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Executive Summary

1. Introduction

The Exmoor Mire Restoration Project (EMRP) 2006-2010 aimed to restore the natural
hydrology of degraded blanket bogs on Exmoor by blocking up the network of old drainage
ditches. This project will shortly finish and funding has been secured from South West
Water for a new and larger ‘Mires on the Moors’ project which could potentially rewet up to
2,500 hectares of peatland on Exmoor. The EMRP Steering Group commissioned the
Countryside and Community Research Institute (CCRI) to undertake an external and
independent review of peatland restoration work on Exmoor to help guide future activity.

The two main aims of the review were:

i) to conduct a review of peatland restoration on Exmoor to date; and

ii) to give guidance to the Steering Group on how best to proceed with peatland restoration,
while furthering National Park purposes, and having regard to the economic and social well
being of the local community.

2. Methodology
The research used both desk based methods and the collection of primary data, involving:

e Review of existing data held by the EMRP, including monitoring reports, site plans,
project progress reports, a future hydrological plan and future project plans.

® Review of 22 UK peatland restoration projects highlighting examples of best practice with
respect to community and stakeholder engagement which might be transferable to
Exmoor.

In total, the review team interviewed and consulted with 60 experts, land managers and
stakeholders

e FExpert interviews - in-depth, semi-structured interviews with 11 Steering Group
representatives and other experts within the partner organisations.

® Land manager interviews - in-depth, semi-structured, mostly face-to-face interviews
with 19 land managers, including current participants and those managing land with
potential for rewetting, to identify: the impacts of project activity on existing farm
management and the farm business; farmers’ experience of and attitudes to the
project; and to elicit views on future project work involving the farming community.

e Stakeholder workshop and interviews - facilitation of a stakeholder workshop and
interviews with 18 stakeholders to explore the achievements of the mire restoration on
Exmoor to date, and discuss ideas for future activity.

3. Key Findings

Ditch blocking — The EMRP has developed a good understanding of ditch blocking
techniques most appropriate to Exmoor. The EMRP almost doubled its original target for
ditch blocking, blocking, 49,967 m of ditches on 12 sites, resulting in the restoration of 313
ha, exceeding the original target of 250 ha.



Biodiversity — Extensive vegetation monitoring by the EMRP has revealed that ditch blocking
has successfully encouraged an increase in abundance and richness of plant species
associated with wetter conditions. Aquatic invertebrates have also benefitted from
increased pools of water.

Hydrology — Limited resources and difficulties encountered with the hydrological
monitoring equipment impacted on the quality of hydrological data obtained. Analysis of
the dipwell data by the Project Officer and visual observations revealed a rise in the water
table at Exe Head since 1998, with a less evident rise in the water table at Blackpitts. To
date, changing flow patterns have not been analysed so the impact of ditch blocking on
downstream flows is unclear. Lessons learnt from EMRP hydrological monitoring have been
incorporated into a new and comprehensive hydrological monitoring plan for the Mires on
the Moors project which has been reviewed and endorsed by UK academics.

Historic Environment - The actual extent of the impacts on the historic environment
resulting from mire restoration activity is difficult to ascertain: to a great extent concern has
been and continues to be about the potential for damage. Recommendations focused on
the need to continue integrating the historic environment into all aspects of project activity.

Landscape - No major concerns about the long-term, landscape-scale impact of the project
on the Exmoor moorland landscape were identified. A number of minor visual impacts,
such loose bales in the water, were observed and should be avoided in the future.

Access — Project procedures are in place to consider recreational access issues on each
proposed site. Some limited access restrictions for the hunt due to mire restoration were
identified, but overall the impact on access for recreationalists was low. Landowners were
concerned about public liability issues on mire restoration sites and required some legal
clarification.

Agriculture - The impact of mire restoration on farm management varied: for some it
improved grassland quality; for others it ran in conjunction with their agri-environment
scheme and had little impact, whilst others saw it as reducing the long-term agricultural
quality of their land with inadequate compensation. Some specific concerns related to
possible hindrance to general farming access and stock checking and increases in ticks and
liver fluke.

Communication - The EMRP achieved widespread promotional press coverage, but was less
effective at communicating and engaging with the local community, resulting in some local
concerns and misunderstandings about the project. Ideas for future potential
communication mechanisms were proposed by stakeholders. Land managers appreciated
the one-to-one approach adopted by the Project Officer.

Education - Educational outreach was not one of the original objectives of the EMRP,
nevertheless the Project Officer has spent some time on educational visits in order to
further the understanding of the project. At a national level the EMRP has contributed to
the understanding of peatland restoration through presentations and national reports.
More locally the educational impact has been limited and the review presents ideas as to
how the educational benefits of the project can be enhanced.



Local community involvement — The EMRP has used volunteers to help with project
activities and has focused on using local contractors to construct ditch blocks and cut bales,
although there are relatively few contractors available locally to undertake this specialist
work.

Governance and decision-making - some stakeholders felt excluded from the decision-
making process and thought their views should be incorporated into the project. The
proposed governance structure for the Mires on Moors project offers opportunities for
more inclusive decision-making incorporating an Advisory Board of local representatives
who will give strategic direction to the project and a Project Delivery Group with a
responsibility for project management.

4, Conclusions and Recommendations

The review concluded that the EMRP has achieved a substantial amount of ditch blocking on
Exmoor within a short period. It suggested that lessons learnt from the EMRP will provide a
firm basis on which to develop and implement the larger and more ambitious Mires on the
Moors project. To provide guidance in the development of the new project, 49
recommendations were presented covering all aspects of project activity.
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1. Introduction
1.1 Background to Study

1. In the late 1990s the Exmoor National Park Authority (ENPA) began work with the
Environment Agency (EA) and English Nature to look at ways of improving the ecology of
moorland by blocking ditches which drained areas of blanket bog. This original phase was
initiated by a concern amongst stakeholders in the wider catchment that changes to the
hydraulic regime in the river was in part linked to changes in land management in the
uplands. It had a project objective ‘To modify water management in upland areas of
Exmoor in order to influence stream and river hydrology. To achieve this by improving the
quality of existing moorland and restoring agriculturally improved land to a more natural
state. The aim of such work is to restore the hydrologically and ecologically intact blanket
mire systems that pollen and peat analysis suggest were once more widespread on Exmoor’.
This ambitious objective was set before advances in the level of understanding amongst
both practitioners and researchers led to a more pragmatic approach to what benefits
moorland restoration may have on a catchment, and at what scale. At the time the relative
scale of impacts was not understood — and this is still one of the routes of enquiry in the
2010-15 phase.

