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1. Final publishable summary report 

This section normally should not exceed 2 pages. 

This is a comprehensive summary overview of results, conclusions and the socio-economic impacts of the project. The publishable report shall be formatted to be printed as a stand alone paper document. This report should address a wide audience, including the general public.

Please ensure that it: 

· Is of suitable quality to enable direct publication by the REA. 

· Is comprehensive, and describes the work carried out to achieve the project's objectives; the main results, conclusions and their potential impact and use and any socio-economic impact of the project. Please mention any target groups such as policy makers or civil society for whom the research could be relevant.

· Includes where appropriate, diagrams or photographs and the project logo, illustrating and promoting the work of the project.

· Provides the address of the project Website (if applicable) as well as relevant contact details.
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Animals have been found at undersea hydrothermal systems, where seawater seep underneath oceanic crust via tectonic rifting and the heated fluids would become loaded with metals from leaching rocks along its path.  Among these megafauna, a type of shrimps, Rimicaris exoculata, are dominated in many Mid-Atlantic Ridge vent sites, swarming on the surface of the chimneys harvesting food.   These shrimps are characterized with enlarged gill chamber, filled with red-colored iron minerals (ferric oxyhydroxide or ferrihydrite).  Iron precipitates in shrimps’ carapace are attached to the surface of bacteria that live inside the shrimps and throughout their molting cycles.  In other words, these shrimps were pale at the beginning and gradually became redder until carapaces were fully packed with iron minerals about 10 days later. If we look closely at micro-scale, the ferric minerals at early stages are coated like pairs of little socks on the bacterial filaments.  This process gradually ‘suffocated’ the shrimps such that seawater cannot flow through gill chambers, and induced a molting event to get rid of mineral precipitates.


	Bacteria found inside the carapace of R. exoculata are living in symbiosis with the shrimp, meaning they rely on each other for host and food supply.   Because no sunlight can be reached for photosynthesis at hydrothermal ecosystem, food chains here rely on chemosynthetic bacteria.  Symbiotic bacteria get their energy and nutrient for reproduction via metabolism, in which microbiologists have identified two major pathways: via sulphur, methane oxidizing and, another lately discovered pathway (Peterson et al., 2011), hydrogen.   However, with so much iron accumulated inside the shrimp, one cannot help to wonder if iron oxidation has also contributed energy gain.  The reduced iron (Fe2+) emitted from the vent fluid can also serve as an electron donor and has been a confirmed metabolism pathway, though the energy yield is far less than that from hydrogen and it had never been found in any symbiotic bacteria.  Fe isotopes were proposed for this specific question.  The researcher, Dr. Chu, has experiences in isotope geochemistry.  The multidisciplinary collaboration with microbiologist was one of the objectives for her to expand her research repertoire. 

