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1. INTRODUCTION AND APPROACH 

Key points 

·  The Gnangara groundwater system area covers approximately 2200 km2, supplies over 

60% of Perth’s public water and supports a significant component of the biodiversity of 

south-west Western Australia, which is recognised as a global biodiversity ‘hotspot’. 

·  The sustainability of the Gnangara groundwater system is under threat because of 

declining groundwater levels. The decline has been attributed to climate change, 

increased abstraction and interception loss from pine plantations. 

·  A multi-agency government taskforce was established in 2007 to develop the 

Gnangara Sustainability Strategy (GSS), which aims to ensure sustainable use of water 

and protection of the environment, and to develop land, environment and water 

management options to achieve these aims. 

·  Historical anthropological changes have resulted in declines in the extent of vegetation 

communities, as well as extinctions and declines of flora taxa, vertebrates (particularly 

mammals), and aquatic invertebrates on the Gnangara groundwater system.  

·  Despite these declines, the Gnangara groundwater system encompasses the largest 

areas of contiguous bush on the Swan Coastal Plain, significant threatened species and 

ecological communities and highly diverse groundwater-dependent ecosystems 

including wetlands, caves and tumulus mound springs. 

·  The major threats to biodiversity have been identified as climate change (declining 

rainfall and groundwater), groundwater abstraction, habitat loss and fragmentation, 

inappropriate fire regimes, the plant pathogen Phytophthora cinnamomi and introduced 

weeds and predators. 

·  The scope of this report is to determine current knowledge of the distribution and status 

of biodiversity values on the Gnangara groundwater system, and the risks, impacts and 

occurrence of identified threatening processes. 

·  This report reviews and summarises information obtained from previous studies, 

together with studies undertaken during the GSS project (2007–09), and proposes 

recommendations and priorities for conserving and protecting biodiversity at landscape 

and community levels, and for managing threatening processes. 
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Introduction 

The Gnangara Sustainability Strategy 

In response to growing concerns about future rainfall and groundwater declines in the 

Perth region, the Gnangara Sustainability Strategy was established to provide a framework 

for balancing water, land and environmental issues and to develop a water management 

regime that is socially, economically and environmentally sustainable. A multi-agency 

taskforce was established in 2007 to undertake the project which incorporates reviews of 

existing land and water use policies, commencement of a range of studies on the complex 

system, and development of a decision making process to integrate values, risks and 

planning processes in regards to the Gnangara groundwater system (Government of 

Western Australia 2009b). The taskforce, led by the Department of Water (DoW), includes 

the Department of Agriculture and Food (DAFWA), Department of Environment and 

Conservation (DEC), Department of Planning and Infrastructure (DPI), Forest Products 

Commission (FPC), Water Corporation and CSIRO (Appendix 1). The Gnangara 

Coordinating Committee (GCC), comprising of senior officers from each of the key 

agencies, and observers from the City of Wanneroo, City of Swan and Swan Catchment 

Council, oversees the work of the taskforce (Appendix 1). 

 

The Gnangara groundwater system consists of several different aquifers on the Swan 

Coastal Plain. The groundwater system is recharged directly by rainfall. It covers an area 

of approximately 2200 km2 and underlies the city of Perth as well as seasonal and 

permanent wetlands, pine plantations and extensive areas of native Banksia woodlands of 

the northern Swan Coastal Plain. Approximately 60% of Perth’s water is obtained from the 

system, and declining rainfall and runoff in the past 30 years have had a major impact on 

water availability, and the ecosystems that depend on it. 

 

The groundwater level of the Gnangara groundwater system is determined by past and 

future climate, land use, land management (e.g. prescribed burning regimes, thinning of 

pine plantations) and the amount and timing of water extraction. Declining groundwater 

levels have resulted from declining rainfall, resulting in less recharge into the aquifers. 

Other contributing factors to declining groundwater levels include groundwater abstraction 

for public and private uses and water use associated with pine plantations. Population 



Gnangara Sustainability Strategy – Biodiversity Report 

Chapter 1: Introduction and Approach  3 

growth in metropolitan Perth has also increased demands on the system, which are 

expected to continue for the next 20 years. 

 

Examples of the relative impacts of these processes on groundwater levels are illustrated in 

the 2005 Department of Environment’s ‘State of the Gnangara Mound’ report. Other 

reports on land use and water management in the study area include: 

·  East Wanneroo Land Use and Water Management Strategy. Western Australian 

Planning Commission (2004) 

·  Section 46 Progress Report – State of the Gnangara Mound. Department of 

Environment (2005b) 

·  Environmental management of groundwater abstraction from the Gnangara Mound 

2000–2003 (Water and Rivers Commission 2004) 

·  Managing a sustainable future for the Gnangara groundwater resources: analysis of 

stakeholder issues and perspectives (Department of Environment 2005a) 

·  Gnangara Mound Strategic Planning Workshop (May 2005) at CSIRO, Floreat 

·  Identification of economic values associated with the groundwater of the Gnangara 

Mound. Marsden Jacob Associates (2006) 

·  In situ social values of groundwater-dependent features on the Gnangara Mound. 

(Beckwith Environmental Planning Pty Ltd 2006) 

·  Gnangara groundwater areas – Water management plan (Draft for public comment) 

(DOW 2008a) 

·  Review of ministerial Conditions on the Groundwater Resources of the Gnangara 

Mound (Draft for public comment) (DOW 2008b) 

·  Gnangara Sustainability Strategy Situation Statement, Government of Western 

Australia. (2009b). 

 
The results of these investigations and reports established that water sustainability of the 

Gnangara groundwater system was of great concern, particularly when considered with 

regard to predicted climate change scenarios. Further, under conditions of significantly 

lower rainfall this decade, protection of environmental values of groundwater-dependent 

ecosystems had not been fully achieved, and there had been a failure to meet Ministerial 

conditions at many designated sites. As a consequence of these findings and predictions, 

the Government of Western Australian committed $7.5 million to develop the GSS. The 

strategy is an across-government initiative established to develop an action plan that will 
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recommend options to ensure the sustainable use of water for drinking and commercial 

purposes and to protect the environment and its biodiversity. The substantial funding for 

projects under the GSS is indicative of the significant body of research and technical work 

that underpins the recommendations contained within the GSS. 

 

The Gnangara Sustainability Strategy Situation Statement (Government of Western 

Australia 2009b), was also developed, to provide background information on the context 

and issues addressed by the strategy and should be consulted for more information on those 

topics not covered in this report. It describes the Gnangara groundwater system, historical 

land and water uses, and environmental, social and economic dependencies within the 

system in the context of climate variability. It also discusses the current governance 

arrangements for land use and water management. 

 

The GSS taskforce has adopted a consultative approach to ensure that issues such as land, 

water and biodiversity on the Gnangara groundwater system are considered by the 

community. A number of climate scenarios and management options, including the 

environmental, economic and social consequences, will inform decision making. 

 

As a result of the work of the GSS a number of proposed land use options will be presented 

to the community in a draft strategy in 2009 (Government of Western Australia 2009a). 

