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Summary

This report summarises the current methodologies of the Moors for the Future Partnership
team, when delivering bare peat restoran with the aim of restoring active blanket mire, with
a functioning acrotelm and catotelm.

It is based orfindings ofthe vegetation monitoring that has been carried out since the project
started in 2003lt is not an exhaustive report and acknowledges when there are questions that
we cannot answer; often wdave attempted to aswer these questions (such as whether
doublechopped heather brasis more or less successful than leatalked heather brash and
how wellplug plants persist) but these are difficult to answer on the landscape scales that the
Partnerdip team deliver works at. These unanswered questionsrasieded throughout the
report.

The main finding of our work is that it is vital to understand the drivers behind the restoration
issues and what is keeping theurrent situation in place, and weastuss these for these sites.

For many bare peat sites, these drivers are going to be similar, such as historic atmospheric
pollution (including acid rain), summer wildfires, grazing (reducing the amount of plant
flowering and advancement of cottegrass plants) and climatic conditiongand nutrient
conditions) that produce unstable growing surfaces, inhibiting the regeneration of native
blanket bog vegetation.

The report details the restoration techniques that have been undertaken on Bleaklow, Kinder
Scout and Black Hiih the Peak Districind, where the techniques have changed the current
practice is used, together with why the changes have been made. We also discuss the various
techniques that we have used to block gullies, together with othersweahave used but

which have not been used on these sites.

We provide details where possible of evidence to support recommendations, which may have
been undertaken by MFFP or on our behalf but also include evidence from other sources where
applicable.

More detailed evidence of the vegetation monitoring, together with suggested trajectories of
vegetation into the future, is included in a separate rep@htoctoret al. 2013)
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Introduction

Intact functioning moorland not only fave intrinsic biodiversity value, they also support the
natural cycing of water and carborprovideland based products, pollinators and a natural seed
bank, as well as inspiring recreatal and economic opportunitiehat are ®stly to replace
once ecogstemsare degraded or lost.

In England the largest expanses and deepest deposits of peat are found on the Pennine plateau
between 190 and 893nabove sedevel (Jarviset al, 1984. This includes the plateawf
Bleaklow, Black Hill and Kinder Scout ia #eak District which are also amongst some of the
oldest peatlands in the U allis, 199%h In the Peak District, the moorlands are predominantly
concentrated in the Dark Peak and include extensive blanket lbogmunities amongst a
mosaic of moorland hatats. Lying between Sheffield and Manchester sa@eatlands are
locally important for recreational and economic opportunities as welpatntially having a
significantrole in flood risk mitigation for surrounding villages and towns such as Gla@sgbp
Derby Theyare nationally important in terms of their water regulation (wi#0% of UK
drinking water originating from often peat dominated uplands (Bairal., 2011)) and have
international importancefor carbon cycling (Lindsay, 2010 UK peatland ladiversity also
includesplant and bird assemblages ohtional, European anthternational importance which
are protected under UK and European conservation legislation includikddiodivernsy Action
Plan (BAP) Special Areas of Conservati@®AC) (Habitats DirectiveSpecial Protection Areas
(SPA) (Bird Directivand Sites ofSpeciaScientific Interes{SSSIs)

The blanket bogs of e South Pennine Moorgrovide a multitude of benefits and
opportunities however they are in poor condition with only %6 of the Dark Peak SSSI
O2yaARSNBR (2 dodtitioh ghd 94F | BF dzNIdAY TFE P2 dzNI 6t S NBC
(Natural England, 20}3

A variety of factors have deto the erosion of UK peatlands, in particular the moorlands of the
PeakDistrict @s detailed bye.g. Mackay and Tallis, 1996; Tallis, Meade and Hulme, 1997;
Phillips, Yaldeand Tallis, 1981; Tallis, 1987; Tallis, 1998)ilst all vegetation has the potential

to form peatunder the right conditionghe loss of the predlominant peatforming nosses,
particularly species abphagnumwhich have an important role in ecosystem stedation as

well as peat (carbon) accumulati) across large areas of the South Pennine moors is widely
accepted to be one of the main drivers of peat erosion (Tallis, 1964, 1997; Skeffetgabn
1997) In addition to precipitatinghe loss of Sphagnum reges historic atmospheric pollution
emanding from the Industrial revolutiorhasalso had a negaterimpact on pH levels gfeat,
reducing the pH of some sites on Bleaklow toles as pH 2 (Buckler, 2007), creating
uninhabitable conditions for native plants and soil microbjotahibiting naturd plant re
colonisation(Senet al..2011).


http://jncc.defra.gov.uk/default.aspx?page=5155
http://jncc.defra.gov.uk/default.aspx?page=5155
http://www.naturalengland.org.uk/ourwork/conservation/designatedareas/sac/default.aspx
http://www.naturalengland.org.uk/ourwork/conservation/designatedareas/spa/default.aspx
http://www.naturalengland.org.uk/ourwork/conservation/designatedareas/spa/default.aspx
http://www.naturalengland.org.uk/ourwork/conservation/designatedareas/sssi/default.aspx

Alongside the physically poor conditions of peat dods of Sphagnum moss speciasd
management issues of overgrazing (Buckler,720Gllis and Yalden, 1988)calized trampling
damage from heavy visitor se (Pearcddiggins and Yalden, 1997) and wildfires (none
prescribed buring) (Radley, 1965; Leget al, 1992; Anderson, 199Mave created further
instability and destructionof the peat structure over large aread hy OS (K& Wof |
vegetation has bee lost from the peat surface thexposedsubstrate is highly mobile and
increasingly susceptible to climatic drivers such as frost heave armabiatation which
exacerbatedegradation of the sits physical charactgBuckler 2007).Once the surface of the
peathas beerexposedgrosionand oxidationprecipitates loss of peat into the atmosphere and
aquatic environmentvhere its carbon components contribute to greenhouse gas emissions and
reduce the quality of water, significantly increasimgrification coss of water extracted
downstream. Along with the release of stored carbon, peat disturbed in the Peak District also
releases pllutants such as heavy metakhich have been absorbed from the air and locked
stable peatlands since the start tfe industral revolution.As the structure of disturbed peat
becomes increasingly unstable theydrological integrity ofcharacteristially waterlogged
peatlands is also lost as the water table drops and becomes less responsive to storm events
(Allott et al., 2009, potentially reducing the positive impact of healthy moorlands on
downstream flood riskWilsonet al..2011, Graysoet al..2010 and Defra 2004a &.b

Since 2003 the Moors for the Future Partnership has been developing practical restoration
techniques to reverse the degradation and halt the loss of blanket bog in the Dark Peak and
South Pennine Moors. This report presents tried and tested best practice recommendations for
stabilising and reregetating bare peat, based on ten years of practical riamal restoration at

three sites in the Peak District, UK (Bleaklow, Black Hill and Kinder Scout).

The main objectives of this report are to:
o Recommend bestractice restoration practiceforstabilising and reregetating bare

peat,from Bleaklow, BlackiHand Kindein the Peak Districto other sites movig into
Higher Level Stewardship;

o Provide supporting evidence from sites in the Peak District of the success of Moors fo
the Future restoration activiéis.

Peak District Moorland Restoration

Early efforts were eiginaly focused onrestoring bare peat othe three siteanost damaged by
historic wildfires Bleaklow, BlackHill and Kinder ScoufThese areas were identified as the
highest priority through thePeak District National Park AuthoritygDONPA Phase 3 report on
Moorland Management (Anderson, Tallis and YaJd&897) and were included in thigrst
Heritage Lottery Funded Moors for the Fut(tdFF)Project. In 2003, as the MFF project was
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starting, a very large fire crossed Bleaklow, bugragain many of the historic wildfire sites that
had been identified for restoration. Initiatestoration activitiesfocussed tretment on these
sites,for which we now have nine years of veggbn monitoring data to evidencthe impact
and succession oé-vegetation(seeProctoret al, 2013.

