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SECTION 1: Management and resource usage summary, related to the reporting period (6 months or 12 months)

Written by the Co-ordinator, max. 10 pages (Confidential)

3.3. Objectives of the reporting period

i) To facilitate ongoing communication between participants, primarily through the organisation of one major and one minor progress meeting within year 3 but also through regular email and telephone communication.

ii) To coordinate the field experiments at four sites (Workprograms 2 and 3), obtain agreement on sampling and regular field monitoring protocols, and instigate compilation of a database for results of all analyses.

iii) To initiate the start of WP 07 (Management options, guidelines, sustainability and socio-economic benefits).

iv) To negotiate an extension to the time frame of RECIPE by four months.

v) To facilitate publication of findings of RECIPE, in particular to collect a list of publications for submission as a special issue in a recognised international journal.

3.4. Scientific/Technical progress made in different work packages according to the planned time schedule:

· Gantt chart
 update

Key: The black boxes denote the original schedule while the red boxes denote the updated schedule.

	WP
	Task
	Year 1
	Year 2
	Year 3
	Year 4

	
	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2


	01
	Consult with end-users


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Review practices
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Appraise socio-economic

status
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	02
	Selection of survey sites and Set up experiment
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Respiration, photosynthesis


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Vegetation summaries, growth measurements
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	03
	Sample experiments and survey sites
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Analyses


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	04
	Collect samples  from survey sites and experiments
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Analyses


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Collate database of bacteria


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	05
	Collect samples from survey sites and experiments
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	FTIR analysis


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Organic matter analysis


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	06
	Gaseous CO2-CH4 emissions


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	CO2/biomass profiles


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Litter and C turnover


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	07
	Draft guidelines


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Socio-economic benefits


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


· Table with comparison between planned and used manpower and financial resources by Work packages and Partners

	
	Partner
	Manpower

(person months)
	Financial

Resources

(euros)

	
	
	WP 0
	WP 01
	WP 02
	WP 03
	WP 04
	WP 05
	WP 06
	WP 07
	Total
	

	1
	MLURI
	2.8
	0
	0.8
	4.0
	4.0
	3.9
	0.5
	10.8
	26.9
	210630

	
	
	3.7
	0
	2.1
	7.4
	7.4
	7.2
	0.8
	7.2
	35.8
	238434

	2
	UFC-CE
	0
	0
	2.9
	5.1
	0
	0
	3.8
	4.6
	16.5
	99472

	
	
	0
	0
	5.4
	8.6
	0
	0
	6.7
	3.3
	24.0
	110951

	3
	UFC-LBE
	0
	0
	2.9
	5.3
	0
	0
	3.8
	0
	12.0
	57413

	
	
	0
	0
	3.1
	5.6
	0
	0
	4.0
	0
	12.7
	58195

	4
	ISTO
	0
	0
	0
	0
	0
	14.4
	0
	4.3
	18.8
	127259

	
	
	0
	0
	0
	0
	0
	17.6
	0
	2.3
	19.9
	133447

	5
	ECOBIO
	0
	0
	1.3
	2.2
	2.6
	0.9
	8.7
	3.0
	18.8
	128168

	
	
	0
	0
	1.3
	2.0
	2.4
	0.8
	8.5
	1.3
	16.3
	98324

	6
	UNHEL
	0
	0
	9.3
	0
	0
	0
	0
	7.4
	16.7
	69960

	
	
	0
	0
	13.4
	0
	0
	0
	0
	3.8
	17.2
	54024

	7
	TUM-BO
	0
	0
	0
	0.8
	11.4
	0
	0.6
	0
	12.8
	90311

	
	
	0
	0
	0
	1.3
	18.2
	0
	1.0
	0
	20.5
	110753

	8
	AR-WSL
	0
	0
	0
	5.3
	0
	0
	0
	6.7
	12.0
	74888

	
	
	0
	0
	0
	14.9
	0
	0
	0
	5.7
	20.6
	86093

	9
	EPFL
	0
	0
	0
	7.4
	0
	0
	0
	0
	7.4
	58811

	
	
	0
	0
	0
	11.6
	0
	0
	0
	0
	11.6
	87546

	10
	LINECO
	0
	0
	0
	0
	0
	0
	0
	1.2
	1.2
	19900

	
	
	0
	0
	0
	0
	0
	0
	0
	1.1
	1.1
	15569

	11
	UHP EEF
	0
	0
	2.0
	0
	0
	0
	1.0
	0
	3.0
	30550

	
	
	0
	0
	2.0
	0
	0
	0
	1.0
	0
	3.0
	28501

	
	TOTAL
	2.8
	0
	19.3
	30.3
	18.0
	19.2
	18.4
	38.0
	146.0
	967362

	
	
	3.7
	0
	27.3
	51.5
	28.0
	25.6
	22.0
	24.7
	182.7
	1021836


3.5. Milestones and deliverables obtained

	Deliverable list
	Time 
	Status

	
	(months)
	

	D19
	Production of labelled litter
	6
	Delayed until 16 months; now completed

	D4
	Development of web site
	6
	Completed, updated regularly

	D1
	Review of management practices
	12
	Extended to 24 months; information gathered as basis of introduction to guidelines

	D2
	Review of restoration problems
	12
	As for D1

	D5
	Identification of successful key plant species
	12
	Completed

	D3
	Socio-economic appraisal
	24
	Completed

	D6
	Rates of C return from key species
	33
	Mainly completed, some modelling ongoing

	D7
	Rates of C fixation, net primary production
	33
	Mainly completed, some modelling ongoing

	D16
	Assessment of decomposition kinetics
	33
	Experiment completed, some analysis still pending

	D17
	Assessment of FTIR as quality indicator
	33
	Completed

	D20
	Establishment of regeneration thresholds
	33
	Mainly completed

	D8
	Structure of microbial communities
	33
	Completed

	D9
	Genetic diversity of protistan groups
	33
	Completed for one site only

	D10
	Genetic diversity of fungal communities
	33
	Completed for Workprogram 1 but not for 2

	D12
	Prokaryotic community compositions
	33
	Completed

	D13
	General and specific prokaryotic activities
	33
	Completed

	D15
	Community level physiological profiles
	36
	Completed

	D21
	Modelling CO2/CH4/biomass C potential ratios
	36
	Data collection complete, modelling in progress

	Milestone list
	
	

	M3
	Site selection for survey and setting up of field experiment
	6
	Completed

	M7
	Collection of samples of  Workprogram 1 and sample preparation
	6
	Completed by 10 months

	M11
	Organisation of protocols for collection of samples from all of the sites and co-ordinated microbial population analysis
	6
	Completed

	M1
	Meeting of end-users held and action points agreed
	12
	Completed

	M4
	Survey of vegetation in cut-over sites and production measurements
	12
	Completed

	M8
	Analysis of microbial communities from field survey
	12
	Completed

	M14
	Sample collection and analysis of samples from Workprogram 1
	12
	Completed

	M2
	Meeting with end-users to report progress
	24
	Completed

	M12
	Comparison of community analysis data of samples from all sites 
	24
	Completed and papers in preparation (e.g. for fungi, CLPP, FTIR)

	M15
	Sample analysis completed from field survey and samples from Workprograms 2 and 3
	24
	Completed for WPI, in progress for WPII/III

	M18
	In situ gas emissions: monthly during 2 years 
	24
	Completed

	M19
	Characterization of CO2/CH4 profile in the 4 seasons
	24
	Completed

	M5
	Rates of photosynthesis and respiration in cut-over sites and experiment
	33
	Completed

	M6
	Biomass accumulation and growth biometry of keystone species in experiment
	33
	Nearing completion

	M9
	Preparation of samples and analysis of microbial communities from experimental sites
	33
	Nearing completion

	M20
	Characterization of C emission in peat cores in relationship with N litter richness (6 months experiment in controlled conditions)
	33
	Completed but some further data analysis needed

	M17
	Correlations between FTIR and chemical methods
	36
	Completed


3.6. Deviations from the work plan or /and time schedule and their impact to the project (if any please explain)

· Due to the timing of the start of RECIPE and its coincidence with the field growing season it was found that field sampling for Workprogrammes 2 and 3 were continuing well into the third year such that analysis was only beginning late into the project leaving very little time for the processing and synthesis of data. Hence it was decided at the meeting in Frick to ask the Commission to extend the timing of RECIPE. It was subsequently agreed to extend the time by four months.

3.7. Co-ordination of the information between partners and communication activities (e.g. organised meetings, conference attendance, co-operation with other projects/networks, …)

· Rebekka Artz (MLURI) visited the University of Helsinki, Finland 19-22 April 2005 to discuss modelling of gaseous emission data with the Finnish partners.

· One major meeting was held during the third year of the project. The fourth progress meeting was held 17-20 May 2005 in Scheyern, near Munich, Germany and incorporated an afternoon field visit to a restoration site (Kendelmühlfilz, near Rosenheim) guided by Dr Matthias Drösler (TUM): “Renaturation of degraded peatlands”. A second minor meeting was held 29-30 September 2005 at Frick (FiBL), Switzerland. The socio-economic group met for two days to discuss progress and plan a publication while the management group met on the final day to plan the final phase of the project. The minutes from these meetings are held within the members’ pages of the RECIPE website (http://www.macaulay.ac.uk/RECIPE) together with copies of presentations and summaries of group reports.

· A Workprogram 3 meeting was held in Besançon 19 October 2005 to discuss hypotheses and a synthesis of results.