These may include revising groundwater allocation to public and private water supplies or 

other options, recycling wastewater for other uses, assessments of alternative land uses 

after the pine plantations are cleared and changing vegetation management such as burning 

Banksia woodland to increase recharge. Following this, preferred options to ensure long-

term sustainable use of water for consumption and to protect the environment will be 

recommended to the state government. In addition to the draft strategy, the Gnangara 

groundwater system zone plans will be presented concurrently (Government of Western 

Australia 2009a). These provide details of land use and water management at a more local 

level. For the purposes of developing the strategy the study area was subdivided into 30 

subareas (see Figure 1.3), and these subareas were grouped into seven zones according to 

land use similarities. The zone plans provide an overview of each zone, highlight the major 

issues and list the GSS recommended options. 
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One of the challenges involved in developing a land and water use management plan for 

the study area is the strong interconnectedness between land uses and the hydrological 

balance, which in turn affects water yields and the health of water-dependent and other 

terrestrial ecosystems. The development of groundwater models such as the Perth Regional 

Aquifer Modelling System (PRAMS) has made a significant contribution to understanding 

water allocation and land use on the Gnangara groundwater system. PRAMS is a numerical 

modelling tool that can provide predictions of relative groundwater level changes at a 

regional scale. It has been used to provide information on changes in water levels across 

the Gnangara groundwater system and has provided valuable information for reviews of 

conditions such as abstraction and rainfall responses of the groundwater (Department of 

Environment 2005a; b; Vogwill et al. 2008). The model has been used to predict the 

relative influence of climate, abstraction (public and private) and land use (pines and native 

vegetation). It is a dynamic, spatially distributed model in which rainfall, land use, 

vegetative water demand and abstraction are interrelated.  

 

In contrast, our current understanding of biodiversity values, ecosystem processes and 

dynamics of the Gnangara groundwater system, particularly at landscape scales, are 

inadequate (Government of Western Australia 2009b). Gaps in our capacity to measure 

impacts on biodiversity, landscape condition and ecosystem processes as a result of 

disturbances (climate change, changed water regimes, fire, plant pathogens) are likely to 

result in ineffective management actions and low quality outcomes. The ability to develop 

successful planning relies on the quality of the biodiversity information (Pressey 1999; 

Wilson et al. 2005). Indeed, unless an adequate understanding of these issues is 

accomplished, justification of changed management in the face of potentially degrading 

impacts on biodiversity is unlikely.  

 

The Department of Environment and Conservation (DEC) thus undertook three (of twelve) 

GSS technical projects. The three interrelated projects were: 

 

1. Biodiversity values on the Gnangara groundwater system  

This project aimed to address knowledge gaps, to produce maps and landscape-scale 

models of biodiversity elements (e.g. flora and fauna) and habitats, and to produce 

models of the functional processes for the ecosystems. It planned to assess data from 
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ecological studies that have identified temporal changes in vegetation and fauna. The 

project also developed an ecological risk assessment to provide a suitable decision-

making framework for biodiversity outcomes for the evaluation of land use and water 

management options. 

 

2. Future land uses for Crown land 

The Department of Environment and Conservation, as a major land manager on the 

Gnangara groundwater system, will provide significant input into the evaluation of 

other land use proposals that may have an impact on the DEC-managed estate and 

other areas of high conservation value. A range of proposals for alternative land 

tenure and land use were assessed, including the possibility of returning the existing 

pine plantations to native woodland or groundwater recharge areas, proposals for 

horticultural precincts, and of converting state forest to privately owned urban and 

industrial development. 

 

3. Fire regimes for potential water recharge 

Groundwater modelling using PRAMS has indicated that an increase in the frequency 

of prescribed burning of the native vegetation from 2.5 to 7.5% of area per annum 

will potentially provide a significant increase in recharge. This project is continuing 

into 2010 and is investigating the feasibility of altering current fire management 

practises to promote groundwater recharge, and will assess the risk of detrimental 

impacts on biodiversity from changed burning regimes. 

 

Aims of this report 

This report is thus a major component of project 1 – Biodiversity values on the Gnangara 

groundwater system (Appendix 1). Some issues associated with projects 2 and 3 are also 

covered – for instance fire and biodiversity, and ecological linkages. This report aims to 

greatly improve our knowledge and assessment of biodiversity values and processes, and 

the threats to them. Further it has been designed to provide information on the 

environmental dependencies on the Gnangara groundwater system in the context of climate 

change and the predicted population growth of Perth and the implications of these for the 
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groundwater system. It does not discuss future land use and water management options for 

the groundwater system. These are addressed in the sustainability strategy itself 

(Government of Western Australia 2009a).  

 

Biodiversity assessments depend on high quality data of both a spatial and temporal nature. 

While field-based collection of this information over large areas is labour intensive and 

expensive, techniques such as remote sensing and the use of spatial models can provide a 

more cost-effective approach. This project has investigated the potential to improve the 

efficiency and effectiveness of mapping and ecological modelling for assessing threats to 

biodiversity. A combination of ground-based and remotely-sensed data has been employed 

to produce spatial models and maps showing the distribution of key habitats and 

biodiversity values, and the impacts of disturbances on these habitats and values, including 

altered water availability, fire regimes and plant pathogens on these elements. The 

outcomes include a compilation of spatial data together with spatial and conceptual models 

that can be used to evaluate a range of land use and water management scenarios. 

 

The scope of this report was to determine the current state of knowledge of the distribution 

and status of biodiversity values, and the functional processes that maintain ecosystems 

and threatening processes. This included reviewing and summarising the information 

obtained from previous studies, together with studies undertaken during the GSS project 

(2007–09) (Appendix 2). The main aims included: 

·  determination of the occurrence and distribution of biodiversity and conservation 

values of the Gnangara groundwater system 

·  assessment of the susceptibility of biodiversity elements to climate change, changing 

water regimes and other threatening processes 

·  production of data, models and analyses that provides biodiversity information to 

determine impacts of a range of climate and management scenarios 

·  conducting risk analyses of threats, consequences and likelihoods to determine 

priorities 

·  development of landscape-scale assessments identifying habitats and biodiversity 

elements and their distribution and connectivity. 
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The study area – Gnangara groundwater system 

The Gnangara groundwater system is located on the Swan Coastal Plain, north of Perth and 

covers an area of approximately 2200 km2. It occurs within the subregion named ‘Perth 

Coastal Plain’ (SWA2), as defined under the Interim Biogeographic Regionalisation of 

Australia (IBRA) (Thackway and Cresswell 1995) which is referred to as the Swan Coastal 

