water decline in wetlands can be achieved by selecting a suite of strategies, 
such as:

• ensuring water allocated to the environment in water allocation plans provides for 
wetland water requirements 

• using desalinated water 

• using less water 

• preventing illegal water use/ loss of unused water 

• prioritising water for the environment over aesthetic uses such as artificial lakes

• reusing (recycling) more water 

• harvesting alternative water sources (desalination, deep aquifers and coastal 
superficial aquifers) 

• recharge aquifers through managed aquifer recharge 

• developing alternative water sources 

• choosing abstraction locations to avoid wetlands 

• minimising drawdown near wetlands via abstraction depth, rate and 
timing 

• minimise subsoil drainage effects on wetlands

• avoiding or minimising dewatering impacts near wetlands 

• artificially recharging wetland with dewater 

• maintaining wetland water levels artificially 

• reducing drawdown caused by plantation trees 

• modifying current vegetation 

These are outlined below.

Ensuring water allocated to the environment in water allocation 
plans provides for wetland water requirements
The Rights in Water and Irrigation Act 1914 provides the legislative basis for the 
planning, regulation, management, protection and allocation of water resources in WA, 
including the identification and management of water for ecosystems.168 

Under the RIWI Act, the right to the use and control of all groundwater (artesian and 
non-artesian) is vested in the ‘Crown’, that is, the state of WA. No person can access or 
use groundwater except in accordance with the rights and obligations conferred under 
the RIWI Act (or another law).34 The Minister for Water has delegated responsibility to 
the Department of Water for administering the Act through the preparation of water 
allocation plans and the administration of water entitlements and water rights. 
Unlike many other jurisdictions in Australia, there are no held environmental water 
entitlements in WA.168 

The decisions made by the Department of Water when a water licence is applied for 
under sections 5C and 26D of the Act are guided by water allocation plans. Water 
allocation plans are non-statutory, but provide important guidance on the water 
allocation limits within a particular geographic area, how much water is assigned for 
the environment–the environmental water provision–and the sustainable yield that 

Water allocation plan: a plan that 
determines and licenses how much 
groundwater or surface water 
can be taken from a region for 
domestic or commercial purposes 
without adversely affecting 
ecological, recreational and cultural 
values

Held environmental water: water 
available under a water access 
right, a water delivery right or an 
irrigation right for the purposes of 
achieving environmental outcomes

Water licence: a formal permit 
which entitles the licence holder to 
‘take’ water from a watercourse, 
wetland or underground source 
under the Rights in Water and 
Irrigation Act 1914

Allocation limit: annual volume of 
water set aside for consumptive use 
from a water resource

Environmental water provision: 
the water regimes that are provided 
as a result of the water allocation 
decision-making process taking into 
account ecological, social, cultural 
and economic impacts. They may 
meet in part or in full the ecological 
water requirements.

Sustainable yield: the amount 
of water that can be taken from a 
water resource system (expressed 
as an extraction regime) without 
causing unacceptable impacts on 
the environment



73  Managing hydrology

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

can be taken. There are currently twenty water allocation plans in place, covering 80 per 
cent of WA’s water use (Figure 32). This includes four groundwater water allocation plans 
under development.168

Figure 32. Water management plan areas in WA. Image – National Water Commission 2011.170

The Department of Water is required to consider environmental needs for water in 
accordance with Statewide policy no. 5 – Environmental Water Provisions Policy for 
Western Australia.171 Plans are required to state the regimes, levels, volume or thresholds 
required for environmental water, that is, their environmental water requirement, 
and how this has been determined, to what extent it will be achieved through the 
environmental water provision and how it will be monitored. In developing water 
allocation plans, the Department of Water carries out pre-planning assessments to 
determine what water the environment requires. 

Environmental water provisions are then established for each resource and implemented 
through the setting of allocation limits and through system specific management rules 
and trigger levels. These may relate to attributes of the groundwater regime such as flux 
or flow, level (in unconfined aquifers), pressure (in confined aquifers) and water quality. 
An objective of the Gnangara allocation plan, for example, is to ‘Protect groundwater-
dependent ecosystems from direct impacts associated with abstraction’36 and a maximum 
allowable depth to groundwater (summer and/or spring maximum) below valuable 
groundwater dependent ecosystems is applied. High value groundwater-dependent 
ecosystems that may be affected by abstraction may have local area policies applied to 
them. The department develops these additional requirements to protect high value 
areas or areas at high risk of impact. Trigger and response criteria may also apply to some 
sites.36 

Draft water allocation plans are released for pubic comment, and this is the best time for 
stakeholders to examine how the plan ensures a wetland’s water requirements are met. 
Plans are approved by the Minister for Water and apply for a seven-year period, with 

Environmental water 
requirement: the water regime 
needed to maintain the ecological 
values (including, assets, functions 
and processes) of water-dependent 
ecosystems at a low level of risk
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ongoing interim evaluation. Taking the opportunity to comment on these plans through 
the public consultation process, or becoming involved with a stakeholder committee on 
water planning, are two ways to advocate for the maintenance of wetland hydrology at 
a big-picture level.

➤	 The process for stakeholder participation, are explained in the report Water allocation 
planning in Western Australia: a guide to our process.172 

➤	 A review of environmental water management in WA has been produced by the 
National Water Commission in 2012, entitled Australian environmental water 
management: 2012 review.168

➤	 A report card on how well WA carries out water planning was produced by the 
National Water Commission in 2011170: www.nwc.gov.au/?a=19805. 

➤	 The current allocation plans for various areas of WA are available on the Department 
of Water website at: water.wa.gov.au/Managing+water/Allocation+planning/default.
aspx. 

➤	 Potential reforms of WA’s water allocation process are outlined in the report Proposed 
Water Resources Management Act background discussion paper.6

The importance of participating in the water 
allocation planning processh

A water allocation plan includes:

• objectives for the plan

• water allocation limits (as volumes)

• water for the environment (as volumes or regimes)

• water licensing policies

• arrangements for implementing and evaluating the plan.173

Ensuring the full range of stakeholders participate in the water 
management planning process is important in ensuring that the public 
participation process represents the views of all Western Australians. 
To this end, the Department of Water has published a short guide 
entitled How to make a submission on a water allocation plan during 
the public comment period174 available from www.water.wa.gov.au/
PublicationsStore/first/99163.
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Using less water 
Across Australia and globally, individuals, groups and governments are acknowledging 
the precious nature of our freshwater resources, and changing behaviour to reduce 
water use. 

Using less water is important across all sectors including mining, industry, agriculture 
and domestic. Even in those areas where there is too much water in the landscape, 
freshwater is still a scarce resource and needs to be used efficiently.

Perth is now saving more than 100 gigalitres (that is, 100 billion litres) of scheme 
water each year175 (that is, water from the integrated water supply scheme, which 
does not account for water harvested from rainwater tanks, groundwater bores and 
so on). Over the past five years, savings work out to about 8 per cent per person.175 
‘Waterwise’ campaigns and water pricing that better reflects the true cost of water 
use have contributed to changing behaviour. However, the Water Corporation reports 
that the average water use per person was 132,000 litres in the 2012–13 financial 
year, making Perth one of the highest water using cities in not only Australia, but the 
world. Regulation of water use is still critical, for example, the two-day-a-week sprinkler 
roster in Perth, which accounts for slightly more than half of the 100 billion litre saving 
in scheme water; and which tackles one of the key issues for water use in residential 
areas, “Western Australia’s most extensive and expensive irrigated crop, the suburban 
lawn’’.54 In addition to more efficient use of scheme water, another important initiative is 
reducing the volume of groundwater abstracted via garden groundwater bores; there are 
an estimated 169,200 domestic garden bores taking groundwater from the superficial 
aquifer in Perth, and the Department of Water estimates that up to a quarter of water 
abstracted from the Gnangara Mound is done so for domestic use.176 The Department 
estimates that approximately 73 gigalitres of groundwater was abstracted using domestic 
garden bores in the Perth metropolitan area in 2010.177 Although unlicensed and not 
metered, they are subject to some control via the sprinkling restrictions and controls on 
their use near high value wetlands.

In WA, the Department of Water and the Water Corporation have sought to reduce 
water use via ‘Waterwise’ campaigns. The Water Corporation has published a target to 
reduce water use by 15 per cent/125 kilolitres of scheme water used per person per year 
in Perth by 2030.175 

Similarly, in the Kimberley, Pilbara, Great Southern and Goldfields regions, water 
efficiencies achieved through the ‘Regional Integrated Water Efficiency Program’ are 
estimated to have saved 4.5 gigalitres of water in its first full year.175 

In 2007 the Minister for Water Resources established the requirement for all local 
governments to prepare and implement water conservation plans that conserve 
groundwater and improve water use efficiency.

