
  

Edited by: 

Dr Daniel Ramp 

Australian Wetlands and Rivers Centre, UNSW 

& 

Dr Rosalie Chapple 

Blue Mountains World Heritage Institute 

 

11 March 2010 

Report number: AWRC01/2010 

 

MANAGING FOR 

ECOSYSTEM CHANGE IN 

THE GBMWHA 

Final report 

 

This document outlines key objectives and findings of Australian 

Research Council Linkage Project LP0774833. 



Managing for Ecosystem Change – Final Report 2  

 

 

 

 

 

 

 

 

 

 

 

The project partners are gratefully acknowledged for their financial support and engagement 

with this project. 

 

The editors acknowledge input to this report from Haydn Washington, Richard Kingsford, John 

Merson, and all students, staff, chief investigators, and partners. 

 

  



Managing for Ecosystem Change – Final Report 3  

 

TABLE OF CONTENTS 

1. Introduction ................................................................................................................................... 5 

1.1. Project Overview ......................................................................................................................... 5 

1.2. Research Team ............................................................................................................................ 9 

2. Responding to Key Stated Objectives ......................................................................................... 11 

3. Research Summary ...................................................................................................................... 15 

3.1. Past and Current Ecosystem Condition .................................................................................. 15 

GIS database ................................................................................................................................ 15 

3.2. Reserve Effectiveness ............................................................................................................... 17 

Maximising fauna persistence and representation using habitat suitability models ............. 17 

Using endemism of Myrtaceae to assess representation .......................................................... 25 

Systematic reserve design and the historical representation of Myrtaceae ............................ 30 

Incorporating a distance cost in systematic reserve design ...................................................... 39 

3.3. Responses to Drivers of Change ............................................................................................... 41 

Plant dispersal strategies in relation to a changing climate .................................................... 41 

Apex predators endemic to the GBMWHA ................................................................................ 45 

Preventing the spread of lantana into the Upper Mountains .................................................. 47 

3.4. Modelling Ecosystem Condition & Drivers of Change ........................................................... 50 

Plant communities with nowhere to go: niche modelling of upland wetlands ........................ 50 

Poisson point process models solve the “pseudo-absence problem" .......................................... 54 

Representation of diversity in the Myrtaceae and Fabaceae .................................................... 56 

Model selection for predicting the impacts of climate change on communities ....................... 61 

3.5. Adaptive Management .............................................................................................................. 62 

Management of drivers of ecosystem change in the GBMWHA ............................................... 62 

5. Publications .................................................................................................................................. 66 

6. Conclusion and Ongoing Challenges .......................................................................................... 68 

 

  



Managing for Ecosystem Change – Final Report 4  

 

MAP OF THE GREATER BLUE MOUNTAINS WORLD 

HERITAGE AREA 

  



Managing for Ecosystem Change – Final Report 5  

 

1. INTRODUCTION 

1.1. PROJECT OVERVIEW 
Australia is a bio-diverse country, with many threatened species. Our reserve system is one 

important way of protecting biodiversity, and the Greater Blue Mountains World Heritage Area 

is an outstanding system of reserves. The Greater Blue Mountains World Heritage Area 

(GBMWHA) is the largest continuously forested area in NSW and also contains its largest 

declared wilderness area. Reserve protection unfortunately is no guarantee of in situ 

conservation of biodiversity. Some threats extend into and beyond reserve boundaries. In a 

climate change world we need to adapt to the changes that will occur, and most effectively 

manage to protect the biodiversity of the WHA. 

The research undertaken through the ARC Linkage „Managing Ecosystem Change‟ project aimed 

to build the knowledge base to inform management of drivers of ecosystem change (frequent 

fires, climate change, and invasive species) in the GBMWHA. Spatial impacts of these drivers of 

change were identified, along with their likely impact on biodiversity conservation. The research 

aimed to inform management at different spatial scales, and to assist conservation policy and 

management options through analysis of trends and development of spatially-explicit models 

within an adaptive environmental management framework. 

This project aimed to build the knowledge base to inform management of drivers of ecosystem 

change (namely climate change, fire, and pests) in the GBMWHA. It is comprised of the following 

objectives: 
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integration 
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strategy 
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•GIS database 
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•Habitat 
suitability models 
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•Reserve design 

•Info-gap analysis 
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to drivers 

•Impact of drivers 

•Spatial extent of 
drivers 

•Management 

Modelling 
ecosystem 
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Objectives 

1. Past and current ecosystem condition  

a. Construct a GIS database 

b. Collate all available biodiversity information for the World Heritage Area 

c. Develop Myrtaceae and Fabaceae habitat suitability models, including hotspots 

and climate impacts 

d. Develop fauna habitat suitability models, including assemblages and climate 

impacts 

e. Improve quantitative methods 

2. Reserve effectiveness 

a. Quantify the distribution of surrogate species 

b. Assess representation and efficiency of surrogates 

c. Incorporate economics into surrogate modelling 

d. Explore the effectiveness of the current reserve boundary, by comparing a 

historical perspective on the establishment of the reserve with the current status 

of biodiversity within the GBMWHA 

e. Calculate complementarity to identify conservation planning units and 

effectiveness 

3. Responses to drivers of change – impact and spatial extent 

a. Map the spatial extent of drivers of change 

b. Assess dispersal ability of plant species in response to climate change 

c. Measure resource overlap and interactions between native and introduced apex 

predators in the GBMWHA across three niche dimensions – spatial (distribution), 

temporal (activity) and trophic (diet) 

d. Model habitat suitability for lantana 

e. Assess resilience of upland swamps to climate change 

f. Assess surrogate species responses to climate change and fire regimes 

4. Modelling ecosystem condition and drivers of change 

a. Model threat distributions and their impacts on chosen surrogates  

5. Adaptive management 

a. Inform a monitoring strategy for the GBMWHA within an adaptive management 

framework 
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The Research 

This report has been prepared for the project partners at the completion of the three years of 

funding for this project. The report presents an overview of the work done through the project, 

including reports from each of the post-graduate students, and seeks to identify what objectives 

and outcomes the project has achieved (and to what degree). The PhD projects are still ongoing. 

The conclusion to the report indicates ongoing challenges that are important for this research to 

be able to best inform aspects of management of the GBMWHA. 

The core of this research was the building of large scale spatial models for examining the 

distribution of biodiversity across the World Heritage Area. This involved collating all 

information available from each of the partners and putting it together in a GIS database. Data 

were cleaned where necessary and assembled so that metadata could be viewed via a 

downloadable program for a specifically created website. This was a considerable job and was 

completed approximately eighteen months into the project (personnel issues caused some delay 

in completing this work). Collation of data needed to be completed before modelling could 

commence, but during this period progress was made in establishing doctoral, masters, and 

honours students, and planning research directions. 

The ARC project was only awarded one PhD scholarship (two were requested); however the 

project created seven postgraduate projects (five PhD, one Masters, one Masters by course work) 

and two undergraduate Honours projects. Many of these are still on-going. Two other students 

began projects but did not complete them for personal reasons. The project also provided training 

for two Research Fellows and three Research Assistants. 

Student research was targeted primarily to collating fine-scale information on responses of key 

indicators to drivers of change (e.g. fire, climate change, and invasive species). Projects were also 

established to develop new modelling approaches, as most available approaches were not suitable 

to handling datasets of this size. A large computer array and associated software was built to 

enable the data to be modelled. 

After initial workshops with partners and investigators it was decided to focus on four key 

surrogates for biodiversity. Together these four groups are important surrogates for biodiversity. 

1. All species in the plant family Myrtaceae. The high Eucalyptus species diversity in the WHA 

was one of the key reasons this WHA was listed. 

2. All species in the plant family Fabaceae. The Fabaceae are a key diverse family involved in 

nitrogen cycling in the WHA. 

3. All terrestrial mammal species (not including bats). Mammal diversity is also a key aspect of 

biodiversity, and there are many threatened species in the WHA. 

4. Also selected were the upland swamps. Upland swamps are an endangered ecological 

community under the Commonwealth EPBC Act and also listed as vulnerable under the 

NSW Threatened Species Conservation Act. 

Distribution models of the realised environmental niche were developed for all four surrogate 

groups across the World Heritage Area and surrounding areas, including over 700 species. Maps 

of diversity and representation were created, as were tools to assess the relative importance of 

the GBMWHA in encompassing these surrogates. Predicted changes in environmental niches 

were examined for a range of IPCC climate scenarios and increases in fire frequency and area. 
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Findings were contextualised within an adaptive environmental management framework. The 

utility of the research for policy and on-ground decision making was kept a high priority and 

workshops were held to create discussion about these issues. 

The project has created building blocks that are valuable for the future integration of science into 

decision making for the GBMWHA.  
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1.2. RESEARCH TEAM 

Research Partners 

 Blue Mountains World Heritage Institute  

o John Merson 

o Rosalie Chapple  

 Blue Mountains City Council  

o Peter Adams (Group Manager, Community and Corporate) 

o Frank Garofalow (Manager, Environmental Management) 

o Matt Chambers 

o Michael Henson  

 NSW Department of Environment and Climate Change 

o Bob Conroy (Director, Central Branch) 

o Jack Baker (Manager, Biodiversity Conservation Science Section) 

o Tony Auld (Principal Research Scientist) 

 NSW Department of Primary Industries 

o Peter Fleming (Senior Research Officer, Vertebrate Pests) 

 Hawkesbury-Nepean Catchment Management Authority 

o Bernie Bugden (General Manager) 

o Bill Dixon (Catchment Coordinator, Partnerships and Community Engagement) 

Research Investigators 

 University of New South Wales  

o Prof. Richard Kingsford 

o Dr Daniel Ramp 

o Dr Shawn Laffan 

o Dr David Warton 

o A/Prof. John Merson (& BMWHI) 