Plain in this report. The Gnangara groundwater system incorporates a number of aquifers, 

including the Gnangara Mound or Superficial aquifer, which is a shallow unconfined 

aquifer, the semi-confined Mirrabooka aquifer and the Leederville and Yarragadee aquifers 

that are deep and more confined aquifers that extend north and south beyond the extent of 

the Gnangara Mound (Allen 1981; DOW 2008a; Figure 1.1). The Gnangara Mound is 

about 70 m above sea level at its highest point between Muchea and Lake Pinjar and water 

flows away from this high point towards the Indian Ocean, the Swan River, Ellen Brook 

and Gingin Brook (Western Australian Planning Commission and Water and Rivers 

Commission 2001). The Superficial aquifer exists across the entire study area and thus 

defines the study area boundary for the GSS. A detailed explanation of the aquifers can be 

found in Hydrogeology and groundwater resources of the Perth region, Western Australia 

(Davidson 1995). 
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Figure 1.1: Gnangara groundwater system hydrogeological cross-section 

 

The study area examined in the GSS encompasses the area bounded by the Moore River 

and Gingin Brook to the north, Ellen Brook to the east, the Indian Ocean to the west and 

the Swan River to the south (Government of Western Australia 2009b; Figure 1.2). Parts of 

the area are heavily populated and consequently biodiversity experiences high 

development impacts. Land clearing and fragmentation of native ecosystems for 

agriculture, and extensive urbanisation, has resulted in predominantly small remnants of 

the original vegetation remaining (Government of Western Australia 1998). The 

significance of remnant vegetation in maintaining biodiversity, species, and communities 

has been the focus of a number of studies (Government of Western Australia 2000a; b).  
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Figure 1.2: Location of the GSS study area 
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The native woodland on the Gnangara groundwater system contains the largest area of 

continuous bushland on the Swan Coastal Plain south of the Moore River. The Department 

of Environment and Conservation manages 72 447 ha of native woodlands and 23 072 ha 

of pine plantation on land vested in the Conservation Commission for the protection of 

assets under the CALM Act 1984 (plantation timber, flora, fauna, biodiversity, recreational, 

water) (Figure 1.3). The DEC-managed estate occurs across 21 of the 30 subareas 

designated by the GSS, although the majority occurs across 8 subareas in the northern 

section the GSS (Figure 1.3). 

 

The remnant vegetation within the GSS study area has state biodiversity significance, 

containing a number of Bush Forever sites, threatened species and ecological communities 

and approximately 600 wetlands. It also maintains water quality on the Gnangara Mound. 

The majority of the remnant bushland is designated Priority 1 Water Resource Protection – 

the most stringent priority classification for drinking water source protection. It is thus 

managed to ensure there is no degradation of the drinking water source, by preventing 

development of any potentially harmful activities. 
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Figure 1.3: Conservation reserves, pine plantations and GSS subareas within the GSS study 

area 
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Perth Basin – surface geology and soils 

The two main geomorphic features of the Swan River region are the Darling Scarp and the 

Swan Coastal Plain which both run in a north–south direction. The Darling Scarp divides 

the sediments of the Swan Coastal Plain from the Darling Plateau. Fluctuations in sea level 

over the last two million years have resulted in significant changes to the coastline and 

shaped the coastal plain (Davidson 1995). The plain overlies the Perth Basin which is 

composed of thick sedimentary rocks and is built up from foothill, aeolian, lake, river and 

estuarine deposits laid down to the west of the scarp (Davidson 1995). Sand dune systems, 

beaches and estuaries were produced with the fluctuating sea levels. In the Perth region, 

the coastal plain is 20 to 34 km wide. 

 

The Swan Coastal Plain can be divided into a sequence of broad geomorphological 

systems lying parallel to the coast that are characterised by a progression of aeolian sands 

in the west to alluvial and/or colluvial deposits in the east (McArthur and Bettenay 1960; 

Playford et al. 1976). Within the GSS study area, the major landforms include the 

Quindalup, Spearwood and Bassendean dunes, the Pinjarra Plain and a minor element of 

the Dandaragan Plateau, including the Gingin and Darling Scarp (Government of Western 

Australia 2000b; McArthur and Bettenay 1960; Playford et al. 1976). These landform units 

are composed of a variety of soils (Figure 1.4) and varying surface geology (McArthur and 

Bettenay 1960), and consist of the following elements, moving from east to west: 

·  Dandaragan Plateau – composed of Cretaceous sandstones and shales that have been 

laterised to produce lateritic and colluvial sandy soils 

·  A narrow band (1–3 km) of foothills which lie immediately below the granitic rises of 

the Darling Scarp and which comprise alluvial and colluvial material from the scarp 

and ancient beach sands. Soils are light grey and white quartz sands. 

·  Pinjarra Plain – consists of relatively recent alluvium transported from the scarp by 

rivers flowing to the west. Soils include clays, silts, sands and peats and are generally 

well-structured and relatively fertile. 

·  Bassendean dunes – a coastal sandplain formation (mid Pleistocene) consisting of a 

series of low hills (40–80 m high in parts) of heavily leached aeolian sands comprising 

light grey quartz sands, interspersed with extensive areas of poorly drained soils or 

seasonally waterlogged flats. The landform is internally drained, with groundwater-fed 
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wetlands occurring in lower areas. These landforms are naturally nutrient-poor, with 

virtually no capacity to absorb introduced nutrients and are poorly buffered. 

·  Spearwood dunes – the surface expression of the Tamala limestone, formed in the 

Pleistocene, which is overlain by yellow and siliceous sand. Lakes occur in chains in 

the swales of the dunes parallel to the coast. The dissolution of the limestone in this 

unit has resulted in some areas with a karstic environment with numerous caves. The 

landform is also internally drained, with extensive lakes and wetlands lying in a north–

south orientation including Lake Monger, Herdsman Lake and Lake Joondalup. The 

sands of this system are less leached and hence more fertile than those of the 

Bassendean dunes. 

·  Quindalup dunes – located between the Spearwood dunes and the ocean. Mobile and 

fixed sand dunes which trend north-south along the coast were formed 6000–4500 

years ago. The soils are calcareous aeolian deposits, also overlying Tamala limestone, 

and include sand, loam and clay in the swales, and acid peat in the swamps (Davidson 

1995; Figure 1.4). 
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Figure 1.4: Major landform and soil types found across the Gnangara groundwater system.  
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Vegetation communities 

As mentioned previously, the GSS study area is located within the subregion called the 

Perth Coastal Plain (SWA2), as defined under the Interim Biogeographic Regionalisation 

of Australia (Thackway and Cresswell 1995), which is referred to as the Swan Coastal 

Plain in this report.  Biogeographical regions are used to describe patterns of ecological 

characteristics across the landscape, including geomorphology, climate, geology, soils and 

vegetation and are considered a coarse-scale surrogate of detailed assessments of 

biodiversity. They are utilised as a basis to undertake planning to achieve a 

‘comprehensive, adequate and representative’ conservation reserve system (May and 

McKenzie 2003). The Swan Coastal Plain bioregion is characterised by woodlands and 

heaths on colluvial and aeolian sands, alluvial river flats and coastal limestone, with a 

complex series of seasonal wetlands (Mitchell et al. 2003). The vegetation is dominated by 

heath and/or tuart woodlands on limestone, Banksia and jarrah– Banksia woodlands on 

dune systems of various ages, marri on colluvial and alluvial soils, and paperbarks in 

swampy areas (Mitchell et al. 2003). Forming approximately 16% of the Perth Coastal 

Plain (SWA2) subregion, the GSS study area represents a vital component of this 

biogeographical element. Although large areas (~ 50%of original) of vegetation have been 

cleared for urbanisation and agriculture, the total remnant native woodland in the GSS 

study area covers more than 100 000 ha (see Chapter 2).  