Through the massive cultural shifts in water use taking place, there is evidence that 
Western Australians do value wetlands and other water-dependent ecosystems, and 
embrace the sense of place that makes Western Australia unique. George Seddon, 
author of Sense of Place, a response to an environment: The Swan Coastal Plain, Western 
Australia wrote that, on arriving from Victoria, “I was ill-prepared for Western Australia, 
and I think this must be a common experience. Even the West Australians whose families 
have been here for three and four generations are ill-prepared in some basic ways, 
because our primarily British background is still apparent in our attitudes towards the 
way we use the environment; and in nothing so much as our attitude to water. Centuries 
of water-riches makes it hard to grasp our water-poverty and its implications, although 
these are better-understood in Western Australia that they are in the coastal cities of 
eastern Australia. In Perth (and Adelaide) the aridity of this most arid of continents is a 
part of one’s consciousness”.54
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Ongoing reductions in water use will continue to be needed, in order to help offset 
increasing population and, in larger areas of WA, the increasing drying associated with 
climate change. Climate models indicate a possible further 8 per cent reduction in 
surface water yields (for example, from dams) by 2030 in a median scenario.175

➤	 Significant potential still exists to reduce water use in WA. Support and incentives for 
individuals, businesses and local government abounds. The role of individuals and 
groups in bringing about improved water use of individuals, businesses and local 
governments through corporate citizenship should not be underestimated.

➤	 For more information, see the: 

WA Water Awards: www.awa.asn.au/awards/wa/

Department of Water’s website: www.water.wa.gov.au/Managing+water/

Water+efficiency/default.aspx 

Water Corporation’s website: www.watercorporation.com.au/about-us/the-way-we-

work/our-strategies 

Preventing illegal water use and loss of water

Prevent illegal water use
The right to take groundwater or surface water is primarily granted by way of a licence 
by the Department of Water under sections 5C and 26D of the Rights in Water and 
Irrigation Act 1914. Allocation limits define how much water can be taken by those with 
a licence, and how much water is reserved for the environment. When people take water 
without a licence, or take more water than is allowed for in their licence, this reduces 
the water left for the environment. Details about licences are publicly available via a 
spatially-based dataset called The Water Register, available from www.water.wa.gov.
au/ags/WaterRegister. Details about the operating strategies that form part of the terms 
and conditions of a licence to take water (for example, the abstraction regime and 
methods used to minimise impacts on wetlands) may be available to the public, subject 
to Freedom of Information applications.

The Department of Water has increased the metering of water use. As outlined in 
Strategic Policy 5.03 Metering the taking of water178, this increased regulation is required 
because unmetered use of water resources may lead to overuse, which could have 
unacceptable impacts on the local ecological, economic and social values of an area. In 
recent years the Department has increased its compliance and enforcement activities. 
This includes an increased on-ground presence of compliance officers visiting properties 
to speak with licensees, survey water use, check meter readings, monitor daytime 
sprinkler bans and ensure that operations are in accordance with conditions on licences. 
The Department’s compliance enforcement unit monitors metering readings submitted to 
it and audits selected licensees to assess compliance with all aspects of their licences.  

The Department of Water has signalled that illegal water use is not tolerated. It issues 
directions, infringement notices and takes action to prosecute those in breach of the 
law. In recent years it has successfully prosecuted a number of illegal water users. These 
include a grower in the suburb of Gnangara who took more than 79 million litres (0.079 
gigalitres) more water than he was entitled to, and a vegetable grower in the suburb of 
Wanneroo who illegally took water and tampered with a state-owned water meter to 
prevent the meter flow wheel from accurately measuring how much water was taken 
from the ground.

➤	 For more information on metering on the Gnangara Mound, see the Department 
of Water’s website: www.water.wa.gov.au/Understanding+water/Groundwater/
Gnangara+Mound/Gnangara+Mound+metering+project/Project+background/default.
aspx 
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➤	 Compliance and enforcement information is available at:  www.water.wa.gov.au/
Business+with+water/Water+licensing/Compliance+and+enforcement/default.aspx#1

 

Prevent the unnecessary loss of water from wetlands and aquifers
Uncapped artesian bores are a source of water loss in areas of WA, particularly the 
Pilbara. Decommissioning or recommissioning these bores is effective at preventing 
unnecessary water loss. For example, during phase 2 of the Carnarvon artesian basin 
rehabilitation project, finished in September 2010, fourteen controlled bores were drilled 
and twenty-eight free-flowing bores were decommissioned. This saved 8 gigalitres of 
water from being lost across the plan area. Pressure heads increased in most areas as a 
result. In 2011, the Department of Water identified eight free-flowing bores that require 
capping as part of finalising the Carnarvon Artesian Basin rehabilitation project. The aim 
is to cap these bores and/or license any use from them.179

Feral animals including camels, horses and goats can consume significant volumes of 
water from natural and artificial water sources, and controlling their numbers can be 
important in significant and sensitive wetlands. For example, in droughts, large herds 
of over one hundred camels may congregate on available water, and in addition to 
depleting the surface water, they can cause overgrazing, trampling, pugging and fouling 
of wetlands.

➤	 For more information on feral animal control, see the topic ‘Introduced and nuisance 
animals’ in Chapter 3.

Converting open irrigation channels to piped channels reduces seepage and evaporative 
losses. Harvey Water has been carrying out this conversion in the Harvey Water Irrigation 
Area (made up of the Harvey, Waroona and Collie irrigation zones). Harvey Water 
gets water from seven Darling Scarp dams controlled and maintained by the Water 
Corporation. It uses delivery infrastructure made up of a network of channels and pipes: 
83 kilometres of lined channels, 172 kilometres of unlined channels and 430 kilometres 
of pipeline with a total of 1 536 supply points. Harvey Water states that the conversion 
of open channels to pipelines is leading to water efficiency savings of approximately 17 
gigalitres (that is, 17 billion litres) per year due to water not being lost through seepage 
and evaporation. Harvey Water has stated its aim is to convert the remainder of the 
system, which is a mix of soil and concrete lined channels to pipes. The initial conversion 
of channels to pipelines, known as the Harvey Pipe Project, was the inaugural winner of 
the WA Water Awards and the WA Engineering Excellence Award in 2006.

➤	 For more information see the Harvey Water website: www.harveywater.com.au. 

Prioritising water for the environment over aesthetic uses such 
as artificial lakes
The creation of permanently inundated water bodies in urban settings is generally 
not supported by state government. This is particularly the case when they require 
the exposure of groundwater through excavation, which exposes the groundwater 
to evaporation and can change local hydrological patterns, affecting nearby natural 
wetlands and ecosystems (as well as posing a risk of acid sulfate soils). The same principle 
applies to artificial water bodies that are created by preventing water from infiltrating 
through the use of a lining or layer that slows or prevents infiltration of stormwater into 
groundwater. Similarly, the modification of wetland type, such as converting a seasonally 
waterlogged basin into a seasonally inundated basin, is not supported. 

➤	 This position is outlined in the Decision process for stormwater in WA180 and the 
Interim position statement: Constructed lakes.83



78  Managing hydrology

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

Reusing (recycling) more water 
Currently the vast majority of water used in WA is discharged to the ocean or other 
receiving environments, or lost to evapotranspiration (for example, in the case of water 
put on gardens). Recycling reduces the need to take more water from the environment. 
WA now recycles around 21 gigalitres (21 billion litres) of water a year.

Wastewater recycling
Recycled water is usually treated wastewater which is further treated to varying qualities 
that is ‘fit for purpose’ for its intended use. Wastewater is the spent or used water from 
a community. It comes from domestic, commercial and industrial sources, and it is 99.97 
per cent water because the greatest volume comes from showers, baths and washing 
machines. The rest is dissolved and suspended matter. Once treated, it can then be used 
for:

• irrigation of sports grounds, golf courses and public open spaces 

• industrial processing 

• groundwater replenishment

• toilet flushing/clothes washing/garden watering 

• environmental benefits (for example, maintaining wetlands) 

• irrigation of food crops

• irrigation of non-food crops (for example, trees, woodlots, turf, flowers)

• construction/dust suppression 

In 2012 13.6 per cent of wastewater was recycled. Generally, there is a much higher 
percentage of recycling in regional areas, with some towns recycling 100 per cent 
of their wastewater.175 The Water Corporation is involved in approximately 50 water 
recycling schemes in WA to irrigate parks, gardens, golf courses, sports grounds and 
other open spaces. The Water Corporation has published a target to recycle 30 per cent 
of all wastewater in WA by 2030.175 As well as expanding water recycling in current 
types of uses, such as in new industrial areas including Neerabup and East Rockingham, 
the Water Corporation is looking at the potential irrigation of vineyards and other 
horticulture, and at the potential use of dual reticulation. Dual reticulation, or ‘third pipe 
systems’, have two separate pipes deliver drinking and non-drinking water into homes 
and commercial/industrial in new developments. The non-drinking pipe water source may 
be recycled water, greywater, stormwater or groundwater.175 Dual reticulation schemes 
are likely to be most viable for new developments in regional areas where scheme water 
supply is scarce and augmentation is costly. They are also expected to be viable for the 
irrigation of public open space and for large scale industrial developments. The Water 
Corporation works with local governments to identify all non-drinking water alternatives 
to scheme water use for the irrigation of public open space for new developments. 
Some pilot programs are in place, and a dual reticulated scheme is being considered for 
Karratha to irrigate residential gardens as well as public open space. Greywater recycling 
is a good way to return water back to the environment. 