2. In 2006, South West Water (SWW) joined as a major funder and with three other
bodies, ENPA, Natural England (NE) and the Environment Agency (EA) formed a partnership
and launched the Exmoor Mire Restoration Project (EMRP). A Steering Group was set up
and a Project Officer was appointed. English Heritage subsequently joined the Steering
Group. To date over 300 hectares of moorland have been “rewetted” using a variety of
techniques.

3. The Exmoor Mire Restoration Project is due to end in October 2010 and will be
replaced by a new project as part of the the Mires on the Moors project. In 2009, South
West Water (SWW) was granted consent by OFWAT under the Periodic Review 2009 to
spend up to £3.8m on catchment management in Dartmoor and Exmoor. It is expected that
potentially up to 2,500 hectares of peatland soils could be rewetted on Exmoor. It is
thought that this will help to ensure the long term conservation of the peatland soils,
stabilise carbon emissions and encourage sequestration of carbon, improve wildlife
habitats, ensure favourable Site of Special Scientific Interest (SSSI) conditions, increase
water storage in the uplands and help to ensure that the water draining the moors is of high
quality and continuous supply.

4, OFWAT stipulated as a condition of expenditure that future mire restoration work
should have a strong focus on monitoring and research. The project partners also felt that
there should be a greater capacity for engagement and communication with farmers and
land managers in implementing the proposals, together with greater engagement with the
local community to address any concerns arising from peatland restoration work.

5. The Exmoor Mire Restoration Project (EMRP) 2006-2010 has had a high national
profile and very strong support from the national Agencies. However, concerns about the
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effectiveness of rewetting have been raised, particularly in relation to the impact on stock
management, access, landscape and the historic environment and doubts expressed about
the effectiveness of the techniques in relation to the benefits anticipated. The Steering
Group, therefore, felt it was timely to commission an external and independent review of
the mire restoration on Exmoor to guide future activity.

1.2 Objectives of Review

6. The Countryside and Community Research Institute (CCRI) was commissioned by the
Exmoor Mire Restoration Project Steering Group in May 2010 to undertake a review of the
EMRP. There were two main aims to this review:

i) to conduct a review of peatland restoration to date; and

ii) to give guidance to the Steering Group on how best to proceed with peatland restoration,
while furthering National Park purposes, and having regard to the economic and social well
being of the local community.

1.3 Report Structure

7.  The remainder of this report is divided into three sections. Section 2 provides details
of the methodological approach adopted for the review. The main review findings with
recommendations are presented in Section 3. Section 4 provides a summary of the
recommendations and discusses the use of an adaptive management approach to
encourage and organise peatland restoration work on Exmoor.



2. Methodology

8.  This section outlines the methods employed in reviewing the Exmoor Mire Restoration
Project. The methodology was divided into two phases: desk-based research and field-
based research. The methods employed in each phase are described in detail below.

2.1 Desk-based research
Review of existing data

9. The first phase involved a review of existing data held by the Exmoor Mire Restoration
Project, by the project partners and others on peatland restoration on Exmoor between
1997 and 2009 and on future plans. This included monitoring reports, site plans, project
progress reports, a future hydrological plan and future project plans.

Review of existing peatland restoration and management projects

10. A review of existing peatland restoration and management projects in the UK was also
undertaken. A starting point for the review was the website www.peatlands.org.uk which
contains a compendium of peatland restoration and management projects. The aim of the
review was to identify best practice that might inform future peatland restoration activity
on Exmoor. A proforma was designed against which each project was described, including
factors such as objectives of project, the peatland restoration activities, stakeholders
engagement mechanisms, stakeholder participation, duration, scale, funding. The review
particularly looked for examples of best practice with respect to community and stakeholder
engagement which might be transferable to Exmoor. In total, 22 projects with similar
objectives to the Exmoor Mire Restoration project were reviewed. A summary of the
projects reviewed can be found in Appendix 1.

2.2 Field-based research
Site visits

11. Members of the review team, including the team archaeologist, undertook visits to
the project sites over 2 days accompanied by the EMRP Project Officer. This helped the
team to develop a better understanding of the nature of the project work and the issues
specific to Exmoor and provide context for the review. The site visits were also important in
helping to develop appropriate questions for the interviews and the stakeholder workshop.



Expert interviews

12. The review team undertook in-depth, semi-structured interviews with 11 Steering
Group representatives and other experts within the partner organisations (see Table 2.1).
These interviews were designed to develop an understanding of the impacts and
effectiveness of the work to date, to signpost particular local concerns and to obtain views
based on the interviewees’ experience of how best to encourage, support and organise
future peatland restoration activity. Eight of these interviews were conducted on the
telephone, whilst 2 interviews were undertaken face-to-face.

Table 2.1 Experts interviewed

Expert Organisations

Flemming Ulf Hansen Steering Group member, Natural England

David Smith Steering Group member, Mire Restoration Project
Officer

Mary Rose Lane Steering Group member, Environment Agency

Vanessa Straker Steering Group member, English Heritage

Martin Ross Steering Group member, South West Water

Sarah Bryan Steering Group member, ENPA

Graham Wills ENPA, Head of Conservation ad Land Management

Rob Wilson North ENPA, Historic Environment Manager

Ali Hawkins ENPA, Wildlife Conservation Officer

Nigel Stone ENPA, Chief Executive

Dr. Richard Brazier Exeter University

Landowner and grazier interviews

13. The review team conducted a series of in-depth, semi-structured interviews with a
total of 19 landowners and graziers between 17" May and 16" June 2010. Eight of the
interviews were conducted with land managers currently involved in the project and 11 with
land managers whose land had potential for rewetting. A copy of the questionnaire used
for both groups can be found in Appendix 2. Of the 19 interviews, 17 were conducted face-
to-face on the farm, and 2 were conducted on the telephone. In total, 7 land managers
declined to be interviewed, either because they felt they had insufficient knowledge of the
project to contribute to the review or because they were too busy at the time of the
interviews. The questions were designed to identify the impacts of project activity on
existing livestock management and the farm business; identify farmers’ experience of and



attitudes to the project; and to elicit views on how future work involving the farming
community should be encouraged, supported and organised.