Dr. Chu first developed the protocol to measure Fe isotopes, which has not been done in the host institute before she arrives and has become a successful knowledge transfer to the laboratory at IFREMER.  The protocol includes both chemistry and analytical parts.  The results of the chemistry set up are satisfactory. Because microbiology was an unfamiliar subject to the researcher, Dr. Chu took initiatives in organizing small seminars, took part in microbiology conferences and study literatures.  After these preparation works, she later designed an experiment on symbiotic bacteria.  For this experiment, she first cultivated bacteria found in the shrimps’ gill chamber.  With the help from the staff in the microbiology department at IFREMER, she prepared culture medium and inoculated with Fe(II) solutions (as mimic the Fe(II) from the vent fluids) and bacteria.  Sampling was carried out over a course of 2 weeks in an oxygen-free glove box. The results from the culture experiment (Fig A&B) show that the 56Fe/54Fe of solid phase fractionate (+0.5‰) from original Fe solution then decreases to equilibrium with incubation days.  This is a typical fractionation pattern with Fe oxidizing bacteria (Croal et al, 2004), in which heavier isotope precipitated faster than lighter one at onset of bacterial Fe(II) oxidizing.  However, their results were obtained with anaerobic bacteria, which no oxygen is involved in their growth environment. Dr. Chu learned that the bacteria enrichment in this study, neither isolated nor identified at the end of the project, is actually survived in a micro-oxygenated (2%) environment (they would perish if oxygen is below this level).  This implies that Fe(II), even without bacterial activities, could precipitate with time to Fe(III) with the small amount of oxygen existing, which is shown in the inoculated sample (open square) in FigB.  Therefore, to answer microbiologists’ question on Fe metabolism pathway in this particular case, Dr. Chu thinks it necessary to explore another tools or proxies to further clarify the process and that Fe isotope alone is not enough to prove such mechanism exist.   Finally, she and colleagues dissected several shrimps at different molting stages (different redness) from several locations and collected the iron mineral deposits or isotope analyses.  Results have shown that the Fe isotopes in the real shrimp samples are much more enriched (high 56Fe/54Fe) and did not show strong correlation with the molding stages.  Dr. Chu suggested to measure hydrothermal fluids collected at the same sites for comparison.  Unfortunately, she cannot have access to these samples.  Moreover, she suggests to analyses the shrimp iron precipitates in a micro scale.  The field results she obtained were bulk samples, which obviously include iron hydroxide at different stages of oxidation.  Without a technique suitable to identify the stage of mineral growth, the results would be difficult for interpretation.  Dr. Chu also suggested that a laser technique for Fe isotope would be a potential tool for measurements at micro scales.
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	Apart from the Fe isotope studies, other objectives of this individual training project have included graduate student supervision, science communication via science outreach activities and, finally, having been working in a renowned French oceanographic institute, to develop visions in maritime policy and research at European level. 
To achieve these, Dr. Chu supervised two master students during this project.  Mr. Fabien Quéroué (2009) was Master Year-1 student at Institute Universitaire Européen de la Mer (IUEM).  He was introduced to the clean lab, carried out chemistry calibration and measurements on the calibration results.  His 2-month project, alongside with this proposal, was to refine the chemistry method previously used by Dr. Chu and to adjust it for future sample matrix.  The supervision was satisfying and Mr Quéroué became highly motivated in research after this experience.  He is now a PhD student studying marine chemistry under a joint programme between University of Tasmania and University of Western Brittany.  Mr. Emmanuel Favreau (2010), a Master Year-2 student also at IUEM, was under Dr. Chu’s supervision for his master thesis report.  His 6-month project was on applying stable Sr isotopes in marine authigenic carbonates, including cold seep carbonates at the continental margins and Lost City hydrothermal vent carbonate chimney.   The idea of the project was new even in the isotope geochemistry community and required refined analytical skills and data processing. Dr. Chu has later realized a problem in the chemistry procedures for certain sample matrix after this master project terminated.  She took the project over and revised the methods for the results to be finally presented in international conferences.  This has later led to collaborations with other institutes for inter-laboratory standards comparisons. 

Throughout this individual training fellowship, via discussion with scientists from different disciplines and student supervision, Dr. Chu has developed an interest in science communication.  Her host organisation is a world-leading expert/explorer in hydrothermal activities.  Thanks to such working environment and her hydrothermal-related projects, she won the 3rd prize in a Science Writing competition organized by National Museum of Natural Sciences and Scientific American (Taiwan) with an article on the Lost City Hydrothermal Vents.  Afterwards, she continues to write articles on various scientific subjects and published in various media (in print and website). Thanks to her new network in microbiology, she could interview a colleague on bio-plastics made from bacteria found at extreme marine environments. Dr. Chu was also actively participated in community science outreach events, such as Fête de la Science (2010), a national science fair in major French cities.  During this event, she volunteered to present themes on ‘marine carbonates and ocean acidification’ with some on-site pedagogic experiment.  She also attended European Science Open Forum (ESOF) in 2010, which has expanded her perspective on science and has made an important impact on her later career decision.  
Figure/Plate captions: 1) Shrimps grazing on hydrothermal vent chimney.  2) White versus red R. exoculata.  3) SEM micrographs of mineral deposits on bacteria filaments. Left: socks-like mid-stage encrustation; right: packed mineral crusts. A) Three isotope plots to control isotopic data quality (i.e. natural stable isotopic fractionation follow mass difference) B) δ56Fe values vs time in solid and liquid phase of the culture experiments. δ56Fe of shrimp’s iron precipitates are more enriched. 

References: Corbari et al (2008) Aquatic Biology, 2008. 1(3): p. 225-238. Petersen, J.M., et al., Nature, 2011. 476(7359): p. 176-180.