· Michael Schloter, Andreas Gattinger and Brigitte Hai (TUM-BO) visited MLURI, Scotland, 5-6 December 2005 to discuss the molecular biology results.

3.8. Difficulties encountered at management and co-ordination level and proposed/applied solutions
· Dr Walter Rosselli left AR-WSL at the end of January, 2006. However, he is keen to continue his input into publications and, if arrangements can be made, may also be able to put some time into RECIPE. This is particularly important as AR-WSL have a significant role in WP 07.

· Instrumental problems were encountered at TUM-BO with the GC/MS which caused a delay in the processing of samples. In the end, a new machine of different make was obtained.

SECTION 2: Executive publishable summary, related to reporting period (12 months)

Written by the Co-ordinator, 1 to 2 pages

	Contract n°
	EVK2‑CT‑2002‑00154
	Reporting period:
	1/2/2005 – 31/1/2006

	Title
	Reconciling commercial exploitation of peat with biodiversity in peatland ecosystems (RECIPE)

	Objectives:

The objectives within this third period of RECIPE were, firstly, to complete all analysis of data on ecosystem productivity and microbial biodiversity at sites representing a restoration gradient where key plant species were becoming spontaneously established and to prepare these data for publication. Secondly, to monitor and sample the two field experiments set up in year two that would follow plant growth (four sites) and decay (one site), respectively, using predetermined keystone species, along a hydrological gradient. Thirdly to complete the analysis of all samples taken, analyse the data and commence the synthesis of results from the various workpackages. Fourthly, to begin to make conclusions as to possible indicators of the restoration of biodiversity and carbon sequestration in cut-over peatlands.

Scientific achievements:

Five contrasting sites in four countries where peatland regeneration is taking place have now been studied in some detail, particularly in terms of the effect on microbial diversity at various levels, but also in terms of the carbon turnover and sequestration by plants and the consequent changes in the organic chemistry of the peat itself.

The microbial community in general has been shown to be broadly determined by “site” though there is also a response to “time since cutting”, e.g. there is an increase in ascomycete prevalence amongst the fungi as regeneration proceeds. Both the bacterial community and bacterial activity also respond to vegetation changes. Archeal populations, and specifically those responsible for methanogenesis, are lower where plants have established in comparison to bare peat. Interestingly, these populations are more prevalent in the more northerly sites, within Scotland and Finland. Carbon substrate utilization profiles within the microbial population also reflect “site” differences though there can be unexpected overlaps, e.g. Le Russey, France, and Aitoneva, Finland, show a similar pattern.

Studies on testate amoebae, known indicators of peatland regeneration, have made progress in understanding the taxonomy of two major groups. Diversity measurements using 18S rRNA have advanced to the point where it is now possible to design FISH (Fluorescent In Situ Hybridization) probes that can then be used for rapid identification of species.

Changes in vegetation and in the microbial community are also reflected in the organic matter quality of the underlying peat. Cellulose and hemicellulose have been shown to be indicative of fresh plant material inputs while the sugars fucose and ribose indicate microbial synthesis. Close relationships have been demonstrated between the organic matter chemistry and the FTIR (Fourier-Transform InfraRed) spectra of peat; both show significant effects of depth and age of the peat.

Detailed studies over two growing seasons on carbon exchange within regenerating peatlands can now be modelled. Though the degree of modelling varies with site, early indications are that regenerating peatland can revert to being an active carbon sink, in contrast to the source that bare peatlands represent. This may take up to ten years though in some cases a sink may be achieved in as few as five years, depending upon site conditions. Ancillary determinations of (13C are giving vital clues as to the source of respired carbon dioxide during the regeneration process.

A socio-economic evaluation of peatlands in each of the participant countries reveals that peat extraction as a commercial entity is only significant in Finland and Germany. Utilization in Scotland and France, though locally important, is relatively minor while no extraction occurs within Switzerland. At the same time a high value is put on peatlands as a natural ecosystem and this is being increasingly recognised within each member state.
Conclusions:
· Though vegetative cover is a primary aim of peatland restoration, recovery of the carbon cycle such that they become a net sink may take longer to develop though this will vary from site to site.

· Microbial processes and biodiversity indicators show significant responses to vegetation development and have the potential to track the progress of peatland recovery following commercial exploitation.

· Attitudes and values placed on peatlands and their use vary considerably across the European Union. A wide range of “after-use” options for exploited peatlands are available and these vary considerably in terms of carbon sequestration and biodiversity conservation. However, other factors such as cost, amenity value or the promotion of other biodiversity benefits, e.g. water fowl, will also need to be considered.

Keywords:

peat, peatlands, peatland exploitation, biodiversity, biological indicators, restoration, regeneration, rehabilitation, sustainable management, carbon sequestration, socio-economics


Publications (cumulative list)
,

General rules about publicity and communications are defined within the Annex II, "General conditions" Part B, to the contract, mainly obligations, responsibilities and reference to Community support. This should be prepared as a separate page to be annexed to the report and updated annually.

Peer Reviewed Articles:

	Authors
	Date
	Title
	Journal
	Reference

	S. Chapman, A. Buttler, A.-J. Francez, F. Laggoun-Défarge, H. Vasander, M. Schloter, J. Combe, P. Grosvernier, H. Harms, D. Epron, D. Gilbert, E. Mitchell
	2003
	Exploitation of northern peatlands and biodiversity maintenance: a conflict between economy and ecology
	Frontiers in Ecology and the Environment
	1(10):525-532.

	S. Chapman
	2004
	A RECIPE for Peatland Management? – Options for managing used peatlands that enhance biodiversity.
	Peatlands International
	1/2004: 28-29

	A. Takko, H. Vasander (eds.)
	2004
	Soiden järkevä kayttö – 12. 

kansainvälinen suo- ja turvekongressi Tampereella. Summary: Wise Use of 

Peatlands – 12th International Peat Congress in Tampere, Finland.  


	Suo
	55 (3-4): 61-102.

	S. I. Nikolaev, E.A.D. Mitchell, N.B. Petrov, C. Berney, J. Fahrni, J. Pawlowski
	2005
	The testate lobose amoebae (order Arcellinida Kent, 1880) finally find their home within Amoebozoa.
	Protist
	156(2):191-202

	
	
	
	
	

	Mitchell EAD and Meisterfeld R.
	2005
	Taxonomic confusion blurs the debate on cosmopolitanism versus local endemism of free-living protists.
	Protist
	156(3): 263-267

	Lamentowicz M and Mitchell EAD.
	2005
	The ecology of testate amoebae (Protists) in Sphagnum in north-west Poland in relation to peatland ecology.
	Microbial Ecology
	50(1): 48-63

	Kishaba, K. and Mitchell, E.A.D.
	2005
	Changes in Testate Amoebae (Protists) Communities in a Small Raised Bog. A 40-year Study.


	Acta Protozoologica


	44: 1-12



	andersen R., Francez A.-J. and Rochefort L.
	2006

(in press)
	The physicochemical and microbiological status of a restored bog in Québec: Identification of relevant criteria to monitor success.
	Soil Biology and Biochemistry
	

	Payne R, Kishaba K, Blackford J, Mitchell EAD.
	2006

(in press)
	The ecology of testate amoebae (Protists) in South-Central Alaska peatlands: building transfer function models for paleoenvironmental studies.
	The Holocene
	16(3)

	Mitchell EAD, Charman, DJ, Warner, BG. 2006. 


	2006

(in press)
	Testate amoebae analysis in ecological and paleoecological studies of wetlands: past, present and future.
	Biodiversity and Conservation
	


Non refereed literature:

	Authors / Editors
	Date
	Title
	Event
	Reference
	Type


	S. Chapman
	September 3-6, 2002
	Aims and objectives of RECIPE
	International Peat Society Meeting, Parnu, Estonia
	
	Oral presentation

	F. Laggoun-Défarge , A. Fleury, N. Lottier, C. Défarge, J.-R. Disnar
	October,14-16, 2003
	Organic matter as a marker of anthropogenic impacts. Case study of a formerly exploited peatland
	The 9th Congress of ASF (French 

Association of Sedimentologists) (Bordeaux, France)
	
	Oral presentation (+ abstract)

	E.A.D. Mitchell, S. Chapman, A. Buttler, J. Combe, A-J. Francez, D. Gilbert, H. Harms, F. Laggoun-Defarge, M. Schloter, H. Vasander 
	June, 8-13, 2003
	Reconciling commercial exploitation of peat with biodiversity in peatland ecosystems (EU project RECIPE)
	Society of Wetland Scientists, 24th Annual Meeting, New Orleans, USA
	
	Oral presentation (+ abstract)

	L. Julien
	2002-2003
	Tourbe et matière organique dissoute dans une tourbière naturelle (La Guette, Loiret) et une tourbière exploitée (Baupte, Manche)
	
	BSc. Degree in Environmental Sciences, Univ. Orléans, 41pp
	Report

	C. Maître, D. Gilbert, A.Buttler, D. Epron, A.-J. Francez, F. Laggoun-Défarge, D. Jacques-Jouvenot
	June, 6-11, 2004
	Economic and sociological approaches of French peatlands
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Poster



	F. Laggoun-Défarge , E. Mitchell, D. Gilbert, B. Warner, L. Comont, J.-R. Disnar, A. Buttler
	June, 6-11, 2004
	Biochemical characteristics of peat organic matter and distribution of testate amoebae patterns in two naturally regenerating cutover Sphagnum peatlands of the Jura Mountains
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Oral

