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Summary and main recommendations

· Sphagnum harvesting should only start as part of a rigorous scientific experiment to establish the long term sustainability of harvesting, the preferred harvesting protocol and the length of the harvesting cycle as there is no known existing work in the UK on the sustainability of Sphagnum harvesting.
· The only possible species suitable for harvesting in Doon of May woods are S. palustre and S. squarrosum all other species should be avoided to ensure protection of the rarer Sphagnum species present in the woods.
· Areas to be avoided for Sphagnum harvesting are those with a high cover of vascular plants (>30%), the Alder mire along the South-east boundary wall at NX 29803 51873 and the massive S. palustre hummocks which are an unusual feature for this species, and an additional landscape feature of the woods which should be retained. 
· Maintenance of the ideal habitat for Sphagnum is essential for the long term preservation of the resource; this requires retaining some light to medium tree cover and shade, maintaining a steady water-table and avoiding excessive trampling and damage to the surrounding area during harvesting.
· The bryophyte biodiversity of the site would benefit from gradual removal of the conifers and replacement by local provenance native trees including additional Fraxinus excelsior (Ash) where it is already present on the site such as in the vicinity of the stream.
· The native trees in the zone along the South-east boundary wall should be left intact as a conservation area; this incorporates the Alder mire mentioned above and at the southern end the Willows and Alders where the epiphytic community includes the new vice county record of Cololejeunea minutissima.
1. Background and Brief

The conifer plantation at the Doon of May, Wigtownshire, to the south of Mochrum Loch was purchased from the Forestry Commission by the Tinne Beag Workers’ Co-operative.  Since 1999 the co-operative has been managing the woodland for sustainable use of both timber and non-timber forest products and hoping to increase biodiversity and restore native vegetation types where possible.  

The brief for this survey was:

1. To explore the possibility of sustainable harvest of Sphagnum moss from the woodland

2. To make long term recommendations on the management of the woodlands to maintain and enhance Sphagnum harvesting and overall bryophyte biodiversity.

3. To record the bryophyte biodiversity of the site. 

2. General Site Description

Mochram Loch is found to the west of the Wigtownshire Machars in an area of Silurian grits, greywacke and shales, with thin glacial deposits and occasional granite glacial erratics.  Much of the area has a variable depth of blanket bog and there are extensive rock outcrops, especially around the Doon of May and on the ground to the south.  

The woodland occupies 175 acres to the south of the Loch, extending from the minor road at Lochside Cottage (NX 303 525), to a point (NX 294 512) ⅓km south of the vitrified hill fort, a scheduled ancient monument at Doon of May.  On the north and east of this site there is an area of flat ground with low hummocks rising from 77m at the loch shore to 80m ⅓km to the south. Much of this low elevation ground would have originally been blanket bog, and the land to the east has been clear felled and is now overgrown with birch scrub.  South of this area of more level ground the land rises from 80m to a high point of 319m at the Doon of May.  There is one stream which flows NE along the south-eastern boundary of the site and then drains north-west into the loch. In addition there are a number of smaller seepage zones that drain the north facing slopes down to the loch.  Soils are mainly acidic and peaty, ranging from deeper peat on the flatter ground to thin peat overlying shallow soil or rock. Where mineral soils dominate brown earths have developed on the glacial till.

Most of the site has been planted with a succession of conifers, the oldest being a 75 year old Scots Pine plantation from which a few individuals remain. Sitka spruce and Corsican Pine now dominate much of the site, which were planted approximately 35 years ago.  There are many scattered small remnants of ancient woodland, primarily along the stream and soakways, and also as isolated trees or small clusters of native hardwoods at the edge of the compartments. The north-eastern portion of the site was clear felled approximately 8 years ago and abandoned to natural regeneration. 

3. Available data

This site is situated in Wigtownshire, vice county 74.  There is some information available on the management history of the area but there is no information on the bryophyte or lichen diversity of this site.  The NBN (National Biodiversity Network) lists both lichen and bryophyte records for the 10km2 containing Doon of May and for the 10km2 to the east, but none of these records are specific to this site. 

4. Methods

The site was surveyed from 13–15th Dec 2007, in cold but predominately dry conditions suitable for fieldwork. The site was walked with Jeff Colhoun, who explained the land use history of the site and the future plans of the co-operative for various sustainable use projects.

