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Executive Summary

MoorLIFE is a five-year project with a primary aim to protect the remaining active peat forming
vegetation. It has three main objectives:

1. Stabilise inactive bare peat (through establishment of nurse crop on bare peat)

2. Restore moorland vegetation on these, and previously stabilized sites, and onto active blanket
bog communities (through plug planting and application of Sphagnum propagules); and

3. Reduce peat and water flow and restore hydrological integrity (through gully blocking.)

Works are being undertaken to protect active blanket bog across four sites: Bleaklow, Black Hill,
Rishworth Common and Turley Holes (Figure 1).

The MoorLIFE project has an extensive, landscape scale, scientific monitoring programme. It has
been designed to monitor and assess the impact that the conservation works have had on vegetation
succession, water table and erosion, and to quantify how successful they have been. In addition, a
carbon audit of the works are being undertaken to determine the greenhouse gas emissions of project
of this sort.

There are three main actions which contribute to the monitoring programme:
E2: Vegetation succession

E3: Water table, erosion and water quality monitoring
E5:  Carbon audit of the works

E2 1 Monitoring the success of vegetation establishment and succession

Vegetation is monitored through annual surveys of 288 fixed quadrats. These have been established
onarangeofpeat st atus types including treatmged aereeaget
sites, and reference sites of bare peat and intact blanket bog.

In addition to the quadrats, transect surveys have been undertaken on some sites to provide
information for application and to create a baseline dataset of Sphagnum abundance and distribution.

Sphagnum beads are monitored through fixed quadrats to enable future assessment of the success of
this treatment.
E3 7 Monitoring changes to the water table and carbon budget of restored blanket bog

Water table

The MoorLIFE project represents the first water table monitoring on MFF sites that has been
undertaken prior to, and during conservation works. It will enable a comparison of pre- and post-
works water table condition. In the first three years of the MoorLIFE project the following actions have
been undertaken:

1 Installed 26 automated dipwells, which take water table measurements at hourly intervals,
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1 390 manual dipwells installed and water tables measured in autumnal monitoring campaigns.

Water tables are being monitored across four sites and four treatment scenarios (6 treatment sites, 2
peat pan sites, 4 late-stage restoration sites, 4 bare peat reference sites and 3 intact sites).

Data analysed from Bleaklow and Rishworth Common are showing patterns of extremely variable
water table in gullied areas. Mean water tables in these areas are as low as 484 mm, with maximum
depths of over 800 mm recorded on both sites. Peat pans and intact areas have much higher water
tables with means all within the top 120 mm of peat. Peat pans have median water tables above the
surface of the peat.

Late-stage restoration sites show characteristics of having mean water tables between those of
untreated areas and intact areas, and a lower degree of spatial and temporal variability than degraded
areas.

Carbon content of water

To date, 318 water samples have been collected from 6 treatment areas, 4 late-stage restored areas,
4 bare peat areas and 3 intact areas.

Data analysed from Bleaklow and Rishworth Common show patterns of high water colour and carbon
content across all sites, but with indications that the water colour of intact sites is lower than that of
degraded sites.

MoorLIFE gains considerable added value through further monitoring on works areas through the
Woodhead Gully Block Monitoring Project which is monitoring the episodic loss of POC through storm
sampling, water tables adjacent to gully blocks.

E51 Carbon audit of the project

The monitoring programme includes a carbon audit of the MoorLIFE project. In the last three years,
the scope of the audit has been defined and will include data on all activities undertaken under the C1,
C2 and C3 action codes.

In addition, the Defra GHG Conversion Factors tool has been identified as the most suitable tool for
the carbon audit. Data on works actions have been collated and carbon emissions calculated through
use of Defrabs conversion factors.
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1 Introduction to the MoorLIFE monitoring programme

The South Pennines Moors and Peak are designated as a Special Area of Conservation for its blanket
bog. Blanket bog is a rare and internationally important habitat. It tends to occur in cool, wet climates,
under conditions that inhibit decomposition of plant matter which then accumulates peat. In addition to
this, it is important for both its wildlife and the ecosystem services it provides, such as carbon storage,
drinking water provision, and water regulation.

The importance of the South Pennines Moors as an area for wildlife is reflected in its designation as a
Special Protected Area for the populations of golden plover, merlin and short-eared owls that breed
here.

The bl anket bog of Engl and6s S egraddd pdattandnhabitat is the
world. Two hundred years of atmospheric pollution from surrounding industrial towns and cities,
combined with wildfires and overgrazing have left a lunar landscape of bare and eroding peat, and
extensive gullying. This damage has had impacts on the biodiversity, hydrological functioning and
carbon storage of the South Pennines.

MoorLIFE is a five-year project with a primary aim to protect the remaining active peat forming
vegetation. It has three main objectives:

1. Stablise inactive bare peat (through establishment of nurse crop on bare peat)

2. Restore moorland vegetation on these, and previously stabilized sites, and onto active blanket
bog communities (through plug planting and application of Sphagnum propagules); and

3. Reduce peat and water flow and restore hydrological integrity (through gully blocking.)

Works are being undertaken to protect active blanket bog across four sites: Bleaklow, Black Hill,
Rishworth Common and Turley Holes (Figure 1).