	A. Takko, H. Vasander
	June, 6-11, 2004
	Socio-economic aspects of commercial uses of peatlands in Finland
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Poster

	S.J. Chapman, R.R.E. Artz
	June, 6-11, 2004
	Indicators of regeneration in an abandoned cut-over Scottish peatland
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Oral

	G. Schwarz, H. Vasander, A. Takko, D. Gilbert, C. Maitre, A. Gattinger, W. Rosseli, V. Froidevaux, V. Pheulpin, P. Grosvernier, 
	June, 6-11, 2004
	Opportunities and conflicts of commercial uses of peatland in Europe ‑ socio‑economic comparison of case studies from Finland, France, Germany, Scotland and Switzerland
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Oral 

	R.R.E. Artz, S.J. Chapman, I. anderson, C. D. Campbell
	June, 6-11, 2004
	Diversity of fungi and potential function in naturally regenerating cut-over peatlands
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Oral

	A. Siegenthaler, P. Steinmann, A. Buttler, A-J. Francez, M. Yli-Petays, D. Gilbert
	June, 6-11, 2004
	In-depth pore water gases and ions in various regeneration stages of selected temperate cutover bogs
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Oral

	P. Steinmann, A. Siegenthaler, B. Eilrich
	June, 6-11, 2004
	A numerical model for the production and circulation of CO2 and methane in peatland
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Poster

	E. Bortoluzzi, D. Epron, D. Gilbert, A. Buttler
	June, 6-11, 2004
	Comparison of carbon fluxes between different stages of regeneration in a harvested bog in the French Jura mountains
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Oral

	M. Yli-Petäys, E-V. Tuittila, J. Laine, H. Vasander
	June, 6-11, 2004
	Carbon dynamics and re-vegetation in Finnish cut-away peatlands
	The 12th Int. Peat Congress “Wise Use of Peatlands”, Tampere, Finland
	
	Poster

	L. Comont, F. Laggoun-Défarge, J-R. Disnar
	July, 5-8, 2004
	The origin and the fate of organic matter in a naturally regenerating cut-over peatland : Le Russey, French Jura.
	47ème Congrès de l’Association Française de Limnologie, Besançon, France.
	
	Oral

	E.A.D. Mitchell, S. Chapman, A. Buttler, J. Combe, A-J. Francez, D. Gilbert, H. Harms, F. Laggoun-Defarge, M. Schloter, H. Vasander
	July, 25-30, 2004
	Reconciling commercial exploitation of peat with biodiversity in peatland ecosystems (EU project RECIPE)
	7th Intecol International Wetlands Conference Utrecht, The Netherlands
	
	Oral

	R.R.E. Artz, S.J. Chapman, I. anderson, C. D. Campbell
	August, 22-27, 2004
	Microbial indicators of below-ground regeneration of cut-over peatlands
	10th International Symposium on Microbial Ecology, Cancun, Mexico
	
	Poster

	L. Comont, F. Laggoun-Défarge, J-R. Disnar
	October, 18-23, 2004
	Études des processus du stockage du carbone organique dans des tourbières dégradées après exploitation.
	Regional doctoral student meeting, Nouen le Fuzelier, France
	
	Poster

	A. Siegenthaler, P. Steinmann, A-J. Francez, W. Rosselli, A. Buttler
	November, 19-20, 2004
	Measuring and modelling of pore water gases in various regeneration stages of a Jura cutover bogs.
	2nd Swiss Geoscience Meeting, Lausanne, Vol. 2. 296.
	
	Poster

	Li Huang
	2004
	Organic matter characteristics in a cut-over peatland: Le Russey, Jura, France
	
	Report of a 2 month training project for “Masters in Environmental Sciences 2003-2004”, University of Orléans, 27p.
	Report

	A. Siegenthaler, E. Samaritani
	2005
	Les tourbières inefficaces; donc efficaces
	
	La Forêt 04/2005
	Newsletter

	A. Siegenthaler
	2005
	“Le compost peut remplacer la tourbe”
	
	J’achète mieux, 331: 10-13
	Newsletter

	L. Comont, S. Gogo, F. Laggoun-Défarge, J.R. Disnar, C. Défarge 
	Jan. 22-24, 2005
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WP 01: Management practices

3.1. Objectives

1. Review the range of management practices used during conservation and commercial utilization of peatland and their influence on factors such as the water table level and quality of the remaining peat.

2. Review the problems encountered during the efforts to restore active vegetation on cut-over or abandoned peat bogs.

3. Appraise the current socio-economic status and importance of both peat utilization and peatland restoration.

3.2. Methodology and scientific achievements

A. Status of Deliverables and Milestones due for completion

D1 Reviews of the management practices applied to peatland sites and their effects on the water table level and the quality of the remaining peat

Completed (see 24 month report).

D2 Reviews of the problems in restoration

Completed (see 24 month report). However information gathering is ongoing as further restoration sites are visited and experience is gained, e.g. the field visit to the restoration site at Kendelmühlfilz, near Rosenheim guided by Dr Matthias Drösler during the fourth progress meeting (see above). As for D1, this information will be collated and form part of the introduction to the guidelines.

D3 Socio-economic appraisal 

Completed (see 24 month report).
D4 Initiation of project web site and the provision of publicity brochures

Completed (see 12 month report).

M1 Meeting of end-users and action points agreed
Completed (see 24 month report: this milestone was amalgamated with M2). 
M2
Meetings with end-users to report progress of the project

Completed (see 24 month report).

B. Progress of remaining Deliverables and Milestones

None remaining.

3.3. Socio-economic relevance and policy implication

The socio-economic relevance of this work package was specifically dealt with in D3 (see 24 month report). 

3.4. Discussion and conclusion

This work package is now completed (see 24 month report).

3.5. Plan and objectives for the next period

A publication is in an advanced stage of preparation describing the findings within D3 and the intention will be to submit it to Global Change Biology.

WP 02: Carbon sequestration by peatland vegetation
3.1. Objectives

1. Identify and compare the vegetation communities colonizing abandoned cut-over mire sites

2. Determine effects of key plant species used in peat restoration on carbon sequestration 

3. Determine net primary production and biomass accumulation

4. Estimate net ecosystem productivity from seasonal determinations of photosynthesis and respiration in a transparent enclosure.

3.2. Methodology and scientific achievements

The data collection for all sites and both Workprograms is now complete and modelling of the fluxes using the growth biometry, plant primary production and site physico-chemical data is now in progress. So far, two manuscripts in Finland, two in Switzerland, one in Scotland, and two in France are almost completed.

A. Status of Deliverables and Milestones due for completion

D5
Identification of key plant species successfully occupying abandoned sites and their potential for restoring peat accumulation 

Completed (see 24 month review)

Addendum: These data have been collated by all partners in a meta database (see also WP03, M10) and are being reviewed for inclusion in a manuscript. 

D6 
Rates of carbon return from key species used in the restoration of cut-over sites

Measurements in Scotland have been completed on both the Workprogram 1 (see 24 month review) and the Workprogram 2 plots since October 2005. The Workprogram 1 carbon return data have been annotated and used for inclusion in a meta database. The dataset was unfortunately insufficient to build a statistically robust model of either soil respiration or gross photosynthesis. Modelling of carbon fluxes from key species for Scotland (from Workprogram 2 data) was not undertaken separately due to the limited dataset available. The data could perhaps be included in the testing of a model developed by the Finnish partners.

Measurements in Finland, France and Switzerland have been completed on Workprogram 1 (see 24 month report) and the Workprogram 2 plots since September 2005. Likewise, the Workprogram 1 carbon return data are used for inclusion in a meta database. Modelling of carbon gas fluxes from Workprogram 1 is completed but it is still ongoing for Workprogram 2. 

D7
Rates of C fixation on an area basis, evaluation of carbon sequestration through net primary production, estimation of hourly, daily and yearly net ecosystem productivity

Due to the limited dataset available for the Scotland site and non continuous data for the environmental variables needed to feed a model (daily levels of photosynthetically active radiation, temperature and water table), we were unable to complete a valid model for the Scotland site. (Testing may be possible using models developed by other groups.)

The model simulations with environmental data for Workprogram 1 site in Finland are completed for CO2 and are almost completed for CH4. The modelling of the Workprogram 2 data is still ongoing and model simulations will be made after finishing the models.  

In Figure 1 there is one example of the total respiration on bare peat from Baupte, France. This kind of data will be used together with the net ecosystem accumulation of CO2 to model the annual fluxes of both CO2 as also methane.

 [image: image1.emf]
Figure 1. Mean respiration from bare peat at Baupte over the course of 2005

M3
Site selection for survey and setting up of field experiment
Completed (see 24 month report)

M4
Survey of vegetation in cut-over sites and production measurements
Completed (see 24 month report)

M5
Rates of photosynthesis and respiration in cut-over sites (year1) and experiment (year 2-3)

The measurements have now been completed for both Workprogram 1 and Workprogram 2 in the Scotland, Finland, France and Switzerland.

M6
Biomass accumulation and growth biometry of keystone species in experiment (years 2-3)

The Scotland plot measurements of growth of the keystone plant species for Workprogram 2 (see M3) have been completed, including calibrations for the leaf area index. Some of the field observations still need to be transferred for inclusion in the models. 

In Finland, measurements of the keystone species have been completed for both Workprogram 1 and Workprogram 2. Leaf area index calibrations have been completed for Workprogram 1 and they are still ongoing for Workprogram 2. 