➤	 For more information, see:

Department of Water’s website: www.water.wa.gov.au/Managing+water/Recycling/

Waterwise+community+toolkit/Non-drinking+water+sources/default.aspx 

Water Corporation’s website: www.watercorporation.com.au/about-us/the-way-we-

work/our-strategies 

Alternative water source options for landowners and developers are outlined at: www.

watercorporation.com.au/Home/Builders%20and%20developers/Subdividing/Non%20

drinking%20water%20options 
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Sewerage recycling
Sewer mining is also a potential future recycling method. Sewer mining is the 
process of extracting, treating and using wastewater before it reaches a wastewater 
treatment plant. Sewer mining is not practiced widely in Perth as groundwater is often a 
cheaper alternative. It may become a more attractive option with groundwater sources 
becoming fully allocated.181 The Water Corporation states that this water source is under 
investigation, with several sewer mining proposals being assessed and the corporation 
potentially interested into looking into more opportunities in the future. The Town of 
Vincent has announced that it is investigating sewer mining as a potential water source 
for the Hyde Park lakes (www.vincent.wa.gov.au/Services/Environment_Sustainability/
Green_Initiatives/Sewer_Mining). 

Mine dewatering surplus
With over 200 licences to take water for dewatering and dewatering volumes exceeding 
300 gigalitres per year, the use of this water as a resource is significant. Water generated 
via mine dewatering is required first and foremost to mitigate any environmental impacts 
and secondly for mine site uses. Historically water left over following this has been 
disposed of via aquifer injection or discharge to wetlands or watercourses over and above 
their needs. Now there is a stronger push to use any surplus left following these uses in 
a way that harnesses water as a resource, such as in other mining operations or sectors 
such as irrigated agriculture, industry or recreational or social needs of the community. 
The Department of Water has established this position and how opportunities for doing 
so may be facilitated in Strategic Policy 2.09: Use of mine dewatering surplus.153

Harvesting alternative water sources

Desalination
Almost half of Perth’s scheme water needs, about 150 gigalitres (150 billion litres) of 
water a year, is now supplied by the Perth Seawater Desalination plant and the Southern 
Seawater Desalination plant. The use of these alternatives to dams and groundwater 
is likely to be the most important water supply action taken to date to improve water 
security for the wetlands of the Gnangara Mound in Perth. 

The Water Corporation has published a target of developing up to 100 gigalitres of new 
water sources.175 Although desalination is identified as a cornerstone of Perth’s water 
supply, it is not considered by the Water Corporation to be a sole solution. It estimates 
that to rely solely on desalination for Perth’s needs would necessitate ten new 50 
gigalitre desalination plants by 2060. This would entail significant public and/or private 
investment in capital; a six-fold increase in energy use over current levels and a doubling 
in water bills.181

Stormwater and rainwater harvesting
Stormwater and rainwater harvesting is a viable form of water reuse in some areas of 
Australia. However, stormwater high in the catchments is a natural source of water for 
wetlands lower in the catchment, and should be infiltrated into the groundwater or take 
flow paths that mimic their natural flow to wetlands wherever possible (outlined in the 
sections ‘Infiltrating stormwater at-source in urban catchments’ and ‘Using overland 
flow paths for stormwater entry into wetlands’). Excess stormwater at the bottom of the 
catchment offers more of an opportunity for harvesting.

Drainage in the region around Perth removes more water than all the bores in the 
superficial aquifer in the same area. A study published in 2008182 found that the median 
annual discharge of stormwater from the Perth and Peel metropolitan regions was 
estimated as 120 gigalitres with approximately 67 per cent from the Swan-Canning 
catchment (exclusive of Avon and Helena rivers; and Ellen, Jane and Susannah brooks), 

Sewer mining: the process 
of extracting untreated 
wastewater from the sewerage 
network and treating it on-site 
in a treatment plant for reuse
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16 per cent from the coastal main drains (Carine, Herdsman and Subiaco) and 17 per 
cent from the Peel’s main drains. This stormwater volume is equivalent to approximately 
two Mundaring Weirs at full storage capacity (63.6 gigalitres) or two and a half Perth 
Seawater Desalination plants (45 gigalitres). This is also greater than the potential volume 
from rainwater harvesting of the region’s residential roofs. Some local governments 
collect stormwater from drains and use it locally for irrigation purposes. 

Abstract groundwater from deep aquifers and coastal superficial aquifers
Abstraction from the superficial aquifers has a direct effect on wetlands fed by superficial 
groundwater. Because of these direct impacts, deep aquifers are increasingly considered 
more appropriate sources. For example, the Department of Water is working with 
the Water Corporation to investigate opportunities for, and the possible effects of, 
increasing the proportion of water abstracted from the confined aquifers relative to 
that abstracted from the superficial aquifer of the Gnangara groundwater system.36 
The Water Corporation has stated that in relation to Perth’s water needs, the superficial 
inland (that is, not coastal) aquifers are now relied upon only in the very driest of years 
and only for about 10 per cent of supply needs.183 It has outlined that by 2022, around 
half of Perth’s scheme water will come from secure deep groundwater sources. This is 
proposed to be coupled with replenishment of the Leederville and Perth Yarragadee 
aquifers with recycled water (see next section for more detail), and the development of 
coastal superficial groundwater schemes to use water that currently flows naturally into 
the ocean at Eglington and Yanchep.183

Recharging aquifers through managed aquifer recharge
Managed aquifer recharge (MAR) is the purposeful recharge of an aquifer under 
controlled conditions to store the water for later abstraction, to achieve environmental 
benefits or to mitigate the impacts of abstraction. It can be achieved by injection by a 
bore or series of bores, or by infiltration using infiltration ponds or trenches. 

The Department of Water is primarily responsible for administering managed aquifer 
recharge via the Rights in Water and Irrigation Act 1914 (the Environmental Protection 
Act 1986 may also be triggered under certain circumstances). The Department of Water 
recognises the potential to use MAR to recharge an aquifer near a valued wetland to 
maintain the wetland’s water levels, while either recovering water elsewhere within the 
aquifer or connected aquifers where impacts would be minimal, or not seeking recovery 
of any of the water.184

The Department of Water’s list of potential sources of water for MAR includes but is not 
limited to:

• groundwater drawn from other aquifers

• water from streams, lakes or dams

• treated wastewater sourced from industrial sites or sewerage treatment plants

• dewatering excess from mine sites or construction sites 

• excess stormwater or stormwater redirected from existing drainage systems 

• excess agricultural runoff.184

Groundwater replenishment
Groundwater replenishment is one form of managed aquifer recharge. Groundwater 
replenishment has been announced by the Government of Western Australia as the next 
new climate independent water source for Perth. This follows a three year trial which 
involved treating 3.3 gigalitres (3.3 billion litres) of recycled wastewater to drinking 
water standards before injecting it 120–220 metres below the ground, into the confined 
Leederville aquifer underlying the Gnangara Mound185 (Figure 33). 
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Figure 33. Replenishment of the Leederville aquifer will help to reduce pressure on the 
wetlands of the Gnangara groundwater system. Image source – Water Corporation186

The effects of this groundwater replenishment may potentially be two-fold. Firstly, the 
replenishment of the Leederville aquifer may reduce the downward flow of water from 
the superficial aquifer, which is the direct source of water for many groundwater fed 
wetlands. While replenished water is unlikely to move into shallow groundwater (because 
the pressure is not sufficient enough to allow upward movement of the recycled 
water into the superficial aquifer) the recharge increases groundwater pressure in the 
Leederville aquifer, reducing the downward flow of water from the superficial aquifer. 

Secondly, this groundwater replenishment will provide an alternative water supply 
source, thereby reducing abstraction of the remaining groundwater. This will reduce 
drying of wetlands fed by the Gnangara groundwater system, by reducing the net 
amount of water abstracted from it. Groundwater replenishment will initially supply 
seven gigalitres (7 billion litres) of water a year. The Beenyup replenishment site has the 
potential to recycle up to 28 gigalitres annually, enough to supply 140,000 households 
with drinking water each year. By 2060, groundwater replenishment could contribute 
115 gigalitres each year by recycling water from Perth’s four major wastewater treatment 
plants. Groundwater replenishment could account for up to 20 per cent of Perth’s total 
yearly drinking water supply.187 

It is thought that the water will undergo natural filtration for up to 30 years before 
extraction. The Water Corporation has reviewed the trial, involving more than 62,000 
water samples and 254 health guidelines, and published a report stating that recharge of 
highly treated recycled water into the confined Leederville aquifer does not pose any risk 
to the environment nor to public health.187

Other benefits of Perth’s groundwater replenishment scheme are that it is cheaper and 
uses about half the energy of a desalination plant.

➤	 For more information, see:

Department of Water’s website: www.water.wa.gov.au/Managing+water/

Managed+aquifer+recharge/default.aspx 

Water Corporation’s website: www.watercorporation.com.au/water-supply-and-services/

solutions-to-perths-water-supply/groundwater-replenishment 
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Recharge aquifers to moderate water level decline
Re-injecting treated wastewater into aquifers has been suggested188,189 as a way to 
moderate water level decline on the Gnangara Mound and seawater intrusion from the 
coastal side. Groundwater from the Gnangara Mound ultimately flows to the coast. 
Injecting treated wastewater at the coast has been suggested, in order to create a barrier 
that prevents the intrusion of seawater into the aquifer from the coastal side. It would 
also allow groundwater to bank up behind the barrier of injected water and increase the 
water level in the superficial aquifer. This may lessen the degree to which groundwater 
dependent wetlands dry. 

