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The Southwest Australia Ecoregion (SWAE) is an 
internationally recognised biodiversity hotspot that covers 
nearly 700,000 square kilometres. It is high in biodiversity 
values and endemism but many of these natural values are 
highly threatened. Species and ecological communities are 
at risk from current and historical land-use, Phytophthora 
dieback, salinity, feral animal predation and weed invasion. 
Over the past 30 years, a range of federal, state and local 
government, and community initiatives have sought to address 
such threats, yet biodiversity loss continues.

The Southwest Australia Ecoregion Initiative (SWAEI) is a 
consortium of representatives from local, state and federal 
governments, environmental non-government organisations 
and natural resource management (NRM) groups concerned 
about the ad hoc nature of biodiversity planning and 
management initiatives. The consortium has undertaken an 
extensive systematic conservation planning project that aims 
to identify highly prioritised areas, or Zones for Conservation 
Action (ZCA). This project delivers a coordinated, strategic 
planning framework for the conservation of biodiversity in 
the south-west of Australia. It is based on scientific principles, 
informed by experts, and has been developed using methods 
that are widely used and easy to interpret.

Technical Report B: For practitioners of conservation 
planning represents the culmination of this two-year project 
and is a supplementary report to A Strategic Framework for 
Biodiversity Conservation Report A: For decision-makers 
and practitioners. This report describes the systematic 
conservation planning process and provides guidance on how 
to interpret and implement the results. 

Systematic conservation planning is a complex process. Decisions 
and trade-offs are made to balance veracity with timely delivery. 
As such, the role of Technical Report B: For practitioners of 
conservation planning is to guide those choosing to undertake a 
systematic conservation planning process.

Dermot O’Gorman 
CEO WWF-Australia

Executive Summary
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The Southwest Australia  
Ecoregion Initiative 
Although the SWAE is internationally recognised for its 
biodiversity values, there has not been a coordinated and 
integrated approach to addressing the threats it faces. A 
consortium of concerned conservation experts met informally 
in 2001, with the aim of developing a cooperative approach to 
biodiversity conservation in the region. This subsequently led to 
the establishment of the SWAEI.

The SWAEI was formalised in 2002 with the inception of a 
Stakeholder Reference Group (SRG). The SRG has been jointly 
chaired by the Department of Environment and Conservation 
(DEC) and WWF-Australia and includes representatives 
from NRM regional groups, Australian and State government 
agencies, research and tertiary institutions and the community. 
A smaller Working Group (also jointly chaired by the DEC 
and WWF-Australia) met more frequently to progress SWAEI 
objectives and to report to the SRG.

The SWAEI has relied upon the DEC and WWF-Australia to 
drive a number of activities, including the Conservation Planning 
Symposium. This event brought together over 260 participants, 
including internationally renowned conservation planning 
experts, NRM professionals and community representatives. 
Attendees participated in discussions and workshops that helped 
to formulate the planning approach used here for the SWAE.  

In 2008 and 2010, funding was received from the Australian 
Government’s Caring for Our Country initiative to undertake 
a systematic conservation planning project for the ecoregion. 
WWF-Australia led the first two phases of this project on behalf 
of the SWAEI consortium. The first phase was completed in 
2009 and used information from the Conservation Planning 
Symposium and subsequent consultation with experts to 
develop a draft spatial plan and process for prioritisation. The 
second phase commenced in 2010 to finalise the systematic 
conservation planning process and to demonstrate a means of 
on-ground implementation.

Aims and objectives of the SWAEI

The SWAEI aims to deliver a coordinated, strategic planning 
framework for the conservation of biodiversity in the south-
west of Australia. This is founded on a biodiversity assessment 
and prioritisation process. Using this approach, the SWAEI 
consortium aims to act as a catalyst for addressing key threats 
to the values of the ecoregion by raising its profile locally, 
nationally and internationally. It also seeks to provide guidance 
to decision-makers charged with land-use planning and on-
ground implementation.

Vision for the SWAE

The SWAEI identified a set of guiding principles to protect, 
enhance and connect natural areas, which are underpinned by a 
landscape ecology approach to biodiversity conservation. These 
principles recognise the anthropogenic interaction within the 
ecoregion, as articulated by the following vision:

“�A diverse and continuous mosaic of natural landscape features 
distributed across the landscape, interspersed with a diversity of 
socially and economically productive land uses, which support 
the natural diversity and natural functioning of that landscape”.

Aims of the SWAEI’s systematic conservation 
planning project

The aim of the SWAEI’s systematic conservation planning 
project is to identify a set of prioritised areas, or Zones and Areas 
for Conservation Action (ZVA/ACA) and taxonomic imperatives 
within the ecoregion. The results of this systematic conservation 
project will help to:  

•	 Inform targeted investment for on-ground action at the 
local, state, national and international scale; 

•	 Inform local and state government planning decisions;
•	 Guide decision-making through community initiatives;
•	 Drive a range of strategies and actions that deliver the vision 

for the ecoregion; and
•	 Engage the community and key stakeholders in the building, 

strengthening and integration of partnerships and resources 
necessary to protect and conserve the values of the SWAE.

Setting  
the context
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The ZCA represent areas that are highly prioritised for 
conservation action, whether for on-ground implementation or 
statutory protection. As this systematic conservation planning 
project aimed to be transparent, engage experts and to adopt a 
defensible decision-making process, these objectives were met by:

1.	 Summarising what is known about the biodiversity, in 
conjunction with experts and stakeholders, for use in a 
systematic spatial prioritisation problem;

2.	 Using systematic conservation planning software to 
conduct an analysis of the available data and information 
to identify a high priority set of areas that will deliver 
higher returns on conservation investment; and

3.	 Documenting the process of identifying the priority areas 
so that inputs and assumptions are clear, and further 
projects can build on this work or use specific aspects for 
more detailed analysis.

The results of the analysis connect spatial and taxonomic 
priorities to the existing interests and capacity of the 
government agencies, community groups and environmental 
non-government organisations (NGOs) who currently deliver 
a diverse array of on-ground conservation works. This 
prioritisation guides and coordinates decision-making and 
investment to enhance the conservation return on resource 
investment. 

Rationale for this report 

This report aims to synthesise the experience of a two-year 
project that has been delivered by WWF-Australia, on behalf 
of the SWAEI and the Australian Government. It describes the 
methodology and processes followed, including stakeholder 
engagement and the manipulation of data to produce a suite of 
prioritised areas. 

This report is written specifically for a technical audience. It is 
intended to:

1.	 Demonstrate an open and transparent process;

2.	 Describe the methodology that was used;

3.	 Guide systematic conservation planning practitioners 
undertaking a similar process; and

4.	 Document the systematic conservation planning used, to 
allow this process to be repeated in the ecoregion in the 
future.

This report is the second of two reports produced for the 
systematic conservation planning project. For information 
and guidance on how to implement the outputs of this project, 
please refer to Regional Framework for the Conservation of 
Biodiversity in the Southwest Australia Ecoregion, Report A: 
For decision-makers and practitioners.

     WT Eagle Chick     
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Ecoregion conservation has two over-arching 

components. The first is the strategic partnerships 

and relationships between stakeholders in the region, 

as described in step one. An effective process that 

engages stakeholders is the difference between an 

excellent plan that is never used and one that has 

sufficient cross-sector support to be implemented 

(WWF, 2004). The second component is a rigorous, 

science-based analysis of the biodiversity values and 

how these are represented spatially, or systematic 

conservation planning, as described in steps 2 to 10. 

Expert engagement and partnerships
Over the course of the systematic conservation planning project, 
which commenced officially in 2009, a series of workshops and one-
on-one engagement occurred. Over 130 scientists and other experts 
contributed to the process, providing advice on the analysis, selection 
of relevant conservation features, target-setting parameters, 
land classification, threats, data access and interpretation, the 
interpretation of results and how to translate those results in to on-
ground action.  

As the lead organisation, WWF-Australia has worked collaboratively 
with a range of key stakeholders through its Working Group, 
which coordinated and directed the project, the Stakeholder 
Reference Group, which advised on stakeholder engagement and 
future community engagement, the CPT, and through one-on-one 
engagement. This project could not have been possible without 
the support, investment and contributions of the Australian 
Government, Western Australian Government, NRM regions, 
environmental NGOs, Western Australian Local Government 

Association, tertiary institutions and other interest groups. 

What is systematic conservation planning?

Systematic conservation planning is a process that involves the 
collection of data applicable to an area, setting target objectives 
for the biodiversity features of the area for which there is available 
data, and then using software to objectively analyse the data to 
meet objectives. In the SWAE, systematic conservation planning 
is a means of analysing biodiversity information about the region 
to objectively identify those areas where the most efficient and 
effective conservation activities can be implemented.

Systematic conservation planning has two characteristics. The 
first is the use of explicit and quantifiable objectives. This means 
that planners and managers must be clear about what they intend 
to achieve and be accountable for decisions that should make 
progress towards the achievement of their objectives. The second 
characteristic is the use of the principle of complementarity, 
whereby the methods identify conservation areas that are 
complementary to one another in terms of collectively achieving 
objectives. Areas identified in this way will contain different 
species or complementary portions of different habitat types 
(ANZECC, 1997; Pressey and Bottrill, 2008). 

Furthermore, systematic conservation planning involves working 
through a structured, transparent and defensible process of 
decision-making. One of the key outcomes is an integrated system 
of conservation areas (or, as referred to in this report, Zones for 
Conservation Action). This differs from traditional conservation 
planning, which results in a non-integrated collection of 
conservation areas produced by a series of ad hoc decisions that 
have often been made in isolation. The integrated system resulting 
from systematic conservation planning is much more effective at 
achieving objectives for the persistence of biodiversity and other 
natural values because it provides both a spatial and taxonomic 
focus for the investment of often limited conservation resources 
(Pressey and Bottrill, 2008). 

SUMMARY OF THE  
PROJECT METHODOLOGY
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Systematic conservation planning process

Systematic conservation planning is a complex process that can 
extend over many years. Resource constraints (financial and 
time) were considered and trade-offs made to ensure a rigorous 
and defensible result that stakeholders could find useful.

The logical progression of data preparation and analysis upon 
which systematic conservation planning relies is outlined in 
Figure 1. Each box entails a considerable amount of decision-
making around complex issues, time processing, trials, 
reviewing outcomes and re-adjustment. This flow chart outlines 
the final method used in this project, but does not detail all the 
intermediate steps taken. The key steps included:

•	 Defining the project boundary; 
•	 Choosing the planning units to be applied across the project 

area;
•	 Identifying the conservation features to be used in the 

analysis and applying them to planning units;
•	 Identifying and collecting available data;
•	 Setting targets for each conservation feature; 
•	 Running the analysis;
•	 Defining the cost layer and choosing the threats to be 

represented in the analysis;
•	 Identifying areas to be “locked-in” to the final solution; and
•	 Re-running the analysis (and adjusting parameters as 

required).

 Figure 1. Summary of analysis workflow for systematic conservation planning 
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STEP 1. IDENTIFYING RELEVANT 
STAKEHOLDERS AND CLARIFYING ROLES
The SWAEI consists of a Working Group (WG),  

co-chaired by the DEC and WWF-Australia. The group 

also includes representatives of the Department of 

Sustainability, Environment, Water, Population and 

Communities; the departments of Environment and 

Conservation, Planning and Agriculture and Food WA; 

NRM groups, the WA Local Government Association 

and Greening Australia. The working group’s role 

was to provide strategic advice and guidance for the 

delivery of the conservation planning project.

The Stakeholder Reference Group (SRG) met on a quarterly 
basis and increased to approximately 60 representatives 
from community groups, Aboriginal Land and Sea Councils, 
NRM regional groups, state agencies, universities, research 
organisations, local government, environmental NGOs, 
technical consultants and the Chamber of Minerals and 
Energy. The purpose of the SRG was to engage with a broader 
audience and inform the progress of the project. Its meetings 
were also used to garner feedback and identify issues that were 
relevant to these stakeholders. This platform was also used to 
provide representatives with information to feed back into their 
own organisations, and resulted in additional meetings and 
presentations to raise awareness.

The Conservation Planning Team (CPT), which oversaw the 
decision-making, analysis and interpretation of the data, 
consisted of world-renowned experts such as Professor Bob 
Pressey FAA; Dr. Trevor Ward; DEC’s Regional Ecologist Dr. 
Geoff Barrett and Project Manager Ms. Danielle Witham. The 
team met on an “as needs basis”, which ranged from weekly to 
bi-monthly meetings. This group presided over the technical 
decision-making process relating to this complex systematic 
conservation planning project and gave advice on how to deal 
with particular issues.

The Technical Team consisted of representatives from Gaia 
Resources, who undertook the data cleaning and management, 
creation of data sets and GIS layers, and map production.

WWF-Australia, as the recipient of the funding, managed the 
day-to-day elements of the systematic conservation planning 
project and its delivery. This included contract management, 
resourcing, meeting financial and reporting requirements, 
overseeing communications and relationship management, 
providing executive support and chairing all SWAEI-related 
meetings. Raising awareness of the project also involved giving 
presentations, conducting meetings, preparing newsletters and 
media releases, and maintaining a website.

The Australian Government played an important role, not only 
with representation on the WG and SRG, but also by participating 
in workshops and reviewing reports. It made a significant 
investment through its Caring for Our Country program, 
without which the project could not have been delivered.

Expert engagement
Many of the decisions made during the course of this project 
were informed by key experts with expertise in on-ground 
implementation, biological science, hydrology, geology, ecology, 
taxonomy, land-use planning, GIS, threats to biodiversity and 
conservation planning. This advice was an essential and ongoing 
component of the decision-making process.

A variety of experts were identified during Phase 1, building 
upon previous work undertaken by the SWAEI. These experts 
provided guidance and advice in the selection of conservation 
features, the target-setting process, data provision and 
interpretation, how to address conflicting or challenging 
problems, the interpretation of results and methodology design.

The same experts were engaged as much as possible throughout 
this process to ensure continuity and consistency. Discussion, 
rationales, underlying theorems and issues raised at the workshops 
and during subsequent engagement were documented and 
distributed. While the workshops constituted a major research 
activity, experts continued to discuss ideas and to clarify questions 
throughout the duration of the project. In total, over 130 experts 
from federal, state and local government agencies, consultancy 
businesses, tertiary institutions and the environmental non-
government sector contributed to this phase of the project.

Identification of conservation features and 
target-setting workshop

Over 65 experts contributed to the question of how best to 
represent the region’s biodiversity. Eight workshops were held 
over a three-day period in 2009 (Phase 1). Sessions were based 
on the following classes and an additional workshop was held to 
identify threats to biodiversity across the ecoregion:

•	 Birds; 

•	 Vegetation; 

•	 Flora; 

•	 Inland water bodies;

•	 Inland water species; 

•	 Mammals, reptiles and amphibians; 

•	 Invertebrates; and  

•	 Key regional threats.  
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The aim of engaging experts in these workshops was to inform:

•	 The conservation features that should be considered for 
inclusion in the analysis in each of the asset classes;

•	 The ecological scale (e.g. species versus subspecies);

•	 The criteria to develop quantitative conservation targets;

•	 The characteristics of different conservation features that 
would influence the targets set. For example, the extent of 
previous distribution, natural rarity versus anthropogenic 
rarity, endemism, declines, extent of exposure to threats, life 
history characteristics, restrictions to the SWAE, periodic 
concentrations, vulnerability to further loss, abiotic/
biotic heterogeneity, functional importance, dependence 
on variable resources, phylogeny and similarities to other 
species; and 

•	 The limitations and applications of the available data in 
developing conservation targets.

Experts were given guidance on defining a conservation target 
for the purposes of software analysis, general principles for 
setting targets, general considerations for target-setting, 
limitations of target-setting and previous target-setting work.  

The CPT was then able to design a suite of target-setting 
formulae that was applied to all conservation features, based 
on the relative importance that experts placed on particular 
conservation features. To avoid the concern of setting numerical 
targets, bias and the variation in subjectivity across the asset 
classes, the experts were not responsible for setting specific 
numerical values.

Expert review workshop 

An expert review workshop involved 20 participants 
undertaking a preliminary review of the Phase 1 results. This 
workshop sought to:

•	 Confirm the conservation features used in the Phase 1 
analysis;

•	 Confirm the formulae that underpinned the targets set for 
the conservation features; and

•	 Confirm that the data sources used were the most 
appropriate for the analysis.

Further one-on-one engagement occurred over a five-month 

period to capture any additional information.

Land classification workshop

More than 30 experts attended a workshop on land-tenure 
classification. This workshop aimed to get expert advice on how 
to classify different land tenures and parcels to be included in 
the cost layer. Specifically, the workshop sought to: 

•	 Determine how to apply different land tenures to the 
systematic conservation planning process;

•	 Determine how to recognise the activities of stakeholders in 
the systematic conservation planning process; 

•	 List management approaches and tenures with key 
characteristics;

•	 List appropriate data and agreement to access/use in the 
SWAEI process; 

•	 Determine a common language to be used by statutory 
planning authorities; and

•	 Continue discussions about mainstreaming the systematic 
conservation planning outputs with stakeholders.  

Zones for Conservation Action workshop /
Areas for Conservation Action

A workshop held in 2011 brought together more than 20 experts 
to help interpret the results and assist in the development of a 
methodology to guide those people implementing broad-scale 
conservation planning on the ground. (For more information refer 
to the Regional Framework for the Conservation of Biodiversity 
in the Southwest Australia Ecoregion Report A: For decision-
makers and practitioners.) This workshop aimed to:

•	 Develop a methodology to prioritise ZCAs;

•	 Identify four to five ZCA that are likely to be regional 
priorities and represent spatial variety of different issues 
(e.g. peri-urban, wheatbelt, woodlands, etc); 

•	 Develop a methodology that describes the transition from 
regional-scale planning to local-scale;

•	 Develop a methodology that transitions prioritised areas to 
actual management prescriptions;

•	 Prioritise conservation features;

•	 Make recommendations on the management actions 
required for restoration, management and protection; and

•	 Identify additional delivery mechanisms by which 
recommendations can be made within the defined ZCA 
(e.g. land-use planning, off-sets, regulation, market-based 
instruments and incentives).

In subsequent workshops Areas of Conservation Action (ACA) 
were defined using sub-IBRA regional boundaries and/or the 
amalgamation of two sub-IBRA boundaries for an inclusive 
approach that recognised the potential for the development of 
corridors and connectivity in the landscape. The ten (10) ACA 
are features on the Priority 1 for Action Map, and ZCA are shown 
on Figure 33. Best Solution Map.’

An ACA may be the total area within an IBRA Sub-regional 
boundary or a selected area within a ZCA – the principle applied 
is to adopt an inclusive, rather than an exclusive approach, and 
consider connectivity and corridors.

08
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A biological landscape defines the size and distribution 

of land and habitat areas required for the conservation 

of key biodiversity assets (or conservation features). 

The landscape should be large enough to represent  

a variety of biodiversity assets of interest, as well  

as their spatial requirements to remain viable.  

The boundary area for the SWAEI’s systematic conservation 
planning project was refined, based on the spatial needs of key 
conservation features. The boundary was identified by including 
both intact and potentially restorable habitat and human-
dominated landscapes, such as the Swan Coastal Plain, and 
included areas that were critical to the survival of key species or 
underlying processes.

Both terrestrial and critical aquatic habitats, including coastal 
and estuarine habitats, were included within the boundary and 
scope of the project. Initially, it was agreed that islands greater 
than 20 hectares would be included, given their similarity to 
terrestrial areas. However, based on expert advice, all islands 
were finally excluded because they have quite distinct values 
that need to be evaluated using different criteria. 

Planning at the ecoregion scale is important for a variety of 
reasons. Firstly, it provides a broad spatial context for decision-
making by different spheres of government, NRM bodies and 
other organisations involved with the delivery of on-ground 
conservation. Secondly, it provides decision-makers with an 
appreciation of regional variation in vegetation types and species 
occurrence, thereby contributing to a more comprehensive 

assessment of the ecoregion’s biodiversity.

The boundary of the Southwest  
Australia Ecoregion
The SWAE (Figure 2.) comprises the Southwest Australian 
Floristic Region (SWAFR, sensu Hopper and Gioia, 2004), 
plus the adjacent semi-arid region (Transitional Zone). 
After extensive consultation, it was also agreed to include a 
100-kilometre buffer outside the Transitional Zone to provide 
spatial context for conservation planning, particularly to identify 
threats, conservation features and processes just outside the 
SWAE boundary that might influence decisions within its 
borders. The project area (summarised in Box 2.) contains all or 
part of the following 14 (of 85) bioregions set out by the Interim 
Biogeographic Regionalisation for Australia (IBRA) (Thackway 
and Cresswell, 1995): 

•	 Avon Wheatbelt 	 •	 Carnarvon*

•	 Coolgardie 	 •	 Esperance Plains 

•	 Geraldton Sandplains 	 •	 Great Victoria Desert* 

•	 Hampton	 •	 Jarrah Forest 

•	 Mallee 	 •	 Murchison* 	

•	 Nullarbor*	 •	 Swan Coastal Plain 

•	 Warren 	 •	 Yalgoo

*part of the 100 km buffer zone

STEP 2. DEFINING  
PROJECT BOUNDARY 

 Box 1. IBRA Bioregions 

Title: Interim Biogeographic Regionalisation for Australia Boundaries (IBRA) version 6.1

Custodian: Department of Sustainability, Environment, Water, Population and Communities

Scale: 1:250,000

Coverage: Australia-wide

Ending date: December 2004

Abstract:
A landscape-based approach to classifying the land surface of Australia. Nominal attributes that make 
up IBRA are: climate, lithology/geology, landform, vegetation, flora and fauna, and land-use. For more 
information, go to: http://www.environment.gov.au/metadataexplorer/explorer.jsp
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 Figure 2. Southwest Australia Ecoregion 

 Box 2. Summary of project parameters 

Project area:

A total of 686,871 km2, including:

•	 27% of the total area of Western Australia;
•	 9% of the total area of Australia; and 
•	 All or part of 14 of the 85 Australian Bioregions (IBRA).

Planning units: A total of 266,570 two-kilometre-wide hexagonal grid cells

Conservation 
features:

A total of 1,391 conservation features, including:

•	 100 bird species;
•	 31 mammal species;
•	 35 reptile species;
•	 seven amphibian species;	
•	 49 inland water species;
•	 43 invertebrate species;
•	 82 water bodies; 
•	 137 flora species;
•	 45 other types; and
•	 862 vegetation complexes.

Endemic: Of the 402 flora and fauna species used in the analysis, 295 are endemic to the SWAE (73%).

Data:

Over 70 different datasets were used in the final analysis.

Over 30 organisations were contacted regarding data availability or usage clarification throughout the project.

Over 400 GB of data and 127,000 files were used in the project.
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Planning units are the uniform spatial unit of analysis used in 
most approaches to systematic conservation planning and are 
the building blocks of an expanded system of conservation areas. 
Planning units are cells that form a continuous grid over the 
project area. They are the units of assessment and comparison 
and, as an overlay, divide the project area into square grids, 
circles or hexagons. They must capture all the areas that should 
be selected as part of the reserve system and their size should 
be at a scale appropriate for both the ecological features and the 
size of the protected areas likely to be implemented (Margules 
and Pressey, 2000; Mairono, et al., 2008). For the purposes of 
systematic conservation planning, the smallest spatial entity for 
modelling and analysis is usually selected. However, there are 
options available for determining the size and shape, which are 
influenced by processing time. Put simply, the more planning 
units there are, the longer the processing time will be for the 
analysis component of this project.

Planning units need to adhere to the following rules:

•	 They must cover the whole of the project area;
•	 There must not be any gaps or overlaps; and
•	 Each cell must have a unique identifier.  

Planning unit shape

Planning units can either be regular or irregular in shape. 
Regular-shaped planning units (such as squares or hexagons) 
tend to be favoured scientifically as they produce areas of equal 
size for comparison. Irregular-shaped planning units, such as 
cadastral boundaries, can also be used and produce outputs 
that can be utilised constructively for on-ground conservation 
(Ardron, et al., 2010). However, irregular boundaries must be 
selected with caution. Larger parcels of land tend to contain 
more conservation features and be viewed more favourably 
within a Marxan process, potentially producing outputs biased 
towards size rather than biodiversity richness.  