The site was divided into 6 zones, which were recorded separately.

A note was made of all substantial areas of Sphagnum, and the range of species present was recorded. The approximate area of Sphagnum was measured by pacing, photographed and location recorded by GPS where a signal was available, the position of all other sites was estimated. A bryophyte list was prepared for the site, and where necessary samples were collected to confirm identification.
Nomenclature follows Blockeel & Long (1998) for bryophytes and Stace (1997) for vascular plants.  Identifications are based on Smith (2004) for all mosses except Sphagnum, Daniels & Eddy (1990) for Sphagnum and Paton (1999) for liverworts.  Distribution data is based on Hill, Preston & Smith (1991-4). Voucher specimens of a number of species were kept and these will be deposited in the herbarium of the Royal Botanic Garden, Edinburgh or, where the specimens are new vice county records at the herbarium of the British Bryological Society (BBSUK) at Cardiff. Locations for these specimens and other noteworthy species were recorded by 8-figure grid references with GPS where possible.  Photographs were taken with a Nikon Coolpix digital camera. 

5. Results 

The site has been divided into 6 different zone, these are:

1. The SE boundary wall zone, extending from the stream along the south-eastern boundary wall to the southern most extent of the site

2. Well head zone, extending from the well to the east of the Doon of May, heading NNE along the seepage zone till it reached to the vicinity of the stream

3. Northern seepage zone extends from the stream across the site to the western boundary

4. The stream

5. The clear fell

6. Planted conifer compartments

1. Southern Boundary Wall zone

This zone extends for almost 1 km along the southeastern boundary wall of the site falling from 120m to 90m over that distance.  The lower reaches of this zone have a small stream that drains the pastureland of the May farm to the south. Along much of its length there is a single line of beech (Fagus sylvatica) planted as a windbreak inside the dry-stone dyke.  The seepage zone is mainly dominated by alder (Alnus glutinosus) on the wetter ground with occasional oak, (Quercus petraea), holly (Ilex aquifolium) and birch (Betula pubescens) on the drier ground. At the highest point the seepage zone is bounded to the NW by a series of outcropping rock terraces.  The boundary wall for most of its length is fairly barren except in the region of the stock watering point at NX 300 517 where the wall juts into the woodland and is more profusely covered with a wider range of species (Plate 1). 

The Alder mire at NX 29803 51873 (Plates 2, 3 & 4) is dominated by S. squarrosum and is particularly well developed and includes some Salix (willow).  Many of the upper Sphagnum lawns are dominated by S. squarrosum, with some areas co-dominant with S. palustre and marginal S. subnitens, S. fimbriatum and occasional S. girgensohnii.

 2. Well Head zone

The well head zone extends from the well to the east of the Doon of May, heading NNE along the seepage zone till it merges with the northern seepage zone, descending from 125m to 85m over a distance of approximately ½km. The again much of the seepage zone is dominated by alder, which in the narrow upper regions of the zone is very spindly, being shaded out by the adjacent Sitka spruce. S. squarrosum is co-dominant with S. palustre in the upper lawns, but in the lower reaches of this zone there are pure S. palustre lawns, with marginal S. fimbriatum, S. subnitens and occasional S. fallax. 
3. Northern seepage zone

This zone extends from the vicinity of the stream at NX298 519 to the western boundary of the site at NX 293 518, altitude between 80-85m. There is no obvious water movement here, but the largest Sphagnum lawns on the site are found in this zone. The lawns are dominated by S. palustre again with marginal S. subnitens and occasional S. fimbriatum.  A. glutinosa dominates the tree cover, with areas of marginal Quercus, Ilex and Acer.
4. The stream

This zone includes the lower reaches of the stream where it drains NW across the site into Mochrum Loch at NX 297 521.  There are some native trees in the vicinity of this stream, including a few Ash (Fraxinus excelsior).  Although interesting for the increased range of microhabitats, there are only small areas of Sphagnum along this zone.

