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Considering Ecological Imperatives in Public
Open Space in a Global Hotspot of Biodiversity
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Public open space within the suburbanising South-west Australian Floristic Region is
reviewed in this paper in relation to key ecological imperatives. Qualitative sources,
quantitative research and professional practice are examined across science, planning
and landscape architecture, with a focus on turf, water, species and retained bush.

New relationships between turf and bush in public open spaces in designed
suburban developments in this Mediterranean-type hotspot are outlined. Four types
of public open space are distinguished, with a focus on ‘turf that works’ and the
use of hydrozoning and ecozoning as new strategies in this hotspot. These strategies
provide concurrent opportunities for water conservation and biodiversity, and are
designed for resilience. This review positions these new strategies as an example
of better design outcomes in public spaces as a result of improved translation of
knowledge across the disciplines.

INTRODUCTION

This paper reflects on major aspects of the design and planning practices of public
open space (POS) in a global hotspot of biodiversity, the South-west Australian
Floristic Region (SWAFR). The main concern relates to how ecological issues
are dealt with in new suburban developments in a biodiverse region such as
the SWAFR, which includes the city of Perth, which is central to studies of the
ecologies of cities.

Planners in the practice of suburban development in the SWAFR suggest that
POS is the frame around which a new suburb is built, and thus POS might be
expected to expose current interdisciplinary issues about suburban development.
McDonnell et al (2009) discuss that the effective creation of sustainable cities
requires the development of a knowledge base of the ecology of cities and towns.
From such a knowledge base comes the need for translation of information
between and within disciplinary ‘territories’, defined as the ideas across which
disciplinary communities work (Becher and Trowler, 2001, p 23). With improved
connections between disciplinary territories, those involved in important changes
within urban areas, such as the creation of POS and suburban design, will be
better placed to make design and planning decisions with more meaningful
ecological outcomes. The need to surmount difficulties in the translation of
information between disciplines in the field of land planning and design has been
noted by several practitioners (Sukopp, et al, 1995; Hobbs, 1997; Niemeli, 1999;
Antrop, 2001; Fry, 2001; Robertson and Hull, 2001; Palmer, et al, 2004; Pickett
and Cadenasso, 2008; Grimm, et al, 2008; Musacchio, 2009; Grose, 2010b).
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Harris (2007, p 169) argues that while scientific knowledge is an agent of change,
change will occur only if science works with and through various forms of natural,
human and social capital to achieve outcomes.

Many practitioners in the SWAFR recognise that planners and landscape
architects often lack access to, or ignore, good, informative science to increase the
richness of solutions for applied problems in suburban development and POS (Grose,
2010a). At the same time, ecological science and studies in urban ecology continue
to focus on detailed analyses of specific biological and spatial problems, and the
causes and consequences of processes, and rarely provide accessible solutions to the
design and planning ramifications of scientific aspirations in human landscapes.
It has been suggested that the fields of design, planning and the sciences have
separated into mutually unregarded discourses (see Roux, et al, 2006), and, if so,
this can lead to wasted knowledge. An important consequence of such separation
is that the environmental aspects of sites have been found difficult to translate into
better designed outcomes, a problem made more acute by the specificity of the
journal publishing industry within the territories of ecological theory and research,
and design theory and practice. This review incorporates cross-disciplinary matters
about the planning and design of suburban POS that might be lost to those working
within one specific discipline. Ecological science has been placed here in terms of
its intersections with the disciplines involved in the planning and design of suburbs
rather than being purely as part of site analysis as so often occurs, both in practice
and landscape architectural education. This review focuses on literature dealing
specifically with the SWAFR and the suburban development within it. The review
examines current practice and ideas, much of which is in the grey literature; it
can be seen as an international case study on issues that need to be addressed for
improved ecological outcomes, and others, in suburbanising landscapes.

As a case study, the city of Perth (32°S, 150° 50 E) on the west coast of Australia
provides a rich source of issues because its metropolitan area falls entirely within
the boundaries of the SWAFR, one of only 34 global hotspots of biodiversity on
earth (Mittermeier, et al, 1999, 2004; Myers, et al, 2000) (Figure 1).

The concept of hotspots recognises areas of biological diversity under great
biological pressure. Although Beard et al (2000) reported that the fungal disease
organism Phytophthora cinnamomi in woodland was the main threat to the SWAFR,
another major threat is suburban development. Perth’s suburban development
is rapidly expanding into woodlands that are rich biologically (Gibson, et al,
1994; Hopper and Gioia, 2004). Cape Town and San Diego are similarly placed
Mediterranean-type cities in relation to hotspots of biodiversity (Mittermeier, et al,
1999), and around 150 cities worldwide are sited near such hotspots (Cincotta
and Engleman, 2000). Decisions made in these cities are of especial importance in
relation to world biodiversity. Within the general spread of such ‘hotspot cities’,
POS needs to be framed in the context of ‘life in a hotspot’, where ecological issues
are distinct or more pressing than those in non-hotspot regions. For example, in
heavily urbanised Sheffield, United Kingdom - not a hotspot city - the relationships
between green space and urban form are focused more on quality of life and housing
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Figure 1: The south-west Australian
hotspot (above) in relation to the city of
Perth. Images courtesy of Conservation

International and NASA.

prices than biota, although general ecosystem services are recognised (Davies, et al,
2008). In Perth, ecological issues will become even more acute with the predicted
drying of southern Australia as a result of climate change (Palutikof, 2010).

THE SITE: NOT SINGLE, BUT A SUITE OF COMPLEX
ENVIRONMENTS

The city of Perth is the capital of Western Australia and the largest centre of
population in the area, with around 1.4 million people. Its suburbs sprawl
along the Indian Ocean coast. Perth was a site of the Nyoongar people’s almost
permanent encampment on the Swan River before British settlement in 1829,
when a town was declared by cutting down a tree (Appleyard and Manford, 1979).
In 1901, the population was 44,000 and it is expected to reach 2.4 million by 2030
(WAG, 2008a).

There are five major landscape complexes in which new residential areas
are being constructed in this hotspot: (i) coastal dunes, (ii) mixed Banksia—
Eucalyptus woodlands, (iii) Banksia-dominated woodlands, and (iv) paperbark
(Melaleuca) wetland flats, with (i)-(iv) all found on poor, highly leached, sandy
soils; and (v) wooded granite hills dominated by Eucalyptus. The characteristics
of these landscape complexes have been described generally by Seddon (1972).
Thus, suburban development in the SWAFR is not one site or one set of defined
biophysical parameters but a suite of heterogeneous complex environments. Within
these complex environments are two essential ecological imperatives: water, which
is popularly discussed, and biodiversity, which appears less widely understood by
either design practitioners or members of the public.
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Apart from some sectors in the south-east of the city, Perth is not moving into
agricultural land or ex-urban territory, as is commonly found in other countries,
but is primarily moving into bushland within the SWAFR. Indeed, Perth has been
described as a ‘city in the bush’ (Seddon, 1972) (Figure 2). Bushland is being clear-
felled for new suburbs.