The CSIRO Perry Lakes Aquifer Replenishment Study proposed to divert treated water 
from the Subiaco wastewater treatment plant to underground filtration galleries on 
the western side of the Perry Lakes (west lake and east lake), with the aim of creating 
localised groundwater mounding, to help to increase wetland water levels.190,191 A trial 
has been carried out over 18 months at CSIRO Floreat to understand the likely water 
quality outcomes. The Town of Cambridge has published its decision not to proceed with 
the replenishment scheme at this time, citing the determination that significantly higher 
ongoing costs are required to operate the system along with the possibility of further 
unforeseen risks.192

CSIRO is currently conducting preliminary investigations into the potential to recharge the 
surficial aquifer system in coastal locations in the Cockburn, Kwinana and Rockingham 
local government areas with treated wastewater. Investigations encompass the costs 
and environmental risks of enabling heavy industry to access appropriately treated water 
recharged to the aquifer. Potential benefits may include a reduced risk of seawater 
intrusion, improved throughflow to coastal wetlands and provision of irrigation water for 
local government.

➤	 For more information on the project, see www.australianwaterrecycling.com.au/
projects/recycled-water-for-heavy-industry    

Developing alternative water sources 
The Water Corporation has published a target of developing up to 100 gigalitres of new 
water sources.175

It has provided a summary of current positions regarding some of the alternative/novel 
water sources that have been considered to date, including:

• Water from the Kimberley

  An independent expert panel commissioned by the Government of Western 

Australia evaluated the technical and financial viability of bringing water from the 

Kimberley to Perth and found the project was high risk, high cost and generally 

impractical. These findings are presented in the report, Options for bringing water 

to Perth from the Kimberley: an independent review.

• Cloud seeding

  Cloud seeding is the process of artificially generating rain by implanting clouds 

with particles such as silver iodide crystals. After extensive testing, the CSIRO has 

determined that cloud seeding is unlikely to be effective in much of Australia. 

Concerns have also been raised about the long term environmental effects of using 

silver iodide crystals.

➤	 For more information and links to relevant reports, see the Water Corporation’s 
website:  

www.watercorporation.com.au/home/faqs/water-supply-and-services/why-dont-you-

build-the-kimberley-pipeline-or-canal
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www.watercorporation.com.au/home/faqs/water-supply-and-services/is-cloud-seeding-a-

viable-solution-to-perths-water-supply 

Positioning abstraction bores away from wetlands and 
configuring them to minimise drawdown 
The most effective way to reduce the impacts of drawdown on ecosystems is simply to 
extract less water. For example, harvesting less water from a wetland for self-supply can 
lead to immediate changes in wetland hydrology. Extracting less water can be achieved 
by using water more efficiently, using alternative water sources or changing land use.

Where abstraction is required, abstraction bores should be positioned away from 
wetlands, so that the groundwater drawdown cone, also known as the ‘cone of 
depression’, does not reach them. In addition to helping protect wetlands, this can 
minimise the risk of causing acidification due to drawdown in areas of potential acid 
sulfate soils.

As well as position bores away from wetlands, hydrogeologists may be able to design a 
configuration of abstraction bores that further reduces impacts. For example, depending 
on the area’s hydrological characteristics, it may be preferable to position many bores 
over a wide area, rather than drawing a lot of water from a single bore. This may spread 
the impacts, reducing the drawdown depth and the magnitude of the impact at any one 
point. 

Domestic garden bore scale
The Department of Water generally does not support the installation and use of domestic 
groundwater bores in the vicinity of significant wetlands in the Perth area, as outlined 
in Operational policy 5.17 Metropolitan domestic garden bores.177 This is reflected in the 
mapping of suitable and unsuitable areas for new domestic garden bores within the 
Perth Groundwater Atlas193 (Figure 34).

Figure 34. This excerpt from the Perth Groundwater Atlas dataset shows that areas around 
significant wetlands, such as the conservation management category wetlands Blue Gum Lake, 
Booragoon Lake and Piney Lake, are designated (via pink shading) as unsuitable for installing 
groundwater bores because of the potential impacts on the wetlands. Image – excerpt of the 
Perth Groundwater Atlas, Department of Water.193
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Commercial-scale 
Licences to take water are administered by the Department of Water under sections 5C 
and 26D of the Rights in Water and Irrigation Act 1914. When a water licence is applied 
for, the decisions made by the department are guided by water allocation plans (as 
described earlier in this topic) and these are particularly useful in taking into account the 
cumulative impacts of abstraction. However, each licence application is also assessed with 
regard to the location of proposed abstraction points near wetlands. For example, on the 
Gnangara Mound, in response to declining groundwater levels across the plan area, the 
department has developed an internal policy to limit or restrict use of groundwater in 
environmentally sensitive areas (Internal Allocation Note – Managing abstraction in areas 
of declining water levels affecting groundwater-dependent ecosystems on the Gnangara 
Mound, Department of Water 2005).36 This policy helps departmental officers to assess 
water licence applications in areas where groundwater-dependent ecosystems are at high 
risk of impact from abstraction. Refusal to grant a licence may occur if the application is 
considered environmentally unacceptable or unsustainable. 

➤	 The process, and opportunities for stakeholder participation in water allocation 
planning, are explained in the report Water allocation planning in Western Australia: a 
guide to our process.172 

Drinking water production bores scale
To ensure the protection of groundwater-dependent ecosystems in the vicinity of 
production wells, the Department of Water works with the Water Corporation each 
season to reduce public water supply abstraction in areas that can have a significant 
impact on wetland hydrology and other groundwater dependent vegetation. Bores are 
classified as most (environmental) sensitivity, medium sensitivity and least sensitivity, and 
managed accordingly. This approach has been implemented at a number of production 
bores on the Jandakot and Gnangara mounds, with some Gnangara bores being turned 
off for several years due to their impact on declining water levels, and concern regarding 
impacts on groundwater dependent vegetation.194

Minimising drawdown near wetlands via abstraction depth, rate 
and timing

Minimise magnitude and rate of abstraction to minimise drawdown depth
It is critical to minimise the abstraction rate in order to limit the depth of drawdown 
experienced by wetlands. As a guide, the depth of the cone of drawdown is dictated 
by the pumping rate, the slope of the cone is dictated by the characteristics of the 
aquifer medium (storativity and hydraulic conductivity), while the radius is dictated 
by the duration of pumping. Determining a depth of drawdown should be guided by 
the environmental water requirements of the wetland species and using knowledge 
of potentially acidic locations or layers in the soil. The risk of impact is likely at 30 
centimetres or more, but in many wetlands the impact of drawdown is highly likely at 
less than 30 centimetres (Figure 35).  

Making drawdown as gradual as possible may allow the wetland ecosystem to adapt to 
some degree to the water level decline. Sudden groundwater drawdown events can lead 
to the death of wetland vegetation that draws water from the water table, because the 
roots are suddenly left with no access to the water table. In contrast, slow groundwater 
drawdown increases the chance for individual plants, particularly trees, to extend roots 
in pursuit of the declining water table, and survive. Similarly it allows for intervening 
recruitment events, with young trees potentially able develop root morphologies that are 
more adapted to the new conditions.
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Figure 35. Risk of impact categories for wetland vegetation based on cumulative rate and 
magnitude of groundwater level change. Source - image in Sommer and Froend101, citing 
Loomes and Froend (2004).

Manage drawdown timing (season, duration or frequency)
In combination with managing the drawdown depth, managing the season, duration 
and frequency of water abstraction may lessen the impacts of drawdown on wetlands. 
For example, in a permanently inundated wetland, dry season drawdown, in combination 
with natural decline in the surface water level, may result in drying and triggering 
acidification of acid sulfate soils. In such systems it may be preferable for drawdown to 
occur when the wetland water level is highest. As this is often when water is less needed 
(for example, by horticultural operations during the winter/wet season), storage may 
potentially be of use where feasible and legal. 

Another key consideration is the time when plants and animals will be least sensitive to 
water loss. This timing can vary, depending on the suite of plants, animals and other life 
in the wetland. For example, if a wetland’s waterbirds need a high spring water level 
to breed, drawdown should not occur from or near that wetland in spring. Similarly, if 
wetland plants rely heavily on groundwater over the dry season, then drawdown should 
occur over the wet season when rainwater is available as an alternative water source. 

➤	 Broad-scale risk maps have been compiled by DEC for several coastal regions of WA 
where a high or moderate probability of ASS occurrence has been identified. This risk 
mapping of acid sulfate soils is available via the DEC website: www.dec.wa.gov.au/
management-and-protection/land/acid-sulfate-soils/ass-risk-maps.html 

Infiltrating stormwater at-source in urban catchments
Maintaining stormwater infiltration ‘at-source’ is an important tool for maintaining 
the water regime of wetlands located in urban environments. In essence, at-source 
infiltration seeks to replicate the natural process of rainfall percolating into the soil at, or 
very close to, the location that it has fallen in the catchment, giving rise to the term at-
source (Figure 36). In comparison, traditional drainage systems capture and pipe or drain 
stormwater to a point of discharge such as a wetland or the ocean, often distant from its 
point of capture. 
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Figure 36. Vegetated swales and flush kerbs capture and infiltrate rainfall along the length of 
this road in The Glades, Byford. Photo – courtesy www.newWAterways.org.au.

At-source infiltration helps to mimics the natural catchment flows including:

•  peak flows into wetlands

• seasonality of flows into wetlands

• discharge pathways into wetlands

• water quality entering wetlands

• annual frequency of flows into wetlands

• level and duration of inundation of wetlands.

By doing so, it achieves three critical outcomes:

1. all other things being equal, it contributes to the management of the water balance 
in urban catchments, helping to maintain the normal volume of water to reach those 
wetlands that are naturally groundwater fed. This is where sound water planning is 
critical, because the balance depends on managing decreased groundwater levels 
due to abstraction and climate change with increased runoff due to clearing and 
impervious surfaces.