5. The clear fell

This large area comprises almost ¼ of the site and was very difficult to access (Plates 5 & 6). Much of the brush from the clear fell remains on the ground; near the loch margin there are areas of open water and soft ground with Willow scrub. There area has largely been left to natural regeneration over the last 8 years, which has produced a thick tangle of bramble and impenetrable young birch. Only the southern extent was examined, but there was no sign of any areas of Sphagnum suitable for harvest.  Those species seen are indicative of an original cover of blanket bog in this area, with 7 species of Sphagnum recorded in ½m2, in an area with Eriophorum angustifolium, Calluna vulgaris and Erica tetralix, all species indicative of a natural bog community prior to plantation. 

6. Planted conifer compartments

Large areas of the site are covered with mature plantation and were only examined at the margins. The ground under closed canopy Sitka Spruce is largely devoid of bryophytes.  The northern compartment along the shores of the loch has suffered extensive wind throw, and is almost impenetrable. 

Bryophyte Diversity

The species list for the site is given in Appendix 2. 

A total of 94 bryophyte species were recorded from the site, 76 mosses and 18 liverworts. The main species of interest are the 4 new vice county records (NVCRs), one of which is a Sphagnum; S. flexuosum found in zone 3. The other NVCRs are the liverwort Cololejeunea minutissima found as an epiphyte on Alder in the southern end of zone 1 and the mosses Grimmia lisae and Racomitrium heterostichum found on rock outcrops at the southern end of the site (zone 1).

Table 1

	Sphagnum species
	Zones
	Abundance

	Section Sphagnum
	
	

	S. palustre
	1,2,3,4,5,6
	Abundant

	S. Papillosum
	5
	Sparse

	Section Acutifolia
	
	

	S. capillifolium ssp. rubellum
	3,5
	Sparse

	S. fimbriatum
	2,3,4
	Common

	S. girgensohnii
	1,2,3
	Occasional

	S. quinquefarium
	3
	Rare

	S. subnitens
	1,2,3,4,5,6
	Common

	Section Squarrosa
	
	

	S. squarrosum
	1,2,5
	Abundant 

	Section Subsecunda
	
	

	S. denticulatum
	2,3,5
	Occasional

	S. inundatum
	3,5
	Sparse

	Section Cuspidata
	
	

	S. cuspidatum
	5
	Sparse

	S. fallax
	2,5
	Sparse

	S. flexuosum
	3
	Rare (new vice-county record)


The areas of Sphagnum found in each of these zones are tabulated in Appendix 1.

Thirteen species of sphagnum were found on the site (Table 1).  The most abundant species was S. palustre (Plate 7), which was widespread across the site and dominant at many localities.  The other dominant species was S. squarrosum (Plate 8), which was largely confined to the southern portion of the site, including the Southern Boundary Wall zone and the upper portion of the Well Head zone.  S. subnitens (Plate 9) occurs mainly as a green woodland variant, though some populations on more exposed sites show the typical coloration, and is widespread across the site occurring at the higher margins of the seepage zones and up into the edge of the conifer plantations. S. fimbriatum (Plate 10) and S. girgensohnii were found scattered across the site, usually at the margins of the S. palustre lawns or in separate areas slightly raised above the main seepage zones.  S. fallax was surprisingly limited on this site, and may well have been under recorded.  S. denticulatum (Plate 11) and S. inundatum are restricted to the wetter areas of the seepage zones and the latter species has a very restricted occurrence on this site.  S. capillifolium ssp rubellum (Plate 12) was only found on a small part of the clear felled area and on the northern margin of the site and S. cuspidatum was only found on the pools and open wet areas of the clear felled area.  S. quinquefarium and S. flexuosum were each only found at a single locality and the S. flexuosum is a new record for this vice-county.

6. Discussion and conclusions

The genus Sphagnum is listed on Annex 5 of the EU Habitats Directive as plants whose taking in the wild may be subject to management measures; this therefore encompasses all species of Sphagnum. Articles 11 and 14 of the Directive relate to Sphagnum and specify that if as a result of monitoring these species member states feel it is necessary then measures should be taken to ensure that any taking of these species is compatible with them being maintained at a favourable conservation status.  At present the UK government has not felt it necessary to take any such measurements with regard to Sphagnum. Effectively this means that Sphagnum species (other than those listed on Schedule 8 of the Wildlife and Countryside Act) can be harvested with the landowners’ permission. 

