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Executive Summary 
 
The Gnangara Mound is the largest and most valuable source of fresh groundwater in the 
Perth Region. Due to reduced rainfall recharge and an increase in consumptive use, less water 
is entering the groundwater system than is leaving. As a result, the watertable has dropped 
significantly in some parts of the Mound.  
 
Most of the Mound’s wetlands and some caves and bushland areas are groundwater-
dependent. These ecosystems provide a range of social and economic values in addition to 
their hydrologic and ecologic functions. This study examined the in situ social values of 
groundwater-dependent ecosystems (GDEs) on the Gnangara Mound. These are non-
consumptive social values such as: 

• Recreation and tourism values;  
• Cultural and heritage values (Aboriginal and non-Aboriginal);  
• Landscape and aesthetic values; and 
• Educational and scientific values.  

 
The study objectives were to:  
• Identify the in situ social values of the Mound’s GDEs;  
• Prioritise the importance of the GDEs in relation to their in situ social values; 
• Determine how these values may be affected by declining groundwater levels; and 
• Assess attitudes towards options for management of declining groundwater levels. 

 
The Department of Water (DoW) is developing a groundwater resource management plan to 
ensure a sustainable future for these important water resources. This study forms one 
component of the larger Gnangara groundwater management planning process.  
 
The study methodology was based on the Limits of Acceptable Change planning process. 
This is an assessment process that combines scientific investigation and evaluation with 
social perspectives to determine the desired future conditions of an area. As part of the study, 
interviews were conducted with a range of stakeholders and a multi-stakeholder workshop 
was held. A GDE features inventory was developed for the purposes of the study. 
 
Participants attached a variety of in situ social values to the Mound’s GDEs. These included: 
nature based recreation activities (e.g. birding, bushwalking and nature observation), historic 
values, Aboriginal cultural values, aesthetic or amenity values, sense of place, education and 
scientific values, and intrinsic values. Participants found it difficult to separate the in situ 
social values of the GDEs from the issue of ecological health. These two concepts were 
linked for many participants. 
 
During the workshop, participants were asked to assign features to categories based on their 
overall in situ social value. Those features receiving the highest ratings tended to have the 
following characteristics: 

• A component of a larger management unit (e.g. part of a national park); 
• High ecological value; 
• High visitor numbers; 
• Has a defining characteristic or iconic status; and 
• Located in an area of increasing urbanization. 
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Some workshop participants were uncomfortable with the concept of assigning features to 
categories. In their view, no change was acceptable and more resources should be directed to 
the improved management of all GDEs. For these stakeholders, any form of priority setting 
was seen as potentially contributing to additional losses when there was no room for further 
diminishment of these resources.  
   
For each of the features in the study, participants were asked to identify the point at which in 
situ social values might be negatively impacted by declining water levels. Many found it 
difficult to respond in quantitative terms, relying instead on qualitative criteria such as the 
presence or absence of indicator flora or fauna species. For many, meeting the ecological 
needs of the existing habitat would be adequate to support the in situ social values of a 
feature.  
 
Participants noted that for some features, little local community agreement exists regarding 
how the in situ social values should be managed. The wetlands in the inner suburbs were 
identified as most likely to display local community division over whether a feature should be 
managed as a natural ecosystem (e.g. significant seasonal fluctuations and periods of drying) 
or for its amenity values (e.g. manicured parkland and year round surface water).  
 
The in situ social values of GDEs cannot be divorced from other management aspects such as 
ecological water requirements, water quality issues and threats to the sustainability of these 
features (e.g. land use pressures and acid sulphate soils). For this reason, many participants 
called for greater integration of land use planning and water resource management. Single 
discipline or single agency attempts to manage these features were viewed as less desirable 
than multi-disciplinary or multi-agency approaches. There were calls for local community 
interests including local landowners to be involved in planning the future of specific GDEs. 
This was viewed as a means of increasing public ownership of solutions and generating a 
greater sense of responsibility toward these features.  
 
It was viewed as desirable to manage GDEs as suites of features in cases where hydrologic or 
land use linkages exist among specific features (e.g. east Wanneroo wetland chain). 
Determining the management objectives of a particular GDE would benefit from 
consideration of the values and management objectives of other features in its vicinity. For 
instance, active recreation might not be chosen as a management objective for a particular 
GDE if a nearby GDE already meets the recreation needs of the area.   
 
Several State Government agencies have artificially supplemented the water levels in selected 
wetlands and some of the Yanchep caves in order to maintain their values and meet 
regulatory conditions. The state agencies were generally supportive of continuing water 
supplementation efforts and possibly expanding their efforts to some additional features. 
Other stakeholders tended to view supplementation as a stop-gap measure until more 
permanent solutions could be found. While there was some support for the use of water 
supplementation where acid sulphate soils are a problem, others viewed supplementation 
efforts as misguided and symbolic of an over reliance on technological fixes.   
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CHAPTER 1: INTRODUCTION 

1.1 Background 

The Gnangara Mound is the most valuable and largest source of fresh groundwater in the 
Perth Region. It covers approximately 2,200 km2 of the Swan Coastal Plain between the 
Swan River and Gingin. The groundwater resources support a variety of ecological, social 
and economic uses. This includes wetlands, lakes, cave systems, horticulture, private 
backyard bores, pine plantations, industry, and public water supply. Some sixty per cent of 
Perth’s public water supply is met by groundwater from the Mound (Map 1). As shown on 
Map 2, there is also a large number of private or backyard bores on the Mound (Map 2). 
 
Currently less water is entering the groundwater system than is leaving. As a result, the 
watertable has dropped significantly in some parts of the Mound. The signs of stress on 
ecosystems dependent on groundwater are already evident in some locations (e.g., dying 
native vegetation; wetlands and caves drying for longer periods).  
 
Several factors have contributed to the decline in the watertable. The primary factor is the 
pattern of lower than average rainfall experienced over the past 30 years in the Perth Region. 
A second factor is areas of dense vegetation (both native and pine plantations) over parts of 
the Mound. This results in greater uptake of groundwater as well as preventing rainfall from 
infiltrating into the superficial aquifer. Groundwater abstraction for public and private (e.g., 
horticulture) water supply has also created some localised areas of drawdown on the Mound.  
 
Climate change is another factor to be considered by resource managers. It is unclear whether 
the current pattern of below average rainfall reflects natural variability or is evidence of long 
term climate change. While there is scientific consensus that climate change is occurring, 
predicting how a particular region (e.g., the Perth Region) will be impacted is a difficult task 
laden with uncertainties. The CSIRO has developed a number of climate change scenarios for 
the South West of Australia which includes Perth. The worst case scenario is a 20% decrease 
in average annual rainfall by 2030. The best case scenario is a 5% increase over the same 
period. Climate change will result in changes in rainfall (quantity, intensity and duration), 
temperature, evapotranspiration, and soil moisture retention. Each of these will impact 
groundwater systems including the Gnangara Mound, although the exact nature of the 
changes remains unclear.  
 
The immediate task facing resource managers is deciding how to return the groundwater 
system to a condition of sustainability. If this can be achieved, the many ecological, social 
and economic values of the groundwater resources can be maintained for both present and 
future generations and the natural environment. The Department of Water1 (DoW) is 
currently developing the first comprehensive management plan for the Gnangara groundwater 
resources.  
 
As the demand for groundwater has grown, so too has the competition among its potential 
uses and users. In developing the Gnangara Groundwater Management Plan, some difficult 
choices may need to be made. For example, should all existing uses of the groundwater be 
maintained? Should some uses or users of the groundwater be given priority over others? 

                                                 
1 Formerly the Water and Rivers Commission 
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Map 1 Gnangara Mound – Location of Public Water Supply Bores 
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Map 2 Gnangara Mound – Location of Private Water Supply Bores 
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The Gnangara Mound 
 
Groundwater in shallow unconfined (i.e. superficial) aquifers sometimes forms elevated areas or 
mounds; thus the name ‘Gnangara Mound’. The main feature that influences the height of the Mound 
is the height of the land. At its highest point, the Gnangara Mound is 70 metres above sea level. 
Groundwater tends to flow downhill. The watertable slopes away from a high central area with 
groundwater flowing outward to lower lying areas such as wetlands, streams or ultimately the ocean. 
As a general rule, when the watertable declines in the Mound due to low rainfall, the effects are first 
noticed in more elevated areas.  
 
The Gnangara Mound has three aquifers: the superficial aquifer, the Leederville aquifer and the 
Yarragadee aquifer. The aquifer closest to the ground surface is known as the shallow, unconfined or 
superficial aquifer. The upper surface of the groundwater in the superficial aquifer is the watertable. 
The watertable is free to rise and decline and typically does so according to the season of the year and 
the amount of rain that occurs. It is typically higher in early spring and lower in late summer. The 
superficial aquifer is very important to the natural environment, especially wetlands which are 
dependent on accessing the watertable for their survival. Wetlands (including lakes) in low-lying 
areas are often surface expressions of the watertable. Private water supply wells and bores generally 
draw water from this aquifer. 
 
A confined aquifer is an aquifer saturated with water under pressure. It lies between relatively 
impermeable layers of rock or densely packed clay. Both the Leederville and Yarragadee aquifers 
are examples of confined aquifers. The Leederville aquifer ranges in thickness from 50-550m. 
Groundwater in this aquifer flows in a westerly direction eventually discharging into either the ocean 
or the superficial aquifer. The Yarragadee aquifer is multilayered and up to 3km thick. Its 
groundwater flows very slowly in a south-westerly direction.   
 
The water level in an aquifer will 
decline if the rate of recharge is 
less than the discharge rate. 
Recharge is the process by which 
aquifers are replenished with 
water. It occurs naturally when 
rainfall infiltrates the land surface 
and percolates into underlying 
aquifers. Surface water bodies 
such as streams and wetlands may 
also recharge aquifers. Factors 
that can influence the rate of 
recharge include the physical 
characteristics of the soil, plant 
cover, slope, water content of 
surface materials, rainfall 
intensity, and the presence and depth of confining layers and aquifers.  
 
Discharge occurs when water leaves the aquifer. Groundwater can discharge by evaporation, 
transpiration (via plant roots), by bore/well pumping or by flowing into wetlands, rivers and the 
ocean. If the watertable is close to the land surface during the growing season, large amounts of 
groundwater may be withdrawn through plant transpiration.  
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How do we balance the natural environment’s water requirements with those of human uses 
such as drinking water and horticulture? Should all natural features be given the same 
management priority or do some have higher ecological and/or social values, thereby 
warranting greater attention? Should the expensive practice of supplementing certain 
wetlands to maintain their water levels be maintained or should resources be redirected 
elsewhere? None of these are easy questions for resource managers. Stakeholder input is 
needed to contribute to these resource management decisions.    

1.2 Study Objectives 

A number of technical studies have been commissioned by the DoW in support of the 
groundwater management planning process. These have evaluated a variety of topics 
including: groundwater modelling; ecological water requirements; economic uses of 
groundwater; and Aboriginal cultural values. 
 
This study forms one component of the overall Gnangara Mound groundwater management 
planning process. Its focus is the in situ social values arising from groundwater-dependent 
ecosystems on the Gnangara Mound.  
 
Beckwith Environmental Planning Pty Ltd was retained by the DoW to “identify the in situ 
social values associated with the groundwater abstracted from the Gnangara Mound”. The 
study objectives2 were to:  

• “Identify the social values associated with the groundwater-dependent ecosystems 
(GDEs) on the Mound; 

• Prioritise the importance of the GDEs in relation to their social values; 
• Determine how these values may be affected by declining groundwater levels; and 
• Assess attitudes towards various management options for declining groundwater 

levels”. 
 
The study methodology is described in Chapter 2. 
 
1.3 Social Values and Water Allocation Planning 

On the Gnangara Mound, many of the wetlands, caves and some bushland areas are 
groundwater-dependent, at least to some extent, for their survival (see Box 1). These 
ecosystems provide a range of social and economic values in addition to their hydrologic and 
ecologic functions.  
 
Statewide Policy No 5 (Environmental Water Provisions Policy for Western Australia) 
describes WA’s water allocation planning framework (WRC 2000). The framework takes 
into account not only ecological but social and economic values and goals. All three types of 
values are considered in defining management objectives for a water resource (Figure 1).    
 
The social values or uses may be consumptive, such as the use of groundwater for irrigation 
or drinking water. Alternatively, they may be non-consumptive such as recreational activities 
(e.g., swimming, bird-watching) or the aesthetic value of a view. Other examples are the 
flood protection provided by wetlands or the removal of pollutants by aquifer recharge. 

                                                 
2DoE tender document: Identification of the in situ social values associated with the groundwater of the 
Gnangara Mound. Request No. 0088-2005. October 2005. 
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Box 1 

Groundwater-Dependence  

Ecosystems may be independent, partially dependent or entirely dependent on groundwater for 
their survival. The degree of dependence is related to the proportion of the ecosystem’s annual 
water budget (i.e. water needs) derived from groundwater (Hatton & Evans 1998).  
 
An ecosystem that is ‘entirely dependent’ on groundwater will tend to respond rapidly and 
permanently to changes in groundwater level. Changes in the watertable can result in a 
dramatic loss of ecological values. An example is the Yanchep caves ecosystems.  
 
In ‘highly dependent’ ecosystems, short-term and moderate changes in groundwater levels can 
affect health and induce changes in community structure and species composition. Permanent 
wetlands associated with the Gnangara groundwater system are examples of highly 
groundwater-dependent ecosystems. 
 
Other ecosystems display opportunistic dependence. They use groundwater to a limited extent 
such as during periods of drought or at the end of the dry season. These ecosystems may not 
show any obvious response to short-term reductions in depth to groundwater but may respond 
to moderate to large changes in the longer-term. Banksia woodlands are an example of this 
type of dependence. 

In the context of Statewide Policy No 5, social values are limited to non-consumptive social 
values. Consumptive social values, such as irrigation and public water supply, are viewed as 
economic values in the water allocation framework. 
 
The Policy notes that the provision of water to sustain social values “may be established as 
part of the EWP [environmental water provision] process depending on their impact on 
natural ecosystems and the significance of the social value maintained by the water regime” 
(WRC 2000, p.2). 
 
Figure 1 Types of values used to define water resource management objectives 

 
  Source: WRC 2000 
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The Policy defines ‘Social Water Requirements’ as the “elements of the water regime that are 
identified to meet social (including cultural) values” (p.12). In other words, the water 
characteristics (e.g., quantity, quality) needed to maintain the social values of the water 
resource (including its dependent ecosystems). 
 
In some instances, if the ecological water requirements3 are satisfied, the associated in situ 
social values will also be maintained automatically. For instance the scientific and education 
values of a wetland are unlikely to diminish as long as the water conditions required for a 
healthy ecosystem are present. In such instances the social water requirements and the 
ecological water requirements are the same.  
 
But it is not always the case that meeting the water requirements of the ecosystem will 
automatically maintain all social values. In some situations, the provision of water conditions 
above those needed to maintain the ecological values may be warranted. The example given 
in the Policy is where protection of recreational or other social values is of high importance 
and may require the maintenance of water levels in wetlands and river pools during periods 
of low rainfall (WRC, 2000). 
 
For instance, a particular river may provide habitat for a range of aquatic species. The same 
river may also be popular with canoeists. If the water levels in the river are declining due to 
reduced runoff and diminished groundwater discharge, how are the supported values 
impacted? The minimum water levels required to maintain the ecosystem may be insufficient 
to provide the depth of water required for canoeing. A river reduced in summertime to a 
series of pools may still be a healthy ecosystem but is unlikely to provide an acceptable 
canoeing experience.   
 
The opposite can also be true. For instance, maintaining a scenic view may only require the 
presence of open water. However maintaining a healthy ecosystem may require water 
characteristics (quality and quantity) not met by the social water requirements of a scenic 
view.  
 
In the case of conflict between ecological and social water requirements, the Policy does 
provide some guidance “Water regimes identified to meet social values (i.e. social water 
requirements), will form part of EWPs [Environmental Water Provisions4] where they do not 
unacceptably impact on significant ecological values” (WRC 2000, p.4).  

1.4 In Situ Social Values and GDEs 

Many studies have demonstrated that the public attaches a variety of values to natural 
environments (e.g., Manning et al. 1998; Ananda & Herath 2003). These values include: 
historical/cultural, aesthetic, ecological, recreation, education, moral/ethical, therapeutic, 
scientific, intellectual, spiritual, and economic. 
 
This project focused on a particular type of social values — the in situ social values. ‘In situ’ 
is Latin for ‘in place’. In the context of this study, in situ refers to the non-consumptive social 

                                                 
3 Ecological water requirements are the water regimes needed to maintain ecological values of water dependent 
ecosystems at a low level of risk (WRC 2000). 
4 Environmental Water Provisions (EWPs) are the water regimes defined as a result of the water allocation 
decision making process.  
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values of the groundwater-dependent ecosystems (GDEs) in the location where the ecosystem 
exists. The most commonly cited in situ social values of GDEs are: 

• recreation and tourism values  
• cultural and heritage values (Aboriginal and non-Aboriginal)  
• landscape and aesthetic values  
• educational and scientific values  

 
In some instances, the in situ social values of a natural feature may be greater than its 
ecological values or vice versa. For instance, a wetland may have highly degraded ecological 
values yet be the centrepiece of a local recreation node and thus have high social value. On 
the other hand, a wetland in pristine ecological health may have limited social value if there 
is little public awareness of its existence and no public access. In setting resource 
management priorities, the Environmental Protection Authority (EPA) advises that both the 
natural values and social values should be considered (EPA 1993). 

1.5 Sense of Place 

In Australia, the term ‘sense of place’ was popularised by Perth environmental planner 
George Seddon. His seminal work, A Sense of Place (1971), brought the values of the Swan 
Coastal Plain into the public’s conscientiousness.  
 
With the emergence of ecosystem management as a resource management philosophy, more 
importance is being placed on understanding the subjective, emotional, and symbolic 
meanings associated with natural places and the personal attachments people form with 
specific places or landscapes (Williams & Stewart 1998). 

Natural landscapes, places, and spaces are more than containers of natural 
resources and staging areas for enjoyable activities. They are locations filled 
with history, memories, and emotional and symbolic meanings (Williams & 
Vaske 2003, p.838). 

What a particular place (e.g., a bushland, a wetland, a cave) signifies may range from the 
very personal to the publicly shared. It may contribute to the formation of emotional bonds 
with that place. Similarly, emotional bonds may form with particular landscapes or places 
because their use has come to symbolize the user’s sense of identity. Such bonds intensify 
resource management conflicts when different segments of society assign different kinds and 
degrees of meaning to the same place (Williams & Vaske 2003). 
 
An individual’s attachment to a place can also influence how the person views a natural 
resource management issue (Vaske & Kobrin 2001, Vorkinn & Riese 2001, Cantrill 1998). 
Strong emotional attachment can result in heightened concern about the management of a 
location perceived as a ‘special place’. By gaining a better understanding of people’s 
emotional bonds with special places, natural resource managers can anticipate and explain 
public reactions to management actions affecting ‘special places’ (Eisenhauer et al. 2000). 
 
There is increasing recognition of the need for cultural and natural elements of the 
environment to be considered together. The concept of cultural landscapes integrates, for any 
one place, aspects of natural, Indigenous and historic, aesthetic, scientific and social heritage 
values (Jane Lennon & Associates 2001). Cultural landscapes are important because they 
reveal aspects of a region’s origins and development and our evolving relationships with the 
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natural world. Their preservation can provide a sense of place or identity for future 
generations (Birnbaum 1994). 
 
Scenic areas also contribute to our sense of place, or sense of who we are, where we came 
from, and the values we hold. They can bring other benefits as well to communities including 
higher property values and increased tourism revenue. The presence of surface water 
typically adds to the aesthetic appeal of an area for both residents and visitors. Real estate 
agents and property buyers have long been aware of the ‘waterfront effect’. A home situated 
by a stream, lake or river costs more to buy or rent than a more distant one (e.g., Benson et al. 
1998; Lansford & Jones 1995). 

1.6 Intrinsic Value 

There are also social values derived simply from the knowledge that a natural resource is 
maintained. Sometimes referred to as non-use social values, they are linked to ethical 
concerns and altruistic preferences. For instance, existence value is the satisfaction derived 
from knowledge that a feature of a water resource continues to exist, regardless of whether or 
not it might be of benefit to others. Bequest value is derived from the knowledge that a water 
resource will be passed on to future generations so that they will have the opportunity to 
enjoy it. Philanthropic value is the satisfaction gained from ensuring that resources are 
available to contemporaries in the current generation. Those who take a deep ecology 
perspective, view these ecosystems as having an intrinsic value. 

Intrinsic value  

In themselves wetlands have an intrinsic value which is not directly 
related to any human benefit: wetland systems include plants and animals 
which have a right to exist irrespective of our activities and it is our 
moral obligation to respect that right. This extends to the way we 
perceive our role in wetland management: one alternative which must be 
considered is for the active non-management of wetlands.  

Australian Society for Limnology 

 

1.7 Additional Management Threats 

Declining watertables are only one threat to groundwater-dependent ecosystems and their 
social values. Many ecosystems are trying to cope with multiple stresses. Some are related to 
poorer water quality (e.g., changes in pH levels, nutrient enrichment). For example, some 
local governments have redirected local stormwater drains to supplement wetland water 
levels. This admirable effort has had a downside. The stormwater has increased the litter, 
nutrient and contaminant loads of these water bodies as well as introduced exotic species 
(e.g., weeds).  
 
Nearby land uses can also pose a threat. There may be little point in supplementing water 
levels in a drying lake if it is in an area of intensive agriculture and not fenced off from 
livestock. Addressing one problem (e.g., declining lake levels) but failing to address other 
management issues (e.g., nutrient enrichment) can result in poor resource management 
outcomes and ineffective use of limited financial and human resources.   
 

 9



Sometimes, in an effort to enhance the social values of a natural feature, modifications are 
made which diminish its ecological values. Wetlands in residential areas are often managed 
as public open green spaces. Fringing vegetation may be inappropriately cut back in an effort 
to provide a more manicured lawn-like appearance for visitors. In an effort to further beautify 
an area and provide shade, fast growing exotic tree species may be introduced. 
 
In certain settings, the in situ social values of groundwater-dependent features could be 
enhanced by changes such as providing public facilities and access points (e.g., parking areas, 
boardwalks, cycleways). However such ‘improvements’ can lead to visitor pressures on the 
ecosystem or particularly vulnerable species. Similarly, modifications to increase one type of 
in situ social value (e.g., recreation) have the potential to diminish other types of in situ social 
values (e.g., heritage values).  

1.8 Current Conditions 

1.8.1 Groundwater level changes 

By the mid-1980s it was evident that, without proper resource management, groundwater 
abstraction from the Gnangara Mound could lower the watertable and negatively impact 
groundwater-dependent ecosystems. In response, the EPA determined specific water level 
criteria to be met at selected locations on the Mound. The locations were primarily areas with 
groundwater-dependent ecological features (e.g., wetlands, bushland) viewed as vulnerable to 
changes in groundwater levels (Map 3).  
 
These water level criteria were implemented through Ministerial Conditions. Each year, the 
State Government’s water regulator (i.e. DoW) submits a compliance statement to the EPA 
indicating the extent to which the water requirements of the statutory criteria sites have been 
met. The statement also documents the degree to which target water levels have been 
achieved at non-statutory groundwater monitoring sites on the Mound.  
 
Since the mid-1990s, there has been a pattern of increasing non-compliance with Ministerial 
Conditions. As shown in Table 1, while the majority of water levels were in compliance, the 
number of non-compliances had risen to 16 sites by 2003/04. The majority of these were less 
than 0.5m below the criteria while the maximum was 1.3m at Coogee Springs (DoE 2004).  
 
Table 1 Summary of non-compliances with Ministerial Conditions (DoE 2004) 

No. of Non-compliances by year Environment   
component 

No. of criteria 
sites 2000/01 2001/02 2002/03 2003/04 

Wetlands 18 6 4 9 10 
Terrestrial vegetation  23 3 4 7 6 

Total 41 9 8 16 16 
 
The reductions in groundwater levels are not distributed evenly over the Mound. Two areas 
that exhibit notable reductions in the watertable are: (a) those in the vicinity of the Wanneroo, 
Lexia and Pinjar borefields, and (b) to the Gwelup groundwater area (DoE 2004). A number 
of the criteria sites with Ministerial Conditions have been in non-compliance for a number of 
years (Table 2). 
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The main cause of non-compliance in these areas is climate, sometimes in combination with 
either public water supply (PWS) abstraction or private water abstraction (e.g., horticulture) 
(Table 3). It should be noted that groundwater levels have actually been rising slightly in 
some of the southern portion of the Mound. This is likely due to increased recharge resulting 
from land clearing and urban development (Yesertener 2002). 
 
Map 3 Gnangara Mound – Ministerial Criteria Sites 
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 Table 2 Most frequently non-compliant statutory criteria sites  

Name Mgt. Area Type 96/97 97/98 98/99 99/00 00/01 01/02 02/03 03/04 

L. Mariginiup S Wanneroo wetland X X X X X X X X 
L. Joondalup Perth/Coastal wetland  X X X X X X X 
JB5 S Wanneroo banksias  X X X X X X X 
Lexia 186 Lexia wetland  X X X X X X X 
Coogee Sp. Yanchep wetland  X X X X X X X 
L. Nowergup N Wanneroo wetland   X X X  X X 
PM6 Pinjar rep. veg.    X X X X X 
MM59B Mirrabooka banksias  X   X X X X 
Lexia 94 Lexia wetland   X  X  X ? 
Melaleuca Lexia wetland  X X X     
MM53 Mirrabooka banksias  X X    X X 
WM1 Lexia banksias        X 
MM55B Mirrabooka banksias  X     X X 
L. Jandabup S Wanneroo wetland    X   X X 

 Source: Data taken from EPA 2004a 
 
Table 3 Main reasons for non-compliance 

Name of Feature Type of Feature Main cause of non-compliance 

L. Mariginiup wetland Climate change and private abstraction 
L. Joondalup wetland Climate change and private abstraction 
JB5 banksias Climate change and private abstraction 
Lexia 186 wetland Climate change 
Coogee Springs wetland Climate change and private abstraction 
L. Nowergup wetland Climate change and private abstraction 
PM6 rep. veg. Climate change (minor PWS abstraction) 
MM59B banksias Climate change and PWS abstraction 
Lexia 94 wetland Climate change 
Melaleuca Park wetland Climate change 
MM53 banksias Climate change and PWS abstraction 
WM1 banksias Climate change and PWS abstraction 
MM55B banksias Climate change and PWS abstraction 
L. Jandabup wetland Climate change and private abstraction 

 Source: Data taken from EPA 2004a. 

1.8.2 Impact on Ecosystem Health 

Changes in water regimes (e.g., depth, duration and amplitude of seasonal flooding) can 
significantly impact the health of groundwater-dependent ecosystems. Each wetland species 
is adapted to a specific water level range and changes may cause a shift in community 
composition and structure. The degree to which an ecosystem is impacted by a change in 
water conditions depends on a number of factors including the nature of the change, the 
extent of change, the rate of change and the degree of groundwater dependency.   
 
Some wetlands on the Mound have recorded changes in their fringing vegetation (e.g., trees 
and shrubs) as conditions have become drier. For many wetlands, decreased water levels have 
increased their susceptibility to fire and acidification5. Fire and drought-induced acidification 
                                                 
5 For a good understanding of acid sulphate soils see: Department of Environment. 2004a. Western Australian 
Proposed Framework for Managing Acid Sulphate Soils.  

 12

http://portal.environment.wa.gov.au/pls/portal/docs/PAGE/DOE_ADMIN/TECH_REPORTS_REPOSITORY/TAB1019688/2687_ASS_MANAGEMENTFRAMEWORK.PDF
http://portal.environment.wa.gov.au/pls/portal/docs/PAGE/DOE_ADMIN/TECH_REPORTS_REPOSITORY/TAB1019688/2687_ASS_MANAGEMENTFRAMEWORK.PDF


are of concern in about one-third of the wetlands monitored on the Gnangara Mound (Clark 
& Horwitz 2004).  
 
The limestone caves in Yanchep National Park are drying out for longer periods each 
summer. Some of these caves support occurrences of the Critically Endangered Aquatic Root 
Mat Community of the Swan Coastal Plain. These include very small subterranean fauna 
known as stygofauna. Some species may only exist in a single cave. If the current drying 
trend continues, some stygofauna species will be at extreme risk of extinction (English 2000).  
 
The Mound’s terrestrial vegetation has been monitored since the 1960s. In 1991, extreme 
temperatures, low soil moisture, low groundwater levels and abstraction for public supply 
caused the death of large patches of vegetation in Pinjar (near PWS bore P50) and Whiteman 
Park. Across the Mound there has been a gradual shift towards xerophytic species which 
adapt to drier conditions in response to reduced rainfall. In some areas, bushland that 
historically displayed opportunistic groundwater dependence is no longer dependent, relying 
instead entirely on rainwater (DoE 2005). 

1.8.3 Wetland Supplementation 

The Department of Environment (DoE), the Water Corporation and the Department of 
Conservation and Land Management (CALM) have been involved in artificially maintaining 
water levels in selected wetlands including some of the Yanchep caves.  
 
The Water Corporation’s artificial maintenance of Lake Jandabup has increased water levels 
since 1997. Despite this, water levels remained below the target level in 2003/04. The 
supplementation program has slowed the decline and improved the quality of the lake but has 
been unable to keep up with falling water levels (DoE 2004). 
 
The DoE seasonally supplements Lake Nowergup. Water is pumped into the system to 
establish a spring peak level. However, over the summer months the water level declines and 
sometimes does not achieve minimum criteria levels. Despite this, the supplementation effort 
has seen some recovery of stressed vegetation (DoE 2004). 
 
The DoE’s artificial maintenance of water levels at Coogee Springs ceased in 2002. Changes 
in nearby land uses and fires had significantly degraded the site’s main ecological values. In 
2005, the EPA supported the removal of Coogee Springs as a statutory criteria wetland site 
(EPA 2004b). 
 
In the summer of 2003/04, a water supplementation trial was conducted at several Yanchep 
caves with root mat communities. Following the successful trial, CALM, Water Corporation 
and DoE collaborated in the design of a new emergency re-watering system for the main 
caves containing stygofauna. The aim is to re-hydrate the cave system by establishing and 
maintaining local water mounds at seven of the caves supporting fauna. Construction of the 
artificial maintenance system was completed by CALM in 2005 (CALM 2005a).  
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CHAPTER 2: METHODOLOGY 

2.1 Limits of Acceptable Change 

The Limits of Acceptable Change (LAC) planning process was originally developed by 
recreation researchers and national park managers to determine how much human-induced 
change to highly valued natural settings would be acceptable (Stankey et al. 1985). It is an 
assessment process that combines scientific investigation and evaluation with social 
perspectives. It identifies how the natural resources of a place are used and why they are 
valued. In addition, it brings together people who value a place and its future but for different 
reasons (Manning et al. 1995). It is a way to describe and agree upon the desired future 
conditions of an area.  
 
The LAC process relies on a strong relationship between resource managers and interested 
citizens. Over the years the field of resource management has moved through several models 
of planning with an ever increasing role for public involvement. The growing complexity and 
diversity of expectations of what a managed resource area should produce, in terms of values 
and uses, can bring various goals into conflict. Learning and consensus building have become 
important attributes of the planning processes for these problems. Collaborative planning 
processes such as the LAC process are particularly useful in gaining consensus and giving 
legitimacy to experiential knowledge.  
 