 Blue Mountains World Heritage Institute 

o Dr Rosalie Chapple  

 University of Wollongong  

o Prof. Ross Bradstock 

 University of Western Sydney 

o Prof. Robert Mulley 

 NSW Department of Environment and Climate Change 

o Dr Tony Auld 

 NSW Department of Primary Industries 

o Dr Peter Fleming  

Research Staff 

 Daniel Ramp (Project Manager, Research Fellow) 

o Feb 2007 – Dec 2009 

o Project management 

 Tom Colley (Research Assistant) 

o July 2007 – Dec 2007 

o Database, tools, web 

 Evan Webster (Research Assistant) 
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o Jan 2008 – June 2009 

o Database, tools, web 

 Erin Roger (Research Assistant) 

o June 2008 – Dec 2008 

o Plant database, endemism 

 Kun Zhang (Post-doctoral Fellow) 

o 2008 

o Reserve design methods 

Post-graduate Students 

 Fiona Thomson (PhD) – Kingsford, Moles & Auld 

o 2007 - 2010 

o Plant dispersal strategies in the GBMWHA 

 Gilad Bino (PhD) – Ramp & Kingsford 

o 2008 – 2011 

o Optimal conservation strategies aimed at maximizing fauna persistence and 

representation using habitat suitability models 

 Jack Pascoe (PhD) – Mulley, Chapple & Spencer 

o 2007 – 2010 

o Fauna assemblages and sympatric carnivore relationships in the GBMWHA 

 Ian Renner (PhD) – Warton 

o 2009 – 2012 

o Community-level model selection 

 Alex Gold (PhD) – Merson, Chapple & Ramp 

o 2009 – 2012 

o Linking science to policy through adaptive management 

 James Martin (MEM) – Robinson & Ramp (Completed) 

o 2009 

o Threatening processes and environmental policy 

 Alex Gold (MPhil) – Laffan, Ramp & Kingsford (completed) 

o 2008 – 2009 

o Integrating adaptive weed management and biodiversity conservation in the Blue 

Mountains 

 Melissa Head (Hons) – Ramp & Laffan (completed) 

o 2008 

o Systematic reserve design and the historical representation of Myrtaceae in the 

GBMWHA 

 Leah Shepherd (Hons) – Warton (completed) 

o 2008 

o Spatial Point Processes and pseudo-absence logistic regression for species 

distribution modelling 
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2. RESPONDING TO KEY STATED OBJECTIVES 

Background 

This section shows how project objectives were addressed, namely: 

1. Past and current ecosystem condition 

2. Reserve effectiveness 

3. Responses to drivers of change (threats) 

4. Modelling ecosystem condition and drivers of change 

5. Development of an adaptive management framework 

Below are some of the key objectives stated for the ARC linkage „Managing Ecosystem 

Change‟ project, that fall under the above headings, and how the project responded to 

these. 

Objective – Past and current ecosystem condition 

1. What is the current condition of ecosystems within the GBMWHA? 

a. To answer this question we constructed a GIS database of all information 

from the partners. Data were cleaned and made accessible via a downloadable 

database manager from the project website. Access was made secure by 

ensuring password restrictions.  

b. Focusing on a range of priority species, a series of habitat suitability models 

were constructed. These were done for all species in the plant families 

Myrtaceae and Fabaceae, and all mammals (other than bats). Maps of their 

distributions were produced. Focusing on endangered ecological communities 

within the WHA, environmental niche models of the surrogate upland 

swamps were created to assess their resilience to ecosystem change. 

c. Due to the reduction in funding by the ARC, field-based biodiversity research 

and related objectives were unable to be undertaken (other than that in 

PhDs). We were therefore unable to undertake ground-truthing of model 

output and unable to assess the impact of varying detection probability. 

2. How accessible will the GIS database be and how will the general public 

engage? 

a. The UNSW-based database is accessible online for authorised users for some 

tools, such as the swamp modelling tool. A website was developed to both 

provide access to the data and provide an understanding of what it contains. 

Access past the life of the project remains uncertain and is an important area 

for project partners to focus attention so that the capacity may be better 

utilised by managers. Follow-up projects will be needed to maximise 

deliverables and improve access. 
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Objective – Reserve effectiveness 

3. How has the reserve changed over time in terms of its configuration and how 

well does it capture biodiversity? 

a. To answer these questions we took two approaches, both utilising surrogate 

groups of species. Two key biodiverse plant families were used, Myrtaceae 

(containing the eucalypts for which the WHA was in part listed), and 

Fabaceae, which are key nitrogen cyclers. Along with these we modelled 

mammals as a key subset of animal diversity. 

b. Using the plant family Myrtaceae, we examined diversity and endemism with 

respect to the WHA. We found that 20% of Myrtaceae are range-restricted to 

the WHA and on average the WHA represents 20% of the range of a species 

that occurs within it. We identified land parcels both within and outside the 

WHA boundary (within 100 km) that were important for maintaining 

endemism. We produced an assessment of the relative importance of the 

WHA with respect to other protected areas in NSW. 

c. Using Marxan we examined the efficacy of protected areas within the WHA to 

encompass Myrtaceae representation over time. We found that systematically 

selected increases in reserve area improved representation of Myrtaceae over 

ad-hoc historical increases. Representation of rare species was also increased, 

suggesting that systematic approaches have utility for conservation planning 

in the GBMWHA. 

d. We created spatially explicit information regarding the distribution, 

abundance, and hotspots of native terrestrial mammals in the WHA and in 

NSW. We highlighted the possibility of using common species as surrogates 

for monitoring closely related rare species and identified optimal monitoring 

techniques enabling the reduction of monitoring costs. 

4. Does the reserve capture the key areas that are important for biodiversity 

representation? 

a. Using the plant family Myrtaceae, land parcels important to maintaining 

endemism were identified both within and outside the WHA boundary (within 

100 km). Mapping showed that while the WHA had captured significant areas 

of Myrtaceae biodiversity, there were areas (especially to the west of 

Kanangra Boyd) that would improve the representation of this surrogate. 

b. We developed a new approach for incorporating spatial proximity as a cost-

function in Marxan analysis, enabling the selection of new areas for 

integration with the WHA to be assessed both on biodiversity values and 

management costs and efficiency. 

Objective – Responses to drivers of change 

5. Monitoring necessary to track changes in biodiversity. 

a. An important mechanism for tracking changes is via monitoring. We had 

intended to evaluate sampling methods through field-based research, which 

was removed from the project due to receiving only 75% of the original grant 

request.  
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b. However, we examined the efficacy of sampling methods for establishing 

robust habitat suitability maps for all mammal species across NSW. We 

found that, for the purposes of creating robust maps, opportunistic sightings 

were more cost-effective and satisfactory for most species. This finding 

related to identifying the best way to predict suitable habitat for species. It 

does not imply that other sampling methods are not needed to obtain 

information on other important ecological parameters (e.g. behaviour, 

demographics, ecological interactions). 

6. What is the potential spatial impact of climate change and fire on 

biodiversity surrogates? 

a. Potential impacts of climate change and fire were assessed using all plant 

species in the Myrtaceae and Fabaceae, all mammal species, and the 

endangered ecological community of upland swamps. This demonstrated that 

some upland swamps are at serious risk as climate changes. 

b. Simulations were created highlighting potential impacts on diversity and 

community resilience. Under different scenarios, we identified which land 

parcels were under threat and suggested ways to allocate funding on the 

basis of this knowledge. 

7. How might weed distributions alter with ecosystem change? 

a. Using Lantana as a surrogate weed, we modelled its distribution within the 

BMCC local area and examined its relationship to environmental, climate 

and management factors. 

b. While only one key invasive plant species was modelled, further research to 

address this question can utilise the capacity developed by applying it to 

other invasive weeds in the WHA. 

Objective – Modelling ecosystem condition 

8. Can bioindicators be used to assess impacts of threatening processes on 

biodiversity? 

a. The project used all species from the plant families Myrtaceae and Fabaceae 

as surrogates to assess their potential response to changes in climate and fire 

regimes. We examined how conditions for diversity in these families might 

change both spatially and temporally under various IPCC scenarios. We 

examined the ability of family relationships in mammals to assist with 

prediction of suitable environmental habitat, enabling predictions to be made 

for species with few sightings. 

9. How resilient is biodiversity within WHA reserves and beyond to drivers of 

change (present and future)? 

a. We took two approaches to answering this question, focussing on surrogates 

of flora (Myrtaceae, Fabaceae), fauna (mammals), and ecosystems (upland 

swamps). The effect of simulations of change to climate and fire regimes 

under various IPCC scenarios were conducted on the potential distribution of 

all plant species in the Myrtaceae and Fabaceae, all mammal fauna, and the 

endangered ecosystem of upland swamps. This covered 700 species plus the 

upland swamps. The project modelled projections for these over time for 
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climate change. For example it identified which swamps would be likely to be 

at risk in a warming world. 

b. We developed new methods for examining the potential for a transition in 

vegetation communities in the future due to climate change, and highlighted 

how this approach could be used by management to target areas of potential 

concern. 

Objective – Adaptive management 

10. The relationship between reserve size, management actions, and 

biodiversity. 

a. A review of the complexities facing management of spatially varying threats 

was conducted, focusing on fire and invasive fauna. This review is being 

prepared as a publication for the journal Environmental Management and is 

précised in section 3.5 of this report.  

b. We examined the relationship between reserve size and biodiversity (in this 

case the plant family Myrtaceae) and findings are presented in section 3.2. 

While this objective was only partially met, significant capacity was built to 

inform future work addressing likely edge effects and the long-term viability 

of the reserve in protecting biodiversity. 

c. While the objective to develop an adaptive management framework was not 

progressed by the project, significant capacity has been built that will provide 

an important foundation for an adaptive management approach. The next 

steps in this process will be: 

i. Developing a hierarchy of objectives that maps out and integrates the 

range of objectives for the World Heritage Area. 

ii. Designing a monitoring program in line with these objectives, 

including the definition of „thresholds of potential concern‟ for a range 

of ecological variables.  
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3. RESEARCH SUMMARY 

3.1. PAST AND CURRENT ECOSYSTEM CONDITION 

GIS DATABASE 

Daniel Ramp and Evan Webster 

University of New South Wales 

Background 

To examine past and current spatial extent and condition of ecosystems within the GBMWHA it 

was first necessary to compile spatial and temporal information. 

Methodology and Outcomes 

We sourced all spatial data available for the GBMWHA and constructed a GIS database using 

data layers provided by NSW Department of Environment, Climate Change and Water (DECCW) 

and the Blue Mountain City Council (BMCC). Given the proximity of the GBMWHA to Sydney, 

we had access to a large number of high-resolution satellite images. The GIS database also 

included data representing the implementation of management actions and ecosystem processes 

such as fire regimes. The GIS database, maintained by UNSW, was made accessible to the 

partner organisations and other stakeholders to provide ease of data transfer and linkages via 

the web. 