Stakeholder workshop and interviews

14. The diversity of functions and attributes of Exmoor is reflected in the range of
stakeholders who have an interest in the peatland restoration on Exmoor. It was important,
therefore, that the views of as many of these stakeholders as possible were incorporated
into the review. In total the views of 30 stakeholders were obtained.

15. The review team facilitated a stakeholder workshop which was attended by 12
stakeholders. The format of the workshops was consultative, and facilitated by three
members of the review team. The workshop used two participatory exercises to explore the
achievements of the mire restoration on Exmoor to date, and discuss ideas for future
activity. A summary note of the workshop is presented in Appendix 3.

16. Follow-up telephone interviews were conducted with those stakeholders who were
unable to attend the workshop or whom we wished to interview in more depth about
specific issues. Discussions were held with Exmoor Society members, a local ecologist, a
park ranger, a project volunteer, and a hunting representative.

17. In total, the review team interviewed and consulted with 60 experts, land manager
and stakeholders as shown in Table 2.2.

Table 2.2 Summary of interviews conducted

Face-to- Telephone Non- Total

face responses
Experts 2 9 0 11
Land managers - current 8 1 8
Land managers - potential 9 2 6 11
Stakeholders workshop 12 12
Stakeholder interviews 13 5 0 18
Total 44 16 60




2.3 Analysis

18. All the interviews were written up and analysed in a systematic way to identify
common themes and key issues. The farmer interviews were analysed using the software
package Nvivo. The use of this specialist software allowed the team to bring the data
produced into a common ‘workspace’. This facilitated the development of a consistent and
rigorous analytical framework.

19. The analysis focused on the specific areas identified by the Steering Group in the
project brief, namely:

* Biodiversity

e Water and peat

e Landscape

e Historic Environment

® Access

e Agriculture

e Communication

e Education

* |nvolvement with local people

e Governance and decision-making



3. Biodiversity and Peat Restoration
3.1 The current state of knowledge

20. Blanket bog occurs only on the wettest, level plateau tops where rainfall is highest on
peat that is usually more than 0.5 m deep. Exmoor retains 310 ha of blanket bog out of a
national total of 15,000 ha. This small area is important for the maintenance of the
geographic range of this internationally scarce habitat with a unique association of plants
and animals. It is internationally important because it lies near the southern edge of its
British range. Blanket bog is composed of a mixture of Sphagnum moss, cotton grasses,
purple moor grass, deer sedge, heather and crossleaved heath with the scarcer bog
asphodel and round-leaved sundew also present. Species which are at or near their
southern British limits include crowberry and cranberry, all of which are widespread on
moorland in northern Britain and have a major southern English outpost on Exmoor (Land
Use Consultants, 2004).

21. The peatland areas on Exmoor are in a deteriorating state, in part as a result of drier
conditions brought about by centuries of moorland reclamation, agricultural drainage and
domestic peat-cutting. On Exmoor a large area of ditches were hand dug in 19" century to
improve agricultural production, for example in the former Royal Forest of Exmoor, when
land was owned by the Knight family. More recently, larger machine dug ditches were
created between the 1960s and 1980s.

22. Features, such as drainage ditches and peat cuttings, can damage the stratigraphic
integrity of mire systems, and may also impair the natural hydrology of mires and moorland.
The structure of peat is separated into an upper acrotelm layer and a lower catotelm layer.
The upper acrotelm layer contains mosses, higher plants and roots, and aerobic bacteria
form peat from the decomposing organic matter. This layer has variable water content and
is no more than 30 cm deep. It forms a protective layer for the lower catotelm layer which
is in constant water and therefore anaerobic. The full decomposition of peat is inhibited in
this layer because decomposer bacteria are unable to survive the acidic and waterlogged
conditions (Lindsay, 1995). The anaerobic conditions found where the water table is very
close to the surface prevent the decomposition of the organic matter, so the peat layer can
develop over millennia to depths of up to 10 m (Holden and Burt, 2003). The depth of the
peat on Exmoor ranges from between 0.1 m to 2.5 m, with an average depth of 0.33 m
(Bowes, 2006).

23. The integrity of the peat depends on maintaining the barrier between the acrotelm
and catotelm; any disturbance of this barrier, such as the construction of drainage ditches,
threatens the saturated and anaerobic nature of the catotelmic layer and leads to
degradation of the peat. Also a drop in water table brought about by drainage ditches
removes waterlogged conditions required by Sphagnum mosses which are highly dependent
on water logging. These species then start to decrease in abundance leaving the acrotelm
exposed, which further dries the peat through the increased exposure to the atmosphere
(Wheeler& Shaw, 1995).



24. As peat degrades CO; is released into the atmosphere. Research has shown that
restoration of peatlands halts oxidation and reverses the processes of damaged peatlands
as net CO, producers into net CO, accumulators through active peat growth and CO,
absorption from the atmosphere. Targets for restoration of damaged areas and deposition
of peat in healthy growing mires will result in carbon storage and contribute to combating
global warming. The EMRP Project Report (2009) states that the total amount of carbon
stored on Exmoor’s moorlands could be in the region of 1 million tons. If all this material
dried out and released its carbon it would equate to 3.7 million extra tons of carbon dioxide
in the atmosphere. In addition each hectare of wet healthy mire can sequestrate
approximately 1 ton of carbon/hectare/year in peat growth and storage.

25. Exmoor’s central moorlands are currently dominated by purple moor grass (Molinia)
which has replaced areas of former heather, sedge and moss communities. Whilst Molinia
is an integral part of Exmoor’s moorland vegetation and particularly wet heaths, blanket
mires and valley bogs, it supports little wildlife when it becomes dominant to the exclusion
of virtually all other plants. At Larkbarrow, Chambers et al. (1999) showed using
palaeoecological methods that the rise to dominance of Molinia was indeed very recent,
within the last century, and so attempts to control its spread could be justified in terms of
there being no historical precedent for its present dominance.

26. Improvement to the peatland areas will enhance biodiversity, conservation status and
wildlife value, thereby ensuring the achievement of favourable condition for this
internationally important habitat. It is thought that the re-wetted blanket bog will also
improve conditions for breeding water birds that are currently threatened with localised
extinction or are at extremely low population densities in the south-west region (SWW,
2009).

