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Executive Summary

This report provides a rationale behind the assessments of the status of 3 types of fen as part of the reporting process under Article 17 of the EU Habitats Directive. These are ‘Alkaline fens’, ‘Calcareous fens with Cladium mariscus and species of the Caricion davallianae’ and ‘Transition mires (quaking bogs)’. The report provides definitions of the three fen habitats from an Irish perspective and assesses their range and area using best available information.  Assessments of the habitat structures and functions, pressures and threats and future prospects are also provided. 

Alkaline fens (EU code 7230) are calcareous basin or flushed fen systems where species-rich small sedge communities dominate.  They often present a complex mosaic of habitats where small sedge communities are interspersed with tall sedge or reed beds, wet grassland or springs.  The priority habitat ‘species-rich Cladium fen (7210)’ often occurs at the fringes of dense, monodominant stands of Cladium mariscus within calcareous fen systems. The key ecological requirements of both calcareous fen habitats are a high water table, a calcareous, low nutrient water supply and minimal water level fluctuation. Low intensity mowing and/or grazing are also very important for maintaining species richness.  In Ireland, alkaline fens (7230) and species-rich Cladium fen (7210) are most commonly found on limestone in the central and western lowlands and uplands. Transition mires (7140) are characterised by a broad range of physically unstable peat-forming vegetation communities floating on surface water and they typically occur in the wettest parts of raised bog, blanket bog or fen or at transition areas of open water.  The key ecological requirements are thought to be a permanently high water level remaining close to the peat surface all year, and minimal water level fluctuation. In terms of hydrochemistry, transition mires exhibit broad ranges of alkalinity and base status.  
Geospatial data for the three fen habitats, comprising 26 shapefiles, were provided by NPWS.  Four shapefiles spanned numerous counties with the remainder related to specific county wetland surveys.  In order to map the range and distribution of the habitats it was necessary to consolidate the disparate available geospatial data into master point and polygon shapefiles.  The primary objectives of the mapping work were to: 
· Attribute each point or polygon with the source, survey method, date and level of confidence that the habitat recorded corresponds to an Annex I habitat.

· Identify duplicate points or polygons.

· Consolidate disparate shapefiles into a single point or polygon shapefile.

· Map the range and calculate the area of the three fen habitat types. 
Each record was assigned a level of confidence that the habitat recorded corresponds to an Annex I habitat type.  The scheme used across all datasets is as follows: 
· A= Presence, or absence, of Annex I fen habitat confirmed in the field using the Interpretation Manual of European Habitats (EC 2007) or a specifically devised vegetation classification scheme. 
· B1 = Fossitt (2000) habitat type mapped by field survey. 
· B2 = Extent of Annex I habitat type mapped via desk-study but not confirmed by field survey.
· C1 = Point location of site known to contain Annex I habitat type but habitat extent is unmapped OR polygon of Fossitt (2000) habitat type mapped via desk study.
· C2 = Point location of site thought to possibly contain Annex I habitat type but habitat extent is unmapped OR site polygon thought to contain Annex I habitat.  
· D = High degree of uncertainty with regard to data source OR where previous studies have identified major dataset deficiencies OR high degree of uncertainty regarding mapped habitat type. 
The distribution was mapped by including only sites with habitat classification confidence levels of A, B1, B2 or C1. Sites with C2 and D confidence levels were automatically excluded from the distribution. Site names were used to identify duplicate records. Where duplicate records were identified, the record with the higher confidence level was included in the habitat distribution. In cases where duplicate records had the same confidence level, sites with the more reliable habitat area estimates were included in the habitat distribution.
The conservation assessment outputs were the same for the 3 fen habitat types. The Ranges were assessed as ‘Favourable’ as there is no evidence of a decline since the Directive came into force. Indirect evidence of ongoing losses of fen habitat Areas resulted in an ‘Unfavourable-Inadequate’ declining assessment. Regulations outlined in Section 8 below should halt this trend however. Structure and Functions were assessed as ‘Unfavourable-Bad’ with the qualifier ‘unknown’ based on limited evidence that indicates that a more than 25% of the national fen resource has impaired structures and functions.  The main pressures identified on alkaline fens (7230) and species-rich Cladium fens (7210) were wetland reclamation, groundwater abstractions, diffuse pollution to groundwater and land abandonment.  Groundwater pressures are more localised for transition mires (7140) given the highly variable nature of dominant water inputs across sites.  The main pressures on transition mires are peat extraction, wetland reclamation and infilling. All listed pressures were considered to threaten the three fen habitat types into the future.  M01 (Changes in abiotic conditions) also presents a significant threat as changes in precipitation patterns and frequency driven by climate change will likely lead to alterations to the hydrological regimes of fen habitats. The Future Prospects were also assessed as ‘Unfavourable-Bad’, however the trend is improving due to recently implemented regulations that afford wetlands a higher level of protection. Conservation of fen habitats in Ireland is compromised by the lack of a definitive vegetation classification or formal description of the habitat as it occurs in Ireland and of accurate geospatial data. 
A baseline fen survey is lacking and disparate county level surveys use contrasting habitat classification and mapping methods which compromise the comparability of the information.  The 2007 conservation assessment cited a lack of reliable, comparable data as a major hindrance for accurately assessing the conservation status of the habitat as a whole and this remains the case. The overall habitat conservation status has therefore been assessed as ‘Unfavourable-Bad’ principally due to loss of habitat Area and impaired Structure and Functions.  
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1 Introduction
This synthesis report is a component of the Article 17 Habitats Directive conservation status assessments of the Annex I Habitats ‘7230 Alkaline fens’, ‘*7210 Calcareous fens with Cladium mariscus and species of the Caricion davallianae’ and ‘7140 Transition mires (quaking bogs)’. The report provides definitions of the three fen habitats from an Irish perspective and assesses their range and area using best available information.  The current conservation assessment uses data from a number of recent field and desk-based fen surveys and the data consolidation approach is outlined in detail.  Assessments of the habitat structures and functions, pressures and threats and future prospects are provided. 
2 Definitions of the three fen habitats from an Irish perspective
2.1 General comment

There is currently no definitive vegetation classification or formal description of the natural variation of these fens in Ireland.  However, the standard scheme for describing habitats in Ireland, A Guide to Habitats in Ireland (Fossitt 2000), relates Irish habitats to Annex I habitat types.  The classification framework (Fossitt 2000) used inter alia the O`Criodain and Doyle (1994) overview of small-fen vegetation to inform the habitat classification for Irish fens. Fossitt (2000) emphasises however that correspondence between Irish habitats and Annex I habitat types is often not exact and that Annex I habitats may be sub-types of the Irish habitat categories.

2.2 Alkaline fens (7230)
Alkaline fens are typically base-rich basin or flush fen systems with extensive areas of species-rich small sedge communities of the alliance Caricion davallianae. EU guidance recognises that these fen systems are often a complex mosaic of habitats, with tall sedge beds, reedbeds, wet grasslands, springs and open-water co-occurring. O`Criodain and Doyle (1994) provide a phytosociological description of small-sedge vegetation in Ireland.  The authors state that the associations Campylio-Caricetum dioicae, Schoenetum nigicantis and Juncetum sub-nodulosi correspond with alkaline fens (7230). Alkaline fen habitat can occur in peat-forming fen systems, but also in dune slacks, wet grasslands and on tufa cones (EC, 2007).  Rich fen and flush (PF1) is currently considered indicative of but not directly equivalent to alkaline fen (7230) (Fossitt 2000).  PF1 is characterised by species-rich swards dominated by small to medium sedges and/or Black bog rush (Schoenus nigricans) and a conspicuous layer of brown mosses.  Open-water and patchy stands of reed, tall sedge, bulrush, scrub and woodland may also be present.  The National Survey of Upland Habitats (Perrin et al., 2010) devised a refined vegetation classification, based on standard vegetation classification schemes (White and Doyle, 1982; Rodwell, 1991, 1992), relevé datasets and expert judgement, in order to adequately record Annex I habitats. 
The vegetation classification scheme identified two PF1 sub-types that corresponded with 7230, namely RFLU1a and RFLU2.  RFLU1a is described as relatively species-rich flush with typically abundant Carex viridula ssp. brachyrrhyncha or oedocarpa and brown mosses. RFLU2 is distinguished by RFLU1a by conspicuous amounts of Eleocharis quinqueflora. The list of typical species below is based almost exclusively on the previous conservation assessment report for the habitat (Foss 2007).  Blindia acuta was added to the list based on information provided by the National Survey of Upland Habitats.  Targets for cover and abundance of species from the vegetation communities from the National Survey of Uplands Habitats were derived to assess the quality of Habitats at monitoring stops.  In Ireland, the most extensive areas of alkaline fens are thought to occur in lowland basins associated with limestone groundwater bodies with a karstic or poorly productive flow regime (Kimberley and Coxon 2013). Alkaline fens within flushes in upland and lowland regions, along the fringes of calcareous lakes (e.g. Lough Corrib) and within turloughs, dune slacks and machair are thought to be more limited in extent but more widespread. 
Typical species: Anagallis tenella, Aneura pinguis, Blindia acuta, Bryum pseudotriquetrum, Calliergonella cuspidata, Campylium stellatum, Carex dioica, Carex echinata, Carex hostiana, Carex nigra, Carex panicea, Carex pulicaris, Carex viridula ssp. brachyrrhyncha, Carex viridula ssp. oedocarpa, Cirsium dissectum, Ctenidium molluscum, Dactylorhiza incarnata, Dactylorhiza traunsteineri, Drepanocladus cossonii, Drepanocladus revolvens, Eleocharis multicaulis, Eleocharis quinqueflora, Epipactis palustris, Eriophorum latifolium, Fissidens adianthoides, Galium palustre, Hydrocotyle vulgaris, Juncus articulatus, Juncus bulbosus, Juncus subnodulosus, Mentha aquatica, Molinia caerulea, Palustriella commutata, Parnassia palustris, Pinguicula vulgaris, Ranunculus flammula, Schoenus nigricans, Scorpidium scorpioides, Selaginella selaginoides, Succisa pratensis
2.3 *Calcareous fens with Cladium mariscus and species of the Caricion davallianae (7210)

