ARC Centre of Excellence for Coral Reef Studies

Strategic Plan

Innovative science for sustainable use of coral reefs

Overview

This plan is intended to guide Centre activities for the next 2 to 3 years and be focused and achievable.  It has two components:

The Centre’s business plan addresses our overarching goals and the way we do business.
The research plans set out the priorities of each of the Centre’s Research Programs.
Vision
By 2010 to be recognized as the world leader in research and graduate training to provide the scientific knowledge necessary for coral reef managers to conserve, manage and restore the world’s coral reefs.  

Mission

The Centre’s mission is to capitalise on bringing together the world’s leading coral reef scientists to create an integrated research framework to address regional and global issues and knowledge gaps in coral reef science and management.

Guiding Principles

In pursuing our vision, we will be guided by the following principles:

Quality: We are committed to innovative research that is of the highest quality in the international arena

Scale and Focus: We will integrate existing research and build new research strengths

Co-operation: We will increase co-operation across institutions, research programs, organisations and the wider community

Communication: We believe that effective communication is essential for the Centre to be successful.

About the Centre

The ARC Centre of Excellence for Coral Reef Studies was established in January 2006 under the Australian Research Council Centre of Excellence program.  The Centre is a partnership of James Cook University, the Australian Institute of Marine Science, The Australian National University, the Great Barrier Reef Marine Park Authority and The University of Queensland with links to twenty four other institutions in nine countries.  It brings together a multidisciplinary team of leading scientists with a balance of University-based researchers, collaborating organizations and distinguished overseas partners, in addition to strong linkages with Industry partners and end-users.  

The Centre’s research program comprises 5 themes:

1. Evolutionary and environmental change 

2. Understanding and managing coral reef biodiversity 

3. Marine reserves and reef connectivity

4. Genetic, molecular and physiological processes

5. Resilience of linked social-ecological systems

ARC Centre of Excellence for Coral Reef Studies Organisational Chart



Goals and Strategies

	1. Research
Our research is world-best, innovative, and highly relevant to coral reef science and management

	3. End-user linkages
Transfer of our knowledge, technologies and research outcomes to end-users, industry and the wider community promotes co-operation and improves the management of coral reefs
	5. Management and Governance
Centre management is collaborative, co-operative multi-institutional, communicative and continuously improving

	1.1 Publish in high impact journals

1.2 Assess coral reef information needs, knowledge gaps and priorities through consultations with partners and stakeholders to direct research

1.3 Integrate existing research programs and build new ones

1.4 Build on the Centre’s research capabilities through collaborating with and recruiting researchers with complementary expertise

1.5 Recruit high quality personnel to postdoctoral positions

1.6 Conduct Working Group “think-tank” meetings on important research issues
1.7 Conduct annual open days to enable Centre researchers to present and discuss their research
1.8 Undertake annual reviews of research program performance
	3.1 Establish governance, planning & management structures that engage end-users
3.2 Develop a website to disseminate Centre activities and improve public education 
3.3 Utilise existing memberships, and increase representation, on committees & organisations 
3.4 Undertake workshops, briefings & staff exchanges with end-users & industry partners

3.5 Develop rigorous media strategies to promote Centre outputs and activities

3.6 Present outcomes from research at conferences and seminars
3.7 Produce and disseminate publications promoting the Centre’s activities

3.8 Hold an annual public symposium

3.9 Utilise partner open days to promote the Centre

3.10 Develop a coral reef portal
	5.1 Rotate research and management meetings at Centre nodes 

5.2 Improve access to key infrastructure and resources across Centre nodes

5.3 Encourage cross-institutional training and supervision of students
5.4 Promote collaborative research projects and grant applications
5.5 Identify and develop internal communications mechanisms to inform staff of Centre activities
5.6 Deploy planning systems which are responsive to changing needs of staff and students

5.7 Ensure Centre management systems are continuously improving
5.8 Establish effective quality assurance mechanisms for research programs & operations

5.9 Undertake an external review in mid 2007

	2. Research Training & Professional Education

We attract and train outstanding coral reef scientists


	4. National and International linkages

The Centre’s networks represent a global hub for coral reef science collaborations
	6. Commercialisation
Commercialisation activities extend knowledge transfer

	2.1 Target marketing to increase graduate enrolment

2.2 Identify priority areas to develop an international agenda for education and training

2.3 Mentor and train postdoctoral appointments

2.4 Establish a Student Committee to liaise with management on their training and development

2.5 Undertake student workshop and courses to enhance skill development and networking
2.6 Develop a student corner on the Centre website to allow students to promote their research 
2.7 Undertake student mentoring activities
2.8 Promote student research outputs through wide media exposure

2.9 Promote national and international exchanges
	4.1 Establish new, and build on existing, national and international research collaborations
4.2 Develop formal partnerships with national and international research organisations
4.3 Increase participation in international research programs, networks and working groups
4.4 Increase linkages to world-wide coral reef management agencies
4.5 Increase representation on international boards, committees etc
4.6 Host overseas visitors, encouraging travelling sabbaticals at multiple nodes

4.7 
	4.1 Increase research income from all sources through grant applications, direct approaches to organisations and commercialisation activities
4.2 Generate and respond to educational export business opportunities, especially the provision of training
4.3 Develop opportunities for consultancies, projects and contract research 

4.4 Develop the capacity for niche marketing in environmental management, resource development and management-support issues

4.5 Encourage entrepreneurial activities among staff



	Key Result Area
	Performance Measure
	Target

	Research
	Quality of publications
	5 publications per annum in journals with impact factor 4 (or above) for the first two years, increasing to 8 per annum for years 3 and 4, and 10 publications in year 5.