Whilst restorationmethods and funding streams have evolved since 2003thearchingaim

of Moors for the Future conservation land management work remainsttserve andeverse

the degradationof blanket boghabitat in the Dark Peak and South Penrsne/orkingtowards

the re-creation ofactive blanket bog, with an activephagnum basedcrotelm anddominant

surface vegetation based on the NVC community \CHluna vulgariEriophorum vaginatum
blanket mireEnpetrum nigrumssp.nigrumsub-community.

Stabilising and re&egetdaing bare peat are the primargbjectives of moorland restoration.
Stimulating recolonisdion by native moorland plantddcilitating increased biodiversitys the
next stagein regaininga stable, functioningblanket bogecosystemand has become the
objective of restoration actities at some of our early treatment sites in recent years

Oncethe site condition and primary causes of peat disturbance haeen identifiedand the
drivers of erosion(such as trampling and overgrazing) addressedial works are concerned
with preventng further erosion and peat loskalting the negative spiral of erosion akdepng
peat in placeRe-wetting peatis also an essential element of blanketg restoration; reversing
the effects of desiccation on the peat structure. In addition to the coarse scale physical
stabilisationof peat, improvements of physical properties (including pH and nutrient levels) are
also needed on a finer scale to enaljdant re-colonisation. Revegetation of bare peat
provides the benefg of:

1 stabilsing the structure ofthe peat body reducing erosion and its associated negative

impacts on ecosystem services including water quality and carbon losses; and

1 re-introducing the possibility of peat formation in the future.
In areas devoid of naturally available seeds and sparéfcial introdudion provides initial
vegetationcover on otherwisebare peatand providesa nursery for introduced and naturally
set native mookand plants to coloniseWhilst stabilising and rgegetating bare peat are the
primary objectives of restoration, facilitating increased biodiversity is mtedgaining a stable,
functioning ecosystemAs Sphagnum mosses are the main geaming vegeation on blanket
bog their reintroduction and establishment should stimulate the recovery of characteristic
hydrological regimegpromote ecosystem stabilitgnd a move towards achiaag appropriate,
good conditiorvegetationcommunities(e.g. NVC M3, M18119, M20)

Over the last ten yearMloors for the Futurdhave adopted, developed and modified practical
restoration methods to achieve these ainfS8evenkey phases dbare peat restorationhave
been identified based on @uvork througtout the South Pennies (see Moors for the Future
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website pttp://www.moorsforthefuture.org.uk/repairingbare-peat) for illustrated case
studies).A timetable for the delivery of these seven phases &spnted in Table 1.

Phase Xk Identifying causes and prevention

Before embarking on targeted restoration actions the causes of habitat disturbance and peat
loss must be idetified and addressed. Creating a period of breathing space during which
restoration actions can stimulate egatem recovery is crucial f@reventing the same drivers

of peat erosion from taking effect in future.

Phase 2 Managing sheep

Revegetation is a key step in restoring bare peat. Excluding stock removes grazing pressure on
newly germinated grasses and dwarf shrubs, giving plants time to establish and create a
stabilising layer of vegetation.lt has been estimated from observation (Geoff Eyre, pers.
comm.) that one sheep can remove heather seedlings from one acre of bare peat inygne da
highlighting the need for stock exclusion fencing of restoration aesasarly as pogde (Table

1) before introducing young plants.

Phase X Stabilising bare peat

Once the drivers have been reduced, the problems can be addressed. The sagoolsthe
areas of bare peat ar¢he mobility of the substrate and the climatic condition&ubstrate
stabilisation methods, including heather bragtut heatherin the form of doublechopped
brash orbaled brashand geetextiles (currently in the form of jute meshact asa skin on top
of bare peat, reducing the effestof erosion and creating protective microclimate, buffering
seedsfrom harsh weather conditionddeather brashalso provides a source of heather segeds
sporesand fungi, otherwise absent from bareat areas.

Phase 4 Lime, Seed and Fertiliser

The materials added in phase 3 reduce the loss of peat in the short term. However, in order to
ensure that this continues, vetation must be reestablished. To do this, favourable conditions

for vegetation must be created and seeds supplied; exactly what is required will differ from site
to site. The sown seeds grow through the stabilisation materials tying them togethetingrea

I aa 0l 0é¢ 2 @S NihisigtoSided stalilsatiard$or ai longer period of time, allowing
moorland vegetation to establish.

Phase & Increasing diversity

The stepsabove provide a breathing space, significantly reducing the erosion of bare peat.
However, they do not create appropriate blanket bog communities, which require a completely

9
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different range of speciesDeep burning wildfires have decimated viaBkeed lanks on bare

peat restoration sites and neighbouring areas, which may provide seed sources on the
periphery, can be far fronthe centre of large areas of bare peafhe influx of seeds from
stabilised or intact donor sites may happen over |dimgescales However as little is known
about how dfective this process may be or even how long there is before the raiadt
vegetation becomes establishedhe partnership identified the need for research and
development intodiversifying the vegetation on restorgon sites; reintroducing moorland
plant speciesTo aid the succession of nurse crop to moorland vegetdivmkey moorland
speciesvere chosen for propagation to @anted outas individual plug plants.

Phase 6¢ Gully blocking

Blocking the flow of peat sediment along erosion channels reslineeloss of peat downstream
and stimulates the recovery of a characteristically high water table, helpinguweetelegraded

areas.As allly blocking is deliverethdependenty of other bare restoration treatments the
damscanbe installed at any stage (Tablg 1

Phase & Sphagnunmoss

The major factor that has created the blanket bogs of the Peak District and South Pennines are
Sphagmm mosses. These have been lost to a significant degree, primarily due to historic
industrial pollution.The Partnership hafunded the research and development of innovative
methods of reintroducingSphagnunmoss back to degraded areas in the Peak [Bidiinat are

either devoid ofSphagnunmoss species or are veBphagnunpoor. Providing the mechanism

and conditiondor the return of key peaforming vegetation is an essential stage in stabilising
the peat structure, promoting a reersion to charactestic hydrological regimes and stimulating
ecosystem stability.

10
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Tablel: Calendar of actions for bare peat restoration works
Whilst there are optimal windows of opportunity for restoration actions weather conditions, resourtgtraints and access restrictions may push work outside these
ideal periodsStock should ideally be excluded as early as possible beffiysécal restoration works begin.

Year O Year 1 Year 2 Year 3 Year 4

Phase Action Spr Sum Aut Win | Spr Sum Aut Win |Spr Sum Aut Win | Spr Sum Aut Win

Phase? | Exclude stock

Phase3a | Heather brash

Phase3b | Geotextiles

Phaseda | Lime application

Phase4b | Seedapplication

Phasedc | Fertiliser application

Phase 5 | Plug planting

Phases | Gully blocking

Phase7 | Sphagnunapplication

| Timing | Ideal Possible |

11



Bare peat restoration methods

Phase I Identifying causes and prevention
In order to reestablish vegetation on bare peat, the reasons for the causes of bare peat,
either recently or ultimately, need to be identified and removed. In the Peak District
and South Pennineghe drivers havebeen extensively studiednd summarisede.g.
Tallis, 1987, Tallis, 1997) andauses include:
1 Industrial atmospheric pollution, ste the start of the industrial revolution. This
is probably themost significantultimate cause of the erosion as this killed off
Sphagum;
1 Summer wildfiresthe most obvious cause of extensive areas of bare peat;
Trampling damage caused by recreatian
1 Overgrazing and associated trampling.

=

Whilst some causes of habitat degradation and peat erosion are diffuse, such as air
pollution, and therefore difficult to address on a local level, other causes are more easily
managed. Once identified, localisedrdage from heavy visitor use can, for example, be
addressed by footpathwvorks. Identifying areas vulnerable to wildfires (nqnescribed
burning) and raising awareness of wildfire risks may help prevent incidentexample

seel KS a22NJ LCO9S¢a.ASy (ICGANMBO GIAGASNISEKAOAGE OdzZNNByY
and Upper Derwent Visitor Centres (201hilst an established rapid response method
(such as a local Fire Operations Group or MoorWatelduces the severity and extent

of fire events. Land managemieissues, such as current and historic drainage and
overgrazing, can also cause peatland degradation which, once identified, can be locally
addressed.