A website was established as a repository of information about the project (Figure 1). 

We created data management software and a web page to enable Partner Organisations, Chief 

Investigators, project staff, and students to view and update created datasets and their 

derivatives (Figure 2). The software automatically generates and continuously updates an 

interactive website of descriptive information of source data, published data and information 

products that is open to view by the affiliates of the project and, if necessary, the general public. 

Management Implications 

The GIS database was used to build understanding of ecosystem condition, the results of which 

are contained in the following sections. Further work addressing specific management problems 

regarding biodiversity can now easily be developed. 
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Figures and Tables 

Website: http://www.wetrivers.unsw.edu.au/Blue_Mountains_Project/BM_home.html. 

Figure 1. Screenshot of the website showing the front page. 

 

Figure 2. Screenshot of the BM Dataset Manager. The Dataset Manager is downloadable and can 

be run on most computers. Dependency trees for published data and products can be quickly 

found and the metadata viewed via the website, with information generated automatically. 

Permission levels have been set to enable some users to view data only, while others can modify 

and update information. 

 

  

http://www.wetrivers.unsw.edu.au/Blue_Mountains_Project/BM_home.html
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3.2. RESERVE EFFECTIVENESS 

MAXIMISING FAUNA PERSISTENCE AND REPRESENTATION 

USING HABITAT SUITABILITY MODELS 

Gilad Bino, PhD, University of New South Wales  

Timeframe: 2008 – 2011 

Supervisors: 

Prof. Richard Kingsford, Australian Wetlands and Rivers Centre, UNSW 

Dr. Daniel Ramp, Australian Wetlands and Rivers Centre, UNSW 

 

Background 

Historically, the spatial configuration of established reserves does not necessarily target 

maximizing species representation nor provide assurance for long term viability. Meeting such 

objectives requires extensive information relating to the distribution of species, provided at large, 

regional, scales. This project utilizes the ATLAS databases to address this knowledge gap by 

modelling and predicting the distribution of all native terrestrial mammal species across the 

State of New South Wales. Predicted distributions provide the means for management to a) 

assess the ability of the target areas in maintaining conservation objectives and b) improve 

managerial decision making (e.g. land acquisition scenarios). The anticipated outcome of the 

study is to provide crucial information regarding spatially-explicit patterns of biodiversity and 

provide managers with strategies aimed at maximizing conservation outcomes when faced with 

uncertainty. 

 

Objectives 

Provide large scale predictions of mammal distributions, in so doing provide management with 

spatially explicit recommendations for maximizing and optimizing conservation objectives. 

The research addresses several key information gaps through the use of novel and 

computationally intensive methodologies. 

1. Produce fine grain, state-wide predictions for 60 terrestrial native mammal species; 

2. Concatenate predicted mammals distribution to help identify areas of high taxonomic 

and functional diversity; 

3. Examine the importance of genetic and functional characteristics of mammal species in 

identifying levels of surrogacy (i.e., level of spatial overlap); 

4. Establish, spatially explicit, optimal combinations of survey methodologies (e.g. 

spotlighting, trapping, etc.) aimed at increasing efficiency thereby lowering monitoring 

costs; and 
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5. Explore the viability of species in the GBMWHA in light of climate change and predicted 

meta-population modelling. 

Methodology and Outcomes 

1. This project focuses on constructing habitat suitability models for all native terrestrial 

mammals present in the ATLAS dataset. Suitability models are constructed by utilising 

GIS procedures enabling the layering of species occurrence data along with 

environmental, geographic and habitat data. Based on these models predicted 

distributions are made at a state-wide level. In total 60 mammal species were modelled 

and their distribution predicted across the state of NSW at a scale of 90m. Maps are 

available on request. 

2. In order to located areas of high species diversity, core habitat for each species was 

identified. Following this, the number of species in each cell was summed. Results 

highlight areas of high species diversity within and around the GBMWHA. 

3. Examining the level of spatial overlap (sympatry) between pairs of species revealed that 

genetic relatedness is a strongest predictor for spatial overlap, followed by the responses 

of each species to environmental predictors. Contrastingly, functional traits (defined as 

habitat use, dietary preferences, and weight group) were relatively uninformative but 

there was a strong phylogenetic and environmental signal in functional traits. The 

findings show that phylogenetic information has considerable value when searching for 

possible surrogate species. Identifying closely related co-occurring species may improve 

efficiency of monitoring programs for habitat degradation, species‟ survival and climate 

change for species with little data. 

4. Incorporating survey methods into the modelling process enabled exploring the 

importance of each survey technique in delivering occurrence data when constructing 

habitat suitability models. Large variability was detected in the efficacy of various survey 

methods used to predict species distributions. The importance of opportunistic records in 

providing cost effective monitoring information was apparent, proving a large number of 

observations for most species. Optimal survey combinations were constructed for NSW‟s 

terrestrial mammals at a state-wide scale as well as for specific bioregions. Both 

implemented methods and results provide a valuable basis for assessing cost-effective 

monitoring programs aimed at improving distribution modelling and can be applied using 

various scales, methodologies and species. 

5. Methods towards objective five (the viability of species under climate change) are 

currently being developed. 

Management Implications 

Current outcomes of the project provide managers with spatially explicit information regarding 

the distribution and abundance of native terrestrial mammals. This information can be utilised 

to address issues relating to the management of the GBMWHA. Moreover, this research has 

highlighted the possibility of using common species as surrogates for monitoring closely related 

rare species. Finally, optimal monitoring techniques were identified, enabling the reduction of 

monitoring costs for the GBMWHA. 
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Aim 2: Figure 1. Map of predicted mammal diversity within and around the GBMWHA, generated by summing the probabilities of each species. 
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Aim 3: Figure 1. Species were clustered according to their functional traits (habitat, dietary 

preferences, and weight group). Clustering of closely related species tended to have similar 

functional traits.  
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Aim3: Figure 2. Relationships between the collected four resemblance indices among 53 

terrestrial mammal species across NSW: functional resemblance (weight, diet and habitat type); 

environmental response similarity (similarity of response to 51 environmental predictors), spatial 

dissimilarity (Hellinger distance; comparison of predicted distribution probabilities); and genetic 

distance (Mitochondrial cytb protein sequence for 35 species). 
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Aim 3: Table 1. Results from a multivariate generalized linear model, using a gamma 

distribution and an identity link function. The level of spatial overlap (sympatry) was defined as 

the dependant variable with the three investigated similarity variables (genetic, function and 

environmental response) as model parameters. Results indicate that genetic relatedness is a 

strong predictor of spatial overlap between two species, followed by similarity in response to 

environmental predictors. Similarity in functional traits was not a significant predictor of spatial 

overlap. 

Parameter β Std.Error Wald Chi-Square df p 

(Intercept) 1.098E7 3.200x106 11.780 1 0.001 

Genetic 1.134E5 3.878x104 8.555 1 0.003 

Functional 4.151E4 4.114x104 1.018 1 0.313 

Environment -7.749E4 3.277x104 5.592 1 0.018 

 

Aim 4: Figure 1. The number of species recorded in NSW ATLAS dataset for each of the survey 

methods,  and (b) when opportunistic and spotlighting techniques are grouped. Lines represent 

the  estimated number of species detected at using species accumulation curves. 
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Aim 4: Figure 2. Optimal combination of survey method selected using Marxan, set to achieve 

maximum number of species. Optimal solutions were selected 100% of the times. Pie chart 

represents the number of species recorded under each of the survey methods. 

 

Aim 4 Figure 3. Optimal combination of survey methods when opportunistic records were 

excluded as a possible survey method. 

 

 



Managing for Ecosystem Change – Final Report 24  

Aim 4: Table 1. The number of times [%] each survey method was selected for each one of the 18 bioregions. Bioregions relevant for the 

GBMWHA are shaded (South Eastern Highlands and Sydney Basin). Optimal combination of survey methods for the entire GBMWHA 

can be achieved using four survey techniques (i.e. Elliot trapping, pitfall trapping, predator scat, and transect spotlighting). 
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Australian Alps 100 100 0 100 100 0 0 57 100 100 0 43 

Brigalow Belt South 33 100 38 43 100 0 37 22 100 100 0 49 

Broken Hill Complex 100 46 49 5 100 0 5 0 0 100 0 0 

Channel Country 100 21 22 20 100 0 0 14 0 100 0 23 

Cobar Peneplain 100 47 40 28 100 0 13 41 44 100 0 0 

Darling Riverine Plains 100 56 34 10 100 0 10 0 100 100 0 0 

Mulga Lands 100 54 42 28 100 0 4 40 36 100 0 0 

Murray Darling Depression 100 50 43 7 100 0 7 0 0 100 0 0 

NSW North Coast 43 100 29 100 100 0 28 54 100 0 0 46 

NSW South Western Slopes 24 100 21 100 100 0 55 22 100 100 0 23 

Nandewar 22 100 41 68 51 1 46 53 100 9 0 28 

New England Tablelands 31 100 34 100 31 0 35 69 100 0 0 31 

Riverina 100 28 29 60 100 0 0 0 0 100 0 23 

Simpson Strzelecki Dunefields 100 27 20 16 100 0 0 22 0 100 0 15 

South East Corner 22 100 17 100 100 0 61 22 100 0 0 17 

South Eastern Highlands 25 100 23 100 39 0 52 61 100 0 0 7 

South Eastern Queensland 26 100 41 100 22 0 33 78 100 0 0 22 

Sydney Basin 24 100 20 100 100 0 56 30 100 0 0 14 
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USING ENDEMISM OF MYRTACEAE TO ASSESS REPRESENTATION 

Shawn Laffan, Erin Roger, and Daniel Ramp 

University of New South Wales 

Background 

Representation of biodiversity within protected areas requires quantification to inform conservation 

efforts. Of interest is how species present within protected areas are represented within their region 

but also at continental scales. Here we address this by evaluating regions of floristic endemism in 

the Greater Blue Mountains World Heritage Area. Considering spatially based quantitative 

measures of endemism provides a new approach for determining significant areas for conservation in 

Australia. 