	
	Number of publications
	Initial target of 50 per annum rising to 100 by year 5.

	
	Number of citations
	250 in year 1, increasing to 500 by year 5.

	
	Invitations to address and participate in international conferences
	5 per annum.

	
	Invitations to provide review articles
	3 per annum.

	
	Number and nature of commentaries about the Centre’s achievements
	50 in year one, increasing 20% per annum.

	
	Level of recognition
	2 awards per annum increasing to 5 per annum by year 5.

	Research training and professional education
	Number of postgraduates enrolled
	50 over 5 years

	
	Number of postgraduate completions
	50 over 5 years

	
	Number of Honours students
	50 over 5 years

	
	Number of professional workshops
	2 per annum

	
	Participation in professional workshops
	2 per annum

	
	Number and level of student courses and workshops in the priority area(s) 
	6 per annum

	Linkages
	Number of international visitors
	10 per annum

	
	Number of national and international Working Groups
	3 per annum increasing to 5 per annum by Year 5.

	
	Number of visits to overseas laboratories and research facilities
	12 per annum

	
	Nature and extent of international engagements
	7 requests per annum  

	
	Number of co-authored publications
	10 in year one through to 30 in year 5. 

	
	Number of co-operative supervisory arrangements
	Initially 5 increasing to 10 by year 5.

	Commercialisation
	Number & nature of contractual arrangements (commercialisation and consultancies)
	Of graduate enrolments 10 over the 5 years will be funded from overseas sources

2 contracts per annum.

	
	Number of government, industry and business briefings
	5 briefings per annum, increasing to 10 by year 5.

	
	Number of Centre trained/ing personnel in knowledge and technology transfer and  commercialisation
	1 in year 1 through to 3 in year 5. 

	
	Number and nature of Public Awareness programs
	2 events per annum initially, increasing to 4 by year 5.

Web hits to the Centre home page of 2000 per month initially, increasing to 5000 per month by year 5.

	Management
	Effectiveness of arrangements to manage Centre nodes
	75% of meetings, visits and retreats are held in accordance with cross-nodal attendance

	Growth
	Level of Funding
	Additional funding of $100,000 sources in year 1 increasing by 20% per annum


Key Performance Indicators

Research Program 1: Evolutionary and Environmental Change 
Description: 

Coral reefs are subject to increasing threat from the degradation of their marine environment which is occurring at an unprecedented rate, on both local and global scales. Locally, landuse changes in river catchments, wetlands and estuaries is leading to increased supplies of sediment and nutrients to coral reefs, which together with pressures from activities such as trawling and overfishing, can lead to an evolutionary trajectory that may ultimately result in an abrupt phase shift from a coral to a macroalgae dominated ecosystem.  On  global scales, extreme climatic events caused by increased sea surface temperatures together with rising carbon dioxide levels from fossil fuel burning is resulting in an increased frequency of mass coral bleaching such as occurred in 1998, and a concomitant decrease in the rates of coral calcification. Understanding the processes that are driving changes at both local as well as global scales is thus essential for the development of optimal strategies to ensure the long-term sustainability of coral reefs. 
Knowledge of the past improves our ability to understand both the present as well as to help predict future consequences of human impacts, and rapid climate change. Studies of coral reef systems and their environments prior to the impact of human civilisations provides a ‘natural’ baseline against which anthropogenic changes can be compared and assessed. Our group is developing novel methods for studying past environments and assessing rates of evolutionary changes in coral reefs. We are identifying the mechanisms via which local and global changes in the marine and adjacent terrestrial environments are causing reductions in coral reef biodiversity and ecosystem function. Together with our ecological studies and physiological processes underlying reef stress, this broad approach provides the Centre with a unique perspective on environmental change and how it impacts community structure and longer term evolutionary dynamics of coral reefs on timescales that ranges from centuries to millennia.
The core issues in Program 1 for the next three to four years are:

1.  Long-term records of human-coral reef interactions.  This is being approached from a number of avenues using: a) Innovative technologies based on coral based proxy records to understand the relationship between landuse changes in river catchments and estuaries and their impact on coral reef environments.  Records of anthropogenic induced changes in water quality will be assessed using the geochemistry of long-lived (200-400 year old) coral carbonate skeletons. The question of ‘shifting environmental baselines’ will be directly addressed  in the Great Barrier Reef  using coral records that preserve environmental information prior to, immediately following European settlement, as well as from recent initiatives such as the ‘Reef  water Quality Protection Plan.  b) Together with program 5, data is being assembled from a range of sources from before the arrival of humans to the present (including Quaternary fossil deposits (past 2MA), of coastal archaeological records (past 6000 years), historical documents, fisheries records and modern ecological studies) to help quantify human impacts and explore management options.
2.  Impact of global climate change on coral reefs.  Greenhouse warming is not only increasing average global temperatures, but also resulting in more frequent extreme climatic events such as droughts, cyclonic activity and higher peak summer temperatures, the latter responsible for mass coral bleaching. Furthermore, rising atmospheric CO2 levels and a decreasing buffer capacity of surface ocean water is leading to a rapid decline in carbonate ion concentrations and hence decreased rates of coral calcification. The effects of these changes on coral reefs will be studied together with the possibly more positive aspects of climate change, such rising sea levels and increased winter sea surface temperatures in sub-tropical regions. Two sub-programs will focus on (a) The application of cutting-edge isotopic and trace element technologies to determine longer-term frequency of coral bleaching events and changes reef water acidity and coral calcification that have occurred prior to and during our current industrial era. This will be complemented by the development of models to test adaptive responses to climate change and optimise management strategies and carbonate H. b) The second program will focus on the palaeo-ecology of coral reef assemblages over the past 400,000 years and their response to previous episodes of global climate change.  We will examine for example the Last Interglacial (~125,000 yr) coral reef assemblages that occur along the coastline of Western Australia, an era characterised by both  higher temperatures and sea levels.