The most important factor in deciding what restoration is required is to assess the
driversand site conditions, which will vary from site to site rather than by following a
set prescription which may be unnecessary:

1. trampling by heavy visitor use and overgrazing have had a negative impact on
many sites in the Peak District and improving actiessigh footpath works and
fencing areas for stock exclusion;

2. historic air pollution and wildfires are common causes of moorland degradation
across large areas of bare peatd lowering the impact of these (reducing fire
risk and raigg pH to allow plantso grow).

Addressing these drivers of poor conditi@an create enough breathing space for
restoration actions to take effect and prevent future degradation.

12



Phase 2 Managing sheep

In 2003initial work was undertaken by the Department for Environmeadod and

Rural Affairs (Defra) and English Nature to remove grazing from 2&kthe Bleaklow
massif under the Dark Peak ESA scheme option Tier 2b for moorland restoration (Defra).
This project involved the construction of approximately 22km of fencing feaving
minimisedfurther disturbancehas allowed many of the species, both sown by Moors for
the Future and occurring naturally, to flower and set seed, thereby increasing the levels
of germinating seed. This has been shown to be highly significatibiming moorland
species to colonise a site (Rawes, 1973).

Phase3 ¢ Substrate stabilisatiort Heather brash and Getextiles
3a) Heather brash

Estimating quantities of material

Areas of bare peat are identified and their area estimated using ahdieh overlaid
over aerial photographs using GIS software. The number of bags requiredteés s
then calculated based on the assumptions thahe dumpy bag (0.73m*® (i.e.
90x90x90cm)will make a layer 1cm thick ovédm? therefore 1 hectare of bare peat
requires156bags of brash. To calculate the amount of brash require8nas8m grid is
drawn onto aeriaphotographs in a GIS prograithe areas are then grourtduthed on
site.

Heather brash can be applied in two form&inglecut, long stalked(approximately
300mm) heather cut and balednd doublechopped shorter stemmed (< 150mm)
heather brash. Both types are cut and collected from donor sites which have the
following characteristics:
1 All from sites above 200 metres in height.
1 All from siteghat are free from sheep ticks
1 Archaeological surveys are carried out before harvesting where appropriate to
avoid damaging artefacts.
1 As of 2012 /2013 sites are also surveyed to ensure they are free from
Phytophthora species (fungal pathogen) and heather bdet (Lochmaea
suturalig.

The brash is cut during late autumn/ winter, when the seed would set naturally, in order
to ensure the highest amount of heather seed is present and spread onto the ground as

quickly as possible.
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Figurel: a) Heather brash cutting usingdouble chop forage harvester; Berial brash spreading using a
hopper; c)Hand spreadingeather brash.

Heather brash is cut and collected from a donor site and collected in dumpy bags.
Various techniques for cutting can be used, including a modified dexiidp forage
harvester (Figured) and a Unimog mounted flail mower.Both machinesut between
two and four bags at any one timéependingon the extent and height othe heather
between 150(minimum costeffective quantity)and 80 bagscan be cutper hectare,
with an average of 200 bags cut per day

Due to the logisticaimplications ofcutting, haulge, airlifting and spreadingundreds

of tonnes of heather brashhe time beween cutting and spreading may be many
weeks. Initial thougtgt were that longer timeframeswould cause problems witthe
composting of material and/ould have implications for the viability @alluna vulgaris
seed. This does not appear to be the casanarily because winter temperatures on
the hill tops, where brasis stored prior to lifting and spreading, rarely rises much above
freezing effectively preserving the heatheAdditionally the bags, which are slightly
smaller than 1m retain little hea and reduce the amount of composting that occurs,
although if the bags get very wenhd sit for extended periodthe material can start to
rot quickly, without compostingIn 2013, we have stored material undercover during
the spring and summer months. hysically this material has remained in good
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condition; monitoring will continue to ensure that it has retained all of the other
benefits.

Heather bales are applied in a very similar way. They are cut and collected using
standard agricultural equipmentotform standard sized agricultural bales. Bales are
loaded into either cargo nets or dumpy bags and flown onto site. The material is spread
in a similar way, although to a greater depth because of the type of maligiiaile
chopped, longer stalked heatr from bales as oppose to shorter stalked double
chopped brash which gives better ground cover and creates a tighter lathicsyever,

there is plenty of light penetration through the open branches of the cut heather,
allowing the plants beneath to growell. It is not possible to spread heather bales
using the helicopter mounted hopper because of the reduced density of the material,
which means that it is not a coesffective method (i.e. rather than half a tonne per lift it

is only possible to lift B" of a tonne).Moors for the Future Partnership has been able

to source enough doublehopped brash in bags (which can be esf$¢ctively flown
enabling rapid large scale applicaticemdd there is also anecdotal evidence that leng
stalked heather braskwill more readily blow away than doubthopped brastand so

we no longer use heather bales in this manmeserving them for gully blocking where
appropriate (see next section). Heather bales could however be used as a brashing
method elsewhere.

Figure 2: a) Singlecut heather brash spread from a split bale to minimise wastage. The longer stalks
provide less ground cover than double chopped brash and are prone to being blown across the peat
surface; b) Doublechopped, shorterstalked heather brash gives bettground cover and creates a
denser, more intewoven lattice through which light can penetrate and allow seeds to germioate
sheltered groundin a morehospitable microclimate than that of bare peat.

Application

Initially heather brash was exclusively spread by haadever given the large areas of
bare peat to be covered a faster, more efficient method was neette@006 Moors for
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the Futuretrialled a method ofaerial application, spreading heather brash direétgm

a hopperslungunder a helicopter (Figure ltand used this to apply all of the brash in
2006. This has also been used on other sites (e.g. Saddleworth in 2011) but there are
some drawbacks. We would recommend using this where:

1 The site containgery extensive and even bare peat, as brash is not applied then
to intact vegetation;

1 The site is close to thidt site. (The expensive part of flying material onto site is
the carry between the lift and drop sites; with a hopper attached, the number
of flights increases and so on a longer carry, the financial impact of repeatedly
carrying the weight of the hopper onto site increases dramatically);

1 Ground operatives are available to ensure the brash is spread evenly as it can be
deposited unacceptably unevinfrom the hopper;

1 The cut brash is very dry as wet clumpy brash regularly clogs the machine. This
means that it is not suitable to apply brash cut from wet moors with a high
content of Sphagnunmmosses.

This techniqueworks very effectively on large eais of completely bare peat blgss
effectively on smaller patches surrounded by vegetation as it is not possible to
selectively apply the brash to small areas using the hoppkr.these cases hand
spreading remains the most effective way to target baeafpand avoid vegetated
areas, minimising wastage thfis scarce material.

Where bags are flown onto site for hand application, they are takegroups ofpairs.

Each bag is emptied in opposite directions and spread to a depth of approximately 1cm,
creaing a lattice of brash ttough which light can penetrate amateventing the brash

from rotting into a mulch, which would impact on the growth of both grasses and
heather. Additionally, spreading at a greater depth psobably unnecessey and
wasteful ofthe resource (doubling the thickness of the heather would double the cost
of the operation, from approximately £11,000 per hectare of bare peat to £22,00@).
heather brash remains on most areas even when applied at this very low thickness.

Knowledg gars.
1. We do not have evidencdor the depth of brash required and this needs
evaluating.
2. We do not know how steep a slope could have heather brashplied
successfully.

When the bags are emptied they are rolled up and parcelled together for amliifh
the moor. It is very important to collect as many together as possible to ensure
adequate weight for airlifting as the collected bags function as a drone, significantly
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increasing the drag on the aircraft and causing instability. Single use bagsatbe
used again but can be recycled.

3b) Geotextiles

When gully sides are too steep for heather brash to be successfully agpledemain

in placegeotextiles provide an alternative method of physical peat stabilisat®dac
textiles have so fabeen applied as Geote, a product manufactured by various
companies. It is an open weaved product with a weight of between 600g/nf. The
material is completely biodegradable in a period of tthoee years, although it appears

to persist for longeon the moorland tops. It comes in cuts of various lengths which are
1.2m wide by 50 or 70 nong. There are between eight and ten cuts in a bale, so each
bale contains a total of 500 or 560 linear metres, or 600 or 672metres

Geotextile does notneed to be put on in winter. The ideal time to do it is as soon as
bird-breeding season will allow, in order to free up contractor resources, including
helicopters, during the wintelbrashing periodGeaotextiles should be fixed into place as
soon as posble after being flown onto the sitélThe longemgeotextiles are left on the

hill before applicationthe more waterthey will absorb and become hard&y manage.
Geo-textilesshould not be fixedvhen the air is freezing as they become sbfiftle and
unmanageablgif they can be opened out at all.