2. Use and dissemination of foreground

Section A (public) – Dissemination measures
This section should describe the dissemination measures, including any scientific publications relating to foreground and specify any applications for patents etc in accordance with article II.11. Its content will be made available in the public domain thus demonstrating the added-value and positive impact of the project on the European Community.


· Dissemination activities 

	Maximum 2 pages

This section must include a list of planned dissemination activities (publications, conferences, workshops, web, press releases, flyers, etc) in free text format. Where Articles have been published in the popular press, please provide a list as well.
Conferences/ Seminars

  Invited talk 

· Invited by Embassy of Taiwan in France (2009, Paris) at Bureau de Représentation de Taipei en France, Service des Sciences et Technologies.

  Conferences

· Goldschmidt (2011, Prague)
Chu N.-C., Ponzevera E., Favreau, E., Bayon G., Fouquet Y. (2011) Sr isotopes (∂88/86Sr and 87Sr/86Sr) in cold seep environment of Niger and Nile Delta Fans, GCA,  75,  A6.
  Workshops

· Journées Européennes de Bactériologie (2009, Lorient) Université de Bretagne-Sud

· Marie Curie Fellows Association & Career Workshop (2009, Paris)

· European Science Open Forum (2010, Turin)

· Research Career Fair (2010, Paris)

· Marie Curie Fellows Association Career Workshop and General Assembly (2010, Paris)

· NatureJobs Career Expo(2011, London)

Outreach activities
· Fête de la Science, Brest (2010)

· Leaflets on marine carbonate formation and ocean acidification (in French and English)

· Science writing (project related)

· Lost City Hydrothermal Vents and its origin of life (in Chinese), Science Writing Competition 3rd Prize, National Museum of Natural Sciences and Scientific American (Taiwan), Published on web and in prints.

· Un don génétique pour les Japonais/ A genetic gift to the Japanese: The sushi factor (In both English and French), science story inspired by works of French microbiologists (Hehemann et al., Nature 464, 2010)
· Some shrimps like it hot…but we still don't know if they like iron (in English), science writing on Fe biogeology in hydrothermal shrimps.
· Pot of gold found at bottom of sea? (in Chinese and English), science story on deep sea mineral resources, publish on webpage http://case.ntu.edu.tw/blog/ as part of the science-technology-society (STS) feature.
· Science writing (other subjects)
All are published in Chinese, on CASE Press (Center for the Advancement of Science Education) scientists’ contribution columns
· Alternative medicine (homeopathy)

· Women in science and related European policies (reports from ESOF* and She Figures 2009**)

· Science online: An #arseniclife reflection.  A report on twitter (and online reviews) impact on traditional review system and science progress.
*European Science Open Forum 2010, Turin.

**She Figures 2009, Statistics and Indicators on Gender Equality in Science, European Commission.



· Publications (peer reviewed)

The list of scientific publications (see articles II.11-12 of the grant agreement) starting with the most important ones, should specify:

· publication name,

· date and page in order to be able to identify it (see proposed template).

	list of scientific (peer reviewed) publications, starting with the most important ones

	NO.
	Title
	Main author
	Title of the periodical or the series
	Number, date or frequency
	Publisher
	Place of publication
	Year of publication
	Relevant pages

	1
	Ca and Sr isotope systematics in cold seep (Niger, Nile) and hot vent (Lost City Hydrothermal Field) environments
	Chu, N-C
	
	In prep
	
	
	
	

	2
	Rare earth elements in cold seep carbonates from the Niger delta
	Rongemaille E., Bayon G., Chu N.-C.
	Chemical Geology
	 286(3/4) 2011
	Elsevier
	
	2011
	 196-206

	3
	
	
	
	 
	
	
	
	 

	
	
	
	
	 
	
	
	
	 

	
	 
	
	
	 
	
	
	
	 


With regard to scientific publications published before or after the final report, such details/references and an abstract of the publication must be provided to the REA at the latest two months following publication. Furthermore, an electronic copy of the published version or the final manuscript accepted for publication shall also be provided to the REA at the same time for the purpose of publication by the REA if this does not infringe any rights of third parties.

Section B (confidential) - EXPLOITABLE FOREGROUND AND PLANS FOR EXPLOITATION

This section should specify the exploitable foreground and provide the plans for exploitation. It will be kept confidential and will be treated as such by the REA. 