The LAC process generally consists of four major components: (1) specifying acceptable and 
achievable resource and social conditions, (2) analysing the relationships between existing 
conditions and those judged acceptable, (3) identifying management actions necessary to 
achieve these conditions, and (4) a program of monitoring and evaluating management 
effectiveness. 

2.2 Data Collection  

Data collection occurred at several stages in the study through the following activities. 

2.2.1 Desktop Document Review 

At the start of the study, a desktop review was conducted of documents related to the 
Mound’s groundwater-dependent ecosystems (GDEs). This included: 

• Groundwater monitoring compliance documents (e.g., WRC 2004; Welker 2001) 
• EPA bulletins on Gnangara Mound groundwater management (e.g., EPA 2004a) 
• Studies of the water requirements for GDEs on the Mound (e.g., Froend et al. 2004) 
• Wetland inventories  
• Management plans  

2.2.2 Stakeholder Interviews 

Semi-structured in-depth interviews were conducted with 26 stakeholder representatives in 
the period December 2005 - February 2006. A list of those interviewed is provided as 
Appendix A. The objectives of the interviews were used to: 

• Identify any groundwater-dependent features not on the initial list of features 
• Identify stakeholders with extensive knowledge of specific features 
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• Gain stakeholder perspectives on the in situ social values of the features 
• Collect data on the attributes in the features inventory  
• Identify stakeholder perceptions of the limits of acceptable change for specific features 
• Obtain any additional documentation pertaining to the features. 

 
The interviewed representatives belonged to the following stakeholder categories: 

• State government agencies  
• Local governments in the study area 
• Managers of the features 
• Individuals and community-based groups with extensive knowledge of specific 

features on the Mound.  
 
Subsequently each person interviewed was provided with an interim study report. This 
included an inventory of each of the groundwater dependent ecosystems. The stakeholder 
representatives were asked to review and comment on the draft document. These comments 
were used to revise the features inventory.  

2.2.3 Nyungar Community 

Data on the relationship between Aboriginal cultural values and groundwater-dependent 
ecosystems on the Gnangara Mound was drawn from a recent DoE-funded study by Estill & 
Associates (2005a). That study included an examination of sites listed on the Register of 
Aboriginal Sites and consultation with key stakeholders from the Nyungar community. 

2.2.4 Site Visits 

The study team members visited all features accessible to the public. The site visits were used 
to collect data and ground-truth information obtained from other sources.    

2.2.5 Multi-Stakeholder Workshop 

A three hour multi-stakeholder workshop was conducted on the in situ social values of 
wetlands and caves on the Gnangara Mound. The Department of Water sponsored workshop 
was held at the Henderson Environment Centre (Star Swamp) in North Beach.  
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2.3 Steps in the LAC Process 

Figure 2 is a diagram of the Limits of Acceptable Change or LAC process. It displays the 
relationship between the in situ social values study and the larger Gnangara Groundwater 
Management Plan. 
 
Figure 2 The study process 

 
    

Develop initial list of 
groundwater-dependent 

features

Selection of attributes to 
assess social values 

Site Stakeholder Document 
review interviews visits 

Screening of long list of 
features 

Preparation of profiles for 
short-listed features 

Initial classification of 
profiled features 

Stakeholder workshop 
 

Define limits of acceptable change 
 

Recommendations regarding 
feature management and 
social water requirements 

Gnangara Mound 
Groundwater 
Management Plan 

 17



2.3.1 Development of Long List of Features 

The first step was development of an initial long list of groundwater-dependent ecosystems 
on the Gnangara Mound (Table 4). The locations of statutory water criteria sites as well as 
groundwater monitoring bores with non-statutory criteria comprised the initial list. 
  
Table 4 Statutory and non-statutory criteria sites in the study area 

Name of Feature Statutory /  
Non-statutory1

Management Area Type 

Melaleuca Park (Dampland 78) S Lexia Wetland 
Edgecombe (B10) S Lexia Wetland 
Egerton (B25) S Lexia Wetland 
Melaleuca Park EPP 173  S Lexia Wetland 
Lexia 186 (GNM15)  S Lexia Wetland 
Lexia 86 (GNM16)  S Lexia Wetland 
Lexia 94  (GNM17A) S Lexia Wetland 
L110C S Lexia Veg 
L220C S Lexia Veg 
L30C S Lexia Veg 
MM12 S Lexia Veg 
NR11C S Lexia Veg 
NR6C S Lexia Veg 
WM1 S Lexia Veg 
WM2 S Lexia Veg 
WM6 S Lexia Veg 
WM8 S Lexia Veg 
L. Gnangara S Mirrabooka Wetland 
Gnangara (bore 8386) S Mirrabooka Wetland 
MM16 S Mirrabooka Veg 
MM18 S Mirrabooka Veg 
MM49B S Mirrabooka Veg 
MM53 S Mirrabooka Veg 
MM55B S Mirrabooka Veg 
MM59B S Mirrabooka Veg 
L. Nowergup S N. Wanneroo Wetland 
L. Goollelal (459) S Perth Metro/Coastal Wetland 
Joondalup (bore 8281) S Perth Metro/Coastal Wetland 
L. Joondalup S Perth Metro/Coastal Wetland 
PM24 S Pinjar Veg 
PM25 S Pinjar Veg 
PM6 N Pinjar Veg 
PM7 N Pinjar Veg 
PM9 S Pinjar Veg 
L. Mariginiup S S. Wanneroo Wetland 
Mariginiup (bore MS10) S S. Wanneroo Wetland 
Lake Jandabup S S. Wanneroo Wetland 
JB5 N S. Wanneroo Veg 
MT3S S S. Wanneroo Veg 
Coogee (bore CG4/90) N Yanchep Wetland 
Coogee Spring N Yanchep Wetland 
Loch McNess S Yanchep Wetland 
Pipidinny Swamp S Yanchep Wetland 
Wilgarup Lake S Yanchep Wetland 
Wilgarup L. (bore) S Yanchep Wetland 
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Name of Feature Statutory /  
Non-statutory1

Management Area Type 

Yonderup S Yanchep Wetland 
YN1 Crystal Cave N Yanchep Cave  
YN11 Water Cave N Yanchep Cave 
YN18 Carpark Cave N Yanchep Cave 
YN194 Twighlight Cave N Yanchep Cave 
YN27 Gilgi Cave N Yanchep Cave 
YN354 Cabaret Cave N Yanchep Cave 
YN99 Boomerang Cave N Yanchep Cave 

 1 S = Statutory criteria site; N = Non-Statutory criteria site 

2.3.2 Selection of Attributes 

The value or worth of groundwater-dependent features can be described in terms of their 
characteristics or ‘attributes’. An analysis of attributes can aid in both determining the overall 
value of a feature and setting resource management priorities. 
 
To examine the characteristics of groundwater-dependent features that contribute to their in 
situ social values, a set of attributes was defined. These were further refined on the basis of 
input from workshop participants and the quality of data available. Table 5 describes the final 
set of attributes and indicators applied in the study.  
 
The inclusion of ecological attributes reflects the strong relationship between the ecological 
values and the in situ social values of GDEs on the Mound. For instance, a wetland with little 
habitat diversity is less likely to be a desirable location for birding than a wetland with high 
habitat diversity. 
  
Table 5 Attributes and indicators of in situ social value 

Attribute Rationale and Indicators 

Aboriginal 
heritage/cultural 
values 

Features with Aboriginal heritage values are more highly valued. 

Indicators of higher value: 
• Includes registered Aboriginal archaeological or mythological sites 
• Feature is part of a designated Heritage Trail noted for its Aboriginal heritage values. 

Non-Aboriginal 
heritage/ 
historical values 

Features with associated European heritage values are more highly valued. 

Indicators of higher value: 
• Feature (or some component) is listed on the Register of the National Estate or by the 

WA Heritage Council 
• Feature is part of a designated Heritage Trail noted for European heritage values. 

Nature observation Features used for nature observation such as birding have higher value. 

Indicators of higher value: 
• Nature observation is a well recognised characteristic of the feature. 
• The feature is well recognised by the birding community. 
• The feature includes facilities to enhance nature observation (e.g., viewing areas, 

blinds, signage). 

Recreation 
activities 
 

Features used for passive and active recreation activities have a higher in situ social 
value. Example activities: picnicking, walking/jogging or cycling, canoeing/rowing, 
power boating/water skiing, swimming. 

Indicators of higher value: 
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Attribute Rationale and Indicators 

• Multiple forms of recreation 
• Higher visitor numbers 
• Recreation facilities are of high quality  

Visitor catchment A feature has higher in situ social value if it attracts not only local users but regional 
visitors and beyond (e.g., State, Australia or overseas).  

Indicators of higher value: 
• A significant proportion of visitors come from beyond the local or regional area. 
• Feature is part of many commercial bus tours 
• Promoted as a tourist venue (e.g., Tourism WA website)  

Complimentary 
land uses  

Features next to land uses that compliment or enhance the in situ social values are more 
highly valued.  

Indicators of higher value: 
• Adjoining property is used for active or passive recreation. 
• Adjoining property includes a school, nature centre or heritage feature. 
• Adjoining property has high ecological value  

Potential for 
increased social 
value 

Features with potential to increase their in situ social values are more highly valued. 

Indicators of higher value: 
• Feature is located close to an area of significant future population growth. 
• There are plans to modify the feature to enhance its in situ social values (e.g., 

proposed as a future recreation node). 
• The feature has characteristics that could be enhanced to increase the existing level of 

in situ social value. 

Education activities Features used as a venue for outdoor education are more highly valued.  

Indicators of higher value: 
• CALM sponsored education programmes on-site 
• Visited by area schools as a field laboratory 
• Used in a Ribbons of Blue Program 
• A school is located in close proximity to the feature.  

Research site 
 

Features used for scientific research have higher in situ social value.  

Indicator of higher value: 
• Used by universities or other research bodies for biological, archaeological or other 

forms of research. 

Unique 
characteristic 

Features that have a one of a kind use or value or would be very hard to substitute if the 
feature/characteristic was lost have higher in situ social value. 

Indicators of higher value: 
• Feature has a unique physical attribute closely linked to a social value. 
• No replacement in the vicinity if the unique characteristic was lost.   
• Feature provides the only venue for a particular social value/use. 

Land security  Features located within National or Regional parks are less likely to be exposed to 
incompatible land use changes. This security gives the feature a higher in situ social 
value.  

Indicator of higher value: 
• Feature is located in a formal large management unit (e.g., National Park or Regional 

Park). 
Management status Features actively managed are likely to have higher in situ social values. 

Indicators of higher value: 
• The feature has a management plan or draft plan that guides its management.  
• A community-based group is actively involved in management of the feature.  
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Attribute Rationale and Indicators 

Rare or endangered 
species  

Any feature that is habitat for a declared rare species automatically warrants high 
management status (EPA 1993). Rare or endangered species or communities increase the 
education and research value of a feature and its intrinsic value.  

Indicator of higher value: 
• Presence of rare or endangered species or threatened ecological communities. 

Native vegetation 
and habitat 

Features possessing high quality native vegetation and habitat tend to have higher in situ 
social values.  

Indicators of higher value: 
• Native fringing vegetation is largely intact. 
• There are few exotic species. 
• No significant loss of ecological values due to fires. 

Water quality 
 

Poor water quality is a risk to ecosystem and human health, and can diminish the 
aesthetic and recreational enjoyment of users.  Features with good water quality are 
likely to have higher in situ social values than those with poor water quality.  

Indicators of higher value: 
• Features is not at significant risk of acidification 
• The features does not have a significant nutrient loading issue 
• The feature does not rely heavily on stormwater. 

2.3.3 Additions to the Initial List of Features  

The document review and stakeholder interviews resulted in over 20 features being added to 
the initial list of groundwater-dependent ecosystems (Table 6). 
 
Table 6 Features added to the initial list  

Name of Feature Type Location 

Herdsman Lake  wetland City of Stirling 
Lake Monger wetland Town of Cambridge 
Jaulbup Lake wetland City of Subiaco 
Lake Claremont wetland Town of Claremont 
Perry Lakes wetland Town of Cambridge 
Jackadder Reserve wetland City of Stirling 
Dianella Regional Open Space  wetland City of Stirling 
Star Swamp Nature Reserve wetland City of Stirling 
Carine Regional Open Space wetland City of Stirling 
Badgerup Lake and Little Badgerup Swamp wetland City of Wanneroo 
Lake Gwelup wetland City of Stirling 
Neerabup Lake wetland City of Wanneroo 
Lake Carabooda wetland City of Wanneroo 
Lake Karinyup wetland City of Stirling 
Lake Pinjar  wetland City of Wanneroo 
Beenyup Swamp wetland Yellagonga R.P.  
Walluburnup Swamp wetland Yellagonga R.P.  
Bennett Brook stream Whiteman Park 
Horse Swamp wetland Whiteman Park  
Twin Swamps Wildlife Sanctuary wetland City of Swan 
Yeal Swamp wetland Shire of Gingin 
Craigie Open Space bushland City of Joondalup 
Warwick Open Space bushland City of Joondalup 
Hepburn Heights Conservation Area bushland City of Joondalup 
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Name of Feature Type Location 

Koondoola Regional Bushland Bushland / wetland City of Wanneroo 
Marangaroo Conservation Reserve bushland City of Wanneroo 

2.3.4 Screening of Features  

The next step was to identify those features not warranting detailed investigation from the 
perspective of in situ social values. As described below, a set of decision rules was applied to 
the long list of features. Features that did not meet the decision criteria were eliminated from 
detailed study.  
 

Water Supplemented Features 
All features currently being supplemented with water by the DoW or another state 
government agency were retained for detailed investigation. The following features are 
currently being supplemented: 

• Lake Jandabup 
• Lake Nowergup 
• Some caves in Yanchep National Park 

 

Screening Criteria 
The following decision rules were applied to eliminate features with no or low social values: 

• A feature must provide some form of public access (e.g., roadside, parking, trails). 
Features that currently do not provide any public access and where no future public 
access is planned were screened from the analysis.  

• Some portion of the feature must be on public land as the DoW is able to manage only 
those features on public lands. Features situated entirely on private land were dropped 
from detailed study.  

• Features must be groundwater-dependent. Features identified by DoW officers as not 
groundwater-dependent were dropped from further investigation.  

• Features that have lost their ecological values related to groundwater dependence 
(Froend et al. 2004) and were not identified by stakeholders as having in situ social 
values were screened from the analysis. 

• Features not identified as having in situ social values and with no readily apparent 
potential to develop in situ social values (e.g., no residential growth planned in the 
area) were dropped from further investigation. 

The features screened from further investigation are shown in Table 7. 

2.3.5 Feature Profiles  

For each of the remaining 29 features, a profile was developed. Each profile provides a 
description of the groundwater-dependent feature, its in situ social values, and key resource 
management issues. Draft profiles served as background materials to the stakeholder 
workshop. The profiles were refined following the workshop and are presented in Part B. 
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Table 7 Features screened from detailed investigation 

Name Type Reason for Screening 

MM16 Veg Not publicly accessible 
Lake Carabooda Wetland Not publicly accessible 
Lake Karinyup Wetland Not on public land (private golf course) 
Twin Swamps Wildlife Sanctuary Wetland Not publicly accessible (endangered species conservation)  
Yeal Swamp Wetland Not publicly accessible. No social values identified 
Craigie Open Space Bushland Not groundwater-dependent 
Warwick Open Space Bushland Not groundwater-dependent 
Hepburn Heights Conservation Area Bushland Not groundwater-dependent 
Koondoola Regional Bushland Bushland 

Wetland 
Not groundwater-dependent 
Highly degraded 

Marangaroo Conservation Reserve Bushland Not groundwater-dependent 
WM6 Veg Has lost ecological values related to groundwater 

dependence (Froend et al. 2004) 
JB5 Veg Bore is within 50m of a market garden. Majority of native 

vegetation heavily modified  
MT3S Veg No social values identified 
Coogee Spring & bore CG4/90  Wetland Ecological values severely degraded. Only one species of 

wetland vegetation; little recruitment potential.  
Wilgarup Lake & bore Wetland Fire in 2005 destroyed ecosystem. Social values were 

dependent on ecosystem health 
Gilgi Cave Cave Root mat community has died. 
Cabaret Cave Cave No longer groundwater dependent 
Badgerup Lake and Little Badgerup 
Swamp 

Wetland Highly degraded. Not used by public 

Edgecombe (B10) Wetland No social values identified 
Egerton (B25) Wetland No social values identified 
Lexia 186 (GNM15)  Wetland No public access points; no social values identified.  
Lexia 86 (GNM16)  Wetland No public access points; no social values identified 
Lexia 94  (GNM17A) Wetland No public access points; no social values identified 
(Lexia) L110C, L220C, L30C, 
MM12, NR11C, NR6C, WM1, 
WM2, WM8 

Veg No social values identified; no public access points; no 
management plan; no local population or residential growth 
in foreseeable future. 

PM24 Veg No public access points; no social values identified.  
PM9 Veg No public access points; no social values identified 
PM6 & PM7 Veg. Not groundwater-dependent. Appears to rely on moisture in 

perched layers above watertable 
PM25 Veg Woodland has been cleared (Froend et al. 2004) 

2.3.6 Classification of Features 

As an aid to assessing the in situ social values of the 29 short-listed features, the study team 
devised a classification system. Using a four-point scale of relative value, each feature was 
assigned to a category reflecting the study team’s judgment of its net or overall in situ social 
values. Features assigned to Category 1 were considered to have the highest net or overall in 
situ social values and those assigned to Category 4 the lowest. The classification system is 
described in greater detail in Chapter 3. 
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2.3.7 Multi-stakeholder Workshops 

On the evening of 29 March 2006, a three hour multi-stakeholder workshop was conducted 
on the in situ social values of wetlands and caves on the Gnangara Mound. The Department 
of Water sponsored workshop was held at the Henderson Environment Centre (Star Swamp) 
in North Beach.  
 
The workshop objectives were:   

• A participant review of the in situ social value ratings assigned to features in the draft 
inventory   

• A facilitated discussion forum on the limits of acceptable change focussing on those 
features facing significant resource management challenges. 

 
Most of those invited to the workshop had first hand knowledge of some but not all of the 
groundwater dependent features on the Mound. To allow participants to gain first-hand 
knowledge of those features which would be the focus of the workshop, a half-day field trip 
was organised. On 25 March, the DoW led a field trip to Lakes Nowergup, Neerabup, 
Mariginiup, Jandabup and Joondalup. Staff from the DoW acted as guides in an exploration 
of each feature’s characteristics and management issues. Other participants also contributed 
their knowledge of the sites. Seven participants attended the field trip (Appendix B). 
 
There were 24 participants at the workshop (Appendix C). The full results of the workshop 
have been documented as a separate report (Beckwith Environmental Planning 2006).  
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CHAPTER 3: CLASSIFICATION OF FEATURES  

3.1 Initial Classification Scheme 

Each feature was assigned to one of four relative in situ social values categories. Features 
assigned to Category 1 were considered to have the highest net or overall in situ social 
values. Those in Category 4 were considered to have the lowest in situ social values in 
relative terms (i.e. among the 29 features). An attribute clustering approach was used to 
develop the initial classification scheme shown in Table 8. The results of the classification 
exercise are shown in Table 9. 
 
Table 8 Initial classification scheme  

Category Scheme applied in the Draft Inventory 

1 
Feature has most but not necessarily all of the following: 
• High level of land management security (e.g. National Park) 
• Large in size (i.e. area) 
• Large number of users  
• Visitor catchment is regional or larger  
• Location is actively managed 
• Not easily substituted if social values were lost 
• Significant ecological values 
• Multiple types of in situ social values 
 

2 
Feature has most but not necessarily all of the following: 
• Has a regional or large local visitor catchment   
• Actively managed 
• Part of a substantial area of public open space 
• No outstanding/defining characteristic 
 

3 
Feature has most but not necessarily all of the following: 
• Highly valued neighbourhood-level open space feature 
• No outstanding/defining characteristic 
• A lesser feature within a larger highly valued setting 
• Potential to increase the feature’s social values 
 

4 
Feature has many but not necessarily all of the following: 
• No management plan or active management 
• No public access  
• No or minimal passive recreation 
• No active recreation 
• Degraded natural features 
• No outstanding/defining characteristic 
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Table 9 Assignment of features to categories  

Category  Feature Rationale for category assignment 

1 Loch McNess • Part of Perth’s most popular National Park (i.e. Yanchep). Visitors from 
local, interstate and overseas. 

• The Loch is the physical focal point of the Park. 
• Many of the Park’s activities and buildings are located nearby including 

some on the Register of the National Estate. 
• The Loch is part of the Yaberoo Budjara Heritage Trail 
• High conservation values 

1 Crystal Cave  • Part of Yanchep National Park.   
• Cave is a major Park attraction. 
• Only Yanchep cave open to the public for regular tours 
• Hard to substitute its social values; would need to travel to caves in 

Margaret River. 
• Many other tourist/recreation features nearby in the Park. 

1 Lake Monger • High public awareness and easy visitor access due to location (freeway) 
• Its walkway is very popular with walkers/joggers. 
• Amenity value heightened by having open water year round and large 

volume of birds.  
• Frequent tourist bus attraction. Black Swans 

1 Herdsman Lake • Part of Herdsman Lake Regional Park 
• Herdsman Wildlife Centre provides community/school education 

programmes. 
• Lake has outstanding bird habitat and is popular with amateur and 

serious birdwatchers. 

1 Perry Lakes • Adjacent to Bold Park - largest remnant bushland in the Perth area.  
• Area is heavily used by walkers and joggers 
• Many adjoining active recreation facilities (playground, skate park, 

Perry Lakes Stadium, basketball complex, Rugby Union Park) 
• Popular with birders in the Perth area. 

1 Lake Joondalup  • Part of Yellagonga Regional Park. 
• Provides the largest array of passive and active recreation venues in the 

Joondalup/Wanneroo area 
• Yaberoo Budjara Heritage Trail 
• An active Friends of Yellagonga Regional Park group 
• Proximity to residential areas 
• In an urban growth corridor. 
• Popular with birders in the Perth area. 

1 Star Swamp • Henderson Environment Centre (community & school education) 
• Star Swamp Heritage Trail  
• An active Friends of Star Swamp group 
• Research site (linked to Henderson Environment Centre) 
• Visitors come from local and regional catchments 

1 Bennett Brook • Located in Whiteman Park 
• Park has the highest number of visitors 
• Mussel Pool is a large recreation node in the Park  
• Numerous registered Aboriginal sites 
• Social value will grow as nearby areas are developed for housing 

2 Lake Claremont • Adjoining facilities include Scotch College sports grounds and Lake 
Claremont Golf Course 

• An active Friends of Lake Claremont group 
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Category  Feature Rationale for category assignment 

• Pathway used by walkers, joggers and birders 
• Part of Claremont Heritage Trail  
• Residential local catchment 

2 Big & Little 
Carine Swamps 

• A major feature of a significant public open space. 
• A number of adjoining recreation facilities (e.g., horse stables and 

riding area, skate park, and tennis courts)  
• Pathways are used by local residents for walking/jogging and cycling 
• Popular Perth area birdwatching area 
• Visitors come from a local catchment 

2 Lake Gwelup • A major feature of a significant public open space. 
• There is a small boardwalk that extends into the lake for nature 

observation and birding 
• There are a number of pathways throughout the Park that are used by 

local residents for walking/jobbing and cycling 
• There is an active Friends of Lake Gwelup group 
• Adjoining recreation facilities (e.g., cricket pitches, tennis courts) 

2 Whiteman Park 
Bushland 
(MM18,49B, 53, 
55B, 59B) 

• Whiteman Park has the highest number of visitors 
• There are a number of nearby facilities (e.g., archery club, rifle range 

and equestrian centre) 
• Social value will grow as nearby areas are developed for housing  
• Popular birdwatching area 
• A wildlife sanctuary may be developed in the future. 

2 Horse Swamp • Located within heavily visited Whiteman Park 
• Bush walk trail to the Swamp  
• A blind is provided for birding 

3 Cabaret Cave  • Part of Yanchep National Park 
• Open to the public for special events, e.g., can be hired for weddings 
• Many other tourist/recreation features nearby in the Park. 

3 Lake Goollelal  • Part of Yellagonga Regional Park 
• An active Friends of Yellagonga Regional Park group 
• Open water year round. 
• Large open space area on the west side but little fringing vegetation  
• Aboriginal cultural values (camp, burial). Interim listing. 

3 Lake Jaulbup 
(Shenton Lake) 

• A neighbourhood-scale feature in a residential area 
• A few adjoining recreation facilities, including a basketball hoop and 

playground equipment 

3 Jackadder Lake • Used by the Perth Radio Sailing Club to hold regular races 
• A neighbourhood-scale feature 
• Popular open space area for the surrounding residential area 
• Education (Ribbons of Blue program) 
• Manicured park setting; limited fringing vegetation. 

3 Dianella Regional 
Open Space 

• There are a number of adjoining recreation facilities, including several 
ovals and tennis courts 

• Pathway network used by locals for walking/jogging and cycling 

3 Beenyup Swamp • Part of Yellagonga Regional Park 
• Yaberoo Budjara Heritage Trail 
• Active Friends of Yellagonga Regional Park group 

3 Walluburnup 
Swamp 

• Part of Yellagonga Regional Park 
• Yaberoo Budjara Heritage Trail 
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Category  Feature Rationale for category assignment 

• Active Friends of Yellagonga Regional Park group 

3 Neerabup Lake • Orchestra Shell Cave (significant Aboriginal site) 
• Currently surrounded by market gardens and private residences 
• Degraded site due to lack of active management. 
• Lower landscape rating than other wetlands in East Wanneroo chain  
• No management plan 
• Heritage values (lime kilns, historic fig trees) 

3 Lake Nowergup • High landscape values 
• Mythological site of Aboriginal significance  
• Proximity to Wanneroo Rd 
• No public access to the Reserve or Lake; no recreation on site 
• Water quality issues (e.g., nutrients from nearby land uses) 

3 Pipidinny Swamp • Part of Yanchep National Park but removed from recreation nodes 
• Yaberoo Budjara Heritage Trail  

3 Lake Yonderup • Part of Yanchep National Park 
• Relatively undisturbed wetland 
• Higher conservation value than Pipidinny Swamp 

3 Water Cave, 
Carpark Cave, 
Twilight Cave, 
Boomerang Cave 

• Caves are part of Yanchep National Park 
• Research sites 
• No general public access 
• Root mat communities 

3 Lake Pinjar • Currently not easily accessible due to location in State forest 
• Future recreation node in the Gnangara Park Concept Plan  

4 Melaleuca 
(Dampland 78 & 
EPP 173) 

• Located in Melaleuca Park 
• Bushwalking trail runs between Yanchep N.P. and Melaleuca Park 
• Designated in Gnangara Park Concept Plan as a Park area with minimal 

recreation 

4 Lake Jandabup • High landscape values. Landscape corridor connecting L. Mariginiup 
• No public access or recreation on site 
• Part of fragmented wetland chain 
• No management plan 

4 Lake Mariginiup  • High landscape values. Landscape corridor connecting to L. Jandabup  
• Population in local catchment likely to increase  
• Part of fragmented wetland chain  
• No recreation or recreation facilities on site 
• Degraded by multiple fires 
• No management plan 

4 Lake Gnangara  • Several registered Aboriginal sites 
• Many of the former social values have been degraded 
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3.2 Classification by Participants  

3.2.1 Workshop Task 

Workshop participants were asked to assign features to categories and provide their reasons. 
They used the same four point scale applied earlier by the study team. Features assigned to 
Category 1 were considered to have the highest net or overall in situ social values. Those in 
Category 4 were considered to have the lowest in situ social values in relative terms. 
Participants were encouraged to focus on those features with which they were more familiar. 
If they felt they had insufficient knowledge to comment on a particular feature they could 
simply leave the feature blank. 

3.2.2 Discussion of Participant Preferences 

While some participants were comfortable with assigning features to social value categories, 
others were uncomfortable with the concept and viewed it as fatally flawed. This division 
reflected different paradigms or worldviews. These participants viewed the LAC process as a 
back-door attempt by the DoW to set management priorities by dropping lower rated 
wetlands from further management consideration. After noting that the Swan Coastal Plain 
has already lost at least 80 per cent of its wetlands due to human activities (e.g., land 
clearing), they argued that all remaining wetlands should be given the same high management 
priority. From their perspective, any form of priority setting could result in additional losses 
at a time when there is no room for further erosion of wetland resources.  
 
Most workshop participants assigned the majority of features to Category 1 (i.e. highest 
relative social value) (Table 10). Three participants assigned all features to Category 1. The 
reasons why participants assigned a feature to a particular social value category provides 
insight to the attributes given the greatest weight by participants. The dominant reasons for 
assigning a feature to Category 1 were: 

• The feature is a component of a larger valued management unit (e.g., part of a national 
park). The larger unit may already be established (e.g., Yellagonga Regional Park) or 
planned (e.g., Gnangara Park)    

• The feature has high ecological value 

• The feature has high visitor numbers 

• The feature has a defining characteristic or iconic status 

• The feature is situated in an area of increasing urbanization 
 
Not all features assigned to Category 1 reflected all of these attributes. In some cases a 
particular attribute of the specific context determined the category assignment. In the case of 
Lake Monger, many participants viewed it as a feature attracting large visitor numbers but 
not as a feature with high ecological values. Despite this, it was assigned to Category 1 by all 
those who rated the feature (n = 12). 
 
Participants were loath to place a feature in Category 4, the lowest of the social value 
categories. Only three features received a Category 4 designation from more than one 
participant. These were: Lake Pinjar, Pipidinny Swamp and Melaleuca Park. The dominant 
reason for their assignment to Category 4 was the lack of public access or small visitor 
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numbers. It is worth noting that during stakeholder interviews it was evident that Lake Pinjar 
and Melaleuca Park were the least well known of the features. 
 
Table 10 Participant assignment of features to categories 

Participant category assignments Feature 

1 2 3 4  
 % (freq.) % (freq.) % (freq.) % (freq.) n 
Yanchep N.P.       
Loch McNess 100% (12) 0% 0% 0% 12 
Crystal Cave  100% (11) 0% 0% 0% 11 
Pipidinny Swamp 50% (5) 20% (2) 10% (1) 20% (2) 10 
Lake Yonderup 64% (7) 9% (1) 27% (3) 0% 11 
Water, Carpark, Twilight & 
Boomerang caves 

80% (8) 0% 10% (1) 10% (1) 10 

      
Whiteman Park      
Whiteman Park Bushland  73% (8) 27% (3) 0% 0% 11 
Horse Swamp 50% (4) 50% (4) 0% 0% 8 
Bennett Brook 100% (12) 0% 0% 0% 12 
      
Yellangonga R.P.      
Lake Joondalup  100% (12) 0% 0% 0% 12 
Lake Goollelal  78% (7) 0% 22% (2) 0% 9 
Beenyup Swamp 89% (8) 0% 11% (1) 0% 9 
Walluburnup Swamp 80% (8) 0% 20% (2) 0% 10 
      
Herdsman Lake 83% (10) 17% (2) 0% 0% 12 
Perry Lakes 82% (9) 18% (2) 0% 0% 11 
Star Swamp 75% (9) 25% (3) 0% 0% 12 
Lake Claremont 30% (3) 60% (6) 10% (1) 0% 10 
Lake Gnangara  75% (6) 12.5% (1) 12.5% (1) 0% 8 
Lake Monger 100% (12) 0% 0% 0% 12 
Lake Gwelup 66% (8) 17% (2) 17% (2) 0% 12 
Neerabup Lake 62.5% (5) 25% (2) 12.5% (1) 0% 8 
Big & Little Carine Swamps 58% (7) 42% (5) 0% 0% 12 
Lake Jaulbup  57% (4) 0% 43% (3) 0% 7 
Jackadder Lake 50% (4) 0% 50% (4) 0% 8 
Lake Pinjar 50% (5) 10% (1) 10% (1) 30% (3) 10 
Melaleuca Park  62.5% (5) 0% 12.5% (1) 25% (2) 8 
Dianella Regional Open Space 62.5% (5) 0% 37.5% (3) 0% 8 
Lake Nowergup 89% (8) 0% 11% (1) 0% 9 
Lake Jandabup 78% (7) 11% (1) 0% 11% (1) 9 
Lake Mariginiup  78% (7) 11% (1) 0% 11% (1) 9 
n = number of participants who assigned a category. 
 