 3. Evolutionary dynamics of coral reefs.  We will examine the fossil record of morphometric and molecular-based phylogenies of functional groups of fishes, corals, coralline algae and zooxanthellae.  Variations in these characteristics will be used to assess the evolutionary response of coral reef ecosystems to environmental changes occurring over longer ‘geologic’ time-spans.

	Goals


	Strategies


	Personnel


	Resourcing


	Performance



	Understand how interactions between coral reefs and their adjacent terrestrial environments have been influenced by anthropogenic landuse changes. 

	Undertake fieldwork in the Great Barrier Reef and later in developing countries to assess how various types of human landbased activities have affected the water quality of coral reefs and their subsequent ecosystem development

Appoint Post Doctoral Fellow to undertake new activities. Host Working Group meeting yr 2 and 4 


	McCulloch, Lough, Hoegh-Guldberg, Anthony Post  Doctoral Fellows and students
	Centre funding from researchers for primary research.

 Joint AIMS Centre funding of Post-doc 
	Each year we anticipate:

8 publications, >50% being collaborative, 1-2 invitations to international meetings, 1 workshop hosted, 1 PhD completion, 1 government briefings, and 5 media reports.

	Synthesize and compile palaeo-ecological information on coral reef assemblages to assess longer-term impacts of climate change. 
	Co-ordinate investigations through links with palaeo-ecologists and appoint Post Doc

Host Working Group meeting yr 2 and 4 for data compilation and test hypotheses on the relationship between palaeo-ecological and climate change. 
	Pandolfi, Hughes Bellwood
	Centre funding from researchers for primary research.

WAMSI funding for joint Post Doctoral funding jointly with program 2
	Each year we anticipate:

5 publications, >50% being collaborative, 1-2 invitations to international meetings, 1 workshop hosted, 1 PhD completions, 1 government briefings, and 5 media reports.

	Evaluate the effects of global climate change on coral reefs  

	Undertake field based studies to assess the effects of increasing pCO2 and rising ocean temperatures on coral calcification and ecosystem resilience. Appoint research associate to initiate biochemical measurements of coral calcification and pH/carbonate ion systems in reef waters.

Host Working Group meeting yr 2 and 4
	McCulloch Hoegh-Guldberg, Lough post-doc, students
	Centre funding from researchers for primary research. Funding from external partners and complement with ARC linkage grants. Working group to request support from Centre for Post Doctoral position jointly with program 4. 


	As above

	Develop a modeling capability to coral reef assess evolutionary trajectories in response to environmental change. 
	Appoint a Postdoc to facilitate modeling and undertake fieldwork to explore the bio-physical basis of phase shifts and threshold limits in reef systems. Host Working Group meeting yr 2 and 4.

 
	Bradbury, Connolly, Hughes, McCulloch
	Working group to request partial support for Centre funding for Post Doc appointment jointly with program 5.


	As above




Research Program 2: Understanding and Managing Coral Reef Biodiversity
Description: 

Around the globe, biodiversity is widely recognized as a critical factor for the maintenance of robust ecosystems. It underpins the provision of ecosystem goods and services upon which we all depend. Biodiversity has come to represent one of the central measures of the health of coral reef ecosystems. However, the mechanisms and processes that maintain local and global biodiversity are poorly understood. If we are to effectively manage coral reef biodiversity and the inherent financial and World Heritage values that it represents then we must understand its nature, the factors that generate and maintain it, and the implications of biodiversity loss. 
This program lies at the heart of the Centre of Excellence, directly addressing the primary focus of the center: “Innovative science for the sustainable management of coral reef biodiversity”. The program has a global scope and by using innovative analytical, experimental and modelling approaches it will generate world class research outputs which are accessible in a management context. In doing so, it provides clear links between historical and physiological evidence in program 1 and 4 and with the direct management approaches in program 3 and 5. This cross-program multi-institutional collaboration will permit several exciting initiatives. It will: 1) provide a stronger integration of geological and climatological information with existing strengths in macro-ecology. 2) facilitate development of new advanced analytical approaches in biomolecular, paleontological and ecological fields. 3) permit substantial expansion and development of existing databases acquired from the Centre for Coral Reef Biodiversity (which to date have yielded over a dozen publications, including four in Nature or Science), and 4) provide strong links between international researchers and leading management agencies (GBRMPA, Resilience Alliance). The program will enable the center to develop its leading role in coral reef research with strong national and international associations.
The three core issues in Program 2 are:  Understanding patterns of coral reef biodiversity: Our goal is to better understand how biodiversity is generated and maintained. Using mathematical modeling, global distribution records, the fossil record, and phylogenetic analyses we will explore the origins of global biodiversity patterns and the factors shaping community structure at local and global scales
Consequences of changing biodiversity: The management and sustainable long-term exploitation of reef resources depends critically on effective use of biodiversity. Our aim is to quantify the relationships between biodiversity, community structure, and ecosystem function in reef systems. We will addresses the critical questions of ecosystem function, identifying which species are important for maintaining ecosystem processes, and the problem of phase-shifts and coral reef resilience. Recent work has highlighted the need to understand the nature of biodiversity and its central role in preventing phase shifts on coral reefs (usually marked by a transition from a desirable to a less desirable state) and in supporting coral reef resilience (the ability of reefs to cope with change). Through two major subprograms, we will investigate the impact of changes in biodiversity, both natural and anthropogenic, from short to long temporal scales,  on ecosystem function and reef health. We will address both the decline in species numbers, changes in community composition and the impacts of habitat modification (inc. the impacts of coral bleaching).   
Management of coral reef biodiversity: Knowledge of the mechanisms shaping biodiversity through time at both regional and global scales and the impacts of biodiversity change on ecosystem function will, together, provide a robust platform for developing tools for the effective management of coral reef biodiversity. Nevertheless, knowledge-based management of biodiversity that takes account of the roles played by coral reef species will still require effective integration with management agencies. Close links will be maintained with internationally recognized innovators in resource management (Resilience Alliance) and other programmes to ensure effective transfer of research findings in order to support effective management of coral reef biodiversity.
	Goals