Geotextiles have been successfully applied in a number of locations, one example is
Sykes Moor (Fig.3)The area of getextile required was calculated from aerial
photographs of the sites usirthe GIS Gulies were identified and lines drawn down the
centre of the gully to calculate a lengtlrigure 3 illustrates how geetextile was
allocated using aerial imagery and where aerial -gge drop locations were on the
ground.
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Figure3: Allocation of gegute on Sykes Moor. Black linegghlight gullies requiring gejuite application.
Red stars indicate helicopter drop sites, located to minimise movement cfuge@uts.

An estimate of four widths fomaterial per gully was taken, two on eithads. Tenof

these gullies were then grouAduthed to assess these figures. On the GIS system,
lengths of 100 or 140 metres were calculated, depending on the supplier, and a drop
site positioned in the cemé (50 or 70metres per cut, above and below the drop site,
with four cuts below the drop site and four cuts above it). This minimised the distance
that the contractors were required to carry the cuts, which weigh approximately 42kg
when dry and can doublin weight when wet. These points were then transferred to a
handheld GPS using GPS Utility software and material dropped at the correct locations
by helicopter, with the locations identified by a GPS user on the ground.
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Fgure 4: a) Close up of gejute showing lime and fertiliser granules immediately after application; b)
Geojute applied to the shoulders of gullies (2011); c) The original fixing pegs (circled) highlight successful
re-vegetationof a bare peat gully following ggate application in May 2007 on Black Hill.

The material is fixed to the ground using approximately three pegs per linear metre,
with each cut requiring approximately 200 pegs, including additional pegs required for
corners and humps etc. In 2004 and 2006 the ¢exdiles were installed after the
seeding operation, in 2005 installation happened before seeding. Ideally, the material
should be installed prior to seeding as it ensures that more seed, lime and fertiliser
remain on the gully sides, being trapped kit the net of fibres (Figure)4

The pegs are forced from the ground during the winter through frost heave, which is

one of the main causes of peat erosiovWe have used a range of differefixing pegs,

all ofwhich are affected to a greater or lesser extent by frost heave

1 Timberg cost approximately 22p each;

1 Biodegradable plastig cost approximately 5p each; they are approximately 20cm
long with large barbs to counteract the effects of frésave, which ca easily force
out items inserted into the peat. The pegs normally degrade in a period of five
years but are likely to remain for significantly longer in the biologically inactive
situation found on the moorland tops; and

1 Mild steel ¢ cost approximately3p each and will probably degrade more quickly
than either the wood or plastic due to the pH of the pedihese are the pegs that
we use now and would recommend their use. They appear to be less affected by
frost-heave than either of the other materials.
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Recent alterations in the application specification have reduced the amount of geo
textile used per gully. The gaextile is now applied in a single strip on the top edge of
the gully. Where the gully edge is bare the gextile is fixed over the coer of the

gully with pins securing it on the top of gully and also on the gully face. Where the gully
top is vegetated then the getextile is fixed underneath the drip edge to prevent
further erosion from the water dripping off the vegetation.

The appkation of geetextile is best done in the spring. As ¢geatile is a heavy
material, fixed using small pinghich are susceptible to frost heave, it requires seeding
shortly after its installation as the roots of the grass will help secure thetgdde in
place. If the gedextile is left over a winter seasothere is a risk that it may slip
because ofhe extra weight(rain water, snow or ice)n the geetextile coupled with the
frost heave of the pins. Application on a slope steeper than 65 degneesases the
chancesof the geotextile slipping ofthe gullywalls.Due to the risk of the slippage the
steepness of the slope to which géextile is applied has been reduced in recent years.

Knowledge gaps:
1. We do not know why gedextiles fail in sme places and not in othersthere
are situations where gequte on steep gully sides has worked well whilst
material on shallower slopes close to them has failed.

General information

Initially, we applied gedextiles to gully sides without applyingeather brash. In the

past three years brash has been spread on increasingly steeper slopes and remains in
place on slopes up to 45 degrees (anecdotal evidence), reducing the requirement for
alternative methods (getextile application). Heather brash cée used on much
steeper slopes that we originally thought and the amount of -tgdiles required has
consequently been reduced.
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Supporting evidence: substratestabilisation

Stabilised sites had significantly higher gross and net productivity than unstabilig
sites suggesting heather brash and get treatments result in more successfulre
vegetation and therefore greater photosynthesis than unstabilised restoraites.
Slope stabilisation (using heather brash or -g&e) in combination with nurse crop
application has been recommend by Dixatral. (2013) as the best method of
maximising the benefits of peatland restoration on,@l0xes. Stabilised and +e
vegetded sites have been shown to be larger net sinks ofdt@ng daylight hours
than unstabilised sites and up to eight times more likely to be nets®®s than bare
peat sites over a five year stuggriod on Bleaklow Plateau (Dixehal. 2013).

In addtion to being more productive and therefore more likely to be,Gidks, re
vegetated and slope stabilised sites accumulated surface material as oppose to
unstabilised or bare peat sites which lost surface material over the five year peri
(Dixonet al. 2013). Monitoring of restoration works on Kinder Scout from 2009 to
HAMH OF& LINIG 2F GKS blFdAz2ylf ¢ NHzadl
CdzidzZNBQ LINR2SOGUV aK2gSR AAIYATFAOLFyf
grass in heather brashateas, as well as an indication of dwarf shrub growth
(predominantly heather), compared to untreated argd&askil et al. 2012). The
successful establishment of bryophytes and static position of heather brash eigh
months after application suggestselpeat has been successfully stabilised and
surface material is no longer being lost (Mdsilal. 2012).

Worrallet al. (2011) also found improvements in £iddgets (based on annual €0
flux extrapolations) on stabilised sites. Heather brash treatess svere
demonstrated to have lower carbon losses than bare peat areas whilsjuggeo
treated sites accumulated carbon at a greater rate than intact sites (Wetrall
2011). Based on an estimate of annual carbon export from restoration sites on
Bleakow Plateau in 200¢ 2008 Worrall et al. (2011) suggested that stabilised sitg
also had decreased carbon losses along dissolved organic carbon (DOC) and
particulate organic carbon (POC) flux pathways.
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Phased ¢ Nurse crop establishment

After initial, coarse scale substrate stabilisation methods have been applied &dxe

1) a mix of amenity grass st are introduced along with granukt lime (to reduce

un-naturally acidic soil conditions) and fertiliser (to ensure survival of nurse crop

species). The chosen species are fast growing with large roots creating raofaye
aldloAftAaAry3a @SaASGlIGA2y 2y GKS LISIFG adz2NFIFOS |
plants to colonise. Pplication of lime and nutrients is repeated in the two years

following initial treatmentto support a good cover of nurse crop grassese &xact

nature of the retreatment is dependent on oigoing soil analysis.

Timings stated represent the ideal scenario however the impact of the wedibtates
how the works will succeed, more than the exact timinggplying all of the material at
the same time immediately prior to a period of warm wet weather will give better
results than putting them on at the spacings discussed below (lime first, séasletks
later, fertiliser 34 weeks later still)

The basis behind this is what the applied maikis acting upon:
1. Granulated lime is acting on the peat, to raise the pH;
2. The sown grasses then germinate into the raised pH peat, without succumbing to
aluminium toxicity and acid burning;
3. The fertiliseris used by the growing plants and should be putafter they have
been growing.