Participants were divided in their opinions of the wetlands in the inner suburbs such as: Lake 
Jaulbup, Jackadder Lake, Lake Claremont, and Dianella Regional Open Space. Some 
participants rated these highly (e.g., Category 1) while others rated them as having less 
relative value (e.g., Category 3). 
 
Although the East Wanneroo Wetland Chain is not a formal management unit, a number of 
participants noted the hydrological relationships among these wetlands. This suggests it is 
important to these participants that these wetlands are assessed and managed in a collective or 
holistic manner. The three most southerly wetlands of the chain (i.e. Lake Mariginiup, Lake 
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Jandabup and Lake Gnangara) were evaluated very similarly by participants. This may reflect 
the view that these three wetlands have similar management issues. It may also, in part, be an 
artefact of the features having been listed next to one another in the workshop data forms. 
 
Appendix D documents the participants’ reasons for assigning features to particular 
categories.  

3.3 Alternative Classification Scheme 

3.3.1 Attribute Scoring Matrix 

As an alternative to the attribute clustering approach described in Section 3.1, several 
workshop participants recommended the use of a scoring system to rate each feature against 
each attribute. Following the workshop, the study team developed a scoring matrix. For each 
attribute, the condition constituting a positive score was defined (Table 11). Each feature was 
then evaluated against the revised attributes. If a feature met the conditions of an attribute, it 
received a positive score ( ) for that attribute. There was no relative weighting of the 
attributes.  
 
Table 11 Basis for scoring features  

Attribute A positive score was given if: 

Aboriginal heritage The feature possesses at least one registered Aboriginal site  

Non-Aboriginal heritage The feature is listed on the Register of the National Estate or by the WA 
Heritage Council  

Birding / nature 
observation 

The feature is considered significant by the birding community and/or 
nature observation is a characteristic of particular note  

Picnic / walking / 
running/ cycling 

The feature has picnicking/barbequing facilities and/or pathways for 
walking/running/cycling  

Visitor catchment A significant proportion of the feature’s visitors come from beyond the 
local or regional area. 

Complimentary land uses Adjacent land uses compliment those of the feature (e.g., public open 
space, bushland, outdoor recreation or education features) 

Potential for increased 
social value 

The feature is likely to increase significantly in social value due to 
expected local population growth and/or the potential to increase the 
feature’s in situ social values through active management (e.g., provide 
public access and facilities)  

Education The feature offers education programs and/or is used by primary, 
secondary or tertiary schools as an outdoor classroom. 

Research The feature is of high scientific value and/or is the subject of university or 
government agency research studies  

Management plan The feature has a management plan (published or draft) 
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Active community group There is a community-based group currently involved in the feature’s 
management (e.g., weed control) 

Land security The feature is part of a large formal management unit and/or located within 
a National Park or Regional Park 

High quality native 
vegetation or habitat  

The feature possesses good quality native vegetation and/or habitat 

Rare or endangered 
species  

The feature provides habitat for a rare or endangered species 

No significant water 
quality issues 

The feature is not at risk from acidification or the effects of nutrient 
loading and/or does not rely on stormwater for a significant portion of its 
water.  

Unique characteristic The feature includes a use or value that would be hard to substitute  

 

Each  was given a value of 1. For instance, Crystal Cave received a  for nine attributes 
and an overall in situ social value score of nine. The higher the score, the greater the net or 
overall in situ social value of the feature.  
 
The results of the scoring exercise are shown in Table 12. Using this scoring system, Lake 
Joondalup (12) received the highest in situ social value score followed by Loch McNess (11), 
Whiteman Park’s bushland (10), Bennett Brook (10) and Herdsman Lake (10). The features 
scoring the poorest were: Melaleuca Park (3), Dianella Regional Open Space (3), Lake 
Nowergup (3), Lake Jandabup (3) and Lake Mariginiup (3). 

3.3.2 Methodological issues  

A comparison of the results of the two methods of categorizing features revealed few 
significant differences. Those features that rated well using the first method also performed 
well with the second method. For instance, Loch McNess had a high rating when either 
method was employed. Some features did improve their rating a little using the second 
scheme. These were: Pipidinny Swamp; Water, Carpark, Twilight & Boomerang caves; 
Whiteman Park bushland; Lake Goollelal; Beenyup Swamp; Walluburnup Swamp; and Lake 
Gnangara. This is due to the second scoring method giving greater acknowledgement to 
features that are part of larger management units. 
 
Some features declined slightly in their relative significance. These features were: Crystal 
Cave; Perry Lakes; Star Swamp; Big and Little Carine Swamps; Lake Nowergup; and 
Dianella Open Space. The only feature to change significantly in its relative standing was 
Lake Monger. It dropped significantly when the second system was applied.  
 
Caution must be taken in interpreting the results of the above analysis. By definition, the 
scores for the features reflect the attributes selected for the evaluation. A different set of 
attributes would have generated different results. The scoring scheme applied was quite 
simplistic in some respects as well as being necessarily subjective. 
 
It might be argued that a more complex scoring system should have been applied to further 
tease out the differences among the features. For instance in the case of the Aboriginal 
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heritage attribute, a feature received a positive score if it contained a registered site and no 
score if it did not. Yet some features contained many registered Aboriginal sites while others 
contained only one. This difference is not reflected in the scoring scheme. It could be argued 
that the scoring system should be refined to allow features with multiple sites to be given a 
greater score than those that contained fewer. Arguments along similar lines could be made in 
relation to a number of the attributes. In the case of recreational use, the scoring could have 
been designed to acknowledge the value of different types of recreational uses or the number 
of different types of uses. However this would require developing additional rules or criteria 
to discriminate among recreational uses and their respective values.   
 
Further, different weights could have been applied to the various attributes to reflect their 
relative importance. In the end the consultant decided that a more complex scoring scheme 
was not warranted given the quality of data available to the evaluation. A more complex 
scoring scheme would probably generate an allusion of sophistication and greater precision 
that is not warranted by the data and the necessarily subjective nature of the evaluation.    



Table 12 Scoring of features by attributes 
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Yanchep N.P.                   
• Loch McNess                 11 
• Crystal Cave                  9 
• Pipidinny Swamp                 9 
• Lake Yonderup                 6 
• Water, Carpark, Twilight & Boomerang Caves                 7 
                  
Whiteman Park                  
• Whiteman Park Bushland                  10 
• Horse Swamp                 8 
• Bennett Brook                 10 
                  
Yellangonga Regional Park                  
• Lake Joondalup                  12 
• Lake Goollelal                  8 
• Beenyup Swamp                 8 
• Walluburnup Swamp                 7 
                  
Herdsman Lake                 10 
Perry Lakes                 8 
Star Swamp                 10 
Lake Claremont                 9 
Lake Gnangara                  4 
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Lake Monger              ?   5/6 
Lake Gwelup                 6 
Neerabup Lake                 4 
Big & Little Carine Swamps                 5 
Lake Jaulbup (Shenton Lake)                 4 
Jackadder Lake                 4 
Lake Pinjar                 4 
Melaleuca Park                  3 
Dianella Regional Open Space                 3 
Lake Nowergup                 3 
Lake Jandabup                 3 
Lake Mariginiup                  3 

1 The higher the raw score the higher (i.e. more significant) the net in situ social values of the feature. 
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CHAPTER 4: SOCIAL WATER REQUIREMENTS 

4.1 Stakeholder Perceptions 

As defined by Statewide Policy No 5 (Environmental Water Provisions Policy for Western 
Australia), ‘Social Water Requirements’ are the “elements of the water regime that are 
identified to meet social values” (WRC 2000). In other words, the water characteristics (e.g., 
quantity, quality) needed to maintain the in situ (non-consumptive) social values of the water 
resource including its dependent ecosystems.  
 
During the stakeholder interviews, study participants were asked to describe the water 
characteristics required to support the social values associated with a particular feature (i.e. 
GDE). Participants commented on those features they knew well rather than on all features in 
the study. For features with multiple in situ social values, participants were asked to indicate 
the water requirement for each type of value. The social water requirements identified by 
stakeholders are displayed in Table 13. They should not be considered consensus views.   
 
In some instances the manager of a specific waterbody was able to identify the social water 
requirement as a certain depth of water. Examples were Lake Monger and Perry Lakes which 
are managed to specified water levels. 
 
However the majority of study participants found the social water requirements difficult to 
describe in such precise or empirical terms. They tended instead to provide more generalised 
and qualitative responses. For a number of features, stakeholders indicated if water conditions 
met the ecological needs of the existing habitat then this would be adequate to support the in 
situ social values of the feature (e.g., Dianella Regional Open Space, Lake Yonderup and 
Whiteman Park bushland). The ecological water requirements6 and the social water 
requirements are the same. This is not surprising given the close relationship between the 
ecological and in situ social values of many of the Mound’s GDEs.  
 
Other stakeholders identified particular flora (e.g., Tuart trees) or fauna (e.g., long-necked 
turtle, Black Swan) whose continued well being was central to maintaining in situ social 
values. Fulfil the water requirements of the particular species and the in situ social values 
would be supported as well. Features viewed in this way included Lake Monger (Black 
Swans and tourism), Star Swamp (Melaleucas and heritage values), and Bennett Brook (long-
necked turtles and nature observation). 
 
For some features, resource management issues defined the social water requirements. For 
instance, acid sulphate soils pose a threat to recreation at Lake Gwelup, burning peat at 
Neerabup Lake diminishes aesthetic values, and algal blooms at Herdsman Lake negatively 
impact on education values.   
 
In some instances the social water requirements recommended to maintain one type of in situ 
social value conflicted with maintaining other in situ social values of the same feature. An 
example is Big and Little Carine Swamps in the City of Stirling. Birding is a popular activity 
at this location. The seasonal exposure of mudflats plays an important role in attracting  

 
6 Ecological water requirements are the water regimes needed to maintain ecological values of water dependent 
ecosystems at a low level of risk (WRC 2000). 



Table 13 Social water requirements by feature 

Feature Type of social 
value 

Stakeholder views on social water requirements 

Recreation Sufficient water levels need to be maintained to ensure the boat hire remains viable. The lake bed should not be allowed to 
dry out as it will crack and later leak. 

Recreation Water conditions must maintain the health of Tuart trees found along bush trails.  

Loch McNess 

Recreation The Lake is a popular picnic spot.  Water levels need to be maintained to provide the current views of open water and to 
prevent midges from invading the picnic areas. 

Crystal Cave  Tourism/Education Ideally improve water levels through the re-hydration programme. Historically the water in the cave was a significant part 
of its attractiveness to visitors (e.g., water reflections). 

Aesthetic 
 

When the council dropped the water level to complete a revegetation project, this attracted complaints from some 
residents. When levels were returned to their former state the concerns stopped.  The lake is currently maintained at a 
maximum of 13 mAHD. 

Tourism Tourists visit to see the Black Swans.  Water level suitable for the Black Swan should be maintained. 

Lake Monger 

Recreation Birding is a popular activity.  Water level should ensure that birds continue to visit the area.  This includes some 
fluctuation in water levels along the south west corner. 

Education Algal blooms occur most summers and diminish the educational value.  Measures needed to reduce the algal blooms. Herdsman Lake 

Recreation Birding is a popular activity at the lake.  Water level should ensure that birds continue to visit the area.   

Perry Lakes Recreation Both Lakes are supplemented to 3m AHD. This level should be continued. 

Aesthetic Low water levels in summer result in a strong odour and midges, which decreases the social value for residents. No 
consensus in community on desired water conditions. Some prefer the seasonal fluctuations while others want surface 
water year round.  

Lake Joondalup  

Recreation Birding is popular.  Water levels need to continue to fluctuate to attract the current diversity of bird species. 

Aesthetic The Melaleucas need to be maintained so that the area’s social value is not diminished. Star Swamp 

Recreation The Melaleucas need to be maintained so that the value of the Star Swamp Heritage Trail is not diminished. 
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Feature Type of social 
value 

Stakeholder views on social water requirements 

Aesthetic Visitors enjoy seeing flowing water in the River. Visible flows should be maintained year round. 

Nature observation Long-necked turtles and native fish are visitor attractions. Need to provide sufficient water levels to support these species. 

Bennett Brook 

Recreation A recreation node has been created at Mussel Pool. The Pool needs to have water year round to maintain social value. 

Lake Claremont Aesthetic The Lake dries out completely most summers but is not a source of complaints to Council. No change sought. 

Recreation Birding is popular.  The exposure of mudflats is an important in attracting wading birds. This should continue but levels 
should not dry out completely. 

Aesthetic Some local residents have expressed concern about the drying conditions at Big Carine Swamp. Want sufficient water to 
avoid exposed mudflats (conflicts with recreation value above). 

Big & Little Carine 
Swamps 

Aesthetic The mudflats are attractive to some as they reflect the natural cycles experienced by a wetland (conflicts with aesthetic 
above).  

Recreation 
 

Birding is popular.  Water needs to be maintained to a level to retain the birds (includes wader and water birds).  

Recreation There are large areas of fringing vegetation on the Lake’s north side. Water requirements need to meet the ecological 
needs of this vegetation (particularly Melaleucas) in order to retain the social value of walkways in this area.  

Recreation The water quality has been diminished due to exposure of nearby acid sulphate soils and general run-off.  The quality of 
the water needs to be maintained to level so that fringing vegetation is not harmed. 

Lake Gwelup 

Aesthetic The past two summers the Lake has dried out completely and the local government has received about half a dozen 
complaints.  The drying has diminished the social value.  Water needs to be visible at all times. 

Aesthetic Sufficient water levels are needed to support the native bushland. Want to avoid any repeat of the vegetation deaths that 
occurred in the early 1990s due to low watertable levels (attributed to PWS pumping which was subsequently modified).    

Nature observation The vegetated areas provided habitat to a number of species, such as bandicoots, wallabies (e.g., western brush wallaby) 
and the honey possum.  Requirements are as above for bushland. 

Whiteman Park 
Bushland 

Recreation 
 

Birding is popular.  Water needs to be maintained to a level that will provide healthy bush habitat for the birds.   

Horse Swamp Recreation 
 

Water conditions need to be maintained to support current diversity of bird species popular with birders.   
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Feature Type of social 
value 

Stakeholder views on social water requirements 

Recreation 
 

A viewing platform caters to birding.  Water levels need to be maintained to continue attracting birds to the area. Lake Goollelal  

Aesthetic 
 

Open water should be maintained, as people enjoy viewing the open water of the Lake. 

L. Jaulbup (Shenton L.) Aesthetic 
 

Different opinions in community. Some want seasonal fluctuations while others desire water year round.  

Recreation Water needs to be maintained to a level adequate for the Perth Radio Sailing Club to continue using the Lake. 

Aesthetic A 2005 landscape review identified some local opposition to planting of additional native vegetation if residential views 
would be altered. A significant drop (e.g., half metre) in water level would reduce the social value. 

Jackadder Lake 

Aesthetic The mudflats are attractive to some as they reflect the natural cycles experienced by a wetland (conflicts with aesthetic 
above). 

Dianella Regional 
Open Space 

Recreation Ecosystem health of bushland areas needs to be maintained to retain the social value of walk trails.  

Beenyup Swamp Aesthetic Part of a larger chain of wetlands and landscape unit. No specific comments received on social water requirements. 

Walluburnup Swamp Aesthetic Part of a larger chain of wetlands and landscape unit. No specific comments received on social water requirements. 

Future potential Currently degraded but there is potential to increase the social value of the area.  Nearby heritage features and karst 
systems provide opportunities for recreation and tourism.  The seasonal presence of water would be beneficial. 

Aesthetic The soils need to be moist to prevent the area from burning, which detracts from the value of the Lake. 

Neerabup Lake 

Aboriginal heritage The roof of Orchestra Cave (an important archaeological site) has partially collapsed. This has been attributed by some to 
dehydration of the limestone due to a declining watertable.  

Lake Nowergup Aesthetic The Lake is currently supplemented, enabling it to maintain water year round.  Part of a valued landscape. Some concern 
about supplementation concept but no desired water conditions described. 

Pipidinny Swamp Recreation Water conditions must maintain the health of Tuart trees found along bush trails. Also meet needs of local bird 
populations. 

Lake Yonderup Aesthetic The Lake is part of a larger chain of wetlands adding to the value of those in Yanchep National Park. Meet ecological 
water requirements. 
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Feature Type of social 
value 

Stakeholder views on social water requirements 

Research Rootmat communities attract researchers.  Water conditions need to be suitable to sustain the rootmat communities. Water, Carpark, 
Twilight & Boomerang 
Caves Aesthetic/recreation Water no longer runs year round in most of the caves.  Much of the social value has been lost for cave enthusiasts. 

Lake Pinjar Future potential 
 

Currently has minimal social value. No comments received. 

Melaleuca Park Recreation 
 

Recreational activities based on bushland experience (e.g., Coastal Plain Walk Trail). No specific comments received. 

Aesthetic The Lake, its surrounds and fauna (especially frogs) compliment the area’s rural character. If the lake was dry year round, 
the social values would be diminished. 

Lake Jandabup 

Future potential Currently degraded but there potential to increase the social value of the area, especially in light of encroaching 
urbanization.  The area has the potential to introduce recreational activities for the increased population. 

Lake Mariginiup  Aesthetic The Lake and its surrounds compliment the area’s rural character. If the lake was dry year round, the social values would 
be diminished. 

Recreation The Lake has experienced considerable degradation, reducing its social values. Lake Gnangara  

Recreation/ 
Aesthetic 

Some used to visit the Lake to picnic and see open water; this ability should be restored 

 
 

 



wading birds to the Swamps. However, from an aesthetic perspective, some local residents 
want sufficient water year round to avoid exposed mudflats. Lake Joondalup is another 
example. Low water levels in summer result in a strong odour due to anaerobic activity. For 
some area residents this, along with midge problems, decreases the in situ social values of the 
feature. They would like to see year round surface water at the Lake. 
 
For some features there is little local community agreement regarding social water 
requirements. In the case of Lake Joondalup, while some would like year round open water, 
others view the low Lake levels in summer as part of the ecosystem’s natural cycle and thus 
not a problem. Some of the Inner Suburb wetlands display community division over whether 
the wetlands should be encouraged to function as natural ecosystems (e.g., significant 
seasonal fluctuations and periods of drying; native vegetation) or be maintained primarily for 
their amenity values (e.g., manicured parkland and year round surface water). Local 
governments often find themselves trying to find the right balance between conflicting 
community views of this type. Examples include Lake Jackadder and Lake Jaulbup (Shenton 
Lake). 

4.2 Aboriginal Cultural Values and Social Water Requirements 

Estill & Associates (2005) reported that all lakes, swamps, springs and wetlands are of 
cultural value to Aboriginal people either through a spiritual connection or a heritage 
connection stemming from knowledge that their ancestors used and lived in these places.  

Nyungar perspectives on groundwater are embedded in a complex web of social and 
cultural values focusing on groundwater and surface water resources, flora and 
fauna. From a Nyungar perspective, the total ecological system is valued and 
considered to be at risk because of perceived changes to the groundwater 
environment (Estill & Associates 2005, p.74).  

Many of the caves on the Gnangara Mound feature in Dreamtime stories. In the past, the 
watertable was higher and most caves contained fresh water. Today many have gone dry. 
Many Nyungars are concerned about the impact of a declining watertable on the caves (and 
other GDEs), as demonstrated by the following statement by a Senior Nyungar Elder (Estill 
& Associates 2005, p.64).  

The cave systems are not being watered as they naturally ought to be. They are all 
drying up, especially in Yanchep, you know. They are all drying up which is a crying 
shame. The caves are very significant to us [the Nyungar community]. 

Estill & Associates (2005) observed that “Any degradation to groundwater features 
constitutes a cultural impact whether that degradation is caused by natural climatic cycles, 
climate change or over-exploitation of the groundwater resource” (p.73). Their consultations 
with Aboriginal representatives resulted in frequent requests that impacts on wetlands and 
flowing water be avoided. Decreasing existing draw down rates was viewed on its own as 
insufficient without other management actions including protecting remaining wetlands and 
better regulation of urban expansion. The study recommended that wherever possible water 
flows be maintained and/or restored. Nyungar representatives were unanimous in their calls 
for all remaining wetlands to be maintained (Estill & Associates 2005). The report identified 
a number of features deserving higher management priority to alleviate diminishment of 
Aboriginal cultural values (Table 13).  
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Table 13 High management priority wetlands  

Loch McNess 
Lake Monger 
Herdsman Lake 
Perry Lakes 
Lake Joondalup 

Lake Claremont 
Lake Gwelup 
Lake Goollelal  
Lake Jaulbup  
Neerabup Lake 

Lake Mariginiup  
Lake Gnangara  
Bennett Brook  
Pipidinny Swamp 
Lake Nowergup 
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CHAPTER 5: MANAGEMENT OF AT RISK FEATURES 

During the workshop, stakeholders took a closer look at a number of groundwater-dependent 
ecosystems with pressing resource management issues. This included features whose water 
levels are currently being supplemented by government agencies (i.e. some Yanchep caves, 
Lake Nowergup and Lake Jandabup). The other features were Lake Joondalup, Neerabup 
Lake and Lake Mariginiup. 
 
The following documents the range of views and perspectives voiced during this session of 
the workshop. Unless identified as such, individual views should not be treated as consensus 
views of the workshop participants.  
 
5.1 Lake Joondalup 

There was consensus among the participants that the number one management priority for 
this feature should be a healthy ecosystem. Wetlands in Yellagonga Regional Park are 
eutrophic with high phosphorus concentrations. Participants noted various nutrients sources 
including nutrient-enriched water flowing from Walluburnup and Beenyup Swamps. The 
former market gardens in the south-west corner of the Lake were identified as another 
nutrient source. Land uses within the catchment (e.g., horticulture and residential) were 
viewed as further contributing to the problem. Catchment management was considered a 
solution but there were questions regarding how to manage the existing nutrients in the Lake. 
There were also concerns about how long it would take to change land use practices 
sufficiently to improve water quality in the Lake. 
 
The amenity value of the Lake was a dominant theme. For a number of years, the seasonal 
fluctuations in water levels at Lake Joondalup have drawn complaints from some community 
members. When the Lake dries, aerobic activity in the exposed mud flats generates a 
distinctive and unpleasant odour. Midge outbreaks have also been a problem drawing 
complaints from area residents.   
 
There was agreement that the odour and midge issues were real. However there were 
conflicting views as to their preferred management. On the one hand it was argued that “We 
can’t ask people to move so we must address the issues of midges and smell”. It was 
suggested the Lake be stocked with more fish to rid the midge problem. On the other side of 
this issue was the view that odours and midges were part of the dynamics of the lake and thus 
people should get used to the situation as “there isn’t much that can be done”. 
 
Public education was seen by some participants to be a key element of any strategy to address 
resident concerns about odours and midges. Those advocating a public education campaign 
believed that many local residents, like the general public, have little understanding of the 
ecosystem and its dynamics. If this knowledge was provided it was hoped that attitudes 
would change. A participant experienced in community education efforts in water catchments 
noted that changing public attitudes is not easy and takes considerable time. In addition, it 
can be difficult to measure the impact of public education efforts on resident attitudes and 
behaviours.   
 
There were several comments regarding historical lake levels and the expectations of 
residents in the area. The observation was made that the Lake used to dry out in summer. It 
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was residential development in the area that slowly raised the water table and Lake level in 
more recent times. However, over the last 7-8 years the water has dropped again. Recent 
residents were likely to believe the area was historically wet when in fact it used to be dry in 
summer.  
 
It was argued that the rate of decline in the water level had been faster than the ability of 
residents to cope with the change in conditions; resulting in resident dissatisfaction. The 
situation at Lake Joondalup may be an indicator of what could happen at other wetlands when 
urbanization encroaches. Despite the potential for short term increases in water levels due to 
land clearing, these gains were unlikely to be sustained over time. The subsequent decline 
would be viewed by newcomers as an undesirable change in the ‘natural’ conditions.  
 
It was argued that rather than trying to define how much change would be acceptable, 
emphasis should be placed on establishing the “ways things ought to be”. It was noted that 
although Lake Joondalup is not a listed Ramsar site, it possesses the characteristics to qualify 
for that status and should be managed accordingly. The current pattern of water fluctuation 
was needed to sustain the diversity of birds.  
 
5.2 Lake Jandabup  

The Water Corporation (WC) representative at the workshop indicated Lake levels had been 
negatively impacted due to a number of factors. These were: the pine plantations to the east, 
local area private abstraction (e.g., horticulture), public water supply abstraction by the WC, 
and environmental factors including less rainfall and climate change. 
 
In the 1980s the WC constructed a number of public water supply bores in the vicinity of the 
Lake. When the Lake level began dropping and environmental impacts became a concern, the 
three bores closest to the Lake were decommissioned by the WC. This occurred nearly 20 
years ago. The WC has been responsible for supplementing water levels at the Lake since 
1989. The Water Corporation’s supplementation program has operating costs of 
approximately $30,000 per year. In addition, it utilizes approximately one gigalitre of water 
per year from the Integrated Water Supply System (IWSS). 
 
The discussion raised the issue of equity in terms of who should take responsibility for 
sustaining the water levels when multiple factors are involved. Horticultural operations which 
use local groundwater for irrigation remain a contributing factor in the decline in Lake water 
levels. The equity of the current assignment of responsibility for supplementation was 
questioned by the Corporation.  
 
The merits of artificially supporting Lake water levels also drew comment. “It is ludicrous to 
supplement the wetlands. It is only a band-aid”. While the quoted participant did support the 
use of water supplementation in cases where acid sulphate soils are a problem, 
supplementation was viewed as otherwise unacceptable. “We can’t continue to do this type of 
intensive care”. 
 
Another participant was willing to support supplementation during part of the year but not 
throughout a year. “Winter supplementation is okay but summer supplementation is not okay. 
We should stop supplementing around September”. 
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Some participants viewed water supplementation as a temporary or stop-gap measure until 
more permanent solutions could be found. “Supplement until the pines are harvested and then 
reassess if we need to continue to supplement”. Another noted that water supplementation 
provided resource managers with the opportunity to gather additional information about the 
system and hopefully make better long term planning decisions about the resource. “It buys 
us time to do the work that needs to be done to make an informed choice”. 
 
Rather than rely on measures such as water supplementation, it was argued by some that 
water resources need to be managed in a more sustainable manner. We need to be “looking at 
the big picture” and exploring all options and choices. The use of alternative water supply 
sources was raised. One participant argued that water supply planners and water resource 
managers should be giving more serious consideration to wastewater reuse. The water that 
drains from Herdsman Lake to the ocean was cited as an example of a wasted water resource.    
 
Concerns about acid sulphate soils drew comments from a number of participants. The Lake 
experienced an acidification event in 1997. In response, the Water Corporation’s 
supplementation regime was altered to prevent excessive drying of the Lake. This has 
increased surface water levels and enabled the Lake to recover from the acidification event. It 
was noted that although the Lake had rebounded, the soil conditions still exist for additional 
problems in the longer term.  
 
Concern was expressed about acid sulphate soils potentially contributing to human health 
problems. An example scenario cited was an acidic plume developing in the water table and 
infiltrating local area private bores. A participant noted that arsenic problems caused by acid 
sulphate soils in the Gwelup area had negatively impacted Lake Gwelup7.  
 
A birding expert noted that Lake Jandabup had been a highly valued bird habitat but its value 
had diminished somewhat. In the mid-1980s, it was sufficiently significant to fall under the 
JAMBA and CAMBA agreements8. However as conditions at the Lake changed, including a 
decline in water levels, the highly valued bird species that had given the Lake and surrounds 
their significance no longer visited. This includes the Little Bittern and the threatened 
Australasian (Brown) Bittern9. Neither has been recorded in the area in the last ten years.   
 
It was noted that when the Gnangara Pine Plantation to the east is harvested, local 
groundwater levels may rise to some extent. If local private abstraction was cut back this 
might also be beneficial. However, in plotting a sustainable course for the future management 
of Lake Jandabup, the impact of climate change would need to be addressed as it could 
contribute significantly to declining water levels in the longer term.  
 

                                                 
7 Investigations in the suburb of Stirling (adjacent to suburb of Gwelup) “… indicated the oxidation of sulphide 
rich peat due to dewatering and peat excavation resulted in release of large amounts of metals particularly 
aluminum and iron, but also heavy metals such as lead and arsenic into the groundwater” (DoE 2004a, p.9).  In 
2004 the DoE advised domestic bore owners in the suburbs of Stirling, Gwelup and Innaloo “…of possible 
groundwater acidification” (DoE 2004b, p.1). 
8 The JAMBA and CAMBA agreements include terrestrial, water and shorebird species that migrate between 
Australia and Japan and Australia and China respectively.  
9 Internationally, the Australasian Bittern is considered to be globally threatened (Endangered: IUCN). Its 
threatened status is unrecognised under national laws. Source: Department of Environment and Heritage. 2004. 
The State of Australia's Birds.  
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While removal of the pine plantations could improve groundwater levels in the area, resource 
managers needed to address the welfare of the endangered Carnaby’s Black Cockatoo in their 
plans for harvesting the pines. It was argued the pines should be harvested slowly enough to 
allow the Cockatoo to adjust to the changes in its habitat. 
 
Other issues raised during the discussions on Lake Jandabup were: 
 

• A participant observed that surface water is a valuable aspect of a landscape. However 
maintaining water for this purpose may not be as important as some other factors.  

 
• There are large amounts of organic peat soils in the western half10 of the Lake. If 

these soils dry out, they can pose a severe fire hazard. Peat soils can burn for long 
periods of time. 

 
• To increase water levels in the Lake, a participant identified dredging as an option. 

 
• When planning the future of water bodies on the Gnangara Mound, an ecosystem 

perspective was needed. For instance, the focus should not be restricted to a lake’s 
water level but also include the supporting vegetation.  

 
5.3 Lake Mariginiup  

Many participants noted that Lake Mariginiup and nearby Lake Jandabup have a number of 
resource management issues in common (e.g., organic soils, local land use pressures, private 
abstraction nearby). Lake Mariginiup is part of a suite of 6-12 wetlands. Similar to other 
members of the wetland suite, both Lake Mariginiup and Lake Jandabup have organic rich 
soils and the potential for acid sulphate conditions. There appears to have been a decline in 
the capacity of area soils to buffer acid conditions. These vulnerable areas will progressively 
become more acidic if not managed appropriately. 
 
Water levels at Lake Mariginiup have been in decline for many years and in the past five 
years water levels have failed to meet the absolute minimum criteria set for the Lake. The 
DoW is considering a few options with respect to future management of the Lake. At the top 
of that list is supplementation via a scheme similar to that already in use by the Water 
Corporation at Lake Jandabup.   
 