Spatial representation of species can be quantified by deriving estimates of diversity and endemism 

across the landscape. To do this, the use of species full ranges at continental scales is necessary. One 

successful approach is to examine centres of endemism, which is concerned with the number of 

range-restricted species occurring in a site. Narrowly endemic species are of concern because of their 

vulnerability to a range of threatening processes. Patterns of endemism can be obtained from species 

occurrence data that are frequently collected by management agencies. 

Objectives 

1. To compare regional and national representation of plant species in the family Myrtaceae. 

2. To assess spatial representation of plant species in the Myrtaceae within a 100 km buffer of 

the WHA. 
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Methodology and Outcomes 

We focused on the Myrtaceae plant family, a family encompassing many of the iconic Australian 

species. Compiling data throughout the region and nationally, we considered two spatially based 

quantitative measures of endemism: Weighted Endemism, and Corrected Weighted Endemism 

(CWE). In both measures, species were weighted by the inverse of their ranges, calculated as the 

total number of cells in which they occur. Only species listed as occurring within the GBMWHA were 

used, excluding those Myrtaceae species that occurred elsewhere. 

The degree to which Myrtaceae species within the GBMWHA are endemic to the GBMWHA area is 

20% (Figure 1). When wide-ranging species were excluded from the analysis, the Corrected Weighted 

Endemism score increased to 28.4%.  

Hotspots of high Myrtaceae endemism within the GBMWHA and surrounds were identified and 

should be priorities for management. The spatial distribution of the moving window analyses 

indicates there is a central region of high endemism in the centre of the GBMWHA (Figure 2). 

However, this is based on low species richness (3 species) and is likely an artefact of poor sampling. 

The two groups to the north-west have low species numbers, but also include species with very low 

ranges missed with some widespread species. An additional region is visible to the east of the 

northern part of the GBMWHA. With a richness of 18 this could be an important location for new 

additions to the reserve. 

Management Implications 

Although vegetation communities within the GBMWHA have been extensively mapped using aerial 

photography, modelling and on-ground truthing, this effort has not been implemented for individual 

species, contrasting Greater Blue Mountains distributions with their broader continental scale 

distributions. 

Our research will enable managers to better anticipate, prepare, and manage for future impacts of 

major anthropogenic drivers of change. Furthermore, our case study provides a template for 

quantification of representation of biodiversity hotspots within Australia and internationally. It 

lends support to systematic reserve design approaches using complementarity to select parcels of 

land for acquisition. 
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Figures and Tables 

Figure 1. Corrected weighted endemism for Myrtaceae species within a 100 km radius of the GBMWHA. 
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Figure 2. Corrected weighted endemism calculated using two different neighbourhood functions, representing spatial patterns of endemism 

of species in each cell in the data set to local neighbourhoods of increasing radius. This is a moving window analysis, and used radii of two 

(left) and three (right) cells to define the local neighbourhoods. 
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Figure 3. Summed corrected weighted endemism scores for Myrtaceae species across different reserve aggregations in NSW. 
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SYSTEMATIC RESERVE DESIGN AND THE HISTORICAL 

REPRESENTATION OF MYRTACEAE 

Melissa Head, Honours, University of New South Wales 

Timeframe: 2008 

Supervisors: 

Dr Daniel Ramp, Australian Wetlands and Rivers Centre, UNSW 

Dr Shawn Laffan, School of BEES, UNSW 

 

Background 

Protected areas are the primary mechanism of biodiversity conservation. They are recognised 

internationally as an increasingly important tool for meeting global targets for significantly reducing 

the rate of biodiversity loss. Historically, designation of protected areas has been dictated by socio-

economic imperatives and rarely are they designed with biodiversity conservation as the sole 

priority. Current protected areas have not been designed for efficient, or even complete, 

representation of species. Little is known about what proportion of biodiversity is included within 

existing protected area networks or how well they are protected against threats. Quantitative 

evaluation of the efficacy of existing networks is a necessary step to answering these questions. 

Objectives 

An historic representation of Myrtaceae within the Sydney Basin was quantified. Different reserve 

configurations were designed using systematic reserve design algorithms for the following aims: 

1. To evaluate representation of Myrtaceae within the GBMWHA and other protected areas 

within the Sydney Basin and how representation has increased over time as a result of 

historical increases in reserve area; and 

2. To contrast representation achieved by systematic selection if employed today or if 

systematic selection had been employed from the beginning. This is achieved using two 

alternate strategies: 

a. Strategy A: compared a purpose-built reserve system to the existing reserve system by 

creating a single reserve for the same area of existing protected areas.  

b. Strategy B: compared an incremental design of protected areas to coincide with historical 

additions. Reserve systems are rarely implemented as single purpose-built solutions. 

Methodology and Outcomes 

The results show that the purpose-built solution was sub-optimal, while the incrementally-designed 

systematic reserve achieved current levels of representation sooner than occurred through actual 

reserve acquisition. For rare and threatened species, the systematic reserves achieved levels of 

representation nearly double that of the existing reserve network.   
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Management Implications 

Reserve efficacy was evaluated for representation of Myrtaceae within the Sydney Basin and 

compared to alternate reserve configurations designed systematically. While reserves are almost 

never designed as single purpose-built solutions, when designed systematically, they normally 

represent the optimal solution. The purpose-built solution identified here was sub-optimal as it was 

less representative than the existing reserve system. In contrast, by simulating the historic 

expansion of the GBMWHA and other protected areas within the study area, it was showed that 

systematic selection algorithms were able to create a reserve system that was more representative at 

achieving targets given strict area costs. Given that current levels of representation were set as 

targets, the systematic solutions were also more efficient at meeting targets at earlier stages of 

incremental reserve design compared to historical levels of representation. Systematic reserve design 

was also more effective at achieving greater representation of rare and threatened species. 
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Figures and Tables 

Table 1. Summary statistics of historic and Marxan reserve configurations 

  1968 1978 1988 1998 2008 

Shannon-Weiner Diversity      

Strategy A - - - - 4.20 

Strategy B 4.21 4.39 4.32 4.30 4.30 

Historical 4.07 4.19 4.16 4.18 4.22 

(ii) Percentage overlapa      

Strategy A - - - - 68.08 

Strategy B 20.93 30.38 61.99 80.81 75.98 

(iii) Number of targets metb      

Strategy A - - - - 123 

Strategy B 24 65 126 156 183 

Historical 1 2 15 27 195 

Historical (90% of target) 2 3 29 88 195 

(iv) Total mean representationc (%)      

Strategy A - - - - 34.17 

Strategy B 7.19 12.04 26.63 30.00 32.84 

Historical 6.93 10.53 24.08 27.19 30.36 

(v) Rare/threatened  spp. mean 

representationd (%)      

Strategy A - - - - 59.09 

Strategy B 18.81 25.37 31.45 32.23 33.06 

Historical 3.91 8.72 11.20 13.13 20.02 
a The number of planning units overlapping between the systematic solutions and the historic 

configuration at each time period expressed as a percentage of the reserve size. 
b Number of targets met describes the number of species at each time period that reached the target, 

where targets are the current level of representation within the existing reserve configuration. 
c Total species representation expressed as a proportion of the summed probability values of all 

species for the entire study area. 
d The average representation of all rare and threatened species expressed as a proportion of the 

summed probability values for rare and threatened species for the entire study area. 
 

 

Table 2. Species that did not meet targets by the final incremental stage of Strategy B 

Species Percentage of target reached 

Syzygium oleosum 0.32 

Eucalyptus macrorhyncha 0.61 

Corymbia trachyphloia 0.89 

Eucalyptus fastigata 0.91 

Eucalyptus crebra 0.94 

Euryomyrtus ramosissima < 0.01 
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Figure 1. Establishment of the protected area network contributing to the GBMWHA since 1967. 
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Figure 2. Shannon-Wiener Diversity across the study area for 195 Myrtaceae species. Areas of high 

diversity are shown in red, moderate diversity in yellow and low diversity in green. 
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Figure 3. The „best‟ systematic reserve solution out of 200 possible solutions identified for Strategy A, 

where the configuration represents a purpose-built reserve of the same area as the existing reserve 

system, ~2,197,000 ha. The selection frequency indicates how frequently each planning unit is 

selected as part of a solution out of 200 runs. 
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Figure 4. The „best‟ systematic reserve solution out of 200 possible solutions identified for Strategy 

B-Reserve 4, where the configuration represents a reserve equivalent to the area protected in 2008, 

~2,197,000 ha.  The selection frequency indicates how frequently each planning unit is selected as 

part of a solution out of 200 runs. 
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 (a) Syzygium paniculatum (b) Backhousia sciadophora (c) Eucalyptus glaucina 
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Figure 5. The representation of rare and threatened species for Strategy B (blue line), historic 

representation (red line) and Strategy A (green dot). Representation is calculated as the sum of total 

probability values within the reserve as a proportion of total probability values of the study area. 
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 (a) Eucalyptus punctata (b) Backhousia myrtifolia (c) Leptosp. trinervium 
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Figure 6. The representation of a sample of common and widespread species for Strategy B (blue 

line), historic representation (red line) and Strategy A (green dot). Representation is calculated as 

the sum of total probability values within the reserve as a proportion of total probability values of 

the study area. 
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INCORPORATING A DISTANCE COST IN SYSTEMATIC RESERVE 

DESIGN 

Kun Zhang, Shawn Laffan, Daniel Ramp, & Evan Webster 

University of New South Wales 

Background 

The selection of parcels of land to incorporate into reserve systems necessitates trade-offs among 

biodiversity targets, „costs‟ such as land area, and spatial compactness. There are well established 

systematic reserve design algorithms that incorporate these trade-offs to assist decision makers in 

this process. One cost that has received little attention is the proximity of new land parcels to the 

existing reserve network. The ability of environmental managers to effectively maintain and protect 

additional land units is often constrained by their proximity to existing reserve networks. The 

selection of parcels of land close to existing reserves makes it logistically easier to deploy 

infrastructure to such areas, and can also improve the spatial contiguity of the existing reserve 

network. 

Objectives 

Here we describe a new approach that overcomes limitations by using the existing reserve boundary 

to determine proximity. We provide an example of this approach by implementing it as an additional 

constraint in an analysis of biodiversity targets within the GBMWHA, via the Marxan reserve design 

software. 