Within the city’s wider metropolitan area are various types of green space: large
regional parks for passive recreation and biological or water conservation, sites for
conservation known as ‘Bush Forever’, POS, and setbacks for rivers and ocean-
fronts. Bush Forever and regional parks add to the percentage of total land given
to bushland that might be considered to contribute to ecological function within
the hotspot.

The issue of water is never far from Australian imperatives because the country
is the driest inhabited continent. Most major cities in Australia are experiencing
long-term water shortages. Perth has experienced a 40 percent reduction in its
catchment and groundwater aquifers in the last 30 years (WAPC, 2006), with
concern about early climatic drying (Nicholls, et al, 1999; Smith, et al, 2000).
With inflows to Perth’s dams between 2001 and 2007 a quarter of their pre-1974
levels (FarmOnline, 2008), Perth has longterm water restrictions in place. The
urbanised part of the hotspot remains on water restrictions for outdoor watering,
with programmes to encourage reduced internal household use. POS in the region
is generally irrigated from groundwater sources and thus is susceptible to an
uncertain water future in Australia’s drying climate, particularly in winter rain-fed

systems such as the SWAFR.

PLANNING AND DESIGNING WITHIN THE
HETEROGENEOUS LANDSCAPE

Historically, Perth and all other towns in Western Australia have relied on neither
ecological nor aesthetic imperatives on which to base both the process of and the
form that urban development takes. Policy-based frameworks - such as for the
allocation of POS - and strong economic imperatives have been the drivers of
urban development. Perth has not been alone in struggling with the problems of
suburban growth and preservation of landscape characters, ecology and aesthetics.
Some cities, for example Phoenix, Arizona (Ewan, et al, 2004) and Seattle (Dooling,
et al, 2006) are questioning the policy bases on which their growth has occurred
and are seeking to build ecology more firmly and less vaguely into the planning
continuum, with landscape ecological principles that can be readily understood
by other disciplines. Herlin (2004), for example, reported on explicit objectives
to work in interdisciplinary ways to bring more of the applications of science into
planning and policy for new developments in Sweden.

In the SWAFR, there has been vocal and sustained public concern at the loss
to housing of natural pieces of land, however degraded these are to scientific
assessment. Such assessment is usually based on biodiversity as species number
or assessing their conservation value as if for wilderness areas, resulting in
disappointing social and conservation outcomes (McDonnell, 2007). One driver

MARGARET GROSE



Figure 2: Perth as a city in the bush.

The view east from a coastal dune ridge

7 kilometres west of the city. The low
Darling Scarp is in the far distance. At
right edge of image is Banksia menziesii, a
common small tree of the coastal plain that
is under threat from suburban development.

10

of public concern is loss of contact with nature; the human need for an aesthetic

natural experience, no matter how small, has been widely acknowledged and is
of worldwide concern (Kaplan and Kaplan, 1989; Louv, 2005; Kahn, 2002). In
the last few years there has been a plethora of sustainability initiatives for south-
western Australia at both state and local government levels. This has increased the
familiarisation of sustainability initiatives in the minds of members of the public,
such that POS is now often regarded in professional design and planning practice
as requiring some component of sustainability, though vaguely defined. Recent
built projects in the SWAFR suggest that ecological function is now being required
of POS (Grose, 2009). Thus the uses to which POS can be put, and the allocation
of the physical parts to achieve these aims, are still under debate, scrutiny and
testing by design.

A key problem is that research bases on which design and planning decisions are
made are generally poor. Each site is worked upon without regard to the region or
neighbouring suburbs (Grose, 2010a), and is worked with data sets of species rather
than functional ecology (Pickett, et al, 2001). Complex biological aspects of ‘green’
areas, whether in relation to pre- or post-development as POS, continue to receive
scant detailed and long-term study. This means the landscape being consumed by
the development of suburbs is incompletely known to either those who develop
it or the decision makers in government. When basic ecology is understood more
widely by stakeholders in suburban development, and ecological literacy (Stone,
etal, 2005) is reflected with more depth in the land planning structure and regional
planning, improved long-term ecological and social outcomes can arise and exist
side by side in local sites. Many people involved in suburban development in the
SWAFR are working towards an improved understanding of the complexities of
specific landscape sites and desire to ‘do it better’, with both the environment and
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aesthetic appeal of woodlands and heath of this global hotspot foremost in their
minds (Grose, 2010a). Meyer (2008) points out the importance of aesthetics as an
effective agent for change in debates about what sustainable landscapes might be.

PLANNING AND RESEARCH BACKGROUNDS

Currently, 10 percent of land developable as residential is required to be allocated to
POS in Western Australia. This has been based on a plan of 1955 (Stephenson and
Hepburn, 1955) where the original purpose of POS was that of active recreation.
Recently, it has been suggested that the 10 percent be retained with 2 percent
assigned to bushland or other conservation values, with developers being able to
barter for a good piece of land to be kept untouched in exchange for a reduction
in the POS or for money, thereby reducing POS to perhaps 8 percent of total
developable land. While this allows a degree of site sensitivity, the central issue is
whether 8 percent of land set aside for POS can achieve all the requirements now
placed upon it, given its original purpose as land set aside solely for active recreation
(Grose, 2007). There are three important points in this ongoing debate. First, a set
figure may give planners and developers statutory leverage to deny an opportunity
to increase bushland in line with local community initiatives and wishes. Second,
none of these figures relates to site-sensitivity of landscape type. Third, there is no
research basis on which the allocation of 10 percent land to POS in the SWAFR
has been based (Grose, 2007).

Linkages and connectivity are long extant ecological principles of wide use
today (see Forman, 1995), and government policy in Western Australia states that
an aim for managing urban growth in Perth is ‘protecting biodiversity and areas of
environmental significance, and promoting the concept of an interlinked system
of regional and local open space’ (WAPC, 2006, p 1069). However, the concept of
linkages has now been heavily subsumed into the sociological sphere, such that
some planners consider that ‘linkage’ refers only to social connections and has
nothing to do with ecology at all (Grose, 2010a). ‘Social’ connections, however,
often appear to link people to bushland or other green space because these are
walkable ‘lines of desire’. Indeed Miller (2005) argues that more attention must be
paid to restoring human connections with nature in proximity to the places where
people live and work, with the same emphasis placed on spatial and temporal scale
in conservation circles extended to the scale of human experience. Much POS
today links into the suburban centre, not other green spaces, and this again shows
a social sub-summation of the ecological concept of ‘connectivity’. The danger of
such ‘social connectivity’ is that while the language is that of ecology, the actions
and outcomes are not.

WHAT IS BUSH!