1.1 MoorLIFE monitoring programme

The MoorLIFE project has an extensive, landscape scale, scientific monitoring programme. It has
been designed to monitor and assess the impact that the conservation works have had on vegetation
succession, water table and erosion, and to quantify how successful they have been. In addition, a
carbon audit of the works are being undertaken to determine the greenhouse gas emissions of project
of this sort.

There are three main actions which contribute to the monitoring programme:
E2:  Vegetation succession

E3:  Water table monitoring and erosion
E5: Carbon audit of the works
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This monitoring programme is not designed to give operational feedback to conservation works
managers in real time. It is designed to be as statistically robust as possible, and falls between the two
categories described by Brown (2001) of 6envi
experiment so. There are several replicates of
monitored simultaneously. The use of reference sites (as distinct from control sites which implies strict
control of conditions) allows a more thorough assessment of the causes of environmental changes
being monitored. Water table monitoring and vegetation monitoring began as early as possible and
much of it began before any treatments were applied. The combination of these elements means that
the MoorLIFE monitoring programme will be better positioned to make stronger associations between
the capital works and changes in vegetation and water table.

Five scenarios are represented in the monitoring locations across the four sites:

1. Bare peat sites left untreated as a reference site.

2. Treatment sites i treated with brash, lime, seed and fertiliser

3. Late-stage restoration sites i sites that were treated between 2003 and 2006.

4. 61 nt a citi.é thase dites that have not been eroded and on which vegetation has not been
lost. These areas of vegetation may still be of poor diversity.

5. Peatpansion the fl at areas of blanket bogé

This mid-term report details the work undertaken in establishing the monitoring programme, the
methods used, and presents some of the data collected over the first three years of the project for two
sites, Bleaklow and Rishworth Common. For more detailed information on the methods used for each
restoration action, see the Technical Report (Moors for the Future, 2013).

A considerable amount of data has been collected and forms the baseline to which post-works data
can be compared. Works are still ongoing, and so more comprehensive 6 B e fAdfter-€ontrol-
I nt er vanayses wilhb@& presented in the final report in March 2015.

r onme
trei
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1.2 MoorLIFE sites

Bleaklow

Bleaklow is the second highest hill in the Peak District National Park with a summit of 630m. Extensive

areas of bare peat have been revegetated through conservation works. As such some areas of

Bl eakl ow are considered hestage@sr édwveée gt atni can,sthawi nog
undertaken between nine and ten years ago. Table 1 summarises the historic and current
conservation works that have been undertaken across each site. However bare and eroding peat

remains over a wide area of the plateau (Figure 2). Peat stabilisation works (geotextiles, heather

brash, lime, seed and fertiliser), diversification (plug planting and Sphagnum applications) and gully

blocking are being undertaken across the plateau by the MoorLIFE project. In addition, late-stage
revegetated sites are also to be treated with Sphagnum applications to enhance the development of

typical blanket bog vegetation community.

Figure 2 Part of the Bleaklow plateau, showing large areas of bare and eroding peat. The area of pale
green to the top right of the image shows Alport Moor, which has already undergone peat stabilisation
treatments. The MoorLIFE project is enabling the Moors for the Future Partnership to stabilise the last
expansive areas of bare peat on the plateau.
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Vegetation and hydrogical monitoring is being undertaken across Bleaklow, with four restoration
scenarios represented: intact reference, untreated bare peat reference, treated bare peat areas, and
late-stage revegetated. All reference sites are outside the works areas. The monitoring undertaken on
Bleaklow during the first three years of the MoorLIFE project is summarised in Figure 3.
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Year of initial Restoration status in Treatments
Site name restoration monitored under Monitoring actions under MoorLIFE
;o 2010
activity MoorLIFE
Bleaklow i Peaknaze
Joseph Patch 2003 Vegetation (quadrats, Sphagnum
Shining Clough 2003 Late-stage revegetated Sphagnum surveys)
Sykes Moor 2004 Hydrology
Shelf Moss 2004
_Elfrlﬁgltdow i National 2006 Late-stage revegetated Sphagnum Sphagnum surveys
Vegetation (quadrats, Sphagnum
Black Hill 2006 Late-stage revegetated Sphaghum surveys)
Hydrology
Bleaklow i Brash Vegetation (quadrats, Sphagnum
2010 Untreated Lime, seed, fertilizer  surveys)
Woodhead
Sphaghum Hydrology
Brash Vegetation (quadrats, Sphagnum
Rishworth Common 2010 Unrestored Lime, seed, fertilizer surveys)
Sphaghum Hydrology
Brash Vegetation (quadrats, Sphagnum
Turley Holes 2010 Unrestored Lime, seed, fertilizer surveys)
Sphaghum Hydrology

Table 1 Summary of sites in MoorLIFE, the capital works being undertaken, and the monitoring taking place. Bleaklow is divided into
subsites to represent its history of restoration works.
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Black Hill

To the north of Bleaklow, Black Hill (Figure 5) is also considered here as a late-stage revegetated site,
having undergone initial stabilisation treatments in 2006. The MoorLIFE project will treat Black Hill with
Sphagnum propagules. The vegetation and hydrological monitoring on Black Hill represents late-stage
revegetation only and has no reference sites.