3.2 Biodiversity aims of the project

27. The Mire Restoration Project Proposal 2006-2009 states that the aims and objectives
of the Exmoor Mires Restoration Project during the period 2006-2009 was “To undertake an
agreed programme of habitat restoration that results in physical improvements to the
structure, function and distribution of upland wetlands (blanket, hillside and valley mires)
on Exmoor. Work will continue on existing ENPA land and be extended to privately owned
land in order to improve hydrological conditions and achieve ecological (BAP) targets in the
Exe catchment initially” (EMRP Proposal, 2006, p. 4).

28. Thus the specific biodiversity aim of the Mire Restoration Project was to restore
damaged peatlands in the uplands of Exmoor and was focused on achieving Biodiversity
Action Plan (BAP) targets. These included:

¢ UK Habitat Action Plan for Blanket Bog;

e UK Habitat Action Plan for Fens;

® England Biodiversity Strategy;

e South West’s Regional Biodiversity Action Plan (& Implementation Plan); and
e 2001 Exmoor Biodiversity Action Plan.



29. The Mires on the Moors project has the broader biodiversity goals of preserving and
enhancing the existing peatland areas on Exmoor. The project proposal states that:

“The moors of Exmoor and Dartmoor support remnant areas of ecologically
important upland wetlands, blanket bogs and valley mires. Mires-on-the-Moors will
target these fragile, valuable and hydrologically-sensitive ecosystems in order to (i)
save the existing blanket bogs and mires from slow degeneration and decay by re-
creating the hydrological conditions needed for active growth of Sphagnum moss
and peat, and also (ii) improve degraded peatlands and develop a continuum of
diverse habitats. The expansion of this wetland network across the upland moors
will provide landscape scale enhancements of internationally important habitats in
the North Exmoor Site of Special Scientific Interest (SSSI) and the North Dartmoor
SSSls, which comprise parts of the Exmoor Heaths Special Area of Conservation
(SAC) and the Dartmoor SAC” (South West Water, p. 3).

30. The EMRP Project Report 2006-2009 states that “The overall aim is to promote the
regeneration of moorland bog vegetation. Repaired ditches will become overgrown by mire
plants and eventually no longer visible” (EMRP Project report, p. 2). Of particular interest is
the increase in peat-forming mosses, Sphagnum spp. As part of restoring better ecological
condition of the mires the project hopes that raising the water table will result in an
increase in Sphagnum spp. and a reduction in purple moor grass (Molinia) dominance.

31. Hand (2009, p. 2; cf p. 50) suggested that “a sub-group of the bryophyte species found
at the study sites which included Sphagnum species was found to have potential in
monitoring the rewetting process, without resorting to full surveys of the whole flora of the
sites”. Whilst this conclusion has some validity, in that Sphagnum species are totemic for
mire growth and regarded as ‘keystone’ species (Rochefort, 2000) in peatland restoration
(Gorham and Rochefort, 2003), it is nevertheless not surprising that Hand (2009, p. 49) also
cautioned that bog restoration is long-term and that “the system of indicator species
described...is not yet sufficiently proven to be used to assess other potential restoration
sites”. Further detailed analysis of Sphagnum could be undertaken in the new project in
order to produce more sophisticated research evidence of changes as a result of the
rewetting process.

32. For assessment of the ‘success’ of mire restoration in combating the decline in extent
of wetland, vegetation survey monitoring has been carried out. The surveys classify the
vegetation using the National Vegetation Classification (NVC) system (see Appendix 4).
Most of the project sites are classified as M25 Molinia caerulea-Potentilla erecta mire. The
aim of the project is to re-establish the processes and functioning of the moorlands that
then leads to a complex mire community, such as M17 Scirpus (Trichophorum) cespitosus —
Eriophorum vaginatum blanket mire or M18 Erica tetralix-Sphagnum papillosum blanket
mire (Langton, 2009; Hand, 2009).

33. To summarise, in relation to vegetation changes the project is seeking an increase in
indicator species of saturated conditions, such as peat-forming mosses, Sphagnum spp., and
a decline in species associated with drier habitats, particularly Molinia.



34. In the list of project benefits the Mires on the Moors project plan identifies other
biodiversity goals in addition to the vegetation changes. This includes improving conditions
for threatened breeding waders and increasing invertebrates. Also in the lower catchment
the project intends to improve riverine conditions for Atlantic salmon, otter and river jelly
lichen which will act as indicator species.

3.3 Review Findings

35. In reviewing the impact of the EMRP on the biodiversity of the moorland a number of
sources of information were used. This included: a review of existing monitoring documents
listed in Table 3.1 below; interviews with experts, farmers and other stakeholders; and

observations made during site visits.

Table 3.1 Project Monitoring Reports

Vegetation

Somerset Environmental Record Centre (1998) Base line vegetation survey prior
to drainage reversal on blanket mire, Exe Plain

Bowes, A (2006) Exmoor Blanket bog inventory and restoration plan for English,
MSc, Calgary, Alberta

Hand, A (2009) Upland Mire Restoration in Exmoor National park: using
bryophyte species as indicators of mire hydrology - Advanced diploma, Oxford

Langton, S (2009) Response of vegetation to raising water tables as part of the
Exmoor mire Restoration project. Undergraduate dissertation, University of
Exeter

Scott, K (2008) Has blocking ditches at Blackpitts altered the mire vegetation
communities? Research skills project for Cannington College

Rutty, T (2007) , Analysis of the effects of Drainage ditch blocking on Blanket
bog vegetation patterns, Exmoor National Park - MSc, Bristol University

Invertebrates

Boyce, D (2009) Invertebrate Survey of Mire blanket bog sites on the Exmoor
Forest.