2. it reduces the velocity at which water flows into wetlands. The flow of water 
reaching the wetland by groundwater is moderated compared to higher-velocity 
surface flows running off impervious surfaces.

3. it improves the quality of water flowing into wetlands and has a strong influence on 
the natural water chemistry that shapes the character a wetland. The percolation of 
water through the aquifer removes certain dissolved and particulate materials. The 
water chemistry also changes as it moves through the aquifer, for example, ‘picking 
up’ dissolved ions and salts. 

At-source infiltration is possible in catchments with permeable soils, such as sand, that 
readily allow water to infiltrate. This is the case for large areas of the Swan Coastal Plain 
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(Moore River–Dunsborough), including the Quindalup, Spearwood and Bassendean 
Dunes. At-source infiltration requires land that is permeable, that is, not covered with 
concrete or other impermeable materials. However, it is aided by structural devices such 
as soakwells, infiltration basins and trenches, swales, pervious paving and flush kerbs. 

Using overland flow paths for stormwater entry into wetlands
In moderate to large rainfall events, stormwater would naturally flow into those wetlands 
that are low in the catchment. To mimic natural flow paths, this water should reach 
wetlands by overland flow paths across vegetated surfaces, rather than by discharge 
of pipes or drains. Overland flow paths benefit wetlands by helping to maintain water 
regime and water quality. 

The placement and design of these overland flow paths must, however, consider 
potential impacts on infrastructure through which they pass if there is potential for 
flooding to occur.

Minimising subsoil drainage effects on wetlands, using 
alternatives 
Subsoil drainage needs to be well designed in order to minimise the effect on any nearby 
wetlands. In particular, subsoil drainage needs to be separated (horizontally) from the 
wetland to ensure normal interaction of the groundwater table with the wetland is 
maintained.  The drawdown curve of each pipe is limited by factors such as the size of 
the pipe, the hydraulic conductivity of the soil and the hydraulic head (that is, regional 
recharge). A number of factors are assumed when calculating the likely drawdown, 
including the uniformity of the soil hydraulic conductivity in a soil layer (such as in a sand 
layer or in a clay layer) in all directions. As important as the drawdown curve of each pipe 
is the number and therefore the spacing of pipes in a development near a wetland.

Alternatives to subsoil drainage are available, and include alternative construction 
methods, a number of which are more common in the eastern states of Australia.  Very 
deep controlled groundwater levels are likely to require ‘sump and pump’ infrastructure. 

The state government has formally established new standards for the management 
of groundwater levels in new urban developments. These standards are outlined 
in documents including Better Urban Water Management169 and the Stormwater 
Management Manual for Western Australia.59  These standards address many objectives, 
including the protection of high conservation value wetlands. These standards establish 
the expectation that the condition/health of these wetlands will be maintained or 
improved during land development by not altering the groundwater regime by greater 
than normal climatic variances.195 Proposals to modify the groundwater levels via 
the installation of controlled groundwater levels (CGLs) must demonstrate that they 
meet this criterion. The Department of Water is responsible for approving controlled 
groundwater levels, and it has outlined the considerations required when setting CGLs 
in the document Water resource considerations when controlling groundwater levels in 
urban development.195 Sub-soil drainage setbacks are one way of minimising the effect 
upon wetlands. The land development industry is required to carry out both pre- and 
post-development monitoring and report upon their adherence to what was proposed 
and predicted, as outlined in Water monitoring guidelines for better urban water 
management strategies/plans.196

➤	 The subsoil drainage policy of the Department of Water is outlined in the document 
Water resource considerations when controlling groundwater levels in urban 
development guidelines195
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Avoiding or minimising dewatering impacts near wetlands

Use alternatives to dewatering
There are alternatives to dewatering near wetlands. Driven pile construction, sheet piling 
and slurry walls can avert the need for dewatering associated with various types of 
construction. Trenchless technologies for installing or repairing underground cables and 
pipelines, such as microtunnelling, avoid the need for open trenching or dewatering. 

➤	 The Australasian Society for Trenchless Technology website (www.astt.com.au) is a 
source of information on potential alternatives to trenching and dewatering.

Design and operate dewatering to minimise impacts 
Dewatering techniques differ in their potential to affect nearby wetlands. For example, 
an array of dewatering well-points or spears connected to a common suction pump or 
vacuum extraction system is a technique that can have a larger radius of influence than 
sumps with submersible pumps at their base.197 

Carrying out works when the watertable is lowest in summer can reduce the depth and/
or size of the dewatering footprint and rates. Using groundwater recharge trenches 
to constrain the lateral extent of the cone of depression by creating a hydraulic barrier 
between the wetland and the cone of depression is another important technique. 
Examples of this can be found in the Pilbara.184 

Dewatering is regulated via groundwater abstraction licences from the Department of 
Water, except if an exemption applies. If a hydrological impact assessment shows that 
impacts are likely, dewatering management plans may be required as a condition of 
licence. The Department of Water must inform the Environmental Protection Authority 
if a water licence being sought under the Rights in Water and Irrigation Act 1914 would 
have a significant effect on the environment. As outlined in the Department of Water’s 
Western Australian water in mining guideline198 and the Strategic policy 2.09: Use of 
mine water surplus153, water generated by mining dewatering operations must first be 
used for the mitigation of environmental impacts. This involves ensuring that water is 
returned to the environment, through injection back into the aquifer or augmenting 
reduced environmental flows of groundwater-dependent wetlands. This is usually 
enforced via conditions of the licence.

➤	 Dewatering of soils at construction sites199 outlines how the Department of Water 
assesses impacts of dewatering associated with construction.

DEC also has requirements for proposed dewatering in proximity to wetlands. 
The document Treatment and management of soils and water in acid sulfate soil 
landscapes197 (section 5.3.9) states that dewatering must not alter the wetland 
water level or water quality of valuable wetlands (such as conservation and resource 
enhancement management category wetlands). Proposals to dewater within 500 metres 
of a valuable wetland must implement a range of management measures to protect the 
wetland. These include:

• baseline laboratory analysis of wetland water quality data, capturing seasonal 
variation

• baseline water level monitoring

• water level and water quality monitoring during dewatering

• a range of monitoring, mitigation and remediation measures in the event of 
changes in water quality or water level.
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Adding wetland water artificially using dewater 
Managed aquifer recharge can be used to minimise the impacts on wetland water 
regimes. Abstracted groundwater may be re-injected into aquifers that are connected 
to a wetland to allow the recharge water to flow naturally into the wetland, rather than 
being discharged directly into it. This is being done at several mine sites in the Pilbara and 
is also becoming an alternative method of disposal at construction sites.184

Adding wetland water artificially using harvested stormwater/
rural drainage
Harvested stormwater and rural drainage water represents a considerable resource.

For example, drainage in the region around Perth removes more water than all the bores 
in the superficial aquifer in the same area. A study published in 2008182 found that the 
median annual discharge of stormwater from the Perth and Peel metropolitan regions 
was estimated as 120 gigalitres with approximately 67 per cent from the Swan-Canning 
catchment (exclusive of Avon and Helena rivers; and Ellen, Jane and Susannah brooks), 
16 per cent from the coastal main drains (Carine, Herdsman and Subiaco) and 17 per 
cent from the Peel’s main drains. This stormwater volume is equivalent to approximately 
two Mundaring Weirs at full storage capacity (63.6 gigalitres) or two and a half Perth 
Seawater Desalination plants (45 gigalitres). This is also greater than the potential volume 
from rainwater harvesting of the region’s residential roofs. 

Key considerations are cost of installing and maintaining infrastructure and the quality of 
the water harvested. 

Adding wetland water artificially using groundwater
Artificial maintenance of water levels can be achieved by pumping groundwater into a 
wetland. It is usually very expensive, and therefore has been used relatively sparingly in 
order to achieve a particular management purpose at high conservation value wetlands 
(for example, to maintain waterbird habitat or to prevent acidification). 

Artificial maintenance has been undertaken in several wetlands on the Swan Coastal 
Plain suffering from drying, with varying degrees of success. It is an extreme hydrological 
intervention, and itself carries a risk of unintentional ecosystem degradation. Designing 
an appropriate program of supplementation depends on an accurate understanding of 
local and regional hydrology, and its interaction with ecology. Unfortunately, information 
of this detail is often lacking, or can easily be incorrectly interpreted because of its 
complexities. The below case study provides two examples of water level maintenance, 
one considered to be acceptable and one that is thought to have contributed to 
ecosystem decline. 
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and Lake Jandabup: a tale of two wetlands

Artificial supplementation at Lake Nowergup

Lake Nowergup in the City of Wanneroo is thought to be the deepest wetland on the Gnangara 
Mound. Part of the lake is located within Lake Nowergup Nature Reserve, which is managed by DEC. 
Water levels at the wetland have been falling since the 1970s in line with regional water levels across 
the mound, and have been artificially supplemented using water from the Leederville aquifer since 
1989. To maintain water levels, the lake is supplemented with approximately 1.2 gigalitres of water per 
year, sourced from the Leederville aquifer, at a cost of about $50,000 per year.140 The purpose of this 
supplementation has been to assist in meeting a legislated minimum peak water level in spring. The 
absolute spring minimum peak for Lake Nowergup is 16.8 metres Australian height datum (AHD), with a 
preferred spring minimum peak of 17 metres AHD, with no more than two years in six where this is not 
achieved (Figure 37). This water level was designed to support the wetland’s role in providing habitat for 
waterbirds, as well as other wetland fauna and vegetation. In the first few years, the minimum water 
level criterion was met using groundwater pumped from the Leederville aquifer. However, as regional 
water table levels continue to decline, more water has been needed to ensure the minimum water level 
is reached each year. 