	Strategies


	Personnel


	Resourcing


	Performance



	To understand how coral reef biodiversity is generated and maintained


	Undertake fieldwork to expand current data bases to include Indian Ocean sites

Apply novel models to expanded databases

Appoint Research Associate to support model development…

Initiate molecular analyses project to evaluate reef history

Co-ordinate investigations through links with historical researchers

Host Working Group meeting yr 2 and 4 for model development

Test hypotheses on the relationship between climate change and biodiversity
	Bellwood, Connolly, Hughes, Pandolfi, Steneck, Karlson, postdocs, student
	Centre funding from researchers for primary research.

Working group to request support from the program.

APD application to be submitted

APA submissions

post-doc  application for joint WAMSI funding
	Each year we anticipate:

20 publications, >50% being collaborative, 1-2 having impact values >4, 1-2 invitations to international meetings, 1 workshop hosted, 2 PhD completions, 2 government briefings, and 10 media reports.

	To quantify the relationships between biodiversity, community structure, and ecosystem function in reef systems


	Combine community structure and ecosystem function data along diversity gradients

Undertake fieldwork to explore the bio-physical basis of phase shifts in reef systems

Appoint research associate to initiate biophysical interactions

Appoint postdoctoral fellow to expand scale of ecosystem function studies
	Bellwood, Hughes, Connolly, Steneck, Folke, Anthony, Pratchett, post-doc, students
	Centre funding from researchers for primary research.

Working group to request support from the program.

APD application to be submitted

OPRA applications to be submitted

JCU PhD scholarship for 2006

APA submissions
	As above

	To quantify the impact of habitat change on reef fish communities.


	Appoint postdoc to facilitate field deployments

Undertake fieldwork to explore the relationship between biodiversity and resilience to habitat degradation
	Jones, Munday, Pratchett, Post doc, students
	$80k from CoE

APD application to be submitted


	As above



	To develop operational approaches to knowledge-based management of biodiversity
	Strengthen links with management agencies.

Co-ordinate links with social-ecological systems research

Hold Working Group meetings on the ecological resilience of reef ecosystems
	Bellwood, Hughes, Steneck, Connolly, McCook
	Working group to request support from the program.
	As above




Research Program 3: Marine Reserves and Reef Connectivity.  
Description: 

The productivity, biodiversity and persistence of coral reefs are under considerable threat, mostly from anthropogenic effects. The unifying theme of the ARC Centre for Coral Reef Studies is the development of frontier technologies for management and sustainable use of the world’s coral reefs. A major, relatively new, approach to management and sustainable use of renewable resources is spatial zoning for multiple levels of use and protection. A key aspect of this zoning approach is the establishment of no-take marine reserves, where all extractive practices by humans are banned permanently.  Recent studies have highlighted the need for networks of marine reserves for management of biodiversity and fisheries. Such zoning for multiple levels of use and protection is fast becoming a principal mechanism of management of Australia’s marine resources. No-take reserves are often established to conserve species, communities, habitats, ecosystems and bioregions. They are increasingly also being advocated as a tool for fisheries management.  An improved understanding of marine connectivity (the flux of organisms, genes, nutrients, pollutants, diseases etc between locations) and barriers to dispersal is central to this endeavor. To date, some of the largest and most successful applications of no-take marine reserves have been on coral reefs. A notable example is Australia’s  Great Barrier Reef Marine Park (GBRMP), in which the no-take area was recently (2004) expanded to over 100,000 km2 , or 33.4% of the GBRMP. This Research Program will carry out innovative research on the effects of marine reserves on coral reef ecosystems and fisheries. It will consist of 3 Sub-Programs addressing the key issues of fisheries, ecosystem recovery and resilience, and connectivity. 