Irregular planning units based on cadastre were initially 
considered as the potential grid for the SWAE, which contained 
more than a million cadastre parcels. However, due to the data 
needing extensive cleaning (due to numerous gaps and anomalies), 
the large number of parcels and potential selection favourability 
(of larger areas being favoured over smaller), a regular grid was 
deemed more suitable.

Square cells are a common grid shape to use for spatial analysis 
as they are easy to produce, manipulate with spatial software, 
and to interpret. However, as a shape, they do not necessarily best 
represent the spatial distribution of environmental or biological 
attributes (unless they are very small cells, entailing a very large 
amount of computational analysis). Hexagons (Figure 3.) are 
structurally more compact and the central point is equidistant 
to its sides. This means that there is less risk of distortion in 
the representation of conservation features (Jurasinski and 
Beierkuhnlein, 2006).

 Figure 3. Comparison between square and hexagonal  
 planning units 
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TO PROJECT AREA

2km 2km

x m x m

y m



South West Australian Ecoregion initiative
12

Planning unit size

A planning unit determines how each data attribute is 
compared, so its size and shape needs to be selected with care. 
If planning unit cells are too small, computational time can be 
excessively long or there may be insufficient contrast between 
cells, especially if each contains only one or two conservation 
features. If cells are too large, output areas may be either too big 
to analyse or too difficult to distinguish. Based on the project 
size, data accuracy and the potential outcomes required, a cell 
diameter of 2km was used for this systematic conservation 
planning project.

The hexagonal grids used in this analysis were produced using 
the Repeating Shapes tool from Jenness Enterprises. Details of 
the Repeating Shapes processing included:

•	 Grid type:   	 Hexagon
•	 Coverage:    	 SWAE project boundary
•	 Diameter:    	 2 km
•	 Orientation: 	 Horizontal
•	 Area:	 2.598 sq km

The resulting grid layer produced just over 266,000 planning 
unit cells that were clipped to the project area boundary. An 
example of the planning units is shown in Figure 4. and Box 3. 
contains a short description of the planning unit dataset.

 Figure  4. Example of planning units (near Albany, Western Australia) 

 Box 3. Dataset for planning units used in the analysis 

Title: Planning units

Custodian: SWAEI

Scale: N/A

Coverage: Covers the entire SWAEI project area

Ending date: May 2011

Abstract:

This dataset was created specifically for the SWAEI project as a base dataset to be used for further analysis. 
Each planning unit is uniquely identified, and additional conservation features and other data is attributed 
to the planning units in subsequent processing. Due to licensing, only the planning unit identifier can be 
provided with this dataset.

URL link: N/A
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Systematic conservation planning requires information on 
the spatial distribution of biodiversity. Data was included in 
this analysis only if it could be mapped and was already in an 
electronic format. This is a key concept. Without the ability to 
spatially define a particular conservation feature, or a threat, it 
was not possible to attribute it to the planning units and to use 
it in the analysis.

Data identification and preparation was a time-consuming and 
resource-intensive element of the project. In Phase 1, 253 GB of 
data (over 69,000 files) was included. An additional 149 GB of 
data, including over 58,000 files, was created during Phase 2. In 
total, over 400 GB and 127,000 files were prepared over a two-
year period.

Data identification
Data identification was informed by engaging with experts, the 
WG, SRG or the CPT. The biodiversity data and knowledge was 
not pre-constrained as all identifiable elements were considered 
as plausible inputs. This means that taxonomic bias would 
not prevail unless that was a natural result of the available 
knowledge base.  The data was sourced (see Appendix 3.) 
through existing on-line data providers (e.g. the Shared Land 
Information Platform accessed through https://www2.landgate.
wa.gov.au/web/guest) or by contacting data custodians directly. 
Licensing agreements were entered into at the requirement of the 
data custodian. For example, the South Coast Natural Resource 
Management Phytophthora dieback datasets required data to be 
deleted at the end of the licence term and the DEC requested that 
any taxa listed under the West Australian Wildlife Conservation 
Act 1950 could only be displayed on maps with a scale of 1:25,000 
or greater. In most cases, licensing agreements specified the use 
of the source data for this project only and prohibited data being 
made available to other stakeholders.

Preparing data

Once data was identified and access negotiated with custodians, 
metadata was requested, though not always supplied. As 
metadata was limited, new lists were created for the purposes 
of this project. Once sourced, the data was reviewed and cleaned 
using various processes. These processes can be broadly 
categorised as:

•	 Formatting – converting the datasets to the common spatial 
data format of ESRI shape files (e.g. when point-based 
occurrence records are supplied in Microsoft Excel format);

•	 Coordinating Systems – ensuring that all data was 
converted to the same projection, namely the Albers Equal 
Area Conic projection (to ensure that area calculations were 
correct);

•	 Topological – fixing a range of issues with datasets, such as 
ensuring polygons were complete, (e.g. closing the mouths of 
estuaries to create polygons), and that polygon boundaries 
did not overlap; 

•	 Attribution – checking that the attributes for a d  ataset were 
as described in the metadata and were completed in the 
dataset; 

•	 Removal of any records with spatial inaccuracies (e.g. 
accuracy estimates of “1 degree”);

•	 Removal of any records with attribute inaccuracies (e.g. 
missing species names);

•	 Removal of any data that was recorded prior to 1970 as it 
is considered inaccurate due to GPS limitations and data 
currency issues;

•	 Taxonomic – a specific form of attribution checking to 
ensure that all names used the same nomenclature (using 
the taxonomic nomenclature standard from the WA Museum 
and WA Herbarium); and

•	 Outlier errors – checking that coordinates in the data were 
not incorrectly set (e.g. missing negative signs on Southern 
Hemisphere data) and were not wrongly shown as outside 
the study area.

All decisions regarding the cleaning process were recorded 
for each dataset, leading to a large number of highly technical 
documents, which are not included in this report.

Generally, data was identified, sourced, refined or processed, 
and then attributed to the planning units for the SWAEI area, as 
outlined in Figure 5.

While the data processing or refinement was specific to each 
dataset, the data projection of Australia Albers Equal Area Conical 
was used to provide the best preservation of the spatial area of the 
datasets. Each dataset was reprojected using ArcGIS to ensure 
standardisation across the project area. Other refinements, such 
as stitching together datasets, or creating surrogates, were also 
undertaken in this step. Attribution to the planning units was 
undertaken through simple spatial intersections. These are further 
discussed in the sections that detail project tasks and techniques.

Appendix 2. contains a full list of all datasets used in this project.

Figure 5. General data preparation 

STEP 4. PREPARING AND  
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Conservation planning software
While several conservation planning software tools are readily 
available, members of the CPT had considerable expertise in 
using the Marxan software. 

Marxan is a widely used and freely available decision support 
tool for planning marine and terrestrial reserve systems. It 
identifies areas that efficiently conserve an adequate amount of 
a variety of conservation features for a minimal cost. Marxan 
has been used to:

•	 Help design new reserve systems;
•	 Report on the performance of existing reserve systems; and
•	 Develop multiple-use zoning plans for NRM (University of 

Queensland, 2011).

To use Marxan, a range of conservation features are attributed 
across a series of planning units. Marxan uses simulated 
annealing as the optimisation algorithm to find numerous “good 
solutions”, which are generated through multiple iterations 
or “runs”, with planning units either included or excluded 
in the reserve solution (Game and Grantham, 2008). This is 
dependent on whether part of the solution is already contained 
within the reserve network (complementarity), what the gaps in  
the network may be and whether solutions can be found away 
from threats.

Standard outputs – best solution and selection 
frequency

Marxan produces two standard outputs. The “best solution” 
file identifies, out of the specified number of runs, which one 
produced the solution with the lowest cost according to Marxan’s 
objective function. However, Game and Grantham (2008) 
recommend exercising caution as the lowest-cost solution, in 
reality, does not make it the best reserve system. Similarly, the 
best solution may be only marginally better than other solutions. 
Thus, “best” has a very narrow definition and should not be 
communicated to stakeholders or decision-makers as the ideal 
solution. Rather, it should be seen as a very good solution within 
a continuum of options.   

The second output summarises the selection frequency for each 
planning unit across all the good solutions generated. How 
frequently a planning unit is selected is a measure of how often 
that planning unit is required to achieve the planning objectives 
for that specific scenario. The frequency of planning unit 
selection has no intrinsic value outside the specific arrangement 
of the decision parameters represented in each scenario. The 
selection frequency value of a planning unit in one scenario 
is therefore not necessarily transferable to another scenario. 
Planning units are selected less often when there is a range of 
equally good alternatives and hence more units are considered 
replaceable. However, even some of the units of low selection 
frequency must be included in any plan of conservation action 
or the conservation targets will not be met. Planning units 
that become “irreplaceable” appear in every solution and must 
be included to achieve the planning objectives. It is important 
to note that a selection frequency map does not represent a 
solution; rather it shows the relative irreplaceability of specific 
planning units in achieving the conservation targets.

However, it is important to acknowledge that the solutions 
produced by Marxan reflect a “black and white” view of the 
world – either an area of land or sea is in or out of the reserve; 
there are no shades of grey. Furthermore, Marxan is used to 
guarantee biological constraints are met in reserves, but it could 
not be used to ensure a certain area is retained for a specific 
human use. 

A simple illustration of how Marxan works is provided in Figure 
6., which shows sample conservation features being attributed 
across the planning units. In this example, Marxan has been 
run through a set number of runs, using the same conservation 
features, targets and parameters. The image on the right 
illustrates the selection frequency of the planning units used in 
this example.

Other software used

Rather than use Marxan in its native form, this project used 
Zonae Cogito (version 1.21), which features an interface to 
Marxan software and an integrated open source Geographical 
Information System (GIS) platform embedded within. This 
allows results to be mapped, and is considered a simple and 
robust way to run Marxan analyses and to view the results. Both 
Marxan and Zonae Cogito (ZC) can be freely downloaded from 
http://www.uq.edu.au/marxan. Training manuals available 
from the website guide users through general exercises.

Other software programs used during the project included:

•	 Microsoft Excel: a commercial spreadsheet program;
•	 ArcGIS 9.3: commercial GIS software used for spatial data 

manipulation and for results display and map production;
•	 Joint Nature Conservation Committee (JNCC) tool: an 

ArcGIS extension applied to calculate boundaries for Bound.
dat file. Downloadable from http://www.uq.edu.au/marxan/
index.html?page=83126 (requires ArcGIS to run);

•	 Jenness Repeating Shapes tool: a freely available ArcGIS 
extension used for producing hexagon-shaped grids, used 
in the creation of planning units. Downloadable from 
http://www.jennessent.com/arcgis/arcgis_extensions.htm 
(requires ArcGIS to run); and

•	 Notepad++: a freely downloadable text editor used for the 
manipulation of a number of the Marxan source tables, 
where required (note: any text file editor is sufficient). 
Downloadable from http://notepad-plus-plus.org/.

As noted above, it would be possible to substitute freely available 
software for each of these software packages chosen above. 
However, the plug-ins for ArcGIS (the JNCC and Jenness tools) 
would need to be rewritten for use in other software. In addition 
to these readily available tools, the technical team developed 
a script for use in ArcGIS (written in Python) that undertakes 
connectivity processing for the planning units. This script is 
available from WWF on request.
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 Figure 6. Marxan selection frequency example 
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Identifying conservation features refers to the 

process of identifying the suite of characteristics 

that not only make, but also represent the important 

biological values of the SWAE. Conservation 

features can be as diverse as (but not limited to) an 

individual species, an ecosystem, or a range of other 

biological or biophysical occurrences. This includes 

focal species (e.g. Carnaby’s black cockatoo), focal 

habitat (e.g. rare habitat types, such as Threatened 

Ecological Communities; surrogate habitat types, 

such as granite outcrops or wetlands; or vegetation 

communities) and focal processes (e.g. migratory 

pathways or roosting and feeding sites).  

Conservation features are the core driver for the Marxan 
analysis and consist of any part of the environment, ecosystem or 
biodiversity that is to be included in the data analysis. Generally, 
the three types of conservation features used in this project were 
individual features, surrogates or wallpaper.

Individual features

Individual features are specific features that are considered 
important to conserve, for which there is available data, such as:

•	 A specific flora or fauna species (e.g. Carnaby’s black 
cockatoo) or subspecies (Muir’s corella);

•	 A class of area (e.g. Threatened Ecological Community); 
•	 An ecosystem type (e.g. kwongan heath); or
•	 Topographic features (e.g. waterholes).

Surrogates

Surrogates use one type of feature to indicate other features 
that are more difficult to show spatially or to represent 
ecologically, for example:

•	 Granite outcrops (known as areas of high diversity, rarity, 
endemism and refugia);

•	 Surrogate species (e.g. the presence of water milfoil indicates 
fresh water); or

•	 Surrogate modelling (e.g. southern slopes indicating ideal 
invertebrate habitat).

Wallpaper

Wallpaper is a dataset that covers the whole of the project area 
(for example, vegetation types were used as a base dataset to give 
input consistency over the whole project area). This means that 
even where there may be planning units that have no attributes 
assigned from the conservation feature datasets, Marxan will 
still have a biological basis upon which to select a planning unit.  

Choosing conservation features
Focal species, habitats and ecological processes were 
investigated to identify which conservation features were to be 
used for the project. Analysis of endemism and the presence of 
species, based on WA Herbarium and WA Museum datasets was 
undertaken, as well as a review of species listed for protection 
under both the Western Australian Wildlife Conservation Act 
1950 and the Federal Federal Environment Protection and 
Biodiversity Conservation Act 1999. Ten asset classes were 
chosen to be included within the decision problem:

•	 Amphibians;
•	 Birds;
•	 Invertebrates;
•	 Mammals;
•	 Reptiles;
•	 Flora;
•	 Inland water bodies;
•	 Inland water species;
•	 Vegetation types; and 
•	 Other (e.g. surrogates for biodiversity, such as granite 

outcrops).

As an example of its biological complexity, the SWAE project 
area contains over 16,000 known taxa (around 3,500 fauna 
and 13,500 flora species and subspecies, including introduced 
species). However, data and spatial distribution on most of 
these species is limited, and due to computational and time 
constraints, the species level information had to be aggregated 
and devolved to the use of surrogates to be able to represent 
many of the species in the Marxan analysis. This problem 
principally (but not only) applies to both the common/abundant 
species and the small/cryptic species, which have not been the 
subject of detailed distributional research.  

A summary of the total numbers of conservation features for 
each asset class is listed in Table 1. A full list is provided in 
Appendix 4.

STEP 5. IDENTIFYING  
CONSERVATION FEATURES
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Fauna conservation features
A total of 216 fauna conservation features (amphibians, birds, invertebrates, mammals and reptiles) were chosen for inclusion in the 
project analysis. Data came from a variety of sources (see Box 4.). An intensive data cleaning process ensured that all data points were 
in the same format. 

 Table 1. Conservation features by asset class 

Asset class
No. of individual conservation 
features used in the analysis

No. of surrogates used  
to represent conservation features 

used in the analysis

Birds 100 2

Mammals 31 0

Reptiles 35 0

Amphibians 7 0

Inland water species 49 13

Invertebrates 43 1

Inland water bodies 82 0

Flora 137 0

Other 45 14

Vegetation 862 0

Total 1391 30

 Box 4. Fauna datasets used in the analysis 

Title: Atlas of Australian Birds (2)

Custodian: Birds Australia

Scale: GPS points

Coverage: Western Australia

Ending date:  Ongoing

Abstract:
Atlas data forms the basis for research such as The State of Australia’s Birds Report. Since 1998, a dedicated 
band of over 7,000 atlassers have amassed over 420,000 surveys, comprising over 7.1 million bird records.

URL link: http://www.birdsaustralia.com.au/our-projects/atlas-birdata.html

Title: Hooded Plover Nesting Sites

Custodian: Birds Australia

Scale: GPS points

Coverage: Western Australia

Ending date:  Ongoing

Abstract: A database monitoring nesting sites and chick counts for the hooded plover.

URL link: http://www.birdsaustralia.com.au/our-projects/beach-nesting-birds.html
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 Box 4. Fauna datasets used in the analysis (Cont.) 

Title: Threatened and Priority Fauna

Custodian: Department of Environment and Conservation

Scale: GPS points

Coverage: Western Australia

Ending date:  Ongoing

Abstract: A database of ongoing surveying work detailing rare and priority fauna points over Western Australia.

URL link: http://www.dec.wa.gov.au/content/view/5379/2231/

Title: Carnaby’s Black Cockatoo Roosting Sites

Custodian: Department of Environment and Conservation

Scale: GPS points

Coverage: South-west Australia

Ending date:  Ongoing

Abstract: A confidential database detailing known roosting sites throughout the south-west of Australia.

URL link: http://www.dec.wa.gov.au/content/view/6333/2361/

Title: Carnaby’s Black Cockatoo Breeding Sites

Custodian: Department of Environment and Conservation

Scale: GPS points

Coverage: South-west Australia

Ending date:  Ongoing

Abstract: A confidential database detailing known breeding sites throughout the south-west of Australia.

URL link: http://www.dec.wa.gov.au/content/view/6333/2361/

Title: Carnaby’s Black Cockatoo Feeding Sites

Custodian: Department of Environment and Conservation

Scale: 1:250,000 (vegetation surrogate-based)

Coverage: South-west Australia

Ending date:  June 2009

Abstract:

Broadly defined feeding sites, based on a variety of vegetation data surrogates. Data used includes pre-European 
vegetation, tuart woodlands, vegetation complexes and System 6 data (Heddle vegetation complexes) with data 
being clipped to a remnant vegetation and outputs cleaned to consider areas that have been lost to degradation, 
clearing, development and changing climatic conditions from the potential food sources.

URL link: http://www.dec.wa.gov.au/content/view/6333/2361/

Title: Collections Database (various)

Custodian: Western Australian Museum

Scale: GPS points

Coverage: Western Australia

Ending date:  Ongoing

Abstract: An ongoing database collection for a wide variety of fauna for Western Australia.

URL link: http://www.museum.wa.gov.au/
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Title: Western Swamp Tortoise Boundaries

Custodian: Environmental Protection Authority

Scale: GPS points

Coverage: South-west Australia

Ending date:  Ongoing

Abstract: Boundaries showing the location of western swamp tortoise habitats in Western Australia.

URL link: http://tinyurl.com/6beeapq

STEP 5. IDENTIFYING CONSERVATION FEATURES

Fauna subspecies

Most individual conservation features were processed at 
the species level. However, in some cases it was considered 
important to include in the analysis the distinction between 
subspecies. This applied where subspecies were considered 
geographically distinct and it was important to capture the full 
range of representation or where a subspecies was listed under the 
Western Australian Wildlife Conservation Act 1950 and/or the 
Federal Environment Protection and Biodiversity Conservation 
Act 1999 and, subsequently, a different target formula applied 
(refer to the section on setting targets for more information). 

Where it was determined that a subspecies needed to be 
distinguished from the species level, the following rules applied:

•	 Subspecies needed to be identifiable within the datasets;
•	 All subspecies points were included in the layer; and
•	 If data for both subspecies and species levels was available 

then it was treated as individual subspecies but stratified 
using distributional information and expert advice.

The stratification of conservation features into subspecies 
occurred for six fauna taxa in this analysis (listed in Table 2.). 
Box 5. contains a working example for the western rosella.  

 Table 2. Stratified subspecies fauna taxa  

Scientific name Subspecies Common name Stratification details

Cacatua pastinator
C. p. pastinator 
C. p. butleri (derbyi )

Muir’s corella
Easily stratified data as subspecies was 
spatially separated

Psophodes nigrogularis
P. n. oberon 
P. n. nigrogularis

Western whipbird
Easily stratified data. Used Reference 
Book to determine boundary

Platycercus icterotis
P. i. icterotis 
P. i. xanthogenys

Western rosella
Stratified species via IBRA regions (see 
Box 5. for more details)

Ctenotus gemmula
SCP population 
All others

Jewelled sandplain skink
Easily stratified data as subspecies was 
spatially separated

Egernia stokesii
E. s. badia 
E. s. stokesii

Spiny tailed skink
Easily stratified data as subspecies was 
spatially separated

Mormopterus planiceps
Inland subspecies 
South-western subspecies

South-western  
free-tailed bat

Easily stratified data as subspecies was 
spatially separated

 Box 4. Fauna datasets used in the analysis (Cont.) 
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 Box 5. Example of subspecies stratification for the western rosella 

Scientific name: Platycercus icterotis

Common name: Western rosella

Potential issues:

There are two subspecies of western rosella in the project area (P. i. xanthogenys and P. i. icterotis) that 
reside within close proximity of one another. The subspecies P. i. xanthogenys resides in the mallee (and 
is listed under the WA Wildlife Conservation Act 1950 and the Federal Environment Protection and 
Biodiversity Conservation Act 1999). Subspecies P. i. icterotis resides in the forests of the deep south but 
is not listed under the WA Wildlife Conservation Act 1950 or the Federal Environment Protection and 
Biodiversity Conservation Act 1999. Experts consider it resource-limited, which was reflected in the target 
formula. The two subspecies are also known to interbreed (DEC, 2009).

Stratification:

Based on the above information, the data was stratified as follows: 

1. Any data that included subspecies details (no matter where the location) was extracted out into its own 
subspecies layer;

2. Data showing only species level was stratified via IBRA regions:

    Subspecies P. i. icterotis came under the Jarrah, South Coast Plains and Warren IBRA regions

    Subspecies P. i. xanthogenys came under all other IBRA regions (mainly the Mallee IBRA region); and

3. Data from 1. and 2. was then combined to create sub-specific data as its own conservation feature dataset.

This example demonstrates the complexity of achieving subspecies representation where distribution of the subspecies is 
close or overlaps. With expert advice, we determined that any data records found within the Mallee area were defined as being 
P. i. xanthogenys and any data records found in the southern areas were defined as P. i. icterotis subspecies.
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Flora conservation features
Flora conservation features (see Box 6.) were processed similarly to the fauna conservation features. As a direct result of the cleaning 
process, points from the Orchid Atlas were not included in this project, as they were recorded prior to the 1970 cut-off date. No flora 
conservation features were stratified in this project. Box 6. Flora datasets used in the analysis

 Box 6. Flora datasets used in the analysis 

Title: Collections database

Custodian: WA Herbarium

Scale: GPS points

Coverage: Western Australia

Ending date: Ongoing

Abstract:
The WA Herbarium and associated regional herbaria form a unique, dynamic, state-wide team that gathers, 
manages, researches and communicates information on the geography, systematics and biology of our 
unique and precious flora on behalf of the Western Australian community.

URL link: http://www.dec.wa.gov.au/content/category/41/831/1821/50/0/lang,en/

Title: Banksia Atlas

Custodian: WA Herbarium

Scale: GPS points

Coverage: Western Australia

Ending date:  December 1990

Abstract:
A dataset comprised a volunteer surveying effort between 1984 and 1986. Level of detail included 
distribution, growth form, habitat and other biological details.

URL link: http://florabase.dec.wa.gov.au/

Title: Declared Rare and Priority Flora List

Custodian: Department of Environment and Conservation

Scale: GPS points

Coverage: Western Australia

Ending date:  Ongoing

Abstract: A database of ongoing surveying work detailing rare and priority flora points over Western Australia.

URL link: http://www.dec.wa.gov.au/content/view/5379/2231/
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Inland water body conservation features
Eighty-two inland water bodies were included in the analysis, 
based on a range of considerations, including geomorphology 
or significant international, national or regional classifications. 
Inland water bodies included:

•	 Channels;	 •	 Major rivers;
•	 Minor rivers;	 •	 Estuaries;
•	 Other caves;	 •	 Other water bodies;
•	 Wetlands; and	 •	 Wild rivers.

A range of datasets were used to create amalgamated datasets for 
each of these categories and are listed in Box 7. In amalgamating 
these datasets, higher resolution data took precedence over 
lower resolution data. As a result, no water body categories 
overlap (except for “other water bodies”). This exception was 
made for springs, waterholes and other water points, which 
were considered absolute entities and were not excluded if they 
overlapped with a water body category. Figure 7. contains an 
example of the final datasets.

In determining how to create conservation features from the 
categories of water bodies, a range of protected area lists that 
cover water bodies in the SWAE were investigated. These 
included:

•	 Ramsar Wetlands;

•	 Wetlands of National Significance: A Directory of Important 
Wetlands in Australia;

•	 Environmental Protection Policies (EPP): Swan Coastal 
Plains Lakes; and

•	 Conservation Category Wetlands.