This priority habitat type typically occurs where Cladium mariscus stands are in contact with Caricion davallianae or other Phragmition species. The habitat typically occurs within calcareous fen systems but it may also be found where Cladium mariscus is in contact with acid fens, wet grasslands and other reedbed and tall sedge communities (EC, 2007).  For brevity, the term ‘species-rich Cladium fen’ is used as a habitat descriptor throughout this document. O`Criodain and Doyle (1994) state that this habitat often occurs where monodominant or species-poor stands of Cladium mariscus merge with Schoenetum nigricantis. The habitat may also occur as transition zones between Cladium mariscus stands and other species-rich alkaline fen vegetation alliances such as Campylio-Caricetum dioicae, Juncetum sub-nodulosi.  In the Fossitt (2000) classification, rich fen and flush (PF1) is currently considered indicative of but not directly equivalent to species-rich Cladium fen.  Extensive areas of monodominant or species-poor stands of Cladium mariscus should be considered under reed and large sedge swamps (FS1) rather than PF1 (Fossitt, 2000). 
The fringes of these stands however are likely to support species-rich Cladium fen.  It must be borne in mind however that the habitat can occur in the absence of a distinct, dense stand of Cladium mariscus as areas of species-rich examples of Cladium mariscus communities. The list of typical species below is based almost exclusively on the previous conservation assessment report for the habitat (Foss, 2007).  Blindia acuta was added to the list based on species lists for alkaline fens (7230) provided by the National Survey of Upland Habitats (Perrin et al. 2010).   This habitat type is thought to typically occur in occur in lowland topogenous basins associated with limestone groundwater bodies with a karstic or poorly productive flow regime (Kimberley and Coxon 2013). The habitat can also occur in other calcareous wetland types such as upland and lowland flushes, along the fringes of calcareous lakes (e.g. Lough Corrib) and within turloughs.  

Typical species: Cladium mariscus, Anagallis tenella, Aneura pinguis, Blindia acuta, Bryum pseudotriquetrum, Calliergonella cuspidata, Campylium stellatum, Carex dioica, Carex echinata, Carex hostiana, Carex nigra, Carex panicea, Carex pulicaris, Carex viridula ssp. brachyrrhyncha, Carex viridula ssp. oedocarpa, Cirsium dissectum, Ctenidium molluscum, Dactylorhiza incarnata, Dactylorhiza traunsteineri, Drepanocladus cossonii, Drepanocladus revolvens, Eleocharis multicaulis, Eleocharis quinqueflora, Epipactis palustris, Eriophorum latifolium, Fissidens adianthoides, Galium palustre, Hydrocotyle vulgaris, Juncus articulatus, Juncus bulbosus, Juncus subnodulosus, Mentha aquatica, Molinia caerulea, Palustriella commutata, Parnassia palustris, Pinguicula vulgaris, Ranunculus flammula, Schoenus nigricans, Scorpidium scorpioides, Selaginella selaginoides, Succisa pratensis
2.4 Transition mires and quaking bogs (7140)

Transition mires and quaking bogs (7140) are characterised by a broad range of physically unstable peat-forming vegetation communities floating on surface water.  Small to medium sedges co-occur with sphagnum or brown mosses and aquatic and semi-aquatic vegetation (EC 2007). This habitat type is referred to as ‘transition mires’ throughout this document. In a comprehensive review of small-sedge vegetation in Ireland,  O`Criodain and Doyle (1994) considered that the associations Sphagno-Caricetum lasiocarpae and Calliergo-Caricetum diandrae correspond to transition mires in the Irish context. In the Fossitt (2000) classification, transition mire and quaking bog (PF3) corresponds closely with transition mires (7140).  A quaking or very wet surface and vegetation indicative of acid conditions distinguishes PF3 from PF1 (Fossitt, 2000).  The National Survey of Upland Habitats (Perrin et al., 2010) devised a more refined vegetation classification scheme, based on standard vegetation classification schemes (White and Doyle 1982; Rodwell 1991, 1992), relevé datasets and expert judgement, in order to adequately record Annex I habitats. The PO1a community was recorded as 7140.  This community is broadly described as infilling pools with Menyanthes trifoliata and, occasionally, Carex limosa.  
The list of typical species below is based exclusively on the previous conservation assessment report for the habitat (Foss 2008). The species list for 7140 is evolving as more data is collected as part of the National Survey of Upland Habitats and more vegetation communities are being included; however as this survey is largely restricted to uplands the 2007 list has been retained until a more representative national coverage has been completed.Targets for cover and abundance of species from the vegetation communities from the National Survey of Uplands Habitats were derived to assess the quality of Habitats at monitoring stops.
Transition mires typically occur in the wettest parts of raised bog, blanket bog or fen or at transition areas of open water (Fossitt 2000) and may reflect the actual succession from fen to bog.
Typical species: Agrostis stolonifera, Aneura pinguis, Bryum pseudotriquetrum, Calliergon giganteum, Calliergonella cuspidata, Campylium stellatum, Carex diandra, Carex lasiocarpa, Carex limosa, Carex nigra, Carex rostrata, Carex viridula, Cladopodiella fluitans, Drepanocladus revolvens, Epilobium palustre, Eriophorum angustifolium, Eriophorum gracile, Galium palustre, Hammarbya paludosa, Hydrocotyle vulgaris, Menyanthes trifoliata, Molinia caerulea, Myrica gale, Pedicularis palustris, Potentilla palustris, Ranunculus flammula, Rhynchospora alba, Rhynchospora fusca, Scorpidium scorpioides, Sphagnum angustifolium, Sphagnum cuspidatum, Sphagnum denticulatum, Sphagnum fallax, Sphagnum fimbriatum, Sphagnum papillosum, Sphagnum riparium, Sphagnum subsecundum. 
3 Data consolidation and mapping the habitat distribution

This section documents the approach to the consolidation of disparate geospatial datasets for the three fen habitats.  Geospatial data for the three fen habitats, comprising twenty six shapefiles, were provided by NPWS (Table 1).  Four shapefiles spanned numerous counties with the remainder related to specific county wetland surveys.  The previous conservation assessment used the point dataset Fen_complete.shp, generated from a desk study of the national extent of springs, fens and flushes (Foss, 2007), to determine the habitat distribution and range.  That report recommended a national field survey of springs, fens and flushes but this has not yet been achieved.  Nevertheless, numerous fen surveys have been conducted in recent years; please note that data collated as part of desk studies may have come from sources older than the publication date. Two desk-based projects have improved the geospatial information for fens occurring within blanket bogs (Barron and Perrin, 2011) and within SAC complexes (Kilroy et al. 2008).  Recent field surveys as part of the National Survey of Upland Habitats (Perrin et al., 2010) have mapped fen habitats within SAC areas across 5 counties.  County wetland/habitat surveys of varying detail have been conducted within 14 counties.  There is significant overlap between many of the datasets presented in Table 1 and one of the main challenges of this project was to identify and record duplicate points or polygons.  
The other major challenge of this work was to assign a level of confidence to the habitat classifications.  Confidence in the habitat classifications varies with survey method (i.e. desk-based, field-based) and the habitat classification approach.  In relation to the habitat classification approach, Fossitt (2000) codes rather than Annex I habitat codes are often provided in the datasets and, as mentioned in Section 1.1, correspondence between the two is not exact.  
The objectives were to:

1. Attribute each point or polygon with the source, survey method, date and level of confidence that the habitat recorded corresponds to an Annex I habitat.
2. Identify duplicate points or polygons.
3. Consolidate disparate shapefiles into a single point or polygon shapefile.
4. Map the range and calculate the area of the three fen habitat types. 
Table 1 Overview of shapefiles provided by NPWS for the conservation status assessment of the three fen habitats.  Original shapefile: Name of original shapefile; Type: Point or Polygon; County: County to which data are relevant; Report reference: Reference for report accompanying the original shapefile; Type of study: Desk study or field survey; Habitat Classification: Brief description of habitat classification method as noted in associated report. 

	Original shapefile
	Type
	County
	Report reference
	Type of

study
	Habitat classification

	Fen_complete.shp
	Point
	Many
	FOSS, P. 2007. Study of the extent and conservation status of springs, fens and flushes in Ireland. Report for the National Parks and Wildlife Service of Ireland.
	Desk study
	Fossitt (2000) habitat types used to indicate presence of Annex I habitat types within often large sites.  Habitat extent at site unmapped.