B. Progress of remaining Deliverables and Milestones 

All deliverables and milestones for this workpackage should now be completed. In practice, though practical work has ended, some data processing and modelling is still being carried out as noted above. 

3.3. Socio-economic relevance and policy implication

Not applicable

3.4. Discussion and conclusion

Data has been collected from five sites and is being analysed and modelled. The degree of study has varied across the sites. Detailed modelling has been done on data from Finland and Le Russey, France. Data collected from Switzerland is limited to Workprogram 1 and is incomplete for the Scotland site. Conclusions as to what stage of regeneration is required for net carbon sequestration are yet to be determined but preliminary indications are that this can be anything from five years to beyond ten years from initial colonization depending upon the site. 

3.5. Plan and objectives for the next period

All the field work and most data analyses have been completed. During the next period, several manuscripts are being written. A special publication of the RECIPE project is planned. Meetings and discussions with the end users of the results (peat companies, local authorities and other organisations) will be held.
WP 03: Structure and diversity of the microbial loop 

3.1. Objectives

1. Determine the structure of microbial communities (species assemblage, diversity, abundance, biomass) in pristine and cut-over sites in relation to carbon sequestration and vegetation/keystone species

2. Determine the structure and diversity of selected protistan communities using molecular genetics approaches

3. Determine the structure and diversity of fungal communities using molecular genetics approaches

4. Determine the involvement of selected protistan communities in carbon cycling using stable-isotope probing

3.2. Methodology and scientific achievements

Further to progress reported in the 24 month report, a manuscript has been submitted detailing the fungal community structure at the Scotland site (D10). The statistical analyses of the fungal community composition data from all Workprogram 1 samples has been completed and a second manuscript detailing the results is in preparation (D10). The fungal ITS-DGGE analyses for the experimental site samples for Workprogram 2 are now nearing completion (see M9). 

The work on the molecular phylogeny of the testate amoebae has progressed further. This work has demonstrated that the morphology-based phylogeny was not supported by the molecular data. These results call for a major revision of the phylogeny and taxonomy of this group of organisms. A second paper is nearing completion, to be submitted to the journal Protist by April.

A. Status of Deliverables and Milestones due for completion

D8
Structure of microbial communities (species assemblage, diversity, abundance, biomass) in pristine and cut-over sites

The microbial community analysis has been completed for four sites (CH, FR, SC, FI). In a canonical correspondence analysis (CCA) 36% of the microbial community data could be explained by three factors (site, time since peat-cutting, plot), “site” being the strongest. In a partial CCA, with site effect used as a covariable, the microbial data was correlated to “time since peat-cutting”. Principal component analyses further illustrated that the relative contribution of ciliates, diatoms and spores to the total microbial biomass were primarily determined by the “site” factor. Furthermore, algae are positively, protozoa and rotifers negatively, correlated to “time since peat-cutting”. These results suggest that the microbial community structure is primarily determined by the site-specific conditions but that within a site it is indicative of more subtle ecological differences such as the natural regeneration succession following peat-harvesting. In two sites, CH and FR, we tested the hypothesis that microbial community structure at the surface is related to gas production at depth and surface emissions. Numerical analyses are ongoing and a publication is planned as part of a special volume containing 15 papers from RECIPE.

D9
Genetic diversity of selected protistan communities and comparison with microscopic observations

The analysis of environmental DNA samples revealed that many Euglyphid testate amoebae appearing in the clone library could not be matched to sequenced species. The reason for this is that only a few species have been sequenced to date. Therefore part of our effort has been to isolate and sequence more species, aiming first at those that have been observed in our samples. This work is also planned for publication in the special volume of RECIPE papers. Analysis of the 18S rRNA diversity (clone libraries and T-RFLP analysis) of Euglyphid testate amoebae has been completed for the Swiss site; further T-RFLP analysis is under way for additional selected sites. A poster presentation of these results will be given at the annual conference of the German Association for General and Applied Microbiology March 2006. Oligonucleotide probes specific for some testate amoebae have been designed and are currently applied to screen fixed samples (amoebae, peat bog samples).

The phylogeny and taxonomy of the second group of testate amoebae (Amoebozoa) has been further studied and a paper is in preparation for the journal Protist. A presentation of these results will be given at the annual conference of the German Society of Protozoology in March 2006 and a publication is due for submission by the end of April.

D10 
Genetic diversity of fungal communities

[image: image16.bmp]Fungal community profiles were obtained by denaturing gradient gel electrophoresis (DGGE) of a fragment of the internal transcribed spacer (ITS) region. Using the Scotland site only, fungal clone libraries were prepared from the regeneration gradients. These were screened by RFLP typing and comparison of the DGGE profile of the original sample with the single bands represented by clones. Significant differences in the fungal composition due to both decomposition status (as assessed by FTIR) and the regeneration stage were observed. The shift in the fungal community structure due to regeneration stage was characterised by a significant relative increase in the ascomycete taxa and a concomitant decrease in fungal sequences assigned to the basidiomycete clade. A manuscript detailing these findings has been submitted to Environmental Microbiology. For the entire Workprogram 1 dataset, significant clustering of fungal community samples by country of origin, was observed. Within each country, however, there was a significant shift in the fungal community composition, which followed the above-ground plant composition regeneration gradients (Figure 2). A manuscript detailing the findings of Workprogram 1 is in preparation.

Figure 2. Shifts in the fungal community as assessed using canonical variate analysis of binary data from DGGE band patterns of fungal-specific ITS markers. In each country, a significant shift from bare plots through to the intact or advanced regeneration stages can be observed, which, in most cases, is directional along primarily axis 1.

M7
Collection of samples of Workprogram 1 and sample preparation

Completed as per 24 month report.

M8
Analysis of microbial communities from field survey

Completed as per 12 month report.

M9
Preparation of samples and analysis of microbial communities from experimental sites

Analyses for the diversity of the fungal communities are nearing completion (estimated April 2006). This is due to difficulties with the amplification of fungal-specific DNA from ca. 1/3rd of the Workprogram 2 samples. 

B. Progress of remaining Deliverables and Milestones 

D11
Identification of indicators: Sphagnum-associated protistan groups involved in carbon-cycling, groups related to successful peatland restoration

Not yet applicable, this analysis will be done once the carbon-cycling data is available.
M10
 Compilation of data base, project results

A meta database has been constructed to hold the data from Workprogram 1 and is now being populated by data submitted by the RECIPE partners (nearing completion).

3.3.
Socio-economic relevance and policy implication

 Not applicable.
3.4.
Discussion and conclusion

A large number of datasets have now been collected describing the structure of the microbial loop in terms of total microbial biomass, fungal community, and specialist groups such as the testate amoebae and other protozoa. The synthesis of this data will require further multi-variate analysis in order to tease out the relationships with peatland regeneration stage. However, early indications are that the total microbial biomass and the fungal community reflect the succession to a fully functioning bog.  At the same time some very useful developmental work on the molecular biology of  a group of testate amoebae has been carried out.

3.5. Plan and objectives for the next period

Some plant-fungal associations were found in the Workprogram 1 dataset with keystone species subsequently used in the Workprogram 2 experimental plots. We will statistically test these associations further following the completion of the fungal community structure datasets of the Workprogram 2 in order to complete analysis for a third manuscript. 

The work on the molecular taxonomy and phylogeny of Euglyphid testate amoebae should allow to match the sequences from the clone libraries with identified species and thus to compare the microscopy and the molecular data. The ultimate goal from a methodology standpoint will be to test the specificity of the molecular data using a FISH approach. A first set of FISH probes have been designed and will be tested in the following months.
WP 04: Functional diversity of bacterial communities

3.1. Objectives

1. Determine the general and specific (methanogenic/methanotrophic) bacterial community composition by DNA-community profiling, 16S rDNA clone libraries and extended phospholipid analysis in relation to vegetation, water level and nutrients of all sites.

2. Determine the community level physiological profiles with BIOLOG.

3. Determine microbial indicator functions and populations for the degradative or recovery status of peatlands using molecular approaches linked with stable isotope labelling techniques (13C-labelled plant litter bags).

4. Determine the general microbial activity as well as specific processes (CO2 and CH4 gas fluxes).

3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

The manuscript detailing the application of the 14C-Microresp technique (documented in the 24 month report) has been revised and resubmitted to Soil Biology and Biochemistry. Two further manuscripts on the community level metabolic profiles of the Workprogram 1 and Workprogram 2 experimental phases are currently in preparation.

We employed terminal restriction fragment length polymorphism (t-RFLPs) of PCR amplified 16S rDNA genes to determine bacterial community structure. The main problem was to get a sufficient amount of purified bacterial DNA from peat samples rich in humic acids. Introducing two washing steps with guanidium thiocyanate solution (5.5 M) solved the problem. Humic acids were visibly reduced and the DNA yield could be increased. 
A. Status of Deliverables and Milestones due for completion

D12
Prokaryotic community compositions at disturbed and pristine sites
Bacterial community structure was determined by the t-RFLP method of PCR amplified 16S rDNA genes. Bacterial biomass was assessed by analysis of specific phospholipid fatty acids (PLFA). Genetic fingerprinting revealed a distinct geographical clustering of bacterial communities independent from vegetation. Bacterial biomass was significantly affected by the site as well, whereas the effect of depth was less announced. Investigating the combined effect of vegetation and soil depth, a distinct clustering of bacterial communities according to plant cover (vascular and non-vascular plants) was obtained, whereby the depth-effect was secondary. However, bacterial biomass was unaffected by the plant cover but showed a significant depth gradient, i.e. highest values in the top layers. Bacterial communities of advanced regenerated peat soil showed a different structure than in early regenerated soils, which reveals that regeneration is an important factor concerning the development of bacterial diversity

D13
General and specific prokaryotic activities at disturbed and pristine sites
(a) Bacterial and Fungal activities and biomasses. A protocol for the determination of specific microbial activities in peat soil was developed. Peat samples from each Workprogram 1 site and depth were incubated in hermetically sealed jars, applying either streptomycin (bactericide) or cycloheximide (fungicide) to measure the contribution of either bacteria or fungi to CO2 during incubation. As we lacked peat material for the surface layers, depths 3 and 4 were combined. Biomasses were measured by the SIR 'substrate induced respiration' method (Anderson & Domsch). Bacterial biomass increased with depth while fungal biomass only decreased from surface to intermediate peat layer. Values of fungal biomass were comparable in surface and deep layers. There was no significant difference between the sites expressed as vegetation cover or age of regeneration state. The bacterial/fungal ratio was highest in Scotland and lowest in Le Russey (FR) but the differences were not significant.