‘Bush’ and ‘POS’ need to be defined in the Australian context. Bush is wild or
uncleared land, large and small, and in whatever condition, as a ‘remnant’ of pre-
existing landscape, while POS in the SWAFR was originally conceived for active
recreation (Grose, 2007). Few areas of POS retain bush. Internationally, public
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open spaces are increasingly being considered as ecological links with all other
types of green habitats (Forsyth and Musacchio, 2005; Tzoulas, et al, 2007) such
as reserves for rail, freeway and streams, brownfields and cemeteries, which fall
into the category of ‘naturmark’ (Florgard, 2007). These ‘bits and pieces’ are not
included as POS in Australia but can be used as complements and links to POS to
support ecological diversity and function.

Bush Forever is a concept designed to increase the retention of native bushland
in all urban regions in Western Australia (Del Marco, et al, 2005). It is a response
to great concerns about the conservation of biodiversity of both plants and animals
in the suburbanising SWAFR. With Bush Forever, the aim is to ‘keep the common,
common’ and is in line with Kareiva and Marvier’s (2003) concern for recognition
of the importance of the conservation of biodiversity ‘coldspots’, and foreshadows
the ecological importance of commonness (Gaston and Fuller, 2007).

In the SWAFR, an environmental report prepared for a developer for a proposed
new suburban development focuses on rare and endangered species as required by
legislation. However, in other government documents from the same region, it is
common species, not the rare and unusual, that are recognised as ‘the backbone of
all natural areas’ (Boeken and Shachak, 2006; WALGA, 2004). Thus, conundrums
exist in planning and governance, with the specific policy framework of Bush
Forever contrasting with the defined search for rare and endangered species by
environmental assessors before suburban development. This conundrum fuels the
public disappointment of outcomes as noted by McDonnell (2007).

Bush Forever sites cannot be included as POS because they are intended to
be fenced and not generally available to members of the public. In this way, the
sites are ‘locked away’ for purely biological functions and serve no role in giving
personal contact with bushland for local people. In response, an initiative in the
Perth Biodiversity Project means additional areas, aside from Bush Forever sites,
will be untouchable by the development process (Del Marco, et al, 2005). Thus,
there have been measures to recognise and preserve biodiverse areas as a response
to the losses created by suburban development. It is not known whether these
measures will be enough.

The SWAEFR is one of only two global hotspots in the ‘mega-diverse’ country of
Australia, with the world’s mega-diverse countries being those that have 70 percent
of the world’s biodiversity while only 10 percent of the landmass (Mittermeier,
et al, 1997). Despite this, no research is available to planners and those in
governance to suggest how much bushland is required for ecological function to
remain across suburban areas in any landscape complex within the hotspot. This
clearly is a major research gap, notably so because Australia is one of only two
of the mega-diverse countries classified as ‘high income’ (SOE, 2001). Figures
supported by the Australian Government give an ambition of 30 percent bush
retention for the survival of ecosystem function in every ecosystem (DEH, 2001).
How then does a figure of 30 percent relate to suburban development and the
survival of ecosystem function in the rich suburbanising section of the hotspot?
Can POS assist in increasing ecosystem function? How can designers assist in the
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promulgation of a sense of place (Seddon, 1972) and an aesthetic response to the
unique flora of this hotspot?

There have been increasing calls in the planning industry and local government
in this hotspot to see the ‘park at the end of the street’ as a site of initiatives towards
water conservation, biodiversity and resilience. In contrast, policies connecting
naturmark and public spaces have been in place in Sweden since 1907 (Florgard,
2007). Naturmark requires all types of natural and semi-natural vegetation to be
preserved, and meadows and pasturedland to be developed under longterm
cultivation using traditional methods. Naturmark in the Australian context might
fall into several categories within suburbs:

(i) managed natural remnant bush, such as the Perth Biodiversity Project,

and retained bushland in POS;
(ii) designed but managed bush, which is possible in POS;

(iii) designed more formal POS with locally endemic species that reflect local

bushland; and

(iv) street tree plantings of endemic species.

These categories separate into ‘undesigned bush’ and ‘designed bush’, which are
part of the dynamic changes and discussions under way in the SWAFR hotspot.

DESIGNED BUSH, TURF AND PUBLIC OPEN SPACE
IN THE SOUTH-WEST AUSTRALIAN HOTSPOT

Naturmark (Florgard, 2007) is a helpful concept when considering designing and
planning for biodiversity. Naturmark links bushland with ‘remnant bush’, POS and
street planting to give a holistic view, and thus to design at all scales from the
landscape to streetscape. However, is it possible to ‘design’ bushland and design for
biodiversity - both its continuation and possible increase? This question is difficult
to answer when there is only a small research base on which to build. Such a design
ambition is very pertinent in the SWAFR, where turf is used extensively in POS
and its use is increasingly controversial (Grose, 2010c).

The extent to which turf is required or present in POS is central to design
possibilities in the SWAFR, and this fact positions the imperatives of water and
biodiversity acutely. Turf remains the most common feature of POS in the region
and is typified as large expanses of lawn, usually reticulated or watered by bores
extracting groundwater, and large remnant trees. Palmer et al (2004) consider
that designed ecosystems might blend technology and novel mixtures of native
species, and create new systems that are not substitutes for natural systems but are
important moves towards developing sustainable cities. An example of ecosystem
design with technology and native species can be seen in the current reassessment
of the amount of turf in POS in the water-scarce SWAFR.

In Perth, turf has been synonymous with POS because of its original purpose
for active structured recreation, dominated by Australian Rules football (which
requires a much bigger oval than soccer) and cricket. Much of the turf in POS is
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not used specifically; it is not part of the ball-game space - styled here ‘turf that
works’ (Grose, 2010c) - but is general walking space, where turf is not specifically
required as a walking surface. It would seem imperative in a dry climate with
water restrictions that turf in POS is kept only to areas essential for ball games.
Approximately 70 percent of Perth’s total water usage is supplied by groundwater,
with the remainder from catchments (WAPC, 2001). Gardens consume almost
56 percent of all domestic water used, with the majority going on lawns (Loh and
Coghlan, 2003), and POS consumes 40 percent of all water used. The Western
Australian Government has recently moved to the expense of desalination. Of vital
concern in this hotspot is that groundwater is in danger of being so depleted by
private bores it becomes physically alienated from the roots of native vegetation
(Groom, etal, 2000, 2001; Zencich, et al, 2002). If this were to occur regionally, losses
of vegetation would amount to an ecological disaster. This concern underscores the
reason why the SWAFR is classed as a hotspot.