	Blanket_Bog_NHA_

polygons_Edited_2011.shp


	Polygon
	Many
	BARRON, S. J. & PERRIN, P. M. 2010. Review and amendment of GIS mapping for blanket bog NHAs. A report submitted to the National Parks and Wildlife Service.
	Desk study (review of data generated from a field survey)
	Two fields record Annex I habitats: ANNEX_C1=High level of confidence that habitat recorded corresponds to Annex I habitat type; ANNEX_C2=Possible Annex I habitat.

	GWDTE_SACs.shp
	Polygon
	Many
	KILROY, G., DUNNE, F., RYAN, J., O`CONNOR, A., DALY, D., CRAIG, M., COXON, C., JOHNSTON, P. & MOE, H. 2008. A framework for the assesment of groundwater dependent terrestrial ecosystems under the water framework directive (2005-W-FS-5). Associated datasets and digital information objects connected to this resource are available at Secure Archive For Environmental Research Data (SAFER) managed by the Environmental Protection Agency Ireland. http://erc.epa.ie/safer/resource?id=b5799c70-224b-102c-b381-901ddd016b14.
	Desk study
	Expert judgement, available datasets and locations of Vertigo spp. were used to delineate the boundaries of GWDTEs, within SAC complexes, that support Annex I fen habitat types.

	7230_7140_NSUH_Phase_3_Extraction.

shp
	Polygon
	Many
	PERRIN, P.M., BARRON, S.J., ROCHE, J.R. and O’HANRAHAN, B. 2010. Guidelines for a national survey and conservation assessment of upland vegetation and habitats in Ireland. Version 1.0.  Irish Wildlife Manuals, No. 48. National Parks and Wildlife Service, Department of Environment, Heritage and Local Government, Dublin, Ireland.  Data extracted from Phase 3 of the National Survey of Upland Habitats.
	Field survey
	Annex I habitat extent mapped according to a vegetation classification scheme, based on the Interpretation Manual of European Habitats (EC 2007), developed by BEC consultants.

	Fossit1_Fossitt_3_

Cavan_2010_polygon.shp
	Polygon
	Cavan
	KEARNEY, P. 2010. Habitat Mapping of Habitats in County Cavan.  Survey Findings Report. A Report by RPS for Cavan County Council and The Heritage Council.
	Field survey
	Fossitt (2000) habitat classification only. 

	Merc_Data_PF1_WN7.shp
	Polygon
	Cavan
	MERC. 2007.  Audit of Biological Datasets for Counties Cavan and Roscommon as cited in Kearney (2010).  
	Desk study
	Fossitt (2000) habitat classification only.


Table 1 Contd. Overview of shapefiles provided by NPWS for the conservation status assessment of the three fen habitats.  Original shapefile: Name of original shapefile; Type: Point or Polygon; County: County to which data are relevant; Report reference: Reference for report accompanying the original shapefile; Type of study: Desk study or field survey; Habitat Classification: Brief description of habitat classification method as noted in associated report. 

	Shapefile
	Type
	County
	Accompanying Report Reference
	Type of

study
	Habitat Classification

	CWS_Polygon_Habitats_region_FOS_CODE_3.shp
	Polygon
	Clare
	CRUSHELL, P. & FOSS, P. 2008. The County Clare Wetlands Survey: Desk Study and GIS Preparation.  A Report prepared for Clare County Council, Ireland.
	Desk study
	Fossitt (2000) habitat classification only. Amalgamation of disparate datasets. 

	Conaghan_Fuller_Habitat_Survey_Fossitt_Category_PF1.shp
	Polygon
	Clare
	CONAGHAN, J. & FULLER, J. 2004. An ecological survey of habitat cover in the Shannon/Newmarkey-on-Fergus region of South Co. Clare.  Unpublished report and GIS commissioned by Clare County Council. 
	Field survey
	Fossitt (2000) habitat classification only. 

	Hurley_Keenan_Habitat_Map_Fossitt_Class3_1_PF1.shp
	Polygon
	Clare
	HURLEY, C. 2003. Habitat mapping, evaluation of semi-natural grassland and marsh and conservation recommendations for the north-west region of Ennis and environs.  Unpublished MSc Thesis, Ecosystem Conservation and Landscape Management, NUI Galway. 
	Field survey
	Fossitt (2000) habitat classification only. 

	South_Clare_Habitat_Map_Fossitt_Habitat_PF1.shp
	Polygon
	Clare
	KEARNEY, P. 2008. Survey and mapping of habitats from Cratloe to Parteen, South East Clare.  A Report by RPS for Clare County Council and The Heritage Council. 
	Field survey
	Fossitt (2000) habitat classification only. 

	Tubridy_Habitat_Fossitt_Survey_Survey_Class_3.shp
	Polygon
	Clare
	TUBRIDY, M. 2006. Heritage Surveys of Vulnerable Landscape.  A Report for Clare County Council.
	Field survey
	Fossitt (2000) habitat classification only. 

	Midleton_Polygon_Dataset_polygon_Fossitt_ID_PF3.shp
	Polygon
	Cork
	O'DONOGHUE, P., O'HORA, K., GITTINGS, T. & DELANEY, E. 2009. Midleton Area Habitat Survey and Mapping Project 2009.  Final Report prepared for Cork County Council by Atkins, Cork.
	Field survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.

	Habitats_AreaFeatureType_polygon_habitat_type.shp
	Polygon
	Galway
	NATURA 2005. Galway City Habitat Inventory.  A Report prepared by NATURA Environmental Consultants on behalf of Galway City Development Board.
	Mostly desk study and with some limited field survey
	Fossitt (2000) habitat classification only. 

	Habitat_polygon_Habitat_Classification_PF1.shp
	Polygon
	Galway
	WHITE YOUNG GREEN 2008. Galway Wetlands Scoping Study.  Final Report prepared for Galway City Council by White Young Green, Dublin.
	Desk study
	Fossitt (2000) habitat classification only. 

	Connemara_NP_habitats_IR_COMB_PF3.shp
	Polygon
	Galway
	No report available
	Uncertain
	Uncertain


Table 1 Contd. Overview of shapefiles provided by NPWS for the conservation status assessment of the three fen habitats.  Original shapefile: Name of original shapefile; Type: Point or Polygon; County: County to which data are relevant; Report reference: Reference for report accompanying the original shapefile; Type of study: Desk study or field survey; Habitat Classification: Brief description of habitat classification method as noted in associated report. 

	Shapefile
	Type
	County
	Accompanying Report Reference
	Type of

study
	Habitat Classification

	KWS 2012 Polygon Habitats_7230_7210_7140.shp
	Polygon
	Kildare
	CRUSHELL, P., FOSS, P., O'LOUGHLIN, B. & WILSON, F. 2012. County Kildare Wetland Survey. Part I: Main Report.  Report prepared for Kildare County Council and The Heritage Council.
	Field survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.

	PF1_Rich_Fen_and_Flush_polygon.shp
	Polygon
	Laois
	HICKEY, B. & TUBRIDY, M. 2009. County Laois Habitats Survey (Phase V).  A Report prepared for the Laois Heritage Forum. 
	Field survey
	Fossitt (2000) habitat classification only.

	LWS 2012 Polygon Habitats_Annex_Code_7210_7230.shp
	Polygon
	Louth
	FOSS, P., CRUSHELL, P., O'LOUGHLIN, B. & WILSON, F. 2012. County Louth Wetland Survey II.  Part 1: Main Report. Report prepared for Louth County Council and The Heritage Council.
	Field survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.

	Mayo_habitats_polygons_polygon_Fossitt_Code.shp
	Polygon
	Mayo
	ATKINS. 2008. Mayo Habitats Survey.  A Report by Atkins for Mayo County Council. 
	Field survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.

	Wetlands_Meath_2009_Fossitt_2_PF1_PF3.shp
	Polygon
	Meath
	ANON 2010. County Meath Wetlands and Coastal Habitat Survey.  A Report prepared for Meath County Council and the Heritage Council.
	Field Survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.

	MWM_2012_7140_and_7230.shp
	Polygon
	Monaghan
	FOSS, P. J. & CRUSHELL, P. 2012. Wetland Survey County Monaghan II.  Report prepared for Monaghan County Council and The Heritage Council.
	Field Survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.

	DigitisedFieldStudy_Fossitt_PF3.shp
	Polygon
	Sligo
	WILSON, F. 2009. County Sligo Wetland Survey.  A Report prepared for Sligo County Council and The Heritage Council.
	Field Survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.

	complete_wetland_habitats_2009_Fossitt_PF1.shp
	Polygon
	Sligo
	WILSON, F. 2009. County Sligo Wetland Survey.  A Report prepared for Sligo County Council and The Heritage Council.
	Field Survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.


Table 1 Contd. Overview of shapefiles provided by NPWS for the conservation status assessment of the three fen habitats.  Original shapefile: Name of original shapefile; Type: Point or Polygon; County: County to which data are relevant; Report reference: Reference for report accompanying the original shapefile; Type of study: Desk study or field survey; Habitat Classification: Brief description of habitat classification method as noted in associated report. 