A separate issue is the local status of individual species and whether it would be considered inadvisable to harvest any particular species of Sphagnum because of local scarcity or the vulnerability of the habitat to damage during harvest. 

A number of different sections are recognised within the genus Sphagnum and species from seven of these sections occur in the UK of which five sections are represented on this site (Table 1). Of the13 species of Sphagnum found on the site only two occur in sufficient quantity to be considered as potential candidates for harvesting.  These are S. palustre (Plate 7) and S. squarrosum (Plate 8) both of which are sufficiently distinctive to be consistently identified for harvest. S. palustre is a plump species with large hooded leaves, ranging in colour from green to ochre depending on the time of year and the degree of shading with more colour usually developing in the autumn and winter. S. squarrosum is a similarly large plant but with more pointed and usually strongly squarrose leaves and a pure green colour. 

S. palustre is shade tolerant species of mesotrophic sites, it occurs throughout the vice county, except on the Mull of Galloway, and is widespread throughout Dumfries and Galloway. S. squarrosum is found on mesotrophic to slightly eutrophic wet ground, and has been recorded in 3 other 10km2 in this vice county and scattered throughout Dumfries and Galloway and southern Ayrshire.  At this site both these species occur in wet seepage zones under a tree cover dominated by Alnus.  

Two other widespread and common species on the site are S. subnitens (Plate 9) and S. fimbriatum (Plate 10), both these species belong to the section Acutifolia and have much finer leaves than the target species. S. subnitens mainly occurs on this site as a green woodland variant but it can have a ochre to reddish brown colour and S. fimbriatum is always pure green with long fine branches and a very prominent apical bud.

The two species from Section Subsecundum, S. denticulatum (Plate 11) and S. inundatum both are too sparse and are limited on this site to wetter ground unsuited to harvest.  Although S. capillifolium ssp. rubellum (Plate 12) is widespread locally, it is sufficiently limited on this site to not be considered for harvest. 

Of the remaining species S. flexuosum, S. girgensohnii and S. quinquefarium have a sufficiently sparse local distribution that efforts should be made to protect the remaining populations within the woodland, this especially applies to S. flexuosum for which this is the only known locality in VC74 Wigtownshire.

Staddon & Dyke (2007) discuss moss harvesting in Scottish forests and they conclude that the potential exists for import substitution with expanded indigenous harvesting. However they also mention the need for increased trust over issues such as sustainability and legality of harvesting. There is little specific mention of Sphagnum harvesting other than in the context of illegal harvesting. 
There is no known research on the sustainability of Sphagnum harvest in the UK. Industrial scale Sphagnum harvest occurs in New Zealand, Australia (primarily Tasmania, and to a limited extent in Victoria) and Chile. Harvesting in New Zealand covers 1.3 million hectares, and extraction is by helicopter at some sites to reduce further destruction of the habitat. The harvesters report recovery times of between 3-5 years in New Zealand and 3 years in Chile. Tilling (1995) reported harvest rotations of 3-6 years for S. cristatum in New Zealand depending on the rate of recovery, which varied between sites. 

Studies on the sustainability of this harvest have been conducted in New Zealand and Australia.  These are different species to those found in the UK. S. cristatum has been measured in Australia and in New Zealand S. cristatum from section Sphagnum and S. australe from section Rigida have been studied (Whinam & Buxton 1997).  These studies found a wide variation in the growth rates for Sphagnum with ranges in montane habitats between 0.9-7cm per year and up to 10cm per year in lowland New Zealand. However, there was no significant linear relationship between growth and altitude.   S. cristatum responded positively to light tree cover, with up to 20% tree cover showing an increase in annual growth compared with open ground where there was some summer desiccation, but once tree cover was above 40% growth was reduced. Light shade may also favour Sphagnum by shading out potential competing species.  

Clymo & Duckett (1986) reported on some laboratory based experiments on Sphagnum regeneration with UK material of S. papillosum and S. magellanicum from section Sphagnum and S. recurvum (now known as S. fallax) from section Cuspidata. They demonstrated that in favourable conditions regeneration could occur from brown shoots that appeared dead on peat discs collected 30cm below the surface and water table.  Regeneration also occurred from spores, but there is no information at present regarding the sporophyte production of S. palustre and S. squarrosum at this site. Smith (2004) stated that capsules are occasional on S. palustre and common on S. squarrosum, occurring in summer for both species. Clymo & Duckett (1986) found that regeneration was most abundant in material from depths of 6-30cm, associated with Sphagnum shoots 5-15 years old. The abundance of shoots decreased with depth but some regeneration still occurred with material from depths of 33-42 cm with an inferred age range of 25-60 years.