For each of these lists, the wetlands listed were identified and 
extracted from the core datasets to create specific conservation 
features consisting of a subset of that type of water body. Box 
8. contains a full listing of the resources used to identify listed 
wetlands. In addition to these resources, the High Conservation 
Value Aquatic Ecosystems (HCVAE) listing was initially 
considered. However, this listing amalgamates areas in other 
datasets, so was not included in the final process of setting 
conservation features.  

 Figure 7. Water bodies dataset example 
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 Box 7. Water bodies datasets used in the analysis  

Title: Geomorphic Wetlands from Darkan to Duranillin

Custodian: Department of Environment and Conservation 

Scale: 1:25,000

Coverage: Darkan to Duranillin

Ending date:  9 March 2010

Abstract:
The dataset displays the location, boundary and geomorphic classification of wetlands from Darkan to Duranillin. 
Wetlands in this dataset have been classified into types, according to the geomorphic wetland classification system. 

URL link: http://www.dec.wa.gov.au/content/view/5868/1610/

Title: Geomorphic Wetlands from Augusta to Walpole

Custodian: Department of Environment and Conservation 

Scale: 1:25,000

Coverage: Augusta to Walpole

Ending date:  18 June 2008

Abstract:
The dataset displays the location, boundary and geomorphic classification (wetland type) of wetlands from 
Augusta to Walpole.

URL link: http://www.dec.wa.gov.au/content/view/5315/1610/

Title: Geomorphic Wetlands of the Swan Coastal Plains

Custodian: Department of Environment and Conservation 

Scale: 1:25,000

Coverage: Swan Coastal Plain

Ending date:  Continuing

Abstract:
The dataset displays the location, boundary, geomorphic classification (wetland type) and management 
category of wetlands on the Swan Coastal Plain.

URL link: http://www.dec.wa.gov.au/content/view/5317/1610/

Title: Wetlands of the Wheatbelt

Custodian: Department of Environment and Conservation 

Scale: 1:100,000

Coverage: Avon Wheatbelt

Ending date:  30 October 2008

Abstract:
The data contained within the Basin Wetlands of the Wheatbelt and other prioritised areas mapping layer 
covers wetlands within most of the Wheatbelt region of south-western Western Australia, as well as small 
areas of the Rangelands to the east and the Darling Scarp to the west.

URL link: http://www.dec.wa.gov.au/content/view/5311/2213/

Title: Rivers

Custodian: Department of Water 

Scale: 1:100,000–250,000

Coverage: Western Australia

Ending date:  5 November 2007

Abstract: Major streamlines of Western Australia, coded with hierarchy and names.

URL link: http://www.water.wa.gov.au/
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Title: Wild Rivers

Custodian: Department of Water 

Scale: Various

Coverage: Western Australia

Ending date:  August 2008

Abstract:
The Waters and Rivers Commission and the Australian Heritage Commission identified catchments in 
Western Australia that have not been significantly altered by humans.

URL link: http://www.water.wa.gov.au/PublicationStore/first/83725.pdf

Title: Springs, Lakes, Water Points, Water Holes, Caves

Custodian: Geoscience Australia 

Scale: 1:250,000

Coverage: Australia

Ending date:  9 June 2006

Abstract:

A part of the Terrain data in the TOPO 250K Series 3 Topographic dataset issued by Geoscience Australia. 
Springs are a place where water issues from the ground naturally.
Lakes are naturally occurring bodies of mainly static water surrounded by land.
Water points are a combination of gnamma holes, native wells, pools, rock holes and soaks.
Water holes are a natural depression that holds perennial water, within a non-perennial watercourse or a 
non-perennial lake. 
Caves are a naturally formed, subterranean open area or chamber.

URL link: http://www.ga.gov.au/meta/ANZCW0703008969.html

 Box 8. Listed water bodies datasets used in the analysis 

Title: Ramsar Wetlands

Custodian: Department of Sustainability, Environment, Water, Population and Communities 

Scale: 1:25,000

Coverage: Australia

Ending date:  March 2007

Progress: Complete

Protected by: The Environment Protection and Biodiversity Conservation Act 1999 (Commonwealth)

Abstract:
Ramsar Wetlands are representative, rare or unique wetlands, or those considered important for conserving 
biological diversity. They are included on the List of Wetlands of International Importance developed under 
the Ramsar Convention.

URL link: http://www.environment.gov.au/cgi-bin/wetlands/alphablist.pl

Title: Wetlands of National Significance: Directory of Important Wetlands in Australia

Custodian: Department of Sustainability, Environment, Water, Population and Communities 

Scale: 1:250,000 (largely derived from GA Topo 250K Water Bodies data)

Coverage: Australia

Ending date:  October 2008

Protected by: The Environment Protection and Biodiversity Conservation Act 1999

Abstract:
The directory not only identifies nationally important wetlands, it defines wetlands, their variety, and the 
many flora and fauna species that depend upon them.

URL link: http://www.environment.gov.au/water/topics/wetlands/database/diwa 
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Title: Environmental Protection (Swan Coastal Plain Lakes) Policy 1992

Custodian: Environmental Protection Authority 

Scale: 1:50,000

Coverage: Swan Coastal Plain 

Ending date:  December 1992

Progress: Complete

Protected by: The Western Australian Environmental Protection Act 1986

Details: www.epa.wa.gov.au

Abstract:
The policy includes boundaries showing lake areas of environmental value on the Swan Coastal Plain. The 
policy made the filling, draining, excavating, polluting and/or clearing of these lakes an offence unless 
authorised by the EPA.

URL link: http://tinyurl.com/3wlf3n9

Title: Geomorphic Wetlands Swan Coastal Plain

Custodian: Department of Environment and Conservation 

Scale: 1:25,000

Coverage: Swan Coastal Plain

Ending date:  December 2009

Progress: Complete 

Protected by:  
Conservation category wetlands are “critical assets” and represent the most important environmental assets 
for protection and conservation in the State (EPA, 2005).

Abstract:
The dataset displays the location, boundary, geomorphic classification (wetland type) and management 
category of wetlands on the Swan Coastal Plain. It includes Conservation Category Wetlands definitions in 
attributes.

URL link: http://www.dec.wa.gov.au/content/view/5317/1610/

Title: Wetlands of the Wheatbelt

Custodian: Department of Environment and Conservation 

Scale: 1:100,000

Coverage: Avon Wheatbelt

Ending date:  30 October 2008

Abstract:

The data contained within the Basin Wetlands of the Wheatbelt and other prioritised areas mapping layer 
covers wetlands within most of the Wheatbelt region of south-western Western Australia, as well as a small 
area of the Rangelands to the east and the Darling Scarp to the west. It includes Conservation Category 
Wetlands definitions in attributes.

URL link: http://www.dec.wa.gov.au/content/view/5311/2213/

As a result, the conservation features selected for inclusion in 
the analysis consisted of a range of water bodies. These included:

•	 Channels (listed);	 •	 Channels (non-listed);

•	 Major rivers (listed);	 •	 Major rivers (non-listed);

•	 Minor rivers (listed);	 •	 Minor rivers (non-listed);

•	 Estuaries (listed);	 •	 Estuaries (non-listed);

•	 Other caves;	 •	 Other water bodies;

•	 Wetlands (listed);	 •	 Wetlands (non-listed); and

•	 Wild rivers.

All non-listed categories, or categories without listed examples 
(e.g. wild rivers), were then stratified by IBRA regions. Box 9. 
uses the Swan Coastal Plain dataset as a working example and 
shows the entire process for this set of water body features.
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 Box 9. Working example of wetlands data on the Swan Coastal Plain 

The Swan Coastal Plain IBRA region has the highest human population in the SWAE. Subsequently, the wetlands data is reasonably 
well known and accurate, being captured at a scale of 1:25,000. However, the dataset does not indicate the condition of the wetlands. 
It is estimated that over 70% of wetlands on the Swan Coastal Plain have been lost or degraded (EPA, 2007). The data was filtered to 
ensure that only those wetlands suitable for conservation were included in the analysis.  

The Swan Coastal Plain geomorphic wetland data was processed in the following way:

Category Details Data inclusion

Conservation Category
The highest level of wetland considered 
healthy wetlands.

Included as “Listed Wetlands”.

Resource Enhancement
Wetlands with a possibility to restore to 
former health.

Included as “Non Listed Wetlands”.

Multi-use Used for multiple reasons. Not included due to possible degradation.

Not Assessed / Not Applicable No data. Not included.
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Inland water species conservation features
Forty-eight species associated with inland water bodies were 
included as conservation features, such as flora, crustaceans 
and fish (see Appendix 4.). These conservation features 
were processed in the same manner as the fauna and flora 
conservation features.

Other conservation features
A range of other conservation features were dealt with in specific 
ways to include them in the analysis. Here we provide details of 
the conservation feature creation and attribution for:

•	 Granite outcrops;
•	 South-facing slopes (a surrogate used for invertebrate 

diversity); and
•	 Threatened Ecological Communities (TECs) and Priority 

Ecological Communities (PECs).

Granite outcrops

Granite outcrops were raised several times by experts as an 
important surrogate for biodiversity as they provide a variety 
of microhabitats for plants and seasonal resources and refuge 
for a range of animals. These areas have rich biodiversity and 
many endemic species are restricted to individual outcrops. 
Furthermore, they are significant locations that tie in with 
Aboriginal and European cultural heritage (Bayly, 1999; Granite 
Outcrops Symposium, 1997).

Several available datasets within the project area show the 
location of granite outcrops. However, this data either covered 
the whole of the project area at a low resolution, or was highly 
accurate in just one area only. Granite outcrops could also be 
extracted from satellite imagery, but this type of processing 
could not be completed within the project resource constraints. 

Consequently, the CPT decided to amalgamate the existing 
datasets to create a full dataset for the ecoregion. This was done 
in the same manner as for the inland water body conservation 
features, with the most accurate dataset taking precedence over 
data of lesser accuracy. The various datasets used (see Box 10.) 
were cut and “stitched” together to form one seamless “blanket” 
of data that does not overlap.
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 Box 10. Granite outcrop datasets used in the analysis 

Title: Wetlands of the Wheatbelt

Custodian: Department of Environment and Conservation 

Scale: 1:100,000

Coverage: Avon Wheatbelt

Ending date: October 2008

Abstract:
The data contained within the Basin Wetlands of the Wheatbelt and other prioritised areas mapping layer 
covers wetlands within most of the Wheatbelt region of south-western Western Australia, as well as in a 
small area of the Rangelands to the east and the Darling Scarp to the west

URL link: http://www.dec.wa.gov.au/content/view/5311/2213/

Title: Western Australia Granite Outcrop Locations

Custodian: Wikipedia 

Data origins: 1996 Gazetteer of Australia

Scale: GPS points

Coverage: Western Australia

Ending date: Ongoing

Abstract:
The dataset includes all gazetted rocks, boulders, pinnacles, crags, needles, pillars, rock formations and tors 
in Western Australia, both inland and offshore. It does not include monoliths gazetted as mounts or hills, 
such as Mount Augustus.

URL link: http://en.wikipedia.org/wiki/Granite_outcrops_of_Western_Australia

Title: Pre-European Vegetation Dataset

Custodian: Department of Agriculture and Food, Western Australia 

Scale: 1:250,000

Coverage: Western Australia

Ending date:  February 2005

Abstract:
Comprehensive vegetation dataset based on J.S. Beard, with mapping of the south-west corner compiled by 
A.J.M. Hopkins from various sources.

URL link: http://www.agric.wa.gov.au

Title: Deformation Areas

Custodian: Geoscience Australia

Scale: 1:250,000

Coverage: Australia-wide

Ending date: Current

Abstract:
A part of the Terrain data in the TOPO 250K Series 3 Topographic dataset issued by Geoscience Australia. 
Deformation areas are a combination of distorted surfaces and outcrops.

URL link: http://www.ga.gov.au/meta/ANZCW0703008969.html
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Apart from the Wetlands in the Wheatbelt dataset (with a scale 
of 1:100,000 but a coverage of only the Avon Wheatbelt), all other 
datasets that contain granite outcrop locations were of the same 
scale (1:250,000) and of the same coverage (Western Australia). 
Reviewing each dataset against Google Earth gave an indication 
of their relevant accuracy with regards to location. Each of these 
datasets were clipped and stitched based on assessment by the 
technical team.

 Table 3. Data hierarchy for granite outcrops  

Data title
Spatial area  
of greatest accuracy

Scale Hierarchy Data attributes

Wetlands of the Wheatbelt Avon Wheatbelt 1:100,000 1
Granite outcrop attributes 
Included all confidence types  
(low, medium and high)

WA Granite Outcrop 
locations

North, North-West 1:250,000 2 All locations included

Pre-European Vegetation South, South-east 1:250,000 3
Rock outcrop vegetation association 
attribute used

Deformation Areas All other areas 1:250,000 4 Outcrop attributes used

 Figure 8. Data hierarchy for granite outcrops 

The resulting layer was combined using the hierarchy shown in 
Table 3., with a graphical representation shown in Figure 8.

In order to capture the unique flora and fauna present within 
different granite outcrops in different IBRA regions, this 
dataset was then stratified by IBRA region to create a number of 
conservation features from the amalgamated dataset.
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South-facing slopes 

Very little data existed on individual invertebrate species across 
the SWAE and the limited number of species-level datasets could 
not represent the distribution of this diverse group of organisms. 
Invertebrate experts suggested microclimate or topographic 
surrogates as a way of identifying ecosystems that could represent 
diversity and distribution of invertebrate species. These surrogates 
included deep gullies and south-facing slopes as they tend to 
contain more spiders and millipedes, while ridges and hills can 
indicate diversity of snails and millipedes. Unfortunately, data on 
gullies, hills or ridges covering the ecoregion was inadequate and 
it was decided to use south-facing slopes only. South-facing slopes 
were extracted using gradient and aspect details found in readily 
available digital elevation models (DEM).

 Box 11. GeoData dataset used in the analysis 

Title: GEODATA Nine Second DEM (DEM-9S) Version 3

Custodian: Geoscience Australia 

Scale: 1:250,000

Coverage: Australia

Ending date:  June 2008

Abstract:
A gridded digital elevation model computed, using the ANUDEM elevation gridding program Version 5.2.2, 
from continent-wide topographic data, including point elevations, streamlines, water body boundaries and 
cliff lines. The grid spacing is 9 seconds in longitude and latitude (approximately 250 m).

URL link: http://www.ga.gov.au/meta/ANZCW0703011541.html

 Figure 9. South-facing slopes and the nine-second DEM 

Geoscience Australia has the only DEM dataset that covers 
the whole of the project area. It is a nine second (250-metre 
cell wide) model with an elevation accuracy error up to 200 m 
and an elevation range of 0 1,028 m. Box 11. contains details 
of this dataset.

South-facing slopes were determined by identifying areas in the 
nine-second DEM that had a gradient of 10% or more, and had a 
slope bearing of between 135 and 225 degrees. These areas are 
shown in Figure 9. The south-facing slopes data was entered into 
Marxan as a “presence” in a planning unit.
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Threatened and Priority Ecological 
communities (TECs and PECs)
An ecological community is a naturally occurring biological 
assemblage or group of plants and/or animals (or other living 
things, such as microbes) that occurs in a particular type 
of habitat. Ecological communities form ecosystems within 
their habitat. A Threatened Ecological Community (TEC) is 
subject to processes that threaten to destroy or significantly 
modify it across much of its range, whereas Priority Ecological 

Communities (PEC) are potentially threatened ecological 
communities that do not meet survey criteria or that are not 
adequately defined (DEC, 2007).

TECs and PECs are referred and assessed by a panel of experts 
on the WA Threatened Ecological Communities Scientific 
Committee (WATECSC) and, when listed, are indirectly 
protected by the Environmental Protection Act 1986 and 
Environmental Protection Regulations 2004 (DEC, 2007). Table 
4. describes the categories and Box 12. shows the single dataset 
that exists for the TEC and PEC data.

 Table 4. Categories of TECs and PECs  

Type of community Categories

Threatened Ecological 
Community

Presumed totally destroyed; Critically endangered; Endangered; or  Vulnerable

Priority Ecological Community

Priority 1 – Poorly known ecological communities;

Priority 2 – Poorly known ecological communities;

Priority 3 – Poorly known ecological communities;

Priority 4 – �Ecological communities that are adequately known, rare but not threatened or meet 
criteria for near threatened, or that have been recently removed from the threatened 
list. These communities require regular monitoring; or

Priority 5 – Conservation-dependent ecological communities

 Box 12. TEC and PEC dataset used in the analysis 

Title: Threatened and Priority Ecological Community Sites

Custodian: Department of Environment and Conservation 

Scale: GPS point location within 100 m accuracy. Polygons manually determined.

Coverage: Western Australia

Ending date:  Ongoing

Abstract:
Ecological communities throughout WA that are presumed totally destroyed, critically endangered, 
endangered, vulnerable, priority 1-5, lower risk and/or not evaluated. Communities are based on various 
lifeforms, including plants, invertebrates and micro-organisms.

URL link: http://www.dec.wa.gov.au/content/view/849/2017/

The data contained within the TEC and PEC dataset is provided 
in either point or polygon data.

Point data includes locations of both TECs and PECs, captured 
at GPS accuracy. It contains information pertaining to the site, 
its category and a suggested buffer value that encompasses the 
site. If a site is groundwater or surface water dependant, these 
areas will also be included in the buffer radius.

Polygon data includes buffers created around selected TEC 
points that encompass the site with a more accurate boundary.

There were 2,401 points and 1,172 polygons within the TEC and 
PEC dataset, as shown in Figure 10.

Of the 2,401 points, 1,759 can be located within a polygon 
(each polygon has at least one point allocated), leaving a total 
of 642 points with no polygon buffer. Of these, the buffer value 
ranges from 30-45,000 m. Including the point buffer values was 
considered important even though they may not necessarily 
represent the site area accurately. As a result, the Conservation 
Planning Team decided to use a standardised buffer size of 1 km 
for all points that did not coincide with a TEC or PEC polygon 
boundary. This buffer was considered a way to determine the 
presence of a TEC or PEC in the area, although not necessarily 
its extent.



South West Australian Ecoregion initiative
32

 Figure 10. All TEC and PEC data for the Southwest Australia Ecoregion 

Vegetation conservation features
It was considered important to include different vegetation types 
and their extent as conservation features in this analysis. This 
is because they represent different habitat types, for example 
jarrah-karri forests and shrublands, banksia and eucalypt 
woodlands, heathlands, mallee and the arid savannah. Different 
vegetation types and extent can demonstrate areas that support 
viable populations of species and habitat connectivity. They 
can also act as a surrogate for ecological processes, represent 
different habitat types and be rare or unique habitats in their 
own right (for example kwongan heath, see Box 14.). In order 
to include vegetation conservation features in Marxan, a 
conservation feature of the connectivity of the vegetation was 
created and the following two datasets sought:

•	 Vegetation type (describing the vegetation communities); and

•	 Vegetation extent.

While there are many vegetation type datasets applicable to 
the SWAE, only the pre-European vegetation dataset (available 
from the Department of Agriculture and Food WA) covered the 
project area completely. Although integrating more accurate 
vegetation datasets was considered (such as the System 6 or 
the Regional Forest Agreement datasets from the Department 
of Environment and Conservation), expert advice suggested 
there would be too much bias towards the highly localised, 
more accurate datasets. To address this problem, the vegetation 
dataset that covered the whole project area was used. This 
dataset was then stratified by IBRA region.  

The pre-European vegetation dataset used satellite imagery and 
has been improved using aerial photography where possible. 
This was the latest dataset available to show the vegetation 
extent for the project area.

Box 13 lists both datasets.
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 Box 13. Vegetation datasets used in the analysis 

Title: Pre-European Vegetation Dataset

Custodian: Department of Agriculture and Food, Western Australia

Scale: 1:250,000

Coverage: Western Australia

Ending date: February 2005

Abstract:
Comprehensive vegetation dataset based on J.S. Beard, with mapping of the south-western corner compiled 
by A.J.M. Hopkins from various sources.

URL link: http://www.agric.wa.gov.au

Title: Vegetation Extent Baseline Dataset (remnant vegetation)

Custodian: Department of Agriculture and Food, Western Australia 

Scale: Various

Coverage: South-west Australia

Ending date: August 2008

Abstract:
A dataset containing vegetation extent polygons from the mapping of remnant vegetation in Western 
Australia.

URL link: http://www.agric.wa.gov.au

The pre-European vegetation dataset contains a total of 490 
different vegetation types throughout the project area. This 
dataset was then clipped to the vegetation extent baseline 
dataset to indicate current vegetation extents. According to this 
simple processing, 26% (176,625.8 km2) of remnant vegetation 
in the project area (686,871 km2) has been cleared (Figure 11.).

The following three vegetation types in the pre-European 
vegetation dataset were not included as they were already 
represented as other conservation features: 

•	 Salt lakes;
•	 Freshwater lakes; and
•	 Granite outcrops.

As the pre-European vegetation dataset was broad and it is 
important to get representation across the ecoregion, the 
conservation planning team stratified the vegetation data per 
IBRA region. Table 5. contains a breakdown of the remnant 
vegetation by IBRA region. 

In order to stratify the vegetation types to the various bioregions, 
the data was clipped and cleaned. Considerable attention was 
paid to the vegetation types that were found on the edges of 
bioregions, to ensure that sliver polygons did not bias the 
selection of areas in Marxan.

This stratification of remnant vegetation resulted in 862 new 
vegetation data types. This can be separated into IBRA regions 
as shown in Table 6.
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 Figure 11. Remnant vegetation in the Southwest Australia Ecoregion 

 Table 5. Breakdown of remnant vegetation by IBRA region 

IBRA region name
Area of IBRA  
region (km2)

Area of remnant vegetation  
in IBRA region (km2)

Area  
cleared (km2)

Percentage  
cleared (%)

Avon Wheatbelt 95,163.86 17,304.56 77,859.3 82

Carnarvon 17,940.96 17,913.82 27.14 0

Coolgardie 129,170.47 126,893.14 2,277.33 2

Esperance Plains 29,133.32 14,834.29 14,299.03 49

Geraldton Sandplains 31,453.02 14,123.67 17,329.35 55

Great Victorian Desert 16,746.77 16,746.77 0 0

Hampton 10,412.89 10,380.08 32.81 0

Jarrah Forest 45,085.03 25,324.13 19,760.9 44

Mallee 73,955.07 40,902.81 33,052.26 45

Murchison 100,859.50 100,730.40 129.1 0

Nullarbor 62,990.37 62,990.37 0 0

Swan Coastal Plain 15,307.48 5,795.76 9,511.72 62

Warren 8,495.54 6,758.76 1,736.78 20

Yalgoo 50,156.90 49,546.68 610.22 1
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 Table 6. Breakdown of vegetation types by IBRA region  

IBRA region name
Number of  

vegetation types

Avon Wheatbelt 141

Carnarvon* 36

Coolgardie 89

Esperance Plains 46

Esperance Fitzgerald 6

Esperance Recherche 6

Geraldton Sandplains 73

Great Victoria Desert* 9

Hampton 5

Jarrah Forest 74

Mallee 73

Mallee Eastern 7

Mallee Western 7

Murchison* 94

Nullarbor* 10

Swan Coastal Plain 55

Warren 49

Yalgoo 81

No data 1

Total 862

*part of the 100 km buffer zone

Kwongan heath and mallee vegetation types

Changes in species composition is an important process in 
many ecosystems but rarely considered in systematic reserve 
site selection (Felinks et al., 2010). Expert advice was provided 
on the spatial turnover of kwongan heath and mallee vegetation 
types associated, particularly, with the Esperance Plains and 
Mallee IBRA subregions (Griffin et al. 1983; Burgman, 1988; 
Brown, 1989; Keighery, G., 2010, pers. comm). Additional 
processing is outlined in Box 14.

 Box 14. Stratification of kwongan heath and mallee  
 vegetation complexes 

Kwongan heath and mallee of the northern and southern 
sandplains comprises floristically-rich heath with dense 
thickets of sclerophyllous shrubs and isolated small trees. 
It is one of the most botanically diverse vegetation types 
world-wide. Kwongan heath is characterised by nutrient-
poor sandy soils, frequent wildfire, a very high level of 
endemism, spectacular displays of wildflowers in spring, 
and a Mediterranean climate with winter rainfall and hot, 
dry summers (Pate et al., 1984).    