Grass seed composition

¢KS LINAYINE FAY 2F (GKS a22NE TFoeNdodildd C dzi dzNF
degraded by fired the restoration of vegetation to areas of bare and eroding peat. The
mechanism for achieving i involves the initial stabilisation of an inherently unstable
substrate through a variety of methods, the primary one being the establishment of a

crop of nurse grasses. There has been a wide range of projects utilising nurse grasses,
with different degees of effectiveness, depending on the habitat to be restotada

moorland situation it is recommended that a nurse crop is used to provide more
favourable conditions for the development of moorland species that have difficulties
establishing on the higy mobile bare peat. The aim of these species in this pragect

LINE A RS | Wy dzNE S NEdRto pe2sistlinid 2h2 hNiurehgrseviedail OA S & >
they are unlikely to do so (Andersoh997).The mix of grasses developed from work
carried out in seegral projects in the Peak District National Park, the restoration of
Kinder Low by the National Trust in 1984, the restoration of the moorland around the
Holme Moss transmitter in 1984 by Penny Anderson Associates (both detailed in
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Anderson, Tallis and dain, 1997) and the Pennine Way Management Project (Rhodes,
2001).

An application rate of 50.65kg/Ha is appliedeally 46 weeks after the lime application
and some time beforéhe intial treatment of fertiliser.

Table2: Speges composition of a typical seed mix (exact composition may vary depending on availability)

Seed mix plant species Application rate (kg/ha)
Browntop Bentgrass Agrostis castellana 4.0

{ KSSLIQ&4 CSao0 Festucaovina 14.0

Finef SI SR { KS Festucdongifolia 10.0

Wavy Haugrass Deschampsia flexuosa 1.0

Perennial Rye Grass Lolium perenne 6.0

Perennial Rye Grass Lolium perenne 7.0

Perennial Rye Grass Lolium perenne 8.0

Heathers Calluna vulgaris 0.65

Erica tetralix(90:10)

10mm

Figureb: (Left to richt) Nurse crop seed mixes are made up of amenity grasses (see Table 2),
Deschampsia flexuosa (wavy hgiass) and heather seeds.

In 2005 we changed the rye grass species used following the landscaping work around
the recently constructed Cairngorm Mountain Funicular Railway. The work in the
Cairngorms was based on advice given to Scottish Natural Heritage (SNH) by Brian
Robinson from BVAR. Moors for the Future sought species more suited to the climatic
conditions of our restoration sites, which suffer drought in the summer and frost heave
in the winter. It was decided a more drought resistant variety would be requirelilim
perennevarieties Romark and Rio are forage crop rye grass with broad leaves. These
were removed form the seed mix and replaced with varieties Elan, Superstar and Green
flash. They are amenity grasses with a narrow leaf which is more suited to the growing
conditions on the restoration sites. The amenity species are usually used by golf courses
and are more tolerant of the conditions found on the moorland restoration sites.
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Figure6: Application of seed on a landscape scale: a) for increased efficiency seed is emptieldifnpy
bags into a container before filling the hopper; b) hopper (in foreground), seed is delivered in dumg
(background); c) the hopper is rapidly replenished replenished with sebdtimeen flights d) aerial
application of seed to bare peat.

MFFP has used predominantly standard agricultural/ atgegrasses for a number of
reasons. Firstly, the species used are readily obtainable in very large quantities, they are
relatively cheap and convenient to purchase and secondly, these species are unlikely to
persist for long following the cessation ofrtiising. Some concerns have been
expressed about the suitability of using highland bAgtostis castellanas it is possible

for this species, imported from a variety developed in New Zealand from a
Mediterranean origin, to hybridise with the nativedwn bentAgrostis capillaris (syn. A.
tenuis)(Hubbard, 1984) However, Highland bent was used because it been suggested
that it is aspecies likely to survive for some time after the cessation of fertilising,
probably for a period of A0 years (Drury, @5). Additionally, brown bent is not
present in the highest moorland communities, which are predominantly blanket bog,
such as those found on Bleaklow, Black Hill and Kinder Scout (Rethakll1991) and

so hybridisation is unlikely to be a signific@éssue.

As most of the grasses are unlikely to persist much beyond the end of the lime and
fertiliser application period, we have no concerns about using widely available
commercial cultivars. However hair grass eschampsia flexuokds likely to
persist, particularly on the mineral based gully bottoms and so we have only used locally
collected material. This is considerably more expensive than commercially available
cultivars (£30+ per kg rather than £1per kg) and so has been applied at a mlower
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rate (1kg per hectare), if (because of problems in sourcing an appropriate local supply) it
wasapplied at all.

Knowledge Gap:

1. Whilst we regularly sed_oliumspp. shortly following seeding, they have often
disappeared before the first vegetatio monitoring; we have assumed that
they are important in the initial stabilisation of other species. However, we
have no evidence that this is the case and further experimentation with the
species mix may be helpful.

Dwarf shrubs

Whilst the greening oftlte eroding moorlandss the essential first step for moorland
restoration, halting the erosion of the bare peat, this does not make restored moorland.
The most significant componenivy percentage ground covesf much of the moorland
vegetation in the UKs heather,Calluna vulgarigRodwellet al., 1991) Heather seed is
addednaturallywithin the heather brashbut canalso be added separately as a cleaned
seed.

Heather seeds were included in earfyilled, mixesbut virtually no heather seedlings
were found in areas that did nalsohave applications of heather brash, suggesting that
seeded heather was eidn not germinating or surviving; it has been suggested that this
may be due to the prilling, which could inhibit germination and therefore wendicadd
heather seed to the prilled seed after 2006; additional seed was applied as a later
hydro-seeded application at a rate of 650g per hectare.

With the move to using unprilled seed, it is much easieapply other species with the
grasses and thegre just blendednto the mixby the grass seed supplier. Since 2010 we
have applied a mixture of.vulgarisand Erica tetralix at a ratio of 90:10 (if possible)
and it is also possible to add other species (&gophorum sppVaccinium spp
althoughwe have not tried this on bare peat restoration sites.

Knowledge gaps:

1. We have not applied cottongrass seeds within the seed mix, which could be an
effective technique.

2. We do not know where heather sedithgs come from (brash or seededpand
whether gemination failures are caused by a problem with seed or something
else that the brash supplies (i.e. are the mycdizae that come in with the
brash essential for the growth of sown seed? If so, we could still apply brash
earlier in the year or harvest ged prior to cutting brashin order to provide
these other materials).
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Nutrient application

The areas being seeded have very low pH and nutrient levels. They are generally 500
600m in altitude with considerable wind exposure, very low average winter
temperatures and high annual rain fallNurse crop species are not hardy enough to
survive the very low pH (235) and very low soil fertility ¢(fhdex <1) present on the
moors and need help in the form of granulated lime and fertiliser. These are both
applied by helicopter at low levels that will not persist for more than a couple of years.
This enables the species introduced in the heather brash or bygtéuding or hydre
seeding to becomestablished thereby protecting the peat.

We would recommend a&®ssing the required nutrients on a site by site basis by
undertaking soil analysis; thés/oids the application of more material than is necessary,
reducing the cost of completing the worksn order to evaluate the nutrient
requirements of the nurse graes, soil samples were analysed by advisers from the
Agricultural Development and Advisory Service (ADAS), using their standard soil testing
methods. Whilst it is not possible to analyse these results statistically, it does
demonstrate the prevailing subste conditions for the establishment of the nurse
grasses.

Currently aminimum of 25 samples of the top 50mm are taken for each site and
thoroughly mixed together in a bucket on site and approximately 1kg of the resulting
mixture is sent to be evaluatednd analysed by Direct Labs (formerly ADAS) of
Wolverhampton. At each site, measures of pH, available Nitrogen (N), Phospi@fe (P
and Potassium @) are recorded and recommendations of fertiliser requirements
given to Moors for the Future by ADAS.

pH levels recordedrior to the application of lime measured between 3.2 and 3.7. This
is below the level for ideal growth ofalluna(Clarke, 1997) and eveS8phagnum
(Sundberg and Rydin, 2002), which is able to tolerate very low pH. In fact the lowest pH
that Moors for the Future have recorded dleaklow is 2.0, which is more acidic than
lemon juice

The lime levels used in 20@3 whilst being fasacting, were predominantly utilised to
prevent a lowering of the soil pH by the addition of the fertlis They were not
designed to raise the pH. Following discussions with ADAS in 2005, the make up of the
lime and fertiliser mixes was amended. The reasons for this centred on the factors
inhibiting plant growth, together with the requirements for the ise crop.
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The primary factor inhibiting plant growth was identified as the soil pH, which can be as
low as 2.6 on the hagg tops of the Peak District blanket bogs, although a pH37 33
more common. This is low enough to cause both direct acid aulaliminium toxicity,

due to the release of aluminium ions at this low pH and also the low levels of other ions
in the soil, particularly Phosphate (e.g. febwl., 1978).