	Shapefile
	Type
	County
	Accompanying Report Reference
	Type of

study
	Habitat Classification

	Wetlands_region_ID_PF3.shp
	Polygon
	Waterford
	NATURA 2006. County Waterford Survey of 21 Wetlands.  Final Report prepared for Waterford County Council by NATURA Environmental Consultants.
	Field Survey
	Fossitt (2000) habitat classification only.

	Q1389_All_Fen_Hatch_polygon.shp
	Polygon
	Westmeath
	NATURA 2007. Westmeath Fen Study.  Draft Final Report prepared for Westmeath County Council and The Heritage Council by NATURA Environmental Consultants.
	Desk study
	Fossitt (2000) habitat classification only.

	wwm_fossitt_habitats_H_EU_Code_7230_7140.shp
	Polygon
	Wicklow
	WILSON, F. & FOSS, P. J. 2011. The County Wicklow Wetland Survey. Report prepared for Wicklow County Council and The Heritage Council.
	Desk study and field Survey
	Interpretation Manual of European Habitats (EC 2007) used to identify and map Annex I habitat types.


3.1 Main dataset issues
· The habitat classification and mapping approaches vary markedly across datasets.  The nature of the datasets can be generally described as follows:

· Presence and extent of Annex I habitat types confirmed and mapped in the field using the Interpretation Manual of European Habitats or a specifically devised vegetation classification scheme.

· Extent of Fossitt (2000) habitat types mapped in the field.

· Extent of Annex I habitat types determined via desk study and expert judgement.

· Extent of Fossitt (2000) habitat types determined via desk study and expert judgement.

· Point locations of sites, generated via desk study, known to contain or possibly containing Annex I habitat types generated via desk study. 
· Polygon locations of sites, generated via desk study, possibly containing Annex I habitat types. 
· Many shapefiles lack metadata, unique record identifiers, site names and site codes.  

· The lack of shapefile metadata requires the user to extract field heading descriptions and survey methods from often weighty reports. 
· The lack of unique record identifiers creates difficulties when attempting to record duplicate points or polygons.  

· Often polygons represent habitats within a greater site area.  In these cases, the greater site area has a separate polygon which contains information on the site name and/or code which can then be related to additional site information in an MS Access database.  The lack of site names or codes in the habitat shapefiles prevents the user from making ready connections between the habitat polygons, site boundaries and MS database.  

· Each shapefile has a different field structure.  Fusion of shapefiles required the amendment of shapefiles to a standard format. 

· Fen_complete.shp was used to determine the distribution and range of the three fen habitat types for the previous conservation status assessment. This point shapefile was generated from the NPWS Fen Study Database (Filemaker Pro 8) compiled as part of the ‘Study of the extent and conservation status of springs, fens and flushes in Ireland’ (Foss, 2007a).  This survey collated information on 6 fen types as listed below from a broad range of sources:
· 7140 Transition mires and quaking bogs (Fossitt category PF3)

· 7210 *Calcareous fens with Cladium mariscus and species of Caricion davallianae (Fossitt category PF1)

· 7220 *Petrifying springs with tufa formation (Cratoneurion) (Fossitt category FP1)

· 7230 Alkaline fens (Fossitt category PF1)

· Non-calcareous springs (Fossitt category FP2)

The field ‘Confirme_1’ (Confirmed fen habitat type(s)) identifies sites known to contain one (or more) of the 6 listed fen types.  The field ‘Possible_F’ (Possible fen habitat type(s)) identifies sites thought to possibly contain one (or more) of the 6 fen habitat types.  This habitat classification approach seems to consider the Fossitt categories to be directly equivalent to the Annex I habitat types.  Nevertheless, the Confirmed_1 field identifies sites that are known to contain Annex 1 fen habitat types.  
· The way that data is stored in the field ‘Confirme_1’ (Confirmed fen habitat type(s)) of Fen_complete.shp caused some confusion.  For example, where a site is known to contain more than one habitat type, the Confirme_1 field lists the habitat types as follows:
· Transition Mire 7140/PF3

            Alkaline fen 7230/PF1

Cladium fen 7210/PF1

With this structure, only the first habitat type is visible in the attribute table.  The habitats are also recorded in many different combinations and the significance of the different combinations is not clear. This structure makes the process of selecting records based on habitat type difficult.   

· In a significant number of cases, a point which represents an SAC site known to contain a fen habitat type lies outside the SAC boundary. 
· Information for a number of sites in Fen_complete.shp is based on the ‘Survey and evaluation of blanket bogs for proposal as Natural Heritage Areas’ (Derwin, 2004).  A review of the GIS mapping generated by this project (Barron and Perrin, 2010) identified a significant number of problems with the associated geospatial datasets. 

3.2 Metadata for output shapefiles

A suite of fields were added to each of the 26 shapefiles to capture information relevant to the first three project objectives.  Two output shapefiles were generated:

· NPWS_Fen_CA_Point_Master.shp 
· Combination of amended version of Fen_complete.shp and centroids generated for habitat mosaic polygons in 7230_7140_NSUH_Phase_3_Extraction.shp and GWDTE_SACs.shp. 
· NPWS_Fen_CA_Polygon_Master.shp 

· 25 polygon shapefiles merged into one shapefile.

NPWS_Fen_CA_Point_Master.shp

A description of each field added to Fen_complete.shp is presented in Table 2.  Centroids were generated for habitat mosaic polygons in 7230_7140_NSUH_Phase_3_Extraction.shp and GWDTE_SACs.shp and these point records were then added to Fen_complete.shp. Some centroids lie outside the original polygons and SAC owing to irregular polygon shapes.  In some cases it was necessary to relocate some centroids to ensure that they sit within the associated SAC.  
The main changes to the dataset are:
· The addition of a ‘COUNTY’ field based on a spatial join with the national county shapefile (County.shp).  This addition enables cross-checking of sites with other shapefiles on a county by county basis.  
· The ‘DATA_QUAL’ field provides information on the nature of the data source (Smith et al. 2010). See Appendix I for explanation of codes. 
· Annex I habitat codes,as recorded by Foss (2007), are provide in the ‘ANNEX_CODE’ field. Fossitt habitat codes are presented in the ‘FOSS_CODE’ field. These fields provide a succinct summary of the fen habitat types present at each site.  
· The ‘HAB_CONF’ field provides a level of confidence that the habitat recorded corresponds to an Annex I habitat type.  The scheme used across all datasets is as follows: 
· A= Presence, or absence, of Annex I fen habitat confirmed in the field using the Interpretation Manual of European Habitats (EC 2007) or a specifically devised vegetation classification scheme. 
· B1 = Fossitt (2000) habitat type mapped by field survey. 
· B2 = Extent of Annex I habitat type mapped via desk-study but not confirmed by field survey.
· C1 = Point location of site known to contain Annex I habitat type but habitat extent is unmapped OR polygon of Fossitt (2000) habitat type mapped via desk study.
· C2 = Point location of site thought to possibly contain Annex I habitat type but habitat extent is unmapped OR site polygon thought to contain Annex I habitat.  
· D = High degree of uncertainty with regard to data source OR where previous studies have identified major dataset deficiencies OR high degree of uncertainty regarding mapped habitat type. 
In NPWS_Fen_Point_Master.shp, sites known to contain an Annex I fen habitat (‘Confirme_1’ Field ) were assigned a confidence level of C1.  Sites thought to contain an Annex I fen habitat (‘Possible_F’ Field) were assigned a confidence level of C2.  Site records based on information presented in the ‘Survey and evaluation of blanket bogs for proposal as Natural Heritage Areas’ (Derwin 2004) were assigned a confidence level of D.
· Duplicate polygons in other shapefiles are noted in the fields POT_DUP; DUP1_SHP and DUP1_ID etc. 
· Fields ‘CA_7230’, ‘CA_7210’and ‘CA_7140 ’identify sites where one or more of the three fen habitat types are present (Y) based on the ‘Confirme_1’ field or possibly present (P) based on the ‘Possible_F’ field.  

· Fields ‘DIST_7230’, ‘DIST_7210’ and ‘DIST_7140 ’identify sites for inclusion in the habitat distribution. 
· Where Site Name indicates that a point represents an SAC site known to contain a fen habitat type but lies outside the SAC boundary, a new Grid Reference was generated to ensure that that point sits within the SAC boundary (Fields GR_E_2013; GR_N_2013 and GR_NOTE). 
· Fields ‘AREA_M2’ and ‘AREA_NOTE’ provide information on the estimated habitat areas at each site.  A significant number of sites in Fen_complete.shp lacked an estimated habitat area.  Frequency distributions of the available habitat areas for each fen type showed a skewed distribution to the right, with the majority of sites supporting relatively small areas of Annex I fen habitat types.  Given the skewed dataset, the median areas are more appropriate averages than the means. Median areas were used as a proxy for points in Fen_complete.shp lacking an area estimate. The median areas for 7230, 7210 and 7140 respectively are 112500 m2, 113500 m2 and 200000 m2. 
Estimated areas for records from 7230_7140_NSUH_Phase_3_Extraction.shp (Perrin et al., 2012) were based on field assessments by BEC Ltd.  Estimated habitat areas for records from GWDTE_SACs.shp (Kilroy et al. 2008) were based on field surveys by S. Kimberley in 2012.  These surveys were conducted as a follow-on project to the STRIVE funded project titled Environmental Supporting Conditions for Groundwater Dependent Terrestrial Ecosystems (2011-W-DS-5) (Kimberley and Coxon 2013).  The extents of 7230 Alkaline fens and 7210 Species-rich Cladium fen were estimated at 33 sites within SAC complexes.   The mean areas of the 18 and 7 records with area estimates for each respective habitat type (178889 m2 and 42429m2) were used as a proxy for polygons in GWDTE_SACs.shp noted as containing 7230 Alkaline fens and/or  7210 Species-rich Cladium fen but lacking an area estimate.
NPWS_Fen_CA_Polygon_Master.shp

A description of each field within NPWS_Fen_CA_Polygon_Master.shp is presented in Table 3.  Many of the fields are similar to those presented in NPWS_Fen_CA_Point_Master.shp.  Area calculations were conducted using the calculate geometry tool in Arc GIS 10.1.  
	Field
	Metadata

	NEW_ID
	New unique record identifier

	COUNTY
	Generated from spatial join between ‘Fen_complete.shp’ and ‘County.shp’ 

	ORG_SHP
	Name of original shapefile

	ORG_ID
	Based on ‘Record_Nu’ (Record Number) field.  Unique number created by Filemake Pro 8 database.  