The applications for patents, trademarks, registered designs, etc. shall be listed according to the template provided hereafter. 

The list should, specify at least one unique identifier e.g. European Patent application reference. If applicable, contributions to standards should be specified.

	Table B1: List of applications for patents, trademarks, registered designs, etc.

	Type of IP Rights:  Patents, Trademarks,

Registered designs, Utility models, etc.
	Application reference(s) 

(e.g. EP123456)
	Subject or title of application
	Applicant(s) (as on the application)


	
	
	
	

	
	
	
	

	
	
	 
	 

	
	
	 
	 

	
	
	 
	 

	 
	
	 
	 


Please complete the table hereafter:

	Table B2: Overview table with exploitable foreground


	Exploitable Foreground

(description)
	Exploitable product(s) or measure(s)
	Sector(s) of application
	Timetable, commercial use
	Patents or other IPR exploitation (licences)
	Owner & Other Beneficiary(s) involved

	1. New superconductive Nb-Ti alloy
	MRI equipment
	1. Medical

2. Industrial inspection
	2008

2010
	A materials patent is planned for 2006


	Beneficiary X (owner)



	
	
	
	
	
	

	
	
	
	
	
	


In addition to the table, please provide a text to explain the exploitable foreground

[One text box per row in table B2]

	Open space (2 pages maximum) composed as following:

· Its purpose

· How the foreground might be exploited, when and by whom

· IPR exploitable measures taken or intended

· Further research necessary, if any

· Potential/expected impact (quantify where possible)




3. Scientist in charge questionnaire

RESEARCH TRAINING (IEF-IOF)/TRANSFER OF KNOWLEDGE (IIF) ASSESSMENT:

	What is the size of the hosting research group?
	


	How many researchers have you supervised, within the past 10 years? Of which funded by:

	EC/Marie Curie actions
	

	EC Other Funding
	

	If yes please specify contract number, programme and directorate general in charge
	

	University fellowships
	

	National public bodies
	

	Industry
	

	Other, please specify:
	

	How many researchers have you supervised within this project?
	

	Corresponding to how many person months?
	


	Number of publications resulting directly from the research project:

	Recruited researcher(s) and yourself
	

	Recruited researcher(s) alone
	

	Recruited researcher(s) with authors other

than yourself
	


	Participation of the fellow researcher at conferences (number):

	Passive
	

	Active
	

	How do you rate the overall success of the research training (IEF, IOF)/ transfer of knowledge (IIF)?
	


	General assessment:


RESEARCHERS ASSESSMENT:

	Rate the overall level of the fellow researcher integration in the research team and the

host organisation with regards to:

	participation in meetings/seminars
	

	discussions of results and project-related

topics
	

	co-operation with other team members
	

	co-operation with other researchers of the

host institution
	


	Rate the overall performance of the fellow researcher with regard to:

	originality of fellow approach towards research (initiative/independent thinking)
	

	capacity to develop new skills and to benefit from training
	

	productivity (research

results/publications/international conference attendance)
	

	communication skills
	

	group leader skills (collaboration with other groups/project management)
	

	training and/or teaching skills
	

	Please comment:




RESEARCH TRAINING OUTCOMES (IEF-IOF)/TRANSFER OF KNOWLEDGE (IIF):

	Has this project provided additional links with other research groups or institutions?
	

	If yes, indicate the number of contacts in each case
	

	Universities
	

	Research Centres
	

	Industry/private companies
	

	If Other, please specify:




	Rate the importance of the following outcomes of the research training/transfer of knowledge:

	results of the research
	

	number of publications
	

	development of research
	

	establishment of international collaborations
	

	transfer of knowledge/technology
	

	training of researcher
	

	further academic qualifications (PhD, habilitation etc.) for fellows
	

	Please comment:




YOUR OPINION ABOUT THE MARIE CURIE ACTIONS:

	Do you have any other comments or suggestions of how to improve the concerned Marie Curie actions?




	Did you have previous knowledge of the Marie

Curie actions?
	


	If yes, what sort of image do you think that the

Marie Curie actions have among the scientific community in your research area?
	


	Attachments:
	


	Date:

Signature Scientist in Charge: 

____________

	Date:

Signature Researcher: 

____________