(b) Activity (emission of CO2). Bacterial activity was significantly the highest in Finland and Scotland and the lowest in Chaux d'Abel (CH). While there was no significant difference between depths, the bacterial activity showed a tendency to decrease with depth (from 413 µgC L-1 h-1). We also registered differences between types of vegetation cover. The bacterial activity was the highest with Carex rostrata (only in FI) (424 µgC L-1 h-1) and Sphagnum-Eriophorum-Calluna (in SC) (394 µgC L-1 h-1). The lowest value was obtained with Sphagnum fallax-E. vaginatum cover (194 µgC L-1 h-1). The fungal activity showed low values on bare peat and under S. fallax-E. vaginatum vegetation.

(c) Turnover indices (Biomass/Activity). We did not detect any difference for bacterial and fungal turnover rates. However, the turnover of the whole microbial community (control = incubation of peat without any additional product) showed significant differences between countries and age of the regeneration state. The lowest turnover was measured in Finland (0.16) while it was the highest in Scotland (0.48). There was a significant effect of age, i.e. high turnover in young stage of regeneration (five years old) with a value of 0.42 and low turnover in the oldest stages (40-50 years old) with a value equal to 0.16.

(d) Aerobic vs anaerobic incubations. Aerobic and anaerobic incubations were performed with all the selected samples and the corresponding CO2 and CH4 fluxes were measured. Peat samples were incubated in hermetically sealed jars to measure emissions of CO2 and CH4 after 1, 2, 3 and 7 days after initiation of incubation. The measurements of these potential activities are finished. The aerobic and anaerobic activities showed significant differences between countries, vegetation cover and ages of regeneration stage. The aerobic and anaerobic activities were the lowest in Baupte (FR) and Scotland. The highest values of respectively aerobic and anaerobic activities were observed in Finland and Chaux d’Abel (CH). Both activities were lower in young than in intermediate years and old regeneration stages. The aerobic/anaerobic activity ratio showed a higher value for Eriophorum vaginatum communities and Carex rostrata (3.0 to 3.2) and was only equal to 0.96 for the Sphagnum-Molinia site (SC). Under both aerobic and anaerobic conditions of incubation, the CO2 released by the whole microbial communities depended on their C/N ratios, the higher values corresponding probably to communities dominated by fungi while the lower ones would be more characteristic of bacterial communities. 

D15
Community level physiological profiles of the microbial communities at the different sites
Integration of the CLPP Workprogram 1 data with the data on physical and chemical characterisation of the samples has been completed and a publication is in preparation. The CLPP profiles for Workprogram 1 showed that geographical origin of the samples alone had a strong influence on the patterns of utilisation of added carbon sources (Figure 3). Redundancy analyses on the dataset confirmed that 12% of the total variance in the CLPP dataset can be explained by the longitude, latitude and altitude of the sample plots alone.  The degree of decomposition of the sample (as calculated from the ratio of carbohydrate to carboxylate FTIR marker bands) explains a further 22 % of the CLPP variability. In a smaller test study, we found that this decomposition index is a strong descriptor of the variability of the carbon source utilisation by microbial communities in different peat horizons and discussed that this most likely reflects differences in the types and amounts of labile, readily bioavailable carbon. These results have been included in a revised manuscript submitted to Soil Biology and Biochemistry. The changes in surface vegetation may also result in differential inputs of labile carbon through rhizoexudation and different litter [image: image17.bmp]qualities. We will test this hypothesis once the database of results has been completed. CLPP analyses on the samples from the experimental plots from Workprogram 2 have also been completed and a manuscript is in preparation.

Figure 3. CLPP patterns show a trend for separation by geographical origin when ‘country of origin’ was used as tested group in canonical variate analyses. Significant influences of sample geographical origin (latitude, longitude and altitude) were confirmed by redundancy analyses.

M11 Organisation of protocols for collection of samples from all of the sites and co-ordinated microbial population analysis

Completed as 12 month report

M12 Comparison of community analysis data of samples from all sites

Initial statistical evaluations of the multivariate datasets for the total microbial (CLPP), fungal and prokaryotic community composition were performed by each partner separately as per 24 month report. At a joint meeting, held between MLURI and TUM-BO on 5-6 December 2005, results were compared for common drivers of microbial community structures in regenerating peat. These were identified as, in the first instance, the geographical origin of the peat, and secondly, the peat horizon (i.e. degree of decomposition) and surface botanical composition (i.e. regeneration stage). A synthesis of these results is being prepared for publication.

B. Progress of remaining Deliverables and Milestones 

D14
Proportions of aerobic methanotrophs and anaerobic methanogens and their temporal and spatial variations
In the frame of the RECIPE project we studied abundance and structure of these two functional groups and how these are affected by the study site, peatland vegetation and restoration stage. We employed the phospholipid approach to determine Archaea (including methanogens) and methanotrophic bacteria as both groups possess unique phospholipid chains. PLEL (phospholipid etherlipid) concentration, an indicator for archaeal biomass, was affected by the factors site (= country), soil depth and vegetation (with or without plant cover) (Table 1). The highest archaeal biomasses were determined for the two northernmost sites, Scotland and Finland, where they account for almost 10% of total microbial biomass. Following PLFA (phospholipid fatty acid) screening a predominance of Type II methanotrophs at all five peatland sites could be found. Here the highest abundances were detected for the Swiss site. The factors site and depth affected abundance of methanotrophs, whereas the effect of vegetation was not significant. The ratio of methanogenic-to-methanotrophic biomarker (= an estimate for the methane emission potential) was also influenced by the factors site, depth and vegetation, whereby the latter two effects were the least pronounced. At most sites this ratio was lower in soils under plant cover.

	
	Country
	Depth
	Vegetation yes/no 

	
	F
	P
	F
	P
	F
	P

	Methanogenic PLEL
(nmol g-1 soil dry matter)
	≈ methanogenic
abundance
	10.7
	< 0.001
	6.6
	< 0.001
	9.8
	0.002

	Methanotrophic biomarker
(nmol g-1 soil dry matter)
	≈ methanotrophic
abundance
	31.1
	< 0.001
	8.3
	< 0.001
	2.0
	0.164

	Methanogenic : methanotrophic biomarker
	≈ potential methane
emission 
	44.4
	< 0.001
	16.6
	< 0.001
	7.3
	0.006


Table 1. Multiple analysis of variance testing for the influence (F-value and significance) of the factors “site”, “depth” and “vegetation yes/no” on methanogenic and methanotrophic lipid biomarkers and on the on methanogenic : methanotrophic ratio
M13
Identification of microbial activities and populations indicative for peatland restoration to support management efforts of improved C-sequestration in peatlands.

Data collection and statistical analysis is ongoing and proceeding according to plan.
3.9. Socio-economic relevance and policy implication

Not applicable

3.4. Discussion and conclusion

All analyses of functional diversity of the microbial communities in the RECIPE field sites for Workprogram 1 have so far indicated distinct patterns for the restoration gradients. The geographical location of the field sites (country) and the level of decomposition, however, also appear to have a significant effect on these patterns. The effect of regeneration stage will be further analysed once the full dataset for all physico-chemical analyses for Workprograms 1 and 2 is available.
3.5. Plan and objectives for the next period

Completion of the data comparison of all community analysis is anticipated within the next 3 months. It is then intended to combine the findings with those of WP02, 03 and 04 to extract which functional traits of restoring peatland microbial communities coincide with increased carbon sequestration potential.

Work package 05: Physical and chemical quality of peat organic matter

3.1.
Objectives

1. Determine bulk characteristics (FTIR and C and N contents) of peat along various profiles at the different sites and their potential as indicators of peat quality

2. Determine the degradation processes of peat organic matter (physical structure and biomarkers) in pristine and cut-over sites in relation to microbial communities and vegetation keystone-species

3. Assess experimentally the decomposition kinetics of plant tissues into geopolymers so as to define the most favourable conditions for long-term sequestration of carbon in restored peatlands

3.2. Methodology and scientific achievements including contribution from partners

A. Status of Deliverables and Milestones due for completion

M14 Sample collection and analysis of samples from Workprogram 1
Collection and analysis of samples from Workprogram 1 have been completed as per 24 month report.

Addendum: Some additional 210Pb analyses will be performed by P. Steinmann (Institut de Radiophysique Appliquée, Lausanne) on Middlemuir core samples to attempt to determine the age of the peat horizons.