7. Management Recommendations

Sphagnum Harvest

Whinam and Buxton (1997) made a number of recommendations to facilitate the regeneration of Sphagnum after harvest, some of which may be relevant to the Scottish context. They recommended restricting harvesting to habitats where the Sphagnum is growing vigorously and there is minimal fluctuation of the water table.  They would exclude montane sites, those above 300m and recommend localities where the mean minimum summer temperature is above 12ºC.  Some natural shelter is required, but not dense shade which usually excludes Sphagnum. Rutting of the bog surface causes local drainage channels and localised desiccation resulting in poor regeneration because areas are either too wet or too dry, consequently the use of machinery should be avoided.  The harvest site should be left with an even surface and the remaining Sphagnum in close contact with the water table.  Reseeding with Sphagnum fragments where the cover has been stripped was found to speed up the recovery time. It was suggested that low rates of fertiliser application could be beneficial; however this goes completely against the ethos under which this site is managed and there is a danger that this could encourage more vigorous growth of the vascular plants which would out compete the Sphagnum. 

The area of Sphagnum available for harvest on this site is relatively limited and would make an ideal location for research into the sustainability of small scale Sphagnum harvest in the UK. Such work would have benefits for other woodland areas where there was a need to expand into NTFP and given the total lack of knowledge on the sustainability of Sphagnum harvest under Northern Hemisphere conditions.  Research proposals are presented below in section 8.  

One potential problem is the loss of Sphagnum habitat after harvest if the more vigorous vascular plants invade and replace the Sphagnum. On this site it is recommended that all small or very irregular areas of Sphagnum and those with a >30% cover of vascular plants are left untouched, since there is a danger that peripheral competition from vascular plants will out compete the Sphagnum.  Also the drier hummock forms of S. palustre should be left, as it appears from the New Zealand work that these may be slow to regenerate. 

It is recommended that the Alder mire along the southern boundary wall at NX 29803 51873 (Plate 2) is left intact as this is a good example of this habitat with a more diverse range of species, the ground is very soft and would be difficult to harvest and there is dense tree growth that would hinder harvest.

Areas where there is pure Sphagnum lawn of either of the target species or a mixture of both would be most suitable for harvest as here there is minimal risk of damage by accidental by catch of other species (Plate 13).  Both these species formed extensive pure or mixed lawns at several locations on the site and depending on the locality the green portion of these shoots varied from 8-15cm (Plate 14).
Bryophyte Biodiversity

The restoration of native woodland on this site will support several objectives of the Strategy for the conservation of lower plants and fungi in Scotland. (Plantlife Link Scotland, 2005), in particular Objective 1, ‘Understanding and documenting plant diversity’, Objective 2 ‘Conserving plant diversity’, particularly ‘2.1 Key lower plant and fungi habitats/ sites in Scotland’, and it is hoped also Objective 4, ‘Promoting education and awareness’ as there is an excellent opportunity for this Community Woodland to promote lower plants and fungi to its visitors. 

The whole site would benefit from the gradual stripping of the conifers from the ground either side of the stream and seepage zones. This would allow more light onto the ground layer and the Alder woods. Replanting with local provenance seed of Quercus and Ilex on the drier ground would assist regeneration of the deciduous woodland.  Betula will come in naturally and ash, where present on the site should spread easily. All volunteer conifer, beech and sycamore seedlings should be removed.  