Figure 5 Aerial view of Black Hill

The monitoring undertaken on Black Hill during the first three years of the MoorLIFE project is
summarised in Figure 4.
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Rishworth Common

Rishworth Common, to the north of the Peak District National Park, is receiving full bare peat
stabilisation and diversification. Vegetation, water table and water quality monitoring has been
established across three main areas of bare peat that are being treated with brash, LSF applications,

and Sphagnumpr opagul es. A small 6referenced area of bar
been left untreated to enable a reference site to be retained. This area is essential to enable a robust
assessment of the impact of the peat stabilisation works on vegetation and hydrology. In addition, a

|l arge f1l at area of Ri shwort h Ccanfedearlg seensn Figres6. of 6 p
Water table monitoring is undertaken on the north side of the M62 motorway to monitor the hydrology

of these peat pan areas. An 6éintactbdé reference site
enables a comparison to an area relatively undamaged by erosion.

The monitoring undertaken on Rishworth Common during the first three years of the MoorLIFE project
is summarized in Figure 8.

A
o (

Figure 6 Aerial view of Rishworth Common looking west, showing the M62 motorway to the north of the
site. Rishworth Common has substantial areas of bare and eroding peat on its north-facing slopes. On
the flat tops the degradation takes the form of peat pans.
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Turley Holes

Turley Holes (Figure 7) is the most northerly of the MoorLIFE sites, situated approximately 30 km
north-west of Bleaklow. The site has the similar expansive areas of bare peat on its slopes, with peat
pans dominating on the flatter areas. As with Rishworth Common, a small area of bare peat has been
left untreated to enable a better evaluation of the impact of the works on the water table and
vegetation on treated areas.

The monitoring undertaken on Turley Holes during the first three years of the MoorLIFE project is
summarized in Figure 9.

Figure 7 Aerial view of Turley Holes
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1.3 Learning for monitoring

Scheduling with restoration works

Establishing 6before6 monitoring in the first yea
brashing of several sites, notably Rishworth Common, was brought forward by the Conservation

Works team by one year. Despite the large volume of preparation and installation of equipment

involved, vegetation quadrats and water table monitoring were installed just as works began.

Volunteer input

The MoorLIFE monitoring programme is also greatly enhanced by considerable volunteer input into
the water table monitoring. Effort is made wherever possible to measure water tables on different hills
on the same day, or at least no more than one day apart to reduce the effect of differing hydrological
conditions. This enables better comparison of water tables on different hills. This is only possible with
the help of volunteers who enable data to be collected on such a large, landscape scale within a
narrow time period.

Between 2010 and 2013 volunteers have helped collect thousands of manual dipwell measurements.
With their help the MoorLIFE project team are able to effectively monitor 390 dipwells simultaneously,
under the same hydrological conditions.

Data challenges

This report represents the successful collation and processing of a small selection of the datasets
collected in the three years to date of the MoorLIFE project. In processing the datasets, the team have
become increasingly aware of the need to update and learn new skills to automate the data
processing stage. For example the data loggers collect over 4000 water table readings a week.
Repetitive data processing tasks need to be addressed to deal more efficiently with these datasets for
the final project report.

The data collected to date provides a good baseline with which success of the conservation works can
be assessed. The MoorLIFE team will continue to implement lessons learned from the first three years
of monitoring to the remaining two years of the project.

Knowledge exchange

The installation of water table monitoring equipment and collection, processing and analysis of data
has been a considerable body of work and has enabled MFF monitoring staff to learn new monitoring
techniques that can now be incorporated into a standard monitoring programme. Collaborations with
University of Manchester and Manchester Metropolitan University is enabling the transfer of
knowledge and expertise gained from academic research into a practical, robust monitoring
programme that will inform restoration practices, as well as contribute to our scientific understanding
of upland peatland systems.
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This monitoring programme has enabled the MoorLIFE team to facilitate further added benefit. We
continue to identify areas where we can build on our university collaborations i for example through
student projects on MoorLIFE sites. Such collaborations give added value and provide mutual benefit
for both early career researchers and land managers.

Recording the area and timing of works

During the last three years of conservations works, it has become apparent that there is a
considerable difference in the level of detail required in the recording of works i often in the delivery
and areas of works. The conservation works team act as the link between the monitoring team and the
contractors delivering works on the ground.

Often in the case of the conservation works team, it is sufficient to record that the work has taken
place within the appropriate timescale requested of the contractor. Work is inspected, evaluated for
quality and signed off. Since the introduction of water table and water quality monitoring, the
importance of narrowing down the treatment of monitored sites has increased. Although this has
always been understood by both teams, the mechanisms for ensuring this information is recorded
have not been in place. This has meant gathering the necessary information to inform the monitoring
data has perhaps been more difficult than necessary.

This has highlighted the need for a tight communication strategy between monitoring and conservation
works teams, and a clear protocol for recording works to the desired timescale.

Added value

The scope and scale of the MoorLIFE conservation works presents difficulties in monitoring. In
designing a robust monitoring programme there are some method of monitoring that are not possible
within the budget or scope of this project. Moors for the Future are able to bring added value to the
MoorLIFE monitoring by integrating datasets from other monitoring projects. These provide both
valuable information but also an essential context in which to view the data.

