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	AUSTRALIAN RESEARCH COUNCIL

LINKAGE INFRASTRUCTURE, EQUIPMENT AND FACILITIES (LIEF)

APPLICATION FORM FOR FUNDING COMMENCING IN 2009
	LE


Proposals must comply with the requirements of the Linkage Infrastructure, Equipment and Facilities (LIEF) Funding Rules for funding commencing in 2009, and any content, font and page limit requirements specified in this form and the Instructions to Applicants document.
Project ID: LE0989608

	Total number of sheets contained in this Proposal
	45


Information on this form and its attachments is collected in order to make recommendations to the Minister on the allocation of financial assistance under the Australian Research Council Act 200I and for post award reporting. The information collected may be passed to third parties for assessment purposes.   It may also be passed to the National Health and Medical Research Council, the Department of Foreign Affairs and Trade, the Department of Innovation, Industry, Science and Research, the Department of Environment, Water, Heritage and the Arts, the Department of Education, Employment and Workplace Relations, the Department of Agriculture, Fisheries and Forestry and the Department of Veterans’ Affairs for the purpose of checking eligibility.  In other instances, information contained in this Proposal can be disclosed without your consent where authorised or required by law.
PART A—ADMINISTRATIVE SUMMARY

A1
ORGANISATION TO ADMINISTER FUNDING

(Please note this question must be completed first)  

	Name
	The University of Queensland


A1.1
Is the Proposal being submitted by a Peak Body? 

Yes     No  X
A1.2
Brief description of the Peak Body

In no more than 750 characters (approx 100 words) of plain language, briefly describe the grouping/section of the higher education community that the Peak Body represents.
	


A2
PROPOSAL TITLE

Provide a short descriptive title of no more than 20 words which includes the title of the item of infrastructure, equipment or facility to be acquired. Please avoid the use of acronyms, quotation marks and upper case characters.

	The Heron Island Climate Change Observatory: An In-Situ Ocean Acidification and Carbonate Chemistry Monitoring Platform




A3
PARTICIPANT SUMMARY

A3.1
Participant Details - Current Organisations 

Enter details of the lead Chief Investigator as Person number 1. 

Chief Investigators (CI), Partner Investigators (PI).

	Person

number
	Family name
	Initials
	Current Organisation
	Role

	1
	Hoegh-Guldberg
	O
	The University of Queensland
	CI

	2
	Kline
	DI
	The University of Queensland
	CI

	3
	Anthony
	KR
	The University of Queensland
	CI

	4
	Dove
	SG
	The University of Queensland
	CI

	5
	McCulloch
	MT
	The Australian National University
	CI

	6
	Lough
	JM
	Australian Institute of Marine Science (AIMS)
	PI

	7
	Brewer
	
	
	PI

	8
	Kirkwood
	
	
	PI

	9
	Dunbar
	RB
	Stanford University
	PI


 A3.2
Participant Summary - Organisations Applicable To This Proposal

(This table is ‘read only’ and provides a Summary of Organisational Affiliations for Participants. This table will populate once B5.1 is completed for each participant.)

	Person Number
	Family Name
	Initials
	Current Organisation
	Relevant Organisation for this Proposal
	Role

	1
	
Hoegh-Guldberg
	O
	The University of Queensland
	The University of Queensland
	CI

	2
	
Kline
	DI
	The University of Queensland
	The University of Queensland
	CI

	3
	
Anthony
	KR
	The University of Queensland
	The University of Queensland
	CI

	4
	
Dove
	SG
	The University of Queensland
	The University of Queensland
	CI

	5
	
McCulloch
	MT
	The Australian National University
	The Australian National University
	CI

	6
	
Lough
	JM
	Australian Institute of Marine Science (AIMS)
	Australian Institute of Marine Science (AIMS)
	PI

	7
	
Brewer
	
	
	OTHER
	PI

	8
	
Kirkwood
	
	
	OTHER
	PI

	9
	
Dunbar
	RB
	Stanford University
	OTHER
	PI


A4
YEARS

A4.1
Years for which support is being sought

Years in which this Proposal seeks support from the ARC


Year 1
X
Year 2

Year 3

Year 4

Year 5


A5
SINGLE-ORGANISATION PROPOSAL

A Single-Organisation Proposal is a Proposal in which only one Eligible Organisation (as listed in Appendix 1 of the Linkage Infrastructure, Equipment and Facilities (LIEF) Funding Rules for funding commencing in 2009) is involved.  Single-Organisation Proposals may include Proposals submitted by one Eligible Organisation without industry or government partner organisations, as well as Proposals that involve a number of industry or government partner organisations but only one Eligible Organisation.
Is this Proposal being submitted as a Single-Organisation Proposal? 
Yes      No  X
If Yes, in no more than 750 characters (approx 100 words) of plain language, please provide a statement which provides justification of why broader collaboration is not appropriate. 
	
	


A6
INTERNATIONAL FACILITY  

A6.1  Is this Proposal for a subscription to or other payments in respect of participation in and use of a major international facility/ies? 







Yes     No  X
A6.2  Is there an international agreement in place approved by the ARC? 


Yes     No  X
A7
SUMMARY DESCRIPTIONS

A7.1
Funding Summary
	
	(a)

Cost of infrastructure, equipment or facility ($)
	
	(b)

Cash contribution of Administering, Collaborating and Partner Organisations ($)
	
	(c)

Contributions sought from the ARC ($)
	
	(d)
Contributions sought from the ARC as a percentage of Total cost of infrastructure, equipment or facility (%)

	Year 1
	412630 
	
	192500
	
	220130
	
	53

	Year 2
	0
	
	0
	
	0
	
	0

	Year 3
	0
	
	0
	
	0
	
	0

	Year 4
	0 
	
	0
	
	0
	
	0

	Year 5
	0 
	
	0
	
	0
	
	0

	Total
	412630
	
	192500
	
	220130
	
	53


A7.2
Summary of Proposal

In no more than 750 characters (approx 100 words) of plain language, please summarise aims, significance and expected outcomes.

	Ocean acidification driven by increasing atmospheric CO2 represents a key threat to the GBR.  Previous investigations have depended on studies in aquaria that are compromised by reduced ecological complexity and buffering capacity, and problems associated with containment. The infrastructure requested will support the first long-term coral reef in-situ ocean acidification experiment in which the impacts of predicted future CO2 concentrations will be studied on an intact coral reef ecosystem. This study will determine the impacts of acidified seawater chemistry on coral reefs from the molecular to the ecosystem level, providing data critical for the management and conservation of the GBR.




A7.3
Summary of National/Community Benefit (for Public Release)

In no more than 750 characters (approx 100 words) of plain language, please summarise the national/community benefits expected to arise from the research supported by the purchase of the equipment, infrastructure or facility.

	Climate change and ocean acidification are widely recognized as key threats to Australia’s natural ecosystems, yet we are currently ill-equipped to respond due to poor knowledge of the scale/nature of the impacts.  The Heron Island Climate Change Observatory will establish key infrastructure that will rapidly improve our understanding of the impacts of ocean acidification which is important to communities and the Nation given that coral reefs support over $6 billion in revenue (and employ 60,000 people) each year.  This critically important information is essential to the management and protection of the Great Barrier Reef and to Australia’s coral reefs. 




A8
PARTICIPANT USAGE OF INFRASTRUCTURE, EQUIPMENT AND FACILITIES

Provide details of all researchers who will be using the facility and the number of days they will use the infrastructure/equipment/facility per month on average.

A8.1
Summary of use of infrastructure, equipment or facility

	Organisation
	Number of users
	Estimated use of infrastructure, equipment or facility by the Organisation

(average number of days per month)

	The University of Queensland
	15
	20

	The Australian National University
	5
	7

	Australian Institute of Marine Science
	3
	3

	Stanford University
	4
	3

	The Monterey Bay Aquarium Research Institute
	3
	3

	TOTAL
	30
	


A8.2
Member(s) of staff who will manage the infrastructure, equipment or facility

	Name
	Department/School/Other
	Organisation

	Dr. David I. Kline
	Centre for Marine Studies
	The University of Queensland

	Technician (to be hired)
	Centre for Marine Studies
	The University of Queensland


A8.3
Is any or all of the infrastructure, equipment or facility to be located outside the Administering Organisation's premises?
Yes  X      No   
If Yes, please provide:

i) the proposed physical location of the infrastructure, equipment or facility  

	The proposed facility will be located at the University of Queensland's Heron Island field station, situated on the southern Great Barrier Reef, 80 kilometers offshore from the city of Gladstone.




ii) in no more than 750 characters (approx 100 words) of plain language, a statement providing justification for the location of the infrastructure, equipment or facility 

	The Heron Island Research Station is a world class research facility, which is the oldest yet most productive and prestigious marine research station in Australia. The station has modern research laboratories, accommodation, boating and diving facilities that are situated metres from pristine coral reef environments, making it an ideal site for this facility and for promoting the collaborative science involved.  The research station is also one of the locations for the Great Barrier Reef Ocean Observing System (GBROOS) and hence is ideal for linking into wider national and international initiatives such as into the Integrated Marine Observing System (IMOS) project.  




A8.4
Does the Administering Organisation have arrangements to manage intellectual property and facilitate commercialisation of research?
Yes  X      No   
If Yes, in no more than 750 characters (approx 100 words) of plain language, please summarise these arrangements.

	The Administering Organisation (AO) adheres to an intellectual property policy, approved by its governing body, which has as one of its aims the maximisation of benefits arising from research. The AO complies with the National Principles of Intellectual Property Management for Publicly Funded Research as amended from time to time. Further, the AO actively and successfully identifies, protects and commercialises AO technology and expertise through its corporate subsidiaries including UniQuest Pty Ltd, IMBcom Pty Ltd (the commercialisation company for the Institute for Molecular Bioscience) and JKTech Pty Ltd (the commercialisation company for the Julius Kruttschnitt Mineral Research Centre).




A9
LIBRARY OR INFORMATION INFRASTRUCTURE PROPOSAL

A9.1
Is this Proposal a Library or Information Infrastructure Proposal?
Yes        No   X
A10
CLASSIFICATIONS AND OTHER STATISTICAL INFORMATION

A10.1
National Research Priorities

	National Research Priority
	
	Priority Goal(s)

	An Environmentally Sustainable Australia
	
	Sustainable use of Australia's biodiversity, Responding to climate change and variability


A10.2
Keywords

	coral reefs 
	
	climate change

	ocean acidification
	
	in situ CO2 enrichment

	carbonate chemistry
	
	


A10.3
Research classifications (list from highest to lowest %, to the nearest multiple of 10%)
	Research Fields, Courses and Disciplines (RFCD)
	%
	
	Socio-Economic Objective

(SEO)
	%

	270702
	40
	
	770304
	70

	260402
	30
	
	770101
	30

	279901
	30
	
	
	


A10.4
If the proposed project involves international collaboration, please specify country/ies.