 

The predominant influences on the distribution of vegetation on the Swan Coastal Plain are 

the underlying landforms and soils, the depth to watertable and the climatic conditions 

(Cresswell and Bridgewater 1985; Heddle et al. 1980). Heddle et al. (1980) defined broad 

vegetation complexes across the plain in relation to these landform–soil units (Churchward 

and McArthur 1980), and the varying climatic conditions. Twenty-one of these vegetation 

complexes occur in the GSS study area (see Chapter 2). Three of the vegetation complexes 

are located entirely within the GSS area (Bassendean Complex Central and South 

Transition, Karrakatta Complex North Transition and Pinjar Complex). In general, the 

main dune systems (Quindalup, Spearwood and Bassendean) and their associated 

vegetation complexes are dominated by a Banksia overstorey and sporadic stands of 

Eucalyptus, Corymbia and Allocasuarina, and an understorey consisting mainly of low 

shrubs from the Myrtaceae, Fabaceae and Proteaceae families. In addition, there are many 

seasonal damplands, swamps and permanent wetlands, typically fringed by Melaleuca spp. 
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and Banksia littoralis with variable understorey species from the Cyperaceae, Juncaceae 

and Myrtaceae families (Semeniuk et al. 1990). 

 

When assessed in conjunction with abiotic data, the broad vegetation complexes are 

considered to be only moderately successful surrogates for conservation assessments 

(Keighery et al. 2007). More detailed mapping of vegetation types would improve the 

conservation assessment. However, this has been completed for only a proportion of 

remnant vegetation of the GSS study area (Mattiske Consulting Pty Ltd 2003). Mattiske 

Consulting Pty Ltd (2003) identified 32 different vegetation types within the mapped GSS 

study area, not including open waterbodies and pine plantations. Vegetation types 

described range from closed heath communities to Banksia woodlands and open eucalypt 

forests (see Chapter 2). 

 

Climate change 

Climate overview 

The climate of the region is typical Mediterranean with dry, hot summers (mean monthly 

maximum greater than 30° C) and wet, mild winters (mean monthly minimum greater than 

8° C). The mean annual temperature for the region is 17.1° C (Sadler 2007) and the 

average annual rainfall is 606 mm. The summers are dry and more than 80% of the annual 

average rainfall occurs between May and October in the winter ‘wet season’. This 

seasonality is produced by the wintertime northward movement of cyclonic systems 

bringing westerly maritime air masses with embedded cold fronts and troughs, in contrast 

to predominantly dry continental air from the east over summer months. Most flooding 

occurs in winter although infrequent rainfall events originating from the tropics between 

January and April can produce widespread rainfall and flooding. 

 

Evaporation from soil and other surfaces and water use by plants (transpiration), 

collectively known as evapotranspiration, dominates the water balance of the region and 

determines how much of the rainfall becomes streamflow or recharge to groundwater. The 

Bureau of Meteorology average annual pan evaporation map, based on data for 1975 to 

2005, indicates that potential evaporation is more than 2200 mm a year in the Gnangara 

groundwater system. Evapotranspiration accounts for a large per cent of the average annual 
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rainfall in the water balance across much of the region, leaving only a small amount to 

recharge to groundwater. 

 

The most extensive observations and predictions for global climate change come from the 

Intergovernmental Panel on Climate Change (IPCC) assessment reports. The most recent 

IPCC report, published in 2007, states that ‘warming of the climate system is unequivocal’ 

(IPCC 2007). Observations are that the global mean temperature has already increased and 

is predicted to continue to do so. Climate change is seen as one of the most significant 

global challenges. It is considered to be due to a combination of human activity and cycles 

of natural variation (Government of Western Australia 2007a). Western Australia has 

experienced noticeable changes in climate, especially in the southern half of the state 

where there has been a general trend of decline in annual rainfall since the mid 1970s. 

Based on climate change predictions the expectation for the future climate of the Perth 

region is for continued warming with increases in mean temperature and lower rainfall 

(CSIRO 2006; Ryan and Hope 2006; Sadler 2007). Further declines in winter rainfall are 

also expected, and it is projected that reduced rainfall will result in a significant decrease in 

streamflow and groundwater recharge (CSIRO 2006; Ryan and Hope 2006; Sadler 2007). 

In addition to placing pressure on water supply security, reduced rainfall is projected to 

affect ecosystems, water quality and recreational and other values. Adjustment to these 

changes will be necessary. Climate modelling by CSIRO shows that average annual 

rainfalls are projected to decline in the south-west of Western Australia by as much as 20% 

by 2030 and 60% by 2070, compared with average recorded rainfalls to 1990. In the last 35 

years, reduced rainfalls have resulted in decreases in flows to public water supply dams by 

more than 50% on average and decreased recharge to aquifers has also occurred due to 

climate variability (Government of Western Australia 2007b; Vogwill et al. 2008). 

 

Groundwater declines on the Gnangara groundwater system 

The reliability of the Gnangara groundwater system for water supply depends directly on 

rainfall. A rainfall decline of approximately 11% has been recorded across south-west 

Western Australia compared to the wetter rainfall period that occurred prior to the 1970s 

(1914–1975). Comparison of medium-term (1975–2007) with short-term average rainfall 

(1997–2007 and 2001–2007) show further declines to those since the 1970s. At Wanneroo 
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there is a clear illustration of rainfall declines during the last 50 to 100 years (Figure 1.5). 

These declines represent a shift to a drier climate (DOW 2008a). 
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Figure 1.5: Long-term (1905–2007) annual rainfall for Wanneroo site 9105. Data source: 

Bureau of Meteorology (Government of Western Australia 2009b). 

 

Groundwater declines across the Gnangara groundwater system have been recorded since 

the 1970s and a decrease in groundwater storage of the Superficial aquifer of 

approximately 45 GL per year has occurred since 1998 (Figure 1.6). Significant rainfall 

declines combined with increased supply for public and commercial water needs, increased 

evapotranspiration, and interception loss from pine plantations have contributed to these 

outcomes. Yesertener (2007), however, found that the major factor involved was reduced 

rainfall. Groundwater falls of up to 4 m were recorded over the period 1979–2004. Long-

term cumulative impacts of abstraction in the Gnangara groundwater were identified as 

occurring on the Pinjar, Wanneroo, Gwelup and Mirrabooka borefields with declines of a 

maximum of 1.5 to 3.0 m within a 6 km radius of the borefields. The pine plantations 

(Gnangara, Pinjar and Yanchep) in the GSS have caused groundwater declines, resulting 

from reduced recharge, in the order of 3.5 m, particularly in areas where pines were dense. 