An example of this is the additional monitoring being undertaken on Woodhead of gully blocking works
undertaken as part of the MoorLIFE project. Additional funding has been secured to install water
quality and flow monitoring within MoorLIFE areas to enable the assessment of the impact of these
works. These monitoring points are illustrated above in Figure 3.
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1.4 Definitions of terms used in this report

Treatment sites | sites of bare and eroding peat that are undergoing full treatments under Actions C1,
C2 and C3 of MoorLIFE

Late-stage restoration sites 1 sites that have been historically revegetated through restoration actions
by MFF. These sites, if being treated, are to receive maintenance treatments of fertiliser and
Sphagnum propagules.

Intact sites 1 vegetated sites with relatively little damage from erosion gullies. These sites are not
generally in target areas for restoration, although some drift of lime, seed or fertiliser might occur.

Peat pan sites 1 sites that are situated in areas dominated by peat pans rather than large areas of
bare and eroding peat. They are generally enclosed by vegetation.
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2 Action E2 1 Monitor vegetation establishment and succession

2.1 E2 Introduction

The primary aim of the MoorLIFE project is to protect remaining areas of active blanket bog in the
South Pennines SAC by revegetating surrounding areas of bare and eroding peat.

Blanket bog in the South Pennines has suffered from significant and extensive vegetation loss and
erosion. Wildfires and overgrazing have contributed to the loss of vegetation while high levels of
acidity remain due to historic air pollution. This, combined with the high erosion rates of exposed peat
prevent, or at least impede, the natural recovery of the vegetation.

The South Pennines SAC is now a mosaic of various erosion types with a low diversity of plant
species. Many of the drivers of moorland degradation in the South Pennines have been addressed
and ameliorated 7 such as issues of grazing and air quality. However natural recovery is extremely
slow and erosion rates are so high they threaten what intact areas of active blanket bog remain.

The plant communities that remain on intact areas of South Pennines blanket bog are generally a mix
of M19 Calluna vulgaris i Eriophorum vaginatum blanket mire and M20 Eriophorum vaginatum
blanket mire. The species that are typically found in these habitat types are common heather (C.
vulgaris), Vaccinium spp., Ericaceous dwarf shrubs, cloudberry (Rubus chamaemorus) and feather
(pleurocarpus) mosses (Rodwell, 1991). Sphagnum mosses are also key blanket bog species as they
are the main peat building species. Sphagnum was largely lost in the South Pennines blanket bog
habitats due to atmospheric pollution, to which these mosses are particularly sensitive because of
their ability to take in water from the atmosphere.

The MoorLIFE project will help to protect the remaining areas of active blanket bog and increase
biodiversity through stabilisation and revegetation of eroding surfaces. Application of Sphagnum
propagules will also boost the recovery of this key plant group on both intact and restored areas of
vegetation.

Vegetation surveys are being undertaken across all four MoorLIFE sites to monitor the success of
vegetation establishment and succession resulting from treatments under the MoorLIFE restoration
works. The objectives are:

1. To monitor revegetation following treatment with heather brash, lime, seed and fertiliser.

2. To monitor the succession of vegetation on restoration sites from nurse crop to more typical
moorland species.

3. To monitor the establishment of Sphagnum following applications of propagules.

The aim of this report is to provide an overview of the various vegetation survey methodologies used
in the MoorLIFE monitoring programme. An update is given on the progress of vegetation monitoring
to date, and a subsample of the data gathered between 2010 and 2012 are presented. While the aim
of the monitoring programme is to monitor succession of vegetation, the timescales of this project and
the ongoing capital works mean that it is only possible to present a baseline data set. Longer term
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monitoring will be necessary to fully understand and measure the impacts of the MoorLIFE capital
works.

2.2 E2 Methods

The surveys are designed to take into account certain indicators such as target species, vegetation
structure, heather condition etc allow assessment of habitat condition using Common Standards
Monitoring used by Natural England and the Joint Council Conservation Committee (JNCC, 2009).

Analysis of historical MFFP vegetation data in combination with walkover surveys indicates that a
combination of survey methodologies is required to fully determine the impacts of all different
restoration techniques on vegetation establishment and succession. Three survey methods have been
selected to monitor the early development of vegetation and to establish baseline datasets which can
be used to determine succession in the long-term and beyond the end of the MoorLIFE Project. This
monitoring also builds upon the historical data from Bleaklow and Black Hill. Table 2 summarises
when and where each of the three monitoring techniques have been used. The methodologies are
described below.
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Table 2 Summary of the sites where each monitoring technique has been used, and the years in which
they were undertaken

Site 2010 2011 2012 2013

Fixed point Fixed point Fixed point Fixed point

Bleaklow 1 Peaknaze
guadrats quadrats quadrats quadrats

No vegetation

Bleaklow i Woodhead New fixed point Fixed point monitoring i Fixed point
guadrats set up quadrats weather quadrats
constraints
Bleaklow 7 National No vegetation No vegetation Sphagnum Fixed point
Trust monitoring monitoring transects quadrats
Fixed point
quadrats
Black Hill Fixed point Fixed point Sphagnum Fixed point
guadrats quadrats transects quadrats

Sphagnhum bead

monitoring.
Sphagnum
transects only 1
New fixed point Fixed point access for Fixed point
Turley Holes
guadrats set up quadrats quadrats not quadrats

possible due to
access issues

New fixed point . i i
. quadrats sgt up No v_egt_atatlon gz(ae;r:tzmt
. No vegetation . monitoring 1
Rishworth Common monitoring spring and weather
monitored again in . Sphagnum bead
summer. constraints monitoring

Objectives 1 and 2: Stabilisation of bare peat and establishment of moorland vegetation

Fixed point quadrats have been set up across most of the MoorLIFE areas in such a way as to allow a
ful | -afterecontral-iempact 6 d dreatmgm scen&iosware represented:

1. Bare peat sites left untreated as a reference site.
2. Treatment sites i treated with brash, lime, seed and fertiliser
3. Late-stage restoration sites i sites that were treated between 2003 and 2006.
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4. 61 nt a citi.é these dites that have not been eroded and on which vegetation has not been
lost. These areas of vegetation may still be of poor diversity.