In addition, the DoW is slated to undertake a number of hydro-geological studies at the Lake. 
These studies will provide a better understanding of the interactions between groundwater 
and the Lake’s surface water. An analysis of water chemistry will also be conducted. The 
DoW hopes the knowledge gained from these studies will allow it to apply a well tailored 
supplementation regime if supplementation is ultimately the outcome.  
 
Some participants appeared less convinced that supplementation was the best direction. It 
was again referred to as a band-aid and seen as allowing resource managers to not address the 
real problems which were likely to be more wide spread than just the one wetland. 
Alternatively, it was argued that supplementation could play a valuable interim role while 
needed research is conducted.  

                                                 
10 O’Neill, Horwitz and Lund (2001) identified the south western corner and central south areas of the Lake as 
generally containing “diatomaceous sediments overlain with Fe(OH)3 precipitate” (p.4). 
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One participant expressed frustration that decision makers and even workshop participants 
were not coming to terms with the fact that choices, even undesirable choices, needed to be 
made  “We need to make choices – which wetlands are we going to keep and which aren’t 
we? We have to face reality and the fact that we do have limited resources in terms of 
conservation”. Others picked up on this theme, arguing that “we need to start getting used to 
the fact there isn’t enough water for everything. It is a limiting factor in some cases”.  
 
The philosophical divide among participants regarding water resource management, may 
have contributed to the frustrations expressed by some participants about the need to make 
choices. Whereas some participants believed all remaining wetlands needed to be conserved, 
others felt that, while not an ideal outcome, ultimately some choices would need to be made 
in terms of which features should be given management priority.   
 
As in the case of Lake Jandabup, the WC has turned off public water supply bores in the area 
in response to declines in the water table. However the water table is still below an acceptable 
level. The DoW has identified reduced rainfall and private abstraction (primarily horticulture) 
as the likely main factors currently influencing water levels at Lake Mariginiup.  
 
A number of participants argued that horticulturalists need to be part of the solution and not 
just part of the problem. One participant described government as having a “blind spot in 
terms of private abstraction”, arguing that some and in particular horticulturalists are taking 
more groundwater than they have been allocated. The DoW commented that, to determine the 
extent of private abstraction, the Mariginiup area will be part of the next phase of the 
Department’s metering programme.  
 
Farmer opposition to volumetric charges for water and poor land management practices such 
as allowing stock to graze near the Lake were cited by participants as further examples of the 
farming sector either being allowed to play by a different set of rules or not contributing to 
the solution. Another participant extended the argument to all private bore users. He/she 
noted that private bore owners tended to use water on their gardens and lawns in a reckless 
and wasteful fashion. The complaint was made that private bore owners do not adhere to the 
same standards that scheme users do and this was inequitable. “Ultimately we should all pay 
for our water.” 
 
The proximity of irrigated horticulture to wetlands under stress was viewed by some as an 
incompatible land use situation. Resource management options needed to consider how to 
make horticulture a more compatible land use. This might include moving horticulture away 
from wetlands.  
 
The case was made that local people have a strong attachment to the Lake. The Lake and its 
surrounding land uses (including horticulture) contribute to the rural character of the area 
which is valued and should be maintained. The argument was made that if the area’s rural 
character was to be sustained this would include properties next to the wetland remaining as 
rural land uses. If this was to be the case, these landowners should use less water so as to 
reduce the stress on the water table and wetland. A participant described this as a “trade-off” 
for local landowners being able to retain the rural character they value. “They [landowners] 
need to look after it if they want to enjoy it”. 
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Changing the land and water management practices of local landowners was viewed as 
critical if land uses such as horticulture were to remain in the area. It was noted that in 
attempting to obtain landowner willingness to change practices, it was important to 
understand how the local landowners including the horticulturalists viewed the situation and 
the potential socio-economic impacts associated with any potential changes. This needed to 
occur before any decisions were made about the future of Lake Mariginiup.  
 
In the development of the recent Draft East Wanneroo Land Use and Water Management 
Strategy, land owners around Lake Mariginiup had opposed any scenario involving either 
future urban zoning or an increase in the parks and recreation reservations around Lake 
Mariginiup (WAPC 2005a). This raised a question regarding how much influence local 
landowners should have in decisions regarding the future of the Lake.  
 
While there was consensus that decision makers need to look at the potential values of the 
wetlands in light of planned population growth in the vicinity, there were significant 
differences in views over the role of local landowners. One perspective would encourage 
local empowerment and self-determinism. It was argued that current local landowners are 
central to any improvements in land and water management practices impacting on the Lake 
and groundwater table. Thus it was essential that these landowners have a prominent role in 
determining the desired future for the wetland and surrounds.  
 
This drew an alternative view from another participant who asked “Who is going to represent 
future landholders in the decision making process?” More people will be moving into the 
area, perhaps not on the properties adjacent to the wetland, but close enough that they could 
view the Lake as an important open space resource for their community. Thus existing 
landowners in closest proximity to the Lake should not have the only voice in determining 
the future of a resource with significant ecological and in situ social values for current and 
future generations. 
 
Other issues raised during the discussions on Lake Mariginiup were: 
 

• A number of participants contended that climate change was the dominant factor that 
would determine water levels on the Gnangara Mound in the future. Others argued 
that while climate change would be an influence, this should not be used to 
deemphasize the importance of demand management and wastewater reuse as parts of 
the solution.  

 
• A workshop participant expressed concern that the metering programme would not 

include horticultural properties with multiple bores where each was drawing a 
relatively small amount11.  

 
5.4 Neerabup Lake 

Speleologist Lex Bastion noted there are approximately 60 caves around the Lake with 40 
caves on the west side alone. In the past, many of these caves contained streams but all have 
dried out. For spiritual reasons, Aboriginal people typically did not enter caves. Orchestra 
                                                 
11 The DoW Metering Project will install water meters on bores on those properties with a licensed allocation of 
less than 500,000 kilolitres (i.e. 0.5 GL) per year in targeted areas. Bores used solely for household use, or stock 
watering purposes will not be metered. The current policy of the Department of Water requires metering as a 
licence condition if an allocation is equal to or greater than 500 ML/year. 
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Shell Cave was an exception because it had a large opening allowing considerable natural 
light inside. Aboriginal people camped in the cave. 
 
The Yanchep and north Wanneroo areas have karst topography12. The subsurface contains 
many limestone caves and underground channels. This poses a constraint on some forms of 
land development. It was noted that about ten years ago there were tentative plans to put a 
subdivision on the west side of the Lake (towards Wanneroo Road). However the karst 
topography posed a danger as the creation of smaller lots and housing could result in 
subsidence and homes collapsing into sink holes. Because of the karst topography the lands 
in the vicinity of Lake Neerabup should remain as rural and not be further subdivided.   
 
Neerabup is not a criteria wetland and thus does not have statutory water level criteria or 
monitoring bores. The DoW representatives noted that because of the Lake’s heavily 
degraded condition, it has not been a management priority.  
 
A number of land and water resource management issues were identified by participants. 
With decreasing water levels, typha is slowly invading the area. Due to the shallowness of 
many of the Mound’s wetlands, typha is a common problem. 
 
Similar to other wetlands in the chain, acid sulphate soils are a serious management issue. 
Some participants argued that since all wetlands in the chain suffered from acid sulphate soil 
issues, they should all receive the same management priority. The peat is very deep at the site 
and is a fire management concern. The potential remained for the peat to reignite at some 
later point in time and cause air and water quality issues.  
 
A number of participants commented that despite its current degraded condition the wetland 
had the potential to be a community asset. Comments focused on the aesthetic value of the 
surrounding area noting the terrain and rural land uses. “It is a nice area, very visually 
pleasing. The undulating terrain is lovely, as is not common in many areas of Perth”.   
 
Others were uncertain as to the merits of actively managing this feature. “It’s a really tricky 
one; it’s a really mixed area. It’s really degraded in some areas and really nice in others and 
the kilns are nice”. The limestone kilns are a heritage feature adjacent to the wetland. The 
City of Wanneroo has commenced more active management of the kilns site (e.g., clearing 
away overgrown vegetation). 
 
Another participant viewed the feature as having existence value because it is an open space. 
“To simply know that open space/green spaces exist. It provides a future asset”. They 
contended that the future potential values of the area needed to be factored into both land use 
planning and water resource management in the area. We “need to do land and water 
management planning in a holistic fashion”. 
 
5.5 Lake Nowergup 

The DoW has supplemented water levels in Lake Nowergup since 1989. It was selected for 
supplementation due to its high ecological values. Attempts to have the supplementation 
                                                 
12 Limestone, with its high calcium carbonate content, is easily dissolved by the weak solution of carbonic acid 
found in underground water. The water dissolves the limestone to form a karst topography of caves and 
underground channels. These are susceptible to collapse and when enough limestone is eroded from 
underground, a sinkhole may develop.   
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mimic the natural cycles of the ecosystem has been difficult due to a dropping water table. 
The DoW has recently reassessed the ecological values of the wetland and continues to view 
it as a highly valued system. The Department has identified Lake Nowergup as one of eight 
wetlands given highest priority for further hydro-geologic study. This research will 
commence later this year. At this point in time, it is the DoW’s intention to continue the 
supplementation program. 
 
The contribution of nutrients from nearby land uses (e.g., piggery, horticulture) was raised by 
several participants. It was viewed as another example of land and water planning not 
occurring in an integrated fashion. It was suggested that incompatible land uses should be 
moved. It was also noted that not all of the adjacent private landowners were a problem with 
some having taken a responsible approach.   
 
Acid sulphate soils were identified as another significant management issue. Some viewed 
this as the “overriding issue” and asked, “How are you going to deal with the acid?” 
 
The DoW representatives noted that should predictions of a drier climate be realised, all areas 
will become drier and with this a gradual shift to plant species compatible with the new 
conditions. Wetlands may become more terrestrialized over time. How should the changing 
conditions brought on by climate change be addressed in setting management objectives for 
groundwater dependent ecosystems? Will this create unacceptable levels of change that will 
diminish in situ social values?  
 
Some participants viewed the climate change argument as an excuse for not actively 
managing valued ecosystems. “If you are going to use the argument ‘well its going to happen 
anyway’, well then that’s a cop out. We have a duty of care not to just walk away from 
management”. 
 
Other participants argued for what they viewed as a pragmatic approach based on the 
assumption there will never be the resources to adequately manage all aspects of the 
environment. While viewed as a less than ideal outcome, it was argued that management 
priorities would need to be set and choices made. “The problem is that there is a limited 
amount of money….really there is never going to be enough money. It’s better to put the 
money towards a priority”.  
 
It was also argued that some hard facts had to be accepted, including that the environment 
will become drier and some wetlands will be terrestrialized. “Isn’t the reality that we are not 
going to have enough rainwater and some of them will go? We need to start facing the fact 
that some of the wetlands will go”. 
 
A participant noted that among wetland experts, Lake Nowergup is an icon because it is the 
deepest wetland on the Swan Coastal Plain. The Lake is part of a fauna reserve managed by 
CALM. Currently there is no public access to the Reserve. Some participants saw merit in 
making the wetland and its surrounds more accessible to the general public. “It would be easy 
to put interpretation signage around the Lake and explore the ecological values with the 
community”. Another participant observed that any public education program at the Lake 
need not only focus on good news stories but could highlight the “water and land 
management problems that have been experienced, such as a piggery next to a 
wetland….Thus it doesn’t have to be about the good stories but how these land uses are 
causing problems.” 
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Looking collectively at the East Wanneroo chain of wetlands, a participant noted that Lake 
Nowergup “appears to be a more appropriate point for public access and an education site 
than the other three [wetlands] in the chain. There are opportunities to open it up to the wider 
community. We can’t lock people out – that’s the cul-de-sac mentality of some neighbouring 
landholders”. 
 
5.6 Yanchep Caves 

The Department of CALM is supplementing water levels in caves with threatened ecological 
communities including the Critically Endangered Root Mat Communities. It has placed a 
large bore on the south west side of the Park near Yanchep Beach Road. This is used to pump 
60 litres/second of groundwater to create an artificial mound for Crystal Cave and a number 
of caves that support aquatic fauna. It is hoped the new rehydration system will sustain the 
TECs (threatened ecological communities) and endangered species in these ecosystems. 
CALM is optimistic that water levels in Crystal Cave can be returned to their historical 
levels. This would enhance the social value of the Cave as a tourist and education feature.   
 
The iron oxides contained in the groundwater pumped into the caves has been identified as an 
issue with the supplementation. When the water is pumped into the caves, the iron oxides 
drop to the bottom of the cave, resulting in brown cave water. CALM is currently working to 
find a way to remove the iron oxides before the water reaches the caves.   
 
Another perspective put forward was that the rehydration project is an “artificial solution”. 
Furthermore, such solutions sent the wrong message to the community. The message being 
that allowing such situations (e.g., drying caves) to occur is acceptable because “artificial 
solutions” could be put in place to redress negative impacts. “We are teaching people that this 
is an okay solution. This is a band aid. Will this [solution] cause problems in the longer term? 
We need to take some responsibility for the real issues [the real causes of the water 
declining]”.  
  
A local speleologist believed the caves with root mat communities should be taken out of the 
features inventory because “they are specialist caves that can only be accessed by specialists” 
and thus do not possess in situ social values.  
 
It was noted that the caves and Loch McNess are related in terms of their hydrogeology. 
Historically the Loch was a permanent water source. It used to be fed by streams from 80 
caves but this has declined to only two caves. It was argued that the Loch should be 
prevented from drying out in summer. If the lake bed was to dry out it would turn into a peat 
bed that would then crack and subsequently leak when replenished with water in winter. 
Although there is a hydrological relationship between the lake and caves, it was argued that 
they should be viewed separately in terms of their in situ social values.    
 
It was also noted that the social values of the lake are highest in the summer and there is a 
need to maintain the boating as a recreational activity on Loch McNess. “If the lake looked 
like [Lake] Joondalup it would kill the Park”. Another participant noted the iconic status of 
Crystal Cave. “It is the reason people go into the Park”. 
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CHAPTER 6: FINDINGS AND RECOMMENDATIONS 

6.1  Overview of Findings 

6.1.1 Study objectives 

The study objectives were to:  
• Identify the social values associated with groundwater-dependent ecosystems (GDEs) 

on the Gnangara Mound 
• Prioritise the importance of the GDEs in relation to their social values 
• Determine how these values may be affected by declining groundwater levels 
• Assess attitudes towards various management options for declining groundwater 

levels. 

6.1.2 Multiple values 

Environmental values are the “direct and indirect qualities of natural systems that are 
important to the evaluator” (Satterfield 2001, p.332). At the workshop in particular, 
ecological health and in situ social values went hand in hand for many participants.  
 
Consistent with other studies, participants attached a variety of in situ social values to the 
GDEs of the Gnangara Mound. These included: nature based recreation activities (e.g., 
birding, bushwalking and nature observation), historic values, Aboriginal cultural values, 
aesthetic or amenity values, sense of place, education and scientific values, and intrinsic 
value. 

6.1.3 Prioritising GDEs  

Study participants applied several rules of thumb to assess the relative importance of a 
feature’s in situ social value. Those groundwater dependent features given the highest relative 
value generally possessed several of the following characteristics: 

• The feature is a component of a larger valued management unit which either may already 
be established (e.g., Yellagonga Regional Park) or be planned (e.g., Gnangara Park)    

• The feature has high ecological value 

• The feature has high visitor numbers 

• The feature has a defining characteristic or iconic status 

• The feature is situated in an area of increasing urbanization. 
 
Very few GDEs received low social value ratings relative to other features. Those that did 
tended to be poorly known features such as the Pinjar wetlands. Thus public accessibility to a 
feature was related to how it was valued by participants. Increasing public accessibility could 
lift the value of these features in the public eye.  
 
While those GDEs that are part of a larger management unit (e.g., national park) tended to 
receive the highest ratings, even relatively small neighbourhood scale features (e.g., Lake 
Jackadder) were significantly valued.     
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6.1.3 Social water requirements 

As discussed in Chapter 4, when asked to identify how and at what point the in situ social 
values might be affected by declining groundwater levels, many participants found it difficult 
to respond. Other than the managers of particular features, most study participants did not 
have a specific empirical threshold in mind (e.g., a depth of x metres).  
 
Instead of specific measurement criteria, most provided surrogate, qualitative indicators 
(Table 13). For a significant proportion of the features, meeting the ecological needs of the 
existing habitat would be adequate to support the in situ social values of the feature. In other 
words, the ecological water requirements and the social water requirements were the same. 
This is not surprising given the close relationship between the ecological and in situ social 
values of many of the Mound’s GDEs. In some instances particular flora or fauna were cited 
as indicator species. Fulfil the water requirements of the particular species and the in situ 
social values would be supported as well.  
 
While the Department’s focus has been on the effects of declining groundwater levels, many 
study participants raised water quality issues in relation to social water requirements. For 
some features, resource management issues defined the social water requirements. For 
instance, acid sulphate soils pose a threat to recreation at Lake Gwelup, burning peat at 
Neerabup Lake diminishes aesthetic values, and algal blooms at Herdsman Lake negatively 
impact on education values. With the reliance on stormwater drains to top up water levels in 
urban wetlands, water quality issues have grown.  
 
Most study participants took an ecosystem perspective when assessing social water 
requirements. However they noted that not all in the community would adopt such a 
perspective. For some features, little local community agreement exists regarding social 
water requirements and how these features should be managed. The Inner Suburb wetlands 
were most likely to display community division over whether the feature should be 
encouraged to function as a natural ecosystems (e.g., significant seasonal fluctuations and 
periods of drying; native vegetation) or be maintained primarily for its amenity values (e.g., 
manicured parkland and year round surface water). Local governments often find themselves 
trying to find the right balance between conflicting community views of this type.  
 
While participants in the study were in general well informed about wetlands and their 
functions, many commented on the perceived lack of knowledge of the general public about 
the dynamics of ecological systems. This was viewed as a potential source of conflict 
regarding which values should be given management priority when planning the future of a 
GDE. Many environmental group members suggested public education as a means to address 
this issue. Others, while agreeing on the importance of public education, noted that changing 
values and perceptions was a difficult task that would require concerted effort and time to 
accomplish.  

6.1.4 Integrated Planning  

The ground water dependent features of the Gnangara Mound support a range of ecological 
and anthropogenic (consumptive and non-consumptive) uses reflecting their environmental, 
economic and social values. Not all of these uses are necessarily mutually compatible, 
especially if not managed appropriately. Thus, those planning the future of the ground water 
resources of the Gnangara Mound must determine which values and uses to protect, to what 
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extent and in what manner. Resource managers must ultimately render judgments about the 
level of impacts that are acceptable. 
 
The following themes related to the resource management of GDEs emerged over the course 
of the study: 
 
• Examining the in situ social values of GDEs gave a much higher profile and greater focus 

on an aspect of GDEs that traditionally has been only a secondary consideration in 
groundwater management. However an examination of the social water requirements of 
these features cannot be divorced from other management aspects such as the ecological 
water requirements, water quality issues and other threats to the sustainability of these 
features such as land use pressures and acid sulphate soils. Similarly, determining the 
ecological water requirements of GDEs is important but on its own is an insufficient 
approach to managing these features. 

 
• The issue of who has responsibility for redressing impacts on GDEs and determining the 

future management of these features arose multiple times. To date much of the effort to 
reduce stress on these features has fallen to State Government agencies. Many study 
participants believed the responsibility should be shared among all those interests 
impacting on the GDEs. Irrigators near these features were the most commonly identified 
example of a party creating an impact but not adequately participating in the solution. The 
DoW’s metering program was viewed as a positive initiative albeit later than desired. 
While wanting local groundwater users to play their role in solving the groundwater 
problems on the Mound, participants perceived a need for resource managers and others to 
understand their needs and constraints. This was seen as important if local interests such as 
farmers were to participate in the planning process in a positive manner.  

 
• Many study participants called for greater integration of land use and water resource 

management. Single discipline or single agency attempts to manage these features was 
viewed as less desirable than multi-disciplinary or multi-agency approaches. Such 
approaches would include the following characteristics: 

o For a specific GDE, the membership of the resource management team would 
extend beyond simply land (i.e. the DPI) and water (i.e. the DoW) agencies to 
include other agencies including the local government(s).     

o Local community interests including local landowners should be involved in 
planning the future of specific GDEs. This would increase public ownership of 
solutions and a greater sense of responsibility toward these features. Such an 
approach would require multiple planning exercises across the Mound focussing 
local participation primarily at the sub-area level rather than the Mound as a whole.   

o It is desirable to manage some GDEs as suites of features where there are 
hydrologic or land use linkages. An example is the east Wanneroo wetland chain. 
Determining the management objectives of a particular GDE would benefit from 
consideration of the values and management objectives of other features in its 
vicinity. For instance, active recreation might not be an objective for a particular 
GDE if a nearby GDE already meets the recreation needs of the area.   

o Some GDEs currently not actively managed could make a larger contribution to an 
area if actively managed. In some instances this might mean enhancing public 
access and thereby increasing public awareness and concern about a feature’s 
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future. This would need to be balanced with other management objectives but 
some potential exists for such an approach in areas outside large formal 
management zones (e.g., national or regional parks).  

6.1.5 Water Supplementation  

The Department of Environment (DoE), the Water Corporation and the Department of 
Conservation and Land Management (CALM) have been involved in artificially maintaining 
the water levels in selected wetlands and some of the Yanchep caves.  
 
Government agencies were generally more supportive of continuing water supplementation 
efforts and possibly commencing new supplementation efforts than were other stakeholders. 
Some stakeholders viewed water supplementation as a temporary or stop-gap measure until 
more permanent solutions could be found. Some supported the use of water supplementation 
in cases where acid sulphate soils are a problem but not under other circumstances. Some 
viewed agency supplementation efforts as misguided and sending out the wrong message to 
the public that resource management problems could be resolved through technological fixes.   
 
Efforts to discuss the potential longer term terrestrialization of wetlands as a result of climate 
change and human activities were not were not well received by some stakeholders. There 
were concerns that climate change would be used by government as an argument to avoid 
active management of the resources. Such an outcome was viewed as inappropriate.  

6.1.6 Demand Management and Alternative Supplies 

Some stakeholders were unwilling to discuss making undesirable choices regarding which 
features should be given management priority prior to being convinced the Government is 
addressing demand management. Rather than being forced to choose which features to retain 
or rely on measures such as water supplementation, it was argued by some that all water 
supply options should be considered. This includes the use of alternative sources such as 
recycled water and improved water efficiency.  

6.1.7 Terminology 

Several participants commented on the awkwardness of the terminology used in the study. 
This included the use of: 

• Latin terms such as in situ  
• Not commonly understood terms such as “social water requirements’ 
• Common terms in uncommon ways (e.g., ‘social values’).  

When concepts are not described in Plain English13, it creates a barrier to public 
understanding of the agency’s intent and in turn makes the agency less effective.   

6.2 Critique of the LAC Approach 

6.2.1 The Objectives 

The Limits to Acceptable Change (LAC) approach is not one of how to prevent any human-
induced change but one of deciding how much change will be allowed to occur, where, and 

                                                 
13 Plain English is language written in such a way that the intended reader can understand it the first time. 
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the actions needed to control it. The process requires deciding what kinds of conditions are 
acceptable, then prescribing actions to protect or achieve those conditions. 
 
In planning a sustainable future for the ground water resources of the Gnangara Mound, 
resource managers and the public are faced with the challenge of determining which values 
and uses to protect, to what extent and in what manner. Resource managers must ultimately 
render judgments about the level of impacts that are acceptable. 
 
In addition to a most preferred condition, users of a resource are likely to have a range of 
conditions which they find acceptable - the latitude of acceptance. Furthermore, at some point 
along a continuum, users may recognize a level of conditions which are unacceptable - the 
latitude of rejection (Petty & Cacioppo 1981). An individual’s attitudes are influenced by the 
group(s) with which a person defines their identity. 
 
Some workshop participants were uncomfortable with the concept of assigning features to 
social value categories. No amount of change to features was acceptable. In their view more 
resources should be directed to the improved management of all features.    
 
These participants viewed the LAC process as a back-door attempt by the Department to set 
management priorities resulting in lower rated wetlands being dropped from management 
consideration. From their perspective, any form of priority setting could result in additional 
losses at a time when there is no room for further erosion of wetland resources.  
 
This also revealed a philosophical divide among workshop participants based on 
worldviews14. Similar to most environmental planning methods, the LAC approach is 
reductionist in that systems are broken into components in an investigation of their overall 
value. Those uncomfortable with a reductionist approach were sceptical of the workshop and 
its motives.  

6.2.2 Study Process Timeline 

When we first proposed use of the LAC approach for determining social water requirements, 
the methodology included a sequence of five workshops (Beckwith 2004). Workshops would 
be conducted at each stage in the LAC process (Figure 2) over a six month period. 
 
The timeline for the current study was not sufficient for more than one workshop. This 
required making modifications to the original study design. As a result the study team 
developed the initial list of features and attributes for evaluating the features and selecting a 
short list of features for detailed study. Ideally the study participants would have been more 
involved in that process, although some input did occur through the stakeholder interviews.  
 
The study workshop focussed on the short list of features with in situ social values. It sought 
to explore the concept of limits of acceptable change and the social water requirements of 
these features. While much information was gained from the workshop, it was too ambitious 
in its objectives. The three hour time period was not sufficient for the tasks. Simply 
expanding the number of hours for the workshop would not solve this problem. Intensive 
hands-on workshops are mentally fatiguing. In our experience it is difficult for most people to 
maintain sufficient concentration for more than three hours.  
                                                 
14 Our worldview or paradigm “determines the criteria according to which one selects and defines problems for 
inquiry and how one approaches them theoretically and methodologically” (Husen, 1999, p. 31). 
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In this case, the LAC planning process was knowledge intensive. Prior to the workshop, all 
registered participants were sent the interim study report explaining the study methodology 
and selection of short-listed features. It also provided a profile of each feature. Participants 
were asked to familiarise themselves with the material in advance of the workshop. It was 
apparent at the workshop that the interim report had been a useful resource for some but not 
all participants. In addition, there were three participants who had not registered for the 
workshop and thus not received the interim report. This added to their frustration with the 
workshop and lack of trust in the study process.  

6.2.3 Trust and Time  

The LAC process relies on a strong relationship between the resource management agency 
and interested citizens. The compressed timeline for the Gnangara Mound study did not 
provide sufficient time for a truly transactive model to be applied. Many LAC processes take 
over a year to complete. In our (i.e. the consultant’s) opinion, it requires at least six months. 
This is not because technical tasks cannot be completed more quickly but relationship 
building takes time. In some respects the LAC process is one of negotiation.  
 
Negotiations where trust is low are more difficult than those where trust has been established. 
Relationship building does not occur over night or through a single workshop. Repeated 
contact among parties can play an important role in relationship building. The process used in 
this study did not provide sufficient opportunities for repeat contact. The result was a high 
level of scepticism among some participants. This revealed itself in questions about “hidden 
agendas” and “backdoor attempts” to make participants do things they would not otherwise 
support.  
 
Repeated contact is also important for moving beyond superficial comments and getting into 
some of the tough questions and choices. Many people need time to mull over their thinking 
and become comfortable in coming forward with their ideas in a group setting where not all 
will share their perspective. The study process did not provide sufficient time for this to 
occur. There is a saying in the field of conflict resolution that sums up the need for sufficient 
time to work through issues and build relationships. Sometimes we “need to go slow to go 
fast” (Fisher & Ury 1983).   
 
Determining the optimal timeline depends on the tasks to be completed. It also depends upon 
the characteristics of the participants. Too slow a process and participants can become 
frustrated at the lack of perceived progress. A more compressed timeline can provide a sense 
of group momentum but needs to ensure sufficient time both for deliberation on issues and 
technical work by agencies in the period between workshops. 
 
Dramatically increasing the timeline for the study process would present its own set of 
problems. Would potential participants and agencies be willing to make such a substantial 
commitment? One way to address this issue is through an orientation meeting. The resource 
agency brings the potential participants together at an orientation meeting in which the study 
process and objectives are explained. This would allow prospective participants to decide if 
they are philosophically comfortable with the proposed approach. It would also allow them to 
judge whether they are prepared to make the required commitment to the planning process. 
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6.2.4 Field Trip  

The study process provided workshop participants the opportunity to gain first-hand 
knowledge of selected features through a half-day field trip. The DoW sponsored field trip 
focussed on groundwater dependent features with pressing resource management issues.  
 
The field trip gave participants (including agency staff) the opportunity to share perspectives, 
ask questions and have a better understanding of the features and their land use context. It 
provided participants with a much richer appreciation of these features than could be 
obtaining by only reading about the sites.  
 
It was noticeable during the facilitated discussion of these features, that participants’ 
perceptions had been impacted by the first hand experience. They were able to make very 
specific comments about these features based on the field trip. They were also better able to 
link the feature to its broader social and environmental context.  
 
The field trip was also useful in relationship building as it allowed participants to have 
discussions in an informal and relaxed setting. We believe the field trip was a very valuable 
experience for participants and should be encouraged in future applications of the LAC 
approach.  

6.2.5 Sense of Place and Landscape Values 

Throughout the study, many stakeholders made reference to the psychological value of 
groundwater dependent ecosystems. Concepts such as sense of place, landscape values, 
aesthetics and existence value were raised as important values to be recognised in the 
planning process. Unfortunately the study methodology made it difficult to do more than 
simply acknowledge these values. To incorporate these values more formally into an analysis 
of in situ social values would require a systematic assessment of these values across all 
features.  
 
Aesthetics is a matter which prompts indefinite, often vague feelings. As unclear as the 
feelings may be, their intensity is often extreme. Planners have sought ways to factor in 
aesthetic judgements in decision making but it has been a struggle. There are many 
methodologies but no single accepted methodology for analysing aesthetic values.  
 
A key issue in deciding how to measure aesthetics is to determine who has the right to make 
judgements on these values. Judgments of aesthetic value by experts (e.g., architects, 
planners) can be significantly different from those of laypersons (e.g., Devlin & Nasar 1989; 
Stamps III & Nasar 1997). 
 
The concept of sense of place can also be hard to quantify or operationalise in decision 
making. It is often viewed as an abstract and "fuzzy" concept (Schroeder 1997; Parsons 
1994). Yet some contend that “natural resource politics is as much about contest over place 
meanings as it is competition over the allocation and distribution of scarce resources among 
interest groups” (Cheng, Kruger & Daniels 2002, p. 98). 
 
With all of these methodological challenges, should water resource managers bother trying to 
deal with these concepts? They should for several reasons. Firstly, sense of place was clearly 
important to many of the study participants and is linked to social well being. Secondly, in 

 58



terms of public involvement in resource management issues, working with people’s 
emotional attachment to places is potentially stronger than attempting to motivate people 
through fear of ecological collapse or appeals about the rights of other species (Cameron 
2000). Thirdly, the decisions made by land use planners and water resource managers in 
relation to wetlands on the Gnangara Mound have the potential to significantly impact a local 
community’s sense of place.   
 
Sense of place is largely determined by local knowledge. While it may be possible to broadly 
describe place as an outsider, intimate understandings of place are best expressed by locals 
(James 2001). With respect to examining the concept of sense of place, workshops involving 
local area residents focussed on single features might be more useful than the current study 
where participants commented on many features without local knowledge of some.   

6.2.6 Other Publics 

Participants in a LAC process could range from recognised stakeholders with a clearly 
defined interest and perspective on the non-consumptive social values of the Mound to 
interested citizens living in or even outside the study area. In this study, participants were 
limited to selected stakeholders with a known interest in the features under investigation. One 
question often asked is whether the views of these stakeholders should be treated as 
representative of those of the broader public. Our answer is both ‘yes’ and ‘no’. 
 