In autumn 2002, despite artificial supplementation, wetland vegetation on the western side of the 
wetland died suddenly. On inspecting the hydrographs (data collected from monitoring bores, graphed 
to show patterns and trends over time) for the western side of the wetland, artificial supplementation 
was identified as a likely cause. The hydrographs showed that as soon as supplementation ceased 
after the minimum water level criterion was reached each spring, water would drain quickly through 
permeable limestone on the western side of the wetland, until the wetland water was at a similar level 
to the regional water table. Although the wetland trees had been experiencing the same peak water 
level every spring, the autumn minimum was falling lower each year. With every year, the seasonal 
fluctuation in water levels increased. By 2002 when the tree deaths occurred, the water level fell nearly 
3 metres in six months.200 This is compared with normal seasonal fluctuations of up to 1 metre on the 
Gnangara Mound. It is thought that if wetland levels had been allowed to decline gradually (along with 
the regional water table), then the trees may have had some chance to adjust to the gradually drier 
conditions. However, if this had occurred, other species would not have had their water requirements 
met, and processes such as acidification could occur.

Figure 37. Hydrograph showing water level changes at Lake Nowergup. Image – Department of Water.
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rapidly. The current pumping regime tries to approximate a rate of rise/fall that is closer to what would 
naturally, historically have occurred. In 2009/10 the management approach was to target a spring 
peak of 16.5 m AHD and a summer minimum of approximately 15.9 m AHD. However, it has been 
acknowledged that these targets would not meet the legislated criteria or the environmental water 
requirements for the wetland, but that the volume of supplemented water required to meet these levels 
and the high cost of providing such a large quantity of water was deemed prohibitive.

A local area hydrogeological model of the Nowergup area was developed by Sinclair Knight Mertz201 
in 2009 and a detailed study of the wetland’s hydrology202 was carried out in 2011 by the Department 
of Water. On the basis of this study, it has been recommended that the current artificial maintenance 
regime should be continued, but it should be re-assessed as part of the next Gnangara groundwater 
allocation plan review (scheduled to occur in 2016). It was also recommended that a revised spring 
peak minimum criteria of 16.2 m AHD be proposed under section 46 of the Environmental Protection Act 
1986 and that it be achieved by gradually reducing it by 0.1 metres per year from the 2009 spring peak 
of 16.5 m AHD.202 Additional recommendations, including recommendations regarding the regional 
groundwater level and allocations in the Wanneroo groundwater area and Nowergup subarea were 
also made in the report.

This experience is a lesson that wetland managers must understand the local hydrogeology, and think 
broadly about what the ecological implications are, before taking management actions that will affect a 
wetland’s hydrology.203,194,204 A review of the program’s success to date found that:

“Artificial maintenance requires:

• a management regime that considers not only static water levels, but also rates of water level rise, 
rates of fall, inter-annual variation or fluctuation and the quality of the water being used

• sufficient knowledge of the hydrogeological system to achieve appropriate water levels, rates of 
change and water quality requirements.

Artificial maintenance is practical only in a very limited number of situations as it requires 
a management regime that meets environmental objectives and that is feasible in terms of 
implementation and cost.”202

Artificial supplementation at Lake Jandabup

Lake Jandabup on the Gnangara Mound has also been artificially supplemented using water from 
the superficial aquifer: sporadically since 1989 and more consistently since 1999. A decline in the 
groundwater table had caused the wetland to dry and acidify, and macroinvertebrate populations in the 
wetland were severely affected. To maintain water levels, the lake is supplemented with approximately 
1.2 gigalitres of water per year. The cost of supplementing the wetland has been estimated at almost $9 
million over a ten-year period.92

Assessments of the supplementation have been positive. In 2009, researchers concluded that “The 
recovery has been sound, with the return of aquatic macroinvertebrate communities in less acidic 
waters, despite the resulting water chemistry and community structure being somewhat different to 
the original”.92 While artificial supplementation has been successful in preventing further acidification 
events in the wetland to date205 Sommer and Horwitz found that artificial augmentation diminished the 
seasonal signal in macroinvertebrate composition and caused some taxa to increase in abundance or to 
appear in the wetland for the first time, which they coined as ‘augmentation beneficiaries’.206 

Sommer et al207 found that: ‘Artificial supplementation can be appropriate under certain circumstances 
(as the successful example of Lake Jandabup has shown). However, one must be very aware that such a 
management strategy is trying to solve one problem whilst exacerbating another [groundwater decline]. 
Because of this, wetland supplementation schemes in Perth should be supported by somewhat more 
rigorous scientific backing than they appear to be at the present time.’ 

More recently, with the Gnangara Mound’s continued falling water levels, it has been reported that the 
artificial supplementation regime is not keeping up.208
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Designing, operating and retrofitting tree plantations to 
minimise drawdown 
Unlike abstraction bores which can be switched on and off, the rate at which plantation 
trees use water is not easily controlled. The interception of rainfall, extent of runoff, and 
groundwater extraction rate and location can only be coarsely managed in the planning 
phase. Factors include carefully choosing the location of the plantation (higher vs. lower 
elevations), the species planted and the density of trees, the plantation design (blocks 
vs. strips, perpendicular vs. parallel to the contour) and phasing of planting, in order to 
influence the location of drawdown, and the rate of drawdown over time. The decision-
making authority for plantation proposals is the relevant planning authority, typically local 
government. 

While water access entitlements can be granted for the purposes of irrigated agriculture, 
plantation water use cannot be regulated under the Rights in Water and Irrigation Act 
1914. The background discussion paper of the proposed Water Resources Management 
Act states that the interception of water by plantations is proposed to be regulated 
in areas where high levels of water use (not where plantations assist with salinity 
and land management).6 Proposed plantations with the potential to cause significant 
environmental impacts may be referred for environmental impact assessment under Part 
IV of the Environmental Protection Act 1986.

Thinning or harvesting of a plantation may alleviate drawdown. However, commercial 
and legal constraints often apply. For example, in the Gnangara groundwater area, the 
pine plantations are managed in accordance with the Wood Processing (Wesbeam) 
Agreement Act 2002 which commits the state government to provide wood to the 
Wesbeam plant until 2029.29 In some circumstances environmental constraints may 
also apply; for example, some plantations are used by native cockatoos. The Gnangara 
pines are a key food source for Carnaby’s black cockatoo, Calyptorhynchus latirostris, 
during the non-breeding season (January-June). As part of implementing the Gnangara 
Sustainability Strategy, the Forest Products Commission is investigating the potential of 
modifying harvesting strategies within the constraints of the acts to assist in increasing 
recharge to the Gnangara system.36

Using wastewater on plantations is also being investigated, for example, by the Water 
Corporation in the south coast. 

➤	 The report Plantation forestry and water management guideline29 provides a brief 
overview the Department of Water’s role in the management of plantation forestry.

➤	 A number of studies on the Gnangara pine plantation were undertaken for the 
Gnangara Sustainability Strategy and are available from the strategy website: www.
water.wa.gov.au/sites/gss/reports.html 

Modifying current vegetation
Forest management, by selectively removing crowded trees, controlling re-growth and 
gradually replacing introduced species of trees with native species is a form of catchment 
thinning trialled in the Wungong Catchment. 

➤	 For more information, see the Wungong Catchment Trial in which forests were subject 
to thinning: www.watercorporation.com.au/water-supply-and-services/ongoing-
works/wungong-catchment-trial.  

Burning native vegetation removes plants which would otherwise intercept and transpire 
water, and allows increased infiltration of rainfall to the aquifer. It has been suggested 
as one of the ways to increase aquifer recharge on the Gnangara Mound, therefore 
helping to balance the impacts of groundwater drawdown on wetland water regimes. 
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This option is being investigated by CSIRO and DEC, however there are serious concerns 
regarding the impact on the burnt ecosystems, as well as human health and safety.190

Replacing introduced planted trees which have a high water demand, such as pines, 
with native vegetation such as Banksia woodland also has the potential to increase 
groundwater recharge. Active revegetation may not be necessary, as some areas of 
pines which were killed by wildfire have regenerated into moderately diverse native 
vegetation.190

Retrofitting rural drainage networks to drain less water
Retrofitting open rural drains to export less water from an area is technically feasible. 
It is generally a case of making them shallower and wider so that they do not intercept 
groundwater and drain it away (known as exfiltration), or so they intercept groundwater 
less deeply than before. Drains require a consistent grade, so changes to the base level 
of the drain (the invert level) would need to be made across the entirety of the drain and 
its network to allow it to function. Changes of this nature will mean that the maximum 
groundwater level won’t be ‘capped’ as much as before. It may also mean land needs to 
be provided in order to widen the existing drainage channel. While technically feasible 
in some areas, the impacts of higher maximum groundwater levels to landholders 
and infrastructure in the catchment area needs to be part of a feasibility assessment 
when work of this nature is being considered, and the capacity of the drain to provide 
protection from floods needs to be retained. 