Black Hill and Bleaklow have quadrats that pre-date MoorLIFE and have been monitored for several
years. These quadrats are those that represent the late-stage restoration sites and the untreated bare
peat reference site. Data from these quadrats provide a baseline to which Sphagnum applications can
be assessed. It also allows for a space-for-time comparison of sites and enables inferences to be
made as to the progress of sites newly treated under MoorLIFE.

On MoorLIFE sites that have no previous restoration history (Woodhead, Turley Holes and Rishworth
Common) 2 x 2 m quadrats have been installed prior to restoration works where possible. Quadrats
are set out in a stratified grid pattern across the areas identified for brash and LSF treatments (Moors
for the Future, 2013). Quadrats were set up on areas of bare peat, on flat or gently sloping ground,
with a north-south orientation. Hardwood tree stakes were placed in the north-east and south-west
corners, and the coordinates, altitude and slope recorded for each quadrat. It is the intention for all
guadrats to be monitored annually during the MoorLIFE project. The distribution of quadrats and the
variables collected closely follows the methodology used to monitor historic quadrats on Bleaklow and
Black Hill. The following variables are recorded upon each repeat visit:

1 Percentage cover of bare peat

1 Percentage cover of standing water

9 Percentage cover of main vegetation types: grasses, sedges and rushes; nurse crop species;
dwarf shrub; herbaceous species; invasive species; tree and shrub species; mosses and
lichens. These are broken down further into plant species wherever possible

1 The average heights of dwarf shrub, moorland graminoids and nurse crop.

Presence of grouse, hare or sheep droppings

9 Fixed point photos are taken of each quadrat

=

Due to the complexity of vegetation structure it is possible for percentage cover of vegetation to be
over 100%.

It is important to emphasise that the monitoring programme is designed to evidence the impact and
success of broad, landscape-scale restoration actions, as opposed to assessing the impact of specific
treatments.

In total 288 quadrats are monitored on MoorLIFE sites as part of Action E2. The distribution of these
across the different sites are detailed in Table 3. In addition to these, there are also vegetation
guadrats within dipwell clusters (see section E3) which provide information on vegetation changes
associated with any changes in water table behaviour that might be observed. Data from the dipwell
clusters are not considered here, but will be used in analyses for Action E3 7 water tables.

Late-stage restoration sites on Bleaklow and Black Hill were monitored in 2010 to provide a baseline
of vegetation data for the MoorLIFE project. New quadrats were set up in winter 2010/2011 across
Woodhead, Rishworth and Turley Holes. These were monitored again in 2011 along with the historic
gquadrats.
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In summer 2012, while it was the intention to monitor all fixed quadrats, it was decided to use
resources to undertake the Sphagnum transects and propagule monitoring. This was especially
important as treatment of Black Hill with Sphagnum was brought forward. As well as Black Hill,
Sphagnum transects were undertaken on the Alport Moor area of Bleaklow. This, along with access
issues for Turley Holes, meant that no data was collected for quadrats set up on new MoorLIFE
treatment sites. (See Table 2 above for a summary of monitoring across sites and years).

Table 3 Breakdown of fixed quadrats established on each MoorLIFE site.
*31 of these quadrats are on vegetation to monitor the impacts of LSF treatments on the present
vegetation

Total
Site Types of site present number of
guadrats
Late
L B | P
Distributed quadrats are peat ntact stage Treatment eat
reference reference pans
restored
Bleaklow i Peaknaze 10 13 94 - - 117
Bleaklow - Woodhead - - - 58 - 58
Black Hill - - - 17 - 17
Rishworth Common - - - 24 - 24
Turley Holes 10 - - 62* - 72
Totals 20 13 94 161 - 288

Objectives 2 and 3: Establishment of moorland vegetation including Sphagnum mosses

Fixed width transects are one of the methods used to monitor success of Sphagnum mosses on
restoration sites and to create a baseline against which long-term changes can be monitored. These
are undertaken on sites prior to treatment with Sphagnum fragments or beads and are designed to be
a rapid assessment of a site, rather than as an extensive survey.

The method used follows that used by Moors for the Future on a number of projects.

Transect routes are mapped on an area of interest and the start and end points uploaded onto a
handheld GPS unit. Transects are mapped with a distance of 50m between them. Initially only every
third transect line is surveyed to ensure an evenly distributed coverage of the area. If time permits, it is
the intention that surveyors will walk the transects in between to increase the area surveyed.
Transects are orientated either north-south or east-west, so as to cut across the gullies present on the
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sites. The width of transects depends on the abundance of Sphagnum, and the structure of the
vegetation and how much it obstructs a surveyoros

The following variables were recorded for each patch of Sphagnum:

Species

Approximate area of the Sphagnum patch

Lengths of the longest and shortest axes of the patch

Situation type (undulating ground, hagg top, gully side or gully floor)

Gully width and depth (where applicable)

Surface gradient (Shallow 0-10 degrees, moderate 11-30 degrees; steep 31+ degrees)

The presence of standing water within two metres of the Sphagnum patch

A list of other plant species present within a 2 x 2 m quadrat centred on the Sphagnum patch
A list of other plant species present within a 2 x 2 m quadrat centred on the Sphagnum patch,
with an estimate of their relative cover using the DAFOR scale.