Trying to capture a 15 km wide species turn-over within 
the project area would result in an unnecessarily complex 
stratification system. The process used is detailed below.  

1. Data extraction

A vegetation type could be associated with either kwongan 
or mallee but not both.

Kwongan heath

Kwongan heath complexes were extracted from the pre-
European vegetation dataset if they contained:

•	 Both “mallee” and “shrubland” in their description; or

•	 Only “scrub heath” in their description.

These datasets were then combined into a single kwongan 
dataset.

Mallee

Mallee complexes were extracted from the pre-European 
vegetation dataset if they contained “mallee” in their 
description and data was only selected if it had not already 
been defined as a kwongan complex. A single mallee 
dataset was then created.

2. Stratification

The kwongan heath and mallee datasets created in step 1 
were then stratified to create separate remnant kwongan 
and mallee datasets for each of the following IBRA regions: 

•	 Geraldton Sandplains;

•	 Swan Coastal Plain;

•	 Avon Wheatbelt;

•	 Coolgardie;

•	 Esperance Plains; and 

•	 Mallee.
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Vegetation connectivity
Spatial patterns of vegetation at the regional scale are important 
because the proximity and arrangements of patches of vegetation 
influences the persistence of animal species that have different 
minimum habitat requirements and vary in their ability to 
move across open ground. In addition, vegetation proximity can 
influence the genetic flow between flora and fauna species (Tews 
et al., 2004; Johnson et al., 2007). 

Further to the remnant vegetation type and extent dataset 
processing above, a dataset that could be used to determine the 
connectedness of remnant vegetation was developed for this 
analysis. No readily available dataset captured the connectivity 
of remnant vegetation throughout the project area, although the 
underlying data required already exists – namely the vegetation 
extent baseline dataset, which was used to model this dataset. 
The model was developed based on a relatively simple premise 
of adjacency: that connectivity could be calculated based on the 
amount of remnant vegetation found within a planning unit and 
that of its neighbouring planning units.  

A connectivity value was calculated for each planning unit using 
the following six-step process.

Step one

Select any planning unit, which temporarily becomes the 
“central” planning unit for this process. When this process 
is repeated, the subsequent planning unit then becomes the 
“central” planning unit.

Step two

Select all planning units that immediately surround and are 
contiguous with the central planning unit (named Tier 1).

Find the vegetation average in Tier 1 by:

•	 Adding the total amount of vegetation area found in those 
planning units; and

•	 Dividing by the number of planning units selected (six in total).

Weight this amount by three.

Step three

Select all the other (not Tier 1) planning units that surround and 
are contiguous with the Tier 1 planning units (named Tier 2).

Find the vegetation average in Tier 2 by:

•	 Adding the total amount of vegetation area found in those 
planning units; and

•	 Dividing by the number of planning units selected  
(12 in total).

Weight this amount by two.

Step four

Select all the other (not Tier 1 or Tier 2) planning units that 
surround and are contiguous with the Tier 2 planning units 
(named Tier 3).

Find the vegetation average in Tier 3 by:

•	 Adding the total amount of vegetation area found in those 
planning units; and

•	 Dividing by the number of planning units selected  
(18 in total).

Step five

Add all values for Tier 1, Tier 2 and Tier 3.

Step six

Place this value in the central planning unit cell, as an estimate 
of connectivity.

Figure 12. illustrates the calculation for this process.  
Box 15. contains a working example. 

Connectivity in central planning unit = 
((A)/6) x 3) + ((B)/12) x 2) + (C)/18 = Y

Where:

A:  �total area of remnant vegetation per km2  
per planning unit within Tier 1

B:  �total area of remnant vegetation per km2  
per planning unit within Tier 2

C:  �total area of remnant vegetation per km2  
per planning unit within Tier 3

 Figure 12. Vegetation connectivity model 

Central PU

Tier 1 with a weighting of x 3

Tier 2 with a weighting of x 2

Tier 3 with a weighting of x 1
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 Box 15. Example of determining vegetation connectivity 

	 If the maximum amount of vegetation in one planning unit is 2.5 km2, then:

	 A: Tier 1 total veg cover = 9.0 
(1.5 + 2.0 + 2.0 + 2.0 + 1.5 + 0.0) 
A total of six planning units

	 B: Tier 2 total veg cover = 18.5 
(0.5 + 2.0 + 2.0 + 2.5 + 2.5 + 2.0 +  
1.0 + 1.5 + 1.0 + 1.0 + 1.5 + 1.0) 
A total of 12 planning units

	 C: Tier 3 total veg cover = 25 
(0.5 + 2.5 + 2.0 + 2.5 + 2.5 + 2.5 +  
2.5 + 2.0 + 1.0 + 1.0 + 0.5 + 0.5 + 
0.0 + 0.0 + 0.0 + 2.5 + 1.0 + 1.5) 
A total of 18 planning units

	 Calculations:

	 Using the connectivity formula:  
((A)/6) x 3) + ((B)/12) x 2) + (C)/18  
((9)/6) x 3) + ((18.5)/12) x 2) + (25)/18  
4.5 + 3.08 + 1.38

	 Central planning unit vegetation connectivity value = 8.96

Due to the size of this project area, the shape of the grids and the complexity of the filter tiers, this process was automated using 
Python scripting. This script is available from WWF on request.

Figure 13. provides an example of the vegetation connectivity data.

 Figure 13. Vegetation connectivity model 
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Data used in this analysis was available in a range of 

different formats (points, lines and polygons). All data 

was standardised and formatted consistently for the 

Marxan analysis. All data types were transformed to 

a regular grid structure of hexagonal cells to identify 

and minimise bias in the way data was treated.  

Conservation features were allocated to planning units 
depending on data and target achievement and were attributed 
to a planning unit in one of three ways, according to:

•	 Their presence in a planning unit (e.g. 1); 

•	 The area of a planning unit (e.g. 0.2511 km2 within  
a grid cell); or 

•	 Their value based on modelling (e.g. 2.35 out of a possible 
15.58 for vegetation connectivity).  

Presence in a planning unit

This method was used mainly for point or line datasets (such 
as specific flora and fauna species locations, or waterways). 
However, some polygon data was included as a “presence” in a 
planning unit, for example granite outcrops. Because granite 
outcrops were a combination of points and polygons, all data 
was entered as a “presence” in a planning unit. If point or line 
data occurred within a planning unit, it was allocated a single 
value of 1, indicating “presence”, even if more than one point or 
line for a conservation feature was found in the planning unit. 

This is illustrated in Figure 14.

Area per planning unit

This method was used for any polygon dataset, such as 
vegetation types. If a conservation feature polygon intersected 
with a planning unit, its area in that planning unit (in km2) was 
calculated. If a point dataset was buffered for any reason, such 
as Threatened and Priority Ecological communities, or sensitive 
locations such as Carnaby’s black cockatoo breeding sites, then 
the result was also entered into Marxan as area for each planning 
unit. All area values were rounded to six decimal places. No data 
was entered if its size was less than 1 m2. Due to the size of the 
planning units, the maximum amount any conservation feature 
could have in a planning unit was 2.598076 km2 (the area of the 
planning unit). This is shown in Figure 15.

Value per planning unit

This process was used for the vegetation connectivity data. Each 
grid cell was allocated a value, based on the processing results, 
as shown in Figure 16.

Figure 16. Examples of the value per planning unit method

Table 7. lists how data from each category was applied to the 
planning units across the various conservation features.

 Table 7. Methods for applying conservation features to planning units 

Asset class Method used for attribution

Fauna Presence in a planning unit

Flora Presence in a planning unit

Inland water bodies Area per planning unit

Inland water species Presence in a planning unit

Other Presence in a planning unit and area per planning unit

Vegetation Area per planning unit and value per planning unit

STEP 6. APPLYING CONSERVATION 
FEATURES TO PLANNING UNITS
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 Figure 14. Examples of presence in a planning unit method 

 Figure 15. Examples of the area per planning unit method 

 Figure 16. Examples of the value per planning unit method 
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Setting targets specifying how much of each 

conservation feature should be captured within the 

analysis is a required Marxan input. These targets 

serve as initial expert estimates of the necessary 

levels of replication and abundance needed to ensure 

conservation feature persistence.  

Targets are expressed as the amount of viable occurrences or 
area within the SWAE and ranged from 15 to 100%. The target for 
each conservation feature was derived using specific rules that 
responded to the conservation status, endemism, threats used 
in the analysis and any special circumstances that the experts 
felt needed to apply (for example, population declines or being 
an indicator for ecosystem health). Higher targets ensure that 
more of the conservation feature will be selected in the outcome; 
however setting high targets does restrict flexibility within the 
software by removing potential choices. A lower target may be 
attributed to a surrogate, or perhaps a less threatened species, 
while a higher target would normally be needed for a threatened 
community or a species on the brink of extinction. Target 
achievement relates to how well targets have been met within 
the solution.

Target formulae
Two main formulae were used to create targets in a systematic 
manner (See Appendix 4. for a full list of the conservation 
features used in the analysis, with their targets). The first 
formula applied to all conservation features apart from the 
vegetation type and extent datasets, and had the possibility of 
achieving a maximum score of 90%. It is demonstrated as: 

Target for Conservation Feature = Base (15%) + AOR (15%) + 
Listed (45%) + Endemic (15%)

In this terminology, the following definitions apply:

•	 Base – the general base percentage given to all conservation 
features (no target can be below this amount; i.e. no 
conservation feature included in the analysis should fail 
to be represented to at least the base level in any Marxan 
solution);

•	 AOR (Any Other Reason) – any taxa specifically 
recommended through expert engagement and any taxa 
listed as Priority 4 or 5 under the Western Australian 
Wildlife Conservation Act 1950;

•	 Listed – any taxa listed as Priority 1, 2, or 3 under the 
Western Australian Wildlife Conservation Act 1950 and any 
species listed as threatened under the Federal Environment 
Protection and Biodiversity Conservation Act 1999 ; and

•	 Endemic – any taxa listed as endemic to the SWAE, 
determined through reference materials or expert 
recommendation.

Box 16. contains a working example of how this target formula 
was applied to the western false pipistrelle (Falsistrellus 
mckenziei).

STEP 7. SETTING TARGETS

 Box 16. Example of target-setting for fauna conservation features 

Marxan ID: 2007

Scientific Name: Falsistrellus mckenziei

Common Name: Western False Pipistrelle

AOR: Expert recommendation (threatened), DEC Priority Listing (4)

Listed: No

Endemic: Yes

Base (15%) + AOR (15%) + Listed (0%) + Endemic (15%)

Total target: 45%
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The second formula was applied to the vegetation conservation 
features and consisted of:

(Base (15%) + mallee or kwongan heath (60-80%) + Threats  
(5-15%)) x (Pre-Europe/Remnant Veg)

In this terminology, the following definitions apply:

•	 Base – general base percentage given to all conservation 
features;

•	 Mallee – if the vegetation conservation feature is a mallee 
vegetation complex;

•	 Kwongan heath – if the vegetation conservation feature is a 
kwongan heath vegetation complex;

•	 Threats – if a vegetation type at any time intersects 
with one, two or three threats (salinity, urbanisation, 
Phytophthora dieback). An incremental 5% weighting 
was given with a maximum weighting of 15% for all three 
threats. See Step 8. Introducing a Cost Layer for details 
about threat processing;

•	 Pre-Europe – the pre-European extent in km2; and

•	 Remnant vegetation – the current extent of remnant 
vegetation in km2.

The rationale behind this vegetation formula is to:

•	 Recognise the high spatial turnover values of both kwongan 
heath and mallee vegetation types;

•	 Capture a greater percentage of vegetation types that have 
been subject to more clearing (and are subsequently less 
available) relative to pre-European extent; and

•	 Identify those vegetation types that are at risk of the three 
threats included in the analysis.  

A maximum score for this formula was 100%. Two working 
examples of this formula are presented in Box 17.

 Box 17. Examples of setting targets for vegetation conservation features 

Working example 1:

Description: Shrublands Acacia I Carnarvon

Shrublands; Acacia sclerosperma, A. bowgada and A. victoriae scrub

Base:

Base: Yes (all conservation features receive a base weighting) 15%

Mallee: No (not a mallee vegetation type) 0%

Kwongan: No (not a kwongan vegetation type) 0%

Threats:

Urban: Yes (it has been affected by roads) 5%

Phytophthora dieback: No (it hasn’t been affected by dieback) 0%

Salinity: No (it hasn’t been affected by salinity) 0%

Pre-European extent: 470.962 km2

Remnant vegetation: 470.962 km2

Calculations: 1. ((Base (15%)) + Threats (5%)) x Pre-Europe (470.962)/Remnant Veg (470.962)

2. (0.20 x 470.962)/(470.962) = 0.199 (19.9%)

3. Convert to a percentage with a maximum of 100%

Conservation Target = 20%

continued over
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Working example 2:

Vegetation type: Shrublands Scrub heath G Geraldton Sandplains

Description: Shrublands; scrub-heath on yellow sandplain, Banksia-xylomelum alliance

Base:

General Yes (all conservation features receive a base weighting) 15%

Mallee: No (is not a kwongan vegetation type) 0%

Kwongan: Yes (is a kwongan vegetation type) 65%

Threats:

Urban: Yes (it has been affected by roads) 5%

Phytophthora dieback: No (it hasn’t been affected by Phytophthora dieback) 0%

Salinity: Yes (it has been affected by salinity) 5%

Pre-European extent: 1737.444 km2

Remnant Vegetation: 555.784 km2

Calculations: 1. ((Base (80%)) + Threats (10%)) x Pre-Europe (1737.444)/Remnant Veg (555.784)

2. (0.90 x 1737.444)/(555.784) = 2.81 (281%)

3. Convert to a percentage with a maximum of 100%

Conservation Target = 100%

Special formulae
Three exceptions were made to these formulae for specific 
conservation features:

•	 Inland water bodies; 
•	 Threatened and Priority Ecological communities; and
•	 Vegetation connectivity. 

Inland water body conservation features

Due to a range of specific issues relating to inland water bodies 
identified during expert engagement, it was resolved to represent 
these conservation features as shown in Table 8. 

Vegetation connectivity conservation target

The legacy of clearing, particularly in the Wheatbelt and coastal 
zones, has resulted in some parts of the SWAE becoming highly 
fragmented. The Avon Wheatbelt IBRA region has been rated as 

the most stressed area for biodiversity in Western Australia, due 
to widespread loss of native vegetation, fragmentation of habitat, 
land salinisation and relatively minimal protection under the 
conservation estate (May and McKenzie, 2002). However, large 
intact areas of remnant vegetation still persist in other IBRA 
regions. The Carnarvon IBRA region, for example, has nearly all 
of its vegetation intact. 

A target of 20% was selected for connectivity to ensure a balance 
between the disparities of remaining vegetation in different 
IBRA regions.

Threatened and Priority Ecological community 
conservation targets

Conservation targets for the TEC and PEC conservation features 
were determined by the conservation planning team as shown 
in Table 9.
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 Table 8: Inland water body conservation target values 

Type Examples
Listed/ 

Not listed
Target 

(%)
Target reasoning Stratified

Wetlands

Wetlands, lakes (permanently 
inundated basins), sumplands 
(seasonally inundated basins)

Palusmonts, damplands 
(seasonally waterlogged basins), 
paluslope (seasonally waterlogged 
slopes), palusplains (seasonally 
waterlogged flats), other basin 
wetlands, floodplains, artificial 
lakes, artificial channels, 
basins, flats (e.g. land subject to 
inundation, marine swamps, saline 
coastal flats or swamps), slopes, 
land subject to inundation, saline 
coastal flats, swamps 

Listed 100
Listed as important by a 
panel of official peers 

No

Not listed 45
Expert recommendation  
(as with flora and fauna 
targets)

Yes, by IBRA 
region

Channels, 
Major rivers

Mainstream, major river,  
major tributary

Listed 100
Listed as important by a 
panel of official peers 

No

Not listed 80
Only a few major rivers. 
Important to capture those in 
drier areas

Yes, by IBRA 
region

Channels,  
Minor rivers

Minor river, minor tributaries, 
significant stream

Listed 100
Listed as important by a 
panel of official peers 

No

Not listed 30
High number of minor rivers 
in SWAE. Lower target

Yes, by IBRA 
region

Channel 
areas

Any river data shown as an area 
(i.e. polygon format) shows the 
boundaries of river banks

Listed 100
Listed as important by a 
panel of official peers 

No

Not listed 45
Expert recommendation, 
target similar with flora and 
fauna targets

Yes, by IBRA 
region

Estuaries Estuaries

Listed 100
Listed as important by a 
panel of official peers 

No

Not listed 90
Only a few available and at 
high risk of development

Yes, by IBRA 
region

Other  
water bodies

Springs, water holes, water points, 
gnamma holes, native wells, pools, 
soaks, rock holes

Not listed 90
Important areas of water and 
refugia for flora and fauna

Yes, by IBRA 
region

Other caves Caves Not listed 45
Expert recommendation, 
target similar with flora and 
fauna targets

Yes, by IBRA 
region
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Vegetation connectivity conservation target

The legacy of clearing, particularly in the Wheatbelt and coastal 
zones, has resulted in some parts of the SWAE becoming highly 
fragmented. The Avon Wheatbelt IBRA region has been rated as 
the most stressed area for biodiversity in Western Australia, due 
to widespread loss of native vegetation, fragmentation of habitat, 
land salinisation and relatively minimal protection under the 
conservation estate (May and McKenzie, 2002). However, large 
intact areas of remnant vegetation still persist in other IBRA 
regions. The Carnarvon IBRA region, for example, has nearly all 
of its vegetation intact.  

A target of 20% was selected for connectivity to ensure a balance 
between the disparities of remaining vegetation in different 
IBRA regions.

Threatened and Priority Ecological community 
conservation targets

Conservation targets for the TEC and PEC conservation features 
were determined by the conservation planning team as shown 
in Table 9.

 Table 9. TEC and PEC conservation targets 

Type Category Target % Stratified

Threatened Ecological Community Sites All 100 No

Priority Ecological Community Sites 1, 2 and 3 90 Yes, via IBRA region

Priority Ecological Community Sites 4 and 5 45 Yes, via IBRA region

     Walker’s Bencubbin      
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This step recognises that there are some areas within 

the SWAE that are already afforded protection 

and management within the conservation estate. 

Acknowledging these areas as the foundation of 

newly prioritised areas is important as it builds on 

current investment, increases the size and capacity 

of areas already protected through statutory means, 

provides protection and buffering, and better 

connects these areas. Lock-ins are those planning 

units that represent areas already fixed within the 

conservation estate. Marxan aims to identify how 

it can achieve target solutions within locked-in 

planning units before searching outside.  

Choosing lock-ins

Lock-ins included in this analysis included any parcel of land 
that was:

•	 Classified as an IUCN category of Ia, II, III or IV (see Table 
10.). As the purpose of categories V and VI is not strictly for 
nature conservation, they were not included; or

•	 Classed as a 

>> Conservation park;

>> National park;

>> Nature reserve;

>> 5(1)(h) Reserve with “land use” specified for 
“conservation”; and

>> 5(1)(g) Reserve with “land use” specified for 
“conservation”.

STEP 8. IDENTIFYING  
AND DEFINING LOCK-INS

 Table 10. IUCN categories (Dudley, 2008)  

IUCN category Purpose of management

Ia Strict protection – is “Strict Nature Reserve”

II Ecosystem conservation and protection

III Conservation of natural features

IV Conservation through active management

V Landscape/seascape conservation and recreation

VI Sustainable use of natural resources
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Lock-in data

The DEC is the custodian of a range of managed land and waters 
within Western Australia. A dataset (see Box 18.), sourced from 
DEC, shows their geographic extent.

The DEC dataset contains a variety of different categories of 
managed lands and waters. Not all are managed for conservation 

purposes (e.g. timber reserves) or included in the SWAE project 
area (e.g. marine reserves). Table 11. contains a full listing of the 
categories in the DEC dataset, along with the number of these 
areas in Western Australia and the project area. The figures 
were tallied by taking the unique combination of the category of 
the polygon lists both datasets.

 Box 18. DEC-managed lands and waters 

Title: DEC-managed Lands and Waters

Custodian: Department of Environment and Conservation 

Scale: Not given (although based on cadastre data)

Coverage: Western Australia

Ending date: June 2003

Abstract:
DEC-managed lands and waters within Western Australia. This responsibility is vested under the DEC Act 
and Wildlife Conservation Act.

URL link: https://www2.landgate.wa.gov.au/web/guest

 Table 11. DEC-managed lands and waters categories 

DEC category No. in WA No. in the SWAE

5(1)(g) Reserve 59 54

5(1)(h) Reserve 83 47

CALM exec body 2 2

CALM exec body freehold 406 402

Conservation park 60 50

Former leasehold 3 2

Marine management area 2 0

Marine nature reserve 1 0

Marine park 16 7 

Miscellaneous reserve 62 54

National park 161 142

Nature reserve 1286 1191

State forest 60 60

Timber reserve 76 76

This created a lock-in dataset (see Box 19.) that covered a range of areas, as shown in Figure 17.
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 Figure 17. Lock-ins used in the Southwest Australia Ecoregion 

 Box 19. Lock-ins dataset used in the analysis 

Title: SWAEI Lock-ins

Custodian: SWAEI

Scale: Not given (although based on DEC-managed lands and waters, which, in turn, is based on cadastre data)

Coverage: Covers the entire SWAEI project area

Ending date: May 2011

Abstract:
This dataset was created specifically for the SWAEI project as a lock-in layer to be used in the Marxan 
analysis. It contains a subset of the DEC-managed lands and waters that are classed as strictly for nature 
conservation.

URL link: N/A
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Applying lock-ins to planning units

In order to finalise the preparation of the lock-ins, the selected areas in the lock-in dataset had to be applied to the planning units. To 
ensure that all areas of conservation were selected, if any part of the lock-in polygon areas intersected a planning unit, no matter how 
small that area might be, then the whole planning unit was selected as a lock-in. Figure 18. contains an example of this.

 Figure 18. Applying lock-ins to planning units 
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Cost layer
Finally, a “suitability” component was included in the 

analysis. This is where numerical values are identified 

through a matrix. Although one cost is assigned to 

each planning unit, several measures can be combined 

to create a cost metric. In this systematic conservation 

planning project, the cost layer included three 

threatening processes (urbanisation, Phytophthora 

dieback and salinity), land tenure, zoning and uses. 

These were grouped according to their suitability 

for conservation management. Numerical values 

were assigned in the matrix to represent the degree 

of impediments to likely conservation success. This 

essentially makes less suitable areas more costly  

to protect and less likely to be selected.  

This process was used to distribute conservation priorities to 
locations amenable to effective management and long-term 
persistence of the conservation features. This step defines the 
current degree of landscape degradation and fragmentation 
and/or the probability of degradation and fragmentation in the 
future. It uses spatial data that represents current or future 
human infrastructure, activity and land-use.  

Threats 
Threats not only increase management costs but, additionally, 
can compromise biodiversity value over time, particularly in 
the absence of appropriate management regimes. While a range 
of threats impact the conservation of biodiversity within the 
SWAE, a set of criteria was used to identify which threats would 
be included in this project. These criteria included:

•	 The availability of spatial data demonstrating the extent of 
the threat; 

•	 The relevance of data at the ecoregion scale; and
•	 Whether or not the threat was considered regionally 

significant.

By introducing a “threat layer”, solutions were preferentially 
selected away from planning units that had any of the threats 
associated with them. Using this criterion, the following threats 
were used in this project: 

•	 Phytophthora dieback: the extent and range (caused 
primarily by Phytophthora cinnamomi);

•	 Salinity: high water tables resulting in salt rising to the soil 
surface; and

•	 Urbanisation: the impact of human habitation and related 
activities.

Phytophthora dieback

Phytophthora dieback is an introduced plant disease caused 
primarily by the pathogen Phytophthora cinnamomi. Nearly half 
of Western Australia’s plant life is threatened by Phytophthora 
dieback and over half of the State’s rare or endangered plant life 
is at risk (Dieback Working Group, 2011).

A number of datasets showing the extent of Phytophthora 
dieback were sourced from South Coast NRM Inc (see Box 20.), 
who are the custodians of this data. As noted in the metadata 
for these datasets, this data was initially compiled in the 1970s 
from aerial photography and some ground-truthing. The 
datasets have been subsequently updated and revised using 
updated photography and additional ground-truthing. However, 
the metadata statement does make reference to the fact that 
infestations may be underestimated in areas that have not been 
resurveyed recently. Figure 19. provides an overview of this data.