	USA
	
	

	
	
	


A11
ADDITIONAL DETAILS

A11.1
Has the infrastructure/equipment/facility been funded (in full or part) by the Commonwealth in previous years?
Yes      No  X
If funded previously, please include this information.

Relevant Project IDs

	


	In no more than 750 characters (approx 100 words) of plain language, please specify how additional funding through LIEF would enhance or add to the previous funding.

	


A11.2
Have you submitted, or do you intend to submit, a similar Proposal to any other agency (e.g. DEST/DIISR - NCRIS funding)?
Yes      No  X
A11.3
Is similar infrastructure, equipment or facilities available at another Eligible Organisation?
    
Yes      No  X
i) the location of the infrastructure, equipment or facilities: 

	


ii) in no more than 750 characters (approx 100 words) of plain language, a statement providing justification why collaborative use of the existing infrastructure, equipment or facilities is not practicable: 

	


A11.4
INTEGRATED FACILITY PROPOSAL

In special circumstances a LIEF Proposal may be submitted for an integrated facility consisting of a number of small items (subsection 6.3.2 of the Linkage Infrastructure, Equipment and Facilities (LIEF) Funding Rules for funding commencing in 2009). Such Proposals will be considered only where justification to the satisfaction of the ARC has been provided that an integrated facility is necessary to support research activities.

Is this Proposal a request for an integrated facility?
 
Yes      No  X
 If Yes, in no more than 750 characters (approx 100 words), please provide a statement providing justification that an integrated facility is necessary to support the research activities outlined in this Proposal. 
	
	


A12
CERTIFICATIONS

The Administering Organisation must obtain the required agreement and hand-written signatures of all parties necessary to allow the proposed research to proceed.

A12.1
Certification by the Deputy/Pro Vice-Chancellor (Research) or their delegate or equivalent in the Administering Organisation

I certify that—

· I have obtained the written agreement of all parties identified in this Proposal to submit this Proposal.

· Proper enquires have been made and I am satisfied that the Participants listed in Part A3, and the Partner Organisations listed in Part E, meet the requirements specified in the LIEF Funding Rules for funding commencing in 2009.

· The Head of Department has approved this Proposal.

· This organisation will contribute the resources specified in this Proposal if the Proposal is successful.

· This organisation supports this Proposal and if successful will provide basic facilities and the items listed in the budget for the project.

· I have obtained the written agreement of the other organisation(s) involved in this Proposal to contribute the resources outlined in this Proposal.

· I have obtained the written agreement from the relevant employer(s) for the participation, to the extent indicated in this Proposal, of the participants listed in Part A3.

· I am prepared to have the project carried out and the infrastructure, equipment or facility located as specified in Part A8.3 under the circumstances set out in this Proposal and in accordance with the LIEF Funding Rules for Funding commencing in 2009.

· The amount of time that the investigator(s) will be devoting to the project is appropriate to existing workloads.

· The project can be accommodated within the general facilities in this organisation, and if applicable, within the facilities of other relevant organisations specified in this Proposal, and sufficient working and office space is available for any proposed additional staff.

· All funds for this project will only be spent for the purpose for which they are provided.

· The project will not be permitted to proceed until appropriate ethical clearance(s) has been obtained.

· I will notify the ARC if there are changes to the participant(s) listed in Part A3 after the submission of this Proposal.

· To the best of my knowledge, all conflicts of interest relating to parties involved in or associated with this Proposal have been disclosed to the ARC.

· I will notify the ARC of any conflicts of interest relating to parties involved in or associated with this Proposal which arise after the submission of this Proposal.

· I consent on behalf of all the parties, to the ARC copying, modifying and otherwise dealing with information contained in the Proposal for any of the purposes specified in subsection 14.4.2 of the LIEF Funding Rules for funding commencing in 2009.

· I consent, on behalf of all the parties, to this Proposal being referred to third parties, who will remain anonymous, for assessment purposes.

· To the best of my knowledge, the Privacy Notice appearing at the top of this application form has been drawn to the attention of all the participant(s) whose personal details have been provided at Part B.

· To the best of my knowledge all details provided in this application form and any supporting documentation are true and complete and no information specifically relating to personnel track or publication records is false or misleading.

· I understand that it is an offence under the Criminal Code Act 1995 to provide false or misleading information.

· I understand and agree that all statutory requirements must be met before the proposed research can commence.
	Signature of DVC/PVC(R) or delegate or equivalent (in black ink)
	
	Name and Position
(please print)
	
	Date

	
	
	
	
	


A12.2
Contributing Organisation(s) Certification

Complete and attach one copy of this certification for the Administering Organisation and each Collaborating Organisation and Partner Organisation.

Proposal Title

	The Heron Island Climate Change Observatory: An In-Situ Ocean Acidification and Carbonate Chemistry Monitoring Platform
 


 Contributing Organisation

	The University of Queensland

 


A12.3
Certification by the Deputy/Pro-Vice-Chancellor (Research), CEO or delegate for each Collaborating and Partner Organisation

The contribution by the Administering Organisation and, where relevant, Collaborating or Partner Organisation(s) to the proposed infrastructure, equipment or facility is:

	Year
	$ Cash
	$ In-kind
	$ Total

	Year 1
	157500
	30000
	187500

	Total
	157500
	30000
	187500


I certify that the above contribution will be made available to the Project
	Signature of DVC/PVC(R), CEO or delegate or equivalent (in black ink)
	
	Name and Position
(please print)
	
	Date

	
	
	
	
	


A12.2
Contributing Organisation(s) Certification

Complete and attach one copy of this certification for the Administering Organisation and each Collaborating Organisation and Partner Organisation.

Proposal Title

	The Heron Island Climate Change Observatory: An In-Situ Ocean Acidification and Carbonate Chemistry Monitoring Platform
 


 Contributing Organisation

	The Australian National University

 


A12.3
Certification by the Deputy/Pro-Vice-Chancellor (Research), CEO or delegate for each Collaborating and Partner Organisation

The contribution by the Administering Organisation and, where relevant, Collaborating or Partner Organisation(s) to the proposed infrastructure, equipment or facility is:

	Year
	$ Cash
	$ In-kind
	$ Total

	Year 1
	35000
	
	35000

	Total
	35000
	0
	35000


I certify that the above contribution will be made available to the Project
	Signature of DVC/PVC(R), CEO or delegate or equivalent (in black ink)
	
	Name and Position
(please print)
	
	Date

	
	
	
	
	


A12.2
Contributing Organisation(s) Certification

Complete and attach one copy of this certification for the Administering Organisation and each Collaborating Organisation and Partner Organisation.

Proposal Title

	The Heron Island Climate Change Observatory: An In-Situ Ocean Acidification and Carbonate Chemistry Monitoring Platform
 


 Contributing Organisation

	Monterey Bay Aquarium Research Institute

 


A12.3
Certification by the Deputy/Pro-Vice-Chancellor (Research), CEO or delegate for each Collaborating and Partner Organisation

The contribution by the Administering Organisation and, where relevant, Collaborating or Partner Organisation(s) to the proposed infrastructure, equipment or facility is:

	Year
	$ Cash
	$ In-kind
	$ Total

	Year 1
	
	86400
	86400

	Total
	0
	86400
	86400


I certify that the above contribution will be made available to the Project
	Signature of DVC/PVC(R), CEO or delegate or equivalent (in black ink)
	
	Name and Position
(please print)
	
	Date

	
	
	
	
	


PART B—PERSONNEL

	 B1
PERSON NUMBER
	1


B2
CURRENT DETAILS

	GAMS ID
	F00166


	Family name
	Hoegh-Guldberg
	Role
	CI

	First name
	Ove
	Second name
	

	Title
	Prof

	Current Department/school/other
	Centre for Marine Studies

	Current Organisation
	The University of Queensland


B3
POSTAL ADDRESS

	Department/school/other
	Centre for Marine Studies

	Organisation
	The University of Queensland

	Postal address line 1
	Gehrmann Building

	Postal address line 2
	Level 7

	Locality
	St Lucia

	State
	Qld

	Postcode
	4072

	Country
	Australia


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes  X    No  
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes  X    No  
	If Yes, please provide name(s) of the ARC member(s)
	Prof Terry Hughes (is Director of the ARC Centre for Excellence in Coral Reef Studies that Hoegh-Guldberg is Deputy Director of).


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	CI
	The University of Queensland
	Employee


	B1
PERSON NUMBER
	2


B2
CURRENT DETAILS

	GAMS ID
	S88388


	Family name
	Kline
	Role
	CI

	First name
	David
	Second name
	Ivan

	Title
	Dr

	Current Department/school/other
	Centre for Marine Studies

	Current Organisation
	The University of Queensland


B3
POSTAL ADDRESS

	Department/school/other
	Centre for Marine Studies

	Organisation
	The University of Queensland

	Postal address line 1
	

	Postal address line 2
	

	Locality
	ST LUCIA

	State
	QLD

	Postcode
	4072

	Country
	Australia


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	CI
	The University of Queensland
	Employee


	B1
PERSON NUMBER
	3


B2
CURRENT DETAILS

	GAMS ID
	Q41509


	Family name
	Anthony
	Role
	CI

	First name
	Kenneth
	Second name
	Roald Nies

	Title
	Dr

	Current Department/school/other
	Centre for Marine Studies

	Current Organisation
	The University of Queensland


B3
POSTAL ADDRESS

	Department/school/other
	Centre for Marine Studies

	Organisation
	The University of Queensland

	Postal address line 1
	The University of Queensland

	Postal address line 2
	St Lucia

	Locality
	Brisbane, Queensland

	State
	Qld

	Postcode
	4072

	Country
	Australia


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	CI
	The University of Queensland
	Employee


	B1
PERSON NUMBER
	4


B2
CURRENT DETAILS

	GAMS ID
	G42828


	Family name
	Dove
	Role
	CI

	First name
	Sophie
	Second name
	Gwendoline

	Title
	Dr

	Current Department/school/other
	Centre for Marine Studies

	Current Organisation
	The University of Queensland


B3
POSTAL ADDRESS

	Department/school/other
	Centre for Marine Studies

	Organisation
	The University of Queensland

	Postal address line 1
	

	Postal address line 2
	

	Locality
	St Lucia

	State
	Queensland

	Postcode
	4072

	Country
	Australia


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	CI
	The University of Queensland
	Employee