Deeley et al (2006), inspired by the Nyoongar concept of jippy joppie boodja
(thythm of the land), examined the use of groundwater (non-potable) and
catchment-derived water (potable) for turf in POS in the SWAFR. The authors
showed that by reducing turf to only those areas that are required for sports fields,
substantial reductions in water use could be made without compromising sporting
facilities. This led to “Water Smart Parks’ being formally introduced by the state
government in November 2008 (WAG, 2008b). A feature of this new approach
to POS and turf has been the practical methods of hydrozoning and ecozoning
within each area of POS (WAG, 2008b). Hydrozoning is a process of applying
different water rates for individual parts of POS according to use, and ecozoning
replaces turf areas that are not specifically used for recreation with other species,
notably ‘water-wise’ plants, or replanting these areas with bushland plantings.
These strategies are helpful and timely changes to views of POS and can be seen
as part of a wider climate adaptation strategy for resilience in the drying SWAFR
climate. The strategies have been supported by performance testing and cost data,
with detailed water regimes (Deeley, et al, 2006); the lack of these regimes has
been found a hindrance to the uptake of water efficiency strategies by landscape
architectural practitioners (Calkins, 2005). Deeley et al’s (2006) study is an example
of a good ecological strategy, embedded in models of water use, that has been
usefully linked with other biophysical conditions and economic assessment, and
thus become understandable and accessible to local government. Grimm et al
(2008) note the coming importance in urban ecology in the linking of biophysical,
economic and political settings.

The ideas driving Water Smart Parks are now being embedded throughout
local governments, schools and the community. Importantly, water issues and
biodiversity can be addressed simultaneously rather than treated as distinct entities
under the control of different governance bodies. Colding (2007) made theoretical
spatial proposals considering ‘ecological land-use complementation’ in regard
to biodiversity and building resilience, and MacFarlane (2007) discussed multi-
functional landscapes.
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In the SWAFR, there are four likely scenarios for POS (see Table 1):

(i) turfbased POS where turf is the main surface, with scattered mature
remnant trees, rarely with a middle storey and lacking in spatial complexity;

(ii) turfbased with designed but managed exotic plantings;

(iii) ‘turf that works’ for ball games, with designed locally endemic species that
reflect local bushland complexity;

(iv) ‘turf that works’ with retained (existing) bushland as a component of POS.

If turf within this region were to be restricted for specific ball games, several positive
ecological possibilities would arise in addition to a reduction in water consumption
through hydrozoning and ecozoning as outlined above. These possibilities are
outlined in Table 1, and can be considered to promote resilience, the ability of
a system to absorb disturbance and still retain its basic functions and structures
(Walker and Salt, 2006). Resilience has generally not been considered by planners
and designers within the SWAFR. Table 1 suggests relative opportunities for
increased resilience that might include soil seedbank development (Leck, et al,
1989), seedling recruitment and increased emergent local species, age structure
in vegetation, species richness and complexity over time, ecological linkages with
local populations (Schmiegelow, 2007), ecological function including complexity
with time (White, 2007), spatial heterogeneity (Kolasa and Rollo, 1991; Pickett
and Cadenasso, 1995; Pickett, et al, 2009), water consumption (Deeley, et al,
2006), ecological education (Stone, et al, 2005), ‘sense of place’ (see Figure 3)
(Seddon, 1972), unstructured natural play opportunities for children (Louv, 2005)
and maintenance by local councils (Grose, 2010a). While Table 1 shows simple
assessments based on observation and discussion with practitioners, it reveals that
when the amount of turf in POS is controlled for water reduction other benefits or
opportunities arise beyond immediate ecological benefits.

Table 1: Four likely scenarios for public open space

Observed and predicted opportunities for increased resilience, ecological
function and human experience in four scenarios for turf and POS in
the SWAFR global hotspot, namely: turf-dominated (as current), turf and
exotic planting (also currently common), ‘turf that works’ with indigenous
plantings, and ‘turf that works’ with managed bushland.

The lefthand table column gives opportunities in the three groups
of ‘Particular’ (physical attributes), ‘General’ (larger scale attributes), and
‘Human-cultural’ attributes. Human-cultural attributes considered include
revelation of natural processes; in this, consistently maintained and watered
turf in POS will not, for example, reveal the realities of drought, while ‘turf
that works’ POS will go brown on its edges (Deeley, et al, 2006).
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Table 1 cont: Four likely scenarios for public open space

None None

None Weeds and other exotics

None Unlikely as soil cultural
conditions maintained
unsuitable

Possible

Poor or none

Possible

Poor

Poor Low

Poor; dependent on Poor
mature remnant trees

Poor/static Poor/static

Poor/static Poor/static

High Likely to be high

Poor Poor

Poor to adapt Poor to adapt

Poor Poor

Poor Debatable
Absent Debatable
High High

* Based on a survey of local government councils in the hotspot, where turf was found to be the most expensive item.
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Possible

Possible

High if weeds
controlled

Possible

Moderate

Good

High potential

Moderate potential

Moderate

Moderate

High potential

Possible

Good

Good

Possible with good
design

Moderate to high

High if weeds
controlled

High if weeds
controlled

High if weeds
controlled

High if weeds
controlled

Good

Good

High potential

High potential

Good

Low

High potential

High potential

Excellent

Excellent

Excellent

Low or not known



As an example of a general opportunity, POS treated as a Water Smart Park
with designed ‘turf that works’ could then reflect the scientific knowledge that
common species contribute a disproportionately large number of individuals and
biomass to assemblages (Gaston and Fuller, 2007). For example, even though small
woodland trees such as Banksia menziesii are perceived as common in Perth’s coastal
plain, it is clear that, without care, common species such as these could suffer a
‘silent decline’ (sensu Riley, 2005). This has already occurred in Australia, with the
placement of Australia’s wild dog, the previously common dingo (Canis lupis dingo),
on the Endangered Species List in October 2008 due to indirect anthropogenic
effects. POS in urban and suburban areas could provide a role towards non-
depletion of common species, both by formal and informal designs with ‘turf that
works’ and indigenous plantings, and by street planting of common species. Added
benefits are anticipated to be watersaving, biodiversity-saving and enrichment,
both psychological and aesthetic.

LOSS OF SPATIAL CONNECTIVITY BY DESIGN DECISIONS

In contrast to the complexity of landscape type and biology, new suburbs within the
region are characterised by a resounding similarity of spatial form. The spatial form

Figure 3: (left) Remnants of the original
bushland as part of POS in a new
suburban area of south-east Perth. The
trees are Melaleuca preissiana, the largest
melaleuca of the SWAFR, and Melaleuca
rhaphiophylla; seedling recruitment was
occurring at this site amongst the mulch.

Figure 4: (right) A piece of bushland and
wetland isolated from a part of the same
wetland by a design that ignored ecological
linkages as part of this suburban POS.
Here, a metaphordriven spiral with exotic
plants looks down upon both parts of the
wetland. This was a lost opportunity to have
a coherent linear wetland system within the
new suburb. Note in this image the standing
water (centre of image) is not due to
unpercolated rainwater but the high water
table in the wetland area.
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of POS, which has been discussed by Swanwick et al (2003), is outside the scope
of this paper, although spatial form is entwined in ecological, aesthetic and design
concerns of POS. Of particular note is the common lack of connections between
adjoining new developments (Stenhouse, 2004). This is a result of both statutory
planning and design failing to make basic ecological principles of connectivity and
linkages into real outcomes at every scale of development. For example, in Figure 4,
remnant bush was broken to provide some turf that is not specific to a particular
sport and thus not ‘turf that works’. In doing so, an existing wetland system was
fragmented; the design ignored linkages and the impact of distance thresholds
(Dramstad, et al, 1996) between patches of bush, particularly for reptiles in this
reptilian hotspot. This is a poor reading of country. The importance of better
knowledge of basic ecological principles, such as patches and connectivity, and
systems thinking by landscape architects and planners needs to be considered for
POS to be truly meaningful for the resilience of urban areas in changing climates

(Felson and Pickett, 2005).