STEP 9. INTRODUCING  
A COST LAYER
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 Box 20. Phytophthora dieback datasets used in the analysis 

Title: Project Dieback (Phytophthora cinnamomi) Strategic Mapping, Northern Agricultural NRM Region

Custodian: South Coast NRM Inc

Scale: 1:4,500; 1:20,000; 1:25,000 and 1:100,000

Coverage: Northern Agricultural NRM Region

Ending date:  November 2008

Abstract:
Project Dieback is a Natural Resource Management (NRM) initiative that gets community, government and 
industry working together to take on this challenge.

URL link: http://www.dieback.net.au/

Title: Project Dieback (Phytophthora cinnamomi) Strategic Mapping, South Coast NRM Region

Custodian: South Coast NRM Inc

Scale: 1:4,500; 1:20,000; 1:25,000 and 1:100,000

Coverage: South Coast NRM Region

Ending date:  November 2008

Abstract:
Project Dieback is a Natural Resource Management (NRM) initiative that gets community, government and 
industry working together to take on this challenge.

URL link: http://www.dieback.net.au/

Title: Project Dieback (Phytophthora cinnamomi) Strategic Mapping, Southwest NRM Region

Custodian: South Coast NRM Inc

Scale: 1:4,500; 1:20,000; 1:25,000 and 1:100,000

Coverage: South-west NRM Region

Ending date:  November 2008

Abstract:
Project Dieback is a Natural Resource Management (NRM) initiative that gets community, government and 
industry working together to take on this challenge.

URL link: http://www.dieback.net.au/

Title: Project Dieback (Phytophthora cinnamomi) Strategic Mapping, Swan and Avon NRM Regions

Custodian: South Coast NRM Inc

Scale: 1:4,500; 1:20,000; 1:25,000 and 1:100,000

Coverage: Swan and Avon NRM Regions

Ending date:  November 2008

Abstract:
Project Dieback is a Natural Resource Management (NRM) initiative that gets community, government and 
industry working together to take on this challenge.

URL link: http://www.dieback.net.au/
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 Figure 19. Phytophthora dieback datasets used in the threat analysis

Once these component datasets were amalgamated, it was 
possible to separate areas possibly affected by Phytophthora 
dieback based on the nine different categories in the data. 
Using expert advice, it was decided that categories 1 and 2 were 
considered the most suitable for inclusion in this analysis. Those 
areas considered both “infested high confidence” and “infested 
medium confidence” were geographically demarcated by the 
combined datasets, which are defined as:

•	 Category 1: Infested High Confidence

>> Degraded vegetation;

>> trong pattern evident;

>> Chronology of deaths;

>> Positive sample recovered and/or previously interpreted 
as infested;

>> High concentration of vectors in the vicinity; and

>> Polygon can be as small as 5 hectares.

•	 Category 2: Infested Medium Confidence

>> Increased water migration;

>> Presence of vectors and/or disturbance;

>> Some canopy reduction;

>> Previously interpreted as suspect; and

>> Medium concentration of vectors in the vicinity.

Salinity

Salinity, caused by the clearing of native vegetation for agriculture 
or other activities, is considered to be a significant threat to 
biodiversity in the SWAE. Western Australia has the largest area 
of dryland salinity in Australia and the highest risk of increased 
salinity in the next 50 years. An estimated 4.3 million hectares 
(16%) of the south-west region has high potential for developing 
salinity from shallow water tables. This is predicted to rise to 8.8 
million hectares (33%) by 2050 (EPA, 2007).

In order to map this threat, two datasets were sourced for the 
project, as shown in Box 21. The Land Monitor project provided 
two salinity datasets: New Salt Mosaic and Old Salt Mosaic. The 
Old Salt Mosaic dataset was extracted from satellite imagery 
taken between 1988 and 1991 and the New Salt Mosaic dataset 
from 1991 to 1998. As the New Salt Mosaic dataset is considered 
a supplementary dataset to the Old Salt Mosaic dataset, both 
were included in the analysis (Vogwill, R., pers. comm, 2010).
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 Box 21. Salinity datasets used in the analysis 

Title: New Salt Mosaic Zone 50 and 51

Custodian: Department of Environment and Conservation (Land Monitor)

Scale: 1:50,000

Coverage: South-west Australia

Ending date:  1998

Abstract: Additional mapping and monitoring from Old Salt Mosaic from 1991 to 1998.

URL link: http://www.landmonitor.wa.gov.au/

Title: Old Salt Mosaic Zone 50 and 51

Custodian: Department of Environment and Conservation (Land Monitor)

Scale: 1:50,000

Coverage: South-west Australia

Ending date:  1991

Abstract:

The Land Monitor project is a part of the Western Australian Salinity Action Plan and is supported by 
the Natural Heritage Trust. The project originally aimed to systematically monitor salt-affected land and 
remnant vegetation change over the agricultural area of south-western Western Australia. Its objectives 
were to map and monitor changes in the area of salt-affected land from 1988 to 1991.

URL link: http://www.landmonitor.wa.gov.au/

The Land Monitor salinity dataset was compiled using satellite 
imagery collected over 10 years in the height of the “growing 
season”. Automated processing was applied annually to each 
image to ascertain areas showing constant “low production”, 
such as dams, degraded land and low pasture growth (Caccetta 
et al., 2000). Local government completed further ground-
truthing to determine the accuracy of outputs. 

As this process uses a surrogate of “low production” to determine 
areas of salinity, consistently bare landscapes such as water-
logged areas may be incorrectly classified as having salinity 
problems and there may be naturally saline areas that are not 
taken into account. Although naturally saline landscapes are 
areas of unique and rare biodiversity (and ultimately should be 
conserved), there is currently no dataset that accurately shows 
where these areas are located (Vogwill, R., pers. comm, 2010).

Figure 20. shows the combined salinity threat dataset.

In addition to the Old and New Salt Mosaic datasets, Land 
Monitor also produces a Predicted Salinity dataset. This data 
is derived from height data, ground-truthing and existing 
datasets and states areas at risk from developing high water 
tables. It covers most of the Wheatbelt area and usually follows 
waterways. As the process followed for this dataset differs to the 
Old and New Salt Mosaic datasets, the two do not necessarily 
match when comparing outputs.

As predictive modelling was not used for the other threats, it 
was decided to exclude this dataset from the analysis. Predictive 
modelling also introduces an element of uncertainty.

Urbanisation

The final threat included in the project was urbanisation, to 
represent the effect of human habitation on the environment. 
Although this category is broad, the purpose of including this 
layer as a threat was to move selected areas away from:

•	 Areas that have been zoned as urban, urban-deferred or 
industrial, as they are likely to be cleared or will be in the 
future;

•	 Land that may be more expensive to acquire; and
•	 Areas that may have many management issues associated 

with human population. For example, the number of 
introduced plants and animals, altered fire regimes, roads, 
traffic or infrastructure.

In the 2009 SWAEI project, urbanisation was represented using 
three approaches: 

•	 A Geoscience Australia dataset for all areas outside of the 
Perth metropolitan region, called built-up area boundaries;

•	 Local government boundaries for all Perth metropolitan 
suburbs; and 

•	 A Geoscience Australia “roads” dataset (not including 
tracks) with a 5 m buffer either side. This dataset is digitised 
at 1:250,000 and covers the whole of Australia. It includes 
classifications from “primary road” down to “unsealed 
tracks” but although there is significant coverage of regional 
roads, the detail in town centres is limited. This dataset is 
shown in Figure 21.
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 Figure 20. Salinity threat dataset 

 Figure 21. Geoscience Australia roads dataset used in the 2009 analysis 

This approach was modified to use cadastre data to better represent roads. This data more accurately defines road width and location, 
especially in more urban areas. This dataset is shown in Figure 22 
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 Figure 22. Geoscience Australia roads dataset  

The Department of Planning’s Regional Planning Schemes and 
Local Government Planning Schemes were identified as being 
the most suitable data for determining areas of high population. 
Any areas that were identified as part of the three Regional 
Planning Schemes relevant in the south-west of Australia 
(Greater Bunbury Regional Scheme (GBRS), Peel Regional 
Scheme (PRS) and Perth Metropolitan Regional Scheme 
(PMRS)) and met the following classification were extracted as 
surrogates for high population areas:

•	 Urban – areas in which a range of activities are undertaken, 
including residential, commercial, recreational and light 
industry;

•	 Urban-deferred – land identified for future urban uses 
following the extension of urban services, the progressive 
development of adjacent urban areas, and resolution of 
any environmental and planning requirements relating to 
development; and

•	 Industry – land in which manufacturing, processing, 
warehousing and related activities are undertaken.To 
identify major town sites outside of the Regional Planning 
Schemes, two Local Government Planning Schemes (Avon 
Land Use Plan and the Esperance Structure Plan) were used. 

Although using local government planning data exclusively 
to determine urban boundaries is ideal, this was not possible 
due to the large number of local governments in the project 
area (126), the difficulty in obtaining data in a readily usable 
format and the time needed to process this data.  

As with the Regional Planning Schemes, a number of categories 
were used to extract “urban” defined areas from the Local 
Government Planning Schemes. For the Avon Land Use Plan 
that included “urban settlements” and “industry”, and for the 
Esperance Structure Plan this included “urban – existing and 
future” and “light/general industry – existing and future”. 

Once these datasets were amalgamated, this created the dataset 
shown in Figure 23.

Smaller town sites not covered by the Regional Planning 
Schemes or Local Government Planning Schemes were captured 
using the Landgate Cadastral “Public Roads” data. This is based 
on the presumption that the higher the road density, the higher 
the population.  

Box 22. contains a full list of the datasets used in the compilation 
of the urbanisation threat layer.
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 Figure 23. Urbanisation threat dataset 

 Box 22. Urbanisation datasets used in the analysis 

Title: Spatial Cadastral Database

Custodian: Landgate (Department of Land Information)

Scale: Survey accuracy

Coverage: Western Australia

Ending date:  Ongoing

Abstract:
The SCDB is an integrated database comprising a number of layers of digital spatial data, defining all crown 
and freehold land parcels within Western Australia.

URL link:  http://www.landgate.wa.gov.au/corporate.nsf/web/ Spatial+Cadastral+Database

Title: Metro Regional Scheme

Custodian: Department of Planning and Infrastructure

Scale: 1:500

Coverage: Perth Metro Area

Ending date:  Continual

Abstract:
The Metropolitan Region Scheme (MRS) is a large town planning scheme for land use in the Perth 
metropolitan area. The MRS defines the future use of land, dividing it into broad zones and reservations.  
It requires local government town planning schemes to provide detailed plans for their part of the region.

URL link: http://www.planning.wa.gov.au/ The+planning+system/Region+schemes/default.aspx
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Title: Peel Regional Scheme

Custodian: Department of Planning and Infrastructure

Scale: Not given

Coverage: Peel Area

Ending date:  April 2003

Abstract:  
The Peel Region Scheme (PRS) is a large town planning scheme that guides land use in the Peel Region. 
The PRS defines the future use of land, dividing it into broad zones and reservations. It requires local 
government town planning schemes to provide detailed plans for their respective parts of the region.

URL link: http://www.planning.wa.gov.au/ The+planning+system/Region+schemes/default.aspx

Title: Greater Bunbury Regional Scheme

Custodian: Department of Planning and Infrastructure

Scale: 1:25,000

Coverage: Greater Bunbury Area

Ending date:  Continual

Abstract:
The Greater Bunbury Region Scheme (GBRS) is a local planning scheme for land use in the Greater 
Bunbury region. The GBRS defines the future of land use, dividing it into zones and reservations.

URL link: http://www.planning.wa.gov.au/ The+planning+system/Region+schemes/default.aspx

Title: Esperance Structure Plan and Avon Land Use Plan

Custodian: Department of Planning and Infrastructure

Scale: Various

Coverage: Various

Ending date:  Continual

Abstract: Boundaries based on planning schemes of areas.

URL link: http://www.planning.wa.gov.au/ The+planning+system/Region+schemes/default.aspx

Including threats in the analysis 
Threats were included in the analysis in two ways: they were 
used at a generic level in the establishment of conservation 
targets for vegetation, or they were included in the analysis as a 
“cost” layer. In both cases, the first step was to compile the three 
threat layers outlined above into a single threat dataset.

Threat data was factored in the vegetation target formula, which 
calculated when a vegetation type was spatially intersected 
by one, two or all three threats. Effectively, each of the 889 
conservation features for vegetation were intersected separately 
with the threat datasets to determine if there was an overlap 
between the vegetation conservation feature and the threat 
dataset.

Out of a total of 889 stratified vegetation types:

•	 50% (446) of vegetation types were affected by salinity;
•	 17% (153) of vegetation types were affected by Phytophthora 

dieback; and
•	 80% (718) of vegetation types were affected by urbanisation.

A total of:

•	 14% (131) of vegetation types were not affected by threats;
•	 31% (283) of vegetation types were affected by one threat;
•	 44% (391) of vegetation types were affected by two threats; 

and
•	 9% (84) of vegetation types were affected by three threats.

In addition to the use of the threat layer in the conservation 
target-setting for vegetation, it was also used to determine the 
area (in square kilometres) of intersecting threats within each 
of the planning units. 

Figure 24. provides an example of how this data was intersected.

This amount was then weighted with tenure via a cost matrix value. 
This result was used as a part of the “cost” layer within Marxan.  
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 Figure 24. Example threat data 

Land classification
A land-use classification was also included in the cost metric 
to identify parcels of land considered more favourable 
for conservation. Areas considered more favourable for 
conservation, such as covenanted freehold land, or those that 
may be easier to acquire, such as unallocated crown land, were 
weighted more favourably than those that are possibly heavily 
degraded, such as public roads or urban town centres.   

The use of tenure or zoning as a weighted matrix in the cost 
layer required classification of the importance of tenure or 
zoning type to achieving conservation outcomes. This process 
also allowed for the preparation of a single consistent dataset. 
Here we describe how data from a range of datasets (see 
Box 23. for details) was standardised into this single land 
classification dataset.

Firstly, the concept of “tenure categories” was produced, which 
is a classification of tenure and zones into a hierarchy of five 
different levels of conservation relevance. In order of decreasing 
favourability for conservation, these categories were:

•	 Initial reserve;
•	 Preferred available;
•	 Available;
•	 Not preferred available; and
•	 Not preferred.

Once this core concept was established, workshops were held in 
2010 with experts in land-use planning to determine how the 
different types of tenure and zones should be categorised. One-
on-one engagement then occurred to further clarify and refine 
this decision problem. This resulted in the categorisation of the 
various tenure and zone types into the broader classifications 
shown in Table 12.
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 Table 12. Tenure categories 

Tenure 
category

Tenure type
Attribute 

classification
Attribute details Data source

Initial 
reserve  
(lock-ins)

Various
Nature conservation 
reserves  

Any IUCN category data

DEC-managed Land 
and Waters 

Any non-defined IUCN category listed as: 
“conservation park”; “national park”; “nature 
reserve”; or “5(1) (h) reserve/5(1) (g) reserve 
with land use for “conservation” purposes”

Crown reserve
Conservation vested 
reserves 

Vested areas with land use for: “conservation”; 
“open space”; or “national park”

Landgate Cadastre

Preferred 
available

Freehold
Encumbered freehold: 
covenants 

DEC and National Trust WA covenant 
boundaries

DEC covenants

National Trust WA 
covenants

Crown reserve
All other DEC-
managed land 

All other DEC-managed land that includes: 
“executive body leasehold”; “miscellaneous 
reserve”; “executive body freehold”; “5(1) 
(h) reserve/5(1) (g) reserve with land use 
for “conservation” purposes”; or “formal 
leasehold (UCL – former leasehold proposed for 
conservation)”

DEC-managed Land 
and Waters 

Crown lease

All other DEC-
managed land 

All other DEC-managed land that includes: 
“executive body leasehold”; “miscellaneous 
reserve”; “executive body freehold”; “5(1) 
(h) reserve/5(1) (g) reserve with land use for 
“conservation” purposes”; or “formal leasehold 
(UCL – former leasehold proposed for 
conservation)”

DEC-managed Land 
and Waters

DEC, AWC and BHGA 
pastoral leases 

All boundaries

DEC-managed Land 
and Waters 

AWC boundaries

BH boundaries

Water reserves
Any areas vested by 
DOW

Any water reserves vested by the: Water and 
Rivers Commission; Waterway Commission; or 
Minister for Water Affairs

Landgate Cadastre

Available

Freehold
Unencumbered 
freehold – voluntary 
agreements 

Includes DAFWA soil covenants and LFW 
boundaries

DAFWA soil 
covenants 

LFW boundaries 
data

State and 
timber reserves

All state and timber 
reserves

Includes leases on state and timber reserves Landgate Cadastre

Crown reserve
All vested and non-
vested reserves 

Excludes conservation vested reserves

Includes Aboriginal reserves
Landgate Cadastre

Unallocated 
crown land

All unallocated crown 
land

Includes all other pastoral leases Landgate Cadastre

Crown lease All other crown leases
Excludes all other DEC-managed land and any 
pastoral leases

Landgate Cadastre

Water reserves
Includes all other 
water

Excludes any vested land under DOW or WCORP Landgate Cadastre

All other
Covers all land that 
was not included in 
the cadastre dataset

Includes any holes and gaps between the cadastre 
dataset and the SWAEI project area boundary

Landgate Cadastre
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Not 
preferred 
available

Freehold

Airports
Boundaries extracted out manually (based on 
Google Maps data)

Landgate Cadastre

All other freehold land

Excludes covenants or voluntary agreements

Excludes urban areas

Includes Aboriginal freehold

Landgate Cadastre

Water reserves
Any areas vested by 
the Water Corporation

Any water reserves vested by the Water 
Corporation or the Water Authority of WA

Landgate Cadastre

Not 
preferred

Freehold Urban areas As per specified by the threat layer
See 2.2.7 for details 
on data

Public roads Public roads Includes all public roads Landgate Cadastre

It should be noted that:

•	 Defence land was not included in the analysis due to the 
sensitivity of determining accurate boundaries;

•	 No Aboriginal crown lease or freehold lease areas are found 
within the SWAE (although there are areas vested in the 
Aboriginal Commission);

•	 Due to the lack of easily available data, airport boundaries 
were extracted out manually;

•	 Biosphere reserves were not considered in this analysis, as 
technically this is not a type of tenure. The one biosphere 
currently located in the SWAE (Fitzgerald National Park) is 
already included in the analysis as a “lock-in”; and

•	 DEC pastoral leases are also classified as unallocated crown 
land – former leasehold proposed for conservation.

As a result of this analysis and categorisation, the land 
classification for the project area is shown in Figure 25. Figure 
26. provides a close-up example. 

 Figure 25. Land classification across the Southwest Australia Ecoregion 
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 Figure 26. Close-up example of land classification 

Table 13. includes the size of each tenure classification.

 Table 13. Amount of area for each tenure classification in the Southwest Australia Ecoregion 

Tenure classification Area (km2)

Initial reserve 66,059.45

Preferred available 29,805.85

Available 405,431.94

Not preferred available 179,681.27

Not preferred 5,897.24

After the land classifications were determined, the area of each 
category for each planning unit was calculated. These amounts 
were then weighted via a cost matrix value (CMV) and combined 
to produce a final CMV tenure value. This result was then used 
as a part of the “cost” layer within Marxan. 
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 Box 23. Land classification datasets used in analysis  

Title: Spatial Cadastral Database (SCDB)

Custodian: Landgate (Department of Land Information)

Scale: Survey accuracy

Coverage: Western Australia

Ending date:  Ongoing

Abstract:
The SCDB is an integrated database comprising a number of layers of digital spatial data, defining all crown 
and freehold land parcels within Western Australia.

URL link: http://www.landgate.wa.gov.au/corporate.nsf/web/Spatial+Cadastral+Database

Title: Land and Managed Waters

Custodian: Department of Environment and Conservation (DEC)

Scale: Not given (although based on cadastre data)

Coverage: Western Australia

Ending date:  June 2003

Abstract:
DEC-managed Lands and Waters within Western Australia. This responsibility is vested under the DEC Act 
and Wildlife Conservation Act.

URL link: http://www.dec.wa.gov.au

Title: Conservation Covenants

Custodian: Department of Environment and Conservation

Scale: Not given (polygon data based on cadastre dataset)

Coverage: Western Australia

Ending date:  August 2008

Abstract:
The nature conservation covenant is a voluntary, legally binding document that has provisions restricting 
activities that might threaten the land’s conservation values.

URL link: http://www.dec.wa.gov.au/content/view/120/453/

Title: Conservation Covenants

Custodian: National Trust Western Australia

Scale: Not given (point data based on cadastre dataset)

Coverage: Western Australia

Ending date:  Not given

Abstract:
Nature conservation covenants are voluntary agreements used to protect natural values on private property 
by restricting potentially damaging activities. Nature conservation covenants provide legal protection in 
perpetuity.

URL link: http://www.ntwa.com.au/

Title: Soil Covenants

Custodian: Department of Agriculture and Food, Western Australia

Scale: Not given (point data based on cadastre dataset)

Coverage: Western Australia

Ending date:  Not given

Abstract:
Boundaries that determine covenants that typically limit clearing and grazing of the native vegetation but 
may allow uses such as removal of selected timber and seed collection.

URL link: http://www.agric.wa.gov.au/PC_93234.html
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Title: Land for Wildlife

Custodian: Department of Environment and Conservation

Scale: Not given (although based on cadastre data)

Coverage: Western Australia

Ending date:  November 2008

Abstract:
Land for Wildlife is a voluntary scheme that aims to encourage and assist private landholders in Western 
Australia to provide habitats for wildlife on their property, even though the property may be managed 
primarily for other purposes.

URL link: http://www.dec.wa.gov.au/content/view/118/451/

Title: Australian Wildlife Conservancy Sanctuaries (AWC)

Custodian: Australian Wildlife Conservancy

Scale: Not given (although based on WA CADLITE)

Coverage: Western Australia

Ending date:  April 2009

Abstract:
The AWC estate incorporates 21 sanctuaries around Australia covering more than 2.5 million hectares. 
Funded by donations, the AWC acquires land; implements conservation plans; and conducts scientific 
research and education programs.

URL link: http://www.australianwildlife.org/AWC-Sanctuaries.aspx

Title: Bush Heritage and Greening Australia Boundaries

Custodian: Gondwana Link

Scale: Not given (although based on cadastre data)

Coverage: South-western Western Australia

Ending date:  May 2009

Abstract:
Gondwana Link aims to reconnect the larger fragments all the way from the wet forests of the south to the 
semi-arid woodlands near Kalgoorlie, which will restore a great arc of bushland and protected areas that 
will once again enable the free movement of species.

URL link: http://tinyurl.com/689xn57
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Assigning costs
Marxan uses a “cost” value as a penalty weighting applied to 
planning units that are selected within each run. The larger the 
cost amount for each individual solution (sum of the costs for 
all the planning units within a specific solution), the higher the 
penalty associated with that solution and the more likely that 
Marxan will select other planning units to find a better solution 
in subsequent runs. The “cost” value is found within the pu.dat 
file in Marxan.  

In this systematic conservation planning project, we used a 
combination of three threats (salinity, Phytophthora dieback 
and urbanisation), with tenure classification as the cost layer. A 
weighting matrix was created to enable the combination of these 
two very different approaches in assigning a cost layer. This 
matrix is illustrated in Table 14.