	B1
PERSON NUMBER
	5


B2
CURRENT DETAILS

	GAMS ID
	Y00376


	Family name
	McCulloch
	Role
	CI

	First name
	Malcolm
	Second name
	Thomas

	Title
	Prof

	Current Department/school/other
	Research School of Earth Sciences

	Current Organisation
	The Australian National University


B3
POSTAL ADDRESS

	Department/school/other
	Research School of Earth Sciences

	Organisation
	The Australian National University

	Postal address line 1
	Building 61,   Jaeger Building 7

	Postal address line 2
	Mills Road

	Locality
	Canberra

	State
	ACT

	Postcode
	0200

	Country
	Australia


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	CI
	The Australian National University
	Employee


	B1
PERSON NUMBER
	6


B2
CURRENT DETAILS

	GAMS ID
	Z01013


	Family name
	Lough
	Role
	PI

	First name
	Janice
	Second name
	Mary

	Title
	Dr

	Current Department/school/other
	

	Current Organisation
	Australian Institute of Marine Science (AIMS)


B3
POSTAL ADDRESS

	Department/school/other
	

	Organisation
	Australian Institute of Marine Science (AIMS)

	Postal address line 1
	PMB 3

	Postal address line 2
	Townsville Mail Centre

	Locality
	Townsville

	State
	Queensland 

	Postcode
	4810

	Country
	Australia


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	PI
	Australian Institute of Marine Science (AIMS)
	Employee


	B1
PERSON NUMBER
	7


B2
CURRENT DETAILS

	GAMS ID
	


	Family name
	Brewer
	Role
	PI

	First name
	
	Second name
	

	Title
	

	Current Department/school/other
	

	Current Organisation
	


B3
POSTAL ADDRESS

	Department/school/other
	

	Organisation
	

	Postal address line 1
	

	Postal address line 2
	

	Locality
	

	State
	

	Postcode
	

	Country
	


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	PI
	OTHER
	Employee


	B1
PERSON NUMBER
	8


B2
CURRENT DETAILS

	GAMS ID
	


	Family name
	Kirkwood
	Role
	PI

	First name
	
	Second name
	

	Title
	

	Current Department/school/other
	

	Current Organisation
	


B3
POSTAL ADDRESS

	Department/school/other
	

	Organisation
	

	Postal address line 1
	

	Postal address line 2
	

	Locality
	

	State
	

	Postcode
	

	Country
	


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	PI
	OTHER
	Employee


	B1
PERSON NUMBER
	9


B2
CURRENT DETAILS

	GAMS ID
	Z97495


	Family name
	Dunbar
	Role
	PI

	First name
	Robert
	Second name
	B

	Title
	Prof

	Current Department/school/other
	Department of Geological and Environmental Sciences

	Current Organisation
	Stanford University


B3
POSTAL ADDRESS

	Department/school/other
	Department of Geological and Environmental Sciences

	Organisation
	Stanford University

	Postal address line 1
	325 Braun Hall (Bldg. 320)

	Postal address line 2
	

	Locality
	STANFORD

	State
	CA

	Postcode
	94305-2115

	Country
	USA


B4
MEMBERSHIPS/ASSOCIATIONS

B4.1
Are you a current member of the ARC or its selection or other advisory committees?


Yes      No  X
B4.2
Are any of your relatives or close social/professional associates current members of the ARC or its selection or other advisory committees?
Yes      No  X
	If Yes, please provide name(s) of the ARC member(s)
	


B5.1 Organisational affiliations for eligibility purposes for this Proposal

Name of the organisation you will be associated with for the purposes of satisfying the eligibility requirements for your nominated role in undertaking the proposed research. 

Role                                       Organisation                         
          Type of Affiliation

	PI
	OTHER
	Employee


PART C—PROJECT COST

Costs should be quoted exclusive of the GST.

C1
BUDGET DETAILS


YEAR     1
C1.1
Cash cost of establishing, purchasing or accessing the infrastructure/equipment/facility

Prioritise by numbering each item in the list, using A, B, or C (with A being the highest priority). If an item has received a supplier discount, indicate the percentage (%) discount obtained. All items must be entered in Australian dollars and where relevant, include the exchange rate at the time of applying.  (Do not include in-kind contributions in Part C1.1).

	Item no
	Items and comments
	Percentage discount (%)
	Priority

A, B, C
	Amount

($)

	1
	Coral Reef Free Ocean Carbon Enrichment System (Coral FOCE)
	
	 A
	287630

	2
	Transport of Coral FOCE to Heron Island Research Station
	
	 A
	10000

	3
	Technician to run and maintain Coral FOCE on Heron Island (1yr)
	
	 B
	60000

	4
	Installation of Coral FOCE
	
	 A
	25000

	5
	Integration of climate change observatory with wireless sensor network
	
	 B
	5000

	6
	Station fees and accomodation on Heron Island for installation and maintenance
	
	 B
	10000

	7
	Travel costs associated with installation of observatory
	
	 B
	10000

	8
	Power and internet costs associated with running observatory
	
	 B
	5000

	Total cost of infrastructure, equipment or facility
	412630


C1.2
Administering Organisation, Collaborating Organisations and Partner Organisations and their contributions

The first listed organisation must be the organisation named at A1.

	Org.
No.
	Organisation
	Cash 

($)
	In-kind 

($) 
	Comments on In-kind contribution

	1
	The University of Queensland
	157500
	30000
	UQ will cover the accomodation/lab costs of the technician to stay at the station for a year

	2
	The Australian National University
	35000
	
	

	3
	Monterey Bay Aquarium Research Institute
	
	86400
	MBARI will contribute the approximately 90 man days required to engineer, design, and install the observatory as an in-kind contribution

	
	Total
	192500
	116400
	


C1.Summaries

DIRECT COSTS SUMMARY

	Column 1
	2
	3
	4

	Source of funds


	ARC


	Contributing Organisation(s)
	Total

	
	
	Cash
	In-kind
	

	TOTAL DIRECT COSTS
	220130
	192500
	116400
	529030


PART D—RESEARCH SUPPORT

D1
RESEARCH SUPPORT OF ALL PARTICIPANTS

For each participant listed in Part A3, provide details of relevant Commonwealth research and infrastructure, equipment or facility funding for the years specified in the table below. That is, list all relevant projects/proposals/ awarded and any requests submitted involving that participant for funding.

· The current Proposal is listed first and will be auto-populated into the table.  List other Proposals and/or projects in descending date order.

· Asterisk (*) refers to any items that are in the same area of research as this Proposal.

· ARC-funded projects for which reports (including Progress and Final Reports) required in the Conditions of Grant/Funding Contract/Funding Agreement have been submitted should be indicated by a double asterisk (**) after the Description.
· Support types (Sup type) are ‘R’ for requested support, ‘C’ for current support, ‘P’ for past support.

· The ARC Project ID applies only to Proposals and current and past projects funded by the ARC.

	 Description
(All named investigators on any Proposal or grant/project/fellowship on which a participant is involved, project title, source of support, scheme)
	(*)
	Sup type
	ARC

Project ID

(if applicable)
	2007

($’000)
	2008

($’000)
	2009

($’000)
	2010

($’000)
	2011

($’000)

	The Heron Island Climate Change Observatory: An In-Situ Ocean Acidification and Carbonate Chemistry Monitoring Platform
	*
	R
	LE0989608
	
	
	220
	0
	

	The impact of ocean acidification on the fertilization, larval development and recruitment of key Australian marine organisms.
	*
	R
	DP0988039
	
	
	241
	197
	192



Coral Reef Targeted Research and capacity building for management- Bleaching Working Group - chaired by Hoegh-Guldberg.  Funds 14 research groups.

C

196
177
86



The ARC Earth System. Science Network. Pitman et al. (including HOEGH-GULDBERG plus 50 other researchers - networking support only). 

C
RN0460181
390
390




ARC Centre for Excellence in Coral Reef Studies, Hughes et al. (includes Hoegh-Guldberg and 19 other CIs).**

C
CEO561435
2400
2400
2400



Long-term changes in Mackay and Whitsunday water quality and connectivity between coral reefs and mangrove ecosystems. HOEGH-GULDBERG, MCCULLOCH, Dunbar, MCCOOK, Haynes* R 

P
LP0560896 
148





Assessing the risk of ocean acidification on the Great Barrier Reef.
*
C
LP0775303
377
375
326



Understanding the impacts of ocean acidification due to atmospheric carbon dioxide on coral reef seaweeds. International Science Linkage Program
*
R



89
92
84

Effects of ocean acidification on carbon acquisition and utilization by coral reef primary producers. ARC Discovery.

R
DP0986714


177
163
152

Fluorescent applications in

biotechnology and life sciences. ARC Network



C
RN0460002
500
500
500



This page serves as a check list for PART D2

Once the Application Form has been printed, replace this page with the following page(s) (where appropriate):

D2
STATEMENTS ON PROGRESS OF ARC-FUNDED LIEF PROJECTS

Include with the Proposal a statement detailing progress for each project held by any of the participants listed in Part A3 for which funds were allocated in 2007 under the ARC Linkage Infrastructure, Equipment and Facilities scheme.

D2.1
List of the projects that you are providing statements for.

Project ID
First named investigator







D2.2
Provide the statements

Write no more than one A4 page for each funded project.

PART E—PARTNER ORGANISATION DETAILS

E1
PARTNER ORGANISATION CONTACT DETAILS

Provide these details for each Partner Organisation.