Methodology and Outcomes 

The incorporation of the distance cost in the analysis was effective in selecting parcels near to the 

existing reserve system and can be combined with other variables in the algorithm to improve 

spatial compactness while meeting biodiversity and other targets. It provides an alternative solution 

for reserve planners when extending reserve systems. 

Management Implications 

We introduced a distance cost to the minimum set-covering problem for reserve design analyses, 

implementing it in combination with the area cost. The results demonstrate that such a distance cost 

increases the number of candidate planning units being selected near to the existing reserve system. 

The distance cost is simply an additional cost-factor in the minimum-set covering problem used for 

reserve design, and can be used in combination with other factors such as boundary length modifiers 

which encourage spatially compact solutions, as well as any other cost metric, such as monetary cost 

of land parcels and species weighted by their importance. 

While distance cost has been described previously, it was based on the centroid of the existing 

reserve system, potentially biasing results where the existing system is anything but circular. Here 

we provide a method that successfully overcame this drawback. The distance cost is a useful tool for 

decision makers wanting to expand existing reserve systems while retaining compactness and 

contiguity. 
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Figures and Tables 

 

Fig. 1. Six portfolios for different boundary length values when cost is a combination of area and 

square of distance.  was set at 0.917. The grey shaded areas are the current GBMWHA while the 

black shaded areas are the additional planning units selected by Marxan.  
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3.3. RESPONSES TO DRIVERS OF CHANGE 

PLANT DISPERSAL STRATEGIES IN RELATION TO A CHANGING 

CLIMATE 

Fiona Thomson, PhD, University of New South Wales 

Timeframe: 2007 – 2010  

Supervisors: 

Professor Richard Kingsford, Australian Wetlands and Rivers Centre, UNSW 

A/Prof Angela Moles, School of BEES, UNSW 

Dr Tony Auld, Principal Scientist, NSW DECCW 

 

Objectives 

1. Identify current dispersal knowledge on how plants disperse in the Greater Sydney Region 

(Central Coast, Central Tablelands and GBMWHA). Predict species dispersal mechanisms from 

plant traits for species where dispersal knowledge is unknown; 

2. Identify the mean and maximum dispersal distances that seeds can obtain with particular 

dispersal mechanisms through a global cross-species analysis; 

3. Identify potential impacts of climate change on species with a poor dispersal mechanism (ant 

dispersal); and 

4. Identify the role spatial isolation plays on plant species composition for an endangered ecological 

community (hanging swamps). 

 
 

Methodology and Outcomes 

1. Approximately 63% of species in the Greater Sydney Region have no dispersal information. Data 

on dispersal mechanisms and plant traits of species in the Greater Sydney Region were collected 

from literature (n=687 species). Models to predict the dispersal mechanisms of species were 

created and validated on data from Australia and other regions (California and Switzerland). We 

found with up to 70% accuracy we were able to predict the correct dispersal mechanism for 
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species. We also found that ant dispersal is extremely common in the GBMWHA, and were able 

to show which families had gaps in their dispersal knowledge. 

2. Data on the seed dispersal distances (both mean and maximum) for species were collected from 

published literature for a global analysis (few studies have been conducted in Australia) (ca. 250 

species). Comparisons of the dispersal distances achieved for species with different dispersal 

mechanisms were done to gain estimates for potential dispersal distances of species in the 

GBMWHA. The relationship between seed mass and dispersal distance is also to be investigated. 

3. Ant dispersal in the GBMWHA at different elevations was examined, to gain a greater 

understanding of how this dispersal system works in this area, using a Wattle species (Acacia 

terminalis). Fieldwork includes observations of ant dispersal behaviour, seed predation trials, 

and ant community sampling. We found a significant difference in the seed removal agents at 

low elevation compared to high elevation sites.  

4. Seed from seeding species located in hanging swamps have been collected this summer. 

Vegetation surveys will be conducted at hanging swamps with varying degrees of isolation to 

assess how isolation alters the species present in the community.  

Management Implications 

A large database of plant species dispersal mechanisms in the GBMWHA has now been collected, 

and will be available for managers to access (after the completion of Fiona‟s PhD). This work has 

highlighted the need for basic plant trait information has yet to be collected for many species. The 

developed models can be used to gain estimates of the dispersal mechanisms of species in the 

GBMWHA and give estimates of the potential dispersal distances that species can reach. 

Under climate change ant community composition may alter at high elevations. The proportion of 

seeds dispersed by ants may increase for species at higher elevations. A possible implication of this is 

lower connectivity between plant populations for ant- dispersed species due to the low dispersal 

distances achieved by ants.  

Future Opportunities 

Understanding species movement or dispersal is extremely important for predictions of whether 

different species will be resilient to change. The plant dispersal distance and dispersal mechanism 

data collected can be used to estimate the dispersal distances that plant species may achieve in the 

GBMWHA. A natural extension of this work is to combine estimated mean and maximum dispersal 

distances achieved by plants‟ with particular dispersal mechanisms with bioclimatic envelope 

models. The combination of dispersal data with bioclimatic models would provide greater accuracy of 

predicted species movement and distributions under future climate change than bioclimatic models 

alone.  

The last aim of Fiona‟s PhD, identifying the role spatial isolation has on plant species composition 

for an endangered ecological community (hanging swamps), is expected to be completed by August 

2010. This work will provide information on the connectivity of hanging swamp plant communities 

within the GBMWHA, and how spatial isolation affects plant species composition.  
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Figures and Tables 

Figure 1. The number of occurrences for each dispersal mechanism type, wind, unassisted, water, 

ant, vertebrate-ingested, vertebrate-attached, vertebrate (ingested + attached), and ballistic, black 

bars are for all species with known dispersal mechanisms within the Greater Sydney Region 

(GBMWHA, Central Coast, Central Tablelands (n = 1176)), some species had >1 dispersal 

mechanisms. Grey bars represent the subset of species used in the modelling process (n = 687), 

species without all variables were excluded from model building. 

 

Figure 2. Global cross-species relationships between mean dispersal distance and dispersal 

mechanism (n = 340 species). Dispersal mechanisms include water, unassist (unassisted), ant, 

ballistic, wind, spit (carried in cheeks and spat out), cached (by vertebrates), attach (attached to 

animal) and ingestion (seed ingested by animal). 
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Table 1: Summary of dispersal mechanisms (DM) for the 10 largest families found in the Greater 

Sydney Region, with number of species with known DM, total number of species in the family, the 

percentage of species with known dispersal mechanism, count of DM in each family and the number 

of occurrences (or species) for each dispersal mechanism type (wind, unassisted, water, ant, 

vertebrate ingested, vertebrate attached, vertebrate both, and ballistic). 

Family 

Spp. 

with 

DM 

Total 

Spp. 

% 

Spp. 

DM 

# 

DM* 

Dispersal Mechanism Types 
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Fabaceae 117 308 38% 7 2 13 1 102 4 3 7 1 

Orchidaceae 37 275 13% 2 3 34 - - - - - - 

Myrtaceae 144 260 55% 5 95 63 1 7 4 - 4 - 

Poaceae 38 247 15% 3 9 11 - - - 21 21 - 

Asteraceae 91 188 48% 4 83 1 4 - - 9 9 - 

Cyperaceae 20 165 12% 3 - 11 1 8 - - - - 

Proteaceae 106 133 80% 4 47 29 - 34 24 - 24 - 

Rutaceae 59 91 65% 3 - - - 21 1 - 1 58 

Ericaceae 34 88 39% 5 2 8 1 11 20 - 20 - 

Lamiaceae 6 64 9% 3 - 2 - 2 2 - 2 - 

*Excluding the dispersal mechanism category “Vertebrate Both” 

† Vertebrate Both is a combination of the Vertebrate Ingest and Vertebrate Attach dispersal 

mechanisms 
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APEX PREDATORS ENDEMIC TO THE GBMWHA 

Jack Pascoe, PhD candidate, School of Natural Sciences, University of Western Sydney 

Timeframe: 2007 – 2011 

Supervisors: 

Prof Rob Mulley, School of Natural Sciences, UWS 

Dr Rosalie Chapple, Institute of Environmental Studies, UNSW 

Dr Ricky Spencer, School of Natural Sciences, UWS 

 

Objectives 

To measure the resource overlap and interactions between apex predators, both native and exotic, 

endemic to the GBMWHA across three niche dimensions – spatial (distribution), temporal (activity) 

and trophic (diet). 

Methodology and Outcomes 

The target species of the study include dingoes Canis lupus dingo / wild dogs  Canis lupus familiaris, 

foxes Vulpes vulpes, spotted tailed quolls Dasyurus maculatus, feral cats Felis catus, lace monitors 

Varanus varius and a number of raptors including the powerful owl Ninox strenua.  

Three study sites under investigation are Big Yango in Yengo National Park, the Wolgan valley in 

the Wollemi National Park and the Warragamba Special Area.  

A range of field techniques was used to determine the interactions that species within the carnivore 

assemblage have with each other and their prey. These techniques included sand pad monitoring (to 

determine activity of terrestrial species), remote cameras and owl call playback (detection of cryptic 

species), spotlighting (prey densities) and dietary analysis.  

Preliminary results indicate that the keystone predator, the dingo/wild dog, has a high degree of 

dietary overlap with the fox, and combined diet and passive activity index data suggests the dingo 

may act as a suppressant to fox populations. The fox also has high levels of diet overlap with the 

spotted-tailed quoll, which has already undergone significant range restrictions, and this may pose a 

threat to ongoing viability of this endangered species. Other vulnerable native species such as the 

powerful owl appear to avoid high levels of competition through niche differentiation. 

Management Implications  

A major concern for management of this area is that ongoing lethal control of dingoes/wild dogs at 

the edges of the GBMWHA may lead to population increases of exotic mesopredators and subsequent 

increase both competition and predation pressures on native predator and prey species respectively. 

Control methods which target foxes, mostly the laying of 1080 baits, also kill wild dogs, further 

altering the dynamics of apex predators. Again the result may be release of mesopredators such as 

the feral cat, which would alter the predation dynamics and competition pressures within an 

ecosystem.  
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Future Opportunities  

Due to difficulties in gathering ecological data on feral cats opportunities remain to investigate their 

impacts on sympatric native species. This research project has been entirely observational; an 

experiment removing a member of the predatory guild would provide further insight into the 

dynamics of mesopredator release in the GBMWHA. 