The advice given by ADAS (Steve Haddon, pers. comm..) was that we would need to
raise the pH to greater than 4.0 in order to allow establishment of the nurse grasses and
to encourage growth, particularly rooting, of the grasses we wodddnto add N:P:K
fertiliser. Lime is added aganulated lime, formed by prilling micrground limestone
(particle size<150um) into pellets that can be applied by helicoptéy. calcium
carbonate based granulated lime that will dissipate readily in watas used with a
neutralising equivalent of fonne of ground limestone with a total neutralising wal

(TNV) of 5665% for 1 hectare of bare peat.This dissolves readily and has a very rapid,
but relatively short lasting effect on pH[he impact of the addition of lime is shown
Figure?.

pH on Bleaklow restoration plots
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Figure7: The Mean pH of bare jp¢ from samples on 5 sites on Bleaklow. Granulated lime was applied in
June 2005, immediately following the June 05 sampling period.

The current technique is to add the lime approximately 6 weeks prior to the addition of
seed fertiliser, with the aim ofraising the pH, as nutrient uptake and availability,
particularly phosphate availability, is reduced at lower pH (Lindsay and Moreno,.1960)
Thisprocessshould allow the pH to increase within the top 20cm of the peat.

Ideally, the initial treatment ofertiliser is applied approximatel2-4 weeks after the
seedapplication and should supply the following levels of nutrients:
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1 Nitrogeng 40kg/Ha
f Phosphate; 120kg/Ha of EOs;
{ Potassiunt Between 60kg/Ha and 120kg/Ha ofKbut ideally 60kg/Ha

A maintenae treatment is applied in year 2 with the following levels of nutrients:
1 Nitrogeng 40kg/Ha
1 Phosphate; 60kg/Ha of EOs.
1 Potassiunt Between 60kg/Ha and 120kg/Ha ofXbut ideally 60kg/Ha

Without an annual application of lime and fertiliser the lowlagrdss species, which are
the first step on the road to recovery, will find the soil conditions too harsh, leaving only
the native species. In 5 years time, the soil chemistry should be similar to that &aund
present and the nursgrass species should Vestarted to die out.
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Qupporting evidence: Re/egetating (nurse crop application)

Restoration method:

Application oflime and fertiliser increases establishment of the nurse grass crop
(Capornet al. 2007)

Lime was most beneficial and promoted growth in the absence of addetents;
fertiliser addition was only of benefit when lime was also added. The optimum
growth was found when both fertiliser and lime were added together at the
maximum rates in the experiment. Reducing treatments to half the full rate redud
the successfahe nurse grass and at the landscape scale would not be of value
unless wider benefits (e.g. ecological, carbon balance) of lower rate of amendme
were shown. Lime is essential for the promotion of growth on the bare peats at
Holme Moss, but it is urkely that any nitrogen application is required. [Various
other studies suggest that phosphate and potassium application, in addition to th
lime, may be the most important nutrients in demand by young vegetation on thg
eroded peat at Holme Moss, but resehris needed to establish this requirement.]
Lime tended to raise pH by about 0.4 pH units at most. However, in some month
there was no significant lime effect on soil pH.

Nurse crop establishment:

Successful nurse crop establishment is evident acrbsaiple sites up to four year
after initial treatment (Proctoet al. 2013). A significant decrease in the percentagg
cover of amenity grass species (i.e. exclu@n@iexuosais seen three years after
initial restoration treatment as other moorlandaoits begin to dominateD. flexuosa
andC.vulgaris are howevernative moorland species and (after a significant drop if
coverage four years after initial restorationlin flexuosgcontinue to show an
overall increase in cover over the current monitorshgration (nine years after initial
restoration actions)(Proctoet al. 2013).

Knowledge gap:
As yet there is no consensus on the effects ofuegetation on water tables.

Impact of bare peat revegetation on biodiversity:

Establishment of nurse aps increase soil microbe abundance but not diversity
(Sen et al. 2014

A preliminary characterisation of functional diversity of soil and plant root
(rhizosphere) associatl bacteria and fungi on Holmedds across six land cover
classes: 25 yeanld resbred heather, 2 year old nurse cropare peat; young
heather restoration site; gully floor vegetation and original dwarf shrub vegetatiol
Culturable soil bacterial and fungal counts (cfusgil) in bare degraded peat were
two orders of magnitude lowethan in sampled original dwarf shrub vegetation,
naturally regenerated gully vegetation and ay#arold restored heather stand.
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Significant early restoratichnked recovery of soil bacterial and fungal counts was
apparent in tweyearold nurse grasswards and young establishing heather on
former bare peat. Estimates of bacterial and fungal richness recorded at these
restored sites were also recorded in the other more intact vegetation classes
sampled.

Hydrology:
Water Tables

Revegetation was foundo significantly increase water tables on Bleaklow (Akbtt
al. 2009), with water tables 80mm higheriie-vegetated interfluve sites than
unrestored bare peatdowever nore recent, longer term evidence for Bléak
suggest that revegetationhad no appeent impact on water tables (Dixaeat al.
2013); further revegetation alone did not raise water tables in proximity (within 2
to gullies.

Carbon

The greatest benefits of reegetation may be seen in terms of carbon fluXa#hilst
the magnitude of gres carbon dioxide fluxes have been found to differ with the ty
of vegetation present, vegetated areas have highesflt®escompared to bare peat
soils (Dixoret al.2013). Revegetated sites had significantly greater rates of gross
photosynthesis (as @esult of an increase in primary productivity) than bare peat
sites on Bleaklow Plateau. Losses of carbon (e.g. POC) are also avoided as ero
processes are attenuated. Streamflow turbidity (also called suspended sediment
used as a proxy for POC)hghown statistically significant decreases following re
vegetation (lime, seed and fertiliser treatment) at Ashway Gap in the Peak Distrig
based on daily sampling (which may miss flashy events on smaller time scales, §
one to two hours) between 2008nd 2011 (United Utilities, 201ZJignificant
reductions in particulate organic carbon (POC) flux to the water catchment outlet
have also been demonstrated from previously erodingvegetated peatland sites,
due to a reduction in the degree of slopbannel linkage within the system by Evan
and Warburton (2010)Previous studies have shown POC to be the most significa
form of carbon loss from actively eroding peatlands, accounting for 80% of the
estimated carbon flux (based on a study on Bleaklowdws®net al.,2008).Re
vegetated sites are therefore were more likely to be overall net<@s thanCQ
sources (Dixoret al.2013, Worralket al. 2011 and Bonet al. 2009. Whilst other
restoration activities (e.g. gully blocking) also influence carbudgets it has been
suggested that the presence of vegetation is a key control on carbon cycling{ClIz
al. 2012).
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Phase5 ¢ Diversification of sward using plug plants
As discussed above, a stabilised sward comprising grasses and heatbém finished
blanket bog sward. Due to the distance betwen colonisation sources and the
restoration areas of the original HLF project on Bleaklow, the MFFP decided to speed up
the colonisation of more appropriate blanket bog species by planting plug plrés.
tendered for the propagation of 100,000 moorlandpts of 5 species

1. cloudberryRubus chamaemorus
hl- NJafd éotton-grassEriophorum vaginatum
common cottongrasskE. angustifolium
bilberry Vaccinium myrtillusand
crowberryEmpetrum nigrum

a s wDd

: s ’.3" AT A e L
Figure8: a & b) Micrepropagation of moorland plant species; c) propagated flamts are planted

individually by hand; d) Eriophorum angustifolium and E.vaginatum (htaié'and common cotton
grass) planted plugs (courtesy of Micropropagation EM Ltd.).