E1.1
First partner organisation Details (If relevant)

Partner Organisation contact

Family name

Title


First name

Second name


Position Title


Phone

Fax


Email


Partner Organisation postal address (please abbreviate the State)

Organisation
Monterey Bay Aquarium Research Institute

Postal address line 1


Postal address line 2


Locality

State

Postcode

Country


PART F - ADDITIONAL TEXT (in no more than 10 A4 pages)

F1
STATEMENT ADDRESSING SELECTION CRITERIA


Investigators: This proposal brings together a diverse, world-class group of International researchers who are leaders in the fields of coral reef ecology, physiology, and climate change research (Hoegh-Guldberg, Kline, Dove and Anthony); marine chemistry including ocean acidification and carbonate chemistry (Dunbar and Brewer); coral isotopes and climate modelling (McCulloch and Lough); and marine engineering with a specialty in in-situ experimental ocean acidification systems (Brewer and Kirkwood). This collaboration involves two of the premier Australian Universities- The University of Queensland and The Australian  NationalAustralian National University; an Australian research institute- The Australian Institute of Marine Science; a world leading internationally recognized university- Stanford University; and an InterationallyInternationally recognized American research institute- the Monterey Bay Aquarium Research Institute. The track record of this research group is internationally recognized and has the diverse skill set required to ufor seusing the proposed infrastructure to its full potential. Integration of the climate change observatory with the GBROOS (IMOS) wireless sensor network will facilitate the analysis and sharing of data associated with this project. A plan is in place for the collaborative use of the facility and for the timely production of high-impact publications produced in coordination with the members of the team. 
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Approximately 25% of the CO2 that enters the atmosphere is absorbed by the ocean, where it reacts with water to produce carbonic acid, causing a decrease in pH (Raven et al. 2005).  Protons released by the acid react with carbonate ions to produce bicarbonate, reducing the concentration of carbonate ions in ocean waters.  These changes, though subtle, result in a precipitous drop in the availability of carbonate ions in seawater as the atmospheric CO2 increases.  These reduced concentrations of carbonate have the potential to affect a wide range of marine ecosystems.

Carbonate ion concentrations plotted together with global temperatures reveal that the conditions that marine organisms are experiencing today are substantially different from any that they have experienced over at least the last 740,000 years (Fig 1, Hoegh-Guldberg et al. 2007).   In the case of corals, there appears to be a significant carbonate threshold which occurs when atmospheric CO2 rises above 450 ppm (carbonate ion concentrations ~ 200 mol.kg-1).  Reef-building corals appear unable to maintain reef integrity beyond this point.  This has potentially serious implications for coral reef ecosystems.

CO2-induced reductions in carbonate ion concentration are sufficient to slow the calcification rate of many marine organisms (Kleypas et al. 1999). There is now abundant evidence that ocean acidification is beginning to affect marine life (Raven et al. 2005; Shirayama and Thornton 2005; Berge et al. 2006), with a wealth of studies on corals (for review, see Kleypas and Langdon 2006) revealing that calcification decreases linearly with decreasing carbonate ion concentration in seawater.  This decrease is purportedly beinghas been detected in long-lived corals of the genus Porites on the Great Barrier Reef (i.e. 20% decrease in calcification over the past 20 years; Cooper et al. 2008).  Studies on crustose coralline algae have also revealed a high sensitivity to ocean acidification (Diaz-Pulido et al. 2007; Kuffner et al. 2007). This is likely to have significant synergistic impacts on the resilience of coral reefs to other disturbances arising from global warming (i.e. bleaching events), local human stressors (e.g. declining water quality, over-fishing of herbivores), and increased storm frequency.

While much of the recent focus has been on reef-building corals (Kleypas and Langdon 2007), there is growing evidence that ocean acidification will have significant impacts on a wide range of reef-associated organisms and biological processes.  Our understanding of these impacts and underlying mechanisms, however, is minimal and must be rapidly improved if we are to comprehend the full gamut of vulnerabilities arising from ocean acidification (Raven et al. 2005; Harley et al. 2006). The Heron Island Climate Change Observatory will rapidly improve our understanding of climate change impacts on coral reefs by providing the first data on the response of an intact coral reef flat community to future CO2 levels.

iii. Enhancement of support for areas of existing or potential research strength.


Need:
The climate change observatory will allow important experiments that are currently provide data previously unobtainable from earlier unavailable from previous studies of coral reefthe impact of ocean acidification on coral reefs experimental studies. These Previous studies have mostly relied on either highly perturbed experimental conditions such as those of Biosphere II (Atkinson et al. 1999; Langdon et al. 2000)al. XXX, other references from Biosphere II) or on laboratory- based aquaria experiments in aquaria with that have used coral fragments with numerousthat have suffered from numerous limitations including modified physical parameters (including light, water flow, and water temperatures), biological parameters (associated with having broken fragments of corals without their associated biota) and chemical parameters (by excluding the natural benthos that could serve as buffers to the changing pH). These studies, while illuminating some physiological mechanisms involved in how corals might be affected by ocean acidification, have fallen short of exploring the impact of ocean acidification on coral reefs.  One previous research effort attempted to study the impacts of acidification on intact reef communities but it was a short term studies lasting only several hours using plastic enclosures that greatly altered water flows over the corals (Yates and Haley 2003). 

The infrastructure provided by this grant will represent the Our Heron Island study will be the first in-situ measurements of the impact of CO2 enrichment of a study on a coral reef under ambient with natural environmental conditions including flow. The experiments are based on a technology to inject CO2 in to the center of a ring structure that has been used successfully on land for over 15 years in the Free Air CO2 Enrichment Experiments (FACE experiments, Fig 2a, Hendrey and Kimball 1994, LaDeau 2001, Ainsworth 2005). This technology has been modified for use in the marine environment by our collaborators and termed the Free Ocean CO2 Enrichments Experiments (FOCE experiments, Fig 2b, Kirkwood et al. 2005, 2007). Kirkwood et al. (2005, 2007) have used the FOCE systems successfully in marine acidification experiments but this will be the first application on a coral reef and likely the start of a global network of coral reef FOCE experiments. 
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    Figure 2: a) Photograph of a FACE experiment in Wisconsin b) Photograph of a         

    FOCE system designed for the deep ocean (Kirkwood et al. 2007)

Studying the impacts of climate change on an intact reef community allow previously unanswerable questions to be posed such as the impacts of acidification on species interactions, community structure, bioerosion and dissolution (Kleypas et al. 2006). This These data will be critical for better predictions of the impacts of climate change on the Great Barrier Reef providing information necessary for the conservation and management of this important Australian resource. The Heron Island Research Station (HIRS) is the ideal as a location place for this a climate change observatory because it one of the most highly studied reefs on the GBR.  The research station also has , it has excellent infrastructure and facilities, and it has a large international community of scientists keen on implementing the next generation of studies associated with understanding the impact of who will greatly benefit from the use of the climate change observatoryocean acidification on coral reefs. The climate change  observatory will greatly facilitate and strengthen other research supported by the ARC including grant #LP0775303 “Assessing the risk of Ocean Acidification for the Great Barrier Reef” and #LP0562157 “New tools for managing ecosystem responses to climate change on the Great Southern Barrier Reef”. It will provide critical seasonal data on carbonate chemistry changes on the Heron reef flat as well as the first data set on responses of intact coral reef communities to ocean acidification.  It will also draw on researchers associated with the ARC Centre for Excellence in Reef Studies (Hoegh-Guldberg is Deputy Director).  While ocean acidification is not a core theme within the ARC Centre for Excellence, the provision of a key set of facilities and world-first experiments will no-doubt attract interest from key scientists within this world-class centre.


Strengths and benefits of collaboration: This project will involve collaboration between a world-class team of coral reef biologists, marine chemists, engineers, and modelers. This diverse team of scientists and engineers is necessary to properly manipulate the carbonate chemistry of an intact reef system and monitor and quantify the response of the coral reef ecosystems to predicted future changesreef conditions,  from the molecular to the ecosystem level. Collaboration between these diverse scientists and engineers will ensure that the Coral Reef Cclimate Cchange Oobservatory will be a world-class facility for monitoring and manipulating carbonate chemistry on coral reef ecosystems. Regular discussions and sharing of all data will allow for the technical/logistical challenges to be overcome and for the rapid production of technical and scientific publications. Engineering and construction of the coral FOCE system will be lead by the Brewer and Kirkwood MBARI team in consulationconsultation with the UQ, ANU, AIMS, and Stanford group. The system will then be shipped to Heron Island where the UQ team will work with the MBARI team on the installation of the system. Maintenance and regular carbonate chemistry and biological  measurementsbiological measurements to the system will be the responsibility of the UQ. The UQ, ANU, AIMS, and Stanford teams will regularly sample the system to measure biological, skeletal, and isotopic responses to acidification. (Will expand on this)It is expected that this expert group will meet and workshop on a regular basis, and that it will generate major new insights into how ocean acidification is likely to affect coral reefs, and the myriad of processes involved, in the future. 

F2 
DETAILED BUDGET JUSTIFICATION: (Fully justify each budget item in terms of need, cost, and priority- with A,B,C and A being highest priority- use the same heading as in Part C1). Provide an explanation for how non-ARC contributions in Part C2 will support the proposal.

1. Coral Reef Free Ocean Carbon Enrichment System (Coral FOCE): The Coral FOCE is the heart of the climate change observatory and is therefore an A priority item. It is a custom made system designed and engineered in the Brewer lab at MBARI. The $287,630 costs includes the costs of the computer controlled main station, the mixing chamber, the system controller, all sensors (16 pH sensors, 4 master pH sensors and 2 light sensors)  instrumentation (2 current meters, 2 SAMI pCO2 meters, and 2 CTDs), plumbing, wiring, pumps, CO2 equipment, weather-proof housings, and submerged connectors. This system includes the instrumentation and set-up for 2 FOCE rings (control and experimental). The price only includes the prices of the components and does not include the cost of the design, engineering, ordering, and construction of the system that is being provided as an in-kind contribution from MBARI.  This is a level A priority.

2. Transport of Coral FOCE to Heron Island Research Station ($10,000): The transport costs for the proposal include the costs of insuring and shipping the system from MBARI in Monterey CA, USA to the Heron Island Research Station. It also includes the cost of shipping all other plumbing and supplies from Brisbane to Heron Island. It will not be possible to build the system until all of the components have arrived so this is an A priority item.

T3. Technician to run and maintain Coral FOCE on Heron Island (1yr, $60,000): A full-time technician  is required for the one year of this project to live on Heron Island and be involved in the construction,  maintenance, calibration, water sampling, and scientific measurements required for the climate change  observatory. The technician will liaise will all collaborators on the project and insure that there the  system is installed and run properly throughout the year. The daily maintenance, calibration, and water  sampling make having a full-time technician devoted to the observatory necessary and therefore a level  BA priority. Support of the technician’s salary after the one year of LIEF funding will be provided by  other ARC grants that this project complements namely LP0775303, “Assessing the risk of ocean  acidification on the Great Barrier Reef” and LP0562157, “New tools for managing ecosystems  responses to climate change on the Great Southern Barrier Reef”.  