Installing water control structures in wetlands to increase water 
Boards, weirs and gates are used in many rural and metropolitan wetlands to control 
water levels. This may be an option in wetlands that are connected to a defined channel 
by way of an inlet (originating from a waterway or drain) or an outlet (flowing to a 
waterway or drain). Many such devices were installed many years ago, and their original 
purpose was usually not to maintain the natural water regime of wetlands. The reasons 
varied from enhancing conditions for waterskiing and other recreational opportunities 
to improving conditions for agriculture in or near wetlands. Yenyening Lakes, Lake 
Towerrinning and Benger Swamp are just some of the affected wetlands.

In recent decades, water control structures have been employed in a number of wetlands 
to ensure enough water is maintained in them to protect or reinstate conservation 
values. Lake Mealup, West Pinjarra, is one such wetland, as outlined below. This form of 
structural control provides an option for managing many wetlands in urban areas that 
form part of the arterial drainage network but which are being impacted by drying.  

This form of structural control needs to be designed so as to ensure that the wetland 
is not affected by large volumes and high speed (velocity) flows or water that is 
significantly different in chemistry or of poor quality. This form of structural control can 
also have serious effects on downstream environments, such as waterways or connected 
wetlands, because their hydrology is likely to be altered. Structural controls may also 
be physical barriers to fauna such as fish. For these reasons proposals may be subject 
to environmental impact assessment under Part IV of the Environmental Protection 
Act 1986. Furthermore, detaining water can be a serious safety hazard and structures 
generally need to be designed by a suitably qualified engineer.
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Declining water levels in Lake Mealup culminated in the annual drying of the wetland each year from 
1994 until 2012. This is thought to be due to a combination of reduced rainfall and a reduction in 
surface water flowing into the wetland, due to the closure of a shallow channel that had previously 
connected the wetland to the Water Corporation’s Mealup Main Drain. Signs of drying and acidification 
were abundant: the pH dropped from 7 to below 3, algal blooms were common, waterbirds were less 
common and the invasive introduced bulrush Typha orientalis expanded to cover 80 per cent of the 
wetland. The Lake Mealup Preservation Society worked to secure the involvement and collaboration 
of many people and organisations in order to halt Lake Mealup’s ecological decline. Studies confirmed 
the presence of actual acid sulfate soils. Approvals and funding were sought and provided to divert 
drainage flows from the Mealup Main Drain into Lake Mealup by way of a variable height weir on the 
drain. The first diversion of drain water was carried out in June 2012. The pH has stabilised at 7 and the 
signs of life are reappearing, with frogs and waterbirds evident. A close eye is kept on the wetland’s 
water chemistry, with fortnightly monitoring of pH, oxygen reduction potential and dissolved oxygen. 
More information on this project is available from the topic ‘Roles and responsibilities’ in Chapter 5. 

Installing weirs to combat the acidification of  
Lake Mealup, West Pinjarra 

Figure 38. The dry sediment in an area of Lake Mealup, 
showing signs of acidification prior to the diversion of 
drainage flows into the wetland.  
Photo – H Bucktin/DEC.

Figure 39. The adjustable height weir, receiving flows 
diverted from the Mealup Main Drain.  
Photo – H Bucktin/DEC.

Figure 40. Lake Mealup, full in August 2012. Photo – R Rose.
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Urban water encompasses all water that enters urban catchments, including stormwater, groundwater, 
water present in ecosystems such as wetlands, wastewater, scheme water and other sources of drinking 
water.

While one of the principles of urban water management is to retain natural drainage systems and 
protect ecosystem health, when areas are urbanised the natural catchment hydrology can change 
through the:

• clearing of vegetation (increasing the amount of water)

• creation of vast expanses of impermeable surfaces including buildings, roads, car parks (increasing 
the amount of water)

• taking of water for domestic, commercial and industrial purposes, and then discharging it to the 
ocean (reducing the amount of water)

• redirection of stormwater (increasing water in some areas, and reducing in others)

• development occurring over some wetlands (reducing natural flood storage).

Because these activities can offset or compound each other, managing urban catchments can be 
complex. Similarly, the effects on wetlands can be complex. The example below demonstrates how 
multiple threats can interact (Figure 41). 

Figure 41. The interaction of different threats at Forrestdale and Thomsons Lake, in Perth’s southern 
suburbs. Source: Maher and Davis 2009.107

New urban catchments offer the best opportunities for managing urban water. Being intensively 
developed, the economies of scale are suitable to design, install and manage the water management 
infrastructure needed to balance the needs of the environment with the protection of humans and 
infrastructure from stormwater, groundwater and wastewater. The extent to which best practice water 
management is achieved in urbanising areas is largely attributable to the development industry, and 
in turn, the ability of government to regulate the industry, enforce technical standards and foster best 
practice through incentives, to ensure water and environmental protection. As corporate citizens, 
companies in the development industry may voluntarily seek to improve standards, but market forces 
driven by profit margins and consumer choices heavily influence the willingness of companies to 
do so. Ultimately, the cost of poor management affects everyone in the community, not just those 
purchasing real estate. Industry and non-industry recognition of the companies that are achieving best 

Managing both water rise and decline: urban catchments
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environmental footprint of their new house or a new commercial or industrial district.

Figure 42. Water in natural catchments (top) traditionally-developed urban areas (middle) and urban 
areas where water-sensitive urban design has been applied (bottom). Diagram from the Stormwater 
management manual for Western Australia.59

Urban water should mimic the natural wetland water regime of conservation value wetlands, including:

• peak flows into wetlands

• seasonality of flows into wetlands

• discharge pathways into wetlands

• water quality entering wetlands

• annual frequency of flows into wetlands

• level and duration of waterlogging or inundation of wetlands.

Stormwater is a precious resource that, with good management, is an essential water management 
tool. Especially in a drying climate, stormwater is almost always an important source of water for a 
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In new urban developments, this objective is a requirement of stormwater design. In older areas, 
where traditional stormwater design often resulted in wetlands receiving too much, too little or very 
poor quality stormwater, infrastructure can be retrofitted to improve the hydrology of wetlands in the 
catchment. Retrofitting is the process of installing or undertaking additional or alternative stormwater 
management devices or approaches in an existing developed area.

Maintaining the pre-development water regime of wetlands can be achieved by designing stormwater 
systems that mimic stormwater flows before development, including:

• infiltrating water throughout the catchment in small rainfall events, rather than directing it into 
pipes or open drains

• using well-designed public open space, road reserves and wetlands to receive stormwater in 
moderate to large rainfall events by overland flow paths across vegetated surfaces

• adequately separating sub-soil drainage systems from wetlands

Stormwater design in new developments is governed by policies that take into account the significant 
environmental values of water, including:

• Better Urban Water Management169

• Stormwater Management Manual for Western Australia59

• Decision process for stormwater management in WA180

• Towards a water sensitive city: the urban drainage initiative – Phase 2

Resources include:

• New WAterways: a resource for urban water management in Western Australia. The website is 
www.newwaterways.org.au.

• Australian National Hydropolis Conference: www.hydropolis.com.au/papers.htm 

Regulatory control of urban water management is via plans that establish water management at 
increasing finer scales of land development, from the district scale down to individual lots (Table 11). 
The development of these plans is typically triggered by proposals to rezone or develop large areas of 
land.

➤	 For more information on the water planning process for urban developments, see:

the Department of Water’s webpage on water and land use planning: www.water.wa.gov.au/

Managing+water/Water+and+land+use+planning/default.aspx

the guidance note, Water management reports in the land planning process.209

Table 11. Urban water management plans that determine urban water management outcomes

Geographic 
scale

Land planning tool Associated water 
planning report

What the water planning report establishes

Regional Regional or sub-regional strategy, 
regional or sub-regional structure plan 
or region scheme

Regional water 
management strategy

Likely areas for land use change that may impact the 
use and management of water resources

District District structure plan, local planning 
strategy, region scheme amendment

District water 
management strategy

Whether the area is capable of supporting urban 
development, and if so, how water in the landscape 
will be managed

Local Local planning scheme amendment, 
local structure plan

Local water 
management strategy

How the proposed urban structure will address water 
use and management

Local Subdivision proposal Urban water 
management plan

How the final urban form will use and manage water

Local Condition of development approval Wetland 
management plan

How a wetland is managed, including wetland 
hydrology
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Glossary
Abstract: to take, remove, extract

Acid sulfate soils: includes all soils in which sulfuric acid is produced, may be produced 
or has been produced in quantities that can affect the soil properties. Also referred to as 
acid sulphate soils.

Allocation limit: annual volume of water set aside for consumptive use from a water 
resource

Annual: a plant that completes its life cycle within a single growing season (from 
germination to flowering, seed production and death of vegetative parts) 

Benthic microbial communities: bottom-dwelling communities of microbes (living on 
the wetland sediments) 

Catchment: an area of land which is bounded by natural features such as hills or 
mountains from which all surface runoff water flows downslope to a particular low point 
or ‘sink’ (a place in the landscape where water collects)

Check: a concrete frame with boards slotting into it, creating a barrier across the drain. 
The checks are opened or closed by addition or removal of the boards.