All plants were producelly micropropagation from material collected from sites above
450 m within the Dark Peak SSSI. This required the collection of a small amount of
material which was then multiplied many times by mignmpagation.
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The species were chosen for two reasons

1. Increasing the biodiversity of the sjtehe species chosen are significant
widespreadcomponents of the moorland vegetation communitiget we would
expect to see within a relatively short period of time

2. The structural value of the speciesach speies has either rhizomes or extensive
surface growth that works like the heather brash and gextiles currently in use
by the project to stabilise the surface.
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Figure9: Survival of plug plants in situ (2007) (left to right): Empetrunumig(crowberry), Rubus
chamaemorus (cloudberry), Vaccinium myrtillus (bilberry). Courtesy of Micropropagation EM |

The material that our contractors produced included advicenf ADAS on appropriate
soils to use and Professor David Read from the University of Sheffield who advised
inoculating with appropriate endmycorrhiza for more effective establishment of the
species. Tése areadded to all plants during cultivation.

All propagation was initially done in peat free compost but it was not possible to get
conditions right for growth, particularly to get the pH low enough to allow
transplantation onto the moors. Various peat alternatives were trialled, including peat
extt O0SR FTNRBY ! yAGSR ' GAfAGASAQ &aSRAYSY
cloudberry did not produce any roots in any of the peat free substrates and required
spraying with nitric acid to initiate rooting. Eventually, all plants were produce in
substrate containing 30% peat and 70% peat alternatives.

The best locations (aspect, gully slppéc.) and planting method$o maximise survival
have been investigated for our sites and are shown békee Fig. 1).
1 Crowberry needs to be planted tite apex of the slope, around the slope.
1 Cottongrass should be planted on flatter areas, either on gully bottoms or on
gSGUGSNI G2L)a 0 LiQa y2G. g2NIK LI FydAiay3
1 Bilberry and cloudbey should both be planted on lgdops.
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The biggest dangsto the plants are related to the weather: dessication in the summer
or frostheave in the winter. Planting should be done when the peat is wet, not frozen
and when periods of prolonged dry weather are unlikely. Ideally spring planting, once
the ground has thawed, is best as it enables the plugs to put their roots into the
surrounding peat during the active growing season, which will reduce the risk of frost
heave.Ensuring plug plants are sunk to an appropriate depth (ideally 2Gcm below

the surfaceof the peat)with their roots teased apart before planting and the soil
squeezed back together above the plant, with the leaves sticking through the peat will
help anchor the plant and redudbe effects offrost-heave(see Fig. 10

VO

Q3

Figurel0: Planting dimensions for propagated plug plants.

33



Goinys

DS Sie Thwd

P

Lk eny

Vhube PLANTING -
Ay e
+

[ 1 ‘ . ‘ '
eI
‘. v
A 2 WP
S Vo v! ):\
P N el T Sen
bl b( *
A
% &
.
} alp A
o3 4
T X p (4
LS e Y0 v
¥ o
>+

(orreny GRS
Ovd FLAT, VT AdZA

Cloesuivy

Chepy ety

Corrms 6025

LOCATION « DENSITY

CRooseaay ow
¢

Guay 24

¥

whreg L of

Abgx 4G ToP
ar
sont 4

N

b

iy ™A+

N\
suaeery
Clesslitv y
Cloo Reav y
(arross dRets
& (en Ry

QL greny

Cloomupey

THr AVE > of SLovE

S8 Corvoey GRALE
e 2
Clovdtendy
Exseiny ON MGTOV
Lot AREA VER PLAMY
ot sl S
. TNTAL Y VEQELTATION

Figurell: Diagrams of plug plairtg locations (above) and densities (below).

34



Plants (particularly cottongrass) should be planteét@ more than 1 plant per fas at

that densitythey will easily cover the peat surface withif8¥ears. Generally it will be

at a much lower density (2 plants per 10of bare peat). A good option would be to
plant them either side of the gully blocks or on peat pans, they can be planted at a
higher density here, but no more than2lplants per mete? (see Fig. 11 The plants

have been planted at various moorland areas damaged by fire across the Dark Peak,
including Bleaklow, Black Hill, Kinder Scout and also used to aid tegetation of
restored path sides. Supplies of plants have subsequésBn bought by United
Utilities and the National Trust.

Supporting Evidenceplug plants

Introducing well rootedshoots of propagated plug plants to bare peat that has beg
pre-treated with lime and fertiliser has been shown to be the most effective meth
of promaing common cotton gras€(iophorum angustifoliujrgrowth on the
eroded bae peat of Kinder plateau (Richardsal. 1995. Pretreating areas of bare
peat with appropriate lime is necessary to raise the pH from very acidic levels (2
3.0) as the acitly otherwise has a negative impact on cotton grass growth. Althou
less of a limiting growth factor than strongly acidic conditions, potassium enrichn
as part of a mineral nutrient mix (fertiliser) was also benefficaotton grass growth
(Richardt al. 1995.

Monitoring of cotton grasglug planting waslsoundertaken by Moors for the
Future on behalf of the National Trust as part of the Biffa funded Peatlands for th
Future project in 2010 and repeated in 2011, a year after plar{tiragskil et al.

2012. Plug plant survival over the first fourteen months appeared to be high with
significant reduction seen in the number of plants over time. The percentage coV
cotton grasses increased significantly from a median of 6 to 10% covignificant
increase in the frequency of plants was also recorded between 2010 and 2011 (i
a median of 6.5 to 39.0 plants), thought to be due to the observed vegetative spf
of plants.Untreated control plots showed no recorded change in vegetatiorcov
abundancgMaskillet al. 2012).

Nine years after initial restoration treatments started on Bleaklow, Biiltland
Kinder all sites showed a significant increase in plug plant cotierexact timing of
plug plant introduction was site dependabtit occurred betweerthe second and
fourth year after initial restoration treatment. Data presented is an average acros|
sites. Although some annual variation is seen both species of cotton grass increg
significantly following the third year aftenitial restoration actions, individually
increasing their coverage from 0.6 te 8% between the third and eighth year sincq
initial restoration (Proctoet al.2013). The cover of bilberry also increased by a
magnitude of ten from 0.10 10% over six y@s (3 to 9 years after initial restoration
treatment) (Proctoret al.2013). Cloudberry and crowberry also appsat very low
frequencies and ground coverage at older, late stage restoration sites.
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Phaseb - Gully Blocking

On Bleaklow and Kinder Scout, where there are extensive gully systems and numerous
peat pipes, the catotelm of stored peat is leaking a considerable amount of water.
Restoing vegetation to the surface of the blanket bog will not repair this damage and so
gullies need to be blockedRevegetating bare peat will hold back considerable amounts

of peat and slow water loss. However, in order to get the surface of the peat wet
enough across a large area and to trap the remaining eroding peat, gullies need to be
blocked.

If gullies are shallow or incipient and eroding back into a relatively intact peat dome of a
blanket bog, then restoration of the water table to the level dfetblanket bogis
relatively straightforward. When gullies are so extensive and deep that restoring the
water level to the original blanket bog surface would be challenging in the short term,
then other objectives may take priority
1 reducing the loss ofreding peat;
1 slowing down water loss from the site;
1 re-wetting the adjacent peat as much as possible, but not up to the origunéhce

in thefirst instance.

Heather balestimber planksand random gristone blockshave been usedn Bleaklow
and Kinderand we would consider them to beffective gully blocking methods.
Materials vary in degree of water permeability, sediment trapping and stability.

Blockinggenerally starts at thdvead of the gully (where it is eating to the existing
peat) and progreses downstream. The height of eablock is dependent on the
objectives e.g. if the aim is water retention andwetting of the peat then the block
should be level with the existingn-erodedsurface, if the aim is trapping sediment then
the block can benuch lower. Block height is also determined by the scale of the gullies
e.g. where they are deep and wide, a lower block is more appropriate.
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Water flowing ower top of dam
runs onto water, not peat or
mineral reducing risk of
undercutting

Top of downstream dam is level
or gbhove bottom of upstream
dam, ensuring water fills entire

. section between dams

Figurel22Ddzf t @ o6f 201 Ay3aY | WG2L) G2 G2SQ | LILINRBI OK

Dams should in general be iafied using a top to toe principle, so that the base of an
upstream dam is at least level with the top of the downstream dam. This means that
water flowing over the top of a dam falls onto a water surface rather thae paat or a
mineral substrate The spacing interval has to be shorter with an increase in gradient,
with fewer dams required on gentle slopésfforts should be focused on blocking slopes
of less than Bto allow sediment retention and successfutvegetation (MFF Report 4)

Knowledgegaps:

1. Thisinformation has come from placing vertical faced water holding materials
such as plastic and timber planking dams. We do not have a good
understanding of the importance of this for permeable, sloping materials such
as stone or heather bales.