4. Installation of Coral FOCE ($25,000): The installation costs include the equipment and labor costs for installing the FOCE system, digging and filling trenches to bury all piping associated with the system (will require the rental of a tractor and digger), and installation of the emitting posts on the reef flat. The installation costs are critical to the functioning of the observatory and are level A priority.

5. Integration of Cclimate Cchange Oobservatory with wireless sensor network ($5,000). The master computer system and all sensors in the climate observatory will be fitted with wireless transmitters so that they can communicate with the GBROOS wireless network that will already be established on Heron Island. This will for the regular back-up of all data from the system and allow for real-time access to all monitoring data to all collaborators  associatedcollaborators associated with the project. This expenditure is of level B priority.

6. Station fees and accomodationaccommodation on Heron Island for installation and maintenance ($10,000): The station fees requested are to cover the fees associated with having the researchers associated with the project to work on the installation, maintenance, and collection of data required for the climate change observatory. A further $30,000 is being provided as an in-kind contribution by UQ to cover the station fees for the year that the full-time technician is living on the island to maintain and run the observatory. These fees are a level B priority.

7. Travel costs associated with installation of the observatory ($10,000): The travel costs in this proposal are to have the MBARI team in California come to Heron Island to assist with the installation of the climate change observatory. The system will be custom-designed in their laboratory and their expertise will be necessary for the proper installation and construction of the system at Heron Island. Tthis expense is a level B priority.

8. Power and internet costs associated with running observatory ($5,000): These costs are to cover the costs of the electricity required to run the pumps and computer system central to the climate change observatory. As well as to cover the cost of the bandwidth necessary to transmit the data collected to the wireless sensor network and on to the internet. This is a level A priority.

F3
INFRASTRUCTURE, EQUIPMENT, OR FACILITIES ARRANGEMENTS

(Outline the arrangements proposed for the purchase of, construction of or access to the infrastructure, equipment and facility, its location, installation, day-to-day management and operation, maintenance, access by users to the facility, and the sharing of time and resources to maximise their use)

The Heron Island Climate Observatory will include a Coral FOCE cabled observatory that will be integrated in to the Great Barrier Reef Ocean Observing System (GBROOS), a wireless network currently being established at sites across the GBR including the Heron Island Research Station (HIRS). Integration of our observatory with the GBROOS network will facilitate collaborations, allowing for disparate data sets to be more easily integrated and studied. The Coral FOCE system will be designed and constructed by the Brewer and Kirkwood lab at the Monterey Bay Aquarium Research Institute (MBARI). Modifications to the FOCE system are currently being made based on regular consultations between the MBARI group, the UQ group, Stanford University, and the ANU group. With such a diverse, experienced, international team this project will have a high likelihood of success. 


 Figure 3: Schematic of coral FOCE experiment on Heron reef flat. The 3-meter instrument and dosing ring will be permanently moored to the reef floor. The ring consists of emitters that release the instrumentation will include pH, pCO2, and flow sensors that will communicate with a control computer in a closed loop system to regulate the flow of acidified reef water from the shore. The ring consists of emitters that will release the dosed seawater at the appropriate locations depending on the flow and pH levels to ensure controlled pH conditions throughout the ring.

Each of the instrumentation rings will be connected to a piping system which will pump water from the ringed reef areas back to the beach where a dosing chamber will add CO2 to the seawater as required.  One of the rings will be a control ring that will have unmanipulated seawater pumped to the instrumentation ring at the same rate as in the treatment ring. The control ring and treatment ring will be cabled to the central computer system for constant logging of the FOCE ring instrumentation. The sensors on both FOCE rings will include a SAMI pCO2 sensor, 5 pH Sensors, an ADV current meter, a light meter,  and a CTD (salinity, temperature and depth). These sensor networks on both FOCE platforms will make up a cabled observatory that will allow for the constant monitoring of current and future changes associated with climate change to the physical and biological parameters of the coral reef ecosystem (Fig 4).


The seawater from both rings will be pumped back to the research station and the water from the treatment ring will pass in to the dosing chamber (Fig 5). The dosing chamber will spray the seawater into the chamber in a fine mist through which the treatment CO2 will be added. The seawater mist results in faster and more efficient CO2 absorption in to the seawater. The dosed seawater will be held in the chamber and pumping tubes, long enough to exceed the residence time necessary to have complete carbonate equilibrium within the dosed seawater. The source of the CO2 for dosing will be from the exhaust from the island’s generators’ which will be cleaned through a series of filters and then added to the seawater mist in the appropriate quantity based on the feedback from the CO2 control loop (Fig 5). A large CO2 tank will also be installed as a back up in case there are problems with the generators. Exhaust from power plants and generators  has been successfully used previously in carbon dioxide enrichment studies in seagrass meadows (Palacios and Zimmerman 2007). 
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Figure 5: Layout of the pH dosing chamber that take the seawater pumped from the FOCE ring and sprays it in to a fine mist to which the CO2 is added. The CO2 is either from the exhaust from the island’s generators which passes through a crushed carbonate filter to remove any contaminants, or from a back up CO2 tank. The dosed seawater is then pumped back to the FOCE ring and added as needed to tightly control the experimental pH.


pH manipulation within the FOCE system uses measurements of the initial pH conditions of the surrounding reef waters and the water temperature. In the FOCE computer control system the ambient pH is compared to the desired experimental pH and the resulting error is communicated to the FOCE system controller (Fig. 6). The flow velocity and direction measured using the ADCP flow meter is used to calculate the quantity of water volume exchanged per unit time. These measurements are then used to calculate the flow rate that the CO2 enriched water will be injected into the FOCE emitters. Within the FOCE experimental instrumentation ring the pH is compared to the surrounding ambient seawater and compared for offset error (Fig. 6) If all of the resulting values match the system in a steady state equilibrium the injection rate is not adjusted. If the pH is out of the allowed tolerance threshold the injection rate is altered either up or down as required. The larger the pH offset error, the more correction is communicated to the injection system through the use of a tuned exponential algorithm. This approach is used so that the system quickly comes to the desired pH values and is heavily damped at that value to prevent unacceptable pH variability in the experiments. 


Figure 6: Diagram describing the feed back between the instrumentation in the FOCE experimental ring (pH, temperature, and flow) and the control computer that determines the offset between the ambient seawater and the water within the FOCE ring. The offset is compared to the desired experimental pH and determines the amount of dosed seawater that is emitted in to the FOCE experimental ring.

The coral FOCE experimental platform provides an ideal design to study the complex, interactive impacts of ocean acidification on a coral reef ecosystem. It has been designed to produce the experimental pH conditions predicted for future reefs within discrete limits while allowing for multidisciplinary experiments on the coral reef community with tightly monitored environmental conditions within the cabled observatory. The Heron Island coral FOCE will be the first of its kind internationally making the Heron Island climate change observatory an internationally important site for climate change research. It will help place the Australian coral reef community at the forefront of climate change science and provide an experimental system that will be widely used and likely replicated globally.

The coral FOCE cabled observatory will be integrated into the Heron Island’s existing GBROOS wireless network. Heron Island has been chosen as one of the sites off within this this integrated monitoring network stretches across the entire length of the wireless network that exists throughout the GBR. Use of the wireless network will allow all of theAssociation with  physical, chemical, and biological measurements made as part of the GBROOS network made with the and those of the Heron Island Observatory to be backed-up, observed, and analyzed in real-time from any computer around the world. Integration with the GBROOS network will greatly facilitate the many international and national collaborations within this project and provide a fail-safe mechanism for the multiple sensors in the observatory. 

The Heron Island Climate Change Observatory will place Australia and Heron Island at the forefront of climate change research. By regular monitoring of water chemistry and biological parameters using the state of the art in instrumentation we will be able to determine the document the changes that are already occurring as a result of climate change as well as stimulating future scenarios to experimentally determine the response off an intact coral reef ecosystem. This observatory will be critical for the conservation and management of the incredible diversity and economic value of the GBR to the Australian public. The data from the observatory will allow for more informed and responsive management of the GBR as we struggle to keep up with the many threats to the ecosystem associated with climate change. 

F4
ROLE OF PERSONNEL (summarize the role, responsibilities and contributions of each researcher named in Part A3. Summarize the role and levels of involvement of other participants, such as technical staff.)

Professor Ove Hoegh-Guldberg will oversee the entire project, coordinating all of the collaborators and ensuring the effective functioning of the climate change observatory.   He will be involved in the majority of experiments and will direct the internal and external use of the facility.  Dr. Kline will manage the observatory, working closely with the full-time technician and all collaborators to ensure that all biological, physical, and chemical measurements are performed according to schedule and to insure that the system is properly functioning. He will also be involved in the carbonate chemistry analysis, measurements of biological parameters including photosynthesis, skeletal integrity, bioerosion, and early skeletal growth. (I started to write this and then felt it would be better to have everyone write 2-3 sentences about their expected roles in the project- so I will see if I can get a response from everyone and if not will finish writing this section.   Drs Ken Anthony, Sophie Dove and David Kline will examine physiological responses of organisms within the FOCE experiment, particularly with respect to calcification and bioerosion, investigating how ocean acidification modifies the rates of these two opposing processes under the influence of ocean acidification.   Professor McCulloch (ANU) and Dr Janice Lough will be involved in biogeochemical experiments associated with the facility, particularly those examining how stable isotopes signatures vary under the various conditions of the experiment. 
 Professor Brewer, Kirkwood and Dunbar will be involved in the establishment of the facility, and in experiments that will be aimed understanding the carbonate balance of coral reefs within the experimental conditions established as part of the facility.

Please fill in 2-3 sentences about your anticipated roles)

F5 Not Applicable- Not a library or research information proposal
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F7 CURRICULUM VITAE:

Professor Ove Hoegh-Guldberg

Qualifications:
1981
BSc (Honours) in Marine Biology, University of Sydney, NSW, Australia.


1989
PhD in Biological Sciences, UCLA, Los Angele, CA, USA.

Employment history:  (since 2000)

Professor of Marine Studies, University of Queensland

Director, Centre for Marine Studies, University of Queensland 

Director, Heron Is, Low Isles and Morton Bay Research Stations

Director, Stanford Australia Program


Deputy Director, ARC Centre for Excellence for Reef Studies

Visiting Professor, Stanford University

Science Magazine (Board of Reviewing Editors, 2006-present)

QLD Smart State Premiers Fellow (2008 – present) 

1999:

Associate Professor, School of Biological Sciences, University of Sydney

1995-98:
Senior lecturer, School of Biological Sciences, University of Sydney  

1992-94:
Lecturer, School of Biological Sciences, University of Sydney


1989-1991:
Office of Naval Research Postdoctoral Fellow, Biological Sciences, U.S.C.