M15. 
Sample analysis completed from field survey and collecting samples of Workprograms 2 and 3
(a) Workprogram 2. The co-ordination of the sampling and the dispatching of subsamples from Le Russey site collected on June 19-24th 2005, was ensured with the contribution of the partners from Besançon and Lausanne. Samples from the other sites (Baupte, Middlemuir and Aitoneva) have been shipped by the other partners and were received in July 2005. About 450 subsamples from the 4 sites have been prepared and analysed for C, N and S (see significant results in D18). 

192 subsamples from the 4 sites have been prepared and analyses for sugars are completed for samples from Le Russey (FR) and Finland (see some result descriptions in D18). Analyses of samples from Scotland and Baupte (FR) are in progress. A protocol for the determination of labile sugars newly released from plants into the “soil” was developed. Carbohydrates were measured at the molecular level as neutral sugars on bulk peat samples. As the substrate at each site was the same for all treatment plots and as the experiment lasted for only 18 months, an acid digestion, as employed for Workprogram 1 samples, may not highlight any treatment impact on the carbohydrate content of bulk peat samples. Instead, a hot water extraction was performed that assesses the amount of more labile carbohydrates such as microbial products and root exudates. Extracts were then submitted to dilute acid hydrolysis procedure (hemicellulosic sugars) as employed for extraction of samples from Workprogram 1. The same subsamples have been extracted and analyses for amino-acids are also in progress. 

(b) Workprogram 3. Sample collection from the Le Russey site (FR) was completed in November 2005 and analyses are in progress (see D16).

M17
Correlations between FTIR and chemical methods
We have completed the statistical analysis of correlations between the datasets obtained by FTIR spectroscopy and organic matter analyses (see detailed description for D17). 

D16 
Assessment of decomposition kinetics of plant tissues into geopolymers
(a) Litter bag experiment in laboratory. Analyses by fumigation–extraction are completed by partners from ECOBIO, and all the 13C and 15N analyses (6 months) for microbial biomass are now available. Lipids were extracted from all three samplings of the 13C/15N litter degradation experiment (with soil from Le Russey) and the preparation of the different microbial PLFA fractions (SATFA, MUFA, PUFA, PLEL) is completed (360 PLFA fraction in total) by TUMBO partners. The compound-specific 13C analysis of the SATFA fraction (saturated fatty acids) is completed and the analysis of the other three PLFA fractions is ongoing. The measurements of the SATFA fraction clearly show an incorporation of Sphagnum and Eriophorum derived carbon into bacterial fatty acids. However, strongest C incorporation was observed into ubiquitous SATFAs (n16:0 and n18:0), which makes a clearer taxonomic description impossible. The analysis of the other fractions will reveal the contribution of Archaea and Eukaryotes (e.g. fungi) during decomposition and the whole data set will be used to asses the quantitative contribution of the certain taxonomic groups. These analyses are assumed to be completed within the next 3 months.

(b) Litter bag experiment in field. Analyses by fumigation–extraction have been completed by partners from ECOBIO. 13C and 15N analyses in bulk peat as well as analyses of 13C in PLFA are in progress at TUMBO.

D17.  
Assessment of FTIR absorbance as an indicator of organic matter quality

FTIR analyses on all samples and subsequent data analyses have been completed. In addition to work completed as per 24 month report, we have now calibrated the FTIR data against the data obtained from organic matter analyses by redundancy analyses of the variance in the FTIR data explained by organic matter descriptors. The inclusion of all organic matter data as explanatory variables explained 50 % of the variance in the FTIR dataset. Of these, a large number of organic matter variables were highly correlated and contributed little to the percentage variance explained. The only variables that explained a significant amount of variance in the FTIR data (p < 0.005, when Bonferroni correction was applied to overall α = 0.05) were the content of cellulose and hemicellulose, total organic carbon and total organic nitrogen. These four variables alone explained 40 % of the variance observed. The total amount of cellulose or hemicellulose appears to be correlated with the percentage of well preserved tissue found in the samples. Cellulose and hemicellulosic sugars are characteristics of undecomposed tissues. The organic matter variables also show correlations with specific FTIR spectral bands. For example, preserved tissue is highly correlated with the spectral band area for polysaccharide structures. A manuscript including the main findings from this work is in preparation
.

B. Progress of remaining Deliverables and Milestones

M16 
Analysis of samples from experimental sites and compilation of a chemical database stored on CD-ROM
The physico-chemical data for Workprogram 1 have been collected in a meta database (see also M10). As per 24 month report, this database will be published on the RECIPE website (scheduled March 2006). 

D18 
Chemical characterisation of organic matter in peat components
(a) Workprogram 1. Determination of physical texture of peat with cryo-SEM is in progress. Technical problems with the cryo-system of the electron microscope induced some deviations from the work plan as these analyses were scheduled for the end of 2005 (see 24-month report). Analyses of bulk peat from Le Russey (F) have so far indicated distinct microtextures and porosities between the present bare peat and the former one, i.e. the layer on which regenerating peat took place. Chemical characterisation of peat organic matter from Workprogram 1 has been completed. A schematic model of peat evolution is proposed: Principal Component Analysis (PCA) was performed with KyPlot on the following data variables: C, N, organic micro-remain contents, sugar contents and wt % of fine-grained peat fraction (Figure 4) from all sites. Results show different features:

· [image: image18.bmp]Organic matter composition seems to be affected by depth: (i) whatever the sites, the “newly” regenerated peat is characterised by high contents of cellulosic and hemicellulosic sugars as well as preserved plant tissues, (ii) the “old” peat seems to be affected by site as the peat from the Jura shows higher values of N, amorphous OM and H-glucose, and the peat specially from Finland is characterised by high content of C, mucilage and the fine-grained fraction.
· Distinct evolution trends seem to be highlighted: (i) a similar evolution for Jura and Scotland sites, at least in the first regenerating stages, (ii) a distinct evolution trend for Finland site. This could be indicative of a vegetation effect.

Figure 4. Scatterplot based upon PCA of chemical and micromophological variables of organic matter.

(b) Workprogram 2.
C, N, S results: 432 subsamples have been analysed for C, N and S elemental analyses. Parametric ANOVAs were used to test the effect of site, water table, depth and vegetation when the data respected the assumptions of normality and variance homogeneity, followed by a Tukey post-hoc test. This occurred in only one case: %C for the water table effect (F = 7.5, P < 0.001). Otherwise, the non-parametric Kruskal-Wallis test (H statistic) was used followed by a non-parametric post-hoc test: Nemenyi test. Bulk geochemical analysis permitted characterisation of the peat from the different countries (significant site main effect for C, N and S, all P < 0.0001). An opposite pattern was observed between C and N content, with Aitoneva (FI) and especially Baupte (F) containing significantly more N and less C than Le Russey (F) and Middlemuir (SC) (all P < 0.05). The pattern of S content tended to follow the N pattern. As for the site effect, an opposite pattern was observed between C and N content with depth (significant depth main effect for C, and N, both P < 0.04). Surface layers contained significantly less C than below and N content was significantly higher at the surface than at depth 5 (12.5-17.5 cm layer) (all P < 0.05). The water table is also an important factor significantly affecting the C content of peat. High water table increased it compared to medium and low water table (all P < 0.05). However it had no significant effect on N and S content. Vegetation had no significant effect on all element contents at P = 0.05 significance level. However, one can note that both Eriophorum species tended to increase the N content (P = 0.054).
Neutral sugars: preliminary results: Analysis of neutral sugars and amino-acids are in progress, except for samples from Le Russey (F) and Aitoneva (FI) whose neutral sugar analysis is complete. Whereas the mean content of total labile sugar is similar in these two sites (1.65 mg/g of peat), the distribution of monosaccharides is different. Compared to Le Russey, the Finnish site seems to be characterised by higher arabinose (16.4% ± 6.44 versus 1.56% ± 1.35) and xylose (11.4% ± 3.34 versus 0.97% ± 1.39) content and lower galactose concentration (10.6% ± 1.42 versus 21.2% ± 8.66). Mannose, rhamnose and glucose had overall similar content in the two sites. Fucose and ribose, sugars usually ascribed to microbial origin, were found in higher concentrations in the Le Russey site. A high variability was associated to these sugars: 9.14% ± 4.69 versus 4.77% ± 1.89 for fucose, 6.85% ± 6.36 versus 0.67% ± 0.54 for ribose respectively in Le Russey and Finland.
3.3.
Socio-economic relevance and policy 

Not applicable

3.4. Discussion and conclusion

Chemical analyses of peat organic matter (OM) for Workprogram 1 have so far indicated distinct patterns for the restoration gradients. The peat depth, as well as the geographical location of the sites, appears to have an overriding effect on these patterns.

The high amounts of total (cellulosic and hemicellulosic) sugars (80–500 mg/g) found in the whole set of samples from Workprogram 1 potentially allow carbohydrates to be used as powerful proxies for past environmental changes in bogs. Also, the differential biodegradation of cellulose and hemicelluloses observed (i) in the fine-grained fraction and (ii) with increasing depth, makes the ratio of the two biopolymers a good indicator of diagenetic alteration. Furthermore, fucose and ribose, although occurring in low amounts but in relatively higher percentages in the fine-grained fraction, appear to be the markers of microbial syntheses. A manuscript including the main findings from this work was submitted to Organic Geochemistry Journal (see above).

The OM variables also show correlations with specific FTIR spectral bands. This comparison indicated an increasing similarity with “regeneration stage” between regenerating peat samples and those from the intact sites. This implies that the above-ground regeneration of peatlands can also successfully restore the quality of the organic matter below. A manuscript including the main findings from this work is in preparation (see above).