Reptiles

Richards, D ( 2008) Habitat selection in the common lizard (with reference to
mire restoration implications). Undergraduate dissertation, University of Exeter

Ditch blocking:

36. To achieve the aims of restoring peatland areas on Exmoor, the project has adopted a
range of ditch blocking techniques. Due to the limited experience of peatland restoration in
the UK, the earlier work of the project was, by necessity, experimental in nature, although
based on best practice advice in publications at the time. Various techniques were trialled
over the period from 1998 to 2008. The EMRP Project Officer has expressed the opinion
that the EMRP has now developed the most appropriate suite of techniques for the
different situations on Exmoor, the choice of which will be dependent upon the restoration
aims, the available materials on site, site sensitivities (e.g. water supply requirements
downstream, archaeology in the peat) and the nature of the problem (eroding ditch, dry

10



peat etc.) (EMRP Report, 2009). There is a need to clearly document the decision variables
used in selecting which techniques are used on a given site and which ditches to block, such
as peat depth, ditch width and slope. One land manager expressed confusion as to why
some large gullies on his land were not blocked as part of the project.

37. The EMRP has been recognised for its achievements in peatland restoration and
received a prestigious award for the best “Sustainable Urban Drainage & Flood
Management Initiative of the Year-2009” by the Water Industry. The EMRP has also
reported to the Royal Commission for Environmental Pollution in 2009 and it has been used
in several case studies for peatland restoration best practice (EMRP Report, 2009).

38. The EMRP has been extremely successful in the extent of ditch blocking achieved over
a short time period. The projected target for ditch blocking was 27,199 m on 10 sites. The
project has in fact blocked within a 2 year period a total of 49,967 m of ditches on 12 sites,
almost double the original target. These ditches were blocked with 12,320 bales and 4,324
dams, resulting in the restoration of 313 hectares, exceeding the original target of 250
hectares set when the initial three year project was developed (EMRP Briefing Note, 2010).
This was achieved as a result of increased funding via agri-environment schemes and the
effectiveness of the Project Officer.

Vegetation monitoring:

39. A vegetation baseline survey is undertaken for all EMRP sites and a subsequent survey
is conducted after 2 to 3 years. To date, baseline surveys have been undertaken on 21
transect lines covering all 12 restoration sites in the project. These surveys have recorded
the number of species and NVC communities present. The project has achieved a good
coverage of vegetation monitoring given the limited resources available within the budget
for monitoring. A summary of the base line and monitoring transect data by NVC classes is
given in Appendix 2. This shows that to date, where follow-up surveys have been
conducted, 8 of the 10 monitoring sites have shown an increase in species, with 2 showing a
small decline (-4 and -3), both at Blackpitts. Also it reveals that 3 of the monitoring sites, at
Exe Head, Squallacombe and Hangley Cleave West have recorded a positive change in NVC
community shifting from M25 to M3 or M17.

40. To date, only the sites at Blackpitts and Exe Head have been subjected to analysis of
the monitoring data. Baseline vegetation surveys were undertaken at Blackpitts and Exe
Head by Somerset Environmental Records Centre in August 1998 (SERC, 1998). Six transects
were laid for each site and random quadrats surveyed for presence/absence of vascular
plants and bryophytes (Sphagnum mosses in particular). Repeat vegetation surveys using
the same methodology were undertaken in 2006 (Rutty, 2007), 2008 (Scott, 2008) and 2009
(Langton, 2009). Thus far, these surveys of the effects on vegetation of ditch blocking and
damming on Exmoor show mixed results. Rutty (2007) found that there had been a
decrease in plants indicative of saturated conditions, acidity and infertility, and inferred that
the dams had failed to prevent drying of the peat both sides of the ditch at Blackpitts and to
the north of the ditch at Exe Head. However, dams had been successful south of the ditch
at Exe Head, with drying of peat reversed and an increase in saturated soil plant indicators.
Scott (2008) found contrary indications at Blackpitts, noting an increase in species favoured
by minerotrophic conditions, and inferred that this was a transitional phase toward
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ombrotrophy. This inference is based on a model of plant succession in which it is
anticipated that an initial mineral flush would reduce over time. There is, however, no
certainty of this happening. Langton (2009) also found at Blackpitts, that while the
community has remained dominated by Molina caerulea the richness and abundance of
mosses had increased between 2006 and 2009. Also graminoids had decreased in
abundance, but the number of species remained constant. It should be noted that
ombrotrophic mires are species poor communities containing predominantly rare specialist
species and few common generalist species within internationally rare and highly complex
environmental systems. Thus increasing or decreasing species number changes are not
necessarily indicative of positive change.

41. Evidence from monitoring reports of vegetation at Blackpitts suggests that between
the initial baseline surveys on Blackpitts 1998 to 2006 there was little evidence of an
increase in plants indicative of saturated conditions. Discussions with the Steering Group
revealed that many of the initial dams on this site had failed during this period. The ditch
blocking construction prior to 2006 were following best practice set out in key references
from that time. There was a design fault with the recommended ditch blocking construction
which resulted in many of the dams leaking. However, following the recruitment of a
dedicated Project Officer, new dams were installed on the site and existing ones repaired
and the survey evidence suggests that this remedial works has started to improve the
success of the blocks that are now functioning more effectively with an increase in the
abundance and richness of species associated with wet habitats.

Figure 3.1 Spread of Sphagnum from ditch

42. Visual observations made during the site visits also identified an increase in Sphagnum
mosses and other bog indicators in areas adjacent to some of the ditches, particularly on the
downslope side where a head of water had been built up by a ditch block higher up the
slope, as Figure 3.1 illustrates.
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Invertebrate monitoring:

43. David Boyce (2009) undertook a baseline survey at Blackpitts and Squallacombe, with
Ricksy Ball (Aclands) site as a control. The method used was a standardised ISIS sweeping,
ground search and pond netting. He found that Blackpitts retains a reasonably diverse acid
mire invertebrate fauna, with 25 key species. There was a good range of aquatic species
relating to the presence of a large number of pools. Currently, most of the aquatic species
are highly mobile pioneers, such as the black darter, dragonfly and the back swimmer
Notonecta oblique. He speculated that the diversity of the invertebrate fauna will further
increase, with colonisation by further species that require more mature pool habitats. He
also concluded that Blackpitts will become one of the most important sites for acid mire
invertebrates associated with bog pools on Exmoor, as such bog pools are very scarce on
Exmoor’s blanket bogs.