Ten  most significant publications, 2003–2008 (total of 72 peer-reviewed – 5 in Science/Nature):

Hoegh-Guldberg, O., Mumby, P.J., Hooten, A. J., Steneck, R.S., Greenfield, P., Gomez, E., Harvell D. R, Sale, P.F., Edwards, A.J., Caldeira, K., Knowlton, N., Eakin, C. M., Iglesias-Prieto, R., Muthiga, N., Bradbury, R.H., Dubi, A., and Hatziolos, M. E., (2007) Coral Reefs under Rapid Climate Change and Ocean Acidification.   Science 318: 1737-1742

Shuttenberg, H. & Hoegh-Guldberg, O. (2007) A World With Corals: What Will It Take?  Science 318, 42. 

Levy, O., Appelbaum, L., Leggat, W., Gothlif, Y.,  Miller, D. J.,  &  Hoegh-Guldberg, O. (2007) Light-responsive cryptochromes from the simplest marine eumetazoan animals Science 318:467–470
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Hoegh-Guldberg, O. (2005), Low coral cover in a high-CO2 world, J. Geophys. Res., 110, C09S06, DOI:10.1029/2004JC002528.

*Walther, G-R.,  Post, E; Convey, P; Menzel, A., Parmesan, C;  Beebee, TJC, Fromentin, JM, Hoegh-Guldberg, O & Franz Bairlein (2002) “Ecological responses to recent climate change”, Nature 416 :389-395

*Hoegh-Guldberg, O; Jones, RJ, Ward, S, Loh, W K (2002) “Is coral bleaching really adaptive”. Nature 415:601-602.

*Hoegh-Guldberg, O. (1999) Coral bleaching, Climate Change and the future of the world’s Coral Reefs. Review, Marine and Freshwater Research Mar. Freshwater Res. 50:839-866.

Hoegh-Guldberg, O. and Emlet, R. B. (1997) Energy use during the development of a lecithotrophic and a planktotrophic echinoid. Biological Bulletin (Woods Hole) 192:27-40.

Hoegh-Guldberg, O. and D.T. Manahan (1995) Measuring the cost of development in marine invertebrates. J. Exp. Biol. 198:19-30.

Currently supervising 13 postgraduate students and 11 postdoctoral fellows and associates.  Awarded Eureka Prize for research in 1999.

Other significant appointments: 

2006-present
Member, Royal Society, London, Marine Advisory Network (MAN)

2006-present 
Member, Board of reviewing editors, Science Magazine

2004-present
Member, Royal Society, London, Working Group on Ocean Acidification

2004-present
Member, Australian Climate Group

Dr. David I. Kline

Professional Qualifications: B.Sc., Carleton College, 1996, Summa Cum Laude, Sigma Xi, and Phi Beta Kappa; Ph.D., Scripps Institution of Oceanography, 2005
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Grants, Fellowships & Awards: Smithsonian Institution Marine Science Post-Doctoral Fellowship (2005, 1.5 years, National Science Foundation (NSF) IGERT Fellow (1 year, 2004), Beyster Family “Young Scientist Grant”  (2003), Coauthor on NSF Biological Oceanography (3 year) (OCEO1-37748, 2003-2006, $340,000), Smithsonian Pre-doctoral Fellowship (2002), Scripps Institute of Oceanography Hubbs Hall Graduate Field Grant (2002), UCSD Latin American Studies Tinker Grant (2001), National Defense Science and Engineering Graduate Fellow (3 years, 1998), NSF graduate fellowship (3 years, 1998)
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Ecology Progress Series 273: 89-96. (18 citations)
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Casas, V., Kline, D., Wegley,L., Yu, Y., Breitbart, M., and F. Rohwer. 2004. Bacterial communities associated 
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Kline, D. I., Kuntz, N. M., Breitbart, M., Knowlton, N., and F. Rohwer. 2006. Role of Elevated Organic Carbon 


and Microbial Activity in Coral Mortality. Marine Ecology Progress Series 314: 119-125. (8 citations)

Kline, D., J., Bryant, G., Rohwer, E., Kisflaudy,  F., Nostropaur, J. Grayson, and  F.Rohwer. 2006. The Aquatic 
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on coral reefs: anthropogenic impacts and reef decline, Eos Trans. AGU 87(36), Ocean Sci. Meet. Suppl., OS53L-
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 Pantos, O., Kline, D. I., Kuntz, N., Knowlton, N., and F. Rohwer. 2005. Dissolved organic carbon (DOC) and its influence 
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Dr. Kenneth Roald Nies Anthony

Qualifications:  1992
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            1993

MSc (Cand. Scient.), University of Copenhagen, Denmark.

   
             2000
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Employment history:
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2000-2004         
     ARC Post-Doctoral Fellowship, James Cook University 

2004-2005                Lecturer (level B), School of Marine Biology and Aquaculture, JCU, 

1999 – 00
Project Manager, Great Barrier Reef Marine Park Authority 

1997 - 99
Consultant, Great Barrier Reef Marine Park Authority

1995 - 99
PhD Scholarship, James Cook University / CRC Reef Research

1995
Associate Lecturer (Zoology), University of Copenhagen.

1993 - 94
Research Fellow, Kristineberg Marine Research Station (KMRS), Sweden

1992 - 93
Teaching Assistant, University of Copenhagen. 

1992 - 93
Environmental Consultant, Ministry of the Environment, Denmark.

Ten most significant publications,  2003-2008 (total of 17 peer-reviewed) 
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Anthony KRN, Ridd P, Orpin AR, Larcombe P, Lough J (2004) Temporal variation in light availability in coastal benthic habitats: Effects of clouds, turbidity and tides. Limnology & Oceanography. 49: 2201-2211.
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Anthony KRN, Hoogenboom M, Connolly SR (2005) Adaptive variation in coral geometry and the optimization of internal colony light climates. Functional Ecology 19: 17-26

1.1 Hoogenboom M, Anthony KRN & Connolly SR (2005) Energetic costs of photoinhibition in corals. Marine Ecology Progress Series 313: 1-12
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Hoegh-Guldberg O, Anthony K, Berkelmans R, Dove S, Fabricius KE, Lough J, Marshall PA, van Oppen MJH, Negri A and Willis B (2007) Chapter 10 Vulnerability of reef-building corals on the Great Barrier Reef to climate change. In Climate Change and the Great Barrier Reef, eds. Johnson JE and Marshall PA. Great Barrier Reef Marine Park Authority and Australian Greenhouse Office, Department of Environment and Water Resources

Other Professional Activities: 
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I am an Associate Editor for the journal Functional Ecology published by Blackwell Sciences on behalf of the British Ecological Society. Functional Ecology has an impact factor of 3.5 and is ranked 16th among the world’s leading ecology journals. 

Link: 
 HYPERLINK "http://www.blackwellpublishing.com/editors.asp?ref=0269-8463&site=1" 
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            1987
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            1991
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   2000 -2002         Research Fellow, University of Queensland
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Battad J, Wilmann PG, Olsen S, Byres E, Smith SC, Dove S,  Turcic K, Devenish RJ,  Rossjohn J, Prescott M. (2007) A structural basis for the pH-dependent increase in fluorescence efficiency of chromoproteins. J. Mol Biol. 368(4): 998-1010 (IF=5.2)

Wilmann P, Battad J, Petersen J, Wilce M, Dove S, Devenish R, Prescott M, Rossjohn J (2006). The 2.1Å crystal structure of copGFP, a representative member of the Copepodan clade within the Green Fluorescent Protein superfamily.  J. Mol. Biol. 359:380-900 (IF=5.2)

Dove S, Ortiz JC, Enríquez S, Fine M, Fisher P, Iglesias-Prieto R, Thornhill D, Hoegh-Guldberg O (2006) Response of holosymbiont pigments from the scleractinian coral Montipora monasteriata to short term heat stress.  Limnol. Oceanogr. 51: 1149-1158. (IF=3.3)

Dove S (2004) Scleractinian corals with photoprotective pigments are hypersensitive to thermal stress. Mar Ecol Progr Series 272: 99-116. (IF=2.3)

Prescott M, Ling M. Beddoe T., Oakley AJ, Dove S, Hoegh-Guldberg O, Devenish R, Ross John J (2003). The 2.2A crystal structure of a pocilloporin pigment reveals a non-planar chromaphore formation. Structure 11:275-285. (IF=6.0)

Principal advisor to 5 completed Ph.Ds, advisor to 5 ongoing Ph. Ds and 2 postdoctoral fellows.  

Other significant appointments: 

2006-present
Director/ Chair of the Tropical Marine Network (TMN).

Professor Malcolm Thomas McCulloch, RSES, ANU

Academic Qualifications:

1974    Masters Degree, Curtin University of Technology


1979    PhD Geol. & Planetary Sciences, California Institute of Technology, Pasadena

Present Appointment:  Professor

1980-1983:
Research Fellow, Research School of Earth Sciences, ANU.

1983-1990:
Fellow, Research School of Earth Sciences, ANU.

1990-1996:
Senior Fellow, Research School of Earth Sciences, ANU.

1996-
Professor, Environmental Geochemistry and Geochronology, RSES, ANU 

Awards: 

Fellow Geochemical Society 2008

Honorary Doctor of Science Curtin University of Technology, 2007

Fellow Australian Academy of Sciences 2005

ISI Honours for Excellence in Australian Research, 2001

Fellow, American Geophysical Union 2002

Examples of recent significant peer reviewed publications in last five years (45 total).
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Hendy, E.J., Gagan, M.K., Alibert, C.A., McCulloch, M.T., Lough, J.M. and Isdale, P.J. Abrupt decrease in tropical Pacific Sea surface salinity at end of Little Ice Age, Science, Vol. 295, 1511-1514.

2002
Marshall, J.F. and McCulloch, M.T. An assessment of the Sr/Ca ratio in shallow water hermatypic corals as a proxy for sea surface temperature, Geochimica et Cosmochimica Acta, Vol. 66, No. 188, 3263-3280.

2003
McCulloch, M.T., Fallon, S.R., Wyndham, T., Hendy, E., Lough, J. and Barnes, D. Coral Record of increased sediment flux to the inner Great Barrier Reef since European settlement, Nature, Vol 421, 727-730.

2003
Abram, N.J., Gagan, M.K., McCulloch, M.T., Chappell, J. and Hantoro, W.S.  Coral reef death during the 1997 Indian Ocean dipole linked to Indonesian wildfires. Science, 301 (5635): 952-955.