 Table 15. Cost values from the cost matrix 

Type Weighting

Initial reserves

With no threats 0.0

With one threat 0.0

With two threats 0.0

With three threats 0.0

Preferred available

With no threats 0.0

With one threat 0.3

With two threats 0.6

With three threats 0.9

Available

With no threats 0.2

With one threat 0.5

With two threats 0.8

With three threats 1.1

Not preferred available

With no threats 0.5

With one threat 0.8

With two threats 1.1

With three threats 1.4

Not preferred

With no threats 1.5

With one threat 1.5

With two threats 1.5

With three threats 1.5

 Table 14. Cost matrix used to create cost layer in analysis 

Threats No threats One threat
+ Two 

threats
+ Three 
threats

Example +  Salinity ++ Dieback
+++ 

Urbanisation

Tenure VALUES 0 0.3 0.6 0.9

Initial 
reserves

Conservation reserve 0 1.5 0 0 0

Available
Encumbered freehold 

(covenant)
0 0 0.3 0.6 0.9

Preferred 
available

State forest, water 
reserve

0.2 0.2 0.5 0.8 1.1

Not preferred 
available

Unencumbered 
freehold land

0.5 0.5 0.8 1.1 1.4

Not preferred Roads 1.5 1.5 1.5 1.5 1.5
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Addressing multiple threats and land 
classifications in planning units

It is unlikely that a single value for threat or land classification 
category will cover a complete planning unit. It is more likely 
that a planning unit may include more than one type of tenure, 
or a variety of different threats. To take this into account, areas 
of each of the threats and tenure categories were used to scale 

the cost for each of the planning units. For example, if a planning 
unit has been classified as “available” and also includes two types 
of “threat”, then the cost weighting applied to that planning unit 
would be 0.8. The cost values need to be above 1 to give Marxan 
a positive gearing, so all cost values were adjusted accordingly. 
A working example of this is provided in Figure 27 and Box 24 
shows the results of this analysis.

 Box 24. Example of applying the cost matrix value to a planning unit 

Planning unit ID:	 Planning unit X

Planning unit area: 	 Total area 2.56 km2

Threats in planning unit X: 	 Two types of intersecting threat (excluding 0 threats)

Tenure in planning unit X:	 Four types of tenure

Step 1: Work out the threats weighting for planning unit X

1. Work out the proportion of intersecting threat per planning unit X (in km2) 

0 intersecting threats 30% 0.77 km2

1 intersecting threat 60% 1.53 km2

2 intersecting threats 10% 0.26 km2

3 intersecting threats   0% 0.00 km2

2. Multiply the proportion of threat by the cost matrix weighting (CMW) values (see Table 14.) 

0 intersecting threats = 0.77 x 0.0 = 0.000

1 intersecting threat = 1.53 x 0.3 = 0.456

2 intersecting threats = 0.26 x 0.6 = 0.156

3 intersecting threats = 0.00 x 0.9 = 0.000

3. Add CMW threat values together

4. The total CMW threat value in planning unit X is 0.612. 

Step 2: Work out the tenure weighting for planning unit X

5. Work out the proportion of tenure for planning unit X (in km2)

Initial reserves 0% 0.00 km2

Preferred available 20% 0.51 km2

Available 60% 1.53 km2

Not preferred available 15% 0.38 km2

Not preferred 5% 0.12 km2

6. Multiply the proportion of tenure by the CMW values (see Table 14.) 

Initial reserves = 0.00 x 0.0 = 0.000

Preferred available = 0.51 x 0.0 = 0.000

Available = 1.53 x 0.2 = 0.306

Not preferred available = 0.38 x 0.5 = 0.190

Not preferred = 0.12 x 1.5 = 0.180

7. Add CMW tenure values together

8. The total CMW tenure value in planning unit X is 0.676
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Step 3: Work out the cost value for planning unit X

9. Add together the CMV threats value and the CMV tenure value to find the cost value

CMV threats value + CMV tenure value = cost value

CMV threats value 0.621

CMV tenure value 0.676

Cost value 1.297  

10. The total cost value in planning unit X is 1.297

 Figure 27. Example of cost values applied to planning units  

 Box 24. Example of applying the cost matrix value to a planning unit (cont) 
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Data gaps and limitations in the analysis 
A pervasive limitation of conservation planning is access to 
appropriate data. While this project used the best data available, 
there are and always will be gaps in the comprehensiveness 
and consistency of data across the ecoregion. The absence of 
data should not preclude this type of analysis, although users 
should be conscious of the related constraints on conservation 
planning. Where planning units have not been selected, we are 
not suggesting that there are no biodiversity values in those 
areas. The data gaps and other limitations are outlined below.

Conservation features

The conservation features selected are a representation of 
biodiversity, not a complete inventory of all biodiversity 
assets and processes across the ecoregion. Hence, they do not 
represent all important aspects of biodiversity that might need 
to be managed in any particular area.

A number of conservation features were suggested and 
considered of interest during the analysis, however, it was not 
possible to include them due to time and budgetary constraints 
if no electronic spatial data was available.  

Flora species

With more than 2,000 flora species on the endangered and 
threatened lists, it was agreed that this volume would not allow 
the objective of being able to prioritise areas. At the ecoregion 
scale, there are simply too many to provide a good solution for 
the analysis. This number was subsequently reduced, based on 
expert advice, to identify those species that are representative 
both in form, morphology, representation of other species or 
sub-species and coverage across the ecoregion.  

First order streams and sub-catchments

First order streams are where the source of the river first flows 
and the sub-catchment is the land in which this water drains. 
Experts suggested the inclusion of first order stream sub-
catchments as a surrogate for protecting and maintaining the 
health of rivers and waterways, however, there is no dataset that 
shows their location. The Department of Water has a dataset 
that shows over 2,786 sub-catchments in the project area as well 
as a rivers dataset that contains no order ranking. First order 
stream sub-catchments were therefore not used in the analysis, 
because creation of the required dataset from the existing data 
was beyond the resources and timeframe available.

Naturally saline water bodies 

Naturally saline water bodies contain a variety of unique and 
rare flora and fauna. Currently, there is no dataset that shows the 
extent of these areas over the whole of the project area. Naturally 
saline water bodies were therefore excluded from the analysis.

Palaeochannels 

Palaeochannels are old river systems that are filled with 
sedimentary soils that differ from the current riverbed systems. 
Currently, there is no dataset that indicates these areas over the 
whole of the project area. Although palaeochannel data can be 
derived from the DEC Wetlands of the Wheatbelt dataset, this 
data was already used to indicate water bodies within the project 
area. Palaeochannels were therefore excluded from the analysis 
to avoid replication of multiple conservation features.

Groundwater dependent ecosystems

Groundwater dependant ecosystems are a modelled concept 
involving groundwater contours and specific ecosystems (such 
as vegetation or water bodies) that rely on them. They were 
excluded from the analysis due to the lack of comprehensive 
datasets currently available within the project area.  

Targets

The targets set for conservation features were determined at 
the scale of the region and, consequently, do not reflect local 
priorities. For example, some of the insectivorous woodland 
bird species that are fast disappearing in some of the landscapes 
across the SWAE, such as in the Perth metropolitan region, 
remain relatively common elsewhere. The ecoregion-scale 
targets were therefore lower in percentage terms than might 
be needed in the smaller region around Perth. In a local-scale 
planning process, these targets would be re-evaluated to make 
them more relevant to particular parts of the ecoregion.

Although Marxan aims to meet all the targets set for the 
conservation features, sometimes this is not possible because of: 

•	 The distribution of data;

•	 The size of data; and

•	 Using high targets against a compact BLM.

In this analysis, targets for a small proportion (6%) of 
conservation features were not fully achieved. Nonetheless, 
targets for 1,307 of the 1,391 (94%) conservation features 
were met through this process. This is well within the bounds 
of acceptable outputs and is discussed further in the results 
section.

Threats

The systematic conservation planning process cannot define 
every source of threat to every identified conservation feature. 
More in-depth information on threats should be collected and 
analysed when working on specific conservation projects. The 
planning process used in this project should be considered as 
an initial evaluation of the threats to biodiversity and not the 
ultimate one. 

Some data provided for local planning schemes could not be 
used because of problems with:

1.	 Data format;
2.	 Data availability; and
3.	 Data attribute standards.
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Climate change

Methods for incorporating climate change into the project have 
not been included, although there are approaches to doing 
this. Most of these approaches are based on modelling the 
prediction of shifts in species ranges and were considered too 
general for this project. Overcoming differences among model 
predictions and discrepancies between predicted fundamental 
and actual realised niches usually requires detailed data on 
species migration rates, inter-species interactions and rates of 
adaptation (Iwamura et al., 2010). The value of conservation 
prioritisation based on future species ranges remains limited 
by our ability to compile and analyse this data for thousands 
of species over large spatial scales. Furthermore, there are no 
immediate or practical actions that can be taken to guarantee the 
security of biodiversity in the SWAE from the impacts of climate 
change, and the impacts of climate change remain uncertain. 
While there are challenges inherent in including climate change 
in the analysis, we have addressed this to a certain extent by 
including a range of environmental gradients, a representation 
of processes and environmental surrogates in the analysis.  

Limitations with Marxan	

According to Ardron, et al. (2010), the main limitations of 
Marxan can be divided into analytical and operational issues. 
There are three main analytical limitations. The first is an 
inability to easily integrate stochastic data, as the data used is a 
snapshot in time or a collection of various snapshots. Secondly, 
planning units are either in or out of the reserve solution and, 
thirdly, while different costs can be included in the cost layer, 
they must be combined outside of Marxan and included as a 
single cost surface.

Ardron et al. (2010) also points out several operational 
limitations. Firstly, the quality of data will influence the quality 
of solutions. Secondly, the terminology can be confusing. Thirdly, 
the outputs can be misinterpreted and the outputs misused. 
Fourthly, it is important to remember that Marxan is a decision 
support tool, not a decision-making tool and, while undertaking 
a systematic conservation planning process or Marxan analysis 
can aid stakeholder engagement and discussion, it is not a 
panacea for participation or acceptance of the planning process. 
Fifthly, undertaking this process does not address pre-existing 
stakeholder or political conflicts. Finally, preparing datasets and 
input files, as well as learning its proper use takes more time 
than usually anticipated.
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This section details how the Marxan analyses were 

run within Zonae Cogito and includes the:

•	 Input parameters that were applied to the 

analysis;

•	 Four different scenarios; and 

•	 Calibration for each of these scenarios for both the 

Boundary Length Modifier (BLM) and the Species 

Penalty Factor (SPF) to fine-tune the solution.

Input parameters
The outputs produced by Marxan can be considered either 
“feasible” solutions, where all conservation targets have been 
met, or “non-feasible” solutions, where the conservation targets 
have not been met (Ardron, et al., 2010). Marxan allows the 
user to adjust a SPF to encourage targets to be met within pre-
specified constraints. 

Another consideration is in regard to “reserve design”, or how the 
compactness of prioritised areas are selected. Modern ecological 
science reliably informs us that the retention of large contiguous 
or connected areas that sustain natural ecological processes is 
important and small areas of habitat may support fewer species 
and have less persistence of species than large areas of the same 
habitat. The Single Large or Several Small (SLOSS) theory is 
where reserve designs can either include a single large area, or 
a number of small areas to achieve biodiversity conservation, 
depending on the spatial distribution and home range of the 
biota (Etienne and Heesterbeek, 2000; Ovaskainen and Hanski, 
2001, 2002). To provide greater flexibility with reserve design, 
Marxan allows the user to adjust another parameter called the 
Boundary Length Modifier (BLM).

Understanding how Marxan responds to a range of these 
parameters (e.g.,the BLM, the cost layer and SPF) takes time 
and experimentation. The analysis presented in this report has 
been built on work undertaken in the first phase of this project. 
Performing sensitivity analyses that tested the influence of these 
input parameters on Marxan outputs was an important step. This is 
because changes to the input parameters can substantially modify 
the outputs; consequently, involving expertise to assist with the 
interpretation of the results has also been an important element.  

A standard range of input settings were used in this project 
for all four scenarios. Table 16. lists the parameters that were 
used for input.dat file, which controls these parameters in the 
Marxan analysis.

Boundary Length Modifier (BLM)

Calibrating the BLM allows the user to place greater or lesser 
emphasis on the compactness of the reserve system when 
compared to its cost. This can result in either a single large 
or several small prioritised areas. Marxan does not directly 
incorporate connectivity, however, by adjusting the BLM, the user 
can create some forms connectivity by aggregating or increasing 
the compactness of the reserve solutions (Ardron, et al., 2010).

Increasing the BLM parameter places more emphasis on the 
selection of areas that are grouped into compact potential reserves. 
This means that the solutions provided in any of the different 
scenarios containing one connected patch of units will have a lower 
boundary cost than a number of scattered, unconnected units. 
Increasing the BLM increases the cost of having a fragmented 
portfolio and reduces fragmentation. Three different BLMs were 
explored – .625, 100 and 1,000 – in an attempt to minimise the 
boundary length to area ratio, thus increasing the connectivity 
or aggregation of the highly prioritised Zones for Conservation 
Action identified in this project.

Species Penalty Factor (SPF)

The SPF is a user-defined multiplier for the penalty applied to the 
objective function when a conservation feature target is not met in 
the current reserve scenario. This is an important parameter, as 
adjusting the SPF will influence the achievement of good results. 
If the weighting of the SPF is too high, then Marxan becomes 
too restricted; if it is too low, then targets set for conservation 
features may not be achieved in all of the runs. If the SPF values 
are very small (relative to the BLM) then the “lowest cost” solution 
could miss achieving several targets, because the cost of selecting 
additional planning units is greater than the small penalties for 
missing protection targets. If the SPF values are set very high, this 
will constrain the simulated annealing algorithm in exploring as 
many options as possible within the solution process, and may 
result in Marxan producing fewer different solutions with higher 
average costs (Ardron et al. 2010).

STEP 10. RUNNING SCENARIOS
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 Table 16. Marxan input data parameters 

Parameter Value

Repeat runs 100

BLM 1.875

Input file type New freeform style

Run options Simulated annealing with normal iterative improvement

Number of iterations 10,000,000

Temperature decreases 10,000

Adaptive annealing Yes

Cost threshold No

Starting prop 0.5

Scenarios
In phase 1, eight scenarios were identified and analyses run for each, producing a total of 16 maps (the highest selection frequency 
combined with lock-ins is considered the best solution). This was an important process to undertake as each scenario can produce varied 
results, some of which deliver a more realistic output than others. In the second phase, only four scenarios were chosen to represent the 
final form of the decision problem. All scenarios used the same conservation features and targets but had different constraints included 
(Table 17.)

 Table 17. Four scenarios and parameters 

Scenario Description

Scenario 1 – No constraints
•	 All conservation features; and

•	 Standard conservation targets

Scenario 2 – Lock-ins included 

•	 All conservation features;

•	 Standard conservation targets; and 

•	 Lock-in areas included

Scenario 3 – Cost layer included

•	 All conservation features;

•	 Standard conservation targets; and 

•	 Cost values included (including threats)

Scenario 4 – Lock-ins and  
cost layer included

•	 All conservation features;

•	 Standard conservation targets; 

•	 Cost values included (including threats); and

•	 Lock-in areas included
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Calibration
Adjustments were made to both the BLM and SPF in all four 
scenarios. An initialising calibration was required by running 
two small analyses to determine the values to be set for both 
parameters.  

Calibrating the BLM

Ten calibration test runs were performed (Table 18.) to determine 
a BLM value that produced a solution that selected the least 
number of planning units (or lowest cost) while still achieving 
the targets set for the conservation features (as demonstrated in 
Figure 28.). A BLM value of 1.875, identified for Scenario 4, was 
subsequently used for all four scenarios.

Calibrating the SPF

SPF values of 1, 10, 100 and 1,000 were trialled and plotted against 
the conservation features that did not fully achieve the targets 
set (Table 19. and also shown graphically in Figure 29.). An SPF 
value of 100 was the most efficient parameter that captured the 
least number of un-met targets for the conservation features. As 
SPF values higher than 100 did not contribute significantly to 
the analysis, the value of 100 was used in all four scenarios. It 
should be noted that after multiple adjustments of the SPF in 
this analysis, the targets for 6% of conservation features were 
not fully achieved. This is further discussed in the results.

 Table 18. Marxan BLM calibration results for Scenario 4 

Test no. BLM Cost Score
Planning 

units
Boundary 

length
Penalty Shortfall

Missing 
values

1 0 142089.8 142517.6 112458.46 242896.553 427.7826 109915.1 167.38

2 0.625 147903.8 255286.2 116385.97 171661.538 93.96624 100963.6 142.72

3 1.25 155425.7 339390.2 121610.27 147121.092 63.20779 90889.29 132.06

4 1.875 161628.7 421321.2 125930.16 138471.914 57.72434 82604.79 129.21

5 2.5 164989.7 501318.3 128282.93 134507.596 59.63462 78312.81 127.93

6 3.125 167555.9 582049.6 130087.85 132618.76 60.16786 75083.64 126.99

7 3.75 169238.6 657615.8 131262.58 130217.479 61.62725 72890.61 126.12

8 4.375 170589.7 732560.7 132225.95 128435.322 66.43445 71209.32 124.98

9 5 171826.1 813323.6 133104.08 128286.278 66.11798 69742.54 124.82

 Figure 28. Calibration values between cost values and BLM 
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Preparing the outputs
Once the analyses were run, a range of outputs had to be 
prepared for final use, most commonly in map products for:

•	 Summed threats;
•	 The best solution; 
•	 Selection frequency; and
•	 A priority index.

These map products were generated from the datasets outlined 
above. For each output, the underlying datasets were clipped to 
the best solution for Scenario 4.

In addition, a range of other outputs, including datasets, tables 
and other figures, were produced during the course of this 
project. Some general guidance on these outputs is also provided.

Summed threats

The summed threats output was created by taking the 
amalgamated threat layer that was created from Phytophthora 
dieback, salinity and urbanisation datasets, and then “clipping” 
it to the best solution output for the chosen scenario (Scenario 4). 

Best solution 

Marxan produced two standard outputs. The first was the best 
solution file, which identifies, out of the specified number of 
“runs” for each scenario (in this project, each scenario was run 
100 times), which produced the solution with the lowest cost 
according to Marxan’s objective function. The best solution 
output is selected based on the run that has captured as many of 
the conservation features as possible at the target levels sought 
with the least number of planning units, or lowest possible cost.

Using the best solution results in a defined boundary which, in 
turn, gives a clear indication of how many targets were achieved 
for conservation features within the specified area.  

Game and Grantham (2008) recommend exercising caution, 
as the lowest-cost solution does not, in reality, make the best 
spatially optimum system that meets all the targets and does 
not necessarily make the best reserve system. Similarly, the best 
solution may be only marginally better than the other solutions. 
Thus, “best” is very narrowly defined and may not be the ideal 
solution. Rather, it should be seen as indicative of a very good 
solution, within a continuum of options. A best solution is only 
considered the best based on the specific set of runs conducted 
and is not the best possible solution Marxan will ever produce. 
Figure 30. provides a way of demonstrating this, with the best 
solution from five run solutions. Selected planning units are 
shown in green and lock-ins in grey.

 Table 19. SPF calibrations for all scenarios and un-met targets for conservation features 

Scenario
Number of conservation features with un-met targets for:

SPF 1 SPF 10 SPF 100 SPF 1,000

Scenario 1 311 208 168 159

Scenario 2 318 228 187 188

Scenario 3 76 73 75 71

Scenario 4 107 90 84 85

 Figure 29. Calibration values for un-met targets for conservation features and the SPF value 
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 Figure 30. An example of the best solution workings 

Selection frequency

The second map output produced by Marxan summarises how 
frequently each planning unit has been selected across all the 
good solutions generated. The selection frequency for a planning 
unit is a measure of how important that planning unit is to the 
achievement of the planning objectives for the specific form of 
the decision problem represented by the specific scenario. Unlike 
the best solution map outputs, the selection frequency output 
does not produce a definite boundary for achieving conservation 
outcomes (as shown in Figure 31.).  

The selection frequency value of a planning unit has no 
intrinsic value outside the specific arrangement of the decision 
parameters represented in each scenario. Rather, it shows the 
relative irreplaceability of specific planning units in achieving 
the conservation targets and the relative importance that can 
be attached to conservation action in such areas. The selection 
frequency value of a planning unit in one scenario is therefore 

not necessarily transferable to another scenario. Planning units 
are selected less often when there is a range of equally good 
alternatives and hence more units are considered replaceable. 

It is important to note, however, that even the infrequently 
selected areas are important to achieving the conservation 
targets and even some of the units of low selection frequency 
must be included in any plan of conservation action or the 
conservation targets will not be met. Planning units that become 
irreplaceable appear in every solution and must be included to 
achieve the planning objectives. 

Zonae Cogito will allow for the different planning units and their 
selection frequency value to be exported from the system as a 
spatial dataset, which can then be used for further analysis and 
interrogation. In this project, the selection frequency dataset 
was clipped to the best solution output for the chosen scenario 
(Scenario 4).
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 Figure 31. Difference between the best solution and selection frequency outputs 

Priority index map

An additional example has been included to demonstrate 
a further form of prioritisation within the ZCAs. This map 
identifies those areas already selected as ZCAs from Scenario 
4 that were: 

•	 Most frequently selected; and 
•	 Most vulnerable to urbanisation, Phytophthora dieback and 

salinity, to produce a gradient of priorities.

The priority index map allows fine-tuning of the prioritisation 
process by identifying those areas needing the most urgent 
action to meet conservation targets.

The selection frequency data was extracted from Scenario 4 
and standardised using a range between 0-1. The planning unit 
cost data for the three combined costs for salinity, urbanisation 
and Phytophthora dieback were extracted from the summed 
threats matrix, and, similarly, the range standardised 0-1 for 
each planning unit. These two datasets were then summed for 
each planning unit to create a priority index. This was clipped 
to the best solution from Scenario 4, and the priority index 
data mapped in 10% bins. This map provides a summary of the 
priority areas for conservation action, representing both the 
importance of conservation features and the extent of threats 
affecting them to establish prioritised areas where conservation 
action would be both most urgent and likely to be most effective.

STEP 10. RUNNING SCENARIOS
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As previously described, four different scenarios were 

explored in this analysis. Each scenario produced two 

types of outputs, being the selection frequency and best 

solution. As the first three scenarios (Table 19) were 

not considered the final outputs, they are provided in 

Appendix 1 for context, however, the results focus on 

the outputs for Scenario 4.  

Scenario 4 is the primary scenario that is being used for the 
final project outputs, being the scenario that considers both 
lock-ins and the cost layer. As such, the following maps, with 
accompanying descriptions, are provided:

•	 A summed threats map;
•	 A best solution map; 
•	 A selection frequency map; and 
•	 A priority index map.

The following additional analysis for Scenario 4 was also 
completed using a range of relatively simple methods, such as 
spatial intersections and queries. This included: 

•	 An analysis of the conservation features that did not meet 
the set targets; 

•	 Identification of areas of the best solution that were present 
within each IBRA bioregion; 

•	 Summary statistics for each category of conservation 
features; and

•	 A local example of the use of the analysis, based within the 
Perth Region NRM area. 

In addition, a CD was prepared for this project, which contains 
several datasets that may be re-used under licence from the 
SWAEI. Most of the source data for this project was licensed in 
such a way that it cannot be redistributed, however, details of 
how the data could be sourced again from custodians is provided 
in Appendix 3.

Scenario 4
Scenario 4 represents the combination of all parameters tested 
in scenarios 1–3. Scenario 4 is considered the most realistic 
analysis as it recognises parcels of land that already have 
existing protection and management. These areas are accounted 
for in the analysis and are locked-in to the solution.

This analysis includes the cost layer, which combines the 
three threats used in the analysis (urbanisation, Phytophthora 
dieback and salinity) as well as a weighting based on different 
land classifications. This process is used to favour the selection 
of planning units in certain areas over others where there is a 
greater risk of management issues and land-use conflict.

Summed threats in the ZCAs

This map demonstrates the summed threats in the ZCAs. It 
shows that the ZCAs within the western part of the ecoregion 
are not impacted by the three threats (salinity, urbanisation 
and Phytophthora dieback) used in this analysis. However, 
large parts of the ecoregion are impacted by at least one of these 
threats. The Avon Wheatbelt, Jarrah Forest, Swan Coastal Plain, 
and parts of the Mallee and Yalgoo bioregions are impacted by 
all three of the combined threats (Figure 32). Eighty-three of 
the conservation features are contiguous, with all three of the 
threats in various places across the SWAE, although, 1,006 
features do not intersect with any of these threats. The features 
occurring in areas subject to all three threats include 27 taxa 
of birds and bird-related features, 17 vegetation types and floral 
species, eight mammals, various reptiles and invertebrates, and 
various classes of water bodies.