Coordinates of the Sphagnum patch

E N N

=

The total area of Sphagnum cover is calculated by estimating the total area of Sphagnum patches
recorded and can be expressed as a proportion of the total area surveyed (the product of transect
length and distance scanned by surveyor) in order to compare sites.

The Sphagnum patches are mapped using Maplinfo v.10 to assess the spatial distribution.

Objective 3: Establishment and spread of Sphagnum moss propagules

Quadrats are used within MoorLIFE to assess the shorter term success of Sphagnum propagule
application. These surveys involve a much more detailed survey and involves counting individual
beads within a quadrat. These surveys are better able to assess success of Sphagnum at a smaller
scale than the transect surveys. Surveyors accompanied Sphagnum spreaders along pre-mapped
application transects. These transects were orientated east to west and were spaced 14 metres apart.
Surveyors installed 1 x 1m quadrats in areas observed to have been treated with Sphagnum beads.
Quadrats were located every 150 m along the spreading transects on flat, well-vegetated areas.
Quadrats were placed on particular vegetation types dominated by either dwarf shrub, cotton grasses,
other grasses or mosses, with a surveyor alternating between a different vegetation type wherever
possible.

Quadrats were orientated north-south, and marked with a single wooden stake in the south-west
corner. For each quadrat the surveyor noted the coordinates, percentage cover of the four plant types,
percentage cover of bare peat and standing water within the quadrat, and the proximity of any
standing water, ponds or pools within sight of the quadrat.

V
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2.3 E2 Results

Late-stage restoration sites i Year 1 of MoorLIFE

Five sites within the MoorLIFE works programme are monitored as late-stage restoration sites. These
will be treated with Sphagnum propagules in Action C3.

The JNCC6s Common Standards Monitoring uses the pr
way of assessing the condition of a habitat. The indicator species for blanket bog habitats that are

often found in the South Pennines are shown in Table 4, with an indication of which late-stage

MoorLIFE sites these species were found in 2010.

Table 4 Occurrence of INCC blanket bog indicator species across late-stage restoration sites.

Indicator species for blanket bog habitats

Site

Common heather
Vaccinium spp.
Har ¢ad s
Sphagnhum spp.
Pleurocarpus

mosses
Non-crustose

Cloudberry
lichens

Erica spp.
Common

Total number of
“| indicator species

Joseph Patch

o

Shining Clough
Sykes Moor

Shelf Moss

o o o o o cottongrass
v v o o v cottongrass

T TV T TV O
O O O O @©
T T o o o
O O O T ®T
T T T T U
T T T T U
T TV T TV O
~

Black Hill

Analysis of the species composition of historically restored sites shows the variability in vegetation
structure and species compaosition that exists among the sites.

Initial figures indicated that invasive/ruderal species such as rosebay willowherb (Chamerion
angustifolium) and tree/scrub species such as willow (Salix sp.) and birch (Betula sp.) were only
present in extremely low figures T less than 1% of all quadrats contained these species. Therefore
these were left out of graphs for simplicity.

Figure 10 shows that the bare peat reference site on Bleaklow still has substantial areas of bare peat
and little else. Black Hill also appears to have a relatively large area of bare peat i more so than the
other monitored sites. Reasons for this are unclear and require further investigation. Quadrats set on
6intactdé vegetation (i.e. vegetation that occurs ot
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sites, but with herb species present in higher proportions. These figures are a representation of the
relative dominance of vegetation groups (a complex vegetation structure means that totals often
added up to more than 100%). Median percentage cover values are presented in Table 5.

Main plant groups

100%
90% - | BMosses
80% - BHurse grasses
oGrass, sadge &
% 1 aFieth Specis
0% - BDwarf shrub
S0% - mEBare paal
40%
30%
20%
10%
U% _- . I : - - | . . - .
Josaph Shining  Sykes Moor Shalf Mass  Black Hill Al ntact Bare paat
Patch Clough quadrats refarence

Figure 10 Percentage composition of main vegetation cover types on late-stage restoration sites

A visual inspection of the species composition data from vegetated areas showed that several other
species within the main groupings, while present, occurred in such low numbers as to warrant leaving
out of the graphs for ease of interpretation. These plants included Lichens, liverworts, ferns, purple
moor grass (Molinia caerulea), mat-grass (Nardus stricta) and cross-leaved heath (Erica tetralix).