2003
McCulloch, M.T., Pailles, C., Moody, P. and Martin, C.E.  Tracing the source of sediment and phosphorus into the Great Barrier Reef lagoon, Earth Planet. Sci. Letters, 210: 249-258.

2003
Müller, W. Fricke, H., Halliday, A.N., McCulloch, M.T. and Wartho. J.  Origin and Migration of the Alpine Iceman, Science, 302, 862-866.

2005
Pelejero C., Calvo E., McCulloch, M.T., Gagan M., Marshall J., Lough J.M. and Opdyke B., Preindustrial to modern interdecadal variability in coral reef pH. Science, 309: 2204-2207.

2005
McCulloch, M.T., Cappo M., Aumend J., and Muller W., Tracing the life history of individual Barramundi using MC-ICP-MS Sr-isotopic and Sr/Ba ratios in otoliths, Marine and Freshwater Research. 56: 637-644.

2006 
Montagna, P., McCulloch, M.T., Taviani, M., Mazzoli, C., and Vendrell B. Phosporus in cold-water Corals as a proxy for seawater nutrient chemistry. Science, 312: 1788-1791.

2007
Abram, N., Gagan, M., Liu, Z., Hantoro, W., McCulloch, M.T., Suwargadi,B. (2007) Seasonal characteristics of the Indian Ocean Dipole during Holocene epoch, Nature, Vol.445, 18, 299-302.

Competitive Grant Funding 2002-2007

2005-2010 ARC Centre of Excellence for Coral Reef Studies ($12,000,000)   (JCU, UQ, ANU).

2005-2006 (ARC DP) Impact of Increased Sediment GBR ($705,000 rolled into C of E)

2005-2008 (ARC LP with UQ) Long-term records of water quality and connectivity between coral reefs and mangrove ecosystems ($97,000)

2005-2007 (ARC DP): Deep s Sea Corals at as High Resolution Recorders of South Ocean Nutrient Chemistry & Circulation. ($270,000)

Dr. Janice Mary Lough

Qualifications: B.Sc (Hons) Environmental Sciences, University of East Anglia, UK (1976); PhD Climatic Research Unit (CRU), University of East Anglia, UK (1982)
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Relevant Employment History: Senior Research Associate, CRU, UEA, UK (1980-82); Research Associate, Laboratory of Tree-Ring Research, University of Arizona, USA (1982-86); Post-Doctoral Fellow, Australian Institute of Marine Science, (1986-88); Research Scientist, Australian Institute of Marine Science, (1988-90); Senior Research Scientist, Australian Institute of Marine Science (1990-94); Principal Research Scientist, Australian Institute of Marine Science (1994-date)

Ten most significant publications 2003-2008:

McCulloch, M, S Fallon, T Wyndham, E Hendy, JM Lough & D Barnes, 2003. Coral record of 
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Hendy, EJ, JM Lough & MK Gagan, 2003. Historical mortality in massive Porites from the central 

Great Barrier Reef, Australia: evidence for past environmental stress? Coral Reefs, 22:207-215.

Lough JM, 2004. A strategy to improve the contribution of coral data to high-resolution 

paleoclimatology. Palaeogeography, Palaeoclimatology, Palaeoecology, 204:115-143.

Lough, JM, 2007. Tropical river flow and rainfall reconstructions from coral luminescence: Great 

Barrier Reef, Australia. Paleoceanography, 22, PA2218, doi: 10.1029/2006PA001377.

Carricart-Ganivet, JP, JM Lough & DJ Barnes, 2007 Growth and luminescence characteristics in 

skeletons of massive Porites from a depth gradient in the central Great Barrier Reef. Journal of Experimental Marine Biology and Ecology 351: 27-36.

Lough, Janice, 2007. Climate and climate change on the Great Barrier Reef. Chapter 2, Climate 

Change and the Great Barrier Reef. A Vulnerability Assessment. J Johnson & P Marshall. (eds), GBRMPA/AGO, pp 15-50.

Lough, JM, 2008. A changing climate for coral reefs. Journal of Environmental Monitoring, 20: 21-29. 

DOI: 10.1039/b714627m

Cooper, TF, G De’ath, KE Fabricius & JM Lough, 2008. Declining coral calcification in massive 

Porites in two nearshore regions of the northern Great Barrier Reef. Global Change Biology 14: 529-538. 

Kleypas, JA, G. Danabasoglu & JM Lough, 2008. The potential role of the ocean thermostat in 

determining regional differences in coral reef bleaching events. Geophysical Research Letters 35, L03613, doi:10.1029/2007GL032257.

Total number of peer-reviewed publications last 2003-2008: 33

Dr. Peter G. Brewer

Professional Preparation.

B.Sc., Liverpool University, England, 1962; Ph.D., Liverpool University, England, 1967.

Appointments.

Senior Scientist, Monterey Bay Aquarium Research Institute (MBARI), 1996 - present.

President and Chief Executive Officer, MBARI, 1991-1996. 

“By Courtesy” Professor, Stanford University – School of Earth Sciences, 1991-present.

Senior Scientist, Woods Hole Oceanographic Institution, 1978-1991.

Program Director, Marine Chemistry, National Science Foundation, 1981-1983.

Associate Scientist, Woods Hole Oceanographic Institution, l971-1978.

Assistant Scientist, Woods Hole Oceanographic Institution, 1967-1971.

Awards: Fellow, American Geophysical Union. Fellow, American Association for the Advancement of Science. National Science Foundation, Sustained Superior Performance Award. 

Publications: Author of about 150 scientific publications

Ten recent publications:

Brewer, P.G., The influence of David Keeling on oceanic CO2 measurements. In “Carbon 

Sequestration Science and Technology”, E.T. Sundquist and J. Brown, Eds., Am. Geophys. Union. In Press.

Brewer, P.G. (2007) Evaluating a technological fix for climate. Proc. Natl. Acad. Sci., 

104, 9915-9916.

Tsouris, C., Szymcek, P., Taboada-Serrano, P. , McCallum, S.D., Brewer, P.G., Peltzer, 

E.T., Walz, P., Adams, E., Chow, A., Johnson, W.K., and J. Summers (2007). Scaled-up injection of  CO2-hydrate composite particles. Energy & Fuels, 21, 3300-3309

Caldeira, K., M. Akai, P. Brewer, B. Chen, P. Haugan, T. Iwama, P. Johnston, H. 

Kheshgi, Q. Li, T. Ohsumi, H. Poertner, C. Sabine, Y. Shirayama, and J. Thomson, 2005. Ocean Storage. In: (B. Metz and O. Davidson, eds.) Carbon Dioxide Capture and Storage: A Special Report of IPCC Working Group III, Cambridge University Press, Cambridge UK.

D. Thistle, L. Sedlacek, K. R. Carman, J. W. Fleeger, P. G. Brewer, and J. P. Barry 

(2005) Simulated sequestration of industrial carbon dioxide at a deep-sea site:  effects on harpacticoid-copepod species.  J. Exp. Mar. Biol. Ecol. In Press.

Dunk, R.M., E.T. Peltzer, P. Walz, P.G. Brewer (2005) Seeing a Deep Ocean CO2 


Enrichment Experiment in a New Light: Laser Raman Detection of Dissolved CO2 In Seawater. Environ. Sci. Technol., 39, 9630-9636.

Nakayama, N., E.T. Peltzer, P. Walz, P.G. Brewer. (2005) First results from a controlled 

deep-sea CO2 perturbation experiment: evidence for rapid equilibration of the oceanic CO2 system at depth. J. Geophys. Res., 110, C09S11, doi:10.1029/2004JC002597.

Brewer, P.G., E.T. Peltzer, P. Walz, I. Aya, K. Yamane, R. Kojima, Y. Nakajima, N. 

Nakayama, P. Haugan, T. Johannessen. (2005) Deep Ocean Experiments with fossil fuel carbon dioxide: creation and sensing of a controlled plume at 4 km depth. J. Mar. Res., 63, 9-33.

Brewer, P.G., G. Friederich, E.T. Peltzer, and F.M. Orr, Jr. (1999) Direct Experiments on 

the Ocean Disposal of Fossil Fuel CO2. Science, 284, 943-945.

Aya, Il, Kojima, R., Yamane, K., Brewer, P.G., Peltzer, E.T. (2004) In situ experiments of 

cold CO2 release in mid-depth. Energy, 29 (9 – 10), 1499 – 1509.

Biographical Sketch: William J. Kirkwood

Professional Preparation: B.S.M.E., University of California Los Angeles, 1979; M.S.C.I.S., University of Phoenix, 2000.

Appointments: Associate Director of Engineering, Research and Development Engineering Dept., Monterey Bay Aquarium Research Institute, 1997 to present.

Adjunct Professor – Santa Clara University 2002 to present.

Mechanical Engineering Group Lead, MBARI, 1991-1996. 

Engineering Group Lead, Electro-Optics and Electro-Mechanical, Advanced Systems Division, Lockheed Missiles and Space Company, Sunnyvale, California, 1986 – 1991. 

Awards: Institute of Marine Science Seminar: NURP 2003 Distinguished Lecturer Technology Challenges and Advances for Oceanographic Observatories. University of Alaska Fairbanks, Oct. 13th, 2003. 

Publications: Author of over 50 technical and science publications and 3 patents 

Ten recent publications -

Kirkwood, W.J., “Development of the DORADO Mapping Vehicle for Multibeam, Subbottom, and 

Sidescan Science Missions”, Journal of Field Robotics 24(6) June 2007, Pgs 487 – 495. 

Kirkwood, W.J., Peltzer, E.T., and P. G. Brewer “In Situ Ocean Acidification Environmental 

Observations: MBARI’s Cabled Observatory Technology for Controlled Studies of Changing Ocean pH”, Underwater Technology Conference, Tokyo, April 18 – 20, 2007. 

Kirkwood, W.J.,  and D. W. Caress “Comparison of MBARI Autonomous Underwater Mapping 

Results for ORION Monterey Accelerated Research System (MARS) and Neptune Canada”, Underwater Technology Conference, Tokyo, April 17 – 20, 2007. 

Kitts, C., Wheat, G., and W.J. Kirkwood, “ Robotic System Applications for Fisheries Research” 

American Fisheries Society 137th Annual Meeting, San Francisco, California, September 5th, 2007.