The results showed that maximum groundwater decline resulting from reduced rainfall 

occurred at the top of the mound. The Yeal Nature Reserve and the north-eastern part of 
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the Lake Pinjar area experienced the most significant declines in levels, with falls of up to 

4 m resulting from the reduced rainfall. Areas toward the coast and on the north-eastern 

and eastern parts of the mound showed declines of 1 to 2 m (Yesertener 2007). The shift to 

a drier climate has major implications for the management of ecosystems and biodiversity 

on the Gnangara groundwater system. 
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Figure 1.6: Changes in groundwater level in the Superficial aquifer expressed as a 

reduction in groundwater storage since 1979 (Government of Western Australia 2009b). 

 

Declining rainfall and groundwater levels, as a result of climate change and abstraction, are 

having a severe impact on groundwater-dependent ecosystems on the Gnangara 

groundwater system. The degree of dependence of these ecosystems on groundwater 

varies.  Stygofauna in caves and aquatic invertebrates in lakes need permanent water, and 

so are highly dependent. Riparian plant communities in fringing areas (e.g. Melaleuca 

rhaphiophylla) need seasonal inundation, and communities of phreatophytic (groundwater-

dependent) terrestrial vegetation (e.g. Banksia woodlands) can utilise groundwater when it 

is available, but are able to survive dry periods. There is evidence over recent decades that 

lake systems are being converted to swampy flats, while unique wetlands are drying and 

some are becoming acidic (Appleyard et al. 2004). The declining health of these 

groundwater-dependent systems has major impacts on the vegetation, water, soil quality 
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and on macroinvertebrates within the systems (Sommer and Horwitz 2001). Unique 

groundwater-dependent stygofauna in caves and mound-spring ecosystems have been 

severely affected (Government of Western Australia 2009b). 

 

Long-term changes in vigour and distribution of Banksia spp., Melaleuca spp. and shrubs, 

particularly wet-tolerant species such as B. littoralis and M. preissiana, have been 

documented. In addition, there is evidence of large areas of phreatophytic vegetation being 

affected by the drying climate, showing a shift towards species tolerant of drier conditions 

(a process called terrestrialisation) (Groom et al. 2001). Such changes to vegetation may 

affect fauna by altering habitat and food availability (Government of Western Australia 

2009b).  

 

Many vertebrate fauna species and communities have been, or are likely to be, severely 

affected, including the critically endangered Western Swamp Tortoise, Pseudemydura 

umbrina, waterbirds, frogs and, native mammals (e.g. water rats, bush rats, bandicoots, 

honey possums) (Government of Western Australia 2009b). 

 

Modelling future impacts 

A major project of the GSS was to undertake groundwater modelling, using the Perth 

Regional Aquifer Modelling System (PRAMS), to predict future water balances of the 

Gnangara groundwater system (Government of Western Australia 2009a; Vogwill et al. 

2008).  A number of scenarios consisting of different climate predictions combined with 

different land and water management actions, were modelled for a period extending from 

2008 until 2031. A ‘base case scenario’ was defined as having the average of the climatic 

parameters recorded between 1997 and 2006 and the assumptions that pine plantations 

would be harvested by 2028 and land maintained as grassland, that urbanisation would 

occur in accordance with the Metropolitan Region Scheme and Banksia woodlands would 

be burnt every 10 years on average. Groundwater abstraction was set at 135 GL per year 

for public water supply, licensed private water use remained at the 2007 level and there 

was a 3% increase per year in extraction from garden bores, reflecting increased urban 

growth. The PRAMS model outputs showed the probability of changes occurring and for 

the base case scenario it predicted that groundwater levels are likely to decline 

significantly at the crest of the Superficial aquifer (Figure 1.7a), which implies the loss of 
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significant wetlands on the system. Rises in groundwater levels of approximately 1 to 5 m 

were predicted in areas where pines had been harvested. Climate modelling by CSIRO and 

the Indian Ocean Climate Initiative (IOCI) has predicted a more pronounced decline in 

rainfall in future years. Modelling based on a climate that is 11% drier than the 1997–2006 

period predicts a likely decline in groundwater levels of up to 21 m on the crest of the 

Superficial aquifer (Figure 1.7b). If, as in this model, the climate does become drier over 

the next few years then the GSS recommendations made in 2009 will need to be revised. 

Another modelling scenario, albeit unlikely, was based on no private extraction (Figure 

1.7c). This predicted water level rises in an increased area both to the north-west and 

south-east of the area in the base case scenario. 
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a) 

 
b) 

 
c) 

 
 
Figure 1.7: Predicted changes to the 

watertable (2008–31) in the Superficial 

aquifer modelling a) base case land use and 

water abstraction b) rainfall 11% less than 

year average c) no private extraction 

(Government of Western Australia 2009a; 

Vogwill  et al. 2008). 
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Biodiversity, threats and resilience 

Assessment of biodiversity 

The maintenance of biodiversity is fundamental to maintaining ecosystems, and is 

currently an environmental priority of federal and state governments in Australia. The term 

‘biodiversity’ is widely interpreted as species richness, but should refer to all the 

fundamental levels of organisation including ecosystems, the species (all life forms) and 

the genetic composition (Noss 1990; Saunders et al. 1998). ‘Biodiversity values’ refers to 

the inherent values in the variety of life forms, including fauna, plants and micro-

organisms, their genes and the ecosystems of which they are a part. 

 

Assessments of biodiversity can include measures of diversity, ecosystem condition and 

ecosystem services (e.g. carbon storage, pollination). There are many direct (e.g. species 

richness) and indirect or surrogate (e.g. cover, nutrient cycling and biomass) measures of 

biodiversity (Noss 1990; 1991), including a range of different indicators for monitoring 

biodiversity (Noss 1990; Saunders et al. 1998). Nos (1990) defined the different attributes 

(composition, structure and function) at different hierarchical levels at the regional or 

landscape level down to the genetic level. The different levels of organisation addressed in 

the chapters of this report range from the regional and landscape level to the population 

and species level (Table 1.1). For example, at the landscape scale we have assessed 

biodiversity attributes such as distribution and size of remnant vegetation and of vegetation 

complexes and of connectivity of remnant vegetation patches (Chapters 2 and 6). At the 

community and ecosystem level we have assessed species richness of flora, terrestrial 

fauna and aquatic invertebrates (Chapters 2, 3 and 4). We have assessed structure by 

assessing vegetation biomass and canopy cover utilising remote sensing and ground- 

truthed data (Chapters 2 and 9).
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Table 1.1: Hierarchical levels of attributes for indicators for monitoring biodiversity (Noss 

1990) and chapters in this report where attributes are discussed.  