	DATA_QUAL
	Data quality code as recommended for use by Smith et al. (2010) i.e. S; V; DA; DB; DC or DD (see Appendix I for explanation of codes). The SURV_DATE field (Date of last known survey) was used to determine the data quality code: DA = Last know survey less than 15 years ago; DB = Last known survey more than 15 years ago; Uncertain = No recorded year of last known survey; No Annex I fen habitat = None of the three fen habitats recorded at this point.

	REP_DATE
	Date of associated report

	SURV_DATE
	Year of last known field survey. Based on ‘Date_of_la’ field.

	SAC_CODE
	SAC code if applicable.

	SITE_NAME
	Name of site (often SAC or NHA site name). Based on ‘SAC_NHA_Si’ and ‘Non-SAC_NH’ fields.

	SITE_CODE
	Record Number.  Based on ‘Record_Nu’ field.  

	ANNEX_CODE
	Annex I habitat codes as recorded by the authors of the associated report.  The habitat code order follows the habitat type order as presented in ‘Confirme_1’ field. 

	FOSS_CODE
	Fossitt (2000) habitat codes as recorded by the authors of the associated report. The Fossitt code order follows the habitat type order as presented in ‘Confirme_1’ field.

	HAB_CONF
	Level of confidence that the habitat recorded corresponds to an Annex I habitat type (See Section 2.3.1 for more detail).   

	POT_DUP
	Y or N; identifies whether there is a duplicate record in another shapefile

	DUP1_SHP
	Name of shapefile with duplicate record

	DUP1_ID
	ORG_ID of duplicate record in shapefile

	DUP2_SHP
	Name of second shapefile with duplicate record

	DUP2_ID
	ORG_ID of duplicate record in second shapefile

	DUP3_SHP
	Name of third shapefile with duplicate record

	DUP3_ID
	ORG_ID of duplicate record in third shapefile

	CA_7230
	Y = Alkaline fen (7230) potentially present at site; P = Alkaline fen (7230) possibly present at site; N/A = No Alkaline fen (7230) present at site.

	CA_7210
	Y = Cladium fen (7210) potentially present at site; P = Cladium fen (7210) possibly present at site; N/A = No Cladium fen (7230) present at site.

	CA_7140
	Y = Transition mire (7140) potentially present at site; P = Transition mire (7140) possibly present at site; N/A = No Transition mire (7140) present at site.


Table 2 Metatdata for fields in NPWS_Fen_CA_ Master_Point.shp.  

	DIST_7230
	Y = HAB_CONF of C1 and no duplicate polygon; N = HAB_CONF of C2 or D and/or record has a duplicate polygon(s) with a higher HAB_CONF level

	DIST_7210
	Y = HAB_CONF of C1 and no duplicate polygon; N = HAB_CONF of C2 or D and/or record has a  duplicate polygon(s) with a higher HAB_CONF level

	DIST_7140
	Y = HAB_CONF of C1 and no duplicate polygon; N = HAB_CONF of C2 or D and/or record has a  duplicate polygon(s) with a higher HAB_CONF level

	GR_E_2013
	Easting 

	GR_N_2013
	Northing

	GR_NOTE
	‘Corrected by SK’ OR ‘Not corrected’; ‘Centroid in polygon’ OR ‘Centroid not in polygon’

	AREA_M2
	Estimated Annex I habitat area in squared meters.

	AREA_NOTE
	FOSS (2007b) = Estimated area based on previous conservation status assessment; SK_FOSS (2007b) = Area is median of  estimated areas based on previous conservation status assessment; SK = Estimated area based on field assessments by S. Kimberley; BEC Ltd. = Estimated area based on field assessment by BEC Ltd. 


Table 2 Contd. Metatdata for fields in NPWS_Fen_CA_ Master_Point.shp.  

Table 3 Metatdata for fields in NPWS_Fen_CA_ Master_Polygon.shp.  
	Field
	Metadata

	NEW_ID
	New unique record identifier

	COUNTY
	Generated from spatial join between original shapefile and ‘County.shp’ 

	ORG_SHP
	Name of original shapefile

	ORG_ID
	Source field Varies based on information provided in original shapefiles.  Detail provided in shapefile metadata  

	DATA_QUAL
	Data quality code as recommended for use by Smith et al. (2010) i.e. S; V; DA; DB; DC or DD (see Appendix I for explanation of codes). 

	REP_DATE
	Date of associated report

	SURV_DATE
	Year of last known field survey. 

	SAC_CODE
	SAC code if applicable.

	SITE_NAME
	Name of site (often SAC or NHA site name). 

	SITE_CODE
	 Based on information provided in original shapefiles and reports.

	ANNEX_CODE
	Annex I habitat codes as recorded by the authors of the associated report. ‘Not assessed’ is used to note where Annex I habitats were not specifically assessed.

	FOSS_CODE
	Fossitt (2000) habitat codes as recorded by the authors of the associated report. The Fossitt code order follows the habitat type order as presented in ‘Confirme_1’ field.

	HAB_CONF
	Level of confidence that the habitat recorded corresponds to an Annex I habitat type (See Section 2.3.1 for more detail).   

	POT_DUP
	Y or N; identifies whether there is a duplicate record in another shapefile

	DUP1_SHP
	Name of shapefile with duplicate record

	DUP1_ID
	ORG_ID of duplicate record in shapefile

	DUP2_SHP
	Name of second shapefile with duplicate record

	DUP2_ID
	ORG_ID of duplicate record in second shapefile

	DUP3_SHP
	Name of third shapefile with duplicate record

	DUP3_ID
	ORG_ID of duplicate record in third shapefile

	DIST_7230
	Y = HAB_CONF of A;B1;B2or C1; N = HAB_CONF of C2 or D and/or record has a duplicate polygon(s) with a higher HAB_CONF level

	DIST_7210
	Y = HAB_CONF of A;B1;B2or C1; N = HAB_CONF of C2 or D and/or record has a duplicate polygon(s) with a higher HAB_CONF level

	DIST_7140
	Y = HAB_CONF of A;B1;B2or C1; N = HAB_CONF of C2 or D and/or record has a duplicate polygon(s) with a higher HAB_CONF level

	AREA_M2
	Area of polygon in squared meters as calculated by ‘Calculate geometry’ tool.


3.3 Selection of sites for inclusion in the habitat distribution
The distribution was mapped by including only sites with habitat classification confidence (HAB_CONF) levels of A, B1, B2 or C1. Sites with C2 and D confidence levels were automatically excluded from the distribution. Site names were used to identify duplicate records. Where duplicate records were identified, the record with the higher confidence level was included in the habitat distribution. In cases where duplicate records had the same confidence level, sites with the more reliable habitat area estimates were included in the habitat distribution. Sites recorded in NPWS_Fen_CA_Point_Master.shp were mapped based on the revised grid references recorded in fields GR_E_2013 and GR_N_2013.  

3.4 Polygon topology checks

The spatial data (Distribution) was checked for overlaps and gaps. Summary statistics for the overlap topology errors are presented in Table 4. A visual inspection of the overlapping errors showed that the overlaps were digitising artefacts in the source data rather than genuine overlaps in the multiple data sources and therefore could be ignored. The sum of the overlapping polygons represents a low proportion of the minimum national area of each fen habitat.  The very small gaps are digitising artefacts. The digitising artefacts mean that the total polygon area could under-represent the total area of the habitat by a small amount. 
Table 4 Summary statistics for the overlap topology errors for the three fen habitat types.
	Annex I fen habitat type
	No. overlapping polygons
	Sum area (m2) of overlapping polygons
	Minimum total area of national distribution (m2)
	Overlapping polygon area as % of national surface area

	7230
	12
	419.84
	2589064.92
	0.02

	7210
	12
	419.84
	1621837.68
	0.03

	7140
	12
	413.4
	4358239.81
	9.5


4 Irish Range 
Fen locations were plotted on a map of Ireland showing their distribution in 10km squares and a range map was generated using the Article 17 Range tool (Figures 1, 2 and 3). The distribution and range outputs for each of the three fen habitat types are summarised in Table 5. The area figures were derived for the data surveyed and collated between 2005 and 2012.  Some of the surveys may have been undertaken before the period specified.  The discrepancies between the previous and current distribution and range are mainly attributed to differences between the previous and current data sources and mapping protocols.  
· For points in the NPWS Fen Survey Database occurring within non-extensive designated areas with a digitised site boundary, the previous habitat distribution map was generated by intersecting the entire SAC boundary with the 10km grid.  This process overestimated the extent of habitat in these cases. 