CONCLUSIONS

At the heart of this review of a region of complex hydrology supporting a globally
important floral and reptilian biota is the difficulty of incorporating ecological
issues meaningfully into resolved designs and the planning policies that underpin
them. The imperatives of decisions in a hotspot need to be in contrast to places
where POS is being framed mainly on economic criteria (for example, Choumert
and Salanié, 2008). The special nature of the SWAFR highlights the point
that imperatives will be dictated by the unique climatic and physical aspects of
these landscapes, and social responses to and hopes for those landscapes. Some
social requirements might seem trite, such as with this hotspot and its POS, where
the large field required for Australian Rules football and cricket needs to be taken
into account for at least some POS. Such requirements can challenge policy makers
and designers.

Metabolic studies are needed to understand flows and relationships between
biota, soils, topography, water, history, human socio-economic needs and emotional
responses, and planning legislation, among others. We need such studies to draw
the associations between what remain largely as parallel discourses of design,
planning and science. If we are to look sideways as we make decisions in designing
places, we will need these studies to accommodate the differences in problems
and phenomena at different scales (Wilson, 2006) to create the best opportunities
for life in a hotspot. Rethinking policy and design towards better water use and
biodiversity within new suburban areas, from the regional to small site scale, will
no doubt arise as a result of unravelling metabolic processes of both ecological and
social responses.

Echoing the beliefs of Alessa and Chapin (2008), it is timely to redefine the
ways in which ecology, planning and design are communicated and practised.
Suburban development continues to rely on environmental mapping of species
(Pickett, et al, 2001), planning standards, assumptions of land percentages based
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on social premises (Grose, 2007), general ideas of ‘sustainability’ or ‘ecology’ as
promulgated in the grey literature (rather than specific local knowledge) and case
histories (Flores, et al, 1997). Ecological insights have become codified by planning
and are not site specific or ‘grounded’ (Meyer, 1997), a common problem pointed
out by Pickett, et al (2001). Designers have to deal within this codified framework
with little ecological understanding and will continue to do so without better
bridges between the disciplines, from both sides.

Two philosophical questions appear to be at play within the disciplines. First,
environmental scientists need to ask what is the intellectual ambition for their
knowledge (Armstrong, 2008) - that is: What could this do in the world? Here the
ordinary, suburbanising world where 60 percent of the world’s population are soon
to live, and thus: Why is it good to know this? Second, landscape architects and
others have scarcely begun to understand scientists” ecological knowledge because
no one has been able to answer clearly for them the questions: Why is it good to know
this? and What could this do in the world? in terms of design and designing places
of human engagement. If we ask these questions, there is a clear commonality. This
is a far simpler view than the common assertion that, to facilitate better ecological
design, the disciplines of planning, landscape architecture and environmental
science need to move together towards a more holistic understanding of ecology in
terms of socio-ecological systems (Berkes, et al, 2003; van Kamp, et al, 2003; Ellis
and Ramankutty, 2008; Alessa and Chapin, 2008). Hydrozoning and ecozoning
within ‘turf that works’ can be seen as examples of a strategic practice and policy
difference that has arisen due to the scientists involved seeing clearly what their
knowledge could do in the world, and transmitting that view so new practical
designs and policies for POS might occur in the SWAFR hotspot.

Calls for increased information about socio-ecological systems are perhaps
suggesting that more knowledge will improve ecological outcomes in designed
landscapes. This might or might not be true, and the extra work required by
an individual might be overwhelming, or distracting, or lead to superficial
responses to sustainability, which can be seen in design work today. Lister (2007,
pp 47-48) discusses the deterministic and static approach to design that was fuelled
by McHarg’s (1969) ‘design with nature’ and suggests any imperatives today for
experimental designs need to consider ecosystem complexity, uncertainty and
adaptation. ‘Design as research’ has been under discussion in landscape architecture
for some time, although how, and in what time-scale the design experiment is to
be ‘assessed’, has not received the same attention. Lister (2007, p 46) notes that
such experiments need to be resilient enough to be ‘safe to fail’; they thus need
to be firmly designed with consideration of complexity, flux, scales and diversity
in changing climates. Within this, we might consider that we need to be mindful
of confusing different systems - ecological systems that are not human constructs,
and social-political systems that are human constructs. A danger here, as noted
by Guattari (2000, p 20), is that we might begin to put on the same ‘plane of
equivalence’ material assets, cultural assets and natural systems, when our control
of these is quite different.
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If we ask what the combined intellectual ambitions for our knowledge might
be, then they are surely primarily about ambitions for places, such as the south-west
Australian hotspot. First and foremost is that we wish to design places where we
want to be, and where we give something to the human experience in an increasingly
crowded urban world. Meyer (2008, p 18) propounds the need for the experience
of beauty, ‘a process between the senses and reason’ as part of sustainable design.
Aesthetics and beauty are essential parts of the question: What could this do in
the world?, as beauty is transformative of opinion, belief and actions. In a general
sense, design can reveal that the climate-altered future can be beautiful, and this
is an important part of environmental education. While aesthetic imperatives are
outside the scope of this paper, the fact that designs embedded with biodiversity
and water conservation can be beautiful is particularly important in the SWAFR.
Beauty can assist in helping to sway public opinion to make needed changes - such
as water conservation and reduced turf - to the design of places like POS and
home gardens. Missed opportunities today in hotspots will have greater ecological
implications both now and in the future than those in non-hotspot regions. Beauty
of spatial form and spiritual meaning or sense of place are also the very things
that scientists cannot provide, and they look to designers to create these within a
growing base of ecological knowledge of urban areas.

When considering ecological imperatives, such as water and biodiversity in the
SWAFR hotspot, and improved design outcomes, the global commonalities across
the disciplines that need further exploration between science and design might be
considered to be:

(i)  celebrating differences in places at all scales, with ‘grounded landscapes’
(Meyer, 1997), which underpins the detailed assessments of sites, systems
and organisms in science as noted by McDonnell, et al (2009);

(ii) the importance of local knowledge to understanding place (Orr, 2004,
p 10; McDaniel and Alley, 2005) as local imperatives, with indigenous
knowledge and the spiritual association of reading landscapes or reading
country exemplified in the expression jippy joppie boodja (‘rhythm of the
land’) of the SWAFR’s Nyoongar people (Nannup and Deeley, 2006);

(iii) the preservation of sense of place (Seddon, 1972);

(iv) the avoidance of ‘knowing in fragments’ (Rowe, 1990, p 129) and thus
building in fragments in an uncomplimentary way (sensu Colding, 2007),
which needs to include the avoidance of design without a strong aesthetic
sense as a form of knowing (sensu Meyer, 2008), and jippy joppie boodja,
which is surely central to landscape architecture and design; and

(v) addressing our combined intellectual ambitions for knowledge ‘to become
real in the world’ (Armstrong, 2007).