The native trees in the zone along the South-east boundary wall should be left intact as a conservation area, this includes the alder mire mentioned above and at the southern end the Willows and Alders where the epiphytic community includes the new vice county record of Cololejeunea minutissima
In the area of zone 2 just down from the well head the Alnus are very spindly and would be vulnerable to wind throw once the shelter of the surrounding Sitka was removed, in this area it may be preferable to start coppicing the Alder at the same time as removing the conifer leaving the mature Alder stools in the ground for regeneration.  To expand the biodiversity of both the bryophyte and lichen communities in the woodland the aim is to create a mixture of shade and glade, so there are different levels of light intensity within the woodland.  Large mature trees, especially of species such as Ash, which usually have a more diverse epiphyte flora, are also important. In such a predominately acid area it is encouraging to see that a few mature Ash have survived. The main re-stocking effort should therefore go into planting Sessile Oak which will not regenerate naturally more than 20m from source (Harmer 1999).  Relatively little re-stocking of Ash may be necessary, and this should be re-assessed on-site in summer when any problems for Ash regeneration should be apparent. 

However, some other tree and shrub species should also be planted.  Harmer (1999) provides maximum distances at which natural colonisation can be reasonably expected to occur.  For bird-dispersed seeds (Holly and Rowan) seeds can be transported long distances.  Ash (50-100m dispersal range), Birch (100-200m), and Willow (100-200m) are wind-dispersed and could spread from the remaining woodland relicts.  
In planning and carrying out the re-stocking, the detailed published guidance should be strictly followed, particularly the FC Practice Guide to restoration of native woodland on ancient woodland sites (Thompson et al., 2003), and Practice Guides for management (Peterken, 2003a, b).  Natural regeneration should be the preferred method where feasible, as recommended by Harmer (1999) but noting the precautions needed against deer browsing (Harmer & Gill, 2000).  The correct selection of local stock is described by Herbert et al. (1999).  A significant area of open ground should not be planted at all, for example along small tributary streams and ditches, around springs and small flushes, and along footpaths, and some open glades within the woodland which are very important for maximising biodiversity (e.g. butterflies).  Also the area of deep peat should be avoided.  Before re-stocking commences, the conifer removal (including waste) should be completed and a detailed plan drawn up, indicating blocks of planting, open ground, footpaths, etc.  

The peatland to the south of the Loch should eventually be cleared of all trees and all brush removed from the site and all drainage ditches blocked. This area is naturally blanket bog, with a zone of Myrica on the ground adjacent to the Loch shore. The ground is unsuited to trees as the large extent of windblown trees indicates.

The clear felled area to the east of the site also appears to have once been blanket bog, with wetter areas of Salix carr along the water channels and small areas of M23a the Juncus acutiflorus sub community of the Juncus effusus/acutiflorus-Galium palustre rush pasture. There are much more extensive areas of M23b. This is the species poor Juncus effusus sub-community of the Juncus effusus/acutiflorus-Galium palustre dominated by Juncus effusus.  Much of this ground is also unsuited to trees, though it now supports a large area of birch scrub on the higher ground.

In conclusion, therefore, the planned restoration is very timely given the current level of interest in restoring native woodlands, creating community woodlands and promoting biodiversity and conservation of lower plants. 
8. Research proposals

In zone 3 at NX 29687 51870 there had been an earlier harvest of two irregular plots neither of which have fully recovered yet.  Both plots illustrated some of the potential problems with harvesting and the possible impacts.  As neither plot had been monitored or even marked at the time of harvest only limited conclusions can be drawn from this trial.  In both plots S. palustre had been harvested.  The Sphagnum had recovered to some extent, there was a green growing surface, but it was still depressed several centimetres below the surface of the surrounding Sphagnum lawn.  This acted as a trap for leaf litter which is especially noticeable in the plot in Plate 15 and this dense leaf litter cover could itself inhibit sphagnum re-growth in this plot.  The second plot (Plate 16), also exhibited trapping of leaf litter and the higher vascular plant cover may have restricted Sphagnum re-growth but without records of pre-harvest status it is not possible to be sure.  At some points S. palustre (Plate 17) was clearly regenerating under the leaf litter but at other points Hypnum cupressiforme and Polytrichum formosum (Plate 18) had become established.  It is possible that this represents a change of bryoflora in response to harvesting but again because of the absence of information about the pre-harvest status of these plots no conclusions can be drawn. 