44. At Squallacombe, Boyce noted 29 key species of which 9 were upland species. The site
has aquatic fauna characteristic of more mature ‘patterned’ mire habitat with wet hollows
containing saturated bog-moss, cotton grasses and other vegetation. Boyce concluded that
a continuation of the current moderate grazing regime and no further burning, in tandem
with the improvement to hydrological integrity of the bog will increase invertebrate fauna.
As a ‘control’ Boyce surveyed Ricksy Ball, a site degraded with most of the area dominated
by species-poor purple moor grass, with some patches of more diverse blanket bog
vegetation with bog-mosses, deergrass and cotton grasses and patches of ling and
whortleberry. In this site only 13 invertebrate species were noted. In this site bog pool
habitat were virtually absent and important plants for blanket bog invertebrate fauna,
especially bog mosses and ericaceous dwarf shrubs were much lower in incidence. Boyce
recommended ditch blocking to create pool habitats that are virtually absent from the site.

45. The main finding from Boyce’s work is that the creation of pool habitats through ditch
blocking has been particularly beneficial to aquatic invertebrates.

Bird monitoring

46. In 2008 the RSPB undertook a bird survey of the whole of Exmoor’s open moorland.
As part of this survey, extra effort was put into monitoring breeding snipe, in particular in
the areas likely to be re-wetted. It is thought that mire restoration could provide further
suitable breeding habitat for this species which is currently present in only very low
numbers on Exmoor. The bird survey across Exmoor recorded a total of 15 drumming and
chipping Snipe. Amongst the 15 territories, three were found within mire zones that had
received restoration work: Roosthitchen, Broad Mead and the north side of the Exe Plain.
However, it is still too early to identify whether the restoration work is having a positive
impact on these bird species.

Other species

47. Information gathered during interviews with land managers and stakeholders revealed
observations of other biodiversity gains as a result of project work. One land manager had
noticed an increase in amphibians on his site within a year of the ditches being blocked and
another had seen an increase in deer.
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3.4 Recommendations

Recommendation 1: Clearly state aims of ditch blocking and decision variables used in
selecting ditches to block.

48. There is a need to clearly document and communicate the aims of ditch blocking.
There was uncertainty amongst some stakeholders as to what the ditch blocks were trying
to achieve in terms of storing water or slowing flows. There is also a need to clearly
document the decision variables used in selecting ditches to block, such as peat depth, ditch
width and slope.

Recommendation 2: Clearly state biodiversity goals and targets against which success can
be measured

49. The Mires on the Moors project requires a comprehensive evaluative framework,
detailing the specific biodiversity goals and quantifying the biodiversity targets against
which the success of the project can be measured.

Recommendation 3: Consider using palaeoecological work as a guide to the potential
range of plant assemblages that might be set as targets for the subsequent restoration
work.

50. The ultimate goal for restoration is informed mainly by the prevailing vegetation in
areas thought to be least ‘damaged’ or ‘degraded’, and by visualisations of what so-called
‘pristine conditions’ might be. Alternatively, palaeoecological work could be used as a guide
to the potential range of plant assemblages that might be set as targets for the subsequent
restoration work. This would ensure a long-term ecological approach that would allow the
full cultural heritage of the locality to be assessed and assimilated before the physical
restoration work commenced, and so would inform and illuminate the target-setting.

51. This approach would integrate contemporary ecology with long-term records (i.e. on
palaeoecological timescales, over centuries and millennia, not 10-30 years). Just such an
approach was exemplified at the recent ‘Long-term Ecology in Habitat Management’
Conference held in Stirling in January 2010, and it is also the theme of a forthcoming
conference in Southampton in September 2010, sponsored by IGBP-PAGES (International
Geo-Biosphere Project—Past Global Environmental Change), on 'Regional integration of past
records for management of modern resources and landscapes', which seems directly
relevant to the future of the Mires Restoration Project.

Recommendation 4: Continue and enhance the vegetation monitoring programme

52. The EMRP has achieved extensive vegetation monitoring on a limited budget which
has proved valuable in identifying changes in vegetation species in response to wetter
conditions. In the Mires on Moors project a strategic vegetation monitoring programme
should be drawn up incorporating as many sites as resources permit, as vegetation changes
provide a good indication of changes in mire hydrology. Vegetation surveys should also
consider recording NVC Domin values for percentage cover within quadrats, as well as the
presence and absence of species.

Recommendation 5: Consider further research into bryophyte species as indicators of
change
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53. Hand (2009) identified a suite of bryophyte species, mostly Sphagnum mosses, on Exe
Head and Blackpitts that had potential as indicators of improvement in environmental
moisture. However, limitations in the dataset size meant that no clear conclusions could be
drawn as to their usefulness as indicators. Further research with a larger dataset, may
result in more conclusive evidence for using these species to monitor the rewetting process.

Recommendation 6: Consider further invertebrate surveys

54. Invertebrates are a good indicator of changes in habitat. On a few selected sites,
especially where pools of water may be created, baseline invertebrate monitoring should be
conducted using the approach adopted by Boyce (2008).
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4. Hydrology

55. Information in this section of the report has been drawn from published and
unpublished reports, correspondence and discussion with those involved in past monitoring
activity (e.g. Paul Smith, Environment Agency) and planning future monitoring (e.g. Richard
Brazier, University of Exeter) and land manager and stakeholder views.

4.1 Current state of knowledge

56. It is known that drainage ditches in peatland areas may impair the natural hydrology
of mires and moorland. The main impact of drainage is that the water table becomes lower
(Wallage et al, 2006) which exposes the peat to atmospheric oxygen. Oxygen diffuses into
the peat and decomposition occurs (Holden, et al, 2007). In the long term (50 years) this
drying leads to alteration of the peat structure resulting in lower overland flow and higher
throughflow than in intact peats (Holden et al, 2006). The increase in throughflow is due to
an increase in ‘peat piping’ — small fissures in the soil caused by drying. This causes a
greater sensitivity to rainfall and produces flashier stream hydrographs.

57. Erosion is also a particular problem in blanket bogs. As the peat dries and
decomposes, the sediments are removed by the flow of water leaving the bog and entering
drainage ditches (Holden et al, 2007). The eroded sediments cause the infilling of reservoirs
downstream (Yeloff et al, 2005). Of particular concern is that erosion removes particulate
carbon (Holden, 2005). The carbon rich soils of peatlands are a principle source of dissolved
oxygen (DOC) to the fluvial environment. Drainage causes elevated DOC to be released
from peatlands into fluvial systems (Worral et al, 2003) through an increase in throughflow.
DOC mobilises metal and pollutants and contains a large proportion of coloured humic
substances, which affect the colour, taste, safety and aesthetic value of the water.