All of these commonalities can be seen as assisting with understanding and
designing for the increasing complexities of the ecologies of suburbanising areas
with climatic and societal change towards what Hargreaves (2007, p 171) has
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described as the complex matrices that ‘capture the hearts and minds of humanity
and propel a public park forward for centuries’.

REFERENCES

Alessa, L and Chapin III, FS (2008) Anthropogenic Biomes: A key contribution to earth-system
science, Trends in Ecology and Evolution 23, pp 529-531.

Antrop, M (2001) The Language of Landscape Ecologists and Planners: A comparative content
analysis of concepts used in landscape ecology, Landscape and Urban Planning 55, pp 163-173.
Appleyard, R T and Manford, T (1979) The Beginning: European Discoveries and Early Settlement of
Swan River Western Australia, Nedlands, WA: University of Western Australia Press.

Armstrong, ] (2007) On Knowledge Transfer. Accessed 3 December 2010, http://uninews.unimelb.
edu.au/news/4464/

—(2008) Transform into friends of society, The Australian, 26 November. Accessed 3 December
2010, http://www.theaustralian.news.com.au/story/0,,24706676-25192,00.html

Beard, JS, Chapman, AR and Gioia, P (2000) Species Richness and Endemism in the Western
Australian Flora, Journal of Biogeography 27(6), pp 1257-1268.

Becher, T and Trowler, PR (2001) Academic Tribes and Territories: Intellectual Inquiry and the Culture of
Disciplines, Buckingham: Open University Press.

Berkes, F, Colding, ] and Folke, C (2003) Navigating Social- Ecological Systems: Building Resilience for
Complexity and Change, Cambridge: Cambridge University Press.

Boeken, B and Shachak, M (2006) Linking Community and Ecosystem Processes: The role of
minor species, Ecosystems 9(1), pp 119-127.

Calkins, M (2005) Strategy Use and Challenges of Ecological Design in Landscape Architecture,
Landscape and Urban Planning 73(1), pp 29-48.

Choumert, J and Salani¢, J (2008) Provision of Urban Green Spaces: Some insights from
economics, Landscape Research 33(3), pp 331-345.

Cincotta, RP and Engleman, R (2000) Nature’s Place: Human Population and the Future of Biological
Diversity, Washington DC: Population International.

Colding, ] (2007) ‘Ecological Land-use Complementation’ for Building Resilience in Urban
Ecosystems, Landscape and Urban Planning 81(1-2), pp 46-55.

Davies, RG, Barbosa, O, Fuller, RA, Tratalos, ], Burke, N, Lewis, D, Warren, PH and Gaston, K]
(2008) City-wide Relationships between Green Spaces, Urban Land Use and Topography, Urban
Ecosystems 11(3), pp 269-287.

Deeley, DM, Milani, S and Deeley, DM (2006) Waterproofing Perth’s Sandplain Landscapes. Paper
presented at the 1st National Hydropolis Conference, Perth, 8-11 October. Accessed 3 December
2010, http://www.hydropolis.com.au/Papers/SIA_deeld3.pdf

DEH (2001) National Objectives and Targets for Biodiversity Conservation 2001-2005, Canberra:
Department of Environment and Heritage, Commonwealth of Australia. Accessed 3 December
2010, http://www.environment.gov.au/biodiversity/publications/objectives/pubs/objectives.pdf
Del Marco, A, Taylor, R, Clarke, K, Savage, K, Cullity, ] and Miles, C (2005) Local Government
Biodiversity Planning Guidelines for the Perth Metropolitan Region, Perth: Western Australian Local
Government Association, Perth Biodiversity Project.

Dooling, S, Simon, G and Yocum, K (2006) Place-based Urban Ecology: A century of park planning
in Seattle, Urban Ecosystems 9(4), pp 299-321.

Dramstad, WE, Olson, JD and Forman, RTT (1996) Landscape Ecology Principles in Landscape
Anchitecture and Land-Use Planning, Washington, DC: Island Press.

MARGARET GROSE

21



22

Ellis, EC and Ramankutty, N (2008) Putting People in the Map: Anthropogenic biomes of the
world, Frontiers of Ecology and the Environment 6(8), pp 439-447, doi:10.1890/070062.

Ewan, ], Fish Ewan, R and Burke, ] (2004) Building Ecology into the Planning Continuum: Case
study of desert land preservation in Phoenix, Arizona (USA), Landscape and Urban Planning 68(1),
pp 53-75.

FarmOnline (2008) ‘Snippets Plus’ - 22A - January 2008. Accessed 3 December 2010, http://www.
psmithersmyriver.com/docs/snippets/jan_2008_snippets 1.pdf

Felson, AJ and Pickett, STA (2005) Designed Experiments: New approaches to studying urban
ecosystems, Frontiers in Ecology and the Environment 3(10), pp 549-556.

Flores, A, Pickett, STA, Zipperer, WC, Pouyat, RV and Pirani, R (1997) Adopting a Modern
Ecological View of the Metropolitan Landscape: The case of a greenspace system for the New York
City region, Landscape and Urban Planning 39(4), pp 295-308.

Florgard, C (2007) Preserved and Natural Remnant Vegetation in Cities: A geographically divided
field of research, Landscape Research 32(1), pp 79-92.

Forman, RTT (1995) Land Mosaics: The Ecology of Landscapes and Regions, Cambridge: Cambridge
University Press.

Forsyth, A and Musacchio, L (2005) Designing Small Parks: A manual addressing social and ecological
concerns, New Jersey: John Wiley.

Fry, GLA (2001) Multifunctional Landscapes—Towards transdisciplinary research, Landscape and
Urban Planning 57, pp 159-168.

Gaston, KJ and Fuller, RA (2007) Commonness, Population Depletion and Conservation Biology,
Trends in Ecology and Ewvolution 23(1), pp 14-19.

Gibson, N, Keighery, BJ], Keighery, GJ, Burbidge, AH and Lyons, M (1994) A Floristic Survey of the
Southern Swan Coastal Plain, unpublished report, Perth: Heritage Council of Western Australia.
Grimm, NB, Faeth, SH, Golubiewski, NE, Redman, CL, Wu, ], Bai, X and Briggs, J]M (2008)
Global Change and the Ecology of Cities, Science 319, pp 756-760.