In comparison to local residents, recognised stakeholders are likely to be more ‘ego-
involved’. The social values in question already play an important part in their scheme of 
things. They are also likely to bring more experiential and in some instances technical 
knowledge to the LAC process. For a person more highly involved in an issue, his/her 
attitude should serve as a stronger anchor point and allow him/her to discriminate more 
sharply acceptable and unacceptable conditions (Young et al, 1991). Their latitude of 
acceptance of change may be narrower than that of less involved residents.  
 
At a broad level we know a lot about how people value natural environments and the 
influencing factors (e.g., socio-demographics, self or group interest, political affiliation, 
disciplinary training). While this knowledge is useful in informing large-scale policy 
development in resource management, it is too general and de-contextualised to be applicable 
in specific place-based decision contexts. An exploration of the in situ social values of GDE’s 
on the Gnangara Mound is such a case.  
 
Place-based approaches (Galliano & Loeffler 1999, Williams & Stewart 1998, Williams & 
Patterson 1996, Mitchell et al. 1993) such as the LAC focus on specific contexts. They 
recognize the strong bonds people develop with natural places and their need to be involved 
in influencing the future direction of change in places they value.  
 
It would be valuable to conduct a LAC style study with local area residents. Would there be 
consensus views on what is valued and what management should occur to maintain those 
things that are valued? Would their values and preferences be similar to those of stakeholder 
interests who participated in the current study?   
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6.3 Recommendations 

6.3.1 Social water requirements 

An examination of the social water requirements of GDEs cannot be completely separated 
from other management aspects of these features. Issues such as ecological water 
requirements, water quality issues and other threats to the sustainability of these features 
(e.g., land use pressures and sulphate soils) are connected to the sustainability of these 
features and their in situ social values. While the Gnangara Groundwater Management Plan is 
focussing on the issue of declining groundwater levels, other considerations such as water 
quality and land use factors also pose a significant risk to some GDEs. Without management 
of these stresses, simply addressing the issue of groundwater levels may be insufficient to 
ensure a feature’s longer term ecological and social sustainability. Resource management 
decisions by the DoW need to be made in the context of the full suite of threats and 
opportunities attached to GDEs and not just on groundwater levels.  

6.3.2 Shared responsibility 

It is recommended that the DoW look for ways to share the responsibility for and redressing 
of declining groundwater levels where this is a result of human activity. The contribution of 
irrigated farming is an example. Initiatives such as Waterwise on the Farm should be coupled 
with significant involvement of these stakeholders in the planning process to foster 
appropriate environmental stewardship.   

6.3.3 Sub-Area focus 

It is recommended that rather than looking across all GDEs on the Mound, planning 
processes involving the public should be conducted at the sub-area level. This would: 
o Allow fewer features to be examined at one time.  
o Facilitate local community involvement in the water resource management process 
o Facilitate looking at the relationship between features in a sub-area.  

6.3.4 Facilitating informed input 

To make stakeholder involvement more effective, it is recommended that the DoW work with 
other agencies to provide the background information needed for stakeholders to make 
informed choices about a sub-area. Although the current study provided participants with 
background information on the features in question, more could have been done to help frame 
the choices facing the resource managers and the community. This would require 
considerable effort on the part of the agencies but would result in higher quality outputs from 
the public engagement process.   

6.3.5 Enhancing the in situ values of GDEs 

In addition to determining which groundwater dependent values to retain or the degree of 
impact acceptable to the public, resource managers should examine the potential to enhance 
the values of GDEs both in terms of their ecological and social values. This would require 
collaboration with other agencies.   
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6.3.6 Water supplementation and terrestrialization 

It is recommended that subsequent stages of public engagement for the larger Gnangara 
Mound groundwater planning process include an exploration of the acceptability of water 
supplementation as well as the issue of wetland terrestrialization. As above, the public would 
need to be provided with suitable background information in order to give informed comment 
on the desirability of water supplementation and wetland terrestrialization. What are the 
alternatives to supplementation in the short and long term? What are their costs and benefits? 
What does it mean if a wetland is terrestrialized; how long would it take to occur and how 
would values be impacted? 

6.3.7 Terminology 

It is recommended that as part of the current water reform process, the DoW consider 
modifying terms associated with water resource management that do not comply with the 
plain English philosophy. The use of such terms is currently a barrier to the agency meeting 
its objectives. 

6.3.8 The LAC approach 

Before applying the LAC approach to another project, it is recommended that consideration 
be given to the modifications suggested in section 6.2. Most notably:  

• Incorporating an orientation session at the front end of the process so that 
stakeholders can determine if they are philosophically comfortable with the approach 
and the commitment required. 

• Extending the study timeline to allow greater stakeholder involvement in all stages of 
the LAC process. This would require greater negotiation throughout the process while 
building relationships and trust. 

• Narrowing the focus of the exercise to a smaller number of features but retaining the 
field trip component.  

• Coupling the LAC approach with technical investigations of topics such as sense of 
place.  

• Place-based approaches such as the LAC focus on specific contexts and thus should 
lend themselves well to local community involvement. The DoW is encouraged to use 
the LAC approach not only with “informed” or “expert” stakeholders but local 
residents. It would be essential for local residents to be provided suitable background 
information to participate effectively.  

6.3.9 Linkage to the big picture 

Although the DoW’s Gnangara groundwater management plan will focus on that specific 
area, stakeholders including the general public will link it to the broader issue of the region’s 
water future. The DoW must be prepared to demonstrate where this planning exercise sits 
within the broader water resource management context. Failure to do so or failure to 
demonstrate action on demand management will result in the public’s attention and input 
focussing on issues such as water recycling rather than the future of the Gnangara 
groundwater resources.   
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PROFILES OF FEATURES 
 
Northern Coastal Wetlands: 

Yanchep National Park 
• Loch McNess 
• Lake Yonderup  
• Pipidinny Swamp 
• Crystal Cave 
• Water Cave 
• Carpark Cave 
• Twilight Cave 
• Boomerang Cave 

Yellagonga Regional Park 
• Lake Goollelal 
• Lake Joondalup 
• Beenyup Swamp 
• Walluburnup Swamp 

Star Swamp 
 
East Wanneroo Wetland Chain: 

Neerabup Lake 
Lake Nowergup 
Lake Jandabup 
Lake Mariginiup  
Lake Gnangara  

 
Mirrabooka / Lexia / Pinjar: 

Lake Pinjar  
Melaleuca Park 
Whiteman Park 

• Bennett Brook 
• Bushland (MM18, 49B, 53, 55B, 59B) 
• Horse Swamp 

 
Inner Suburbs: 

Lake Gwelup  
Dianella Regional Open Space 
Big & Little Carine Swamps 
Lake Claremont  
Lake Monger 
Herdsman Lake 
Perry Lakes 
Lake Jaulbup (Shenton Lake) 
Jackadder Lake 
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Yanchep National Park  
Background 

Located 48 km north of Perth, Yanchep is one of Western Australia's oldest national parks. 
Rich in native flora and fauna as well as Aboriginal and European heritage, the Park contains 
numerous wetlands and limestone caves. Reflecting its significant ecological and social 
values, Yanchep National Park is promoted as ‘Perth’s Natural and Cultural Meeting Place’.  
 
The 2,799 ha Park is situated near the Wanneroo-Lancelin Road in the City of Wanneroo. It 
is on the Register of the National Estate for its natural values and is a Bush Forever site.  The 
Park is managed by CALM under the Yanchep National Park Management Plan 1989-1999.  
The plan is currently being updated. 
 
Covering 255 ha, Loch McNess is the largest wetland in the Park. The others are: Lake 
Yonderup, Lake Wilgarup and Pipidinny Swamp. The Park includes an extensive limestone 
cave system which provides habitat for a number of endangered endemic species (English et 
al. 2000).  

Lake Yonderup 

Pipidinny Swamp 

Lake Wilgarup 

Loch McNess 
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Loch McNess 

tion and Froend et al. (2004) rated the conservation value of 
och McNess as “very high”.  

ing water from Loch McNess contributed to declines in lake water levels (DoE 

gime could also mean a loss of fringing vegetation and the habitat it provides aquatic fauna.    

refill the lake. This may also decrease 
e flow of water to caves on the west side of the lake. 

Lake Yonderup  

edges and rushes (CALM 1989) 
nd there are signs of drying sediment (Froend et al. 2004). 

 

 
The Loch experiences little seasonal fluctuation in surface water level and has some open 
water year round. It acts as a drought refuge when other water bodies in the area go dry. Its 
vegetation is in excellent condi
L
 
There has been a decline in groundwater levels in Loch McNess. As shown in the hydrograph 
below, the watertable failed to meet the absolute minimum criteria level during the summers 
of 2003-2005. A 2003/04 trial to supplement water levels in the Yanchep Caves by 
transferr
2004).  

Any further declines in groundwater levels may result in severe impacts on Loch McNess and 
other wetlands in the Park. Froend et al. (2004) noted the wetlands could become only 
seasonally inundated or in the worst case seasonally waterlogged. Changes in the water 
re
 
A stakeholder familiar with the Park’s hydrology indicated that if the Loch was to go dry, the 
peat in the lake bed would crack making it difficult to 
th
 

Lake Yonderup is a largely undisturbed wetland of “very high conservation value” (Froend et 
al. 2004). There is little seasonal variation in water level and areas of open water can be 
found year round. Overall water levels have declined at Lake Yonderup. In the period 2001-
05, the Lake failed to meet the absolute minimum criteria water level during several 
summers. This has coincided with an increase in exotic species and decrease in the health of 
fringing vegetation. Some areas are overgrown with dense s
a
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Yanchep Fires 

In January 2005, arsonists burned 1,270ha of Yanchep National Park. Although most of the 
Park’s tourist and recreation facilities were saved, two CALM houses were destroyed along 
with some boardwalks and signage. Damage to the Park’s wetlands was more extensive. Loch 
McNess, Lake Yonderup, Lake Wilgarup, and Pipidinny Swamp all experienced intense fires 
which removed most of their riparian and transitional vegetation communities. The hardest hit 
was Lake Wilgarup which had been extremely dry for some time. “The area which was a 
forested lake less than eight years ago, now resembles a cleared logging coup….. This wetland 

cological values of wetlands will continue to be an important 

Source: www.chs.ecu.edu.au/org/sons/news/from_the_field.php

has been lost and will never be restored to its former beauty and uniqueness”.  

In the other wetlands, only riparian vegetation was burned, leaving the potential for 
rehabilitation. Full recovery may take a decade but is likely to occur. In a drying climate the 
threat posed by fires to the e
resource management issue.   

Pipidinny Swamp 

le may result in a reduction in the 
health of the Swamp’s sedge species (Froend et al. 2004). 

Yanchep Cave System 

ter, root detritus, and among the sand interstices of the stream bed (English et al. 
000).  

mes higher than the 
umber of species recorded elsewhere in the world (Froend et al. 2004). 

                                                

This seasonally inundated wetland supports a number of wading bird species. Several studies 
have raised saltwater intrusion as a possible issue of concern. This has been attributed to local 
declines in the watertable (DoE 2005; Froend et al. 2004). While the swamp maintains a 
“high conservation value”, further declines in the watertab

 

To date, the Australian Speleological Federation has identified 315 caves in Yanchep 
National Park.  In 2000, 46 of these contained pools or seeps and 10-15 had permanent water 
(English et al. 2000). One interviewee indicated that only three caves still have permanent 
water today.  Some of these caves support tiny aquatic animals known collectively as 
stygofauna. Some species appear to be endemic to the cave system and some may exist only 
in a single cave. Many of these species live in the root mat communities while others occur in 
open wa
2
 
The root mat is created by the roots of living Tuart trees that extend down into the caves. The 
aquatic root mat communities are considered Critically Endangered15 (CALM 2005) and have 
been recorded in six of the Park’s caves (i.e. Boomerang, Cabaret, Carpark, Twilight, Water 
and Gilgie Caves).  Groundwater streams or pools in five of these systems are known to 
support between 30 and 40 invertebrate species. This is up to nine ti
n
 
Cave fauna require water with a stable pH and dissolved oxygen and temperature with 
minimal daily, seasonal or annual variation (DoE 2005). Root mat communities also require 

 
15 Critically Endangered means it is at high risk of being destroyed in the immediate future (CALM n.d. b). 
Critically endangered communities meet the following criteria: its geographic range has been reduced at least 
90% since European settlement, its distribution is limited; and it may be able to be rehabilitated if work begins 
immediately (CALM n.d. b). 
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stable water levels. Excessive declines in water levels can expose the suspended root mats 
and result in death. The declining water levels in the cave system are of concern as once a 
cave dries out it is unlikely that the root mat fauna can recolonise (English et al. 2000). Giglie 
Cave and Cabaret Cave have dried out, and it is unlikely that root mat communities still 
persist (Froend et al. 2004). Carpark Cave, Twilight Cave and Boomerang Cave dry out for 
most of the year, but the root mat communities may still persist (Froend et al. 2004). Crystal 

ave has also gone dry. Its fauna is being sustained in artificial pools of water.  

 water will be 
drawn from a superficial aquifer production bore to the west of Loch McNess. 

Social Values 

r the past few years from 197,921 in 2000/01 to 223,835 in 
003/04 (Tourism WA 2005).  

e others are the Hills Forest Discovery Centre, the Perth Observatory 
and Penguin Island.  

Aboriginal Heritage Values 

hould the Waugul be killed, the 
ake would dry out completely (Estill & Associates 2005b).  

agardu Spring supplied the fresh water 
r these gatherings (Heritage Council of WA 1998a). 

lake – brown blood (Estill & Associates 2005b). 
onderup Cave (ID 3186) is a burial site.  

C
  
In the summer of 2003/04, a supplementation trial was conducted. Water from Loch McNess 
was used to maintain water levels in several of the caves with root mat communities. The trial 
demonstrated that supplementation can aid cave water levels. CALM, the Water Corporation, 
and the DoE have collaborated in the design and trial of a new emergency re-watering system 
for five of the caves containing stygofauna. The aim is to re-hydrate the cave system by 
establishing and maintaining local water mounds in these caves. Construction of the artificial 
maintenance system was completed in 2005 (CALM 2005). The supplemental

The Park has been a popular tourist destination since the 1930s (CALM 1989). A stakeholder 
described Yanchep National Park as providing visitors with the classic ‘Australian 
experience’ at a location relatively close to Perth. It draws visitors from the Perth Region, 
WA and overseas with visitor numbers peaking during school holidays. The number of 
visitors has steadily grown ove
2
 
Natural features including Loch McNess and the cave system are focal points of the Park. 
The Park is in the process of redefining itself as one of the best self guided interpretive 
options around Perth (CALM 2005a). It is one of only four offering CALM interpretive 
activity programs. Th

The name Yanchep comes from the Nyungar word for Bulrush which is Yanget. The 
wetlands and caves hold cultural importance to Aboriginal people. There are three sites (each 
with permanent listing status) on the Department of Indigenous Affair’s Register of 
Aboriginal Sites (Estill & Associates 2005b). Loch McNess (ID 3742) is significant as a 
ceremonial and mythological site. According to Aboriginal tradition, a Waugul inhabits Loch 
McNess and allows the springs to continue feeding the lake. S
L
 
Historically, Aboriginals from Moore River and the Swan River came to Loch McNess to 
hold tribal meetings, discuss tribal law matters, and stage corroborees. The area was used to 
initiate young men into adulthood and religious life. W
fo
 
Pipidinny Lake (ID 17451) is part of the “Emu Dreaming”. It is where Crocodile sat down 
and the blood from his body coloured the 
Y
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Loch McNess is the northern end point of a 28km heritage trail (see Yaberoo Budjara 

eritage Trail, pg. 40).  

r two interpretive activities: ‘Nyoongar Camp Life’ and ‘Six Seasons 
Bush Tucker Walk’. 

European Heritage Values 

Lodge, McNess House, Yanchep Inn and Gardens, and the Park’s 
administration building.   

Recreation and Education Values 

ry has long been a major visitor attraction. There are picnic areas along 
e edge of the lake. 

opped this activity could be 
reatened or require adjustments to infrastructure (e.g., jetties).  

H
 
The Park offers visitors a range of Aboriginal cultural programmes. Local Nyoongar peoples 
share information about their traditional lifestyle and culture. ‘Share the Dreaming’ provides 
an introduction to the language, the tools used in everyday life, and how they lived off the 
land and water. On Bush Tucker walks visitors learn what plants you can eat, drink, and use 
for medicine. The Park’s Aboriginal Education and Interpretation Program received the 
International Best Practice Award from Australasian Regional Association of Zoological 
Parks and Aquaria fo

The Park was developed in the 1930s as a ‘health and pleasure resort’ (CALM 1989).  
Several of the historic buildings remain, including the National Estate and WA Heritage 
Council listed Gloucester 

The Park offers visitors a range of nature based activities. The Park also includes areas for 
active recreation including cricket and golf. Loch McNess is the focal point for activities in 
the Park. Many of the Park’s buildings are clustered near the eastern shore of Loch McNess. 
This includes the Yanchep Inn which provides accommodation and restaurant facilities. The 
nearby koala sanctua
th
 
Some stakeholders commented that if water levels in Loch McNess were to decline, the 
aesthetic appeal of this main recreation node would be diminished. Currently visitors can hire 
boats to sightsee on the Loch. It was noted that if lake levels dr
th
 
Walk trails 
The aesthetic values of the Park’s natural features attract many of the people who use the 
walk trails. The Park offers a number of walk trails through wetland and bushland 

• 
 provides scenic views for walkers and 

• itors through Tuart woodland, 

• 
coastal heath, Tuart forest and Banksia woodlands. The Swamp is a 

environments. These include: 

The Yanjidi Trail - A 2 km trail along the fringe of Loch McNess. The trail passes through 
several types of native plant habitats. Its boardwalk
an opportunity for birding and nature observation.  

Caves Walk Trail – The 2.5 km circular walk is taking vis
near the entrance of Yonderup Cave and past Crystal Cave. 

There is a 7.5 km circuit trail connecting Loch McNess to Pipidinny Swamp. On route 
walkers pass through 
popular birding area. 
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 CALM is creating a self guided walk through “Dwerta Mia”, a collapsed cave system. The 

everal stakeholders made special mention of the Park’s Tuart trees and their value to a 
s experience. Ensuring sufficient water to maintain the health of the Tuarts was 

•
Aboriginal name for the caves was dwerta mia (house of wild dogs), derived from the 
probable use of the caves as a dwelling place for dingoes. 

 
S
visitor’
viewed as essential to maintaining the social values of the bush trails.  
 
Caves 
Several of the caves are open to the public for a variety of experiences. The best known is 
Crystal Cave, where CALM staff members offer daily guided walks and education tours. 
Additional tours are offered in Yonderup Cave on weekends. Yanchep, Gilgar and Mambibby 
aves offer adventure caving. Melalueca, Pophole and Burnup caves are used by specific 

A stakeholder noted that, for serious cave enthusiasts, the social value of many of the caves 
nificantly diminished by the reduction in water. While first time visitors 

n University (ECU), the University of Western Australia (UWA) and the 
ustralian National University (ANU). For example, a researcher at ANU is studying the 

he WA Speleological Group is in the process of documenting the location of all the caves in 
Yanchep National Park. Once this is complete the group will be begin recording research data 
about the caves.  
 

c
groups, such as the Scouts, for exploration and adventure. The Silver Stocking Banquet 
Chamber in Cabaret Cave is hired for seminars and special events (e.g., weddings). 
 

has already been sig
might not notice the impact, it is very evident to repeat visitors.  

Research Values 

Several institutions use the Park for research on the wetlands and cave systems. This includes 
CALM, Edith Cowa
A
stalagmites in the Yanchep caves to reconstruct rainfall patterns for the last 1000 years for the 
south west of WA. 
 
T
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Yaberoo Budjara Heritage Trail 
 
Heritage trails are routes designed to enhance the community's awareness, appreciation, and 

enjoyment of our natural and cultural heritage (Heritage Council of WA). 
 

‘Yaberoo Budjara’ means the land (Budjara) of the 
people of north of Perth (Yaberoo). The Yaberoo 
Budjara Trail is part of the WA Heritage Trail 
Network. The trails were established by the 
Commonwealth and State Governments in the late 
1980s to highlight important heritage sites and 
foster greater community awareness of their natural 
and cultural heritage. 

The Trail is a 28 km walk from Lake Joondalup 
through Neerabup National Park to Yanchep 
National Park. It highlights features of natural, 
Aboriginal and historical significance. The trail is 
based on Yellagonga’s tribe’s movement track 
linking the linear lakes of the coastal plain. This 
was later used by Europeans as a stock route. The 
end points of the Trail are Neil Hawkins Park (L. 
Joondalup) and Loch McNess (Yanchep N.P.). 

Aborigines have lived in this area for more than 
40,000 years, utilising the abundant food and water 
along the chain of wetlands. In winter the groups 
moved east away from the coastal weather, 
returning to the lakes in summer as inland water 
supplies dried up. 

Prior to European settlement, Yellagonga’s tribe’s 
territory, Mooro, stretched from the Moore River to 
their camp at Mount Eliza (Kings Park). After the 
settlement of the Swan River Colony in 1829, 
Yellagonga shifted their camp to Lake Monger. 

John Butler led the first recorded excursion into the 
Wanneroo area in 1834. He recorded seeing large 
lakes with “an abundance of game of all 
description”. In 1838, Lieutenant George Grey’s 
party was informed by the local Aboriginal 
community that what the Europeans perceived as a 
chain of lakes was really “all the same water”. 
There is a theory that the chain of lakes was once 
an underground river system but the limestone 
caves collapsed.  
 

Source: Heritage Council of WA. 1998. Heritage Trail - Yaberoo Budjara. H88/053. Government of 
Western Australia, Perth. http://trails.heritage.wa.gov.au/ht_pdf/YaberooBudjara.pdf
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Yellagonga Regional Park 
Background 

Yellagonga Regional Park is one of eight regional parks in the 
Perth Metropolitan Region16. Regional parks are areas of 
Regional Open Space identified as having outstanding 
conservation, landscape and recreation values (CALM 2002). 
Located 20km north of Perth, the 1,400ha Park includes 550ha 
of wetlands. The Park is also a Bush Forever site. 
 
The Park is regionally important because of its environmental, 
cultural and recreation resources. Its location next to a rapidly 
growing area (i.e., cities of Joondalup and Wanneroo) means 
that its social value as a park will continue to grow as the area 
becomes further urbanized (CALM 2002). The Park also acts as 
a nature corridor linking with Neerabup National Park and 
Yanchep National Park (CALM et al. 2003). 
 
The Park lies in both the City of Joondalup and the City of Wanneroo. The majority of the 
Park is vested in the WA Conservation Commission and managed by CALM. The two local 
governments manage smaller portions of the Park including several recreation nodes. The 
Yellagonga Regional Park Management Plan: 2003-2013 was published in 2003. Two 
community-based groups, the Yellagonga Catchment Group and the Friends of Yellagonga 
Regional Park, help manage the Park (e.g., rehabilitation projects). 
 
The Park’s dominant landscape feature is its 
wetland system. Lake Joondalup is the largest 
of the wetlands. The others are Beenyup and 
Walluburnup Swamps, and Lake Goollelal. 
Both Lake Joondalup and Lake Goollelal are 
statutory criteria sites (i.e. water levels are set 
through Ministerial conditions) 
 
The Park’s vegetation communities are 
representative of communities once 
widespread on the Swan Coastal Plain but 
now scarce due to land clearing. There are 
substantial areas of mature Jarrah – Marri – 
Banksia woodland and Jarrah – Marri – Tuart 
forest. The Park’s diversity of upland and 
wetland habitats supports a variety of 
waterbirds, bushbirds and other wildlife 
(CALM 2002). 

Lake  Goollelal 

Beenyup Swamp 

Walluburnup Swamp 

Lake Joondalup 

 

                                                 
16 The only other regional park on the Gnangara Mound is Herdsman Lake Regional Park. 

 72



Lake Joondalup 

Lake Joondalup is a 450ha permanent wetland.  Water 
levels fluctuate dramatically on a seasonal basis. 
Extensive areas of the lake often dry out by the end of 
summer, reducing the lake to a number of small pools 
particularly along the western shore (CALM 2002).  
 
Much of the Lake’s fringing vegetation remains intact. 
However, due to drops in the watertable and recent 
fires, there has been some decline in the condition of 
the vegetation (Froend et al. 2004). The seasonally 
inundated vegetation provides habitat for fauna. Two 
sedge dominated islands serve as bird habitat (CALM 
et al. 2003). The Lake is rated as having “high” 
conservation value (Froend et al. 2004). 
 
The original water level criterion for Lake Joondalup 
was intended to conserve existing wetland vegetation, 
maintain or enhance aquatic fauna, support waterbird habitats, and maintain landscape 
amenity of open water (except under low rainfall conditions) (WRC 2001). This is one of 
only two examples we found on the Mound where the water level criteria included specific 
reference to maintaining a social value (i.e. landscape amenity) the other is Lake Gnangara.  
The criterion was breached several times but it was decided in 2001 that no supplementation 
was needed (WRC 2001). The reason given was that although the criterion had been violated, 
only the social values had been diminished and thus supplementation was not needed (WRC 
2001). No changes have been made.  The summer absolute minimum continues to be met. 

L. Joondalup 

 
The Lake, along with the other wetlands in the Park, is considered to be eutrophic (Kinnear 
and Garnett 1999).  This is primarily because the wetlands suffer from high phosphorous and 
nitrogen levels.  High levels of phosphorous and nitrogen have at times resulted in algal 
blooms. 

Lake Goollelal 

The 50ha wetland has open water year round. Some 
10m higher in elevation than Lake Joondalup, water 
flows from Lake Goollelal into Lake Joondalup 
(CALM IUVI 2002).   
 
Unlike most water bodies on the Gnangara Mound, 
Lake Goollelal’s water levels have increased since 
the 1970s (Froend et al. 2004). The high water levels 
have resulted in some fringing vegetation being 
inundated year round where it formerly was only 
seasonally inundated. 
 
The Lake retains only a small proportion of its 
original fringing vegetation (Kinnear & Garnett 
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1999) but is rated as having “high” conservation value (Froend et al. 2004). Should water 
levels decline in the future, it may have some positive impact at Lake Goollelal. A reduction 
could improve the health of fringing vegetation; however, the water quality would likely 
decrease (Froend et al. 2004). 

Beenyup and Walluburnup Swamps 

Walluburnup Swamp is a scientifically important feature. It is an example of a Pleistocene 
(10,000 years before present) wetland; a feature not recorded elsewhere on the Swan Coastal 
Plain. The wetland contains the oldest known peat fills on the Swan Coastal Plain and 
provides an important archive of Holocene climatic and vegetation history. The vegetation 
surrounding the swamp is “unusual for wetlands of the Yanchep-Joondalup chain”, making it 
“regionally significant” (CALM et al. 2003, p.20). 
 
Beenyup Swamp is the shallowest wetland in the Park and dries out completely in summer. 
The Swamp has retained much of its fringing native vegetation, including Melaleucas (i.e. 
paperbarks).  The heavy vegetation is helping to reduce the levels of harmful nutrients (e.g., 
nitrogen and phosphorous) in the Swamp and the Park’s wetlands generally (Kinnear & 
Garnett 1999). This highlights the benefit of retaining fringing vegetation. 

Social Values 

Each year, approximately 193,000 people visit the CALM managed portions of the Regional 
Park (CALM et al. 2003). This figure excludes visitors to several of the Park’s most popular 
recreation areas such as Neil Hawkins Park, Joondalup Park and the Wanneroo Community 
Recreation Centre. These portions of the Park are managed by the two local governments (i.e. 
Wanneroo and Joondalup).  

Aboriginal Heritage Values 

The Park is of cultural significance to the local Aboriginal community. Their ancestors used 
the lakes and surrounds as camping, social and ceremonial areas, and as a source of food and 
water. The Park provided an east west staging point for camps between the foothills and the 
ocean, and a north south staging point between Mt. Eliza and the Moore River (CALM 2002). 
 
Estill & Associates (2005b) identified seven sites on the DIA’s Register of Aboriginal Sites:  

• Joondalup Waugal Egg (ID 3504) 
• Joondalup Caves (ID 3532) 
• Lake Joondalup South-West (ID 3640) 
• Lake Joondalup (ID 3740)  
• Lake Joondalup North-West (ID 4102) 
• Waugal Cave, Neil Hawkins Park (ID 17498) 
• Lake Goollelal (ID 3739).  

 
The Joondalup Waugal Egg is a permanently listed mythological site associated with a 
Waugal site and Dreaming Track. The Joondalup Caves is a mythological site with a 
permanent register listing. The site known as Lake Joondalup South-West has a permanent 
register listing and includes approximately 20 artifacts found near the Lake’s edge. Waugal 
Cave is another permanently listed site near Lake Joondalup. It is a mythological site where 
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the Waugal came in from the sea. Early settlers in the area attempted to drain the Lake and 
used the caves to export the water. Today the caves are unsafe to enter. 
 
Lake Joondalup is an interim listed mythological site. It was a favoured camping area and a 
turtle and wildfowl hunting spot (Estill & Associates 2005b). Lake Joondalup North-West is 
an interim listed site, where approximately 50 artifacts have been found. 
 
An interim listed site, Lake Goollelal was a camping area known for its large supply of 
waterfowl and turtles. It is also associated with the Wesleyan Aboriginal Mission founded in 
1844. Aboriginal people “who died while working on the Mission Farm were buried in high 
ground to the west of the Lake…” (Estill & Associates 2005b, p.27).   

European Heritage Values 

The Park contains a number of early European settlement remnants but only one is closely 
associated with its water resources.  The North West Stock Route passed through the Park.  
The route was used for droving and grazing cattle between Perth and Champion Bay 
(Geraldton) during the 1880s (Brittain 1990). Surface water bodies in the Park provided water 
stops along a portion of the stock route. 
 
Neil Hawkins Park (Lake Joondalup) is the southern end point of the Yaberoo Budjara 
Heritage Trail. As described earlier, the Heritage Trail has significant Aboriginal and non-
Aboriginal heritage values.  
 
A complimentary heritage value is the Luisini Winery located near Lake Gollelal.  
Constructed in 1929, it was the first and largest vineyard in Wanneroo (Brittain 1990). The 
National Trust of Australia is undertaking to conserve the winery as an educational, tourism 
and heritage facility (National Trust of Australia WA 2005). 

Recreation and Landscape Values 

The Park has “high visual quality” attributed in large part to the “mature woodlands and 
extensive views of open water, and the wildlife supported by these environments” (CALM 
2002, p.8). The wetlands are a feature of many of the Park’s most scenic areas. 
 
Birding is a popular Park 
activity, particularly at Lake 
Joondalup. A small jetty in 
Neil Hawkins Park offers 
views of Lake Joondalup and 
the diversity of birds. Although 
many visitors enjoy feeding the 
birds, signs warn against the 
activity as it can diminish water 
quality and ecosystem health. 
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These scenic views also attract visitors to the recreation nodes within the Park for activities 
such as picnicking, barbequing, and unorganized sports. Wetland views add to the attraction 
for users of the Park’s network of paved pathways that cater to walkers, joggers and cyclists. 
Facilities continue to be added to the Park. Recent additions include a new boardwalk at 
Beenyup Swamp and a viewing platform at Lake Goollelal (CALM 2005a). 

Park Management Issues 

Park managers identified several issues which could negatively impact the Park’s in situ 
social values.  