In terms of fisheries management, no-take reserves are expected to increase the abundance, average size and fecundity of organisms targeted by fisheries, and eventually become net exporters of fish biomass to fished areas outside reserve boundaries. The level of biomass export is often expected, in the long-term, to equal or exceed that level of catch lost in setting up the reserves in the first place. The key issues regarding these expectations relate to the types, rates, scales and patterns of exchange of fish biomass that develop across the reserve boundaries in the long-term. The types of exchange of marine organisms involve export of adults and post-settlement organisms (“Spillover”) or export of propagules (“Recruitment Subsidy”). The mobility of the organisms and the size and placement of the reserves will be critical in determining not only if benefits accrue in terms of increases in abundance, average size and fecundity of organisms in reserves, but also the rates and scales of exchange across reserve boundaries. This Sub-Program will use field and modeling studies to assess if marine reserves enhance fisheries management on coral reefs.
The main expectations of no-take reserves as conservation tools are that they will provide refuges free from human disturbance for species, communities, habitats, ecosystems and bioregions. These refuges are expected to facilitate development of more natural coral reef communities and ecosystems. Such communities and ecosystems are expected to be more resilient in the face of disturbances other than fishing, such as global warming and coral diseases. There is also an expectation that, since most coral reef systems are locally and sometimes regionally connected by larval dispersal, the enhanced resilience within the reserves may also enhance coral reef resilience outside the reserves. This Sub-Program will use field and modeling studies of recovery rates of coral reef communities and ecosystems in reserves, and investigate processes involved in undesirable phase-shifts both inside and outside reserves. The Sub-Program will also investigate how such phase-shifts can be controlled and managed. The goal of the Sub-Program will be to determine the optimal design of reserve networks for management of ecological resilience.
Connectivity is a key component of both evolutionary and ecological perspectives of coral reef communities. At an evolutionary scale, patterns of connectivity drive the divergence of new species, and their subsequent biogeographic distributions. At an ecological scale, connectivity influences local community structure, population dynamics and the genetic make-up of populations. This Sub-Program will use bio-geographic, oceanographic modeling, molecular marker, larval viability and novel larval tagging technologies, to assess levels of larval dispersal and connectivity within and between coral reef systems and marine reserve networks.
Research in this Program is important to the goals of the ARC Centre for Coral Reef Studies because it directly addresses the Centre’s unifying theme: development of frontier technologies for management and sustainable use of the world’s coral reefs. The Centre aims to identify and address research knowledge gaps for coral reef science and management. This Program focuses on the needs of end-users and clients, takes advantage of new opportunities for innovation provided by emerging technologies, and addresses Australian National Research Priorities. 

	Goals

 
	Strategies


	Personnel


	Resourcing 


	Performance



	Can marine reserves enhance fisheries management on coral reefs?

	· Carry out field studies of recovery rates of targeted coral reef organisms and coral reef communities inside reserves (e.g GBR- RAP, Philippines, PNG).

· Carry out field studies of Spillover (Philippines, GBR)

· Continue establishing marine reserves using community-based management systems (Philippines)


	Russ, Jones, students (Williamson, Evans)
	ARC Rollin Funds (Jones et al)

ARC CoE Funds (Russ)
	No./quality of publications

No. of Industry briefings

Conference presentations

Media Hits

Successful grants

Number & nature of contractual arrangements (commercialisation and consultancies e.g. GBRMPA)

Number and nature of Public Awareness programs 

Measures of expansion of Australia’s capability in the priority area(s) (e.g. Uptake of knowledge generated by the Centre into management and policy decisions by government and industry. 



	What is the optimal design of reserve networks for management of ecological resilience?

	· Conduct large-scale field experiments, functional group analysis, mathematical modeling and field surveys to provide new insights into the processes involved in undesirable phase-shifts.

· Develop techniques to control and manage undesirable phase-shifts.

· Use mathematical modeling to assist design of reserves and reserve networks


	Hughes, Bellwood, Connolly, Jones, Steneck, Wachenfeld, Baird, Pratchett
	ARC Linkage Funds with GBRMPA (Hughes, Bellwood, Connolly, Wachenfeld, Baird, Pratchett)
	No./quality of publications

No. of Industry briefings

Conference presentations

Media Hits

Successful grants

Measures of expansion of Australia’s capability in the priority area(s) (e.g. Uptake of knowledge generated by the Centre into management and policy decisions by government and industry. 


	What are the levels of larval dispersal and connectivity within and between coral reef systems and marine reserve networks?
	· Develop new methods for direct marking of larval fishes and genetic paternity analysis as methods of estimating connectivity

· Conduct field experiments employing enriched isotopes and paternity analysis to look at self-recruitment  within and exchange among adjacent subpopulations and examine export (Recruitment Subsidy) of coral trout larvae (Plectropomus spp.) from marine protected areas to adjacent fished populations

· Conduct studies of larval retention mechanisms in endemic and widespread fishes inhabiting isolated islands

· Conduct studies of the factors that influence the number of individuals that survive the larval phase to join a reef population

· Develop marine larval dispersal models and  use otolith microchemistry and genetic markers to estimate self-recruitment on southern GBR reefs

· Compare disease prevalence in MPA’s vs non-MPA’s on the GBR and in the Philippines

· Appoint postdoc to develop and test tagging techniques of marine larvae.

· Hold Working Group meeting on Connectivity Issues of Marine reserve networks and coral reef resilience.
	Jones, Baird, Kingsford, Munday, Planes, McCormick, Russ, Willis
	ARC Rollin Funds (Jones et al, McCormick and Meekan, Munday, Kingsford, Willis)

$80k Postdoc to be funded by CoE and Program 3 participants.

Working Group meeting funded through contributions from researchers.  