· The NPWS Fen Study Database shapefile contained sites known to contain one or more of the three fen habitat types and sites thought to possibly contain one or more of the three fen habitat types.  The latter sites were assigned a C2 level of confidence in the Annex I habitat classification (cf. Section 3.2) and were excluded from the current distribution owing to the high degree of uncertainty associated with the data. 

· The 2007 distribution map for species-rich Cladium fen (7210) included all reported records for Cladium mariscus from the Botanical Society of the British Isles 10km Flora distribution map.  

· The 2007 distribution map for transition mire (7140) also included all reported records for Carex diandra and Carex lassiocarpa from the Botanical Society of the British Isles 10km Flora distribution map.  

· The current distribution also includes many habitat polygons from a broad range of recent field and desk based fen surveys (cf Section 3). 

In the absence of a national field survey of fens, the current distribution and range maps provide a more refined estimate of the national habitat extent; however they may significantly underestimate the extent of the national resource. The Range was assessed as ‘Favourable’ and the range trend was assessed as stable as there is no evidence to suggest that there has been a significant decline in the habitat distribution over the past 12 years. 
Table 5 Distribution and range outputs for each of the three fen habitat types for 2007 and 2013. 

	Annex I fen habitat type
	2007 Distribution (km2)
	2007 Range (km2)
	2013 Distribution (km2)  
	 2013 Range (km2) 

	7230
	42,600 
	57,600 
	19,000 
	32,900 

	7210
	29,100 
	42,900 
	10,700
	17,200

	7140
	39,800 
	59,500 
	15,100
	23,600
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Figure 1. Distribution and Range of Alkaline fens in Ireland
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Figure 2. Distribution and Range of species-rich Cladium fens in Ireland
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Figure 3. Distribution and Range of transition mires in Ireland

5 Area 
Although losses of fen habitat area are considered to have occurred since the Directive came into force the magnitude of the decline is unknown.  It is unlikely however that >10% of the resource has been lost since 1994.  The losses are unlikely to be at a rate greater than 1% per annum or more than 10% below the FRA, therefore Area is assessed as ‘Unfavourable –Inadequate’ with the qualifier set as declining for each of the three fen habitat types. The trend estimate is based on expert opinion of the data sources available since there are no field-validated baseline data with which to compare the present area.  Regulations outlined in Section 8 should halt this trend however. 
Minimum and maximum surface areas are presented owing to the fact that many of the habitat areas are estimates (Table 6).  The minimum area is based on polygons with an A level of confidence in the habitat classification. The maximum area is based on points and polygons with habitat classification confidence levels of A, B1, B2 and C1 (cf Section 3.2). The previous and current estimates of the habitat surface area are 68.4 km2 and 130.20 km2 respectively. There are three main reasons why the current maximum surface area estimate is significantly greater than the previous estimate given the reduced habitat distribution.

· Estimates of the area of fen habitat were outstanding for many sites in the NPWS Fen Survey Database at the time of the previous conservation assessment and the estimated surface areas were regarded as a minimum in the absence of a detailed field survey of fens. 
· The current conservation assessment assigned an estimated area to sites recorded in the NPWS Fen Survey Database, included in the habitat distribution and lacking an area estimate.  The estimated area for each habitat type was the median area of sites in the NPWS Fen Survey Database with an estimated habitat area and included in the current habitat distribution: 7230 (112500 m2 or 11.25 ha); 7210 (113500 or 11.35 ha); 7140 (200000 m2 or 20 ha).   
· The current distribution also includes many habitat polygons from a broad range of recent field and desk-based fen surveys (cf Section 3). 
Table 6 Minimum and maximum areas of the national distribution of three fen habitat types.  The minimum area is based on polygons with an A level of habitat classification confidence. The maximum area is based on polygons with habitat classification confidence levels of A, B1, B2 and C1 (cf Section 3.2).
	Annex I fen habitat type
	2007 Conservation Assessment Area estimate (km2)
	2013 Minimum total surface area of national distribution (Km2)
	2013 Maximum total surface area of national distribution (Km2)

	7230
	68.4
	2.58
	130.20

	7210
	14.68
	1.62
	90.34

	7140
	19.54
	4.36
	93.77


6 Structures and Functions

There is currently no standardised, national assessment or monitoring of fen structures and functions in Ireland.  However, indicators of fen structures and functions are under development based on an improved understanding of Irish fen ecological requirements and of ecological responses to pressures.  

6.1 Ecological requirements of the three fen habitat types

The key ecological requirements of both alkaline fens and species-rich Cladium fens are a high water table, a calcareous, low nutrient water supply and minimal water level fluctuation. Low intensity mowing and/or grazing are also very important for maintaining species richness (Sefferova Stanova et al. 2008).   Alkaline fens typically occur within topogenous basins in the lowlands or on soligenous flushed slopes in both the uplands and lowlands.  Topogenous basins are characterised by a dominance of vertical and overland water movement with little out flow, whereas horizontal water fluctuations and significant water outflow characterise soligenous situations.  Groundwater enters topogenous fens via discrete springs, particularly at fen margins, and diffuse seepages either at the fen margins or upwards through shallow till and peats (Harding 1993, Johansen et al. 2011). Groundwater enters flushes as discrete spring inflow or diffuse groundwater seepage.  Upland and lowland fens can also receive significant surface water inputs. 

Kimberley and Coxon (2013) collated the potential negative ecological responses within alkaline fens (7230) and species-rich Cladium fens to a reduction in groundwater level and/or flow. These include: disruption of marl precipitation and breakdown of associated phosphate fixing processes at springs resulting in loss of specialised species (Fojt 1994, Bertrand et al. 2011); aeration of peat resulting in decomposition, shrinkage and release of nutrients (Fojt 1994), owing to mineralisation of organic matter; acidification of substrates as rainfall infills pore spaces (Johansen 2011); dominant Sphagnum can indicate a shift to ombrotrophic conditions (Bertrand et al. 2011) resulting from acidification linked to drying out (Sefferova Stanova et al. 2008); loss of species-rich vegetation communities characterised by low productivity, calcareous conditions and generally high water table levels owing to alteration of the competitive balance of the community dominants and subsequent replacement of fine vegetation structure with coarse grasses and larger herbs (scrub encroachment) (Harding 1993, Fojt 1994); loss of high conservation value (HCV) species requiring wet (e.g. Vertigo geyeri) / (Kucznyska and Moorkens 2010) and/or low nutrient conditions and/or calcareous conditions; replacement of Scorpidium scorpioides with Calliergonella cuspidata (Kooijman and Bakker 1995).  Nutrient enrichment from water supplying a fen can lead to algal blooms at springs; a shift in occurrence and abundance of moss species and macrophytes in the short term (Bertrand et al., 2011); and a decrease in species richness of low productivity, HCV Caricion davallianae vegetation communities owing to increased dominance of high potential growth rate species, e.g. Common Reed (Pauli et al., 2002).
The ecological requirements of transition mires (7140) are relatively less well understood than those of alkaline fens and species-rich Cladium fen (Kimberley & Coxon 2013).  The key ecological requirements are thought to be a permanently high water level, remaining close to the peat surface all year, and minimal water level fluctuation.  The dominant water inputs are typically shallow groundwater and precipitation however overland flow and throughflow from adjacent hills may be the only water input in some cases (Curtis et al., 2009). There is a high degree of uncertainty about the nature of the connection to groundwater, as groundwater inflow is typically not obvious (Wheeler et al., 2009). The magnitude, and in some cases direction, of any water exchange with an associated aquifer is uncertain (if connected some basins may recharge the aquifer). In terms of hydrochemistry, transition mires exhibit broad ranges of alkalinity and base status (Curtis et al., 2009).

Where the water level is directly determined by the aquifer water table, groundwater abstraction pressures may result in a lowering of the water table. Vegetation rafts are vertically mobile to some extent. Where the water level is directly determined by the aquifer water table, the ecological response may be determined by the degree of water-level reduction that can be accommodated by vegetation rafts before significant drying out and succession to a coarser, drier vegetation type occurs (Wheeler et al. 2009). 
Nutrient limitation within transition mires is poorly understood.  Ecological responses to increased nutrients include a taller, more productive sward, with reduced species diversity (Wheeler et al. 2009).