Park Visitor Numbers 

The in situ social values of the Park’s wetlands are complimented by active recreation nodes 
such as Neil Hawkins Park, Joondalup Park and the Wanneroo Community Recreation 
Centre. The Park’s location in a growth population corridor will see its social value continue 
to increase over time. However increased visitor numbers can create a management issue. 
Park managers indicated that some recreation nodes, especially Neil Hawkins Park, are 
already feeling the stress of over use. In response, work has begun to develop Picnic Cove as 
an additional recreation node to reduce the visitor pressure on Neil Hawkins Park.  In 
addition, the City of Joondalup and the City of Wanneroo are undertaking a feasibility study 
for development of an environmental education centre in Yellagonga Regional Park. 

Eutrophication 

The Park’s lakes are eutrophic with phosphorus concentrations at higher than acceptable 
levels (CALM et al. 2003). Lake Joondalup has been receiving “nutrient enriched water via 
northerly flow from Walluburnup and Beenyup Swamps for over two decades” (CALM et al. 
2003, p.22). This has resulted in algal blooms in Lake Joondalup (CALM et al. 2003). 

Odours and Midges 

For a number of years, the seasonal fluctuations in water levels at Lake Joondalup have 
drawn complaints from some community members. When the Lake dries, aerobic activity in 
the exposed mud flats generates a distinctive odour or ‘stench’. Stakeholders attributed the 
community concerns about the odour to a lack of public knowledge about wetland 
ecosystems and their seasonal changes. Those familiar with the Lake’s dynamics described 
the drying phase as a natural part of the wetland’s annual cycle and viewed the odour as an 
indicator of the system’s health.   
 
A stakeholder indicated that some nearby residents may prefer Lake Joondalup to dry out 
completely to help reduce the midge problem. Nearby residents experienced few midge 
problems in the 1980s and early 1990s, however, in the spring and summer of 1998 residents 
“experienced severe midge plagues” (Lund 2001, p.2). Drying Lake conditions concentrated 
midge species in areas where water was still available. 
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Adult midges (Chironomidae) use the Lake for breeding and laying eggs, while the larvae 
live in the sediment. “During midge plagues several million individuals can emerge from a 
lake each night” (Lund, Braun and Lee 2000, p.3). The midges are attracted to the lights of 
nearby residential homes, creating a nuisance problem. CALM, the City of Joondalup and the 
City of Wanneroo have developed a Midge Management Strategy, which includes annual 
aerial pesticide spraying of Lake Joondalup. 

Drying Sediment 

Lake Joondalup has experienced some sediment drying. This has contributed to windthrow17 
of nearby vegetation.  The Lake Joondalup area is also prone to acidification (WAPC 2005a). 

                                                 
17 When a tree or a group of trees is blown over by wind. 
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Star Swamp Nature Reserve 
Background 

The 96ha Class-A reserve is located near the coast in the suburbs of Watermans Bay and 
North Beach. A Bush Forever site (No. 204), Star Swamp Nature Reserve is listed on the 
Register of the National Estate for its natural values. The area provides an example of a 
complete wetland, including Tuart and Banksia woodlands and water fowl (Australian 
Heritage Database n.d.).  
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The Reserve is vested in and managed by the City of Stirling. In 1987, the City prepared the 
Star Swamp Bushland Reserve Management Plan. The community-based group, Friends of 
Star Swamp, plays an active role in the management of the Reserve including annual 
rehabilitation and weeding projects.   

Star Swamp 
Nature Reserve

The 4ha Star Swamp is located on the eastern side of the Reserve. Seasonally inundated, it is 
surrounded by dense vegetation, including Melaleucas. The remainder of the Reserve consists 
of Banksia, Tuart, Jarrah and Marri woodlands, and areas of low heath. The Reserve provides 
habitat for fauna, such as reptile species, and a breeding site and sanctuary for waterbirds and 
bushland bird species.  

The Reserve has suffered the effects of several fires over the past several decades. The most 
recent was a small fire in December 2005 which burned approximately 10 ha of the Reserve. 
 
From a water resource management perspective, stakeholders noted that maintaining the 
health of the bushland, including Banksia, Tuart and Melaleuca trees would be essential to 
sustaining the Reserve’s social values. 
 



Social Values 

The Reserve has been set aside for the purposes of conservation, passive recreation and 
education and attracts both local and regional visitors. As shown in the aerial photo, a 
network of trails provides visitors with the opportunity to exercise (i.e. walking and dog 
walking) and explore the Reserve’s natural and heritage values. Most notable is the 1.4km 
Star Swamp Heritage Trail, part of the Heritage Trails Network.  A popular grassed area 
along the west side of the swamp provides views of the swamp and fringing vegetation and 
an opportunity to relax. 

Heritage Values 

Sites of European heritage are identified by placards along the Heritage Trail. From the mid-
1800s to the early 1900s, the area was used as a watering stop by drovers along the Coastal 
Stock Route. A drover described the swamp as “one of the most peaceful and beautiful 
watering places along the route from Dongara to Fremantle” (Heritage Council of W.A. 1999, 
p.2). In the 1890s the Star Swamp area was used as a camel quarantine station, prior to 
sending the camels onto the Goldfields. In the early 1920s urban sprawl began to encroach on 
the swamp. To help in the construction of homes and roads, marl18 was mined from the 
swamp. The rubbish and toilet refuse from the new suburbs was buried at the swamp until the 
1940s (Heritage Council of W.A.1999). During World War II the 10th Light Horse Division 
of the Australian Army was stationed near Star Swamp. The swamp provided a watering 
point for their horses. 

A number of trees on the north western side of the Reserve show evidence of scarring by 
local Aboriginal people. The trees were used in making shields and bark dishes (Heritage 
Council of W.A. 1999). Estill & Associates (2005a) did not identify any Aboriginal sites of 
significance in the Reserve.   

Henderson Environmental Centre 

The Centre is located at the southern boundary of the Reserve. Completed in 2001, it is one 
of five locations used by CALM to run school excursions as part of their Western Shield19 
project. Students (Years 5-7) learn about W.A.’s unique fauna and conservation of 
biodiversity. The University of Western Australia, Edith Cowan University and Murdoch 
University use the Centre and Reserve for research on bushland and wetland ecosystems 
(City of Stirling n.d.).  

 

                                                 
18 A clay-like sediment 
19 Western Shield is the largest wildlife conservation program in Australia (CALM n.d.). It is bringing native 
fauna species back from the brink of extinction by controlling introduced predators such as foxes and feral cats. 
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Neerabup Lake 
Background 

Neerabup Lake is located east of Wanneroo Road in the suburb of Neerabup. The Lake is 
actually a small chain of wetlands and marshy areas with heavy vegetation. The surrounding 
bushland is a Bush Forever site (No. 384). 
 
Although located in the City of Wanneroo, the local government manages only a small part of 
foreshore on the western side of the Lake.  The remainder of the foreshore is managed by the 
DPI or is privately owned.  The wetland area is owned by Cockburn Cement; however, the 
WAPC and the DPI as part of the Bush Forever program are looking to secure the area for 
conservation and resource enhancement purposes (Government of Western Australia 2000b).  
No management plan could be found. 
 
A site visit found the Lake and its surrounds to be in a degraded state. The Lake’s fringing 
vegetation is bordered by private properties, many of which have market gardens and/or 
grazing animals. No fencing was evident to prevent animals from grazing in the vegetation. 
Exotic vegetation (including cacti), rubbish, and the effects of fires were also observed. 

Neerabup Lake 

 
Neerabup Lake is not a statutory wetland criteria site. The closest groundwater monitoring 
bore is located to the north at Lake Nowergup. Both the Nowergup and Neerabup areas are 
currently over allocated. Licensed groundwater allocations (largely to horticulture) exceed 
the sustainable limit.  
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To improve water use efficiency in the Gnangara Mound’s irrigated horticulture sector, the 
DoW, the Department of Agriculture, and the Swan Catchment Council have commenced the 
programme ‘Waterwise on the Farm’. A demonstration site is being established in the 
Neerabup area as part of this programme (DoE 2005). 

Social Values 

There does not appear to be any passive or active recreational use of Neerabup Lake. There 
are no car parks, recreation facilities or pathways to provide public access to the Lake. 

Aboriginal Heritage Values 

There are two sites on the DIA’s Register of Aboriginal Sites.  
 
Orchestra Shell Cave (ID 4404) is a prehistoric archaeological site located on the eastern 
shore of Neerabup Lake (Estill & Associates 2005a). The permanently listed site includes a 
rare example of South West Aboriginal art. The engravings are probably associated with the 
mythical Waugal and the “cave was used for ceremonies of which fire was an important part” 
(Estill & Associates 2005b, p.31). A recent roof fall in the cave “seems to be associated with 
the dehydration of the limestone as a result of a fall in the watertable” (Estill & Associates 
2005b, p.31) and a further drop in the watertable could have additional negative impacts on 
Orchestra Shell Cave. 
 
Neerabup Lake (ID 3693) has an ‘interim’ site listing. Its significance is linked to its use as a 
camping and food gathering site and possible association with the Mindarie Waugal site (ID 
3567) (Estill & Associates 2005b).  
 
European Heritage 

There are several lime kiln remnants in the Neerabup area (City of Wanneroo 2004b). The 
kilns were used by early European settlers between the 1920s and 1960s to produce supplies 
of lime (e.g., Kalgoorlie gold mining). 

The remnants of the Menchetti Kilns are located along Lake Rd on the north side of 
Neerabup Lake. The kilns are associated with the Menchetti family, who owned the 
Neerabup Lime Company.   

Landscape Values 

A stakeholder noted that the Lake and surrounds offer a feeling of “being in the wild” and a 
sense of “being out of the City”. Another noted the undeveloped nature of the area as 
something he/she valued about the Lake. 

The draft East Wanneroo Land Use and Water Management Strategy (WAPC 2005a) 
identifies Neerabup Lake and its surrounds as a landscape unit of predominantly “Medium-
High Protection” with some “High Protection” on the eastern side of the Lake (WAPC 
2005a). While substantial, this is a lower landscape rating than that given to other wetlands in 
the East Wanneroo wetland chain. 
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Future Social Values 
If the area is rezoned as proposed in the draft East Wanneroo Land Use and Water 
Management Strategy (WAPC 2005a), there may be an opportunity to enhance the Lake’s 
social values.  The draft Strategy proposes rezoning properties that adjoin the western side of 
the wetland. The properties would shift from rural to special use/rural living. The intent is to 
take advantage of the high volume of traffic on Wanneroo Road by turning the properties into 
retail outlets or tourism ventures.  On-farm tourism ventures could capitalize on the Lake’s 
aesthetic values. 
 
The City of Wanneroo appears to support the idea of developing tourism ventures around 
Neerabup Lake (City of Wanneroo 2004a & 2000). To retain the ‘rural’ character of the area, 
the City has proposed developing tourism ventures on farms near the Lake. The development 
of interpretive walk trails around Neerabup Lake is also proposed (City of Wanneroo 2004a). 
 
The area is prone to acid sulphate soils (DPI 2005). This is a water resource management 
issue as a decline in water levels could result in the exposure of acid sulphate soils. 
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Lake Nowergup  
Background 

Lake Nowergup is located in the Nowergup Lake Fauna Reserve, east of Wanneroo Road in 
the City of Wanneroo. The 116 ha “A” Class Reserve is vested with the Conservation 
Commission as a sanctuary for fauna. 
 
The Reserve has been listed on the Register of the National Estate since 1978 for its fauna 
conservation values. It is also a Bush Forever site (No. 383). Lake Nowergup’s primary 
ecological values are related to the area of fringing woodland to the west of the lake, the large 
area of sedges, and the role of the wetland as a drought refuge for waterbirds (DoE 2001).  
 
The Lake has experienced declining water levels for a number of years. This has been 
attributed to a combination of private abstraction (particularly horticulture) and reduced 
rainfall (DoE 2004). Nearby land uses include irrigated horticulture to the east and a small 
piggery immediately adjacent to the reserve.  
 

 

    Lake 
Nowergup 

 
Lake Nowergup is a statutory wetland criteria site (i.e. Ministerial Conditions). Water level 
criteria were designed to maintain existing areas of sedges, maintain deep, permanent water 
for birds, invertebrates and fish, provide some areas of wading bird habitat, and maintain 
fringing woodland on western shore (DoE 2001).  
 
As shown in the hydrograph, the preferred minimum peak water level is 17.0m AHD with an 
absolute minimum of 16.8m AHD. In 1989, the DoE commenced supplementing the Lake by 
pumping water from the Leederville aquifer into it each spring. Since then the site has been 
out of compliance with its Ministerial Conditions in all but one year (i.e. 2001/02) (DoE 
2005). It has been increasingly difficult to achieve the target spring water level (i.e. 17.0m 
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AHD) through supplementation. This is because the amount of water supplied during 
pumping is much higher than can be supported by the watertable.  When pumping stops the 
water levels fall rapidly (DoE 2004).  

 
Rapid fluctuations in water levels have triggered several vegetation collapses including one in 
the autumn of 2002 (DoE 2004). When water levels drop, the Lake’s fringing vegetation 
finds it difficult to adapt to the rapid change in conditions. The 2002 collapse resulted in a 
decline in health of the vegetation, in particular the canopy vegetation20. In response, the 
supplementation regime was changed in 2003 to prevent a similar decline.   
 
Despite some recovery of stressed vegetation, the merits of the water supplementation effort 
have been questioned. Some have asked whether the “continuation of the current regime 
[pumping levels] would be more detrimental to the lake vegetation than if artificial 
maintenance was slowly phased out” (DoE 2004, p.12).  
 
To better understand the amount of water used by private abstractors DoW has commenced a 
bore metering programme21. Due to its intensive irrigation for horticulture, the Nowergup 
area was selected for the first phase of the program (DoE 2004).    
 
There are also water quality issues caused by high nutrient loads from a nearby piggery and 
horticultural land uses. Algal blooms affected the lake in 2000 (DoE 2001). Bullrush (Typha 
orientalis) an invasive plant which prefers nutrient enriched environments, has spread around 
the Lake (DoE 2004). There are concerns about the risk of fires due to weeds and 
acidification due to dropping water levels (DoE 2004). 
 
 
 
 
 

                                                 
20 Since 1992, Lake Nowergup has experienced declines in canopy density.  A decline in canopy density can 
lead to an invasion by weeds. Rapid invasion can in turn increase the risk of fire (DoE 2004). 
 
21 The DoW is currently running a metering program that will “install cumulative flowmeters on licensed 
allocations above 5,000kL./a in selected areas of the Gnangara Mound” (DoE 2004, p.1). 
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Social Values 

Aboriginal Heritage Values 

Lake Nowergup (ID 17450) is a permanently listed feature on the DIA’s Register of 
Aboriginal Sites. It is of significance in relation to the Emu Dreaming song lines (Estill & 
Associates 2005b). According to mythology, Lake Nowergup was created by Crocodile when 
he rested in a gully after fighting with Shark. During the fight his tail was ripped off, as a 
result he left blood and marrow in the Lake giving it special healing powers. Nyungar people 
with bone problems used to drink from the Lake to cure ailments (City of Joondalup n.d.). 

Landscape Values 

The Lake and Reserve provide a scenic landscape for local residents. Several local 
government representatives indicated that some residents have moved from Perth to the area 
for a ‘lifestyle’ change – from the city to the country. The views provided by the Lake 
contribute to the ‘lifestyle’ change sought by these individuals. Lake Nowergup is not visible 
from the heavily trafficked Wanneroo Road.  
 
Lake Nowergup and its surrounds are identified as a landscape unit with a “Very High 
Protection” rating in the Draft East Wanneroo Land Use and Water Management Strategy 
(WAPC 2005a). The Strategy proposes that the area remain rural in the longer term.  

Recreation Values 

There is no public access to the lake and no facilities (e.g., carparks, walk trails) to encourage 
use of the Reserve which is fenced off. No recreational activities currently occur, although 
one stakeholder did recall a time when rowing and swimming attracted people to the lake.  
 
The recreation values of the Reserve and Lake could be increased if public access and 
appropriate facilities were provided to support passive recreational uses. However the merits 
of such an option would need to be evaluated against the conservation objectives of the 
Reserve. Additionally, some of those interviewed valued the undeveloped nature of the 
Reserve.   
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Lake Jandabup  
Background 

Lake Jandabup is a permanent shallow wetland (Froend et al. 2004) in the City of Wanneroo. 
It is part of the 232 ha Lake Jandabup Nature Reserve vested in the Conservation 
Commission and managed by CALM.  
 
The Reserve is on the Register of the National Estate and is a Bush Forever site (No. 324). It 
is significant as an area for conservation of fauna; especially as an important drought refuge 
for water birds. Local land uses are mainly rural and special rural properties including 
irrigated horticulture (DoE 2001). The Gnangara Pine Plantation is further to the east. 

  
During the 1960s, water levels rose, 
probably due to a combination of land 
clearing and relatively high rainfall. 
Also, the pine plantation had yet to be 
established. Lake levels fell 
approximately one metre between the 
late 1960s and late 1970s, but have been 
relatively stable since (DoE 2001). 

Lake Jandabup 

 
Water Corporation bores nearest to the 
Lake have not been pumped for 10 years 
(DoE 2004). Three of the bores (i.e. 
W230, W340 & W250) have been 
decommissioned since 1985. This would 
indicate that subsequent decreases in 
water level are the result of a 
combination of reduced rainfall and 
private abstraction (DoE 2004). 
 
Lake Jandabup is a statutory criteria 

wetland. In an effort to avoid breaches of the site criteria, the Water Corporation has 
supplemented the Lake since 1989 with water from the Wanneroo wellfield. Despite 
increasing water levels, the summer absolute minimum criterion has been breached a number 
of times in the past 5 years. Water levels were 13cm below the criterion in 2003/04 (DoE 
2004). 
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In 1997, the Lake experienced an acidification event. It is believed the low pH conditions 
were due to the oxidation of pyrite in the lake sediment. This was made possible by 
prolonged drying of the lake bed (O’Neill et al. 2001). In response, the Water Corporation’s 
supplementation regime was altered to prevent excessive drying of the Lake. The altered 
supplementation regime has increased the surface water levels and enabled the Lake to 
recover from the acidification event (DoE 2004). However, there continues to be a decline in 
the health of fringing vegetation (Froend et al. 2004). 
 
Although artificial maintenance may prevent pyrite oxidation and acid production, there is a 
requirement for a seasonal water regime at the Lake and artificial maintenance throughout the 
summer is not preferable in the long term (Doe 2001). However, if artificial maintenance was 
stopped the condition of fringing vegetation could decline further, weeds could move in, and 
water quality issues may arise, including acidification (Froend et al. 2004, DoE 2004). 
CALM’s active management of the Reserve is limited to fire control (includes maintaining 
fire breaks and responding to fires) and weed control. Many nearby properties have shallow 
private bores which could also be negatively affected by acidification. 

 

Social Values 

No recreational activities occur on the Lake as there is no public access to the Reserve. Nor 
does the Reserve contain any features on the DIA’s Register of Aboriginal Sites. The Lake 
was once an important site for birding. Due to changes in water levels there has been a 
reduction in the diversity of birds found at the Lake. A number of workshop participants 
contended that the Lake still has high quality bird habitat and is valued by birders. 
 
In the Draft East Wanneroo Land Use and Water Management Strategy (WAPC 2005a), 
Lake Jandabup is identified as part of a landscape unit of “Very High Protection” value. A 
landscape corridor connecting Lake Jandabup to Lake Mariginiup also has a “Very High 
Protection” rating. 
 
Some residents moved to the area for a ‘lifestyle’ change. The Lake and its surrounds 
compliment the area’s rural character. One interviewee noted that local residents even valued 
the chorus of frogs at night. As with other wetlands in the East Wanneroo Chain, some 
stakeholders valued the undeveloped nature of the Reserve. 
 
The Draft Strategy (WAPC 2005a) proposes the area around the Reserve become a 
combination of rural living and future urban deferred in the longer term (i.e. residential).  
This would, in the longer term, increase the local population and in turn the in situ social 
values of the Lake. 
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Lake Mariginiup  
Background 

Lake Mariginiup is located east of Lake Joondalup in the City of Wanneroo. It is part of the 
Lake Mariginiup Reserve and is a Bush Forever site (No. 147). The Reserve is Crown Land, 
various parts of which are vested in the City of Wanneroo, the WA Planning Commission, 
and Department of Land Information. 
 
The terrestrial component of the Reserve forms a thin strip of land around the edges of the 
Lake. Residential housing and market gardens are the dominant land uses near the Reserve. 
On private property to the northeast is Little Mariginiup Lake.  

 
Lake Mariginiup is a statutory criteria wetland. Its water management objectives are to 
“maintain areas of sedges, maintain bird habitat, and maintain invertebrate diversity through 
allowing seaso

Lake Mariginiup 

nal lakebed drying, and maintaining or enhancing woodland vegetation” (DoE 
001, p.40).  

er 
levels have also failed to meet the absolute minimum level during each of the past 5 years. 

2
 
Water levels have been declining at Lake Mariginiup since the late 1960s (DoE 2004). The 
Lake has dried out most summers since 1997 and winter levels have also declined (Froend et 
al. 2004). Water levels have failed to meet the preferred minimum peak (42.1m AHD) ever 
since the criterion was set in 1996 (DoE 2004). As shown in the hydrograph below, wat
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Reduced rainfall and private abstraction (primarily horticulture) are thought to be the main 
factors influencing water levels in Lake Mariginiup (Yesertener, 2002). To determine the 
extent of private abstraction, the Mariginiup area will be part of the next phase of DoW’s 
metering programme22.   
 

 
Primarily as a result of recent fires, little of the Lake’s fringing vegetation remains (Froend et 
al. 2004). In the summer of 1995, Lake Mariginiup was severely burned and again suffered 
from fire in 1997 and 2003. The Lake continues to be at risk of fire, primarily due to a fire 
prone under storey created by weed invasion (DoE 2004). Despite the loss of vegetation, 
Froend et al. (2004) rated the Lake as having a “moderate” conservation value. 
 
The decline in water levels and recent fires have led to the prospect of further problems at 
Lake Mariginiup, including drying sediment, potential acidification, weed invasion, and 
vegetation moving across the Lake’s basin (DoE 2004). The site appears to be fairly heavily 
grazed by horses or cattle from adjoining properties (City of Wanneroo 2003). Benier and 
Horwitz (2003) identified the Lake as one of the Mound’s wetlands most at risk of drought 
induced acidification.  
 
Although declines have been documented, no action has been taken to supplement water 
levels in the Lake or to actively manage its surroundings land uses. The Lake’s ecological 
water requirements are under review and is one of five sites requiring “… the highest 
management priority …” (DoE 2004, p.24).  
 
Land use management issues associated with the Reserve “need to be taken into account in 
determining the value of maintaining wetland water levels” (DoE 2004, p.26). The Reserve’s 
vesting in multiple agencies has probably contributed to the absence of a management plan. 
The City of Wanneroo’s Bushland Assessment (2003) recommended amalgamating and 
vesting the area under one authority as a single Bush Forever site.  

Social Values 

Aboriginal Heritage Values 

The Lake (ID 3741) has an ‘interim’ listing on the DIA’s Register of Aboriginal Sites. The 
area was used for hunting turtles and wildfowl (Estill & Associates 2005b). 

                                                 
22 The DoW is currently running a metering programme that will “install cumulative flowmeters on licensed 
allocations above 5,000kL./a in the selected areas of the Gnangara Mound” (DoE 2004, pg. 1). 
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Landscape Values 

Lake Mariginiup is identified as part of a landscape unit of “Very High Protection” value in 
the Draft East Wanneroo Land Use and Water Management Strategy (WAPC 2005a). There 
is also a “Very High Protection” value landscape corridor connecting Lake Mariginiup to 
Lake Jandabup.  
 
Several local government representatives indicated the area provides a pleasing landscape in 
keeping with the area’s rural character. The amenity values of the Lake and Reserve 
compliment the ‘lifestyle’ change sought by some recent residents in the area.  

Recreation Values 

There is no public access to the Reserve and no public facilities to encourage use of the 
Reserve (e.g., carparks, walk trails). However, several of those interviewed indicated they 
and others valued the Lake and Reserve because it is undeveloped. 

Future Social Values 

The Draft East Wanneroo Land Use and Water Management Strategy (WAPC 2005a) 
proposes the area on the north side of Lake Mariginiup be urbanized in the longer term with 
rural living as the longer term land use to the south.  
 
A number of future land use options for the Lake Mariginiup area were put forth in a 2004 
WAPC discussion paper (i.e. East Wanneroo Land Use and Water Management Strategy). In 
response a large number of land owners around Lake Mariginiup opposed any scenario 
involving either future urban zoning or an increase in the parks and recreation reservations 
around Lake Mariginiup (WAPC 2005a). 
 
It appears unlikely that the Lake’s social values will increase significantly in the future.   
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Lake Gnangara 

Background 

Lake Gnangara is located 17km north of Perth in the City of Wanneroo. The 117ha Lake lies 
in the centre of the similarly named Lake Gnangara Park. The reserve is a Bush Forever Site 
(No. 193). 
 
The Park includes land parcels owned by several agencies (i.e. City of Wanneroo, WAPC, 
and CALM) as well as areas of vacant crown land. The Park is managed primarily by the City 
of Wanneroo and CALM.  Management of the Park is guided by the Gnangara Lake Reserve 
Management Plan (ATA Environmental 2002). The Lake Gnangara Conservation and 
Community Group (LGCCG) had been active in the Park’s management in the past but is 
currently not meeting. 

Lake Gnangara 

 
There are two criteria sites at Lake Gnangara.  Between 1996 and 2004 there were no 
breaches of the absolute minimum water level criteria (DoE 2005).  
 
The original water level criterion for the lake was intended to “… improve the recreational 
values …” of the lake (WRC 2001, p. 55). This is one of only two examples we found on the 
Mound where the water level criteria included specific reference to maintaining a social value 
(i.e. recreation value).  The criterion was breached several times but it was decided in 2001 
that no supplementation was needed because the absolute minimum criterion had been set 
based on recreational needs (WRC 2001). 
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Lake Gnangara is dry much of the year although there is permanent water in a small strip 
along the eastern side of the Lake (ATA Environmental 2002). Interviewees indicated that 
there used to be water in the Lake year round but this is no longer the case.  The health of the 
Lake’s fringing vegetation has suffered due to declining water levels which prevent 
vegetation becoming inundated (DoE 2004).  
 
There has been some acidification, most notably in the spring of 2003 (DoE 2004). This has 
been attributed to a combination of factors including: lower water levels; drying of the Lake; 
mining for diatomaceous earth (removes the top soil exposing lower layers to air); and 
increased human use due to encroaching urbanization (ATA Environmental 2002, LGCCG 
n.d.). There is also evidence of nutrient loading, as nitrogen concentrations have been 
consistently high (DoE 2004 & 2005). 
 
Human activities have also caused degradation. Vegetation has been removed in several areas 
for sand excavation. Other areas of vegetation have been used as an illegal rubbish dump for 
things such as motor vehicles (ATA Environmental 2002). 

Social Values 

Aboriginal Heritage Values 

There are four sites listed on the DIA’s Register of Aboriginal Sites (Estill & Associates 
2005b). Gnangara Lake (ID 3772) is a mythological and historical site.  Although the area 
was used to hunt waterfowl and kangaroos “…Aboriginal people did not actually camp at 
Gnangara Lake as a dangerous Waugal was believed to inhabit it” (Estill & Associates 
2005b, p.29). The Lake Gnangara vicinity was a Beedawong or initiation area. There are four 
paperbark trees on the western edge of the Lake associated with the Possum Dreaming. 

The other sites of significance are: 

• Gnangara Lake SW1 (ID 628) - At least 10 artifacts were recorded along the southeast 
edge of Lake Gnangara.  

• Gnangara Lake SE (ID 3169) - Approximately 100 artifacts were recorded near the 
southwestern edge of Lake Gnangara.   

• Gnangara Lake SW (ID 3319) - Artifacts were recorded southwest of Lake Gnangara.  

Recreation Values 

The Lake used to be a popular recreation spot for activities such as water skiing, swimming 
and boating activities. Due to low water levels and decreased water quality these activities no 
longer occur. Since the 1970s the number of birds sighted at the Lake has also declined 
(LGCCG n.d.). Acidification may be part of the reason (LGCCG n.d.).   
 
A number of unofficial trails have developed in the dry portions of the Lake and surrounding 
vegetation (ATA Environmental 2002). These are used by vehicles, bikers, walkers and 
horseback riders. 
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Mirrabooka / Lexia / Pinjar 
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Lake Pinjar 

Background  

Lake Pinjar is located in State Forest east of Pinjar Road in the City of Wanneroo. The 
adjacent bushland is a Bush Forever site (No. 382).  
 
The area includes one of the few remaining examples of Pinjar Vegetation Complex (Froend 
et al. 2004). The Lake provides habitat to a number of species, including a significant 
mammal species - the quenda (also known as the southern brown bandicoot) (Government of 
Western Australia 2000a; Froend et al. 2004). 
 
A Bush Forever assessment rated the majority of adjacent vegetation to be in ‘excellent to 
very good’ condition with some pristine areas. Only 20% of the vegetation was rated as being 
in ‘good’ condition with some areas of localized disturbance (Government of Western 
Australia 2000a). 

Lake Pinjar 

 
Ministerial criteria site PM24 is located in the basin of Lake Pinjar. The site has experienced 
minimum decline in groundwater levels since 1995 (Froend et al. 2004). However, in April 
2004, Froend et al. (2004) noted no visible surface water. 
 
Groundwater levels may increase, at least temporarily, when the pine plantations are cleared. 
However, in the longer term, water levels may decline resulting in the basin becoming 
terrestrialized (Froend et al. 2004). 
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Social Values 

The Lake’s location in State Forest makes public access difficult. There are no car parks, 
recreation facilities or pathways to provide public access to the Lake. However, this may 
change in the future. The Gnangara Park Concept Plan (CALM 1999) proposes the 
development of a recreation node at the old Pinjar Mill near Lake Pinjar. The node would 
include walking trails from the Mill to the Lake. Lake Pinjar would be rehabilitated including 
the retention of existing native vegetation and planting of additional vegetation to develop 
habitat and corridors for native fauna.  
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Melaleuca Park 

Background 

The 3,150ha Melaleuca Park lies between Neaves Road and Warbrook Road in the City of 
Wanneroo. The Park is a Bush Forever site (No. 399) and is listed on the Register of the 
National Estate for its natural values. It provides an example of remnant wetland vegetation 
once found on the Bassendean Sands (Australian Heritage Database 1998). 
 
The Park is vested in the Conservation Commission and managed by CALM. Currently part 
of State Forest 65, the Park will revert back to a nature reserve once the tree plantations are 
harvested. Under the Gnangara Park Concept Plan, the area will continue to be used as a 
conservation and groundwater protection area in the longer term (CALM 1999).   
 
The Park contains 45 wetlands, ranging in size from 3ha to 40ha. The wetlands make up 10% 
of the Park, while the remainder is Banskia woodlands (Australian Heritage Database 1998). 
The Park is an important refuge for amphibian and reptile species. To date, 33 species have 
been found in the area (Australian Heritage Database 1998). 
 

Melaleuca Park 

Neaves Road 

Warbrook Road 

 
Groundwater levels in the Park have declined. There are two wetland ministerial criteria sites 
in Melaleuca Park: Dampland 78 and EPP 173. Both are seasonally inundated wetlands and 
have experienced declines in water levels since 1995 (Froend et al. 2004).  Both wetlands 
rely on groundwater but EPP 173 appears to be perched, which means it also relies on rainfall 
and adjacent springs (Froend et al. 2004, Rockwater Pty Ltd. 2003).  
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Vegetation in the Park is transitioning toward species with a higher tolerance for drier soil 
conditions. For instance, Candlestick Banksias are increasing in number, while species 
requiring moist soils such as Swamp Banksias are on the decline (Australian Heritage 
Database 1998). The DoE has noted a decline in the health of trees and the understorey has 
dried and thinned (DoE 2004).   
 