	No./quality of publications

No. of Industry briefings

Conference presentations

Media Hits

Successful grants

Number & nature of contractual arrangements (commercialisation and consultancies e.g. GBRMPA)

Number and nature of Public Awareness programs 

Measures of expansion of Australia’s capability in the priority area(s) (e.g. Uptake of knowledge generated by the Centre into management and policy decisions by government and industry. 




Research Program 4:  Genetic, molecular and physiological processes underlying reef stress

Description

Describing the mechanisms and processes that underpin corals and their symbiosis with dinoflagellates (Symbiodinium) is critically important to any comprehensive understanding of recent changes to the world’s coral reefs.  In addition to providing insight into why elements of coral reef ecosystems may be changing, an in-depth understanding of coral distress and disease will open the door way to frontier technologies for use in the sustainable management of areas such as the Great Barrier Reef Marine Park.  Program 4 will generate technologies that will range from bioinformatic tools to diagnostic arrays and genetic markers and probes.  

This research program squarely addresses Centre research goals in the following ways.  Firstly, it will consolidate innovative research that first rate internationally.  For example, work investigating the genetic components of stress will use the only EST library for Symbiodinium genes (4,000 ESTs; form the Høegh-Guldberg/Dove laboratories) and the largest EST library (12,000 ESTs; from the Miller laboratory).  By networking these resources into a national facility, this research program will provide the platform for a truly comprehensive understanding of the initiation, development, maturation and dysfunction of the symbiosis between corals and Symbiodinium.  Secondly, it will enhance the scale and focus of research into the fundamental processes of stress and disease in reef-building coral communities by linking national teams into collaborative projects.  In this way, ecological studies will be linked to genetic and molecular studies – producing comprehensive insights into processes underlying the global decline in coral reefs.  Thirdly, the cross-institutional collaborations and projects described below will create a vibrant and high quality environment in which over 30 PhD and Hons students plus 8 postdoctoral and research fellows will receive high quality training. 

The research program will also link Australia’s research strengths in coral reef molecular and physiological sciences into key international relationships and networks via the World Bank - GEF Coral Reef Targeted Research (CRTR) project.   This project is being coordinated by the University of Queensland and is currently the largest international initiative into understanding the global decline of coral reefs.  The CRTR project is undertaking complimentary research projects to those of Program 4.   Several common initiatives are being planned around collaborative workshops and field campaigns that will be held during the next five years, thereby creating synergies and collaborations between scientists and students from the ARC Centre of Excellence and those within the CRTR project.  The key positioning of Hoegh-Guldberg (chair of the Bleaching Working Group) and Willis (Deputy Chair of the Disease Working Group of the CRTR) is critical to the collaborative interface that is being developed in this regard.

The research plan for the next three years has four key focus areas.  These are:
1. Mechanisms and processes underpinning coral-dinoflagellate symbiosis.

2. Coral disease – drivers, causes and mechanisms

3. Physiological and molecular processes of coral-Symbiodinium stress

4. Climate change and the adaptive potential of reef-building corals

These focus areas are shown below as four key goals of Program 4.  The strategies, key personnel, resources and performance criteria associated with each of these four goals are outlined in the table below.  Note that the research allocations are approximate at this stage and are still be developed by the research staff associated with Program 4.

	Goals
	Strategies
	Personnel
	Resources 
	Performance (over three years)

	1. Synthesize and extend our understanding of the genetics, inception, development and growth of reef-building corals-and their symbionts.
	1. Appoint 2 postdoctoral fellows and two postgraduate students.
2. Undertake experiments to describe the key molecular elements in the photosynthetic processes of symbiotic dinoflagellates within corals. 

3. Do field and laboratory studies to understand the processes underpinning the establishment and functioning of the symbiosis between corals and Symbiodinium. 
4. Understand the wider set of interactions involved in healthy and dysfunctional reef-building corals (inclusive of bacterial and endolithic algae communities)

5. Workshop (joint with the GEF CRTR BWG) on the fundamental mechanisms underpinning coral bleaching (in late 2007)
6. Develop a conceptual model of the establishment and functioning of reef-building coral symbioses.
	Hoegh-Guldberg, Dove, Miller, Van Oppen, Willis, 2 postdoctoral fellows and 3 PhD students
	1. UQ based postdoctoral fellow: ARC CoE and UQ.

2. UQ postdoctoral fellow (ARC CoE)
3. Postgraduate scholarships: Funded by IPRS and APA

4. Research costs: ARC CoE (~ $200,000)

5. Workshop on coral bleaching mechanisms ($30,000, ARC CoE and $30,000 WB-GEF CRTR project)

6. Hoegh-Guldberg (15%), Dove (20%), Miller (25%), Van Oppen (5%), Willis (5%), 2 UQ based postdoctoral fellows (100%) and 3 PhD students (100%)
	Number of publications (8), International invitations (2), Media (newspapers, radio, TV, 5), Number of postgraduates (3), Number of completions (2), Workshop invitations (3), Number of Hons students (2), International visitors (3), Number of co-authored publications (5), Overseas visits (3), Number of co-operative supervisory arrangements (2), Number of government, industry and business briefings (2). 

	2. Understand the key drivers, pathologies and consequences of coral disease for the Great Barrier Reef.
	1. Appoint postdoctoral fellow and two postgraduate students

2. Undertake field studies to understand the distribution and abundance of coral disease on the Great Barrier Reef.

3. Do field and laboratory experiments to understand the pathology, transmission and biology of common coral diseases on the Great Barrier Reef.