Groom, PK, Froend, FH, Mattiske, EM and Koch, B (2000) Myrtaceous Shrub Species Respond to
LongTerm Decreasing Groundwater Levels on the Gnangara Groundwater Mound, Northern Swan
Coastal Plain, Journal of the Royal Society of Western Australia 83, pp 75-82.

Groom, PK, Froend, FH, Mattiske, EM and Gurner, RP (2001) Long-term Changes in Vigour and
Distribution of Banksia and Melaleauca Overstorey Species on the Swan Coastal Plain, Journal of the
Royal Society of Western Australia 84, pp 63-69.

Grose, MJ (2007) Perth’s Stephenson-Hepburn Plan of 1955, 10% POS, and Housing Then and
Now, Australian Planner 44(4), p 20.

—(2009) Changing Relationships in Public Open Space and Private Open Space in Suburbs in
South-western Australia, Landscape and Urban Planning 92(1), pp 53-63.

——(2010a) Practice Wisdom from Planners, Developers, Environmentalists, and Other Players
Finding the ‘True Debates’ in Suburban Development in South-Western Australia, Australian
Planner 47(1), pp 26-36.

——(2010b) Small Decisions in Suburban Open Spaces: Ecological perspectives from a hotspot of
global biodiversity concerning knowledge flows between disciplinary territories, Landscape Research
35(1), pp 47-62.

—(2010¢) ‘Turf that Works’: Changing turf in Perth’s public open spaces. Proceedings of the 10th
Urban History Urban Planning Conference, University of Melbourne, February 2010, pp 196-206.
Guattari, F (2000) The Three Ecologies, Translation of lan Pindar and Paul Sutton, London & New
York: The Athlone Press.

LANDSCAPE REVIEW 13(2)



Hargreaves, G (2007) Large Parks: A designer’s perspective. In Large Parks, ] Czerniak and

G Hargreaves (eds), New York: Princeton Architectural Press, pp 121-173.

Harris, G (2007) Seeking Sustainability in an Age of Complexity, Cambridge: Cambridge University Press.
Herlin, IS (2004) New Challenges in the Field of Spatial Planning: Landscapes, Landscape Research
29(4), pp 399-411.

Hobbs, R (1997) Future of Landscapes and the Future Landscape Ecology, Landscape and Urban
Planning 37(1-2), pp 1-9.

Hopper, SD and Gioia, P (2004) The Southwest Australian Floristic Region: Evolution and
conservation of a global hot spot of biodiversity, Annual Review of Ecology, Evolution, and Systematics

35, pp 623-650.

Kahn, PH (2002) Children’s Affiliations with Nature: Structure, development and the problem
of environmental generational amnesia. In Children and Nature: Psychological, Sociocultural, and

Evolutionary Investigations, PH Kahn and SR Kellert (eds), Cambridge, MA: MIT Press, pp 93-116.
Kaplan, R and Kaplan, S (1989) The Experience of Nature: A Psychological Perspective, Cambridge:
Cambridge University Press.

Kareiva, P and Marvier, M (2003) Conserving Biodiversity Coldspots, American Scientist 91(4),

pp 344-351.

Kolasa, ] and Rollo, CD (1991) Introduction: The heterogeneity of heterogeneity: A glossary.

In Ecological Heterogeneity, ] Kolasa and STA Pickett (eds), New York: Springer-Verlag, pp 1-23.
Leck, MA, Parker, VT and Simpson, RL (eds) (1989) Ecology of Soil Seed Banks, London: Academic Press.
Lister, N-M (2007) Sustainable Large Parks: Ecological design or designer ecology? In Large Parks,

J Czerniak and G Hargreaves (eds), New York: Princeton Architectural Press, pp 35-57.

Loh, M and Coghlan, P (2003) Domestic Water Use in Perth, Western Australia 1998-2001, Perth:
Water Corporation, Western Australia.

Louv, R (2005) Last Child in the Woods: Saving Our Children from Nature-Deficit Disorder, Chapel Hill,
North Carolina: Algonquin Books.

MacFarlane, R (2007) Multi-functional Landscapes: Conceptual and planning issues for the
countryside. In Landscape and Sustainability (2nd edn), JF Benson and M Roe (eds) , London:
Routledge, pp 138-166.

McDaniel, ] and Alley, KD (2005) Connecting Local Environmental Knowledge and Land Use
Practices: A human ecosystem approach to urbanisation in West Georgia, Urban Ecosystems 8(1),

pp 23-38.

McDonnell, M (2007) Restoring and Managing Biodiversity in an Urbanizing World Filled with
Tensions, Ecological Management and Restoration 8(2), pp 83-84.

McDonnell, MJ, Breuste, JH and Hahs, A (2009) Introduction: Scope of the book and need for
developing a comparative approach to the ecological study of cities and towns. In Ecology of Cities
and Towns: A Comparative Approach, M McDonnell, A Hahs and JH Breuste (eds), Cambridge:
Cambridge University Press, pp 1-5.

McHarg, IL (1969) Design with Nature, New York: American Museum of Natural History.

Meyer, E (1997) The Expanded Field of Landscape Architecture. In Ecological Design and Planning,
GF Thomson and FR Steiner (eds), New York: John Wiley & Sons, pp 45-79.

——(2008) Sustaining Beauty: The performance of appearance. A manifesto in three parts, Journal of
Landscape Architecture Spring, pp 6-23.

Miller, JR (2005) Biodiversity Conservation and the Extinction of Experience, Trends in Ecology and
Evolution 20(8), pp 430-434.

Mittermeier, RA, Gill, PR and Mittermeier, CG (1997) Megadiversity: Earth’s Biologically Wealthiest
Nations, Washington, DC: Cemex Conservation International.

MARGARET GROSE

23



24

Mittermeier, RA, Myers, N and Mittermeier, CG (1999) Hotspots: Earth’s Biologically Richest and Most
Endangered Terrestrial Ecoregions, California: Cemex Conservation International.

Mittermeier, RA, Gil, PR, Hoffman, M, Pilgrim, ], Brooks, T, Mittermeier, CG, Lamoureux, ] and
Da Fonseca, GAB (2004) Hotspots Revisited: Earth’s Biologically Richest and Most Endangered Terrestrial
Ecoregions, California: Cemex Conservation International.

Musacchio, LR (2009) Pattern: Process metaphors for metropolitan landscapes. In Ecology of Cities
and Towns: A Comparative Approach, M McDonnell, A Hahs and JH Breuste (eds), Cambridge:
Cambridge University Press, pp 484-502.

Myers, N, Mittermeier, RA, Mittermeier, CG, da Fonseca, GAB and Kent, ] (2000) Biodiversity
Hotspots for Conservation Priorities, Nature 403, pp 803-808.

Nannup, N and Deeley, D (2006) Rainfall and Water as Cultural Drivers. Paper presented at the 1st
National Hydropolis Conference, Perth, 8-11 October. Accessed 6 December 2010,
www.hydropolis.com.au/Papers/SIA_NANNN2.pdf

Nicholls, N, Chambers, L, Haylock, M, Frederisksen, C, Jones, D and Drosdowsky, W (1999)
Climate Variability and Predictability for South-west Western Australia, Indian Ocean Climate
Initiative Research Report October, 1-52.