2. What impact does trapping sediment have on raising the water table?

3. What is the importance of peat pipes in the hydrology of the Dark Peak blanket
bogs?

Stone Dams (Sediment Trapping)

Gullieshavebeen blocked with stone dams where gullies are:
1 of any subsate type;
1 less than 4 metres deep;
1 less than 3 metres wide MFFP are about to undertake trials of larger dams,
using considerably more material.
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Figurel3: Stone dam blockig a gully pinch point.

Stone dams are less likely to give way tigb failure of materials thawooden or peat

dams but can fail if the velocity of water is too high with the stones being washed out.

¢CKS dzaS 2F ylFadz2NFt YFOGSNAIE YSIya GKFG 0KSNJ
fA1S | adz2yS gltft 2N Y2NB BHbighgendginteghande2 NY SR ¢
issue than random ones as walkers tend to use them as bridges across the gullies (S.

Lindop, pers. comm).

The amount of one that dams requiredependspredominantlyon the width of the
gully, generally there will be 1 load odippraximately 700kgof material per dam
although multiple loads of this amount can be usétkally native rough crush stons
usedwhere possibleRocks should be a maximum of 45cm and a minimum of 20cm.
The dams that we have constructed are no higher thametre andare generallyno
more thanabout 60cm highbut this will depend on the width of the gully and slope.
The dam does not need to be keyed or drivenantie gully bottom or sides. Stone
damsare very effective at blocking sediment but can be gukpensive depending on
material supply.

Plank Dams (Sediment Trapping and water retention)

Gullies may be blocked with overlap fencing or planks when gullies are;
1 on medium to deep peat (not mineral soil);
1 less than 2m wide
1 lessthan 1.5 deep.

Woodendams are not as watertight as plastic pilifsge below)ut can be stronger and
they are very effective at retaining peat sediment and holding water from deep pools to
small puddles, once filled with sediment.
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Hard or softwood may be used for the dammetruction. EIm and oak are preferred for
durability with Western Red Cedar or Douglas fir used as softwood alternatives. On
Kinder we have used Western Red Cedams should be no more than 5 or 6 planks
high with posts supporting them. The planks gu$ts must be driven into the peat to

a depth of at least a half of the height to prevent undeitting of the peat. They should

be keyed in to the sides to prevent sidatting by at least 30cm Stone, planks, heather
bales etc., should be positione@ieath the spillway as baffles to prevent undercutting.

Heather bale dams

In low flow, flat energy areas of peat pans and/or small gullies less than 1 metre wide
and 50cm deep and of less than 5 degrees of slope, heather bale dams can be
constructed. Damfor small gullies should start as near to the top of the gully system as
is reasonably practicable and work downstream. Dams in small gullies should be placed
in strategic locations such as pinch points, confluences and changes of direction.

Where trere are confluences (i.e. where one gully joins into another gully) dams are
placed in the individual gullies before they join together and it may be necessary to
place a larger dam, constructed of more than one bale, in the main gully downstream of
the canfluence.

image. Brash from a spilt bale has been hand spread on surrounding bare peat to minimise wastz
Cottongrass begins to restablish quickly on some sites acah be seen here nine months after the
dam installation.

The bales are dug in to between one third and one half of their height and keyed into
the side of the gully/ outflow. It is important that the heather bale butts tightly to the
side of the hole to prevent scougraround the sides of the dam. The bale is ideally
placed in the hole so the heather stalks lie upstream/ downstream with the baling twine
lying across the gully. Peat removed from the hole is backfilled and compacted around
each bale to ensure a good &ihd any spare peat should be left on the upstream side of
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top of the downstream dam should be level with /higher than the bottom of the
upstream dam; again to helgrevent under cutting of the Dams. Once a Dam has been
installed local vegetation plugs such as cotton grass or wavy hair grass (NOT heather)
should be dug up and planted at either side of the dam and in the joints between bales
on larger dams.

Figurel5: Gully blocking on a landscape scale a) Aerial imagery showing stone gully blocks acros
network of eroson channels. b) Stone dams constructed at pinch points along a gully system and
wooden dams in narrower gully sections further down the system.

Other techniqueghat have not been used on these sites

Plastic Piling (Water Retention)

Gullies may be blocked with plastic pili

when gullies are :
f on medium to deep peat (no b

mineral soil);

1 headwater gullies;
1 lessthan 2m wid
1 lessthan 1.5 deep.

Plastic piling is the tallest of all the materiaf -
used and can hold large volumes of watSSSESE=, T
creating large, deep poolsvhich may fail Figure16: Plastic piling dams along a gully
catastrophically if not spaced correctly.

The piling must be driven in to the peat using a rubbetl@aensuring half of the pile

(at least) should be within the peat enabling the material to withstand the volume and
pressure exerted by the water which will build up behind. The plastic must be driven in
to the sides of the gully far enough to prevesgouring around the sides (at least 30cm)
Lugs should be installed in the centre of the dams to provide extra strength and a wide,
low point in the middle of each dam should be created to allow water to overflow in the
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middle of the dam which should preveside cutting. Stone, planks, heather bales etc.,
should be positioned beneath the spillway as baffles to prevent undercutting.

Care should be taken to ensure that the dams are installed at an appropriate height i.e.
lower than the surrounding vegetatm to reduce their visual impact. If the depth of
peat is insufficient, alternative materials should be used.

Problems
1 Plastic will break if hammered on to directly
1 Plastic can split
9 Plastic can melt in wildfire

Machine Built Peat Dams (Water Reteah)

Gullies should be blocked with peat dams when gullies are:
1 on peat with a depth of at least 50cmdt mineral soil);
1 headwater gullies;
1 upto 1.5m wide.

A prerequisite for peat dams is that there is sufficient depth of peat on site where the
grip is situated to provide material to construct the dam. If the peat depth is less than
0.5m a borrow pit will be required.

A 360 low ground pressure excavator is essential for dam construction. This should be a
lightweight machine of approximately 4to 2t/ Yy S& A GK @6ARS o0Wo23Q0
final judgement on the exact specification of the machines used will rest with the
contractor.

Two machines travel down the opposite sides of the gully working on the side of the
gully that they are on, removindné gully side vegetation.
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Figurel7: Machine built dams

The gully blocks should be twice as long as wide and built from peat removed from very
close to where it is to be used and preferably from within the ditch itself. The peat will
be compactedn situ using the bucket of thexcavator to ensure the stability of the
peat. The maximum size of the borrow pit required should be approximately 2m x 3m x
0.5m.

A plug of peat is scooped from ground immediately upslope from the dam leaving,
where possible, the vegetation intact. Tipeat to be used must be wetiumified so

that it is sufficiently impermeable. Retaining the vegetation encourages the plug to knit
with the adjoining vegetation and prevents ityiing out. The whole dam is firmed down
using the excavator bucket to make aatertight seal. The plug should be installed
directly ontopeat substrate.

Peat dams should be a minimum of twice as deep (front to back) as the original gully
width. The excavation should cut into the sides of the grip by at least 0.5m on either
side andat the base by 0.2m. This ensures that the dam will be fully keyed into the

surroundings and is vitally important.

Any excess oxidised peat material removed from the gully side duripgpfiing or
blocking should be placed back into the hole left vy borrow pit formed whilst
building the block. The vegetation from the top of the gully will be placed on the top
and front face of the of the gully block. Cotton grass plugs will be planted into the
depression that is the result of the borrow pit atate of 1 plant per hThe front face

of any dam that will not be in water will be revegetated to prevent oxidation and loss of
42


































