Figures and Tables 

Figure 1: Percentage of total diet (x axis) for each apex predator (y axis) by category; vegetation, 

reptile, bird, arthropod, small mammals (1-499g), medium mammal (500-6999g) and large mammal 

(7kg or more). This figure shows a tendency for wild dogs to consume larger prey than other species, 

whilst foxes and quolls both eat a broad range of mammalian prey. The powerful owl targets medium 

sized preys which are predominantly arboreal species.  

 

Table 1: Displays values of diet overlap, calculated from Piankas‟ niche overlap equation, between 

each pair of apex predators. The fox and dog show moderate overlap values, indicating possible 

competition for food resources. Levels of overlap between the fox and quoll are relatively high which 

raises concerns for populations of quolls where there distribution overlaps with that of the fox. The 

goannas and dogs also display a high level of overlap, this is most likely due to the fact that goannas 

are heavily utilising dog kills a part of their diet.  

  Fox Quoll Powerful Owl Goanna 

Dog 0.54 0.33 0.13 0.81 

Fox  0.86 0.36 0.71 

Quoll   0.59 0.73 

Powerful Owl    0.57 
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PREVENTING THE SPREAD OF LANTANA INTO THE UPPER 

MOUNTAINS 

Alex Gold, Masters of Philosophy, UNSW 

Supervisors: 

Dr Shawn Laffan, School of BEES, UNSW 

Dr Daniel Ramp, Australian Wetlands and Rivers Centre, UNSW 

Prof Richard Kingsford, Australian Wetlands and Rivers Centre, UNSW 

 

Background 

Invasive weeds inflict significant harm on native species, ecosystem processes, and natural 

disturbance regimes. When managing these weeds, some of the most useful tools are the outputs of 

predictive distribution models. As they supplement existing distribution data to assess where in the 

landscape is most susceptible to weed invasion, they allow for more efficient weed management 

because areas most suited to weed species may be targeted for control. 

 

Objectives 

The research sought to: 

1. Identify which environmental conditions suit weed species; 

2. Identify areas in the field containing such conditions; and 

3. Prioritise areas for monitoring and prevention. 

A focus on Lantana (Lantana camara sensu lato) was chosen because it: 

 Is a weed of national significance; 

 Is ranked as the worst weed in non-agricultural areas in QLD; 

 Has a tendency to form mono-specific stands, dominate understorey, significantly reduce 

biodiversity, and halt succession; and 

 Currently has a restricted distribution in Lower Mountains. 
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Methodology and Outcomes 

This research develops a habitat suitability model for the weed lantana in a portion of the Greater 

Blue Mountains World Heritage Area at present and under forecast warmer climates. Using a 

comprehensive weed mapping effort undertaken in 2001 and supplied by Blue Mountains City 

Council, generalised additive modelling techniques were used to identify which environmental 

variables are principally responsible for lantana‟s presence in the Blue Mountains. Temperature was 

found to be the most important factor limiting lantana‟s presence to the Lower Mountains, and as 

such it was unsurprising that when I simulated a 3ºC rise in temperature, the suitable habitat 

across the study area (the BMCC LGA plus a 2km buffer) increased from 15% to 58%. 

The weed was also found to pose an immediate threat to five threatened vegetation communities 

under NSW legislation (such as Shale/Sandstone Transition Forest) that are also locally rare in the 

Blue Mountains area. Thirteen native vegetation communities were found to have more than 20% 

suitable habitat for lantana at present and an additional three contained more than 80% suitable 

habitat after a simulated 3°C rise in temperature. Five of these communities are listed as threatened 

under relevant legislation and harbour at least 27 endangered species, placing additional urgency on 

their conservation. 

Management Implications 

As lantana is known to be one of the area‟s more damaging weeds, the research allows weed 

managers to stress the importance of their work so that their efforts can be maintained in the long-

term. In addition, the work presents an appendix that systematically lays out how lantana threatens 

each native vegetation community mapped by Council. The appendix is an easy-to-use reference for 

managers who want to know exactly how lantana may threaten one of Council‟s priority vegetation 

communities at present and under warmer climates.  It contains the area of the vegetation 

community threatened by lantana (in terms of % threatened over the entire urban/bush interface 

managed by Council) and the distance of the closest mapped occurrence of lantana to the vegetation 

community. Finally, the fieldwork on the project identified lantana occurrences either not mapped in 

the 2001 survey, or which have arisen since the survey, so their records may be updated. 

This research has successfully used modelling techniques to identify areas for targeted weed 

management integrated with biodiversity conservation. The methods are easily adaptable to other 

weeds and regions and could thus be used to illustrate the comprehensive threat weeds pose to 

Australia's biodiversity. 

Future Opportunities 

There is potential for lantana to be used to model how tropical weeds may invade Australia‟s alpine 

areas under warmer climates, and these methods may be used as a template to gain insight into how 

other relatively new arrivals may become nuisance weeds. 

The model itself could be improved through the use of more up-to-date survey efforts. In addition, 

because parameters were limited to the available environmental data, as more remote sensing and 

other activities are undertaken, they can easily be included to gain a better understanding of the 

weed‟s potential to spread through the GBMWHA.  
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Figures and Tables 

Figure 1 a-d. 

Habitat suitability maps for lantana within the prediction extent under present conditions (no 

temperature increase; a), and after increasing average maximum temperature by 1°C (b), 2°C (c), 

and 3°C (d). BMCC LGA is outlined in white. Suitability ranges from marginally suitable (blue; near 

the threshold of 0.1) to very suitable (red; approaching 1.0). Uncoloured areas fell below the 0.1 

threshold. 
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3.4. MODELLING ECOSYSTEM CONDITION & DRIVERS OF 

CHANGE 

PLANT COMMUNITIES WITH NOWHERE TO GO: NICHE MODELLING 

OF UPLAND WETLANDS 

Daniel Ramp and Evan Webster 

University of New South Wales 

Background 

Plant communities restricted to specific geological, geographic, climatic, or ecological conditions can 

lead a precarious existence, particularly when those conditions are rare or uncommon. Threatening 

processes can exacerbate the fragility of these ecosystems by directly impacting on their resilience. 

Often already listed as endangered, these communities face uncertain pressures from rapid climate 

change. 

 

Where plant communities have been mapped by aerial photographic interpretation (API), the 

question of interest is what environmental relationships explain community distributions and how 

might distributions change under pressure from threatening processes like climate change. There is 

a need to identify modelling approaches for situations where accurate information on community 

distributions is held (via API). This is particularly pertinent for plant communities that are 

restricted. 

Unlike much of the effort employed with habitat suitability models (HSMs), the focus here is not the 

prediction of community or species distributions in the landscape. The utility of employing HSMs for 

restricted communities is the identification of spatial patterns of risk. In this case, we define risk as 

the probability of the environmental conditions of a land unit moving outside the realised niche of 

the plant community occupying that land unit. Here „risk‟ does not imply the loss of the plant 

community from the land unit, but rather the potential for the degradation of ecological functions, 

susceptibility to invasion and species loss, leading to reduced biodiversity, or else transition to other 



 March 2010 

Managing for Ecosystem Change – Final Report 51  

plant communities. At the very least it provides conservation managers with the ability to identify 

hotspots of potential concern and therefore allocate and prioritise expenditure accordingly. 

Objectives 

Here we developed an approach for assessing spatial patterns in changes to environmental niches 

under climate scenarios for restricted plant communities. As an example, we focused on an 

endangered ecological community, upland swamps (also known as hanging swamps), which are 

restricted to specific geological, environmental and climate conditions. 

Methodology and Outcomes 

Using previously mapped locations we constructed a model of the current environmental niche for 

this plant community and simulated three climate scenarios for two future time periods. 

Management Implications 

We identified spatial patterns in those patches that reside outside the current environmental niche 

and made suggestions for targeting future resources to risk hotspots to maximise long-term 

resilience in this plant community across its distribution. 

The degree to which contiguous land units move outside the environmental niche over time under 

different climate scenarios can provide managers with a valuable assessment of risk. Depending on 

the ramifications for a particular hotspot of risk, managers may be able to allocate spending to 

mitigate or ameliorate impacts at those locations, and therefore maximise the potential of funding to 

create resilience. 

Figures and Tables 

Table 1. Predicted percentage change of upland swamps within a suitable environmental niche for 

three climate scenarios and two time periods(with reference to their current distribution in 2000). 

 2030 2050 

Scenarios Suitable Threatened Suitable Threatened 

B1 1.1 5.3 1.2 11.0 

A1B 1.1 7.0 1.1 14.7 

A1FI 1.6 10.8 0.9 28.0 
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Figure 1. Comparison of mean p values over time for unrestrained upland swamp predictions. 

 

Figure 2. Number of upland swamps within a suitable environmental niche (with average restrained 

p values above 0.012). 
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Figure 3. Kernel densities of swamps within suitable environmental conditions (blue) or outside the 

realised environmental niche (red) for three climate change scenarios for two time periods, with 

reference to current predictions (g). Region of interest is the BMCC local council area plus a 5 km 

buffer area. 
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POISSON POINT PROCESS MODELS SOLVE THE “PSEUDO-ABSENCE 

PROBLEM" 

Leah Shepherd, Honours, University of New South Wales 

Timeframe: 2008 (completed)  

Supervisor: 

Dr David Warton, School of Mathematics and Statistics, UNSW 

Objectives 

Maps of species' distributions are often constructed using presence-only data - data from herbarium 

records or atlases. However, methods currently used in ecology have weaknesses in model 

specification, implementation, and interpretation. We explored the potential applicability of Poisson 

point process models as a potential solution to the problems encountered by existing methods. 

Methodology and Outcomes 

Point process models provide a framework which solves the problems described above for current 

methods of presence-only species distribution modelling in ecology. We also showed that Poisson 

point process models are equivalent to pseudo-absence logistic regression if pseudo-absences are 

selected in a certain way - although unfortunately, not in the way they are currently used. These 

results have been accepted for publication in Annals of Applied Statistics, a top international 

statistics journal. 

Management implications 

When constructing a map to predict the distribution of species, new methods are available which can 

improve upon existing approaches, providing easier-to-interpret maps which better reflect where a 

species actually occurs. We have applied this method to predict the distribution of two Eucalypt 

species in GBMWHA, and have created software that can be used to create similar maps for any 

species. 