The Park has been identified as a wetland area requiring the ‘highest management priority’ 
(DoE 2004). This reflects concerns about vegetation health, the high risk of fires, and drying 
sediments resulting in acidification. 

Social Values 

Previous studies have identified Melaleuca Park as having high social value for its 
bushwalking and wildflower viewing (WRC 2001). However in our study, none of the 
stakeholders interviewed mentioned the Park unless prompted to do so. Most were unaware 
of the Park’s existence. 
 
Recreational activities in the Park include 4WD, horseback riding, bush walking and 
wildflower viewing. Opened in 1997, the Coastal Plain Walk Trail extends from Yanchep 
National Park to Melaleuca Park. The 47km trail has four campsites; each campsite has a hut, 
water tank and bush toilet. Extension of the walk trail has been proposed to link the trail to 
Walyunga National Park and possibly Whiteman Park (CALM 1999). 
 
The Park provides an important scientific reference point for studying the effects of changing 
groundwater levels on soil, native vegetation and fauna (Australian Heritage Database 1998). 
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Whiteman Park 

Background 

Whiteman Park is located 18km north-east of Perth in the City of Swan. The Park is more 
than 4,200 hectares in size, half of which is designated as conservation area (Whiteman Park, 
2005).  The Park contains 3 Bush Forever sites.  
 
The WAPC has delegated authority for the Park’s management to the Whiteman Park Board 
(WAPC 2005b). Park management is guided by the Whiteman Park Strategic Direction 
2005-2015 and other plans, such as the Whiteman Park Land and Environmental 
Management Plan 2003-2008. When the land for the Park was purchased in the late 1970s, it 
was an opportunity to establish a land use that would be compatible with the area’s role as a 
groundwater resource for public water supply. Since then, Whiteman Park has grown into a 
major regional tourist attraction known for both its nature and recreation values.  
 

 

MM18

MM55B

MM49B

MM53

MM59
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The Park’s major groundwater-dependent ecological features are Bennett Brook, Horse 
Swamp, Grogan’s Swamp and areas of native bushland. Whiteman Park lies within the 
Mirrabooka Groundwater Area. The five statutory criteria sites within the Park boundaries 
(i.e. MM18, MM49B, MM53, MM55B, and MM59B) are situated in bushland in the northern 
half of the Park. There are no groundwater monitoring bores at either Bennett Brook or Horse 
Swamp.    

Bushland 

There are large areas of native bushland throughout the Park, supporting over 450 species of 
native plants. Both the Modong paperbark (Melaleuca preissiana) and Swamp Banksia 
(Banksia littoralis) woodland communities are groundwater-dependent.  
 
In 1991, Whiteman Park experienced the death of large patches of vegetation due to a 
combination of low groundwater levels, abstraction for public supply, extreme temperatures, 
and low soil moisture (DoE 2004). In 1996 criteria water levels for the Mirrabooka bores 
(including Whiteman Park) were established to protect the health of the phreatophytic 
vegetation23 in the area (DoE 2001).  
 
Since 1996, sites MM18 and MM49B have met the absolute minimum criterion each year. 
However, the absolute minimum criterion has been breached multiple times at MM53, 
MM55B, and MM59B (DoE 2004) (Table 12). The hydrograph for MM59B displays a 
consistent pattern of non-compliance.  
 
Table 12 Years of non-compliance (absolute minimum criterion) 

Location 1996/97 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 

MM53  X X    X X 

MM55B  X     X X 

MM59B  X   X X X X 

Source: DoE 2004 
 

 
 

                                                 
23 The term ‘phreatophytic vegetation’ refers to deep-rooted plants, often trees, which obtain their water from 
the watertable or the layer of soil just above it. 
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A drying climate is viewed as the primary cause of non-compliance. However, since 1990, in 
an effort to avoid breaches of the criteria water levels, public water supply abstraction from 
the Mirrabooka wellfield has been reduced several times. The Water Corporation has turned 
off 11 superficial aquifer bores in areas where there is greatest risk of environmental impacts 
(DoE 2004). 
 
Bennett Brook 
 
Bennett Brook typically flows from early August until early November. The 17.5km Brook 
starts near the centre of the Park and moves southward until it joins the Swan River. Except 
for a few drains all of the Bennett Brook catchment falls within the Park boundaries.   
 
The woodlands of Flooded Gum (Eucalyptus rudis) and Freshwater Paperbark (Melaleuca 
rhaphiophylla) along the Park’s main creek lines are groundwater-dependent (DoE 2001). 
The Brook forms an important wildlife corridor in the area (Ribbons of Blue 2006). 
 
Mussel Pool was created by the former property owner Lew Whiteman, who broadened 
Bennett Brook to develop a picturesque picnic area. A weir was constructed in the 1930s to 
keep the Pool full of water but it stopped the seasonal migration of small native fish (e.g., 
western minnow, pygmy perch) (Whiteman Park 2005). To enable fish to migrate to the 
upper reaches of the Brook, a ‘fish ladder’ was built in the 1990s and appears to be effective 
(Ribbons of Blue 2006). 
 
Whiteman Park in partnership with the North Metro Catchment Group and the City of Swan, 
annually monitor the water quality within the Brook. 
 
Groundwater levels near the Brook appear to be increasing. There is no data for the Brook 
itself, but a monitoring bore (MM49B) in the vicinity shows groundwater levels increasing in 
the period 1995-2003 (Froend et al. 2004).  This is contradicted by several interviewees who 
indicated that the water levels appear to be dropping.  They indicated that the Brook no 
longer is as deep or as long as it was 10-15 years ago. 

Horse Swamp 
Horse Swamp is a seasonally inundated wetland which dries out most summers. It is a winter 
breeding area for a variety of water birds including Black Swans and the Sacred Ibis 
(Whiteman Park 2005). 

Social Values 

Whiteman Park is the most frequently visited Park in the study area. Its 625,000 visitors24 far 
exceed the annual number visiting Yanchep National Park (approx. 224,000). About 180,000 
of Whiteman Park’s visitors also visit the Caversham Wildlife Park25. Visitor numbers 
increase during public and school holidays (R. Parker pers. comm. 2005). The Park primarily 
draws local and regional visitors. 

                                                 
24 In the 5 years prior to 2002, annual visitation rates were steady at approximately 200,000 people p.a.  In 2002 
the gate charge was dropped and a TV campaign began. Caversham Wildlife Park relocated to Whiteman Park 
in 2003. Visitor numbers increased dramatically but appear to be stabilising. 
25 The fee-based Caversham Wildlife Park offers an opportunity to see Australian fauna in a zoo-like setting.   
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Heritage Values 
Whiteman Park includes two sites on the DIA’s Register of Aboriginal Sites which do not 
relate to Bennett Brook (Estill & Associates 2005b). The permanently listed Lord Street 
North 2 (ID 552) is a ceremonial, mythological site. It is described as a permanent pool 
surrounded by native vegetation and a source of Dugatch (Waugal) Dreaming. Mussel Pool 
(ID 3745) has a permanent listing as a mythological site of significance connected to the 
Waugal associated with Bennett Brook. 

 
Estill & Associates (2005b) identified a number of significant sites along Bennett Brook:  

• Bennett Brook in toto (ID 3692) – This permanently listed mythological site is 
associated with the creation of Bennett Brook by the Waugal. 

• Bennett Brook: Eden Hill Reserve (ID 3487) – A meeting place, camp and water 
source. This permanently listed site is located in a former swampland and is of “utmost 
significance to Aboriginal people as a historic site” (Estill & Associates 2005b, p.65). 

• Bennett Brook: Rosher Park (ID 3488) – This permanently listed site was a meeting 
place and camp site. 

• Bennett Brook: Lord St 1 (ID 3489) – This permanently listed ceremonial site is an 
avoidance area associated with a burial. 

• Bennett Brook: Lord St 2 (ID 3490) – This permanently listed ceremonial site is an 
avoidance area associated with a burial. 

• Bennett Brook: Camp Area (ID 3840) – This permanently listed site has significance 
for its ceremonial, mythological, burial, and historical characteristics (including 
artifacts).  

• Success Hill (ID 3757) – A permanently listed site of ceremonial and mythological 
importance which includes artifacts.  

 
The confluence of Bennett Brook and the Swan River (i.e. the Devil’s Elbow) is part of two 
heritage trails: the Swan River Heritage Trail and the Swan Valley Heritage Trail. Success 
Hill Reserve which overlooks Bennett Brook is situated at the junction of the two heritage 
trails. Success Hill was an important Aboriginal meeting place and ancient camping ground. 
The Waugal is believed to live in an underwater cave where Bennett Brook meets the Swan 
River (Heritage Council of W.A.1998b). 

Recreation Values 
The Park offers visitors a variety of passive and active recreation opportunities. The northern 
half of the Park has been retained primarily as natural bushland but includes several walking 
and cycling paths. The pathways provide opportunities for birding, particularly by researchers 
as the area supports a wide range of bush birds. The north western side of the Park includes 
the WA International Shooting Complex, which has an archery club, a rifle range, and a 
pistol club, and an equestrian centre.  
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The southern half of the Park offers two main recreation nodes. One is centred on the Park’s 
Village and, further to the south, Mussel Pool. A visitor railway operates between Mussel 
Pool and the Village. The Village node includes the Motor Museum, the Tractor Museum, 
and the Caversham Wildlife Park. The Mussel Pool recreation node includes a popular 
picnicking area, sports fields, and a number of walk trails around the Pool, Horse Swamp and 
along Bennett Brook. 
 
Each of the nature trails has a connection to a groundwater-dependent ecosystem. The 
Werillyiup Trail is a 2.5 km loop that passes by Horse Swamp. The 1.5 km long Goo Loorto 
Trail follows along Bennett Brook. Wunanga Trail leads visitors on 4.3 km walk which 
includes bushland areas. Each trail has interpretive signage to educate visitors about the flora 
and fauna.  
 
Whiteman Park has long been a favourite for birders. The bike and walking trails pass 
through a variety of habitats offering access to a wider range of species than at sites closer to 
the CBD (Birds of Perth WA 1997). A bird hide has been constructed at Horse Swamp. 

Landscape Values 
The lower reaches of Bennett Brook are part of the 105km2 Swan Valley Landscape 
Conservation Area. The landscape includes both natural and cultural elements and is listed as 
an Indicative Place26 on the Register of the National Estate. The Register describes the Swan 
Valley Landscape Conservation Area as having “many unique natural and historical features 
which need protection and, in addition it should be preserved to provide visual and 
psychological relief from the urban environment, to act as a buffer to urban residential 
development and provide a variety of recreational opportunities in sympathy with its 
conservation” (Australian Heritage Database n.d., pg. 1). 
 
Educational Values 
 
The Park supports, sponsors, and coordinates a number of education and research programs.  
This includes the Groundwater Festival which annually teaches 1,000 primary school 
students about groundwater and environmental conservation.  The Park also provides learning 
and research opportunities for university students – from undergraduate to PhD level. 

Future Social Values 
A recent strategic planning document (Whiteman Park Strategic Directions: 2005-2015) 
outlines a number of changes for the Park. At the forefront is a shift from the current passive 
Park experience to a more hands-on interactive and educational experience. A stakeholder 
described the changes as allowing visitors to leave with “knowledge of the Park and the 
natural environment and hopefully use the knowledge in their everyday lives”. This may 
include the development of a wildlife sanctuary. The sanctuary would provide a home to 
native fauna and fauna habitat and enable the reintroduction of locally extinct species.   
 
Another possible change is the introduction of stormwater and grey water reuse. Several 
stakeholders, including state government agency and community group representatives, 

                                                 
26 Data has been entered into the database and the place is at some stage in the assessment process. A decision 
on whether the place should be entered in the Register has not been made. 
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indicated there have been discussions about reusing grey water from the Ellenbrook 
residential developments to augment groundwater-dependent features in the Park. 
 
A community group member mentioned an interest in undertaking a project to highlight 
Bennett Brook and its natural and cultural values to the general public; many of whom know 
little about the Brook. The promotional portion of the project would be complimented by 
rehabilitation work. Rehabilitation work would include fencing to keep feral animals and trail 
bike riders out of the Brook. It is hoped the project would provide people with an 
appreciation and ultimately long term protection of the Brook. 

Management Issues 
 
Several stakeholders commented that any repeat of the 1991 deaths of groundwater-
dependent vegetation would decrease the Park’s in situ social values.  
 
The in situ social values of Bennett Brook are connected to its aesthetic, cultural and 
ecological characteristics. Several community group members indicated that some decline in 
water levels probably would not diminish the aesthetic values but would threaten ecological 
values and consequently the Brook’s social values. The primary concern was the potential 
effect on fauna habitat and in particular the long-necked tortoise (Chelodina oblonga). A 
stakeholder with historical knowledge of the Brook indicated that the length of Brook has 
decreased. Tree lines can be seen where the Brook once flowed. 
 
There are a number of proposed residential developments to the north, south and east of the 
Park. An interviewee indicated these developments will add 60,000 people to the local area 
over the next 20-25 years. This would further enhance the social values of Whiteman Park.
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Lake Gwelup 
Background 

Lake Gwelup Reserve is located in the City of Stirling near of the corner of Karrinyup Road 
and North Beach Road. At the centre of the Reserve is Lake Gwelup. The Lake is 25ha in 
size, comprising approximately a third of the Reserve. The remaining portions of the Reserve 
are composed of bushland (Bush Forever site No. 212) and parkland open space.  
 
The Lake Gwelup Reserve is vested in and managed by the City of Stirling. Reserve 
management is guided by the Lake Gwelup Reserve Environmental Management Plan 
(1992). The community-based group, Friends of Lake Gwelup, assist the City in managing 
the Reserve. 
 
The Lake is likely to be dependent on groundwater for its survival (Froend et al. 2004). The 
Lake was formerly much larger and part of the Lake Monger to Joondalup system. However 
it was filled in for the development of the Mitchell Freeway and housing (Birds of Perth 
2000). It is now fed by a series of stormwater drains which supplement water levels. There is 
an outflow drain in the northwest corner which is used when lake levels get too high 
(Halpern, Glick, Maunsell 1992). 

Lake Gwelup 

 
Some of the stormwater is acidic, causing the pH levels in the lake to drop. A few 
interviewees attributed the acidity to recently exposed acid sulphate soils.   
 
The Lake supports a number of waterbirds and wader species. It used to have some open 
water year round but now dries out during the summer and early autumn months. One 
stakeholder noted the Lake has dried out completely the past two summers. This has resulted 
in a decline in the condition of fringing vegetation and the introduction of exotic species. An 
area of Melaleucas, which stood on the western side of the Lake, died in 2004. Although the 
Lake has suffered from drying it still maintains a ‘high’ conservation value (Froend et al. 
2004). 
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Social Values 

Aboriginal Heritage Values 

There are four sites on the DIA’s Register of Aboriginal Sites (Estill & Associates 2005b). 
The bushland of Lake Gwelup is a traditional hunting and gathering area and campsite. On 
the north-western edge of the Lake is a permanently listed ceremonial site (ID 3442); the 
location of an annual increase dance. Site ID 3393 was used as a camping area in the 1930s, 
until people were removed to Moore River. There are also two artifacts sites (IDs 3500 & 
3501). 

Recreation Values 

Birding is popular at the Lake and Reserve. Noted species include the White-faced Heron, 
Rainbow Bee-eater and White-eyed Duck. There is a walking trail around the northwest side 
of the lake and into the bushland area, which is a good place for birding (Birds of Perth 
online). There is a short wooden boardwalk along the south-west corner of the Lake. It 
includes a small platform for viewing the Lake’s wildlife, especially the birds. The water 
birds and wader species found at Lake Gwelup require shallow water in summer and early 
autumn.  
 

  
To enhance public enjoyment of the Reserve’s natural assets, the Friends of Lake Gwelup 
offer free guided bushwalks and night walks each month. The night walks provide an 
opportunity to observe nocturnal animals (e.g., certain species of frogs).  
 
Several paved pathways wind through the Reserve, providing views of the Lake. The 
pathways are used by walkers, joggers and cyclists. There are also tennis courts and a cricket 
pitch on the south-west side of the Reserve. 

Landscape Values 

The City of Stirling received about half a dozen complaints last summer (2004/05) when the 
Lake dried out. In general, the public would prefer the wetland to have water year round, as 
this is more aesthetically pleasing. A stakeholder noted this may mean the general public 
does not understand the value of dry periods and the natural fluctuation of wetlands. 
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Dianella Regional Open Space 

Background 

The Dianella Regional Open Space is located north-east of Perth on the corner of Alexander 
Drive and Morley Drive. Managed by the City of Stirling, the 16ha area includes a Bush 
Forever site (No. 280). An open space master plan is due to be completed by June 2006. 
 
There is a wetland on the south west corner of the Open Space, with an island at the centre.  
Several stormwater drains empty into the wetland.  
 
Patches of bushland are scattered throughout the Park and are maintained for conservation 
purposes. Much of the bushland appears to be in good condition and where it is not the City 
of Stirling is undertaking rehabilitation work. 

Dianella Regional Open Space 

 
Social Values 
 
The Open Space area is a “major recreational reserve for the local and regional community” 
(City of Stirling 2006). The area is also valued by the City as an “…important landmark and 
provides a significant landscape feature for the suburb” (City of Stirling 2006). 
 
Paved pathways wind throughout the open space area providing walkers, joggers and cyclists 
with scenic views of the wetland and bushland. The wetland and bushland attracts various 
bird species, providing an opportunity for birding. 
  
On the northern side of the Open Space are a number of active recreation facilities, including 
several ovals, tennis courts and a recreation centre. 
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Carine Regional Open Space 

Background 

Little 
Carine 
Swamp 

Carine Regional Open Space is 
located 14km from Perth in the 
City of Stirling (corner of Okely 
Road and Reid Highway). There 
are two wetlands on site – Big 
Carine Swamp and Little Carine 
Swamp. The remainder of the 33 
ha area is a combination of open 
parkland and bushland (includes 
a Bush Forever site)

Big Carine 
Swamp . 

The City of Stirling manages the 
open space area. The Carine 
Lake Region Open Space Reserve 
Management Plan was published 
in 1987. In the past, the Friends 
of Carine Swamp have assisted 
the City in the area’s management but it has been relatively inactive of late. A stakeholder 
attributed this to the open space area not having any obvious problems to stimulate action by 
the community group.  
 
Big Carine Swamp covers almost a third of the Regional Open Space area. It is seasonally 
inundated and during summer only vegetated mud flats remain. The mud flats provide an 
important feeding and nesting area for a range of bird species, particularly wading birds 
(Australian Association of Environmental Education n.d.).   
 
Waterfowl are the most noticeable bird species including Freckled Duck, Little Bittern and 
the Royal Spoonbill. Big Carine Swamp once played an important role as a breeding area for 
Black Swans. This is no longer the case due to drying conditions (Birds of Perth 1999).  
 
At the centre of the Big Carine Swamp are several densely vegetated areas. There is fringing 
vegetation along the eastern and southern edges of the Swamp. To the east, there is a small 
adjoining area of bushland.  
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Since the Swamp has begun to dry out, some of its original vegetation has been lost.  If water 
levels were to continue to drop, this could lead to further loss of native vegetation and 
domination by exotic species (Froend et al. 2004). Both swamps are prone to small algal 
blooms at the end of summer and fires every few years (Dames & Moore 1987). 
 
In the 1950s several drains were constructed to enable excess water from Lake Gwelup, Lake 
Karrinyup and Lake Careniup to drain into Big Carine Swamp. These drains still exist but 
with lower water levels they provide water less frequently. There is also a drainage channel 
that allows excess water to flow from Little Carine Swamp to Big Carine Swamp. The 
channel is visible at the southwest corner of Little Carine Swamp.   
 
Little Carine Swamp is in the north-east corner of the Regional Open Space. There is fringing 
vegetation along the northern and western edges of the Swamp (including a stand of 
paperbarks) and a small vegetated island. Water levels fluctuate on a seasonal basis. However 
the Swamp does not dry out to the same extent as Big Carine Swamp.  

Social Values 

The Regional Open Space area is easily 
accessible to the public and offers a range 
of passive and active recreation 
opportunities.  

The wetlands provide scenic views for 
walkers, joggers and cyclists using the 
network of paved trail. Birding and 
general nature observation are also 
popular activities. There are barbequing 
and picnicking facilities near both 
swamps.   

A stakeholder noted that when the Swamps dries out, the local government does receive 
complaints from citizens concerned about diminished aesthetic values and the health of the 
ecosystem. The number of complaints would be less than a dozen during a dry year. 
 
To the south of Little Carine Swamp is an equestrian centre for disabled people. The centre 
includes stables and a large fenced riding area. No horses are boarded on site. Tennis courts 
are situated to the west of Little Carine Swamp. 
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Lake Claremont  

Background 

Lake Claremont is 10km south west of Perth in the Town of Claremont.  It is a Bush Forever 
site (No. 220).  Lake Claremont and the adjoining bushland is Claremont’s largest area of 
open space. The Lake’s reserve is bordered by a public golf course (i.e. Lake Claremont Golf 
Club) and Scotch College. 
 

The Lake is managed by the Town of 
Claremont. A management plan has 
been in place since 1990 (i.e. The Lake 
Claremont Management Policy 
(revised) 1998). The Lake is managed 
for both nature conservation and 
recreation (Haynes & Lantzke 1998). 
 
The community-based group, Friends of 
Lake Claremont, play an active role in 
the management of the wetland 
including revegetation and weeding 
projects.   

Lake Claremont 

 
The Lake is able to support a number of 
bird species, including various types of 
wading birds. The north-west side of 
the Lake is lined with Swamp 
paperbarks and rushes. Further from the 
Lake is an area of Tuart, Marri and 
Peppermint which is an important bird 
habitat (Birds Australia W.A. n.d.) 

 
Lake levels fluctuate seasonally including dry periods in late summer. The water levels in 
Lake Claremont have been in decline since 1975. This has been attributed in part to private 
groundwater abstraction used to maintain the adjacent playing fields and public golf course 
(Haynes & Lantzke 1998). The Lake has suffered from salt water intrusion and nutrient 
loading (Haynes & Lantzke 1998). The nutrient loading is likely largely due to stormwater 
drain outflows into the Lake. 

Social Values 

Aboriginal Heritage Values 

There is one site on the DIA’s Register of Aboriginal Sites (Estill & Associates 2005b). Lake 
Claremont (ID 3762) was used as a campsite until the 1930s. Camping occurred on the higher 
rims of the Lake with adjoining burial sites on the north eastern side. It remains a significant 
historical site for many families, “particularly an old identified and recorded Tuart tree” 
(Estill & Associates 2005b, p.55). 
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European Heritage Values 

In 1850 land near Lake Claremont was granted to English military pensioners. As they settled 
the area, the Lake (then known as Butler’s Swamp) became a popular picnic spot. As time 
passed, the popularity of the area waned as it became home to market gardens and orchards.  
Eventually the area began to flood, due to rising water levels in the Lake, and destroyed the 
market gardens. These floods also killed a number of Melaleucas. Their remains can still be 
seen in the Lake and have become 
important resting and nesting places 
for birds (Birds Australia WA n.d.). 
 
In 1949, there were calls to beautify 
the area. The Town of Claremont 
reclaimed a number of areas, which 
had been flooded, including the 
current Scotch College playing fields 
and the golf course. The reclamation 
work resulted in the creation of two 
island bird sanctuaries and higher, 
steep banks along the Lake’s edge. 
  
In the late 1960s the local council approved the development of the golf course despite strong 
opposition. Those opposed believed it would restrict access to the Lake’s foreshore and 
negatively impact the surrounding habitat.  
 
Lake Claremont is a stop on the Freshwater Bay Cottesloe – Swanbourne Heritage Trail. The 
trail is a 20km drive trail tracing the spread of settlement from Perth to Fremantle Road. The 
trail’s guide recommends that visitors stop and walk around Lake Claremont to appreciate the 
wildlife and surroundings. 

Recreation Values 

The Lake and reserve provide passive forms of recreation while active recreation occurs on 
adjoining properties. These include a golf course and a range of Scotch College sports 
facilities (e.g., football oval, cricket field, and tennis and basketball courts).  
 
There is a walking trail around the Lake that is popular with walkers and joggers. There is a 
birding gazebo on the western side of the Lake which provides information about local 
species.   
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Lake Monger 

Background 

Lake Monger Reserve is located 5 km north 
of Perth, close to the Mitchell Freeway. At 
the centre of the 113ha Reserve is Lake 
Monger. The Reserve is managed by the 
Town of Cambridge and has both a 
management plan (Lake Monger 
Management Plan) and a Lake Monger 
Rehabilitation Plan. 

Lake  Monger 

 
The 70ha Lake is groundwater-dependent 
(CyMod Systems 2002). It receives 
groundwater from two sources: the  
superficial aquifer and areas of perched 
water27. It also receives water from 23 
stormwater drains (The Centre for Water Research n.d.). The stormwater has led to a number 
of algal blooms. To rectify the problem and improve the long term water quality of the lake, 
the Town of Cambridge undertook a rehabilitation program in 1997.  On the eastern side of 
the Lake an island and an open vegetated retention pond were created.  The works were 
completed in 2004.  A local government stakeholder indicated the rehabilitation is having a 
positive effect. The number of algal blooms has decreased but the Lake remains eutrophic. 
 
Stormwater drains enable the water level in Lake Monger to be controlled. The Mounts Bay 
Drain outlet is located on the southeast side of the Lake. At the beginning of summer the 
drain is closed so that water is retained in the Lake, then at the start of winter the drain is 
opened so that overflow can escape. The winter levels are maintained at approximately 13m 
AHD (CyMod Systems 2002). At the beginning of winter the water levels are lowered to 
flush the Lake and prevent levels from rising too far above historical levels. 
  
The Lake provides important habitat for waterbirds and migratory birds. During dry months it 
is an important drought refuge, as the Lake has open water year round. To encourage birds to 
breed at the Lake a small island was constructed on the western side in the 1960s (Tourism 
WA 2005). Many of waterfowl that reside at Lake Monger move between Herdsman Lake, 
Jackadder Swamp and Lake Monger (The Centre for Water Research n.d.). 

r 

 
The Lake is home to other wetland-dependent fauna, such as long-necked tortoises 
(Chelodina oblonga) and Lake Skink. Due to the high number of fauna, there are signs posted 
at the Reserve’s edge asking motorists to slow down and watch for fauna crossing the road. 

Social Values 

The Reserve is popular with both local residents and tourists. Local community members use 
the area for recreation especially walking and jogging while the tourists come to see the 
Black Swans. The Reserve’s location next to a freeway exit makes it very accessible. 

                                                 
27 A local zone of water that sits on top of the aquifer.  In this case the water is perched on top of a peat layer. 
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Tourism Values 

Most of the tourists are brought to Lake Monger via coach tours. As one stakeholder noted, 
the Reserve is close to Perth and provides an opportunity to see the Black Swans. It is also a 
convenient stop for commercial coach trips on their way to Yanchep National Park. A car 
park has been constructed on the northern side of the Lake to accommodate coaches. 
 
A stakeholder familiar with the tourism 
industry indicated the Lake level could 
probably drop half a meter without 
damaging the tourism value. However this 
assumed the swans could tolerate such a 
drop and the absence of offensive odours 
such as those experienced at Lake 
Joondalup. 

Recreation Values 

A 3.5km paved pathway around the Lake is used for walking, cycling and jogging. This very 
popular exercise venue is enhanced by the scenic views of the Lake. The Lake also provides a 
scenic backdrop for picnicking, barbequing, and the use of nearby playgrounds. There are a 
number of picnic tables and benches placed at the Lake’s edge for visitors to enjoy the scenic 
views. 
 
The Lake is popular with birders. Features that enhance its value include a boardwalk, bird 
hides and a nature refuge. It is an important breeding area for the Black Swan, which build its 
nests in bulrushes. Other frequently observed species are the Australasian Shoveller, Blue-
billed Duck, Australian Pelican, and Clamorous Reed-warbler. The Lake also hosts many 
feral ducks species and domestic geese (Birds of Perth online). 
 
Several stakeholders from the community indicated the required water level should be 
determined by the needs of all local bird species, not just the Black Swan. In meeting the 
bird’s needs the in situ social values would be maintained. 
 
It is interesting to note that during a rehabilitation project in 1997, the Lake level was 
dropped to allow construction work and revegetation to occur. This resulted in complaints 
from a number of local residents. Once construction was completed, the Lake level was 
restored to its former state. 

Aboriginal Heritage Values 

There are four sites on the DIA’s Register of Aboriginal Sites (Estill & Associates 2005b). 
Lake Monger (ID 3788) is a permanently listed site of major significance (Estill & Associates 
2005b). The Lake “was created by the Waugal during a diversion from its travels creating the 
Swan River. The Waugal formed a tunnel from here to Melville Water which is said to still 
exist” (Estill & Associates 2005b, p.56). The area was also used as a campsite, burial site, 
birthplace and individual totemic place. Lake Monger South (ID 3160), Lake Monger NW & 
W (ID 3318) and Lake Monger Velodrome (ID 3323) are locations where artifacts have been 
recorded. As recently as 2000, artifacts were still being found along the bike path (Estill & 
Associates 2005b, p. 46).  
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Herdsman Lake  
Background 

Herdsman Lake is the largest inner metropolitan wetland in the Perth area (CALM et al. 
2001). It is located in the 380ha Herdsman Lake Regional Park, about 7km northwest of 
Perth. The Park’s regional importance is attributed to its conservation and recreation values in 
a highly urbanized area (CALM et al. 2001). The Lake is on the Register of the National 
Estate based on its natural values, in particular the prevalence of bird species.  
 
The Park is jointly vested in the WA Conservation Commission and the City of Stirling. 
CALM is responsible for coordinating management of the Park.  In 2001, CALM and the 
City of Stirling prepared a draft park management plan. 
 
The Lake “serves as an important bird breeding ground … for migratory birds” (CALM et al. 
2001, p.2). More than 100 species of birds have been recorded at the Lake; this includes 13 
bird species covered under the Japan-Australia Migratory Bird Agreement28 (JAMBA) 
(Australian Heritage Database n.d.).  
 
Herdsman Lake consists of an inner seasonally dry wetland, surrounded by four artificial 
water bodies (i.e. Industrial Lake, Floreat Lakes, Floreat Waters and Powis Lake) connected 
by small channels. They were created to separate the inner wetland, which has high 
conservation value, from the outer areas, which have high recreational values (CALM et al. 
2001). Their permanent open water has made these artificial features an important summer 
drought refuge for wildlife, in particular birds (CALM 2005c).   
 

The Lake is groundwater-dependent 
but also receives water from a series 
of stormwater drains. The majority of 
stormwater is deposited in the outer 
artificial water bodies. From there the 
stormwater makes its way west to a 
drain that empties into the ocean. 
Overall, the Lake “functions as a 
drainage…basin” for a 3,000ha 
catchment (CALM et al. 2001, p.15).    
 
Due to high nutrient concentrations, 
stormwater has led to a number of 
blue-green algal blooms over the 
years. One interviewee indicated that 
this past winter was no exception. 
The frequency of blooms typically 
increases as the weather warms. The 
blooms have not led to any Park 
closures but have meant the need for 
additional health warnings. When 

                                                 

Herdsman Lake 

28 The agreement includes terrestrial, water and shorebird species that migrate between Australia and Japan.  
JAMBA require both Australia and Japan to protect migratory birds and work together in sharing information. 
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school groups visit, special precautions are taken to ensure that children do not come in 
contact with the algae. 
 