 

Attributes of biodiversity Level of 
organisation Composition Structure Function 

Regional / 
landscape 

Habitat types 
Ch 2, 3, 4, 11 

Heterogeneity and 
connectivity 
Ch 4, 5, 6, 11 

Patch persistence 
Ch 6 

Community / 
ecosystem 

Species richness 
Ch 2, 3, 4 

Vegetation biomass 
and canopy 
Ch 2, 9 

Biomass and patch 
dynamics 
Ch 2, 9 

Population / 
species 

Abundance and 
cover, 
Ch 2, 3, 4 

Dispersion and 
population structure 

Metapopulation 
dynamics and fertility 

Genetic Allelic diversity Effective population 
size 

Genetic drift and 
inbreeding 

 

Protection of biodiversity involves maintaining ecosystem function and evolutionary 

processes. While this includes protection at all levels (e.g. landscape, community, species, 

genetic) there is seldom sufficient time or resources to adequately assess the conservation 

status of all components of biodiversity directly (Keighery et al. 2007; Reyers et al. 2000). 

This has led to the use of surrogates in conservation planning, including vegetation and 

land-system maps (Bowker 2000; Reyers et al. 2001), or rapid inventory techniques 

(Higgins and Ruokolainen 2004). These are considered ‘coarse filter approaches’ (Noss 

1990) and need to be combined with more specific data or models for particular 

biodiversity assets (e.g. threatened species) the distribution patterns of which are not well 

correlated with the coarse scale mapping (Keighery et al. 2007). The advantage of a 

combined approach is that these fine filter datasets provide a greater degree of precision 

thereby refining the coarse filter assessment. 

 

Assessment of threats and threatening processes 

A ‘threatening process’ is any process or activity that threatens to destroy or significantly 

modify the ecological community and/or affect the continuing evolutionary processes 

within any ecological community (Australian and New Zealand Environment and 
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Conservation Council State of the Environment Reporting Task Force 2000). The 

Environment Protection and Biodiversity Conservation Act 1999 (EBC Act) provides for 

the identification and listing of ‘key threatening processes’. A threatening process is 

defined as a key threatening process if it threatens or may threaten the survival, abundance 

or evolutionary development of a native species or ecological community (for example, 

predation by the European red fox). A process can be listed as a key threatening process if: 

·  it could cause a native species or ecological community to become eligible for 

inclusion in a threatened list 

·  it could cause an already listed threatened species or threatened ecological community 

to become more endangered 

·  it could adversely affect two or more listed threatened species or threatened ecological 

communities. 

 

The identification of a particular threat as being a key threatening process is the first step to 

address its impact under Commonwealth law. We identified the major processes 

threatening biodiversity for the Gnangara groundwater system from the literature, 

government documents and GSS documents (see Table 1.3). 

 

This project has focused on a selection of these threats to identify the impacts on 

biodiversity. These threats include: 

·  alterations to water regimes (Chapters 5 and 10) 

·  impacts of habitat loss and fragmentation (Chapter 6) 

·  impacts of altered fire regimes (Chapter 7) 

·  effects of introduced species (Chapter 8) 

·  impacts of the plant pathogen Phytophthora cinnamomi (Chapter 9) 

·  impacts of climate change (Chapter 10). 

 

Resilience 

Assessment of impacts should evaluate the resistance and resilience of communities, and 

their capacity for restoration. Disturbances disrupt community structure by changing, 

temporarily or permanently, factors such as the availability of substrates and resources. 

They also alter the physical environment, including factors such as temperature and 

climate. They can be classified as an exogenous disturbance such as land clearing, or an 
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endogenous disturbance that results from biological interactions such as predation 

processes. There are differences in the response of communities and taxa to various forms 

of disturbance. For example, the regeneration of Banksia woodland after land clearance 

will differ from regeneration following fire. In addition, each ecosystem or community will 

respond differently to a given disturbance factor (e.g. different responses of wetlands or 

Banksia woodland to fire). 

 

The ability of the biotic components of an ecosystem to withstand disturbances depends on 

the resilience and resistance of the system (Scheffer et al. 2001; Walker et al. 2002). 

Resistance can be defined as the capacity of the system to withstand change in structure 

and function. Resilience represents the capacity of a system damaged by disturbance to 

restore structure and function once the disturbance is removed (Carpenter et al. 2001; 

Peterson et al. 1998). The process involves the degree, manner and pace of restoration with 

some systems possessing the capacity to return to their prior state (Westman 1986). In this 

project we have concentrated on the resilience and resistance of communities in the 

Gnangara groundwater system to the disturbances listed in the previous section. 

  

While ecological phenomena normally vary within bounded ranges, rapid, nonlinear 

changes can be triggered by even small differences if threshold values are exceeded. It is 

important to understand and anticipate nonlinear responses and ecological thresholds 

because the outcomes of classical models commonly described in the literature, such as 

‘Clementsian’ succession, may differ significantly for these situations. Models to describe 

such changes have been developed and are described as state-transition models. The main 

features of these models are the identification of alternative ‘states’ of the systems 

(vegetation complexes) that remain the same or change slowly, and a set of ‘ transitions’ 

that can occur between states. In addition, certain ‘ thresholds’ of environmental factors are 

essential for the states. If an ecosystem which has degraded has not crossed certain 

thresholds, transition back to the original state is possible; but if it has crossed certain 

thresholds, transition back to the original state will not occur without management 

intervention. 

 

In relation to key hydrological processes, state and transition models are likely to improve 

our understanding of the groundwater-dependent vegetation communities of the Gnangara 

groundwater system mound (Pettit et al. 2007) and, subsequently adaptive management for 
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these communities. The Gnangara ecohydrological study (Sommer and Froend 2009) is 

currently investigating models and applications for groundwater-dependent vegetation 

communities. This work may provide the basis for developing similar models for climate 

change related effects in other communities, such as terrestrial flora, fauna and aquatic 

invertebrates (see Chapters 5 and 10). Such models may also assist in assessing the 

potential for degradation of threatened ecological communities on the Gnangara 

groundwater system. 

 

Management frameworks that use state-transition models to implement adaptive 

management actions have been adopted by the World Conservation Union (IUCN), the 

World Bank, European Community, and conservation organisations around the world (See 

Dumanski and Pieri 2002; Hockings et al. 2006; Stephens et al. 2002). This type of 

management framework requires a description of the states of the current system across the 

biodiversity management scales of landscape, ecosystem and species. 

 

Approach adopted for the GSS biodiversity project 

The GSS taskforce and projects commenced in July 2007. The majority of the DEC team 

(Appendix 3) was brought together between July and December 2007 when planning for 

the biodiversity project was undertaken, biodiversity data was sourced and collated and 

preliminary reviews of the status of biodiversity and major threatening processes initiated.  

Field surveys commenced during this period to assess the current status and distribution of 

terrestrial vertebrates, their habitats and impacts of identified disturbances and threats. 

Work on threatening processes including collation of P. cinnamomi distribution data, field 

mapping and remote sensing data for vegetation assessments was also initiated. During 

2008 projects undertaken included development of fauna habitat models, ecological 

function models, continuation of field studies and reviews. This work continued in 2009 

together with projects involving development of risk analyses, spatial analyses of 

biodiversity assets and priorities, and collation and writing of final reports. 