Figure 11 shows the species composition of the late-stage restoration sites, along with intact hagg
tops within those sites. Again it is important to note that these charts do not present mean percentage
covers i simply a representation of the relative abundance of each species within the vegetation.
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Species compaosition by site
100% —|

90% || |OPolytrichum
OSphagnum

80% [ | |OCushion moss

70% || |@Feather moss
B Festuca

60% B Agrostis

50% - B Flexuosa
B Soft rush

40% - BHeath rush

30% A B Hare's-tail cottongrass
O Common cottongrass

20% | | |@Cloudberry

10% || |@Crowberry

—— OCranberry
0% ‘ . ‘ ‘ ‘ . OBilberry
Joseph Patch  Shining Sykes Moor Shelf Moss  Black Hill Total - all Total -all
Clough restored intact @ Common heather
quadrats quadrats

Figure 11 Percentage composition of the most common species and species groups found on late-stage
restoration sites

Again the variability of species composition can be observed, but with broad patterns. The most
abundant species occurring were common heather, bilberry, common cottongrass, h a r -&aid s
cottongrass, and wavy hair grass. Within the bryophytes, both feather mosses and cushion mosses
(those excluding Polytrichum sp.) were present in high proportions.

The main observed difference among restored sites appears to be in bryophyte composition. Feather
mosses were generally more predominant than cushion mosses, with the exception being Black Hill
where the reverse appeared to be true. Sphagnum mosses were not abundant on any site with the
exception of Shining Clough where they appear to make up a relatively large proportion of the
vegetation. Examination of the data however shows that just three out of 15 quadrats contained
Sphagnum, with one quadrat having 90% cover i indicating that one quadrat could be responsible for
the high figures.

Quadrats placed on stands of intact vegetation appear to have the greatest species diversity. Several
species occur in greater proportions in intact quadrats than any others, for example, heath rush
(Juncus squarrosus), soft rush (J. effusus) and cloudberry i these species tended not to occur on
revegetated areas. Common heather is noticeably low on intact quadrats, with bilberry being the more
abundant dwarf shrub on these areas.

A Kruskal-Wallis test was undertaken on the groupings and species that represented more than 1% of
the cover or species composition on restored sites. These tests show that there are significant
differences in the occurrence of all species among the sites. The results of this test are shown in Table
3.5 for ground cover and Table 3.6 for species composition.
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Table 5 Median percentage cover of the main vegetation types found on late-stage restoration sites and

results of Kruskal-Wallis test for differences among the sites.

Ground

Median percentage cover

cover type Joseph Shining Sykes Shelf Black Rs;erreené:stl Kruskal-Wallis test
Patch Clough Moor Moss Hill P
guadrats
Bryophyte 70 84 87 62 70 0 H = 33.60, p < 0.001
Nurse crop 35 22 26 21 15 1.50 H =36.13, p <0.001
Graminoid 16 16 7 40 25 0 H =29.51, p <0.001
Dwarf shrub 25 5 43 21 2 1.10 H =41.30, p <0.001
Bare peat 1 0 1 2 12.5 97.00 H = 35.16, p < 0.001

Further analysis and post-hoc testing is required to find where the sites differ. Visual examination of
the data (Figure 12) suggests that the biggest differences are between areas of restored vegetation

and the site being used as a bare peat reference.
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Table 6 Differences in species composition among the late-stage restoration sites.

Median percentage cover

[ o Ref i i .
Species Joseph Shining Sykes Shelf Black saer;eng:tl Kruskal-Wallis test
Patch Clough Moor Moss Hill P
guadrats
Common 2 3 425 175 2 0 H = 20.96, p < 0.001
heather
Bilberry 3 0 0 0 0 0 H = 25.67, p < 0.001
Common 3 15 5.5 20 4 0 H =5.42, p < 0.247
COttongraSS
Har @ad s 10 0 0 15 5 0 H = 28.90, p < 0.001
COttongraSS
Wavy
. 25 20 25 20 10 0 H = 18.52, p < 0.001
hairgrass
Agrostis 2 0 1 1 0 0 H = 20.40, p < 0.001
species
Festuca
. 0 0 0 0 05 0 H = 14.80, p < 0.001
species
Feather 50 5 375 375 1 0 H = 27.75, p < 0.001
MOSsses
Cushion 7 35 20 175 40 0 H = 6.28, p < 0.001

moss
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Figure 12 Median percentage cover of (a) bare peat (b) dwarf shrub (c) graminoid (d) nurse crop and (e)
bryophyte cover in 2 x 2 m fixed quadrats in 2010. Error bars show 95% confidence limits.
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The graphs in Figure 13 show a visual exploration of the species composition in relation to the
dominant dwarf shrub, graminoid and bryophyte cover.

Stands of restored vegetation across most sites appear to show a predominance of common heather

over bilberry (Figure 13a). On Joseph Patch, Shelf Moss and Black Hill, common cottongrass and

h a r -&aib sottongrass appear to occur in equal proportions (Figure 13b). On Shining Clough and

Sykes Moor , common <cottongr ass -tailpQnelhthestreated sitesmomi nat e
Bleaklow, feather mosses tend to be more abundant than cushion mosses (Figure 13c). This is

especially the case on Joseph Patch. Black Hill shows the opposite, and cushion mosses appear to be

more predominant. These patterns of vegetation composition and structure are explored in the next

section.
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Figure 13 Median percentage cover of (a) dwarf shrub species (b) cottongrass species and (c) moss

groups in late-stage revegetated quadrats and bare peat reference quadrats in 2010. Error bars represent
95% confidence limits.
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Baseline conditions before treatment of MoorLIFE sites

In the autumn/winter period of 2010/11 (year 1 of the project), a total of 113 new quadrats were
established on areas of bare and eroding peat across Bleaklow (Woodhead), Turley Holes and
Rishworth Common. A further 31 were established on vegetated areas of Turley Holes to assess the
impact of restoration actions on existing vegetation.