Future Opportunities 

The methodology could be extended in a few different ways: to include LASSO penalties (as in 

MAXENT) to further improve predictive performance, which we are currently working on. It could 

also be extended to the multivariate setting, so that we can make predictions from herbarium 

records about community structure (simultaneously across all species) rather than building maps 

separately for different species. 

We could use these models to: 

1. Project the effects of climate change on species distribution; 

2. Predict the potential long-term effects of changing fire management strategies on species 

distribution; 

3. Map biodiversity patterns (after simultaneously fitting such models across all spp); or 
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4. Study what are the main environmental correlates of species distribution, hence identify 

species likely to be sensitive to environmental change. 

Figures and Tables 

Figure 1. Map of the intensity (i.e. expected number of Atlas presences per square kilometre) for 

Angophora costata within 100 km of the GBMWHA. 
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REPRESENTATION OF DIVERSITY IN THE MYRTACEAE AND 

FABACEAE 

Daniel Ramp and Evan Webster 

University of New South Wales 

Background 

To protect reserves from anthropogenic drivers, managers must have spatially-explicit information 

on the condition and extent of biodiversity their reserves contain, how drivers, in concert and singly, 

affect different parts of the reserve, and how this information can be used to develop remedial action 

and then monitored. Although inventories of species composition and configuration are often 

dispersed and collected in an inconsistent manner, this fine-scale information is an integral 

component of ecosystem condition. Information on richness, endemism, abundance, functional groups 

and dispersal, as well as information on anthropogenic drivers and management policies, are vital. 

Objectives 

The most effective test of how changes in climatic and environmental conditions will affect species is 

through the identification of thresholds which limit growth, reproduction, and dispersal. This 

information is difficult to obtain and ecologists increasingly rely on correlations of environmental 

conditions with the geographical distribution of a species to infer suitable habitat. Habitat suitability 

models (HSMs), constructed around these correlations, are used to infer suitable environmental 

locations for growth, reflecting the „Grinnellian‟ ecological niche. Without examining the capacity for 

positive growth under a wide range of conditions, HSMs are restricted to predicting the „realised‟ 

niche, rather than a species‟ „fundamental‟ niche. Conjecture surrounds the importance of the 

realised niche and its utility in mapping potential shifts in species distributions, as long term studies 

are lacking. Despite this, niche modelling is used widely and remains a valuable tool for conservation 

planning and monitoring. 

              

Here the objective was to develop realised environmental niche models for key surrogates of 

biodiversity. We chose to focus on all 651 species in the plant families Myrtaceae and Fabaceae. The 

high Eucalyptus species diversity in the WHA was one of the key reasons this WHA was listed. The 
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Fabaceae are a key diverse family involved in nitrogen cycling in the WHA. Mammal diversity is also 

a key aspect of biodiversity, and there are many threatened species in the WHA. 

Methodology and Outcomes 

Using plant survey data contained in the NSW DECCW database called „YETI‟, cover information 

was obtained for over 70,000 locations within a 100 km buffer zone around the GBMWHA. 

Individual species distribution models were created for all species at a resolution of 25 m 

(encompassing over 200 million cells). Values for each cell were used to calculate Simpson‟s Diversity 

(which takes into account the number of species present, as well as the relative abundance of each 

species) across the region. High values of Simpson‟s Diversity index equate to low diversity, while 

low values equate to high diversity. Maps of diversity were created for both plant families (Figures 1 

and 2). 

To evaluate how diversity in these plant families might change, we simulated a range of IPCC 

climate scenarios and changes to fire frequency and areas across the landscape. We predicted shifts 

in environmental niches of all species and recalculated diversity (Figure 1b). 

Simulations of scenarios over time were implemented into a Google Earth tool for manipulation from 

a web browser (Figure 3). This was done to enable the Partners and community to view projections 

and zoom-in on areas of interest. 

Poor environmental conditions for diversity were observed to increase in along valley floors, 

particularly in the upper Hunter. 

Management Implications 

Long-term successful management of biodiversity in a large reserve system like the GBMWHA 

depends on the quantification of the spatial and temporal extent of pressure from drivers of change, 

followed by targeted management. Understanding trends and interpreting forecasts in the context of 

species, populations, communities and ecosystem processes and their management are important for 

effective conservation of biodiversity. Ultimately, any management framework must incorporate 

current information (monitoring) and future scenarios to effectively decide on the best and most cost-

effective management. 
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Figures and Tables 

Figure 1. Map of species diversity for plant species in the Myrtaceae family within 100 km of the GBMWHA, for (a) the year 2000 and (b) 

2050 under IPCC scenario A1FI. High values of Simpson‟s Diversity index equate to low diversity, while low values equate to high 

diversity. 
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Figure 2. Map of species diversity for plant species in the Fabaceae family within 100 km of the 

GBMWHA. High values of Simpson‟s Diversity index equate to low diversity, while low values 

equate to high diversity. 
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Figure 3. Screen-grab of website showing simulation of species diversity for plant species in the Myrtaceae family within 100 km of the 

GBMWHA under a range of IPCC scenarios.  
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MODEL SELECTION FOR PREDICTING THE IMPACTS OF CLIMATE 

CHANGE ON COMMUNITIES 

Ian Renner, PhD, School of Mathematics and Statistics, UNSW 

Timeframe: 2009-2012  

Supervisor: 

Dr. David Warton, School of Mathematics and Statistics, UNSW 

Objectives 

My PhD involves exploring different methods for choosing which variables to include in a statistical 

analysis of species distribution with presence-only data. This is referred to by the statistical 

community as “model selection”. I hope to publish results establishing the equivalence of three 

currently used methods across various disciplines (maximum entropy, logistic regression and Poisson 

point process models) and extend the results to the analysis of entire communities of species. 

Methodology and Outcomes 

I have begun my work by examining the problem of determining which variables to include when 

mapping the distribution of a single species, and how to develop a statistical model with these 

variables. Existing popular techniques for species distribution mapping have come from the ecology 

literature (logistic regression with pseudo-absences) and the machine learning literature (maximum 

entropy). However, both of these methods have significant drawbacks, including the interpretability 

of the model output and its dependence on spatial resolution. Interestingly, both of these methods 

are theoretically equivalent to Poisson point process modelling, a method that has been used in the 

statistical literature and whose implementation can clear up the shortcomings of the other methods. 

Management Implications 

Improved model selection techniques allow for more accurate maps of species distributions. In 

addition, they provide insight about how a species responds to the environment and hence how it 

might respond to a changing environment (e.g. predicting climate change impacts). An extension of 

these methods to modelling a community of species could provide useful information for conservation 

of entire ecosystems. 

Future opportunities  

I plan to evaluate these model selection methods and others through simulation as well as explore 

methods for estimating standard errors of predicted values and parameter estimates. Extending 

these methods to model entire communities is another avenue I would like to take  
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3.5. ADAPTIVE MANAGEMENT 

MANAGEMENT OF DRIVERS OF ECOSYSTEM CHANGE IN THE 

GBMWHA 

Rosalie Chapple, Daniel Ramp, Richard Kingsford, John Merson, Ross Bradstock, Tony Auld, Peter 

Fleming and Robert Mulley 

Background 

This is a summary of a paper in review for journal publication. 

Management of large protected conservation areas presents a wide range of challenges. We 

examined some challenges in the context of the GBMWHA. Multiple government agencies are 

involved in its management, and decision-making is complicated by numerous plans of management 

and competing values and goals, reflecting the different agency responsibilities. The conservation of 

biodiversity in the WHA, given underlying management complexities and increasing environmental 

threats, requires transparent linkage between science and policy and an improved adaptive learning-

by-doing framework. 

     

Objectives 

The paper explores the decision-making frameworks for integrating knowledge relating to 

management of fire and vertebrate pests, as two key drivers of ecosystem change in the GBMWHA,. 

The legislative basis for their management is summarised in Tables 1 and 2. 

Management and decision-making are described in terms of: 

1. Goals, values and conflicts; 

2. Policy and legislation, and those agencies responsible for its implementation; 

3. The knowledge base and management trends; and 

4. Knowledge uptake and adaptive management 

  



 March 2010 

Managing for Ecosystem Change – Final Report 63  

Management Implications 

While World Heritage status for the Greater Blue Mountains is awarded on the basis of its 

biodiversity values, economic and political imperatives appear to dominate management of fire and 

pests in the GBMWHA more often than the biodiversity imperative. The lack of sufficient priority 

being given to biodiversity in management of these drivers of ecosystem change may be primarily 

due to a lack of financial resources as well as an insufficient knowledge base for management, 

particularly a lack of knowledge about the biodiversity impacts of fire regimes and pests. For the 

biodiversity imperative for control of these drivers of change to compete sufficiently with the 

economic and political imperatives, monitoring needs to clearly document the biodiversity outcomes 

of management actions. 

Another key issue is the lack of clearly defined management objectives – existing broad management 

questions are insufficient to effectively guide the process of knowledge uptake. While building the 

knowledge base for management of fire and pests is essential, it is equally important that a 

framework for knowledge uptake is developed. Development of an adaptive management framework 

with clearly defined management objectives can provide for integration of new knowledge and new 

decision-making mechanisms for fire and pest species. This can assist in dealing with uncertainty 

through an effective system of monitoring in relation to existing strategies. A framework is 

important that can link high-level goals across different aspects of management (e.g. fire and pests, 

along with socio-political goals) with on-ground monitoring that feeds back to management actions. 

The recent integration of eight protected reserves under a single umbrella of a World Heritage Area 

brings the opportunity for management of the eight reserves to be integrated under a comprehensive 

management framework based on adaptive management principles. This evolution in management 

by the network of land management organisations involved in the GBMWHA would involve cultural 

change that embraces objective knowledge development, respect for shared values, and an effective 

communication interface between organisations, policy makers and the public. 
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Figures and Tables 

Table 1. Legislative basis for vertebrate pest management in the Greater Blue Mountains. 