Results

 Table 20. Parameters of Scenario 4 

Scenario Description

Scenario 4 – Lock-ins and cost layer 
included

•	 All conservation features;

•	 Standard conservation targets; 

•	 Cost values included (including threats); and

•	 Lock-in areas included
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 Figure 32. Threats to biodiversity across the SWAE 

Best solution map

This map (Figure 33.) illustrates the ZCA, which are widely 
distributed across the SWAE landscape and span 324,582 km2 
(47%) of the SWAE region. They cover a range of less than 20% 
to above 80% of their respective bioregions (Table 21.). This 
spatial distribution reflects the variety of conservation features 
included in the analysis. The ZCAs are spatially compact and 
take into consideration three threatening processes (salinity, 
Phytophthora dieback and urbanisation) as well land suitability. 
This map is important because it shows the areas that most 
closely achieve targets for all conservation features. 

The best solution map illustrates:

•	 Locked-in areas reserved within the conservation estate 
that meet the IUCN criteria (classified as (I) strict nature 
reserves, (Ia) wilderness areas, (II) national parks, (III) 
natural monuments or features and (IV) habitat species 
management areas) (IUCN, 2011). This also included crown 
reserves classified for the purpose of conservation parks, 
national parks, nature reserves, or reserves with land use 
or purpose-specified for conservation. These areas are 
illustrated in dark green;

•	 The ZCAs in sage green;

•	 Areas selected in the buffer zone, illustrated in grey. The 
buffer zone provides context for the analysis and is not 
considered a priority for the systematic conservation plan; 
and

•	 IBRA boundaries (black lines).
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 Figure 33. Best solution map 

Table 21. compares the amount of area the ZCAs represent across each IBRA bioregion.  

 Table 21. Area represented across IBRA bioregions (Scenario 4) 

IBRA region Total area (km2)
Area selected in best 

solution (km2)
Best solution coverage 

per region (%)

Avon Wheatbelt 95,164 53,192 55.9

Carnarvon 17,941 4,036 22.5

Coolgardie 129,170 63,274 49.0

Esperance Plains 29,133 21,833 74.9

Geraldton Sandplains 31,453 20,770 66.0

Great Victoria Desert 16,747 3,309 19. 8

Hampton 10,413 2,509 24.1

Jarrah Forest 45,085 31,654 70.2

Mallee 73,955 50,838 68.7

Murchison 100,860 25,991 25.8

Nullarbor 62,990 12,500 19.8

Swan Coastal Plain 15,307 11,536 75.4

Warren 8,496 6,983 82.2

Yalgoo 50,157 16,157 32.21
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Table 22. illustrates the amount of area used by each asset class included in the analysis.

 Table 22. Conservation feature summary statistics 

Asset class
Number of conservation features 
(taxa or surrogates) representing 
each asset class used in analysis

Total area 
in SWAEI 

(km2)

Minimum 
area in 
SWAEI 
(km2)

Maximum 
area in 
SWAEI 
(km2)

Mean area 
in SWAEI 

(km2)

Birds 100 194,342.50 2.6 11,654.97 1,943.42

Mammals 31 12,559.11 2.6 1,701.74 405.13

Reptiles 35 2,982.59 2.6 558.59 85.23

Amphibians 7 1,088.61 15.59 457.26 155.51

Inland water 
species

49 5,463.78 2.6 1,990.13 111.50

Invertebrates 43 1,530.28 2.6 615.74 35.59

Inland water 
bodies

82 101,044.50 0.042 10,327.35 1,232.25

Flora 137 3,735.98 2.6 296.10 27.27

Other 45 3,068,272.00 0.139 761,579.00 68,183.83

Vegetation 862 671,266.40 0.001 177,354.00 778.73

Total 1,391

Selection frequency map

This map (see Figure 34.) illustrates that within the ZCA there 
are some planning units that are selected more frequently during 
the 100 runs for the specified scenario. It demonstrates the 
relative irreplaceability of specific planning units in achieving 
the conservation targets and the relative importance that can be 
attached to conservation action in such areas. While all planning 
units of the best solution are needed to achieve the conservation 
targets, the most frequently selected places are those where 
(a) there are few alternative areas elsewhere in which these 
conservation features may be secured at the same cost, and 
(b) there is a greater opportunity to achieve higher rates of 
return on investment into conservation action (because of the 
close proximity of features that may be sensitive to on-ground 
intervention). Planning units are selected less often where there 
is a range of equally good alternatives and hence more units are 
considered replaceable. 

The selection frequency map illustrates:

•	 The range of areas that have been selected 100% of each of 
the 100 runs (maroon) to those areas that have been selected 
1% of each of the 100 runs (pink);

•	 Areas selected in the buffer zone, shown in grey. The buffer 
zone provides context for the analysis and is not considered 
a priority for the systematic conservation plan; and

•	 IBRA boundaries (black lines).

Priority index map

The priority index map (see Figure 35.) shows areas where a 
form of further prioritisation indexing has been applied to the 
ZCAs (from best solution) by identifying those areas that were: 

1.	 Most frequently selected; and 
2.	 Most vulnerable to urbanisation, Phytophthora dieback and 

salinity. 

This produces a gradient of priorities within the ZCAs. The 
priority index map allows fine-tuning of the prioritisation 
process by identifying those areas needing the most urgent 
action to meet conservation targets. 

The priority index map shows:

•	 A priority index applied to the ZCAs, demonstrating 
gradations that identify importance and urgency;

•	 Areas, illustrated in yellow, which are selected less 
frequently and are less threatened; 

•	 Areas, shaded red, which are selected more frequently and 
are more threatened; and

•	 The buffer zone, illustrated in grey.
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 Figure 35. The priority index map 

 Figure 34. The range of selection frequencies for 100 runs map 
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Conservation features with un-met targets

Eighty-four conservation features (6%) included in the analysis 
did not meet their conservation targets (see Table 23.). These 
conservation features included a composite data layer for 
Threatened Ecological Communities (TECs and/or others) and 
82 of the vegetation types. All of the conservation features with 
un-met targets were trying to achieve 100% of their existing 
occurrences or extent in the analysis. However, the vegetation 
types still achieved 87% and TECs and/or others achieved 61% 
of their targets. 

The conservation features that did not achieve their targets 
do not appear to be related to any specific characteristic, with 
a broad spread of data points across the under-achievement 

scale (Histogram 1.). There is no systematic representation of 
the vegetation types in these unmet features. However, all the 
conservation features were endemic to the ecoregion and have 
a very small extent. The vegetation types are highly fragmented 
and spatially disbursed, (particularly in the Avon Wheatbelt 
bioregion), which predisposes them to be being more difficult to 
include in a large priority setting problem with high costs, such 
as the SWAE. The best solution could have been forced to meet 
all the targets, but this would have resulted in a 20% increase in 
the ZCA area (65,000 km2).  

Nonetheless, targets for 1,307 of the 1,391 (94%) conservation 
features were met through this process, which is well within the 
bounds of acceptable outputs.

 Table 23. Conservation targets not met in the ZCAs 

SWAEI target achieved 
for Scenario 4 (%)

No. of conservation 
features

0 4

1 to 10 6

11 to 20 6

21 to 30 9

31 to 40 7

41 to 50 6

51 to 60 6

61 to 70 9

71 to 80 11

81 to 90 13

91 to 99.99 7

Total 84

 Histogram 1. Conservation features with un-met  
 targets in the ZCAs 
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Example of how to use analysis
Many organisations are delivering on-ground biodiversity 
conservation management within the SWAE. The strength of the 
SWAEI partnerships has demonstrated that these organisations 
are keen to contribute to the implementation of this framework.  

This framework aims to provide a program and project 
planning structure that allows these organisations to combine 
geographically specific conservation objectives and actions with 
ecoregional goals and targets as new projects are developed and 
implemented within the ZCAs. The success of implementing the 
systematic conservation planning outcomes will be determined 
by the focus, quality, effectiveness and cumulative effort of the on-
ground biodiversity conservation activities within the ecoregion.  

Using a program and project planning structure consistent with 
this framework will benefit both the SWAE and organisations 
undertaking biodiversity conservation management by:

•	 Ensuring the efforts of individual organisations to improve 
biodiversity conservation collaboratively contribute to the 
recognised biodiversity values of the ecoregion;

•	 Building on the expert opinion built into the systematic 
conservation planning approach to assist and underpin 
prioritisation processes and decision-making;

•	 Identifying areas in which organisations can work that will 
provide the best biodiversity conservation return on investment;

•	 Allowing organisations to identify environmental values 
that are important and aligning these to local priorities and 
management efforts;

•	 Providing a catalyst for organisations to build partnerships 
with other like-minded organisations and developing 
projects that make a greater collective contribution to 
biodiversity conservation; and

•	 Assisting organisations and partnerships to justify the 
ecoregion-wide importance of geographically specific 
conservation work.

Using Scenario 4, we demonstrate a way to query the results 
to inform biodiversity conservation decisions. In this example, 
a ZCA has been identified covering the Perth Region NRM 
boundary (see Figure 36.). Using this ZCA, a subset area 
has been selected for further interrogation, referred to as an 
Area for Conservation Action (ACA). Basic statistics about 
the conservation features that appear in the ACA and their 
contribution to meeting regional-scale targets are provided in 
Table 24. For a methodology that describes how to apply the 
results for program and project planning, refer to A Strategic 
Framework for Biodiversity Conservation Report A: For 
decision-makers and practitioners.

 Figure 36. Local example area 
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 Table 24. Conservation features found within the ACA and their contribution to meeting regional-scale targets 

Conservation feature name
Known populations 
or hectares found 

in ACA

Known populations 
or hectares found 
across the SWAE

The % found in the 
ACA, compared to 

SWAE

Shrublands teatree A jarrah forest 5.93 18.71 31.7

Medium forest H jarrah forest 55.14 406.97 13.5

Crested shrike-tit 5 117 4.3

Medium woodland A jarrah forest 105.54 3,132.39 3.4

Rufous treecreeper 13 861 1.5

Hooded robin 5 333 1.5

Yellow-plumed honeyeater 13 994 1.3

Western yellow robin 10 936 1.1

White-naped honeyeater 13 1,200 1.1

Western spotted froglet 2 176 1.1

Scarlet robin 16 1,634 1

Restless flycatcher 5 526 1

Connectivity jarrah forest 1,417.5 150,534 0.9

Dusky woodswallow 10 1,139 0.9

Candlestick banksia 1 114 0.9

Water-rat (rakali) 1 111 0.9

Western thornbill 10 1,245 0.8

Channels major rivers Non-listed jarrah 23 2,925 0.8

Carnaby’s black-cockatoo (other) Wheatbelt/rest of SWAE 6 893 0.7

Includes springs, waterholes and water points 1 152 0.7

Spotted pardalote 7 1,266 0.6

Numbat 2 342 0.6

Masked woodswallow 1 154 0.6

Splendid fairy-wren 18 3,416 0.5

Little eagle 3 609 0.5

Medium forest A jarrah forest 68.77 16,644.6 0.4

Striated pardalote 17 4,486 0.4

Common bronzewing 10 2,651 0.4

Tawny-crowned honeyeater 4 991 0.4

Red-capped parrot 8 2,271 0.4

Western spinebill 7 1,825 0.4

Tree martin 15 3,748 0.4

Western rosella (south) 7 1,631 0.4

Grey shrike-thrush 13 4,043 0.3

Western quoll (chuditch) 2 636 0.3

Channels minor rivers Non-listed jarrah 10 3,050 0.3

Rufous whistler 11 3,319 0.3

White-necked heron 1 323 0.3

Western little wattlebird 2 1,113 0.2

Red-winged fairy-wren 2 1,047 0.2

Grey currawong 3 1,856 0.2

Emu 2 1,155 0.2

Baudin’s black-cockatoo (long-billed black cockatoo) 1 576 0.2

Pacific black duck 2 2,065 0.1

White-browed babbler (western wheatbelt) 1 1,994 0.1

Purple-crowned lorikeet 2 1,522 0.1



South West Australian Ecoregion initiative
82

Marxan is a software tool that can guide conservation planners by 
helping to identify areas with conservation potential at realistic 
cost. The Marxan algorithm enables complex calculations that 
incorporate multiple factors relevant to conservation planning 
and their relationships. The outputs offer a valuable information 
basis for conservation planners. However, when using the 
outputs and in order to achieve the greatest benefit from them, 
the following points should be considered.

The outputs do not:

•	 Model the persistence of species or ecological and 
evolutionary processes;

•	 Recommend management designations or determine the 
level of protection that a site requires;

•	 Determine ecological irreplaceability. Rather, Marxan 
calculates the selection frequency of a planning unit, or 
how frequently a site is selected within the different good 
solutions that it found;

•	 Deliver a single optimal solution. Marxan determines 
multiple “near optimal” solutions;

•	 Ensure species viability or sustainability; or

•	 Tell the user how to integrate costs with different currencies. 
While Marxan can include costs with different currencies, all 
of these costs must be integrated into a single cost surface layer 
before Marxan is used. The integration of this information is 
not straightforward and requires much thought and sometimes 
sophisticated socio-economic methods.

A number of parameters are used by the Marxan algorithm, which 
is calibrated to adjust to conservation planning requirements and 
the decision-making problem. Interdependencies exist between 
these Marxan parameters, and results should be checked 
carefully after each modification of any of the parameters.

There are, and always will be, limitations to the input data, such as: 

•	 Data not available at the scale of the region;
•	 Data not presented in a format that allows it to be assigned 

to planning units;
•	 Data spatial or attribute inaccuracies; and
•	 Data effectively becoming “dead” once accessed and 

requiring subsequent updating.

Where to from here?

The basic foundation of this planning process is to identify an 
efficient representation of the biodiversity in the ecoregion (i.e. 
the minimum amount of space and avoiding threats and land-
use conflict). Focusing effort in these areas will deliver the 
highest return on investment. 

The analysis has been undertaken at the ecoregion scale and the 
ZCAs should not be considered as stand-alone areas. Rather, they 

each make a contribution to the persistence and representation 
of biodiversity across the ecoregion and need to be considered 
in this context. The exception to this is where there are unique 
conservation features that are entirely contained within a ZCA. 

The identified ZCAs are representative; however, they will not 
necessarily protect all biodiversity values in the SWAE due to data 
and knowledge gaps. Nor have all decision variables been captured 
within the scope of this analysis. It does not consider all threats to 
biodiversity in the ecoregion or additional conflicts, such as land 
that should be protected for primary production.

This systematic conservation planning project is a decision support 
tool, not a decision-making tool, and the results presented in 
this report are a snapshot, based on current data. As patterns of 
biodiversity change, either in response to changes in climate or 
other threatening processes, or as new and additional data comes 
to light, it will be necessary to reconsider the boundaries of the 
prioritised areas and the likely success of implementation projects.

The results of this rigorous analysis should provide a basis for 
allocating resources for management initiatives that respond to 
region-wide threats and that require a national, state and local 
response. The results should inform a coordinated response by 
those organisations involved with on-ground implementation 
activities, and help guide policy and decision-making processes, 
including land-use planning and funding objectives. Stakeholder 
capacity should be strengthened by increasing the autonomy of 
decision-making and program implementation.

It is recommended that implementation strategies are developed 
based on the results of this systematic conservation planning 
project. These strategies should be managed in such a way as 
to foster cooperation and coordination, in order to ensure a 
synchronised and cost-effective approach. This will require the 
refinement of the boundaries at the local scale and the verification 
of data based on local knowledge.

Management actions should be identified, and set at the scale of the 
ecoregion and able to be incorporated into international, regional, 
national and sectoral programs, so that all conservation efforts 
within the SWAE can be integrated.

Importantly, this process should provide the basis for a 
monitoring and evaluation system that will enable stakeholders 
to track the progress of contributions to biodiversity 
conservation in the ecoregion. Measuring the incremental 
impact from management actions by continuously building 
on past accomplishments should feed back into the systematic 
conservation planning process. This will encourage efficient 
solutions to be explored and provide stability and investment 
within the context of changing funding and policy decisions.

Discussion
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Commonly used Marxan terminology can be found below (adapted 
from Ardron et al., 2010).

Biosphere Reserves are an area of conservation nominated 
by the United Nations Educational, Scientific and Cultural 
Organisation (UNESCO).  

Best Solution is the solution with the lowest objective function 
value (i.e. the solution with the lowest overall “Marxan cost”). This 
is best thought of as being one of many “very-good” solutions, not 
the best and only solution.

Boundary Length Modifier (BLM) creates greater 
connectivity by aggregating or increasing the compactness of the 
Marxan solutions.

Conservation Features are any part of the environment, 
ecosystem or biodiversity for which a target is to be achieved within 
the decision-making problem of designing effective and efficient 
prioritised areas.

Conservation Targets specify how much of each conservation 
feature (such as a species or a habitat type) to protect within the 
reserve network. Target achievement relates to how well targets 
have been met within the solution.

Costs can consist of any spatially explicit factor, such as the total 
area occupied by the solution, or extraneous factors such as costs 
to acquire or manage areas, or, as used in this project, threats to 
the ecological integrity of areas or classes of conservation features.

Cost Matrix Value is the numerical value assigned to each cost 
relationship (i.e., threat to tenure) to give a relative score.

Cost Matrix Weighting is achieved when each cost is weighted 
in accordance with the relationship of threat to tenure. 

Irreplaceability (also referred to as Selection Frequency) 
represents the number of times a planning unit was selected as 
part of a good solution from all runs in a scenario. The frequency 
with which planning units are selected in multiple runs gives an 
indication of the importance of that planning unit for efficiently 
meeting solution targets.

Lock-ins are those planning units that are considered required in 
the solution. Marxan will aim to identify how it can achieve target 
solutions within the locked-in planning units before searching for 
other planning units to include in the solution.

Planning Units are an overlay that divides the planning region 
into square grids or hexagons. They must cover all the area from 
which the solution should be selected as part of the decision 
problem, and their size should be at a scale appropriate for both the 
ecological features and the size of the management areas likely to 
be implemented.

Runs are the number of software runs (as specified by the user) 
that are repeated by Marxan for any one scenario. Each run 
creates a slightly different solution to the decision problem that 
is independent of the previous one, but all runs use the same 
parameter and variable values.

Solutions are an area-specific outcome to the decision problem, 
based on a minimum cost and the decision constraints (such as 
targets to be achieved) as specified by the user.

Species Penalty Factor (SPF) is a user-defined penalty applied 
to the objective function when a conservation feature target is 
not met within the algorithm runs. This can be adjusted upward 
to push the solution towards meeting all targets within the pre-
specified constraints.

Threats used in this project are proxies for many different types 
of threat to ecological integrity, including proximity to urban areas, 
roads, Phytophthora dieback and salinity.

Glossary
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ABARES 	 Australian Bureau of Agricultural and Resource 
Economics and Sciences

ACA	 Areas for Conservation Action

ANRDL	 Australian Natural Resources Data Library

AOR	 All Other Reasons

ASDD	 Australian Spatial Data Directory 

BLM	 Boundary Length Modifier

CPT	 Conservation Planning Team

CR	 Critically Endangered

DAFWA	 Department of Agriculture and Food, Western 
Australia

DEC	 Department of Environment and Conservation

DEHWA	 Department of Environment, Heritage, Water and 
the Arts (now DSEWPaC)

DEM	 Digital Elevation Model

DIA	 Department of Indigenous Affairs

DIG	 Discover Information Geographically

DMP	 Department of Mines and Petroleum

DOW	 Department of Water

DSEWPaC	 Department of Sustainability, Environment, Water, 
Population and Communities

ELZ	 Extensive land-use zone

EN	 Endangered

EPBC	 Environmental Protection and Biodiversity 
Conservation Act

GA	 Geoscience Australia

GB	 GigaByte

GDA94	 Geocentric Datum of Australia 1994

GIS	 Geographical Information System

GPS	 Global Positioning System

IBRA	 Interim Biogeographic Regionalisation of Australia

ID	 Identifier

ILZ	 Intensive Land-use Zone

IUCN	 International Union for Conservation of Nature

JNCC	 Joint Nature Conservation Committee

NACC	 Northern Agricultural Catchment Council

NLWRA	 National Land and Water Resource Audit

NRM	 Natural Resources Management

OSP	 Other Specially Protected

PEC	 Priority Ecological Community

PRNRM	 Perth Region NRM

RFA	 Regional Forest Agreement

RNRM	 Rangelands NRM Coordinating Group

SCNRM	 South Coast Natural Resource Management Inc.

SCP	 Swan Coastal Plain

SLIP	 Shared Land Information Platform

SPEC	 Marxan species file

SPF	 Species Penalty Factor

SRG	 Stakeholder Reference Group

SSP	 Subspecies

SWAE 	 Southwest Australia Ecoregion

SWAEI	 Southwest Australia Ecoregion Initiative

SWCC	 South West Catchment Council

TEC	 Threatened Ecological Community 

VU	 Vulnerable

WA	 Western Australia

WAHERB	 Western Australia Herbarium

WAM	 Western Australian Museum

WB	 Wheatbelt

WG	 Working Group

WNRM	 Wheatbelt Natural Resource Management

WWF	 World Wildlife Fund

ZC	 Zonae Cogito

ZCA	 Zones for Conservation Action

Acronyms
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Appendices

Appendix 1. Scenarios 1–3
For Scenarios 1 to 3, we have provided the best solution and selection frequency maps. Note that these maps use a historical colour scheme 
that was amended for Scenario 4. These scenarios are defined below. 