There have also been problems with acid sulphate soils at the Park. A stakeholder highlighted 
a drain on the southern end of the Lake that has corroded due to acid sulphate soils. He/she 
noted that water tests have found pH levels indicating acidic conditions.  

Social Values 

Aboriginal Heritage Values 

There are three DIA registered Aboriginal sites in or near the Lake (Estill & Associates 
2005a). Herdsman Lake (ID 3585) is significant because the Aboriginal leader Yellagonga is 
buried somewhere in the area surrounding the Lake. The area was also used as a camping and 
hunting ground. Herdsman Lake NE (ID 3210) and Herdsman Lake N (ID 3209) are both 
artifact sites.  

European Heritage Values 

There is a settler’s cottage in the Park. The history behind the cottage is not necessarily 
unique (National Trust of Australia WA n.d.) but does demonstrate the way in which settlers 
lived.  It is currently closed for renovations.   

Education Values 

The Herdsman Lake Wildlife Centre is located at the south end of the Lake. Managed by the 
WA Gould, it provides a number of educational opportunities for school groups and 
community members. The Wildlife Centre receives an estimated 9,000 student visitors 
annually, along with 3,000 members of the general community.   
 
Many of the programmes showcase the Lake and its fauna including guided night walks for 
community members and the Freshwater Festival for schools. The Centre runs a programme 
exploring Aboriginal cultural heritage of wetlands (i.e. 'Dreaming Time Discovery': An 
ancient Nyungar wetland experience’). In addition to education programmes, the Centre 
maintains displays about the Lake and the flora and fauna it supports. 

Landscape Values 

The Park provides “significant landscape amenity value within the developed urban and 
industrial surrounds” (CALM et al. 2001, p.3). Many people are attracted to the diversity of 
landscapes, ranging from expansive views over open waters to dense wetland rushes, 
fragments of remnant bushland and well maintained open grass parklands (CALM et al. 
2001).   

Recreation Values 

Visitors use the pathways that wind around the Lake for walking, birding and general nature 
observation.  One interviewee indicated that birders, including overseas visitors, frequent the 
Park as it has become known as an excellent place for birding to “those in the know”. 
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With over 100 species recorded, “such an abundance and diversity of birdlife in an urban 
setting is very uncommon” (CALM et al. 2001, p.3). Walking trails follow the east side of the 
Lake with several bird hides along the water’s edge. Bird species of interest include the 
Swamp Harrier, Great Crested Grebe, Hoary-headed Grebe, Chestnut-breasted Manikin, 
Australian White Ibis and Blue-billed Duck. 
 
Decreasing the Lake’s water levels may prevent the central wetland area from seasonally 
flooding. This would substantially reduce the number of birds found on site (CALM et al. 
2001). It is likely that only the birds that use the deeper water connecting channels, such as 
swans and ducks, would be commonly seen (CALM et al. 2001). 
 
Increasing the level of permanent water, could decrease the amount of shallow water and 
mudflats, the areas used by wading birds (CALM et al. 2001). Higher water levels may also 
lead to a loss of rush beds used by some bird species for breeding (CALM et al. 2001). This 
may in turn negatively impact on birding activities. 
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Perry Lakes 

Background 

Perry Lakes Reserve is located 7km west of Perth in the suburb of Floreat. The 80 ha Reserve 
includes East Lake and West Lake and is part of a Bush Forever site (No. 312). The Reserve 
is adjacent to Bold Park; the largest remnant bushland in the Perth area.   
 
The Reserve is managed by the Town of Cambridge. The Perry Lakes Reserve 
Environmental Management Plan was released in 2000.  Many of the works outlined in the 
plan have not yet commenced. 
 
Modifications to the lakes began in the 1950s, when stormwater drains were installed. In 
1962, the lakes were dredged so that they would permanently hold water; at the same time the 
fringing vegetation was completely cleared in advance of the 1962 Commonwealth Games at 
nearby Perry Lakes Stadium. 
 
Lake levels have been declining since the 1960s (Town of Cambridge 2000). This is 
attributed to changes in rainfall, climate change and high levels of private and public bore use 
in nearby suburbs (Town of Cambridge 2000 & 2005). As a result of recommendations 
provided in the management plan, the lakes are supplemented by the local Council. During 
summer, water is pumped from onsite bores into the south east section of West Lake and the 
main body of East Lake.  Devices in the lakes identify when the water drops to 2.7m AHD at 
which point pumps are turned on to increase the lake levels to 3.0m AHD. Lake 
supplementation has occurred since 1993. 

Perry Lakes 

 
In 1984, consideration was given to diverting water from Herdsman Lake. It was decided that 
Herdsman Lake water was too high in nutrients and would cause more harm than good 
(Town of Cambridge 2000). In the 2000 Management Plan, a number of other 
supplementation options are explored, such as taking water from Herdsman Lake. 
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In 1991, a water quality study was undertaken.  It was found that the lakes suffered from 
eutrophication due to phosphorus inputs, bacterial contamination and waterbird deaths due to 
botulism.   
 
The Lakes provide habitat for a range of bird species, including waders, and other fauna such 
as mosquito fish and the Western Long-necked Tortoise (Chelodina oblonga). To facilitate 
breeding tortoises, the lake shores have been modified to provide gentle sloping banks for 
females when they leave the water to nest inland. 

Social Values 

Aboriginal Heritage Values 

Perry Lakes (ID 3735) is an area of significance on the DIA’s Register of Aboriginal Sites 
(Estill & Associates 2005b). The Lakes were used as a camping and hunting place; providing 
an opportunity to catch fish and hunt for tortoises and other foods.  

European Heritage Values 

From the 1850s until the 1930s, the Lakes were used as a watering stop for drovers along the 
Geraldton-Fremantle stock route. They have no formal heritage listing. 

Recreation Values 

The majority of visitors come from nearby residential suburbs such as Floreat. Many visit the 
reserve weekly, if not daily, to walk and relax. The many bird species and tortoises are the 
Lakes’ “main attraction” (Town of Cambridge 2005). Providing suitable water conditions to 
support these species is essential in maintaining the Reserve’s current level of in situ social 
values.  
 
The Reserve is used for walking/jogging, cycling, and picnicking. There are also barbequing 
and playground facilities.  
 
Perry Lakes and its surrounds are home to a number of indoor and outdoor sporting venues. 
This includes a Rugby Union park, a sports science centre, Alderbury sports ground, a skate 
park, an indoor basketball facility and Perry Lakes Stadium.  
 
The social value of Perry Lakes Reserve is further enhanced by its location next to Bold Park. 
The 437ha A-Class nature reserve includes a number of heavily used walk trails and a bridle 
trail.  Other facilities include Perry House (home to WA Wildflowers), Peregrine House 
(home of Birds Australia WA), the W.A. Ecology Centre and the Quarry Amphitheatre.  

Education Values 

The Reserve is used by several institutions, including the University of Western Australia, 
Murdoch University and the Centre for Groundwater Studies, to run lab exercises and in field 
demonstrations. According to the Management Plan (2000), the Reserve remains 
underutilized as a venue for environmental education, particularly by local schools.  
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Future Social Values 

There are plans to redevelop the area currently used by the Perry Lakes Stadium. This will 
include additional housing that in turn may increase the level of use of the Perry Lakes 
Reserve. 
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Lake Jaulbup 

Background 

Lake Jaulbup is located in the Perth inner suburb of Shenton Park. Formerly known as 
Shenton Lake, it is managed by the City of Subiaco. The Management Plan for Lake Jaulbup 
was released in 2000. 
 
The Lake has experienced a decline in water levels, to the point that portions of the Lake dry 
out during the summer. This is attributed to reduced rainfall and climate change (City of 
Subiaco 2004). Although the Lake receives stormwater outfall from a number of drains, 
water levels are still declining. 

Lake Jaulbup 

 
Lake Jaulbup is a highly modified environment. The edge of the Lake is a stone wall that 
prevents the growth of fringing vegetation. The City is in the process of removing the wall 
and putting in vegetation, to create a more ‘natural and sustainable environment’ (City of 
Subiaco 2004). There is one location on the western side where this has already occurred. It 
now has native vegetation and a small white sand ‘beach’. 
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The City of Subiaco has decided to remove 
some of the Park’s exotic species and replace 
them with native species. The exceptions are the 
willow trees and a few other large mature trees, 
which are being kept primarily for shade 
purposes.  
 
The Lake attracts a number of bird species. To 
enable the birds and other fauna to access the 
Lake, several planks and a small dirt slope have 
been established. The birds also use a small 
vegetated island near the centre of the Lake.  
 
As the Lake now has some exposed mudflats during the summer months, a more diverse 
range of bird species is being seen.  This includes species of wading birds not previously 
observed at the Lake. 

Social Values 

Aesthetic Values 
 
The Lake provides aesthetically pleasing views for nearby residents and park goers. There is 
a small water fountain located on the western side of the Lake.  
 
Many of the recent changes to the Park have been met with mixed reactions from the 
community. The community appears to be concerned about the aesthetic value of the Park. 
Some like the old aesthetics and want to maintain their residential views of the Lake (City of 
Subiaco 2004). There are calls by some to supplement the Lake to levels attained in summers 
from 1995-1998. This does not appear to be an option as the DoW does not support such 
supplementation and will not grant the City an additional license to abstract for 
supplementation (City of Subiaco 2004). Others appear happy about the changes including 
the shift to more native vegetation and natural water fluctuations (City of Subiaco 2004). 
 
Recreation Values 
 
A small viewing platform has been created on 
the eastern side of the Lake for birding and 
nature observation. 
 
The Lake wall creates a small pathway for 
walking around the lake. Other facilities include 
a basketball hoop, picnic areas and playground 
equipment.  

Aboriginal Heritage Values 

There is one DIA registered Aboriginal site (Estill & Associates 2005a). Shenton Park Lake 
(ID 3794) was formerly known as Dyson’s Swamp and was used as a campsite.  
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Jackadder Lake 

Background 

Jackadder Reserve is located in the residential suburb of Woodlands. Jackadder Lake lays in 
the centre of the 14 ha Reserve. The City of Stirling published its current management plan 
for the Lake in 1991 (Jackadder Lake: A Strategy for Management of Lake Quality).  
 
Many of the Lake’s ecological values have been lost over the years. Approximately 95 
percent of the Lake’s fringing vegetation has been cleared for grassed parkland areas (Lund 
& Chester 1989). Historically the Lake was a seasonally inundated wetland (City of Stirling 
2004). In the 1960s, residential development introduced stormwater drainage to the area. To 
create a permanent surface water body, the drains were designed to empty into the Lake. 
Water was also diverted from the Osborne Park Branch Drain to top-up water levels in 
summer.  
 

Because some of its water comes from 
stormwater drains, the Lake is 
susceptible to excessive nutrient 
loading. Algal blooms have been 
common in the Lake (Lund & Chester 
1989, City of Stirling 2004). Not only 
aesthetically unpleasant, algal blooms 
can pose a health hazard to wildlife, 
domestic pets and even humans. Local 
residents started complaining about the 
algal blooms in 1991. In response, the 
Council decided to place less emphasis 
on topping up the Lake. The result has 
been a decline in algal blooms but also 
lower lake levels in summer. In recent 
years, along the fringes of the Lake, 
mudflats become exposed in late 

summer. This has attracted bird species not traditionally seen at the Lake (City of Stirling 
2004).   

Jackadder Lake 

 
Maintaining summer lake levels has been an issue of concern for some residents. When 
Osborne Park Branch Drain could not be used in the summer of 2003/04 to top-up lake 
levels, the result was a drier than average wetland. At that time, some local residents 
suggested the City of Stirling pump water into Jackadder from nearby water sources, such as 
Herdsman Lake (City of Stirling 2004).  This idea was rejected. 
 
A local government stakeholder identified acid sulphate soils as a potential problem if the 
Lake was to dry out further. Concerns included possible changes in water colour and 
problems with local bores, such as rusting and acidic water. 
 
Two bores on site are used to irrigate the Park. The bores are licensed to draw water from the 
Leederville aquifer for irrigation (Jim Davies & Associates 1993). 
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Social Values 

There are Aboriginal values attributed to the 
Lake. Jackadder Lake West (ID 3207) is a 
registered artifact site (Estill & Associates 
2005b). 
 
Much of the Lake’s fringing vegetation has 
been replaced by manicured parkland and the 
small Reserve is bordered by roadways. Yet 
views of open water surrounded by green open 
space appear to be highly valued, especially by 
those with residential views of the Reserve.  
 
During the public comment period for a recent draft landscape review of the Reserve (City of 
Stirling 2005), a number of local property owners expressed concern about any possible 
alteration to residential lake views. This included concerns about the creation of obstructed 
views if additional native trees were planted in the Reserve. 
 
There are pathways around the park, as well as picnic facilities and playground equipment. 
The water views likely enhance the amenity of the Reserve as a popular venue for family 
gatherings and community events such as concerts. In December 2005, ‘Jackadder goes 
Jurassic’ a free kid’s fun day was held at the Reserve.  
 
A series of buoys on the western side of the Lake delineates the area used for the most 
notable recreation activity at Jackadder Lake. The Perth Radio Sailing Club hosts monthly 
sailing events at the Lake, including State Championships. 
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Appendix A: List of Stakeholder Interviews 

Name  Affiliation 

Interest Groups  
Marion Cahill North Metro Catchment Group 
Pierre Horwitz Edith Cowan University/Wetlands Conservation Society 
David Wake Quinns Rocks Environment Group 
Lex Bastian WA Speleological Group 
Steven McKiernan Conservation Council 
Roger Harris WA Gould League Inc/Herdsman Lake Wildlife Centre 
David Pike Friends of Star Swamp/Friends of Lake Gwelup 
Frank O’Connor Birds Australia WA 
  
Local Government  
Paul Hackett City of Swan 
Daniel Rajah City of Stirling 
Phil Thompson City of Wanneroo 
Danielle O’Neill City of Wanneroo 
Mathilde Breton City of Wanneroo 
Keith Armstrong City of Joondalup 
Ross Bowman Town of Cambridge 
Vicki Shannon Town of  Claremont 
Martin Copeman City of Subiaco 
  
State Government  
Lesleigh Clarke Tourism WA 
Lance Hardy Tourism WA 
Jo Wallace Whiteman Park 
Paul Stenson Whiteman Park 
Ross Parker Whiteman Park 
Rod Brooks Water Corporation 
Lyndon Mutter Department of Conservation and Land Management 
Phil Smeeton Department of Conservation and Land Management 
Hugh MacLean Department of Sport and Recreation 
Kieron Beardmore Department of Planning and Infrastructure 
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Appendix B: Site Visit Participants 

Name Affiliation 

  
Site Visit  Sponsor  
Andy Lawson Department of Water 
Kylie LaSpina Department of Water 
Andrew Patton Department of Water 
  
Local Government  
Kelly Smith City of Wanneroo 
  
Interest Groups  
Nicole Roach North Metro Catchment Group 
Ute Goeft Edith Cowan University 
Bea Sommers Edith Cowan University 
May Carter Edith Cowan University 
Mike O’Brien Joondalup Combined Community Groups Association 
Helen O’Brien Joondalup Combined Community Groups Association 
  
Facilitators  
Jo Ann Beckwith  Beckwith Environmental Planning 
Sabrina Genter Beckwith Environmental Planning 
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Appendix C: Workshop Participants 

Name Affiliation 

Workshop Sponsor  

Andy Lawson Department of Water 
Alex Kern Department of Water 
Kylie LaSpina Department of Water 
Andrew Patton Department of Water 
Bev Sinclare Department of Water 
  
State Government  
Phil Smeeton Department of Conservation and Land Management  
Bob Stokes Water Corporation 
Hugh MacLean Department of Sport and Recreation 
  
Local Government  
Phil Thompson City of Wanneroo 
Ian Bignell City of Wanneroo 
  
Interest Groups  
Nicole Roach North Metro Catchment Group 
Debbie Besch North Metro Catchment Group 
Lex Bastian Speleological Group 
Pierre Horwitz Edith Cowan University 
Ute Goeft Edith Cowan University 
Bea Sommers Edith Cowan University 
May Carter Edith Cowan University 
Roger Harris WA Gould League 
David Pike Friends of Star Swamp/Friends of Lake Gwelup 
Christine Curry Friends of Star Swamp 
Phylis Robertson Friends of Lake Gwelup 
Steve McKiernan Conservation Council 
Frank O’Connor Birds Australia WA 
Mike O’Brien Joondalup Combined Community Groups Association 
Joe Cox Joondalup Combined Community Groups Association 
Ron Privilleges Joondalup Combined Community Groups Association 
Rae Kolb  
Barry Malcolm  
Mary Gray Urban Bushland Council 
  
Facilitators  
Jo Ann Beckwith  Beckwith Environmental Planning 
Sabrina Genter Beckwith Environmental Planning 



 Appendix D: Participant Assignment of Features to Categories 

Feature Cat. Freq. Participant reasons (frequency) 
Loch McNess 1 12 • All lakes and wetlands should have highest management priority due to: scarcity (only 20% of wetlands left on the Swan 

Coastal Plain), importance for recharge of the Mound, refuge for birds, aesthetic values of water and intrinsic value. (1) 
• We need a more integrated approach. This is to improve/maintain condition of the whole Mound in terms of water quality and 

level and thereby improve/maintain water levels in groundwater dependent ecosystems.  We can then take care of potential and 
actual threats. The more degraded wetlands will need more attention. (1) 

• All lakes and wetlands should be in category 1 (1) 
• Very concerned for the underpinnings for this task.  All wetland and lake features are deserving of significantly increased 

legislative protection. (1) 
• Relative scarcity (>80% loss of wetlands), locally significant, important for Indigenous spirituality. (1) 
• Important issue (1) 
• Need to add that it is used for boating. (1) 
• Core component of National Park. (1) 
• High visitor numbers (1)  
• Ecological value (2) 
• Iconic site (2) 
• Agree with reasons given in table (4) 

 2 0  
 3 0  
 4 0  
Crystal Cave 1 11 • High visitor numbers (1)  

• Ecological value (1) 
• Iconic site (1) 
• Need to add  ‘endangered root mat fauna’ (2) 
• Agree  with reasons given in table  (2) 

 2 0  
   3 0
   4 0
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Feature Cat. Freq. Participant reasons and frequency 

Lake Monger 1 12 • Public open space (1) 
• Tourism (1) 
• Permanent water (1) 
• Cooling effect for suburbs (1) 
• Wetland with bird habitat (1) 
• Iconic site (1) 
• Its position in suburbia provides it with a high social value. (1) 
• Agree with reasons given in table (2) 

 2 0  
 3 0  
 4 0  
Herdsman Lake 1 10 • Education value (1) 

• Indigenous program and Aboriginal sites (1) 
• High numbers of people (1) 
• Wetland birds (1) 
• High ecological value (2) 
• Historical use (market gardens) (1) 
• Sense of place, amenity value, passive recreation, intrinsic value, aesthetic value and is a Bush Forever site. (1) 
• Agree with reasons given in table (3) 

 2 2 • In its present state it does not have a significant number of users (1) 
• Visitor numbers are small 

 3 0  
   4 0
Perry Lakes 1 9 • Not as valuable as the other category 1 features (1) 

• Adjoining active recreational facilities will be changing in the next 2-4 years (1) 
• Sense of place, amenity value, passive recreation, intrinsic value, aesthetic value and is a Bush Forever site. (1) 
• Agree with reasons given in table (1) 

 2 2  
 3 0  
 4 0  
 Reason 

only 
2 • Adjoining active recreational facilities do not have anything to do with groundwater dependent ecosystems and/or social values 

of the Lakes (2) 

 134 



Feature Cat. Freq. Participant reasons and frequency 
Lake Joondalup 1 12 • Sense of place, amenity value, passive recreation, intrinsic value, aesthetic value and is a Bush Forever site. (1) 

• Agree with reasons given in table (4) 
• Agree, but don’t know the Lake very well (1) 

 2 0  
   3 0
   4 0
Star Swamp 1 9 • Agree with reasons given in table (4) 

• Sense of place, amenity value, passive recreation, intrinsic value, aesthetic value and is a Bush Forever site. (1) 
 2 3 • No outstanding characteristic (2) 

• Water level is dropping (1) 
• Query whether it has regional visitors (2) 

 3 0  
 4 0  
 Reason 

only 
1 • Should add Aboriginal sites to the list of reasons (1) 

Bennett Brook 1 12 • Huge numbers (1) 
• Ecological values (1) 
• Area rapidly being developed (1) 
• Sense of place, amenity value, passive recreation, intrinsic value, aesthetic value and is a Bush Forever site. (1) 
• Agree with reasons given in table (3) 

 2 0  
   3 0
   4 0
Lake Claremont 1 3 • Multiple social values, including Aboriginal heritage (1) 

• Sense of place, amenity value, passive recreation, intrinsic value, aesthetic value and is a Bush Forever site. (1) 
 2 6 • Need to look at what was achieved in bringing life back to the lake. (1) 

• Agree with reasons given in table (3) 
 3 1 • Currently not much going for the Lake.  May upgrade in the future when the Friends Group is supported by the local 

government. (1) 
 4 0  
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Feature Cat. Freq. Participant reasons and frequency 

Big & Little 
Carine Swamps 

1  7 • Multiple types of values, including significant ecological values. (1) 
• It is one of only a few very large public open spaces. (1) 
• Not really relevant (1) 
• Used by thousands of people for passive and active recreation. (1) 
• Fantastic water bird breeding site, which is valued by visitors. (1) 
• Used by visitors all over Perth (1) 
• Similar to pervious Category 1s (1) 

 2 5 • Agree with reasons given in table (1) 
 3 0  
   4 0
Lake Gwelup 1 8 • Some of the fringing vegetation is looked after by the Friend’s group. (1) 

• Supports a wide variety of bird, tortoise and other life, which is appreciated by a large number of visitors. (2) 
• It is used regularly for formal guided walks and education. (1) 
• Not relevant (1) 
• It is used more widely than by local residents. (1) 
• Similar to pervious Category 1s (1) 
• It is a Bush Forever site and is regional significant.  It is the State’s and local government’s responsibility to ensure that it is 

properly managed. (1) 
• There are acidity problems. (1) 

 2 2 • Agree with reasons given in table (2) 
 3 2 • Could be upgraded to attain Category 2. (1) 

• Could be a category 2 if better maintained. (1) 
 4 0  
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Feature Cat. Freq. Participant reasons and frequency 

Whiteman Park 
Bushland 

1  8 • Regional visitors use the park (1) 
• Highly important for education as it is used by schools from the entire metro area. (1) 
• International tourism site (1) 
• Ecologically significant (2) 
• Highest number of visitors (1) 
• Not relevant (1) 
• It is at least as valued as other current Category 1 areas; many go there on significant public holidays (e.g., Mother’s Day). (1) 
• Groundwater recharge (2) 
• Is a significant birding location. (1) 
• It is a Bush Forever site, so it must be placed in Category 1. (1) 

 2 3 • Agree with reasons given in table (2) 
 3 0  
   4 0
Horse Swamp 1 4 • At least as valued as other current Category 1 areas, many go there on significant public holidays (e.g., Mother’s Day). (1) 

• It is a Bush Forever Site. (1) 
 2 4 • Agree with reasons given in table (2) 
 3 0  
 4 0  
Lake Goollelal 1 7 • Regionally significant (1) 

• Used for passive recreation and education (schools and tertiary) (1) 
• Has heritage sites (1) 
• There are existing walk tracks (1) 
• Has all the same values as Lake Joondalup (1) 
• High social values as it is a large regional area with a wide variety of passive recreation, e.g., flora and fauna studies. (1) 
• Similar to pervious Category 1s (1) 

 2 0  
 3 2 • It can become a Category 2 if the cycle way was fully developed. (1) 
 4 0  
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Feature Cat. Freq. Participant reasons and frequency 

Lake Jaulbup 1 4 • Education node for wetland regeneration (1) 
• Widely used by manage people for active recreation (1) 
• Terrific social values as an accessible nesting site for people to watch and learn about water birds and their offspring.  Used by 

many people for this purpose. (1) 
• Genuine attempt by local community to enhance the social values through wetland planting and introduced nesting areas. (1) 

 2 0  
 3 3  
 4 0  
 Reason 

only 
 • The water level needs urgent attention (1) 

Jackadder Lake 1 4 • This area has the same social value/use/appreciation and reason as Lake Monger (1) 
 2 0  
 3 4 • It is highly modified (1) 

• Agree with reasons given in table (1) 
• There is a great social aspect but is not part of a substantial open space. (1) 

 4 0  
Dianella Regional 
Open Space 

1 5 • Has significant flora value which is used and appreciated by a large number of people, including on regular guided walks. (1) 
• Not relevant (1) 

 2 0  
 3 3 • Poorly managed (1) 
 4 0  
Beenyup 
Swamp 

1  8 • It is adjacent to Perry’s Paddock, which is very important socially. (1) 
• It is part of Yellagonga Regional Park (1) 
• Although it has a lower value socially than Lake Joondalup and Lake Goollelal, it is part of the same system and therefore 

should be given the same priority.  It is impossible to manage one part of the park without the others. (1) 
• It has a high social value as it is part of a large regional area with a wide variety of passive recreation uses, e.g., flora and fauna 

study. (1) 
 2 0  
   3 1
   4 0
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Feature Cat. Freq. Participant reasons and frequency 

Walluburnup 
Swamp 

1 8 • It has a high social value as a regional area with a wide variety of passive recreation uses, e.g., flora and fauna study. (1) 
• Although it has a lower value socially than Lake Joondalup and Lake Goollelal, but it is part of the same system and therefore 

should be given the same priority.  It is impossible to manage one part of the park without the others. (1) 
• It is part of Yellagonga Regional Park (1) 

 2 0  
 3 2 • Agree with reasons given in table (1) 
 4 0  
Neerabup Lake 1 5 • It has significant heritage values which could/should be enhanced to increase its social appreciation; same for Aboriginal sites. 

(1) 
• There is significant potential for this site, especially once it is brought into public ownership and is made publicly accessible.  

(1) 
• The fringing karst areas provide very attractive landscapes. (1) 
• It is a Bush Forever Site, therefore it must receive a higher priority. (1) 
• The current fires are having disastrous consequences and need to be controlled to maintain the ecological condition of the lake. 

(1) 
  2 2 
 3 1 • Potential to be greatly improved (1) 
 4 0  
Lake Nowergup 1 8 • Has been supplemented since 1988 (1) 

• Not know to me but should receive a 1 because it is part of the whole north eastern wetland system (1) 
• High landscape values (1) 
• Mythological site of Aboriginal significance (1) 
• The site has significant potential, especially when the urban corridor to the west is developed. (1) 
• This reserve should eventually be made more accessible to the public and be carefully managed. (1) 
• It is an icon, because it is the deepest lake on the Swan Coastal Plain. (1) 
• It has potential for passive recreation and education. (1) 

 2 0  
 3 1  
 4 0  
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Feature Cat. Freq. Participant reasons and frequency 

Water, Carpark, 
Twilight & 
Boomerang caves 

1  8 • Root mat communities are of high ecological (biodiversity) value (2) 
• If they are caves with research potential they should be a 1. (1) 
• All parts of the cave system should be rated equally.  If accessible, public value will follow.  Public appreciation of caves as a 

whole should be enhanced, perhaps with statue displays in the visitors’ centre. (1) 
• The caves are part of Yanchep National Park (1) 
•  Research value and root mat communities are defining characteristics for the site. (1) 

 2 0  
 3 1 • The social value is high for a limited number of people. (1) 
 4 1 • If it is not accessible (1) 
  Reason

only 
 • Nil value, as they are specialist features only accessible by speleologists. (1) 

Lake Pinjar 1 5 • It has a future defining characteristic – it is part of a recreational node in the Gnangara Park Concept Plan. (1) 
• Social values ill increase as the concept plan develops; therefore it must be rated high in anticipation of the project or the 

project is doomed to failure. (1) 
• Groundwater recharge (1) 
• Should maintain (1) 

 2 1  
 3 1 • It is not really a ‘lake’ (1) 
 4 3 • If it is not accessible (1) 

• No defining characteristic (1) 
• Some ecological value but difficult to see the social value. (1) 

Pipidinny Swamp 1 5 • It is part of a heritage trail. (1) 
• It is part of Yanchep National Park (2) 

 2 2 • The site has significant potential, especially once the urban area to the west is developed. (1) 
 3 1  
 4 2 • Severely degraded (1) 

• Limited public access (1) 
• Minimal active and passive recreation (1) 
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Feature Cat. Freq. Participant reasons and frequency 

Lake Yonderup 1 7 • It is part of Yanchep National Park (1) 
• It is a relatively undisturbed wetland.  This is a social value for a high percentage of interested people. (1) 
• If Loch McNess is a 1, and these lakes are hydrogeologically connected, then Yonderup should be a 1. (1) 
• Much of the fringing vegetation was burnt down in 2005. (1) 
• It is similar to Loch McNess (1) 

 2 1 • The site has significant potential, especially once the urban area to the west is developed. (1) 
 3 3 • Agree with reasons given in table (2) 
 4 0  
Lake Jandabup 1 7 • It has a high landscape value, which includes that fact that it is part of a corridor connected to Lake Mariginiup. (1) 

• Ecological value (1) 
• Not known to me, but it should receive a 1 because it is part of a larger wetland chain. (1) 
• It is very important from a human health perspective because of the potential for acidic groundwater plumes and resulting 

contamination of bores. (1) 
 2 1 • The site has significant potential, especially when the surrounding areas become more intensely developed and the reserve 

becomes more accessible. (1) 
 3 0  
   4 1
Melaleuca Park 1 5 • Groundwater recharge (1) 

• Same as Lake Pinjar: the social values will increase as the Gnangara Park Concept Plan develops.  It must receive a high rating 
in anticipation of the plan or the plan is doomed to failure.  Development should be carefully undertaken to ensure that some 
areas are left undeveloped.  These areas add social; they allow for the appreciation of flora and fauna. (1) 

 2 0  
 3 1  
 4 2  

 141 



 
Feature Cat. Freq. Participant reasons and frequency 

Lake Gnangara 1 6 • It has significant ecological values, including the relative scarcity of wetlands on the Gnangara Mound in that nearly 80% of 
the wetlands have been lost. (1) 

• This Lake can be restored.  A lot of people live near the Lake.  It is the ‘Kings Park’ of the north. (1) 
• It has a defining landscape position (2) 
• It provides an educational and scientific value as an example of poor management. (1) 
• It has public access. (1) 
• It has very high scientific and educational values, as it was the first wetland to become acidic. (1) 

 2 1 • The site has significant potential, especially when the surrounding areas become more intensely developed and the reserve 
becomes more accessible. (1) 

 3 1 • It is accessible b the public. (1) 
 4 0  
Lake Mariginiup 1 7 • The degradation is a reason for increased management priority. (1) 

• What does fragmented wetland chain mean?  Is this good or bad? (1) 
• The system has recovered from past fires. (1) 
• The wetland is interlinked with other wetlands. (1) 
• It provides education and scientific values for fire management and acid sulphate soil management. (2) 
• The population may come to value it if it is managed well; one they are living nearby. (1) 
• High landscape value, which is a defining characteristics (2) 
• The local catchment population is likely to increase (1) 

 2 1 • The site has significant potential, especially when the surrounding areas become more intensely developed and the reserve 
becomes more accessible. (1) 

 3 0  
 4 1  
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