 

A number of projects were undertaken by the DEC–GSS team directly (Appendix 3). In 

addition, specialist consultants were also chosen to undertake specific projects in order to 

expand the knowledge and understanding of biodiversity values in the GSS study area. 

There was a need to restrict these assessments to selected groups or taxons (e.g. terrestrial 
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birds, frogs) due to the limitations of the project timelines that were recognised early in the 

planning of the GSS. 

 

A scientific advisory committee was established in 2007 to provide independent advice and 

assessment of the three DEC projects being undertaken for the GSS. This included the 

appropriateness of the studies and projects in terms of their scope, quality and relevance to 

management of the Gnangara groundwater system, and the protection and conservation of 

biodiversity. Further, advice was sought from the advisory committee on the framework, 

planning, and methodology (experimental designs and analyses) of the DEC–GSS projects. 

The committee was also consulted for advice on the management principles and practices 

in the projects, progress of the project timelines, and the standard of reports and major 

documents produced by the projects. A list of members of the scientific advisory 

committee is provided in Appendix 4. Individuals with particular expertise (e.g. DEC, 

museums, universities, consultants) were also contacted to provide guidance for projects 

about unpublished work, major gaps in the data and the current understanding of 

biodiversity values and threats in the GSS study area (see Appendix 5).  

 

The preliminary reviews and information obtained indicated that although there is 

substantial knowledge of specific flora and fauna taxa and the threatened ecological 

communities in the GSS study area, the current overall understanding of biodiversity 

values, particularly at the landscape scale, is inadequate (Government of Western Australia 

2009b). A summary of the known status of biodiversity values at the beginning of this 

project is provided in Table 1.2. The information is strongly focused on threatened taxa 

and communities. 

 

There are several chapters in this report that focus on the biodiversity values of the 

Gnangara groundwater system. These are the floristic biodiversity (Chapter 2), vegetation 

communities and their condition and extent (Chapter 2), terrestrial fauna (Chapter 3) and 

wetlands (Chapters 4 and 5). Each chapter begins with a review of the literature and is 

followed by a summary of research reports and field studies undertaken during the DEC–

GSS project (2007–09). 
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Table 1.2: Summary status of biodiversity values in the GSS study area. 

 
DRF = declared rare flora. PF = priority flora. EX = extinct. CR = critically endangered.  
V = vulnerable. P = priority, LEX = locally extinct. Pc = Phytophthora cinnamomi 
1 May & McKenzie (2003). 2 Beard (1995). 3 GSS preliminary data. 4 Balla (1994). 5 WWF (2004). 6 
Project Dieback (2008), 7 Atkins (2008). 8 Government of Western Australia (2006).  
 

The preliminary review and consultation with experts (Appendix 5) assisted in the 

identification of a number of the known or likely threatening processes (Table 1.3; 

(Government of Western Australia 2009b). The work indicated that although there is 

general knowledge of the threatening processes that occur in the GSS study area, the 

current overall understanding of the impacts, and spatial extent of impacts is inadequate 

(Government of Western Australia 2009b). The current understanding of the relative 

impacts of threats was also identified as being insufficient, thus restricting the ability to 

prioritise management actions and resources in order to have maximal outcomes. This 

report has focused on a select number of the major threatening processes and aims to 

identify the impacts and risks to biodiversity. 

 

As mentioned previously, these threats include: 

·  alterations to water regimes (Chapters 5 and 10) 

·  fragmentation and habitat loss (Chapter 6) 

·  altered fire regimes (Chapter 7) 

Biodiversity values (taxa/group) Status 
Selected 

references 
Bioregion   
Swan Coastal Plain (SWA2)  1 
Ecosystems   
Area cleared 113 002 ha 2,3 
Remaining area of remnant vegetation 101 212 ha 2,3 
Wetlands pre-European About 9 000 ha 3 
Proportion of wetlands modified or destroyed About 80% 4 
Areas affected by Phytophthora cinnamomi  Banksia woodlands 5,6 
Ecological communities   
Threatened  10 1, 7 
Critically endangered 4 1,7 
Species   
Flora  DRF 10,  

PF 37 
1, 7, 8 

Mammals  V 1, P 3, 
LEX 11 

1, 3, 8 

Reptiles and amphibians CR 1, P 3 1, 3, 8 
Birds EX 9, CR 1,  

P 2 
1, 8 

Fish P 1 1, 8 
Invertebrates CR 1, P 4 1, 8 
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·  introduced species (Chapter 8) 

·  the plant pathogen P. cinnamomi (Chapters 8 and 9). 

The overall predicted impacts of climate change on species and ecosystems on the 

Gnangara groundwater system are addressed in Chapter 10. 

 

Table 1.3: Biodiversity-threatening processes identified in the GSS study area. 

Threat Consequences 
Selected 

References 
Clearing and fragmentation of 
native vegetation 

Extinctions; declines of taxa, habitat; degradation of 
ecosystems; altered hydrology, microclimate, 
nutrient cycling; loss of ecosystem resilience 

1,2 

Climate change- 
low rainfall, groundwater 
decline, 
higher temperatures  

Altered scale of existing threats; synergy with other 
threats, species declines and extinctions 

3,4,5 

Changes in water abstraction Declines of taxa, habitat; degradation of ecosystems; 
altered hydrology, microclimate, nutrient cycling;  

5, 16, 17 

Phytophthora cinnamomi 
dieback 

Declines and extinctions of flora and fauna species; 
degradation of fauna habitat, ecosystem function, 
soils and vegetation cover and condition; decline in 
primary productivity  

8,9 

Introduced predators – foxes, 
pigs, cats 

Declines and extinctions of native animals; habitat 
decline; spread of weeds and disease 

6,7,14,15 

Fire regimes – frequency, extent, 
intensity, season 

Decline in species, indirect impacts – increased 
weeds, feral animals, P. cinnamomi spread and 
grazing effects 

14,15 

Introduced weeds Competition for resources with native species; fire 
regime changes; modification of fauna habitats; 
productivity and ecosystem function changes 

12,13 

 
1 Hobbs & Saunders (1993). 2 Saunders et al. (1991). 3 Hughes (2003). 4 IOCI (2005). 5 IPCC (2007). 6 
Abbott (2006). 7 Kinnear et al. (1988; 2002). 8 Shearer et al. (2007). 9 Garkaklis et al. (2004). 12 
Keighery & Longman (2004). 13 Swan Region Weed Strategy, Keighery and Bettink, (2008). 14 Kitchener 
et al. (1978). 15 How & Dell (2000). 16. Sommer & Horwitz (2001). 17. Groom et al. (2001)) 
 

 

A significant challenge for conserving and managing biodiversity is determining the 

priorities and risks involved. We have developed approaches to determining biodiversity 

conservation priorities and ecological risks for biodiversity values on Gnangara 

groundwater systems. Where possible we have identified areas of high biodiversity, 

conservation priority and risks (Chapter 11) to direct management actions. It is important 

to determine which risks are most significant and assess which factors determine the 

vulnerability of ecosystems to current and future risks. Biodiversity components exhibit 

different vulnerabilities to threats with some being resilient to some extent. There is a need 

to identify which ecosystems, communities and taxa are resilient and which are susceptible 

to change driven by climate. Any current management responses should be assessed to 
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determine if they are achieving their aims, and whether the indicators that are being 

monitored are appropriate. These threatening processes, impacts, current management 

responses and proposed management options are addressed in a number of chapters and 

discussed further in Chapters 11 and 12. 