4. Undertake studies to establish if there is a connection between environmental stress and coral disease.
5. Workshop on coral diseases: causes and consequences (in 2008)
6. Synthesize a new understanding of how and why disease-like pathologies have been increasing within the corals of the Great Barrier Reef.  
	Willis, Hoegh-Guldberg, seven PhD students
	1. Postgraduate scholarships: Funded by IPRS and APA

2. Research costs: ARC CoE (~ $450,000)
3. GBRMPA, GBRRF, Douglas Shire Council and Voyages: $40,000
4. Joint workshop on coral disease (ARC CoE $30,000 and GEF CRTR $30,000)
Willis (20%), Hoegh-Guldberg (20%) and seven PhD students (100%)
	Number of publications (8), International invitations (2), Media (newspapers, radio, TV, 15), Number of postgraduates (7), Number of completions (5), Workshop invitations (3), Number of Hons students (2), International visitors (3), Number of student workshops (1), Number of co-authored publications (5), Overseas visits (3), Number of co-operative supervisory arrangements (2), Number of government, industry and business briefings (2). 

	3. Describe the molecular and physiological responses of reef-building corals and other dinoflagellate symbioses (e.g. clams) to thermal stress.
	1. Appoint a research fellow and two postgraduate students

2. Develop and annotate 1,000 expression sequence tags from Symbiodinium under thermal, photic and nutrient stress

3. Perform experiments to determine the expression and function of key stress proteins.

4. Develop and test microarray technologies for detecting and understanding stress in both corals and Symbiodinium.

5. Identify and describe molecular markers for use in monitoring stress within reef-building corals and their symbionts.
6. Workshop on biomarkers of stress in reef-building corals (in 2008)
	Yellowlees, Dove, Hoegh-Guldberg, Van Oppen, Miller, Willis, Anthony, research fellow and five PhD students
	1. UQ based research fellow: ARC CoE

2. Research costs: ARC CoE (~ $450,000)
3. Workshop on stress biomarkers (ARC CoE $15,000 and $15,000 WB-GEF $15,000)

4. Yellowlees (30%), Dove (15%), Hoegh-Guldberg (20%), Van Oppen (5%), Miller (25%), Willis (5%), Anthony (25%), research fellow (100%) and five PhD students (100%)
	Number of publications (8), International invitations (2), Media (newspapers, radio, TV, 10), Number of postgraduates (5), Number of completions (4), Workshop invitations (3), Number of Hons students (2), International visitors (3), Number of student workshops (1), Number of co-authored publications (5), Overseas visits (3), Number of co-operative supervisory arrangements (2), Number of government, industry and business briefings (2). 

	4. Determine the potential of reef-building corals and their symbionts to adapt to rapid changes in ocean temperature.
	1. Appoint a research fellow, postdoctoral fellow and two postgraduate students

2. Do field and laboratory experiments to explore the functional differences between genetic varieties of Symbiodinium.

3. Define the genetic characteristics of rare and common coral species, enabling conservation priorities to be better defined

4. Do experiments to link the physiological and molecular processes underpinning stress to the resulting mortality of corals. 

5. Explore through field and laboratory experiments the flexibility of coral-Symbiodinium symbioses and to answer the question: "Can corals change their thermal tolerance by initiating symbioses de novo in ecological time."

6. Measure the heritability of stress resistant characters between generations of reef-building corals. 

7. Hold workshop on the adaptability of coral reefs to climate change.

8. Model the potential for populations of reef-building corals to adapt to rapid changes in sea temperature.
	Van Oppen, Willis, Anthony, Hoegh-Guldberg, Yellowlees, Dove research fellow, postdoctoral fellow and three PhD students
	1. AIMS-ARC CoE postdoctoral fellow: ARC CoE & AIMS
2. UQ based research fellow: ARC CoE
3. Research costs: ARC CoE (~ $200,000)
4. Postgraduate scholarships: Funded by IPRS and APA

5. Van Oppen (10%), Willis (5%), Dove (5%), Anthony (25%), Hoegh-Guldberg (10%), Yellowlees (15%), research fellow (100%), postdoctoral fellow (100%) and three PhD students (100%)
	Number of publications (8), International invitations (2), Media (newspapers, radio, TV, 10), Number of postgraduates (5), Number of completions (4), Workshop invitations (3), Number of Hons students (2), International visitors (3), Number of student workshops (1), Number of co-authored publications (5), Overseas visits (3), Number of co-operative supervisory arrangements (2), Number of government, industry and business briefings (2). 


Research Program 5: Resilience of Linked Social-Ecological Systems
Description

Rationale: Conventional perceptions of the interactions between people and their environment are rapidly transforming.  Old paradigms that view humans as separate from nature, natural resources as inexhaustible or endlessly substitutable, and the world as stable, predictable and in balance are no longer tenable.  New conceptual frameworks are rapidly emerging, based on an adaptive governance approach that focuses on learning and flexible management in a constantly shifting social-ecological landscape. The overarching goal of this program is an improved integration of the scientific and social dimensions of natural resource management, to guide the evolution of improved multi-scale systems of governance that confront and cope with uncertainty, risk and change. 