When these quadrats were monitored in 2011, brashing had not been completed, and lime, seed,
fertiliser treatments had not yet taken place.

Brashing had only been partially undertaken on Woodhead (12 out of 58 quadrats brashed) and Turley
Holes (15 quadrats out of 31). Rishworth Common was brashed in March 2011 just after quadrats had
been established (22 out of 24 quadrats).

Monitoring of the new quadrats was hindered by poor weather and difficulties with access, which
meant that no data is available from 2012. The most recent monitoring of these quadrats was
undertaken in summer 2013. At this time, all sites had received brash, lime, seed and fertiliser
treatments. At the time of writing, data was still to be analysed, and so is not presented in this report in
any detail. Figure 14 illustrates the fixed point photography methodology that is being undertaken as
part of the vegetation monitoring.

New quadrats were established on areas of bare peat which were typically 99% bare peat, with some
containing small amounts of moss and cottongrass. Table 7 shows the presence of indicator species
found on each site in areas of bare peat.

Table 7 Occurrence of INCC blanket bog indicator species across areas of bare peat on MoorLIFE sites
in 2010.

Indicator species for blanket bog habitats

o) — O
= S 5 o .g
© o 7, (%) O F TR )
Site 2 : g 2 =8 2 £ s S S g
c o c © T © = S < %] €
) o =) S 5 9 5 Q c I > S o
£ @ = e2 2 5 =y °S% o2 =t w
= 8§ £E: zf8 3 £ 3i 23 38
S (T S S8 T8 © & aE =28 (22
Bleaklow i bare
eaxio P o) P P o) o) o) o) o) 3
peat reference
Bleaklow i
Woodhead P P P P (@) (@) 0] @) P 5
Turley Holes P 0] 0] P O O 0] 0] P 3
Rishworth
shwort 0 0 0 P P 0 0 P 0 3
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(a) 2010 (b)

(c) 2011 (d)

(e) 2013 )

Figure 14 Fixed point photography of quadrat 8 on Turley Holes in three years of data collection.
Quadrats were established in winter 2010 (photos (a) and (b)), prior to any works being undertaken.
Brash was spread over the site in the following months and can be clearly seen in photos (c) and (d)
taken in the 2011 survey. The site was treated with lime, seed and fertiliser between 2011 and 2012,
resulting in a covering of nurse grasses by 2013, shown in photos (e) and (f).
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Sphagnum Transects

In 2012, three MoorLIFE sites were surveyed for Sphagnum to create a baseline against which long-
term changes can be monitored. These were Black Hill, Turley Holes, and areas of Bleaklow.
Prelimary results are presented in Table 8.

Table 8 Showing results of Sphagnum transect surveys on Black Hill (a late-stage restoration site) and
Turley Holes (treatment site)

Black Hill Turley Holes
Survey
Km walked in transects 3.2 34
% area surveyed 3.21 2.97
Total area surveyed (sq m) 14567 13685
Sphagnum stats
No. patches found 353 31
Total area of all patches (sq m) 446.45 7.48
Mean patch size (sq m) 1.27 0.24
Median patch size (sq m) 0.06 0.18
Maximum Sphagnum patch size (sq m) 176 1.26
% cover of Sphagnum on surveyed ground 3 0.002
Occurrence
Undulating ground 93% 100%
Hagg top 0 0
Gully side 1% 0
Gully floor 6% 0

On Black Hill at least five species of Sphagnum were identified with confidence by the surveyors.
Some uncertainty about S. papillosum and S. palustre remained as these species are often difficult to
tell apart in some situations. Therefore these two species were grouped together. S. fallax occurred
most regularly, with 135 definite identifications. This was followed by S. fimbriatum (39 records), S.
palustre/papillosum (6), S. subnitens (2) and finally S. cuspidatum (1).

Sphagnum patches occurred on undulating ground in 93% of cases. Sphagnum was also recorded
occurring on gully floors (6%) and on gully sides (1%). No Sphagnum was recorded on hagg tops.
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The majority of the individual Sphagnum patches were under 2 square metres in size. Figure 15
shows the map of Sphagnum transects and locations of recorded patches. Locations of areas to
receive heather brash are also mapped, revealing an overlap between records of Sphagnum and the
heather brash spread in 2005.

Turley Holes had fewer patches of Sphagnum within the survey area. A total of 31 Sphagnum patches
were found and measured.

Four (possibly five) species were idenitified on the site: S. subnitens (8 records), S. fallax (6), S.
fimbriatum (6) and S. palustre/papillosum (6).
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(a) GIS mapping of the intended survey transects
across the MoorLIFE restoration area on Black Hill.

(b) Every third transect was walked to ensure an even
coverage of the site in the time available. Yellow
circles represent the locations where Sphagnum
patches were recorded.

(c) The Sphagnum records were laid over GIS layers
representing the spread of heather brash in 2005
(blue squares) and 2007 (white circles with red
centres). The resulting map inferred that most
Sphagnum records occurred in the areas where
brash was spread in 2005.

Figure 15 Mapping of Sphagnum recorded during transect surveys on Black Hill.











































































































