6.2 Assessment of structures and functions

Under the EU Water Framework Directive, the chemical and quantitative status of groundwater bodies (GWBs) must be classified as either GOOD or POOR.  Classification involves the application of a series of chemical and quantitative status tests to GWBs ‘at risk’ of failing to meet WFD objectives owing to groundwater related pressures. Twenty one habitat types on the EU WFD Register of Protected Areas (Annex I habitat types under the EU Habitats Directive) were identified by NPWS as directly dependent on groundwater. Eleven priority GWDTE types are those that are most dependent on groundwater and priority sites are within the Natura 2000 network.  Alkaline fens (7230), species- rich Cladium fen (7210) and transition mires (7140) are priority GWDTE types.  A recent EPA funded project titled Environmental Supporting Conditions for Groundwater Dependent Terrestrial Ecosystems (2011-W-DS-5) (Kimberley and Coxo, 2013) attempted to determine groundwater threshold values for protected GWDTEs using best available data and a pre-determined methodology developed by the UK WFD Technical Advisory Group (TAG) Wetlands Task Team. Threshold values  are concentrations of nitrate and/or phosphate within a groundwater body that when exceeded may exert a negative effect on GWDTE ecology and therefore trigger further site investigations.   The UK WFD TAG method essentially compares groundwater nutrient concentrations among GWDTEs in good and poor ecological condition.  The overall conclusion of the project was that currently available datasets are insufficient to determine meaningful threshold values for Irish calcareous fens and the authors recommended the deferral of determination of threshold value until further investigations are carried out. 
A follow on study attempted to improve the ecological condition information for 44 alkaline lowland fen sites identified as having potentially hydrogeologically linked groundwater monitoring points (Kimberley, 2013). Both positive and negative nutrient indicators based on Irish habitat types (Fossitt, 2000) were used to identify sites with an apparent nutrient impact.  Extensive and limited areas of Rich fen and flush PF1 were used as positive nutrient indicators.  The three negative nutrient indicators included: Extensive, dense Reed and large sedge swamps FS1 dominated by Common Reed (Phragmites australis) and/or Bulrush (Typha latifolia); Wet grassland GS4 dominated by Juncus spp. and/or Glyceria spp.; and extensive, dense Scrub WS1. Sites with only positive indicators were considered to be in good ecological condition. Sites with negative indicators were assigned to the poor ecological condition category.  65% of surveyed alkaline fens were found to be in poor ecological condition.  14% of the alkaline fen sites with species-rich Cladium fen were in poor ecological condition. 
During the surveys it was noted that many fen sites were fenced-off and lacked any form of active management. Abandonment of traditional management practices within fen sites is considered a significant threat to alkaline fen (7230) and species-rich Cladium fen (7210).  Lack of management leads to succession of grass or tussock-forming sedge communities, followed by scrub encroachment (Sefferova Stanova et al., 2008). Two local landowners have observed a significant decline in the diversity of fen vegetation following cessation of grazing at a site. Nutrient enriched, unmanaged sites are unlikely to support alkaline fen (7230) and species-rich Cladium fen (7210) in the long-term. 
The structures and functions of a subset of alkaline fen (7230) and transition mire (7140) sites were also assessed as part of the National Survey of Upland Habitats (Perrin et al. 2010). Sites were assessed for vegetation composition and structure and physical structures, including signs of damage.  36% and 9% of the sub-set of alkaline fen (7230) and transition mire (7140) respectively failed the conservation assessment.  
Disparate county wetland surveys provide valuable site-specific information on vegetation composition, pressures and ecological value however overall assessments of site structures and functions and ecological condition are lacking.   Assessments of damage are therefore used here as a proxy for assessments of site ecological condition.  The most comprehensive, recent county-level field surveys of fens (Wilson 2009, Wilson & Foss 2011, Foss et al. 2012, Foss & Crushell 2012, Crushell et al. 2012) report that a majority of fen habitat types are damaged from human activities.  
Given the lack of site-specific, broad-scale, comparable data on habitat structures and functions, the relevant assessments for each fen type are based on partial data and expert judgement. The structures and functions for each fen habitat type are assessed as ‘Unfavourable-Bad’ with the qualifier ‘unknown’. Based on the limited evidence presented above, it is apparent that a significant majority of both upland and lowland alkaline fens (7230) have impaired structures and functions.  A similar comparison between upland and lowland situations cannot be made for species-rich Cladium fen (7210) and transition mires (7140).  It can be stated with moderate confidence that the structures and functions of more than 25% of the national resource of each of the three fen habitat types are impaired.
7 Pressures and Threats

Six county wetland surveys recorded site-specific pressure information.  The six counties included Louth (Foss et al. 2012), Mayo (Atkins 2008), Sligo (Wilson 2009), Monaghan (Foss & Crushell 2012), Wicklow (Wilson & Foss 2011) and Kildare (Crushell et al. 2012).  Pressures were recorded at 22 sites with lkaline fens; 13 sites with species-rich Cladium fen and 70 sites with transition mires (Table 7). Sites often contained numerous fen habitat polygons and the pressure information is assessed at a site-level rather than at polygon level.  Pressure data generated from each county survey was stored in a MS Access database and site names and/or site codes were used to link this information with the habitat polygons.   General assessments of pressures impacting on the three fen habitat types were extracted from a further six county survey reports (Table 8). SIR summary data for 2009 was provided by NPWS for SACs where 7230 Alkaline fens or 7210 sp. rich Cladium fens are a Qualifying Interest (Table 9).  Pressures noted prior to the reporting period were included due to the lack of national data on this habitat; they are considered to represent ongoing pressures.
The final ranked list of pressures for each fen habitat type (Table 10) was based on information presented in Tables 7 to 9 and expert judgement.  Pressures occurring at more than 10% of sites for each fen habitat type were selected from Table 7. This initial list of 11 pressures was cross referenced with Table 8. Additional pressures noted in Table 8 were added to the initial list generated from Table 7. C01.03 Peat extraction and D01.02 Roads, motorways were added to the list of pressures based on expert judgement.  Some level 2 categories (A04, E03 and J02) were replaced with level 3 or 4 categories in order to provide sufficient detail on the nature of pressures affecting the three fen habitat types.  
J02.01.02 Reclamation of wetlands is a high level pressure on all three fen habitat types.  Land reclamation for agricultural and forestry purpose has resulted in significant loss of wetland habitat in Ireland (O’Criodain and Doyle, 1997; Crushell, 2000; Healy and Hickey, 2002).  Reclamation typically involves wetland drainage, fen peat removal and fertilisation leading to complete habitat loss.  
Groundwater pressures also exert negative impacts of fen habitats. Assessments of the impact of groundwater derived pressures on groundwater-dependent terrestrial ecosystems (GWDTEs) are an integral component of the WFD groundwater body (GWB) classification process.  During the first WFD cycle, 132 GWBs with GWDTEs were risk assessed.  To date, risk assessments have focussed on SACs where GWDTEs are a Qualifying Interest.  Chemical and quantitative status tests must be applied to GWDTEs where groundwater pressures are potentially causing ecological damage (i.e. at risk).  
Other GWB status tests relate to inter alia surface water, water balance and saline intrusions. One third and two thirds of GWBs associated with lkaline fens (7230) and  species-rich Cladium fens (7210) respectively were identified as at risk of failing to meet WFD objectives owing to groundwater abstractions and diffuse nutrient inputs. Neither of the two GWBs associated with transition mires were at significant risk from groundwater related pressures. Groundwater pressures are more localised for transition mires (7140) given the highly variable nature of dominant water inputs across sites (See Section 6.1).  Subsequent GWDTE chemical and quantitative status tests were only undertaken at a very limited number of these ‘at risk’ GWBs owing to a lack of ecohydrogeological data. A comprehensive assessment of the impact of groundwater pressures on the three fen habitat types is therefore currently lacking, however the risk assessments support the inclusion of water abstractions from groundwater and pollution to groundwater as high level pressures on the alkaline fens (7230) and species-rich Cladium fen (7210).     

All listed pressures are also considered to threaten the three fen habitat types into the future.  M01 (Changes in abiotic conditions) also presents a significant threat as changes in precipitation patterns and frequency driven by climate change will likely lead to alterations to the hydrological regimes of fen habitats.  Reduced precipitations may lead to habitat desiccation, whereas increased precipitations and flood events may lead to the replacement of terrestrial habitat characteristics with aquatic features.  
	Code
	Pressure description
	7230
	7210
	7140

	
	