58. Whilst ditch blocking on peatland areas in UK is a relatively new activity, monitoring
results identifying the positive impact of peatland restoration activities on catchment
hydrology are starting to emerge. Two examples of recent monitoring results are set out
below:

1) Monitoring and modelling of the Oughtershaw Beck sub-catchment in the Yorskhire
Dales by the University of Leeds showed that the hydrological effects of “grips make it easier
and quicker for water to leave the catchment....the Oughtershaw Beck....and this increases
flooding. Our tests show that this latter effect is important and may be why grips seem to
have made the Wharfe ‘flashier’....” [Reference: Lane, N.S. Sediment delivery, flood risk and
river processes in Upper Wharfedale: headline results.]. Also initial monitoring of the
hydrological effects of grip (drainage channels) blocking demonstrated a 24% reduction in
run-off volume following blocking (Information Series No 3: Moorland Drainage the Gripping
Question).

2) Monitoring of the SCaMP project, a peatland restoration project in the north west of

England, has shown over a 4 year period that there is a decrease in the levels of carbon in a
dissolved form being flushed from the Upper Goyt catchment year on year. There was a 43%
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drop in the DOC loss between the first and second year. The SCaMP data for the Goyt
catchment showed carbon losses falling from 9.2g C/m2/year in the first year to 5.2g
C/m2/year in the year up to September 2009. The reduction in carbon lost from the Goyt
catchment is explained in two ways. Firstly, streamflow discharge in the Goyt and the
hydrograph response have decreased slightly as an increased volume of runoff water is held
back on the treated parts of the catchment for longer following the grip blocking process.
Therefore, the apparent reduction in discharge will flush out less DOC. Secondly, and
possibly as a result of this reduction in storm discharge and of the elevated water table in
the peat, the levels of colour within the runoff have fallen (Penny Anderson Associates,
2010).

59. Hydrological monitoring of peat and its drainage is well recognised by the research
community as a challenging area.

‘Relatively little is known about the hydrological processes in peat catchments,
with traditional principles of hillslope hydrology and flow processes being
difficult to apply in such complex environments. Posing the wider question of
impacts on annual runoff or baselevels is likely to provide a wide range of
conflicting theories or results’ (McGrath and Smith, 2006, p95).

60. Historically, research monitoring of the impact of drainage on the hydrology of peat
bogs has mainly focused on comparing runoff hydrographs before and after the
implementation of drainage in small catchments (see Nicholson et. al., 1989). This paper is
referred to in publicity for the Exmoor Mire Restoration Project.

4.2 Hydrological aims of project

61. It is important to note the evolution of projects involving hydrological monitoring at
Exmoor. It is also important to note that the hydrological monitoring programmes were (as
with the ditch blocking techniques used) experimental and investigatory in their conception,
design and progression. Both the MIRE pilot (1998 to 2006) and the EMRP (2006-2010) have
been targeted at developing restoration and monitoring techniques appropriate for South
West peatlands. The project stages are identified for the purposes of this report.

62. Stage 1: Key questions in the original hydrological baseline survey in the pilot project
(commencing 1998) looked specifically at water quantity impacts. This work aimed to:

‘address in part concerns regarding changes to the hydrological regime in the
rivers in the south-west and particularly those with their sources on Exmoor. At
the time, the perception was that baseflows were becoming lower and the spate
flows were higher with a more rapid response to rainfall events’ (Mire
Restoration Project 2006-9, p2).

63. It was considered that land drainage techniques (e.g. under-draining and gripping)

were likely to have reduced the retention capabilities of upland wetlands. The research
drew on evidence from a NERC funded project on grip blocking hydrology run by the

17



University of Leeds, which demonstrated that the ditching associated with grips makes
runoff response quicker.

64. Work in the pilot stage at Exmoor focused on the question: ‘Is there hydrological
evidence to support the theory that man-made drainage on Exmoor has caused change in
the river flows? In particular, attention was given to whether:

(a) summer low flows have become lower; and
(b) spate flows have become flashier.

65. Stage 2: The hydrological aims of the pilot project (2006 -2010) are stated as follows:

‘Re-establishment of natural stream-flows in Exmoor headwaters. The retention
of precipitation in uplands helps maintain stream-flow during dry periods.
Reduction of upland stream response times and flows following high levels of
precipitation is also a project aim, potentially reducing downstream erosion and
flooding risks.” (Project Report, July 2006 - June 2009)

66. The sampling design involved monitoring water table levels and the flow coming out
of the small scale systems at selective study sites. Again the focus of hydrological
monitoring was on water quantity and there has been no water quality monitoring on the
restoration site to date (Brazier, pers. comm.).

4.3 Hydrological Monitoring Techniques

67. The Project Report (July 2006 - June 2009) gives information about the methods used
for: (a) dip well monitoring; and (b) hydrological flow monitoring. The original MIRE
project’s baseline hydrological monitoring (stage 1), commencing in 1998, was small scale
and set up to last 3-4 years. The monitoring equipment was then in place for 5-10 years.
The EMRP project (stage 2) was originally conceived as a three year project, extended for a
further year (ends October 2010). The Exmoor Mire Restoration Project report (2006-2009,
p5) states:

Dip well monitoring

At the vegetation monitoring transect locations at the Blackpitts and Exe Head
pilot sites, dip-well measurements of the water table height have been taken
regularly by EA since 1998. The dip wells were refurbished in summer 2008 by
volunteers to ensure their continued recording accuracy. The water table data is
being used to monitor the effect that restoration is having on watertable height.

Hydrological flow monitoring

Monitoring change in the hydrological output from the ditch systems (as a result
of the restoration work) is an important part of the project. The data gathered
will be used in the justification of the project and is, therefore, key to future
project planning. Weirs were installed at 3 locations, and Environment Agency is
carrying out the flow monitoring at these sites. The relationship of this data to
the vegetation and water table data will be analysed by students from University
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of Exeter during the latter half of 2009 (Exmoor Mire Restoration Project Report,
July 2006-June 2009). The river level and estimates of discharge (from a rating
curve) were monitored at Blackpitts gauging station, ca. 0.5 km downstream of
the Blackpitts monitoring site (NGR SS7642141539). This station did not
produce good quality data during rainfall events as the flow was augmented by
local runoff from the adjacent road after the Highway Authority carried out
drainage works. The station has now been closed.