Program Description: To date, the artificial separation between ecology, social sciences and economics continues to be a major impediment to achieving sustainable management of natural resources. The award of a Centre of Excellence enables us to recruit internationally-competitive post-doctoral Fellows to this program to provide value-adding skills across diverse disciplines, creating a unique world-class team with a broad, management-oriented focus. Program 5 will interface will all of the Centre’s other Programs, and will build on existing international linkages with the Beijer Institute for Ecological Economics, in Stockholme, the World Bank GEF Coral Reef Targeted Research, the Resilience Alliance, and others.  There will be two sub-programs:
a) Learning, adaptive management & adaptive governance

A variety of individuals and organizations play functional roles in the adaptive governance of natural resources. This sub-program aims to investigate the social processes and mechanisms behind the 30-year evolution of management and re-zoning of the Great Barrier Reef. One component, in collaboration with CSIRO (Water for a Healthy Country Flagship) will address the issue of “mental models”, i.e. the perception of individuals (and collectively, of institutions and societal groups) of the state of their environment and their interactions with it. The project will document how mental models vary among stake-holders (farmers, fishers, tourists, scientists, etc.), how these perceptions change over time (for example, as documented in annual reports of management agencies), and the role they play in adaptive management. A related project, to be led by Hughes, Folke and colleagues at the Beijer Institute for Ecological Economics in Sweden, will develop new theories and practical approaches to adaptive governance, also based on the recent transformation of the GBR social-ecological system. 
In the context of the developing world, Program 5 will address how socioeconomic factors influence the ways in which human societies collectively manage reefs as common-pool resources - how resource use and governance systems are influenced by levels of economic development, social capital, and by local history and culture.  To date these issues have typically been the subject of anecdotal case studies or comparative studies with only a very limited geographic, social, and economic scope. Program 5 participants will develop and measure standardized socioeconomic indicators for 6 countries across South Asia and the Indo-Pacific, and rigorously relate them to corresponding ecological data (linking with Program 2).  

b) Operationalizing a resilience approach

A major outcome of Program 5 will be developing information, guidelines and tools for coral reef managers and planners on climate change risks and adaptation options. The goal is to provide an essential link between theoretical concepts, scientific knowledge and the practical endeavours and challenges facing natural resource managers and practitioners.  Building on Programs 1-4, Program 5 will lead the development of management protocols in collaboration with the Resilience Alliance.  
Program 5 represents a major new portfolio of innovative multi-disciplinary research, which will combine and integrate expertise on coral reef biology, management, governance systems, and social sciences. The objective is to create and lead a new multidisciplinary team with members at JCU, ANU and CSIRO that will provide world-best outputs that no existing program in Australia or elsewhere can replicate. The proposed research will provide an ideal vehicle to cement closer links between marine biologists, social scientists, mathematicians and resource managers, facilitating the incorporation of research findings into management activities and environmental policy-development worldwide. 

	Goals
	Strategies
	Personnel
	Resourcing 
	Performance

	Promoting and understanding flexible institutions based on learning, adaptive management & adaptive governance 

	1. Recruit postdoctoral fellows and PhD students

2. Develop links with social science and economics researchers

3. Host a series of Working Groups

 
	2 Postdoctoral Fellows (social science, policy or governance structures)
PhD students

Beijer Institute
	Program 5 core funds

JCU Research Advancement Program


	Outcome?

How will you measure the success of whether you have achieved the goal.  Keep in mind the CoE KPIs

	Understanding how mental models vary among stake-holders, how these perceptions change over time, and the role they play in adaptive management

	4. Recruit postdoctoral fellows and PhD students

5. Compile perceptions from literature, media, reports, newspapers, interviews

6. Develop and test a conceptual model of the role of community psychology in governance evolution


	3 Post-doctoral Fellows (community psychologist, environmental anthropologist, historian)

PhD students

CSIRO (Davies Lab)
	CSIRO-CoE co-funding

JCU Research Advancement Program 
	High quality publications

High citations

Scenario-setting tools

	Determine how socioeconomic factors influence the ways in which human societies collectively manage reefs as common-pool resources - 

	1. Recruit postdoctoral fellows and PhD students

2. Conduct empirical research into how socioeconomic processes influence coral reef condition, use, and management over a broad geographic scale.
3. Analyze and synthesize results in a social-ecological context

	Post-doctoral Fellows (social science, environmental anthrologist, historian)

PhD students


	Program 5 core funds

JCU Research Advancement Program
	

	Identify sources of resilience, and the processes by which stake-holders and organizations interact, negotiate, and build alliances

	Initial Working Group Meetings, April 20-26th, and August 24-30th
	International partners

Program 5 staff and postdocs
	“Reserves in Regions” funding, Packard Foundation
	

	Document the environmental, social and cultural history of the GBR and its catchment
	Initial Working Group Meeting, February 2-3rd, 2006
	2 Postdoctoral Fellows (anthropology, history)

Links to Program 1
	ARC Networks funding
	An edited book

	Operationalize a resilience approach


	Conduct a Working Group meeting in Townsville, March 20-24th
Test the Resilience Alliance “The Practitioner’s Workbook” using the GBR as a case study
	Folke, Hughes, McCook

The Resilience Alliance (Gunderson, Olson, Walker)

The GBRMPA (Innes, Vella)
	Resilience Alliance funding from Packard Foundation

	End-user-engagement with GBRMPA

”





Centre Advisory Board








Scientific Management 


Committee








Business Team








Program 4


Genetic, Molecular and Physiological Processes








Program 2


Understanding and Managing Coral Reef Biodiversity
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Evolutionary and Environmental Change








Program 3


Marine Reserves and Connectivity











Centre Director
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