	% Sites
	% Sites
	% Sites

	A02.01
	Agricultural intensification
	18
	31
	1.4

	A03
	Grassland mowing/cutting
	0
	0
	4.3

	A03.02
	Abandonment/lack of mowing
	9
	8
	0

	A04
	Grazing
	4.5
	0
	21

	A04.01.01
	Intensive cattle grazing
	0
	0
	7

	A04.01.02
	Intensive sheep grazing
	0
	0
	1.4

	A04.02.01
	Non intensive cattle grazing
	0
	0
	6

	A04.03
	Abandonment, lack of grazing
	4.5
	0
	0

	A08
	Fertilisation
	0
	0
	1.4

	A10
	Restructuring ag. Holding
	18
	23
	1.4

	A11
	Other ag. Activities
	0
	0
	1.4

	B01
	Forest planting
	9
	8
	7

	B01.02
	Artificial forest planting
	0
	0
	1.4

	B02
	Forest and plantation use
	0
	0
	6

	C01.03
	Peat extraction
	0
	0
	6

	D01.02
	Roads, motorways
	0
	0
	4

	E03
	Discharges
	23
	31
	21

	E03.01
	Disposal of household waste
	9
	8
	21

	E03.03
	Disposal of inert materials
	23
	31
	30

	F02.03
	Leisure fishing
	4.5
	0
	3

	G01.02
	Walking, horse-riding
	0
	0
	1.4

	G05
	Other human disturbances
	4.5
	0
	0

	G05.01
	Trampling, overuse
	4.5
	0
	0

	H01.05
	Diffuse pollution of SW from ag.
	18
	15
	43

	H04.02
	Nitrogen input
	0
	0
	1.4

	I01
	Invasive non-native species
	14
	8
	6

	I02
	Problematic native species
	4.5
	0
	0

	J02
	Changes to hydraulic conditions
	14
	8
	24

	J02.01
	Landfill, land reclamation, drying out
	4.5
	0
	16

	J02.01.02
	Reclamation of wetlands
	0
	0
	1.4

	J02.01.03
	Infilling of ditches, dykes etc.
	0
	0
	4

	J02.05
	Modification of hydrographic func.
	4.5
	0
	3

	J02.05.03
	Modification of standing water bodies
	0
	0
	1.4

	J02.06
	Water abstractions from surface waters
	32
	38
	24

	J02.13
	Other human induced changes to hyd.
	4.5
	0
	4

	K01.03
	Drying out
	0
	0
	1.4

	K02.02
	Accumulation of org. material
	4.5
	0
	3

	Total number of sites with site-specific pressure information
	22
	13
	70


Table 7 Pressures recorded at sites during county wetland field surveys
Table 8 Pressures noted in fen survey reports as impacting on fen habitats as a whole.
	Code
	Pressure description

	B01.02
	Artificial planting on open ground (non-native trees)

	H01.05
	Diffuse pollution of surface waters from agricultural and forestry activities

	H02.06
	Diffuse pollution of groundwater from agricultural and forestry activities

	I01
	Invasive non-native species

	J02.01.02
	Reclamation of land from sea, estuary or marsh

	J02.01.03
	Infilling of ditches, dykes, ponds, pools, marshes or pits

	G05.05
	Missing or wrongly directed conservation measures


Table 9 SIR summary data provided by NPWS where 7230 Alkaline fens or 7210 Species-rich Cladium fens are a Qualifying Interest
	Code
	Pressure description
	No. of SACs affected

	A02.01
	Agricultural intensification
	1

	A03
	Mowing / cutting
	1

	A05.02
	Stock feeding
	1

	D05
	Improved access to site
	1

	EO3
	Discharges
	1

	J02.01
	Landfill, land reclamation, drying out
	4


Table 10 Final ranked list of pressures for each fen habitat type. 
	Code
	Pressure/threat description
	7230
	7210
	7140
	Comment

	
	
	LEVEL
	LEVEL
	LEVEL
	

	A02.01
	Agricultural intensification
	M
	M
	M
	Overall driver of wetland reclamation and pollution of water feeding into fen habitats. 

	A04.03
	Abandonment, lack of grazing 
	H
	H
	M
	Lack of active management can lead to loss of species rich vegetation communities, particularly within habitats characterised by open, small sedge swards (i.e. 7230 and 7210)

	A03.02
	Abandonment/lack of mowing
	H
	H
	M
	Lack of active management can lead to loss of species rich vegetation communities.

	A10
	Restructuring ag. holding
	L
	L
	L
	Overall driver of wetland reclamation.

	B01.02
	Artificial forest planting
	M
	M
	M
	Overall driver of wetland reclamation.

	C01.03
	Peat extraction
	M
	M
	H
	Significant  pressure on fen habitats occurring at fringes of raised bogs. Transition mires often occur in such situations. 

	D01.02
	Roads, motorways
	L
	L
	L
	Many fen sites are bisected by roads and are adjacent to major roads.  

	E03.01
	Disposal of household waste
	L
	L
	L
	Illegal dumping

	E03.03
	Disposal of inert materials
	L
	L
	L
	Illegal dumping

	
	
	
	
	
	

	H01.05
	Diffuse pollution to surface waters due to ag. and forestry activities
	M
	M
	M
	Driver of nutrient enrichment at fen sites.    N and P

	H02.06
	Diffuse pollution to groundwater due to ag. and forestry activities
	H
	H
	M
	Driver of nutrient enrichment at fen sites.    N and P

	I01
	Invasive non-native species
	M
	M
	M
	Prevalent at fen sites under quantitative pressures and adjacent to plantation forestry. 

	J02.01.02
	Reclamation of wetlands
	H
	H
	H
	Driven mainly by agricultural intensification and forestry activities.

	J02.01.03
	Infilling of ditches, dykes, marshes etc.
	M
	M
	H
	Alters natural hydrological regimes and water quality

	J02.06
	Water abstractions from surface waters
	M
	M
	M
	Reduces quantity of water supporting fen sites.

	J02.07
	Water abstractions from groundwater
	H
	H
	M
	Reduces quantity of water supporting fen sites.

	M01
	Changes in abiotic conditions
	H
	H
	H
	THREAT


7.1 Future Prospects

Future prospects for each of the 3 fen habitat types have been assessed as ‘Unfavourable-Bad’ given that a significant proportion (> 25%) of the habitats is damaged coupled with the fact that there are no restoration measures in place. The trend for future prospects is considered to be improving due to additional protection afforded under the Planning and Development (Amendment) (No. 2) Regulations 2011 and the European Communities (Amendment to Planning and Development) Regulations 2011 and the Groundwater Regulations 2010 (see 3.2 for further detail).
8 Conservation measures

 The 2011 Habitat Regulations protects fen habitats listed as qualifying interests in SACs by regulating any plans or projects than may impact negatively on the habitat.  In addition, NPWS have compiled a list of Activities Requiring Consent (ARCs) that are only granted if they do not exert a negative impact on Qualifying Interests within an SAC. The 2010 Groundwater Regulations implement the Groundwater Directive (2006/118/EC) in Ireland. Alkaline fens, species-rich Cladium fens and transition mires are 3 of the habitat types on the EU WFD Register of Protected Areas (Annex I habitat types under the EU Habitats Directive) identified by NPWS as priority groundwater dependent terrestrial ecosystems (GWDTEs). Priority GWDTE types are those that are most dependent on groundwater and priority sites are within the Natura 2000 network. The WFD requires Member States to prevent and remedy groundwater related damage (both quantitative and chemical) to groundwater dependent wetlands.  Drainage or reclamation of wetlands (which includes fens) is controlled under the Planning and Development (Amendment) (No. 2) Regulations 2011 and the European Communities (Amendment to Planning and Development) Regulations 2011.  Permission is required from the relevant Local Authority where the area impacted by the works exceeds 0.1ha or the works may have a significant effect on the environment. Areas greater than 2ha require an EIS with the planning application. Works include installation of open drains or closed drains, opening of a watercourse, infilling with earth etc. Overall assessment of conservation status for the three fen habitat types
The conservation assessment outputs were the same for alkaline fens (7230), species-rich Cladium fen (7210) and transition mires (7140). The Ranges were assessed as ‘Favourable’ as there is no evidence of a decline since the Directive came into force. Ongoing losses of fen habitat Areas resulted in an ‘Unfavourable- Inadequate’ declining assessment. Regulations outlined in Section 8 should halt this trend however. Structure and Functions were assessed as ‘Unfavourable-Bad’ with the qualifier unknown based on limited evidence that indicates that a more than 25% of the national resource has impaired structures and functions and given the lack of restoration measures in place.  The Future Prospects were also assessed as ‘Unfavourable-Bad’, however the trend is improving due to recently implemented regulations that afford wetlands a higher level of protection. Conservation of fen habitats in Ireland is compromised by the lack of a definitive vegetation classification or formal description of the habitat as it occurs in Ireland and of accurate geospatial data. A baseline fen survey is lacking and disparate county level surveys use contrasting habitat classification and mapping methods which compromise the comparability of the information.  The 2007 conservation assessment cited a lack of reliable, comparable data as a major hindrance for accurately assessing the conservation status of the habitat as a whole and this remains the case. The overall habitat conservation status has therefore been assessed as ‘Unfavourable-Bad’ principally due to loss of habitat Area and impaired Structure and Functions.  A baseline fen survey is urgently needed.   
The 2007 conservation assessment cited a lack of reliable, comparable data as a major hindrance to assessing the conservation status of the habitat as a whole and this remains the case. 
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Appendix I
Survey method codes assigned to habitat points and polygons during conservation assessment of three fen habitats (after Smith et al. 2010).  These codes provide information on the nature of the data source and the degree of confidence in the habitat classification. 
	Code
	Survey method

	S
	Field data have been collected by walkover survey where the habitat has been walked through by the field ecologist, allowing relatively detailed inspection of habitat structure and species composition.

	V
	Data have been field validated where the habitat has been viewed in the field in less detail, such as over the hedge or inspection through binoculars from a distance.

	DA
	Habitat information is from a desktop source that provides recent (i.e. within 10-15 years), high quality data that permit a confident identification of habitat type and other data, such as a previous survey carried out as part of a research project or EcIA or information from a trusted third party.

	DB
	Habitat information is from a desktop source that provides older (i.e. greater than 10-15 years old), high quality data that permit a confident identification of habitat type and other data.

	DC
	Habitat information is derived from desktop interpretation of aerial photography supplemented by additional data sources of good quality.

	DD
	Habitat information is derived from desktop interpretation of aerial photography only.
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