Preliminary results for Workprogram 2 show that the composition of OM in terms of especially C and N concentration seems to be affected by site and depth factors and in a lesser extent by the water table. However, vegetation seems to have no significant effect on all element contents.

3.5. Plan and objectives for the next period 

Following completion of the physico-chemical dataset for all Workprogram 1 sites, redundancy analyses will be used to explore if (some of) the data variability in the OM composition and FTIR spectra can be explained purely by factors such as site geographical location, surface vegetational composition and water table. Correlations between OM composition and microbial (biomass and activity) pool (WP 06) are in progress. Correlations between sugars and amino-acids in soluble OM will be used to determine biomarkers indicative of biodegradation.

Completion of cryo-SEM analyses from Workprogram 1 and of all analyses from Workprogram 2: neutral sugars of samples from Baupte and Scotland sites. Preliminary sugar results particularly from Le Russey and Scotland show several unknown peaks. Specific identification will be carried out by GC/MS. 

Concurrently with Workprogram 2, an extra experiment was attempted to test the impact of the degree of humification peat on soil biodiversity and OM degradation in the early phase of succession. The experiment was tested with Sphagnum mosses which were placed on 3 peat slices taken at 3 different depths (and ages) of a core from the intact site of Le Russey, and left in the field for 18 months. Samples from this short-term experiment were harvested on June 2005 and dispatched between partners of UFC and ISTO. Analyses of microbial communities are in progress and those of OM properties are scheduled for the next 3 months in the framework of a Master’s training program (University of Orleans).
WP 06: Carbon turnover at different depths
3.1. Objectives

1. To determine impact of recolonizing vegetation on soluble organic forms of carbon and nitrogen and rates of gaseous emissions of CO2 and CH4 from restored cut-over sites

2. To correlate rates of C turnover with the structure of microbial communities and the peat organic matter components at different depths

3. To relate C turnover to management practices and procedures at different time scales

3.10. Methodology and scientific achievements related to Work Packages including contribution from partners

Litter incubation. The in situ litter experiment with labelled S. fallax, E. vaginatum and E. angustifolium started at the beginning of August 2004 and the litterbags were harvested in November 2005. Samples were dispatched for C-N microbial biomass, PLFA analyses and total C and N in the peat and remaining litter. The workers from TUM-BO developed a method which enables a reliable and rapid online determination δ13C in aqueous soil extracts. This technique will be applied to WP 06 samples where δ13C in the microbial biomass should be analysed.

Porewater carbon isotopic ratios (CH4-CO2) in peat profiles. Samples taken were taken from the headspace of the degassed peat solutions found in the dialysis chambers (peepers). These analyses were made in autumn 2004 and 2005 for the sites of Chaux d’Abel and Le Russey at the surface (chambers) as well at 4-5 depths. We used very fine needles (0.55 mm) to inject into 1 cm thick septa. Separation between CH4 and CO2 was made using a infrared gas chromatograph equipped with a Varian Porapack Q coated column together with plot fused silica (25m x 0.32 mm). The isotopic (12C-13C)/12C ratios were measured separately for CH4 and CO2 with help of a continuous-flow isotope ratio mass-spectrometer coupled to the gas chromatograph. For the surface gases we had to cryogenate the samples at –190°C before injection into the GC/MS columns with injection loops ranging from 10µL to 1 mL.

C-N microbial biomass and gas emissions. Workprogram 2: all samples from the trenches (4 countries) have been analysed, using fumigation-extraction method (see previous reports). Analyses of free amino-acids in fumigated and unfumigated samples are in progress (University of Caen subcontracting). Analyses are assumed to be completed within the next 2 months. Workprogram 3: analyses of microbial biomass by fumigation–extraction are completed, both for laboratory and field experiments. All the 13C and 15N analyses of the laboratory experiment (6 months) are now available. Samples from field experiment are going to be sent to TUM BO for isotopic analyses. We measured the surface CO2 and CH4 productions as well the basal respirations of the peat cores and litters at different time scales over more than one year. The basal respirations were made with the previously described “monovette” method at three different depths. The surface gas productions were measured every season, while the basal respiration was measured in autumn 2004 and at the final harvest in 2005. Furthermore, at the end of the experiment we split the whole peat column respiration from the litter decomposition. Finally, we collected the following data: i) in situ surface respiration, ii) peat column respiration profiles, iii) litter respiration at the final harvest, iv) litter mass-loss until the final harvest (1.5 years).
A. Status of Deliverables and Milestones due for completion

D19 Production of labelled litter

Completed (see 24 month report) 

D20
Establishment of regeneration thresholds

(a) Old peat vs new peat: measurements of (13C by Keeling Plots method. The objective was to determine the contribution of new peat and old peat to CO2 emission from peatland by evaluating natural abundance of 13C as signatures of different origins of peat. Keeling plots were established using accumulation chambers fitted on 6 collars in the Baupte peatland (Bare peat and Eriophorum angustifolium plots) at the end of September 2005.

In Le Russey, the isotopic  signature of the respired CO2 was determined from Keeling plots made on 11 collars located in various vegetation patches, including bare peat, patches recently recolonized  with cottongrass (mainly Eriophorum angustifolium) and areas covered with a deep layer of mostly Sphagnum fallax plants and litter (advanced regeneration). Gas samples were collected and analyzed in a mass spectrometer. (13C of bulk organic matter of vegetation and peat cores were also determined.

[image: image19.bmp]The isotopic signature of respired CO2 ranged between -19.5 and -26.5 ‰ and it varied among plots and seasons. Bare peat respired more 13C enriched CO2 than revegetated plots (Figure 5). This is consistent with the isotopic signatures of bulk organic matter of peat and vegetation. Respired CO2 is enriched in 13C when compared with bulk organic matter, suggesting negative fractionation during respiration (Table 2). Peat from advanced regeneration exhibited more negative isotopic signatures than peat from the bare peat area suggesting a transfer of organic matter from Sphagnum to deeper peat layers (Table 2). The results from Baupte (autumn 2005) have been analysed and are in progress of comparison with those of Le Russey.

	[image: image20.bmp]
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	Peat cores :
	

	  advanced regeneration
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	  recent regeneration
	-26.21 ( 0.12

	  bare peat
	-25.98 ( 0.12


Table 2. (13C signatures of plant and peat material
Figure 4. (13C signature of CO2 from peat

At Le Russey, measured August 2005.

surface at Le Russey.

(b) Porewater carbon isotopic ratios. By expressing our replicates in a two-dimensional cluster diagram (X: (13C-CO2, Y: (13C-CH4), we could distinguish the three regeneration stages at Chaux-d’Abel. The (13C-CO2 was higher in the advanced stage and this clear separation occurred at depths of –25 and –35 cm. The most negative (13C-CH4 values were found in the intermediate regeneration stage. More data are currently being treated.

(c) Coupling microbial variables – organic chemistry (Workprogram 1). Organic chemistry variables (sugars, preserved tissues, amorphous organic matter and total organic C and N) have been combined with microbiological variables to perform multivariate analyses using constrained ordination methods. We tested first a co-inertia analysis in which co-variance is used (multiple regression in CCA). The aim was to explain the structure of microbial variables by environmental variables (physical-chemistry) taking into account the three-factor experimental design: peatland (country), regeneration age (5, 10, 50, etc) and plant cover (mosses, vascular plants, mono- & plurispecific communities). We carried out a first global approach including a set of biological variables (different microbial activity and biomasses) to explain by organic chemical variables (sugars, states of organic matter, cellulose, hemicelluloses, total organic C and N). The main contributions in the co-inertia analysis were:
· biological variables (to be explained) Axis 1 ( C and N microbial biomasses and Anaerobic Activity, Axis 2 ( Aerobic activity and C microbial turnover

· organic chemical variables (explicative) Axis 1 ( Total Organic C, Preserved Tissues, Hemicellulose and Galactose, Axis 2 ( Total Organic N, Amorphous Organic matter and Decayed Tissues
D21 Modelling CO2/CH4/biomass C potential ratios in different cases of peatland restoration including the influence of N-litter on peat processes and C sequestration

(a) Influence of vegetation cover and age of regeneration stages on C and N soluble and microbial variables. Completed – one manuscript is in preparation.
(b) Influence of plant  keystone species on  microbial variables. Biomass variables and soluble forms of C and N (Workprograms 2 and 3) – completed.

[image: image21.bmp]
Microbial Biomass. Highest values of microbial biomass were registered in the surface peat (depth 3). Different responses by country were observed. We present here the results of Scottish site in which the positive influence of vascular plants is clearly demonstrated (Figure 6).
Figure 6. Microbial biomass in Workprogram 2 experiment at Middlemuir.

Basal respiration using the “monovette” technique (Workprogram 2). This new approach allows us to measure the methane production more precisely (realistic incubation times, representative peat atmosphere along the profiles) and has the advantage to respect the proportions between CO2 and methane production. At Le Russey peatland: compared to the bare peat, the presence of the growing plants is negatively influencing the methane production on the whole peat column and especially where methanogenesis is preferentially occurring at a depth of –35 cm. There is a lower CO2 production when the water table is in an intermediate or high position compared to a lower position. At Baupte: in the presence of Sphagnum plants there is a significant increase of the CO2 respiration at a depth of 3.75 cm (dead parts of the H3 level) compared to the control and other plant species. There is also a greater CO2 production occurring at a depth of 3.75 cm when the water table is low compared to the high and intermediate levels. However, there are contradictory results for the methane production; we found many negative CH4 production results among the replicates, which could be interpreted as methanotrophy. This did not occur at the Le Russey experimental site.
(c) Modelling C turnover variables. In progress, especially to identify most appropriate variables in connection with D11 and D23

M18 In situ gas emissions
Workprograms 1, 2 and 3: completed.