Scenario Description

Scenario 1 – No constraints
•	 All conservation features; and

•	 Standard conservation targets

Scenario 2 – Lock-ins included 

•	 All conservation features;

•	 Standard conservation targets; and 

•	 Lock-in areas included

Scenario 3 – Cost layer included

•	 All conservation features;

•	 Standard conservation targets; and 

•	 Cost values included (including threats)

 Figure 37. Scenario 1 best solution 

APPENDICES
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 Figure 38. Scenario 1 selection frequency 

 Figure 39. Scenario 2 best solution 
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 Figure 40. Scenario 2 selection frequency 

 Figure 41. Scenario 3 best solution 
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 Figure 42. Scenario 3 selection frequency 
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at
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 c
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d
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 c
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Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

194

70
4

7
In

la
n

d
 

W
at

er
 

B
od

ie
s

C
h

an
n

el
s 

M
in

or
 R

iv
er

s 
(n

on
-l

is
te

d
) 

Ja
rr

ah
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.1

5
0

.1
5

0
.0

0
0

.0
0

0
.3

70
4

8
In

la
n

d
 

W
at

er
 

B
od

ie
s

C
h

an
n

el
s 

M
in

or
 R

iv
er

s 
(n

on
-l

is
te

d
) 

M
al

le
e

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.1
5

0
.1

5
0

.0
0

0
.0

0
0

.3

70
4

9
In

la
n

d
 

W
at

er
 

B
od

ie
s

C
h

an
n

el
s 

M
in

or
 R

iv
er

s 
(n

on
-l

is
te

d
) 

M
u

rc
h

is
on

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.1
5

0
.1

5
0

.0
0

0
.0

0
0

.3

70
50

In
la

n
d

 
W

at
er

 
B

od
ie

s

C
h

an
n

el
s 

M
in

or
 R

iv
er

s 
(n

on
-l

is
te

d
) 

N
u

ll
ar

bo
r

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.1
5

0
.1

5
0

.0
0

0
.0

0
0

.3

70
51

In
la

n
d

 
W

at
er

 
B

od
ie

s

C
h

an
n

el
s 

M
in

or
 R

iv
er

s 
(n

on
-l

is
te

d
) 

Sw
an

 C
oa

st
al

 
P

la
in

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.1
5

0
.1

5
0

.0
0

0
.0

0
0

.3

70
52

In
la

n
d

 
W

at
er

 
B

od
ie

s

C
h

an
n

el
s 

M
in

or
 R

iv
er

s 
(n

on
-l

is
te

d
) 

W
ar

re
n

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.1
5

0
.1

5
0

.0
0

0
.0

0
0

.3

70
53

In
la

n
d

 
W

at
er

 
B

od
ie

s

C
h

an
n

el
s 

M
in

or
 R

iv
er

s 
(n

on
-l

is
te

d
) 

Y
al

go
o

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.1
5

0
.1

5
0

.0
0

0
.0

0
0

.3

70
9

5
In

la
n

d
 

W
at

er
 

B
od

ie
s

E
st

u
ar

ie
s 

(l
is

te
d

)
E

st
u

ar
ie

s 
(l

is
te

d
) 

A
ll

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.4
0

.1
5

0
.4

5
0

1

70
55

In
la

n
d

 
W

at
er

 
B

od
ie

s

E
st

u
ar

ie
s 

(n
on

-l
is

te
d

) 
E

sp
er

an
ce

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.7
5

0
.1

5
0

.0
0

0
.0

0
0

.9

70
56

In
la

n
d

 
W

at
er

 
B

od
ie

s

E
st

u
ar

ie
s 

(n
on

-l
is

te
d

) 
G

er
al

d
to

n
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9



 

195

Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

195
Appendices

70
57

In
la

n
d

 
W

at
er

 
B

od
ie

s

E
st

u
ar

ie
s 

(n
on

-l
is

te
d

) 
Ja

rr
ah

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.7
5

0
.1

5
0

.0
0

0
.0

0
0

.9

70
58

In
la

n
d

 
W

at
er

 
B

od
ie

s

E
st

u
ar

ie
s 

(n
on

-l
is

te
d

) 
Sw

an
 C

oa
st

al
 P

la
in

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.7
5

0
.1

5
0

.0
0

0
.0

0
0

.9

70
59

In
la

n
d

 
W

at
er

 
B

od
ie

s

E
st

u
ar

ie
s 

(n
on

-l
is

te
d

) 
W

ar
re

n
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
8

3
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

C
oo

lg
ar

d
ie

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
8

4
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

G
er

al
d

to
n

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
8

5
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

H
am

p
to

n
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
8

6
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

Ja
rr

ah
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
8

7
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

M
al

le
e

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
8

8
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

N
u

ll
ar

bo
r

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
8

9
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

Sw
an

 C
oa

st
al

 P
la

in
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5



 

South West Australian Ecoregion initiative
196

Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

196

70
9

0
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 C

av
es

 (
n

on
-l

is
te

d
) 

W
ar

re
n

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
6

9
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

A
vo

n
In

cl
u

d
es

 s
p

ri
n

gs
, w

at
er

h
ol

es
 a

n
d

 
w

at
er

 p
oi

n
ts

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.7
5

0
.1

5
0

.0
0

0
.0

0
0

.9

70
70

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

C
ar

n
ar

vo
n

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
71

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

C
oo

lg
ar

d
ie

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
72

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

E
sp

er
an

ce
In

cl
u

d
es

 s
p

ri
n

gs
, w

at
er

h
ol

es
 a

n
d

 
w

at
er

 p
oi

n
ts

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.7
5

0
.1

5
0

.0
0

0
.0

0
0

.9

70
73

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

G
er

al
d

to
n

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
74

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

(n
on

-l
is

te
d

) 
G

re
at

 V
ic

to
ri

a 
D

es
er

t

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
75

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

H
am

p
to

n
In

cl
u

d
es

 s
p

ri
n

gs
, w

at
er

h
ol

es
 a

n
d

 
w

at
er

 p
oi

n
ts

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.7
5

0
.1

5
0

.0
0

0
.0

0
0

.9

70
76

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

Ja
rr

ah
In

cl
u

d
es

 s
p

ri
n

gs
, w

at
er

h
ol

es
 a

n
d

 
w

at
er

 p
oi

n
ts

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.7
5

0
.1

5
0

.0
0

0
.0

0
0

.9

70
77

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

M
al

le
e

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9



 

197

Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

197
Appendices

70
78

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

M
u

rc
h

is
on

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
79

In
la

n
d

 
W

at
er

 
B

od
ie

s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

N
u

ll
ar

bo
r

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
8

0
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

Sw
an

 C
oa

st
al

 
P

la
in

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
8

1
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

W
ar

re
n

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
8

2
In

la
n

d
 

W
at

er
 

B
od

ie
s

O
th

er
 W

at
er

 B
od

ie
s 

 
(n

on
-l

is
te

d
) 

Y
al

go
o

In
cl

u
d

es
 s

p
ri

n
gs

, w
at

er
h

ol
es

 a
n

d
 

w
at

er
 p

oi
n

ts
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.7

5
0

.1
5

0
.0

0
0

.0
0

0
.9

70
9

1
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
et

la
n

d
s 

(l
is

te
d

)
W

et
la

n
d

s 
(l

is
te

d
) 

A
ll

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.4
0

.1
5

0
.4

5
0

1

70
0

8
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
A

vo
n

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
0

9
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
C

ar
n

ar
vo

n
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
10

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
C

oo
lg

ar
d

ie
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
11

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
E

sp
er

an
ce

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5



 

South West Australian Ecoregion initiative
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Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

198

70
12

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
G

er
al

d
to

n
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
13

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
G

re
at

 V
ic

to
ri

a 
D

es
er

t
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
14

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
H

am
p

to
n

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
15

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
Ja

rr
ah

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
16

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
M

al
le

e
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
17

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
M

u
rc

h
is

on
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
18

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
N

u
ll

ar
bo

r
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
19

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
Sw

an
 C

oa
st

al
 P

la
in

E
xp

er
t 

re
co

m
m

en
d

at
io

n
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
20

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
W

ar
re

n
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
21

In
la

n
d

 
W

at
er

 
B

od
ie

s

W
et

la
n

d
s 

(n
on

-l
is

te
d

) 
Y

al
go

o
E

xp
er

t 
re

co
m

m
en

d
at

io
n

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5



 

199

Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

199
Appendices

70
0

1
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
il

d
 R

iv
er

s 
C

oo
lg

ar
d

ie
E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
su

rr
og

at
e 

fo
r 

bi
od

iv
er

si
ty

)
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
0

2
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
il

d
 R

iv
er

s 
E

sp
er

an
ce

E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

su
rr

og
at

e 
fo

r 
bi

od
iv

er
si

ty
)

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
0

3
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
il

d
 R

iv
er

s 
G

re
at

 V
ic

to
ri

a 
D

es
er

t
E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
su

rr
og

at
e 

fo
r 

bi
od

iv
er

si
ty

)
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
0

4
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
il

d
 R

iv
er

s 
Ja

rr
ah

E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

su
rr

og
at

e 
fo

r 
bi

od
iv

er
si

ty
)

0
.3

0
.1

5
0

.0
0

0
.0

0
0

.4
5

70
0

5
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
il

d
 R

iv
er

s 
M

u
rc

h
is

on
E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
su

rr
og

at
e 

fo
r 

bi
od

iv
er

si
ty

)
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
0

6
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
il

d
 R

iv
er

s 
N

u
ll

ar
bo

r
E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
su

rr
og

at
e 

fo
r 

bi
od

iv
er

si
ty

)
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

70
0

7
In

la
n

d
 

W
at

er
 

B
od

ie
s

W
il

d
 R

iv
er

s 
W

ar
re

n
E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
su

rr
og

at
e 

fo
r 

bi
od

iv
er

si
ty

)
0

.3
0

.1
5

0
.0

0
0

.0
0

0
.4

5

8
0

0
1

F
lo

ra
A
ca
ci
a
 a
p
ri
ca

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

0
2

F
lo

ra
A
ca
ci
a
 c
oc
hl
oc
a
rp
a
 s
u
bs
p
. 

co
ch
lo
ca
rp
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

0
3

F
lo

ra
A
ca
ci
a
 c
oc
hl
oc
a
rp
a
 s
u
bs
p
. 

ve
lu
ti
n
os
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

0
4

F
lo

ra
A
ca
ci
a
 im

it
a
n
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

0
5

F
lo

ra
A
ca
ci
a
 p
ha
ra
n
g
it
es

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

R
ec

om
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

200

8
0

0
6

F
lo

ra
A
ca
ci
a
 s
ci
op
ha
n
es

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

R
ec

om
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

0
7

F
lo

ra
A
ca
ci
a
 s
u
bfl
ex
u
os
a
 s
u
bs
p
. 

ca
p
il
la
ta

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

0
8

F
lo

ra
A
ca
ci
a
 u
n
g
u
ic
u
la

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

0
9

F
lo

ra
A
ca
ci
a
 v
a
ss
a
li
i

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

10
F

lo
ra

A
ca
ci
a
 v
ol
u
bi
li
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

11
F

lo
ra

A
d
en
a
n
th
os
 p
u
n
g
en
s 

su
bs
p
. e
ff
u
su
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

12
F

lo
ra

A
n
d
er
so
n
ia
 a
n
n
el
si
i

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

13
F

lo
ra

A
n
d
er
so
n
ia
 a
xi
ll
ifl
or
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

14
F

lo
ra

B
a
n
ks
ia
 a
n
a
to
n
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
13

5
F

lo
ra

B
a
n
ks
ia
 a
tt
en
u
a
ta

C
an

d
le

st
ic

k 
ba

n
ks

ia
E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
E

n
d

em
ic

),
 

In
d

ic
at

or
 s

p
ec

ie
s 

(v
al

u
ab

le
 h

ab
it

at
 -

 
ba

n
ks

ia
 w

oo
d

la
n

d
)

0
.1

5
0

.1
5

0
.0

0
0

.1
5

0
.4

5

8
0

15
F

lo
ra

B
a
n
ks
ia
 b
ro
w
n
ii

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

16
F

lo
ra

B
a
n
ks
ia
 f
u
sc
ob
ra
ct
ea

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

17
F

lo
ra

B
a
n
ks
ia
 io
n
th
oc
a
rp
a
 

su
bs
p
. c
hr
ys
op
ho
en
ix

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

18
F

lo
ra

B
a
n
ks
ia
 io
n
th
oc
a
rp
a
 

su
bs
p
. i
on
th
oc
a
rp
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

19
F

lo
ra

B
a
n
ks
ia
 m
on
ta
n
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

201
Appendices

8
0

20
F

lo
ra

B
a
n
ks
ia
 m
u
cr
on
u
la
ta
 

su
bs
p
. r
et
ro
rs
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
13

4
F

lo
ra

B
or
on
ia
 m
eg
a
st
ig
m
a

B
ro

w
n

 b
or

on
ia

E
xp

er
t 

re
co

m
m

en
d

at
io

n
 

(E
n

d
em

ic
),

 I
n

d
ic

at
or

 s
p

ec
ie

s 
(c

on
d

it
io

n
),

 P
ro

ce
ss

 li
m

it
ed

 (
fi

re
)

0
.1

5
0

.1
5

0
.0

0
0

.1
5

0
.4

5

8
0

21
F

lo
ra

B
ra
ch
ys
ci
a
s 
ve
re
cu
n
d
u
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

22
F

lo
ra

C
a
la
d
en
ia
 b
u
ss
el
li
a
n
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

23
F

lo
ra

C
a
la
d
en
ia
 c
a
es
a
re
a
 s
u
bs
p
. 

m
a
ri
ti
m
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

24
F

lo
ra

C
a
la
d
en
ia
 d
ra
ke
oi
d
es

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

25
F

lo
ra

C
a

la
d

en
ia

 e
le

g
a

n
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

26
F

lo
ra

C
a

la
d

en
ia

 g
ra

n
it

ic
ol

a
D

E
C

 R
P

F
 (

R
ar

e)
; E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

27
F

lo
ra

C
a

la
d

en
ia

 h
u

eg
el

ii
D

E
C

 R
P

F
 (

R
ar

e)
; E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

28
F

lo
ra

C
a
la
d
en
ia
 m
el
a
n
em

a
D

E
C

 R
P

F
 (

R
ar

e)
; E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

29
F

lo
ra

C
a
la
d
en
ia
 p
ro
ce
ra

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

30
F

lo
ra

C
a
la
d
en
ia
 v
ir
id
es
ce
n
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

31
F

lo
ra

C
a
la
d
en
ia
 w
il
li
a
m
si
a
e

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

32
F

lo
ra

C
a
ly
tr
ix
 b
re
vi
se
ta
 s
u
bs
p
. 

br
ev
is
et
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

33
F

lo
ra

C
ho
ri
ze
m
a
 h
u
m
il
e

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

202

8
0

34
F

lo
ra

C
on
os
ty
li
s 
se
ti
g
er
a
 s
u
bs
p
. 

d
a

sy
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

35
F

lo
ra

C
yp
ha
n
th
er
a
 o
d
g
er
si
i 

su
bs
p
. o
cc
id
en
ta
li
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

36
F

lo
ra

D
a
rw
in
ia
 c
a
rn
ea

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

37
F

lo
ra

D
a
rw
in
ia
 s
p
. W

il
li
a
m
so
n
 

(G
.J

. K
ei

gh
er

y 
12

71
7)

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

38
F

lo
ra

D
a
vi
es
ia
 b
u
rs
a
ri
oi
d
es

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

R
ec

om
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

39
F

lo
ra

D
a
vi
es
ia
 c
u
n
d
er
d
in

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
0

F
lo

ra
D
a
vi
es
ia
 e
u
p
ho
rb
io
id
es

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
1

F
lo

ra
D
a
vi
es
ia
 g
lo
ss
os
em

a
D

E
C

 R
P

F
 (

R
ar

e)
; E

xp
er

t 
R

ec
om

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

4
2

F
lo

ra
D
a
vi
es
ia
 m
ic
ro
ca
rp
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
3

F
lo

ra
D
a
vi
es
ia
 o
va
ta

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
4

F
lo

ra
D
a
vi
es
ia
 p
se
u
d
a
p
hy
ll
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
5

F
lo

ra
D
ra
ka
ea
 c
on
fl
u
en
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
6

F
lo

ra
D
ra
ka
ea
 e
la
st
ic
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
7

F
lo

ra
D
ra
ka
ea
 is
ol
a
ta

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

4
8

F
lo

ra
E
p
ib
le
m
a
 g
ra
n
d
ifl
or
u
m
 

va
r.
 c
ya
n
eu
m

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR
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Endemic

Target

203
Appendices

8
0

4
9

F
lo

ra
E
re
m
op
hi
la
 c
il
ia
ta

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

50
F

lo
ra

E
re
m
op
hi
la
 g
la
br
a
 s
u
bs
p
. 

ch
lo

re
ll

a
D

E
C

 R
P

F
 (

R
ar

e)
; E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

51
F

lo
ra

E
re
m
op
hi
la
 k
oo
ba
bb
ie
n
si
s

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

52
F

lo
ra

E
re
m
op
hi
la
 la
ct
ea

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

53
F

lo
ra

E
re
m
op
hi
la
 n
iv
ea

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

54
F

lo
ra

E
re
m
op
hi
la
 p
in
n
a
ti
fi
d
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

55
F

lo
ra

E
re
m
op
hi
la
 r
os
tr
a
ta
 

su
bs
p
. t
ri
fi
d
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

56
F

lo
ra

E
re
m
op
hi
la
 s
ca
be
ru
la

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

57
F

lo
ra

E
re
m
op
hi
la
 s
u
bt
er
et
if
ol
ia

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

58
F

lo
ra

E
re
m
op
hi
la
 v
er
ti
ci
ll
a
ta

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

59
F

lo
ra

E
u
ca
ly
p
tu
s 
a
bs
it
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
0

F
lo

ra
E
u
ca
ly
p
tu
s 
ba
la
n
it
es

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
1

F
lo

ra
E
u
ca
ly
p
tu
s 
cu
p
re
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

R
ec

om
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
2

F
lo

ra
E
u
ca
ly
p
tu
s 
d
ol
or
os
a

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
3

F
lo

ra
E
u
ca
ly
p
tu
s 
im
p
en
sa

D
E

C
 R

P
F

 (
R

ar
e)

; E
xp

er
t 

re
co

m
m

en
d
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io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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S
p

e
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e
s 

N
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m
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C
o

m
m

o
n

 N
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m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t
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204

8
13

7
F

lo
ra

E
u
ca
ly
p
tu
s 
lo
xo
p
hl
eb
a

Y
or

k 
gu

m

E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

ic
on

ic
 

sp
ec

ie
s)

, I
n

d
ic

at
or

 s
p

ec
ie

s 
(a

gr
ic

u
lt

u
re

-r
ic

h
 s

oi
ls

),
 A

re
a 

li
m

it
ed

 (
h

ig
h

 t
u

rn
ov

er
)

0
.1

5
0

.1
5

0
.0

0
0

.0
0

0
.3

8
13

6
F

lo
ra

E
u
ca
ly
p
tu
s 
oc
ci
d
en
ta
li
s

F
la

t-
to

p
p

ed
 y

at
e

E
xp

er
t 

R
ec

om
m

en
da

ti
on

 (
en

de
m

ic
),

 
E

xp
er

t 
re

co
m

m
en

da
ti

on
 (

ic
on

ic
 

sp
ec

ie
s)

, A
re

a 
li

m
it

ed
 (

ag
ri

cu
lt

ur
e,

 
di

eb
ac

k,
 fl

oo
di

n
g,

 w
ee

ds
)

0
.1

5
0

.1
5

0
.0

0
0

.1
5

0
.4

5

8
0

6
4

F
lo

ra
E
u
ca
ly
p
tu
s 
p
hy
la
ci
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

R
ec

om
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
5

F
lo

ra
G
a
st
ro
lo
bi
u
m
 

d
ia
bo
lo
p
hy
ll
u
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
6

F
lo

ra
G
a
st
ro
lo
bi
u
m
 g
la
u
cu
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
7

F
lo

ra
G
a
st
ro
lo
bi
u
m
 h
a
m
u
lo
su
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
8

F
lo

ra
G
a
st
ro
lo
bi
u
m
 lu
te
if
ol
iu
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

6
9

F
lo

ra
G
a
st
ro
lo
bi
u
m
 p
a
p
il
io

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

70
F

lo
ra

G
re
vi
ll
ea
 a
cr
op
og
on

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

71
F

lo
ra

G
re
vi
ll
ea
 a
lt
ho
fe
ro
ru
m
 

su
bs
p
. a
lt
ho
fe
ro
ru
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

72
F

lo
ra

G
re
vi
ll
ea
 a
lt
ho
fe
ro
ru
m
 

su
bs
p
. f
ra
g
il
is

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

73
F

lo
ra

G
re
vi
ll
ea
 b
a
tr
a
ch
io
id
es

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

74
F

lo
ra

G
re
vi
ll
ea
 b
ra
ch
ys
ty
li
s 

su
bs
p
. B

u
ss

el
to

n
 (

G
.J

. K
ei

)
D

E
C

 R
P

F
 (

ra
re

);
  E

xp
er

t 
R

ec
om

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5



 

205

Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

205
Appendices

8
0

75
F

lo
ra

G
re
vi
ll
ea
 b
ra
ct
eo
sa
 s
u
bs
p
. 

ho
w

a
th

a
rr

a
D

E
C

 R
P

F
 (

ra
re

);
 E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

76
F

lo
ra

G
re
vi
ll
ea
 c
a
ll
ia
n
th
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

77
F

lo
ra

G
re
vi
ll
ea
 c
u
rv
il
ob
a
 s
u
bs
p
. 

cu
rv
il
ob
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

78
F

lo
ra

G
re
vi
ll
ea
 d
ry
a
n
d
ro
id
es
 

su
bs
p
. d
ry
a
n
d
ro
id
es

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

79
F

lo
ra

G
re
vi
ll
ea
 h
u
m
if
u
sa

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
0

F
lo

ra
G
re
vi
ll
ea
 m
a
cc
u
tc
he
on
ii

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
1

F
lo

ra
G
re
vi
ll
ea
 m
a
xw

el
li
i

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
2

F
lo

ra
G
re
vi
ll
ea
 p
ha
n
er
op
hl
eb
ia

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
3

F
lo

ra
G
re
vi
ll
ea
 p
yt
ha
ra

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
4

F
lo

ra
G
re
vi
ll
ea
 s
ca
p
ig
er
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
5

F
lo

ra
G
u
ic
he
n
ot
ia
 s
eo
rs
ifl
or
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
6

F
lo

ra
G
yr
os
te
m
on
 r
et
ic
u
la
tu
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
7

F
lo

ra
H
a
lo
ra
g
is
 p
la
ty
ca
rp
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
8

F
lo

ra
H
em

ia
n
d
ra
 g
a
rd
n
er
i

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

8
9

F
lo

ra
H
em

ia
n
d
ra
 r
u
ti
la
n
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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Marxan ID
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S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR
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Endemic

Target

206

8
0

9
0

F
lo

ra
H
em

ig
en
ia
 r
a
m
os
is
si
m
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

9
1

F
lo

ra
H
yb
a
n
th
u
s 
cy
m
u
lo
su
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

9
2

F
lo

ra
Is
op
og
on
 r
ob
u
st
u
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

9
3

F
lo

ra
Is
op
og
on
 u
n
ci
n
a
tu
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

9
4

F
lo

ra
Ja
ck
so
n
ia
 p
u
n
g
en
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

9
5

F
lo

ra
L
a
m
be
rt
ia
 e
ch
in
a
ta
 s
u
bs
p
. 

ec
hi

n
a

ta
D

E
C

 R
P

F
 (

ra
re

);
 E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

9
6

F
lo

ra
L
a
m
be
rt
ia
 e
ch
in
a
ta
 s
u
bs
p
. 

oc
ci

d
en

ta
li

s
D

E
C

 R
P

F
 (

ra
re

);
 E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
0

9
7

F
lo

ra
L
a
m
be
rt
ia
 f
a
ir
a
ll
ii

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

9
8

F
lo

ra
L
a
m
be
rt
ia
 o
rb
if
ol
ia
 s
u
bs
p
. 

or
bi
fo
li
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
0

9
9

F
lo

ra
L
a
si
op
et
a
lu
m
 

p
te
ro
ca
rp
u
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

0
F

lo
ra

L
a
tr
ob
ea
 c
ol
op
ho
n
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

1
F

lo
ra

L
eu
co
p
og
on
 g
n
a
p
ha
li
oi
d
es

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

2
F

lo
ra

L
eu
co
p
og
on
 s
p
ec
ta
bi
li
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

3
F

lo
ra

L
ys
io
se
p
a
lu
m
 a
bo
ll
a
tu
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

4
F

lo
ra

M
a
ri
a
n
th
u
s 
p
a
ra
li
u
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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Marxan ID

Category

S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t

Base

AOR

Listed

Endemic

Target

207
Appendices

8
10

5
F

lo
ra

M
a
ri
a
n
th
u
s 
sp
. B
re
m
er
  

(N
. G

ib
so

n
 &

 M
. L

yo
n

s 
17

76
)

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

6
F

lo
ra

M
yo
p
or
u
m
 t
u
rb
in
a
tu
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

7
F

lo
ra

P
er
so
on
ia
 m
ic
ra
n
th
er
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

8
F

lo
ra

P
et
ro
p
hi
le
 la
te
ri
co
la

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
10

9
F

lo
ra

P
hi
lo
th
ec
a
 b
a
si
st
yl
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

0
F

lo
ra

P
it

yr
od

ia
 a

xi
ll

a
ri

s
D

E
C

 R
P

F
 (

ra
re

);
 E

xp
er

t 
re

co
m

m
en

d
at

io
n

 (
en

d
em

ic
)

0
.1

5
0

0
.4

5
0

.1
5

0
.7

5

8
11

1
F

lo
ra

P
it
yr
od
ia
 s
ca
br
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

2
F

lo
ra

P
te
ro
st
yl
is
 s
p
. 

N
or
th
a
m
p
to
n
 (

S.
D

. 
H

op
p

er
 3

34
9

)

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

3
F

lo
ra

R
ha
co
ca
rp
u
s 

re
hm

a
n
n
ia
n
u
s 
va
r.
 

w
eb
bi
a
n
u
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

4
F

lo
ra

R
hi
za
n
th
el
la
 g
a
rd
n
er
i

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

5
F

lo
ra

R
ic
in
oc
a
rp
os
 b
re
vi
s

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

6
F

lo
ra

R
u
li
n
g
ia
 s
p
.T
ri
g
w
el
l 

B
ri

d
g

e 
(R

.S
m

it
h

 s
.n

. 
20

.6
.8

9
)

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

7
F

lo
ra

Sc
a
ev
ol
a
 m
a
cr
op
hy
ll
a

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5
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S
p

e
ci

e
s 

N
a

m
e

C
o

m
m

o
n

 N
a

m
e

R
e

a
so

n
in

g
 f

o
r 

ta
rg

e
t
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208

8
11

8
F

lo
ra

St
yl
id
iu
m
 a
m
a
bi
le

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
11

9
F

lo
ra

St
yl
id
iu
m
 s
em

a
p
ho
ru
m

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
ic

)
0

.1
5

0
0

.4
5

0
.1

5
0

.7
5

8
12

0
F

lo
ra

Sy
m
on
a
n
th
u
s 
ba
n
cr
of
ti
i

D
E

C
 R

P
F

 (
ra

re
);

 E
xp

er
t 

re
co

m
m

en
d

at
io

n
 (

en
d

em
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