The aims of the research project would be:

1. To examine the response of S. palustre and S. squarrosum to harvesting from both pure and mixed communities

2. To determine the impact of differing harvesting protocols on recovery rates and changes in species composition
3. To estimate the recovery time for both species and hence potential harvesting intervals
4. To examine the relative water holding capacities of the widespread species on this site
5. To make recommendations on the sustainability of small scale Sphagnum harvest 
6. Depending on initial results to explore expanding research base to include other sites
At this site such a research regime would require a minimum 24 1m2 quadrants in the initial year with repeat sampling in subsequent years. These plots would require monitoring for the duration of the project, probably over five years. The harvested material would be air-dried to assess yield from the different plots and then it would be available to the co-operative for sale as a NTFP.  The estimate of the extent of the Sphagnum resource detailed in Appendix 1 indicates over 3,000 m2 of potential Sphagnum harvest area. Whilst this figure should be regarded with some caution, as it is an approximation, it confirms that there is enough resource on site to allow a research project of this scale and there is capacity for increased replication if necessary to allow basic statistical analysis of the results. 
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Appendix 1.  Extent of Sphagnum lawn across the site

	Zone
	Moss Bed
	GPS1
	Extent2
	Area

m2
	Sphagnum
	Vegetation

	Southern Wall
	1
	S. point
	14 x 1-5m
	  35
	S. squarrosum
	Grass 10-20%

	
	2
	
	12 x 5m
	  60
	S. squarrosum
	Grass

	
	3
	
	14 x 5m
	  70
	mixed
	Grass

	
	
	
	6 x 6m
	  36
	mixed
	Juncus & grass

	
	
	
	4 x 6m
	  24
	mixed
	

	
	
	
	4 x 1-4m
	    8
	S. palustre
	Grass

	
	4
	Farm house
	2 x 3m
	    6
	mixed
	Grass

	
	5
	
	irregular
	
	S. squarrosum
	Juncus

	
	
	
	
	
	
	

	Well head
	1
	S of path
	6 x 8m
	  48
	mixed
	Grass

	
	2
	N of path
	11 x 21m
	 231
	mixed
	Grass

	
	3
	
	25 x 10m
	 250
	mixed
	Juncus

	
	
	
	25 x 5m
	 125
	mixed
	Grass

	
	
	
	 6 x 15m
	  90
	S. palustre
	Grass

	
	4
	Gillian’s 
	20 x 2—10m
	 120
	S. palustre
	Mixed

	
	5
	Adam’s
	41 x 32m
	1312
	S. palustre
	Mixed

	
	6
	
	30 x 3-15m
	  270
	S. palustre
	Mixed

	
	
	
	
	
	
	

	Northern
	1
	NX 29546 51842
	55 x 10m
	550
	S. palustre
	Mixed

	
	2
	NX 29548 51842
	4 x 7m
	  28
	S. palustre
	Grass & ferns

	
	3
	NX 29516 51866
	7 x 12m
	   84
	S. palustre
	

	
	
	
	
	
	
	

	Total
	
	
	
	3347
	
	


1 At most of the sites tree cover prevented a GPS reading with the equipment available

2 The extent of the sphagnum beds was measured by paces so these figures are approximations 

Appendix 2. Bryophyte Species list
Mosses

Andreaea rothii  ssp. falcata                            Hunt's Rock-moss

Atrichum undulatum                                        Common Smoothcap

Aulacomnium palustre                                     Bog Groove-moss

Brachythecium populeum                                 Matted Feather-moss

B. rivulare                                                         River Feather-moss

B. rutabulum                                                     Rough-stalked Feather-moss

Bryum argenteum                                             Silver-moss
B. bicolor                                                          Bicoloured Bryum

B. capillare                                                       Capillary Thread-moss

B. rubens                                                           Crimson-tuber Thread-moss

Calliergon cordifolium                                     Heart-leaved Spear-moss

Calliergonella cuspidatum                               Pointed Spear-moss

Campylopus flexuosus                                      Rusty Swan-neck Moss

C. introflexus                                                    Heath Star Moss

C. pyriformis                                                     Dwarf Swan-neck Moss

Ceratodon purpureus                                        Redshank

Dicranella heteromalla                                     Silky Forklet-moss

Dicranoweisia cirrata                                       Common Pincushion

Dicranum majus                                                Greater Fork-moss

D. scoparium                                                     Broom Fork-moss

Didymodon insulanus                                        Cylindric Beard-moss

Ditrichum cylindricum                                      Cylindric Ditrichum

Eurhynchium hians                                            Swartz's Feather-moss