D.W. Caress, H.J. Thomas, W.J. Kirkwood, and P.G. Brewer (2006) “An Autonomous 

Multibeam, Sidescan, and Subbottom Survey of a Methane Hydrate Outcrop in Barkley Canyon, Offshore Vancouver Island”, American Geophysical Union, San Francisco, California, December, 14, 2006, MR43A-1063.

P.G. Brewer, E.T. Peltzer, W.J. Kirkwood, R.M. Dunk, P. Walz, K. Hester and E.D. Sloan (2006) 

“Novel Observations on the Massive Barkley Canyon Hydrates”, American Geophysical Union (invited), San Francisco, California, December, 13, 2006, MR31A-03.

Kirkwood, W. (2006) "AUV Technology and Application Basics." MTS/IEEE Oceans 2006, 

Boston, Mass., Tutorial T2, September 18, 2006.

Kirkwood, W.J., Brewer, P.G. (2006) "Free Ocean CO2 Enrichment System: Technology for 

Chemical and Biological Studies", Sub Sea Cables Conference, Dublin, Ireland, February 2006. 

Sherman, A., Dunk, R.M., White, S.N., Kirkwood, W., Peltzer, E.T., Walz, P., Shane, F., 

Henthorn, R., Salamy, K.A., and Peter G. Brewer (2006) " Second Generation Laser Raman Spectrometer for the Deep Ocean", Ocean Sciences Meeting, Honolulu, Hawaii, February 20 -24, 2006. 

Walz, P., Brewer, P.G., Peltzer, E.T., Dunk, R.M., Graves, D., Scholfield, J., and W. Kirkwood 

(2006), "Free Ocean Carbon Dioxide Enrichment (FOCE): Control and Measurement of Ocean Seawater to Simulate a Low pH-High CO2 Ocean", Ocean Sciences Meeting, Honolulu, Hawaii, February 20 -24, 2006. 

Professor  Robert B. Dunbar

Qualifications:
1975

B.S., Geology, University of Texas, Austin

1981
Ph.D., Oceanography, Scripps Institution of Oceanography,

 UC San Diego

Employment history: 

W.M. Keck Professor of Earth Science, Stanford University, 2008-present

Professor of Environmental Earth System Science, Stanford University, 2007-present

Professor of Geological and Environmental Sciences, Stanford University, 1997-present

Victoria P. and Roger W. Sant Director of the Earth Systems Program at Stanford, 2003-present

Founding Director of the Interdisciplinary Graduate Program in Environment and Resources, 2001-2005

Senior Fellow, Institute for International Studies, Stanford University, 1998-present

Senior Fellow, Stanford Institute for the Environment, Stanford University, 2005-present

Adjunct Professor of Geology and Geophysics, Rice University, 1997-present

Professor of Geology and Geophysics, Rice University, 1994-1997

Visiting Scientist, National Geophysical Data Center, 1994-1996

Assistant/Associate Professor of Geology, Rice University, 1982-1994

Master, Baker College, Rice University, 1989-1994

Visiting Fellow, Research School of Earth Sciences, Victoria Univ. of Wellington, New Zealand, 1988

Visiting Scientist, Geology Department, University of New Mexico, Albuquerque, New Mexico, 1988

Visiting Assistant Professor of Earth Sciences, University of California, San Diego, 1981-82

Ten most significant publications, 2003–2008 (total of 55 peer-reviewed in the last 5 years, over 150 total):

Meibom, A., Cuif, J.-P., Mostefaoui, S., Dauphin, Y., Houlbreque, F., Meibom, K., and R. Dunbar, 2008, 

Chemical variations at ultra-structure length-scales in coral skeleton: Towards an understanding of ‘vital’ effects, Geochimica et Cosmochimica Acta, doi: 10.1016/j.gca.2008.01.009.

Tortell,  P.D., C.D. Payne, Y. Li, S.Trimborn, B. Rost, W.O. Smith, C. Riesselman, R.B. Dunbar, P. 

Sedwick, and G.R. DiTullio, 2008, Response of southern ocean phytoplankton to CO2, Geophysical Research Letters, 35, L04605, doi:10.1029/2007GL032583.

Druffel, E.R.M., S. Griffin, S.R. Beaupré, and R.B. Dunbar, 2007, Oceanic Climate and Circulation 

Changes During the Past Four Centuries From Radiocarbon in Corals, Geophysical Research Letters, 34, L09601, doi:10.1029/2006GL028681, 2007.

Meibom, A., Yurimoto, H., Cuif, J.-P., Constantz, B., Dauphin, Y., Domart-Coulon, I., Houlbreque, F., 

Constanz, B., Tambutte, E., Tambutte, S., Allemand, D., Wooden, J., and R.B. Dunbar, 2006, Vital 

effects in coral skeletal composition display strict three-dimensional control, Geophysical Research 

Letters, 33, L11608, doi:10.1029/2006GL025968.

Roark, E.B., Guilderson, T.P., Dunbar, R.B., and B.L. Ingram, 2006, Radiocarbon Based Ages and 

Growth Rates: Hawaiian Deep Sea Corals, Marine Ecology Progress Series, (Feature Article), 327: 

1–14.

Marion, G.S., R.B. Dunbar, and D.A. Mucciarone, Kremer, J.M., Lansing, S., and A. Arthawiguna, 2005, 




      Coral skeletal 15N reveals isotopic traces of an agricultural revolution, Marine Pollution Bulletin, 




      50, 931–944.

Grumet, N.S., N.J. Abram, J.W. Beck, R.B. Dunbar, M.K. Gagan, and T.P. Guilderson, W.S. Hantoro, 

and B. W. Suwargadi, 2004, Coral radiocarbon records of Indian Ocean water mass mixing and wind-

induced upwelling along the coast of Sumatra, Indonesia, Journal of Geophysical Research, 109, 

C05003, doi:10.1029/2003JC002087.

Meibom, A., Stage, M., Wooden, J., Constantz, B. R., Dunbar, R. B., Owen, A., Grumet, N., Bacon, C. 

R., and Chamberlain, C. P., 2003, Monthly Strontium/Calcium oscillations in symbiotic coral 

aragonite: Biological effects limiting the precision of the paleotemperature proxy, Geophysical 

Research Letters, vol. 30, doi: 10.1029/2002GL016864. 

Grottoli, A., S.T. Gille, E.R.M. Druffel, and R.B. Dunbar, 2003, Decadal timescale shift in the 14C record 

      of a central equatorial Pacific coral, Radiocarbon, 45, 11-20.

DiTullio, G.D., and R.B. Dunbar, (Editors and authors) 2003, Biogeochemistry of the Ross Sea, 

                                  Antarctic Research Series Monograph, vol. 78, 358 pp.

Advised over 29 graduate students and 7 post-doctoral researchers.

F8 SUMMARY of QUOTES (one A4 page with a summary of all items to be purchased)

1. Coral Reef Free Ocean Carbon Enrichment System (Coral FOCE): 

The $287, 630 total price includes $34,848 for the main computer control station (computer, network server, mixing chamber, CO2 storage tank, CO2 valves.); $28,473 for the mixing chamber set-up (tank, tank room, dispersing head, circulation pumps, plumping, sea water pump); $27, 623 for the system controller (communications equipment, weather proof housing, submerged connectors, instrument interface); $30,412 for the FOCE control ring installation (emitter towers, control valves, wiring, anchors, plumbing); $132,805 for instrumentation and sensors (pH sensors,  master pH sensors, current meters, light sensors, pCO2 sensors, CTDs), and $33,469 for expendables and back-up pumps and probes. The design, engineering and construction of the climate change observatory is being provided as an in kind contribution from MBARI and will require 90 person days, at 8 hrs/day, and $120/hr or $86,400.

2. Transport of Coral FOCE to Heron Island Research Station ($10,000): The transport costs for the proposal include the costs of insuring and shipping the system from MBARI in Monterey CA, USA to the Heron Island Research Station. It also includes the cost of shipping all other plumbing and supplies from Brisbane to Heron Island. The shipping of the FOCE system from CA to Heron is $250 per 25 kg box, and $100 to ship these boxes domestically to Heron Island. So the price is $350 for each box from CA and $100 for all supplies purchased in Australia. The entire FOCE system will be shipped in approximately 20 boxes for $7,000 from CA to Heron Island, and approximately 30 boxes (750 kg) will be shipped domestically for $3,000.

3. Technician to run and maintain Coral FOCE on Heron Island (1yr, $60,000): A full-time technician is required for the one year of this project to live on Heron Island and be involved in the construction, maintenance, calibration, water sampling, and scientific measurements required for the climate change observatory. The technician will be paid as a UQ level ,at $ .

1.2 4. Installation of Coral FOCE ($25,000): The installation costs include the equipment and labor costs for installing the FOCE system, digging and filling trenches to bury all piping associated with the system (will require the rental of a tractor and digger), and installation of the emitting posts on the reef flat. NEED QUOTES for this

5. Integration of climate change observatory with wireless sensor network ($5,000). The master computer system and all sensors in the climate observatory will be fitted with wireless transmitters so that they can communicate with the GBROOS wireless network that will already be established on Heron Island. NEED Quotes for this!!

6. Station fees and accomodation on Heron Island for installation and maintenance ($10,000): The station fees requested are to cover the fees associated with having the researchers associated with the project to work on the installation, maintenance, and collection of data required for the climate change observatory. The charges are $70 per day accommodation costs, and $30 per day as bench fees. The  $10,000 will cover approximately 100 station days for the team members to install and work on the climate change observatory. A further $30,000 is being provided as an in-kind contribution by UQ to cover the station fees for the year (300 days) that the full-time technician is living on the island to maintain and run the observatory.

7. Travel costs associated with installation of the observatory ($10,000): The travel costs in this proposal are to have the MBARI team in California come to Heron Island to assist with the installation of the climate change observatory. The system will be custom-designed in their laboratory and their expertise will be necessary for the proper installation and construction of the system at Heron Island. 

8. Power and internet costs associated with running observatory ($5,000): These costs are to cover the costs of the electricity required to run the pumps and computer system central to the climate change observatory. As well as to cover the cost of the bandwidth necessary to transmit the data collected to the wireless sensor network and on to the internet.

� �


Fig 1.  Sea temperatures and carbonate ion concentrations have remained in a tight cluster for over 740,000 years despite fluctuations such as ice age transitions.  In the past 100 years, however, these parameters have moved significantly outside this cluster (to position A), presenting marine organisms with conditions unlike any that they have seen before.  (Fig 1B, Hoegh-Guldberg et al. 2007, Science 318: 1737-1742)
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