Climate change: a change in the state of the climate that can be identified (e.g. by 
using statistical tests) by changes in the mean and/or the variability of its properties, and 
that persists for an extended period, typically decades or longer. Climate change may be 
due to natural internal processes or external forcings such as modulations of the solar 
cycles, volcanic eruptions and persistent anthropogenic changes in the composition 
of the atmosphere or in land use. Note that the Framework Convention on Climate 
Change (UNFCCC), in its Article 1, defines climate change as: ‘a change of climate 
which is attributed directly or indirectly to human activity that alters the composition of 
the global atmosphere and which is in addition to natural climate variability observed 
over comparable time periods’. The UNFCCC thus makes a distinction between climate 
change attributable to human activities altering the atmospheric composition, and 
climate variability attributable to natural causes.18

Climate change adaptation: actions undertaken to reduce the adverse consequences 
of climate change, as well as to harness any beneficial opportunities

Climate change mitigation: actions that are intended to reduce the magnitude of our 
contribution to climate change, including strategies to reduce greenhouse gas sources 
and emissions and enhance greenhouse gas sinks

Community: a general term applied to any grouping of populations of different 
organisms found living together in a particular environment 

Cone of drawdown: the depression of the potentiometric surface. Also known as a 
cone of depression.

Confined aquifer: an aquifer deep under the ground that is overlain and underlain by 
relatively impermeable materials, such as rock or clay, that limit groundwater movement 
into or out of the aquifer

Contour banks: mounds of earth which follow hillslope contours to arrest flowing water 
and allow infiltration 

Controlled groundwater level: the invert level of a groundwater management conduit 
such as a drain or channel in metres Australian Height Datum (AHD)
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Culvert: a conduit used to enable water flow beneath a structure such as a road, 
causeway, railway or track

Dewatering: the process of removing underground water to facilitate construction or 
other activity. It is often used as a safety measure in mining below the watertable or as a 
preliminary step to development in an area.

Drawdown: the lowering of a watertable resulting from the removal of water from an 
aquifer or reduction in hydraulic pressure

Ecological community: naturally occurring biological assemblages that occur in a 
particular type of habitat

Endemic: naturally occurring only in a restricted geographic area

Environmental water provision: the water regimes that are provided as a result of 
the water allocation decision-making process taking into account ecological, social, 
cultural and economic impacts. They may meet in part or in full the ecological water 
requirements.

Environmental water requirement: the water regime needed to maintain the 
ecological values (including, assets, functions and processes) of water-dependent 
ecosystems at a low level of risk

Facultative wetland plants: plants that can occur in both wetlands and dryland under 
natural conditions in a given setting 

Gigalitres (GL): one thousand million litres (L); that is, one billion litres

Gnamma: a hole (commonly granite) that collects rainwater, forming a wetland. This 
word is of Nyungar origin.

Gnangara groundwater system: the groundwater system formed by the superficial, 
Leederville and Yarragadee aquifers located in northern Perth, east to Ellen Brook, south 
to the Swan River, west to the Indian Ocean and north to Gingin Brook

Grassed waterway: a vegetated channel which directs water flow paths. The 
vegetation slows surface flows. 

Groundwater: water occurring beneath the ground surface in spaces between soil 
grains and pebbles and in fractures or crevices in rocks

Groundwater capture zone (wetland): the area within which any recharge (infiltrating 
water) eventually flows into the wetland

Groundwater dependent ecosystems: those parts of the environment, the species 
composition and the a term used to describe ecosystems which derive part or all of its 
water from groundwater

Groundwater model: a simplified representation of a groundwater system and it 
captures and synthesise all of the known information, and where information is not 
known, identifies any assumptions being made about how the system is thought to work

Groundwater table: the upper surface of groundwater in an unconfined aquifer (top 
of the saturated zone). In technical terms, the surface where the water pressure head is 
equal to the atmospheric pressure.

Held environmental water: water available under a water access right, a water delivery 
right or an irrigation right for the purposes of achieving environmental outcomes

Hydraulic conductivity: a measure of the ease of flow through a pore space or 
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fractures. Hydraulic conductivity has units with dimensions of length per time (for 
example, metres per second, metres per minute or metres per day).

Hydrology: the properties of the Earth’s water, particularly the distribution and 
movement of water between the land surface, groundwater and atmosphere 

Hydroperiod: the periodicity (permanent, seasonal, intermittent) of waterlogging or 
inundation of a wetland

Hysteresis: the condition that caused a shift from one state to another does not 
necessarily result in a shift back to the first state when the condition is simply reversed 

Impermeable surface: the part of the catchment surfaced with materials, either natural 
or constructed, which prevent or limit the rate of infiltration of stormwater into the 
underlying soil and groundwater and subsequently increases stormwater runoff flows. 
Also referred to as impervious surfaces.

Invert: the level of the lowest portion at any given section of a liquid-carrying conduit, 
such as a drain or a sewer, and which determines the hydraulic gradient available for 
moving the contained liquid

Invertebrate: an animal without a backbone

Limits of acceptable change: variation that is considered acceptable in a particular 
component or process of the ecological character of the wetland, without indicating 
change in ecological character that may lead to a reduction or loss of the criteria for 
which the site was Ramsar listed

Managed aquifer recharge: recharging an aquifer under controlled conditions to store 
the water for later abstraction, to achieve environmental benefits or to mitigate the 
impacts of abstraction

Mound spring: an upwelling of groundwater emerging from a surface organic mound

Obligate wetland species: species that are generally restricted to wetlands under 
natural conditions in a given setting 

Oil mallee: multi-stemmed eucalypt planted on agricultural land, with the stems arising 
from an underground root mass known as a lignotuber. Stems can be harvested for 
products such as eucalyptus oil. 

Palusplain: a seasonally waterlogged flat wetland

Peat: partially decayed organic matter, mainly of plant origin

Perched: not connected to groundwater

Perennial: a plant that normally completes its life cycle in two or more growing seasons 
(from germination to flowering, seed production and death of vegetative parts)

Plantation forest: non-irrigated crop of trees grown or maintained so that the wood, 
bark, leaves or essential oils can be harvested or used for commercial purposes, including 
through commercial exploitation of the carbon absorption capacity of the forest 
vegetation

Precautionary principle: where there are threats of serious or irreversible environmental 
damage, lack of full scientific certainty should not be used as a reason for postponing 
measures to prevent environmental degradation123

Recharge: water infiltrating to replenish an aquifer
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Roaded catchment: a catchment where a series of adjacent v-shaped (in cross section) 
channels are created in the landscape to channel water to a downslope water storage

Quadrat: a plot (often square) that is marked, either temporarily or permanently, to 
facilitate counts of plants in a given area

Secondary salinisation: a human-induced process in which the salt load of soils, waters 
or sediments increases at a faster rate than naturally occurs 

Self-supply water: water sourced on-property by landholders

Sewer mining: the process of extracting untreated wastewater from the sewerage 
network and treating it on-site in a treatment plant for reuse

Species composition: the species that occur in a community 

Stormwater: water flowing over ground surfaces and in natural streams and drains as a 
direct result of rainfall over a catchment60

Swan Coastal Plain: a coastal plain in the south west of Western Australia, extending 
from Jurien south to Dunsborough, and the Indian Ocean east to the Gingin, Darling and 
Whicher Scarps

Suckering: growing roots laterally under the soil, which project shoots to emerge in a 
new location away from the base of the parent plant

Sustainable yield: the amount of water that can be taken from a water resource 
system (expressed as an extraction regime) without causing unacceptable impacts on the 
environment

Threatened ecological community: naturally occurring biological assemblages that 
occur in a particular type of habitat that has been endorsed by the WA Minister for 
Environment as being subject to processes that threaten to destroy or significantly modify 
it across much of its range 

Thresholds: points at which a marked effect or change occurs 

Transpiration: the process in which water is absorbed by the root systems of plants, 
moves up through the plant, passes through pores (stomata) in the leaves and other 
plant parts, and then evaporates into the atmosphere as water vapour

Turbid: the cloudy appearance of water due to suspended material

Unconfined aquifer: an aquifer close to the land surface which receives direct recharge 
from rainfall. Its upper surface is the water table. Also known as a superficial, or surficial, 
aquifer. 

Vegetative reproduction: a type of asexual reproduction found in plants. Also called 
vegetative propagation or vegetative multiplication.

Water allocation plan: a plan that determines and licenses how much groundwater or 
surface water can be taken from a region for domestic or commercial purposes without 
adversely affecting ecological, recreational and cultural values

Water budget: the balance of all of the inflows and outflows of water

Water licence: a formal permit which entitles the licence holder to ‘take’ water from a 
watercourse, wetland or underground source under the Rights in Water and Irrigation 
Act 1914

Water regime (wetland): the pattern of when, where and to what extent water is 
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present in a wetland. It includes the timing, duration, frequency, extent, depth and flow, 
and the variation in these features over time.

Water requirements: the water required by a species, in terms of when, where and 
how much water it needs, including timing, duration, frequency, extent, depth and 
variability of water presence

Water table: the upper surface of the groundwater in an unconfined aquifer (top of the 
saturated zone). Also known as the groundwater table.

Wetland hydrology: the movement of water into and out of, and within a wetland

Wetland water regime: the pattern of when, where and to what extent water is 
present in a wetland. It includes the timing, duration, frequency, extent, depth and flow, 
and the variation in these features over time. 

Wetland water budget: the difference in volume between the inputs (water sources) 
and outputs of water over a set period of time

Personal communications
Name Date Position Organisation

Margaret Smith 14/07/2009 Hydrologist Department of Environment and 
Conservation, Western Australia

Gavan Mullan 17/08/2009 Recovery Catchment Officer Department of Environment and 
Conservation, Western Australia
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