E. praelongum                                                   Common Feather-moss

Fontinalis antipyretica                                      Greater Water-moss

Funaria hygrometrica                                       Common Cord-moss

Grimmia lisae  NVCR                                       

Hookeria lucens                                                Shining Hookeria

Hylocomium splendens                                     Glittering Wood-moss

Hypnum andoi                                                   Combed Plait-moss

H. cupressiforme                                               Cypress-leaved Plait-moss

H. jutlandicum                                                   Heath Plait-moss

Isothecium alopecuroides                                  Larger Mouse-tailed moss

I. myosuroides                                                    Slender Mouse-tailed moss

Leucobryum glaucum                                         Large White-moss

Mnium hornum                                                   Swan’s neck Thyme-moss

Orthodontium lineare                                         Cape Thread-moss

Orthotrichum affine                                            Wood Bristle-moss

O. pulchellum                                                      Elegant Bristle-moss

Plagiomnium undulatum                                     Hart’s-tongue Thyme-moss

Plagiothecium denticulatum                                Dented Silk-moss

P. undulatum                                                       Waved Silk-moss

Pleurozium schreberi                                          Red-stemmed Feather-moss

Pohlia nutans                                                      Nodding Thread-moss

Polytrichum commune                                        Common Haircap

P. formosum                                                        Bank Haircap

P. strictum                                                     
    Strict Haircap

Pseudotaxiphyllum elegans                                Elegant Silk-moss   

Racomitrium aciculare


    Yellow Fringe-moss

R. aquaticum                                                       Narrow-leaved Fringe-moss

R. fasciculare                                                      Green Mountain Fringe-moss

R. heterostichum  NVCR                                    Bristly Fringe-moss
Rhizomnium punctatum                                      Dotted Thyme-moss

Rhynchostegium riparioides                               Long-beaked Water Feather-moss

Rhytidiadelphus loreus                                       Little Shaggy-moss

R. squarrosus                                                      Springy Turf-moss

Scleropodium purum                                           Neat Feather-moss

S. capillifolium ssp rubellum                              Red Bog-moss

S. cuspidatum                                                      Feathery Bog-moss
S. denticulatum                                                    Cow-horn Bog-moss

S. fallax                                                                Flat-topped Bog-moss

S. fimbriatum                                                       Fringed Bog-moss

S. flexuosum   NVCR                                           Flexuous Bog-moss
S. girgensohnii                                                     Girgensohn’s Bog-moss

S. inundatum                                                        Lesser Cow-horn Bog-moss

S. palustre                                                            Blunt-leaved Bog-moss

S. papillosum                                                       Papillose Bog-moss

S. quinquefarium                                                  Five-ranked Bog-moss
S. squarrosum                                                      Spiky Bog-moss

S. subnitens                                                          Lustrous Bog-moss

Thuidium tamariscinum                                       Common Tamarisk-moss

Tortula truncata                                                   Common Pottia

Ulota bruchii                                                        Bruch’s Pincushion

U. crispa                                                               Crisped Pincushion

Zygodon conoideus                                              Lesser Yoke-moss

Calypogeia muelleriana                                       Nees’ Pouchwort                
Cephalozia bicuspidate                                        Two-horned pincerwort

Chiloscyphus polyanthos                                      St Winifred’s Moss

Cololejeunea minutissima  NVCR                        Minute Pouncewort

Diplophyllum albicans                                          White Earwort

Frullania dilatata                                                  Dilated Scalewort

F. tamarisci                                                           Tamarisk Scalewort

Lepidozia reptans                                                  Creeping Fingerwort

Lophocolea bidentata                                            Bifid Crestwort

M. furcata                                                               Forked Veilwort

Metzgeria fruticulosa                                             Blueish Veilwort

M. temperata                                                         Whiskered Veilwort
Nowellia curvifolia                                                Wood-rust                                                   
Pellia epiphylla                                                      Overleaf Pellia

Radula complanata                                                Even Scalewort

Riccardia multifida                                                Delicate Germanderwort

Scapania gracilis                                                   Western Earwort

S. undulata                                                             Water Earwort
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