M19 Characterization of CO2/CH4 profiles

Workprograms 1, 2 and 3: completed. See 24 months report about the use of CH4/CO2 profiles as indicator of regeneration.

M20 Characterization of C emission in peat cores in relationship with N litter richness.

Litter bag experiment in field: analyses by fumigation–extraction are completed. 13C and 15N analyses in bulk peat as well as analyses of (13C in PLFA are in progress at TUMBO. First results on C-N microbial biomass from the different treatments showed a significant litter effect on microbial C/N ratio (Kruskal-Wallis test). The lowest values were registered beneath the two Eriophorum litters. The methane production was highest when the water table was high and the opposite was also true for the CO2 production. The presence of plant litter slightly decreased the methane production, although it is not significant. The two vascular plants litters lost more mass than Sphagnum litter and there were no significant differences between the two vascular plants. There is no overall cross-effect between the water table and the litter type, although in the case of Eriophorum angustifolium there seems to be a trend towards increasing mass loss as the water table rises. These are preliminary results.

B. Progress of remaining Deliverables and Milestones

None remaining.

3.11. Socio-economic relevance and policy implication

Not applicable

3.4. Discussion and conclusion

Microbial biomass measurements in Workprogram 2 and 3 demonstrated the plant mediated control (living plant and litter) on the fate of C and N in the peat.  The multivariable analysis, coupling microbial variables and chemistry of the organic matter, should support this assumption. Analysis of both fumigated and un-fumigated samples of peat would also give some arguments in this way.

3.5. Plan and objectives for the next period

All the field work and most data analyses have been completed. During the next period, several manuscripts are going to be written for the Global Change Biology special issue. In addition, several project papers are in progress on the following topics: Litter experiment in lab experiment and field experiments (Workprogram 2); Influence of keystones species on microbial biomass and activity (Workprogram 2).

WP 07: Management options, guidelines, sustainability and socio-economic benefits
3.1. Objectives

1. Translate the scientific information obtained in preceding workpackages into guidelines and codes of practice that will reconcile commercial extraction and restoration

2. Determine the contribution of peatland restoration to carbon budgets

3. Quantify the socio-economic benefits of sustainable use of peat

3.2. Methodology and scientific achievements related to Work Packages including contribution from partners

This workpackage began in August 2005. Further planning its implementation took place at the meeting in Frick held in September 2005. MLURI was the responsible partner but input was also required from AR-WSL, UFC-CE, ISTO, ECOBIO, UNHEL and LINECO. It was recognised that any guidelines would be within limits and that age of the peatland would be a primary factor. To a large extent progress in this workpackage is dependent upon results and conclusions from the other workpackages. Since these are still in a state of being completed progress to date is necessarily limited.

A. Status of Deliverables and Milestones due for completion

None due for completion until end of project

B. Progress of remaining Deliverables and Milestones

D22 Guidelines for sustainable development of peatland

Part of this deliverable is to collate existing management options. A number of peatland wise use, restoration, rehabilitation or management guidelines have been published emanating from a number of countries and these can provide a good starting point for managers. Often they contain information that is only pertinent to certain countries or conditions. A database of the available literature is being collected. The objective within RECIPE will be to extend and/or modify existing options and guidelines in line with the socioeconomic and experimental findings. Two different scales operate for socioeconomic and experimental studies. The former is country-wide/all peatlands and recommendations can be generalized whereas the latter may be more local: specific recommendations might be only made for each site. Progress in this deliverable is ongoing.

D23 Indicators of change in the carbon turnover on bogs

Within the various workpackages we are looking at (1) diversity patterns and (2) key processes. Some important indicators are beginning to be recognised within both categories but more detailed analysis of the various factors is required. Again, progress in this deliverable is ongoing.

D24 Assessment of socio-economic benefits

In this year, based on the comparative analysis of the socio-economic importance of peat exploitation and alternative peatland uses for different European country case studies in Finland, France, Germany, Scotland and Switzerland in WP 01, the socio-economic part of RECIPE concentrated on the appraisal of different peatland use scenarios synthesised for the different country case studies and taking into account the outcome of the ecological findings of RECIPE.

The socio-economic work of WP 01 has produced interesting results and further insights into social and economic aspects of peat exploitation and alternative peatland uses in Europe and the comparison of the different country case studies has shown significant differences between the countries. Based on these results the socio-economic appraisal in WP 07 is assessing the environmental and socio-economic impacts of different peatland use scenarios against peat extraction and pristine bog conservation as baseline scenarios. In a set of peatland use scenarios different re-use options have been defined for the partner countries. Re-use options of abandoned peatland do not only have a range of different socio-economic implications but also a significant impact on the ability to rehabilitate a cut-over land to secondary mires, with different effects for the C balance. Hence, the appraisal concentrates in terms of environmental impacts on the impacts on the C-balance.

In the first part, the appraisal in WP 07 provided a synthesis of the socio-economic benefits of commercial peat extraction in Europe and concludes that commercial peat extraction is only significant in Finland and, to a lesser extent, in Germany. Energy peat production in Finland provides employment in areas with relatively high unemployment. As a consequence, both the workers and state’s income rise. The employment effect is nationally quite small, but regionally important. Peat production in Germany creates economic benefits, but licensed peat sites will be fully exploited in 20-30 years and new sites - licenses for new peat sites are still issued - are expected to provide lower peat quantities. In France, Scotland and Switzerland, peat production does not play a major role. Economically more important here is the processing of imported peat to horticultural products. Beside commercial extraction of peat, subsistence peat extraction still plays a role in some European countries, e.g. in Western Scotland. However, while peat production creates socio-economic benefits, peatlands have a high value as natural ecosystem with a high biodiversity, play an important role as a pool and sink for carbon and contribute to the equilibrium of the water cycle. But commercial peat extraction and other intensive use of peatlands, such as forestry, have often caused high environmental costs and the loss of valuable peatland ecosystems.

Following the summary of the socio-economic benefits of peat extraction a general framework for sustainable peatland use has been developed outlining and comparing the environmental and economic cost and benefits of peat extraction, peat rehabilitation options and peatland conservation. Based on this framework, WP 07 is currently comparing different environmental cost and benefits of different re-use options and compares these with the two “extreme” baseline scenarios of commercial peat extraction and pristine bog conservation. The different re-use options considered range from bog restoration over wetland rehabilitation, creating habitats for waterfowl hunting, afforestation, and agricultural uses such as extensive grazing, improved grassland and conversion to arable land, covering relevant options from all country cases studies. With respect to environmental implications the appraisal includes, for example, C-balance, water management and quality, habitat and species diversity and energy consumption, while socio-economic impacts are compared, for example, through impacts on employment, cultural heritage, infrastructures and local economies.

Overall, the appraisal of peatland use scenarios is progressing as planned and will be finished in May 2006.

M21 Results of the project reported to the end users (year 4)

This will be implemented once the final results are collated. 

M22 Production of guidelines for sustainable peat management (year 4)

Ongoing. 

M23 Meeting with end-users to report synthesis of the final results (year 4)

A user group meeting has been planned for April (in Scotland). An end user meeting will also be held in France in 2006 for site managers from France and Switzerland.

3.3. Socio-economic relevance and policy implication

See D24.

3.4. Discussion and conclusion

Much of the socio-economic appraisal follows on from that undertaken in WP 01 and emphasizes the differences in attitude and approach adopted by the various countries. It is premature at this stage to be precise about possible guidelines or specific indicators of change. However, the data from the other workpackages are beginning to suggest what might be used as indicators and it is clear that any guidelines will have to be tuned to particular counties and set of conditions.

3.5. Plan and objectives for the next period

The objectives within the final phase will be to try and collate the information derived from the various approaches within the project. End-user meetings will be held. At the final meeting of RECIPE, to be held in May 2006, a finalisation of the guidelines and indicators will be made. Within the list of future publications that are currently in progress (see above) most will feature the derivation of indicators of change.  A publication specifically detailing the socio-economic aspects is also in progress.
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� Gantt chart: A diagram used to illustrate a deterministic schedule. This should integrate the planned/executed task by Work Package according to the time schedule





� 1 month only


� Two copies of publications issued during reporting period should be annexed to the report, specific cases should be agreed by the Project Officer


� In red are those that are not directly related to RECIPE. The data is not from RECIPE but RECIPE has had intellectual input to the topic.


� Type: Abstract, Newsletter, Oral Presentation, Paper, Poster, Proceedings, Report, Thesis


� Technical problems induced some deviations from the work plan as these analyses were scheduled for the first 3 months of 2005 (see 24-month report). Due to poor system stability, especially during the measurement of peat derived long chain hydrocarbons and fatty acids, the GC/MS unit (DSQ, Thermo Electron, Dreieich, Germany) of the GC/MS-c-IRMS device was replaced by a GC/MS from Agilent Technologies (MSD, Agilent Technologies, Waldbronn, Germany). The poor performance of the DSQ GC/MS lasted for more than ½ year and the subsequent installation of the new machine caused a delay in sample analysis. Since September 2005 the new system has been running reliably and is showing excellent sensitivity and long-term performance on the previously mentioned analyses
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