Institution Legislation Managemen

t plan 

Goals Response 

variable* 

Values* 

New South 

Wales (NSW) 

Department 

of 

Environment 

& Climate 

Change 

(DECC) 

NPW Act 

1974 

Threatened 

Species 

Conservatio

n Act 1995;  

Rural Lands 

Protection  

Act 1998 

Pest 

Management 

Strategy for 

each of 3 

regions 

Fox threat 

abatement 

plan 

To reduce adverse 

impacts of pests on 

native flora and 

fauna;  To reduce 

numbers of pests to 

protect 

agricultural 

production  

Number and 

impact of 

pests; 

Numbers of 

pests and 

agricultural 

impacts 

Biodiversity; Agricultural 

production; Neighbour 

relations 

Sydney 

Catchment 

Authority 

 Warragamba 

Special Area 

Pest 

Management 

Plan 

Protect water 

quantity and 

quality 

Water 

quantity 

and quality 

Water quality 

Blue 

Mountains 

City Council 

(BMCC) 

Environmen

tal Planning 

& 

Assessment 

(EP&A) Act 

1979;           

TSC Act 

1995; NPW 

Act 1974 

Blue 

Mountains 

Local 

Environment 

Plan 1991; 

BMCC 

Management 

Plan 

No specific pest 

management goals 

Public 

satisfaction 

Public perception 

NSW 

Department 

of Primary 

Industries 

(DPI) 

Rural Lands 

Protection 

(RLP) Act 

1998;        

Game and 

Feral 

Animal 

Control Act 

2002 

 To reduce adverse 

impacts of pests on 

agricultural 

production; To 

reduce adverse 

impacts of pests on 

environmental 

values 

Agricultural 

producer 

satisfaction 

Agricultural production; 

Sustainable use of 

natural resources; 

Stakeholder capacity 

building 

Rural Lands 

Protection 

Boards 

(RLPB) 

RLP Act 

1998; Game 

and Feral 

Animal 

Control Act 

2002 

Moss Vale 

RLPB 

Strategic 

Directions 

2006–2011 

To be the accepted 

first contact for all 

pest animal issues 

and to provide pest 

animal services to 

all stakeholders in 

Moss Vale RLPB 

district 

Agricultural 

producer 

satisfaction 

Agricultural production;      

Human safety; Neighbour 

relations; Wildlife 

protection 

Game 

Council NSW 

(statutory 

authority of 

the NSW 

Parliament) 

Game and 

Feral 

Animal 

Control Act 

2002 

n/a To help reduce the 

impacts of 

introduced pest 

and feral animals 

on natural & 

agricultural 

environments 

Number & 

impact of 

pests on 

nature & 

agriculture 

Recreation; Conservation 

hunting 

* Derived from authors‟ assessment as not provided in statutory documents 
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Table 2. Legislative basis for bushfire management in the Greater Blue Mountains. 

Institution Legislation Management 

plan 

Goals Response 

Variables* 

Primary 

values*  

NSW Rural 

Fire Service 

(RFS) 

Rural Fires Act 

1997 

District 

Bushfire 

Management 

Committee 

(BFMC) Risk 

Management 

Plans  

The protection of life, 

property and the 

environment within the 

community. The 

protection, maintenance 

and wherever possible, 

the enhancement of the 

natural and cultural 

values of the area 

through appropriate fire 

regimes 

Frequency 

and 

intensity of 

fire at the 

human/urba

n interface 

Human and 

asset 

protection 

NSW 

Department of 

Environment & 

Climate 

Change 

(DECC) 

Rural Fires Act 

1997, NPW Act 

1974,      TSC 

Act 1995 

Fire 

Management 

Strategies for 

each of 8 

reserves 

Protect persons and 

property, in, or adjacent 

to the Reserve from 

bush fires affecting the 

Reserve. Manage fire 

regimes to protect water 

quality and the natural 

biodiversity of the 

Reserve and avoid the 

extinction of any 

species. Minimise the 

risk of arson in the 

Reserve. Minimise the 

spread of unplanned 

fires within, from or into 

the Reserve. Protect the 

Reserve‟s Aboriginal 

sites, historic places and 

culturally significant 

features from damage 

by bush fires. Minimise 

the effect of bush fire 

management on the 

local economy 

Distribution 

of fire 

across 

landscape 

Biodiversity 

protection 

Sydney 

Catchment 

Authority 

(SCA) – fire is 

jointly 

managed with 

DECC 

Sydney Water 

Catchment 

Management Act 

1998 

Special Areas 

Fire 

Management 

Operations 

Plan; Water 

Quality Risk 

Management 

Framework 

Maximise protection of 

water quality and 

ecosystem integrity 

Water 

quantity 

and quality 

Water 

protection 

Blue 

Mountains City 

Council 

(BMCC) 

Crown Lands 

Act 1989,  Local 

Government Act 

1993,  TSC Act 

1995 

BM Bushfire 

Risk 

Management 

Plan 

The protection of life, 

property and the 

environment within the 

community. The 

protection, maintenance 

and wherever possible 

the enhancement of 

natural and cultural 

values through the 

management of 

appropriate fire regimes 

Frequency 

and 

intensity of 

fire at 

human 

interface 

Human and 

asset 

protection 

* Derived from authors‟ assessment as not provided in statutory documents 
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6. CONCLUSION AND ONGOING CHALLENGES 

The Greater Blue Mountains World Heritage Area (GBMWHA) is an important refugia for 

biodiversity, hence its recognition for listing as World Heritage. Like all natural areas, it will have to 

adapt to change, especially the stresses brought on by climate change. These „drivers of change‟ are 

something all those involved in management of the WHA will have to deal with and manage for. We 

must model projections of what might happen, based on the best available data, and plan for the 

future on the basis of these projections. 

Drivers of change are of course increasing temperatures, decreasing rainfall (but greater variability 

in how this might fall), greater evaporation, and increased fire. These will affect other impacts such 

as Phytophthora dieback and other diseases that affect ecosystem health. The core of this project was 

the development of computer models that could project changes for species and ecosystems into the 

future. It was impractical to model all species, and originally it was planned to look for „bio-

indicators‟ that might show change. However it can be hard to find meaningful indicators for these 

drivers of change. Instead „surrogates‟ of species and ecosystems were used. For species the 

surrogates were the entire species within the families Myrtaceae and Fabaceae, and all mammal 

species. Together this represented 700 species for which change was modelled. This is a substantial 

outcome; especially given the eucalypts in the Myrtaceae were one key reason why the Blue 

Mountains region was listed for World Heritage. For ecosystems, the surrogate used was upland 

swamps. These are a listed as an Endangered Ecological Community under the EPBC Act and 

vulnerable under the TSC Act. They are also a highly productive community that regulates water 

flow to streams in the WHA, and thus they are a good surrogate for what might happen to other 

ecosystems under climate change. A key outcome for this project was the development of a swamp 

modelling tool for climate change scenarios in the future.  

Several research projects were carried out as part of the overall Managing Ecosystem Change 

project. These included five PhDs, one Masters, one Masters by course work, and two Honours, as 

well as research projects by principal investigators from the universities. These provided knowledge 

relevant to reserve design, ecological representation, invasive weeds, threatened communities, 

ecosystem modelling, and adaptive management. All of the PhD projects are still continuing. 

Like all research projects, this one has raised as many questions as it has answered. These other 

questions also need to be addressed, and it is hoped that the research undertaken through the 

Managing Ecosystem Change project will serve as a launch-pad for further useful research. While 

scientific research has value in terms of the new knowledge found, for the WHA it is most important 

in terms of how it informs future management. The concept of adaptive management is thus directly 

relevant for this project, but also for the management of the WHA in the future. 

In terms of adaptive environmental management, during the project there was discussion about the 

implementation of this concept, with considerable support from stakeholders. There was discussion 

about directions in terms of implementation of adaptive management within the reserve system and 

parallel work on the Macquarie Marshes Nature Reserve. A number of institutional and 

implementation challenges were identified. In particular these revolved around the interaction 

between an Adaptive Management Plan and the statutory reserve management process. More 

targeted workshops occurred using the Macquarie Marshes as a potential case study on how an 

Adaptive Management Plan might be implemented. The complexity of the WHA, the many 
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stakeholders, potential expectations and lack of resources meant that the Macquarie Marshes was 

seen as a good first site to trial adaptive management. Following a number of meetings with staff of 

the conservation agency (up to the highest levels of the Executive), a decision was made late last 

year to trial implementation of adaptive management planning in the Macquarie Marshes as a case 

study. This is now underway and is an opportunity to establish the efficacy of adaptive management 

planning within the conservation agency. Depending on the success or otherwise (over the next six 

months), there should be opportunities for more institutional support that will be highly relevant to 

the management of the Greater Blue Mountains World Heritage Area. 

The Blue Mountains World Heritage Institute (BMWHI) recognises that information access is an 

ongoing issue in regard to „Managing Ecosystem Change‟. BMWHI is keen to ensure the maximum 

delivery of outcomes to land managers from this project. Some of the modelling tools developed 

through this research program are accessible by research partners online. However, the full 

modelling capacity requires a powerful computer, which most research partners (to date) do not 

have. This means that much of the capacity developed is currently physically present at UNSW. 

BMWHI is keen to act to ensure that this useful modelling capacity is made use of, but also 

expanded in the future. All stakeholders will have to prepare and plan for future stresses on the 

WHA, and the modelling capacity developed is a useful tool to assist land managers to do this. 

Accordingly we have submitted a grant application to the Environmental Trust Research Program, 

which focuses on the upland swamps and how to best utilise the capacity developed through this 

project to deliver a „Decision Support Tool‟ to manage these in a climate change world.  

It is important that the modelling capacity developed through this program is used (and expanded) 

to assist in management of the WHA. This is already happening, with research ongoing through PhD 

students and a recently begun ARC project involving Sydney Catchment Authority and NSW 

DECCW. Another recent example is its planned use in a PhD (Sydney University) to model 

Phytophthora spread in the WHA in response to global warming. The Managing Ecosystem Change 

project has been a learning experience for all those involved. It has involved managers, universities, 

and catchment authorities, with BMWHI seeking to act as the „knowledge broker‟ that promotes 

adaptive management through the knowledge gained. While a great amount of work was done (and 

knowledge gained) some objectives exceeded expectations while others (for a variety of reasons) did 

not completely meet the planned objectives. Such is the nature of research. However the capacity to 

do this now exists at the University of NSW, and BMWHI is keen to act as a catalyst to help this to 

be made use of (and expanded) to assist land managers in the future management of this 

outstanding World Heritage Area. 