 

Fauna and flora surveys 

Although the GSS study area is known historically for the richness of its terrestrial 

vertebrate taxa, there have been few systematic surveys since 1977–78 and there is only a 

broad understanding of habitats and threatening processes. The DEC–GSS team thus 

instigated a number of surveys of the fauna, including reptiles, frogs, mammals, birds, and 

aquatic invertebrates. Surveys were undertaken by DEC–GSS staff or by consultants. The 

surveys were designed to satisfy five main objectives. These were to: 

·  determine the current status, occurrence and distribution of fauna persisting in the 

region 

·  investigate the patterns of assemblage relationships 

·  assess regional relationships 

·  determine if any changes have occurred with time 

·  examine patterns of distribution and abundance of taxa and communities in relation to 

landscape context, habitat factors and disturbance factors. 

The major findings are documented in this report while the full results and analyses are 

provided in the technical report (see Appendix 2 for a list of reports arising from this 

project). 

 

The Swan Coastal Plain is well known for its floristic diversity, and a number of projects 

were designed to examine patterns in floristic diversity in the GSS study area. Surveys 

were undertaken by DEC–GSS staff or by consultants. The specific aims were to: 

·  assess the floristic variability, particularly in the northern section of the GSS study area 

·  examine the floristic diversity at fauna trapping sites, and explore diversity 

relationships between flora and fauna 

·  compare floristic diversity between areas infested with Phytophthora cinnamomi and 

uninfected areas 

·  examine the short-term impact of a prescribed burn. 
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The major findings of these surveys are documented in this report (in Chapters 2 and 9) 

while the full results and analyses are reported in the technical reports (see Appendix 2).  

 

Alignment of GSS and DEC Nature Conservation Division 

projects and planning 

The Nature Conservation Division (NCD) is a major division of DEC which has a major 

responsibility to conserve Western Australia’s biodiversity. The three GSS projects being 

undertaken by DEC (Biodiversity values on the Gnangara groundwater system, land use on 

publicly managed lands and fire regimes for potential water recharge and its impacts on 

biodiversity) thus provide an impetus for the alignment of the NCD planning. The GSS 

study area comprises a proportion of the IBRA Swan Coastal Plain (SWA2) subregion and 

the DEC Swan Region. The policy and planning context includes the: 

·  Draft 100 year Biodiversity Conservation Strategy for Western Australia (2006), which 

identifies key strategic directions (targets and actions) for Western Australia 

·  Swan Region nature conservation service plan (2006–09, 2009–14 (DEC 2006; 2009), 

which is one of nine plans that will provide the basis for the triennial delivery of the 

Nature Conservation Service at a regional scale for the Nature Conservation Division, 

Science Division and Regional Services Division 

·  Nature Conservation Division adaptive management projects, which include large scale 

active adaptive management projects that area currently in development, where 

biodiversity outcomes are the primary objective 

·  Nature Conservation Division long-term, large-scale, strategic approach to assessment 

and monitoring of native vegetation condition. 

 

The nature conservation regional service plans describe three-year regional scale nature 

conservation outcome targets, priorities, and actions that are intended to contribute towards 

the Nature Conservation Division’s aspirational outcomes. The plans aim to provide, when 

fully implemented, a major movement towards outcome-based management, and 

recognition of the place of active adaptive management, where research is integrated with 

and helps inform operational aspects of conservation management. They also introduce 

processes for monitoring and evaluation of biodiversity status and condition to determine 

effectiveness of activities in achieving desirable outcomes. 
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The drafts of the plans were written at expert-based workshops and informed by data and 

information from A biodiversity audit of Western Australia’s biogeographical subregions 

in 2002 (May and McKenzie 2003), then circulated to relevant staff for comment and 

further input for the final plan. The regional plans were developed by identifying major 

threats to biodiversity, outcome targets and candidate actions. 

 

Data protocols and standards 

A major consideration for the DEC–GSS projects was to maintain information integrity for 

the process and within the wider DEC operations. Consultants were employed to develop a 

series of data protocols and information management procedures with specifications, 

guidelines and standards to guide the collection, manipulation, analysis and management 

of data developed as part of the GSS (Eco Logical Pty Ltd 2008). This included procedures 

to adapt standard flora and fauna field survey methodologies, proformas and supporting 

information and define and develop a series of tabular and geographical information 

system (GIS) databases for data entry, analysis and reporting. The data guidelines contain 

information on specifications, guidelines and standards for data, including spatial data 

standards, spatial referencing standards, data transfer standards and metadata (Eco Logical 

Pty Ltd 2008). In addition, guidelines for consideration for a data supply process and map 

production standards were developed. These protocols have recently been completed and 

await further assessment. 

 

Structure of the biodiversity report 

This report consists of twelve chapters beginning with this chapter which provides an 

introduction to the Gnangara Sustainability Strategy and the Gnangara groundwater 

system, the background to the biodiversity project, and the approaches adopted for the 

work undertaken. The first section of the report – Chapters 2 to 4 – deals with the 

biodiversity values and ecosystem functions of the Gnangara groundwater system. These 

chapters identify knowledge gaps and limitations to the studies undertaken under the GSS, 

and make recommendations for further work. Each chapter of this section begins with a 

review of the literature and is followed by a summary of research reports and field studies 

undertaken during the project (2007–09). Chapter 2 presents information on the vegetation 
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and floristic values of the study area, including information on vegetation condition in the 

Gnangara groundwater system. Chapter 3 highlights the diversity and values of the 

terrestrial fauna throughout the Gnangara groundwater system. The biodiversity values of 

wetlands are assessed and discussed in Chapter 4. 

 

The second section of the report focuses on the major threats to biodiversity that have been 

identified on the Gnangara groundwater system. These are: 

·  alterations to water regimes (Chapters 5 and 10) 

·  impacts of habitat loss and fragmentation (Chapter 6) 

·  impacts of altered fire regimes (Chapter 7) 

·  effects of introduced species (Chapter 8) 

·  impacts of the plant pathogen Phytophthora cinnamomi (Chapter 9) 

 

Chapter 10 reviews the literature on the impacts of climate change on species and 

ecosystems, with a focus on predicted impacts on wetland systems, and biodiversity on the 

Gnangara groundwater system. Chapter 11 reviews approaches to determining biodiversity 

conservation priorities and ecological risk assessment and develops an approach for 

prioritising threats to biodiversity values on the Gnangara groundwater system to identify 

and map where possible areas of high biodiversity conservation priority. The final chapter, 

Chapter 12 provides a summary and synthesis of the chapters, and makes 

recommendations for management and future work and research. 
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