Niemelj, ] (1999) Is There a Need for a Theory of Urban Ecology? Urban Ecosystems 3(1), pp 57-65.
Orr, DW (2004) Earth in Mind: On Education, Environment and the Human Prospect, Washington, DC:
Island Press.

Palmer, M, et al (2004) Ecology for a Crowded Planet, Science 304, pp 1251-1252.

Palutikof, JP (2010) The View from the Front Line: Adapting Australia to climate change, Global
Environmental Change 20(2), pp 218-219.

Pickett, S, Cadenasso, M, Grove, ], Nilon, C, Pouyat, R, Zipperer, W and Costanza, R (2001) Urban
Ecological Systems: Linking terrestrial ecological, physical, and socioeconomic components of
metropolitan areas, Annual Review of Ecology and Systematics 32, pp 127-137.

Pickett, STA and Cadenasso, ML (1995) Landscape Ecology: Spatial heterogeneity in ecological
systems, Science 269, pp 331-334.

—(2008) Linking Ecological and Built Components of Urban Mosaics: An open cycle of ecological
design, Journal of Ecology 96(1), 8-12.

Pickett STA, Cadenasso, ML, McDonnell, M] and Burch, WR (2009) Frameworks for Urban

Ecosystem Studies: Gradients, patch dynamics and the human ecosystem in the New York
metropolitan area and Baltimore, USA. In Ecology of Cities and Towns: A Comparative Approach,
M McDonnell, A Hahs and JH Breuste (eds), Cambridge: Cambridge University Press, pp 25-50.

Riley, M (2005) Silent Meadows: The uncertain decline and conservation of hay meadows in the
British landscape, Landscape Research 30, pp 437-458.

Robertson, DP and Hull, RB (2001) Beyond Biology: Toward a more public ecology for
conservation, Conservation Biology 15(4), pp 970-979.

Roux, DJ, Rogers, KH, Biggs, HC, Ashton, PJ and Sergeant, A (2006). Bridging the Science-
Management Divide: Moving from unidirectional knowledge transfer to knowledge interfacing and
sharing, Ecology and Society 11(1): 4. Accessed 6 December 2010, http://www.ecologyandsociety.org/
volll/iss1/art4/

Rowe, S (1990) Home Place: Essays on Ecology, Edmonton, Alberta: NeWest.

Schmiegelow, FRS (2007) Corridors, Connectivity and Biological Conservation. In Managing and

Designing Landscapes for Conservation: Moving from Perspectives to Principles, DB Lindenmayer and

RJ Hobbs (eds), Oxford: Blackwell, pp 252-262.
Seddon, G (1972) Sense of Place, Nedlands, Australia: University of Western Australia Press.

LANDSCAPE REVIEW 13(2)



Smith, IN, Hunt, BG, Watterson, I and Elliott, TI (2000) Climate Variability and Predictability for
Southwest Western Australia, CSIRO Atmospheric Research, Second Research Phase Technical Report
for the Indian Ocean Climate Initiative, Aspendale, Victoria: Commonwealth Scientific Industrial
Research Organisation. Accessed 6 December 2010, http://www.ioci.org.au/publications/pdf/
IOCI_SPR_3.pdf

SOE (2001) Australia State of Environment Report 2001, Part 3f Biodiversity, Independent Report to
the Commonwealth Minister for the Environment and Heritage, Canberra: CSIRO Publishing on
behalf of the Department of the Environment and Heritage.

Stenhouse, RN (2004) Fragmentation and Internal Disturbance of Native Vegetation Reserves in
the Perth Metropolitan Area, Western Australia, Landscape and Urban Planning 68, pp 389-401.
Stephenson, G and Hepburn, JA (1955) Plan for the Metropolitan Region Perth and Fremantle Western
Australia, Perth: Government Printing Office.

Stone, MK, Barlow, Z and Capra, F (2005) Ecological Literacy: Educating our children for a sustainable
world, San Francisco: Sierra Club Books.

Sukopp, H, Numata, M and Huber, A (1995) Urban Ecology as the Basis of Urban Planning,

The Hague, Netherlands: SPB Academic Publishing.

Swanwick, C, Dunnett, N and Woolley, H (2003) Nature, Role and Value of Green Space in Towns
and Cities: An overview, Built Environment 29(2), pp 94-106.

Tzoulas, K, Korpela, K, Venn, S, Yli-Pelkonen, V, Kazmierczak, A, Niemela, ] and James, P (2007)
Promoting Ecosystem and Human Health in Urban Areas Using Green Infrastructure: A literature
review, Landscape and Urban Planning 81(3), pp 167-178.

Van Kamp, I, Leidelmeijer, K, Marsman, G and de Hollander, A (2003) Urban Environmental
Quality and Human Well-being: Towards a conceptual framework and demarcation of concepts;

a literature survey, Landscape and Urban Planning 65, pp 5-18.

WAG (2008a) State of the Environment Report Western Australia 2007, Perth: Western Australian
Government. Accessed 6 December 2010, http://www.soe.wa.gov.au.

—(2008b) Water Smart Parks will be Efficient, Western Australian Government. Accessed

6 December 2010, http://www.mediastatements.wa.gov.au/Lists/Statements/DispForm.
aspx!1D=130942

WALGA (2004) West Australian Local Government Association Biodiversity Planning Guidelines. Accessed
6 December 2010, http://www.walga.asn.au/about/policy/pbp/publications/lg_bio_planning guide
Walker, B and Salt, D (2006) Resilience Thinking: Sustaining Ecosystems and People in a Changing World,
Washington, DC: Island Press.

WAPC (2001) Gnangara Land Use and Water Management Strategy, Perth: Western Australian
Planning Commission. Accessed 6 December 2010, http://www.wapc.wa.gov.au/Publications/
gluwmsSec1.pdf?id=260

—(2006) Statement of Planning Policy 3: Urban Growth and Settlement, Perth: Western Australian
Planning Commission (Western Australian Government Gazette No. 46, 17 March 2006).

White, EP (2007) Spatiotemporal Scaling of Species Richness: Patterns, processes, and
implications. In Scaling Biodiversity, D Storch, PA Marquet and JH Brown (eds), Cambridge:
Cambridge University Press, pp 325-346.

Wilson, AG (2006) Ecological and Urban Systems Models: Some explorations of similarities in the
context of complexity theory, Environment and Planning A 38(4), pp 633-646.

Zencich, SJ, Froend, RH and Turner, JV (2002) Influence of Groundwater Depth on the Seasonal

Sources of Water Accessed by Banksia Tree Species on a Shallow, Sandy Coastal Aquifer, Oecologia
131(1), pp 8-19.

MARGARET GROSE

25