Water quality monitoring
There was no water quality monitoring during the first or second phases of the
project.

4.4 Hydrological Monitoring Findings

68. Project resources for hydrological monitoring were limited and this is reflected in the
quality of data obtained. While there seems to have been a large amount of data collection,
the results are of variable quality and reliability, particularly from the dipwells. For example,
early in the project concern was raised about the accuracy and reliability of the Blackpitts
and Exe Head experimental dipwell monitoring by the Environment Agency (see Barber and
Lane, undated).

‘Continuation of the monitoring programme is only viable if data are accurate
and reliable (quality assured); data are analysed appropriately; results of the
analysis are used to inform the project.” (Barber and Lane, undated).

69. In addition:

e there are issues of scale and extrapolation of results (e.g. changes to flow regime) to
larger catchments.

e there is a stated need to monitor hydrological impacts in a more structured way before,
through and after the ditch blocking.

e the data will not always show what is evident on the ground. This can be due to small
changes in water levels being hidden in a data set that has large variation in it due to
heavy or prolonged rainfall events.” (unpublished Environment Agency document
referring to research, University of Durham)

e the data analysis has been carried out by a range of people/universities (including
undergraduate students) and has not been drawn together or disseminated in a
systematic way. This is in part due to budget constraints, with only one project officer’s
time available for monitoring and analysis. Also EMRP project funding was not available
for hydrological monitoring, but had to rely on partner contributions, volunteers and
students.

How has the project affected water tables, water storage and peat wetness?
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Dipwell monitoring

70. The Exmoor Mire Restoration Report (2006-2009) has the following statement on
results:

‘The ongoing long-term monitoring work (detailed above in section B.3) is now
starting to deliver quantitative details of the changes taking place in vegetation
and hydrology. These changes show an increased site water table height and
wetness and a change to a wetter vegetation type.’

71. In 2004, Kate Bowers (Environment Agency) analysed the dipwell and ditchwater level
data before and after blocking. Her results showed less variability in levels after blocking,
suggesting that the blocking had a dampening effect on levels (P. Smith, Environment
Agency, pers. comm.).

72. P. Smith (Environment Agency, pers. comm., 2010) reports that there has been no
analysis of the dipwell data by the Environment Agency over the last three years, but notes
that visually the rise in water table can be seen at a local scale at Exe Head where some
dipwells are now constantly underwater. Further analysis is, however, on-going. The
dipwell and weir dataset at Blackpitts and Exe Head is scheduled to be analysed by an MSc
student at King’s College, London. The focus of this thesis is on the streamflow and
groundwater response to rainfall for the period from March 2008 to present.

73. The Project Officer has produced summary graphs of the water table changes at Exe
Head and Blackpitts for the period between 1998-2009 which are presented in Appendix 5.
Years with extreme events or measurement errors have been removed from the graphs to
enable clearer trends to emerge. Whilst there is no indication on the graphs of rainfall
patterns between dipwell monitoring activity, there does appear to be clear evidence of an
overall trend in the rise in water table between 1998-2009, particularly at Exe Head. A rise
in water table is less evident at Blackpitts.

74. Hand (2009; see above) also makes the general conclusion that water tables have
risen on Exe Head from 1999-2009, but not on Blackpitts.

4.5 General observations on the research results

75. At the majority of sites: Broadmead, Roostichen x2 , Squallacombe, Hangley Cleave
West, Exe plain, North Twitchen, Long Holcombe, Exe Plain, Verneys Allotment, water is
held behind some of the ditch blocks on a semi-permanent basis, saturating the peat in the
area of the ditch block. No formal measurements have been taken, but this has been
observed and documented by many individuals. At sites restored before July 2008, the 2008
near infrared aerial photos held by ENPA show open water in the pools at these sites. Boyce
(2009) also makes reference to these pools in his invertebrate survey.

76. A number of land managers interviewed have also noticed visual changes to their land
as a result of the ditch blocking as the following quotes illustrate:
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“Yes, | think it has made a significant difference in a short time — in 4-5 months it’s
wetted up quickly and it will slowly wet up more I’'m sure”.

“Definitely noticed some changes.... because they have stopped the erosion. Had some
quite big gullies which if had left would have got worse”.

“when you go up there now, you used to see the water gush done there normally, it
would just wash out. It’s definitely stopped it coming down in the same amount as
before”

77. Others, however, are less convinced of the differences made by the ditch blocking and
some are doubtful that the scale at which the EMRP is operating will affect downstream
rivers.

“I have not noticed any changes, but any views | might have are unscientific, it’s difficult
to see over a period of time we are having less or more flooding....so we need to look
and see if it is really affecting or getting the benefits we are looking for. | don’t think so
as the ditches weren’t very effective, | doubt very much it’s made a fraction of 1 % of
difference”.

Flow monitoring

78. Flow monitoring has taken place at 3 locations (Blackpitts, Exe Head and Exe Plain). V
notch plates with 15 minute loggers were established and monitored by the EA. The weirs
were established post monitoring so there was no pre- monitoring data to make direct
comparisons. To date, there has been no study of changing flow patterns, although this will
shortly be analysed by a Kings College MSc student (Smith, pers. comm.). Consequently, the
impact of the blocking of drainage ditches on downstream flows is unclear.

79. So far, the research results have not been systematically published in the research or
practitioner literature, or promoted around stakeholders so that methodologies and results
gain external input and scrutiny. The research results from other peat blocking experiments
(e.g. by Leeds University) does not seem to have been shared with stakeholders, alongside
the monitoring data for Exmoor (e.g. the hydrological differences between ‘damaged’ and
undamaged’ peat bogs), to aid understanding of potential patterns and the issues/
challenges involved in monitoring.

4.6 Future hydrological plans

80. Discussions with Steering Group members revealed a recognition of some of the
limitations of the EMRP hydrological monitoring and lessons learnt from this project have
been incorporated into the proposed hydrological plan for the Mires on the Moors project
(Arnott, 2010). This plan has been reviewed by UK academics and their recommendations
have been built into the new plan, resulting in a comprehensive and ambitious hydrological
monitoring plan.
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81. The new monitoring programme for water quantity and qu