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9ȄŜŎǳǝǾŜ {ǳƳƳŀǊȅ 

1. This was a farmer-led project to assess the effectiveness of three land management 

practices that had been carried out on their moors. Specifically, work carried out: (1) to 

control bracken, (2) increase {ǇƘŀƎƴǳƳ populations, and (3) gulley blocking. 

2. Two literature reviews were done: 

¶ Assessing effect of rewetting and gulley blocking 

¶ {ǇƘŀƎƴǳƳ re-introduction 

¶ It was noted a recent review of the status of bracken control had recently been 

published. 

3. Thereafter, quality control checks were made of the three types of management through 

field assessments of success, viz: 

¶ Bracken control work on seven moors, three randomly-chosen sites on each. 

¶ {ǇƘŀƎƴǳƳ introduction on five moors, three with five sites and two with on 

sampling site. 

¶ Gulley blocking on seven moors, each with three randomly chosen sampling sites. 

Sites were selected to reflect work organised by Moors for the future (MFF), Farmer-led 

contractors and Geoff Eyre (not Gulley blocking). 

4. Bracken control: the sites showed a range of success outcomes, some excellent, some 

good and others poor. Geoff Eyre produced the best results overall and there was no 

significant difference between MFF and farmer-led contractors. 

5. {ǇƘŀƎƴǳƳ introduction: Results were very variable, some excellent, other good and some 

with no detectable {ǇƘŀƎƴǳƳ. Geoff Eyre was the best producing exceptionally high 

densities of plants, the farmer-led contractors were intermediate and MFF was least 

successful. 

6. Gulley-blocking: This has, for the most part worked, but there was evidence that some 

dams were no longer fully-functioning. In terms of the percentage functioning there was 

little difference in between the contractors used. However, there were differences 

between dam-forming materials; 85% of turf dams were fully-functioning compared to 

65% rock dams. Other materials were present in small numbers with 85% wood, 75% 

Heather bales and 100% plastic fully-functioning dams being detected. Dams tended to 

be fully function when the overall drop of the gulley was small with sub-optimal and 

destroyed dams being much greater in steep gulleys. 

7. It is very surprising that the farmers had had no information about the continued success 

of these three interventions which implies no monitoring has taken place since the work 

was implemented. Therefore, we recommend that there should be follow-up monitoring 

of all moorland intervention work within the Peak District to assess successes and failures, 

and this must (a) be reported back to the farmers and (b) be embedded in grant 

structures. Otherwise, there is no way of judging the success of the intervention program 

or whether the money expended is being wasted or not.  

8. Given the superior performance of Geoff Eyre’s approaches for bracken control and 

{ǇƘŀƎƴǳƳ introduction, we recommend that some though might be given to 

incorporating them into future work plans. 
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9. There is no good reason for supposing that MFF does a better job than farmer-led 

contractors and we recommend that discussion be opened with Natural England to 

discuss whether other organisations/groups be added to the "Trusted Delivery Partner" 

list.  

10. We also recommend that MFF are more transparent in their charging structure and allow 

access to data collected on farmer's land.
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мΦ LƴǘǊƻŘǳŎǝƻƴ 

One of the challenges and indeed opportunities for upland farmers is the need to adopt 
sustainable farming and environmental practices that can work alongside each other to 
optimise benefits for all stakeholders, public and private. To this end, Peakland 
Environmental Farmers Limited (PEF) was established in 2022: 

¶ To identify the most effective and cost-efficient ways to make this contribution 
whilst continuing to produce sustainable and good-quality livestock. Specifically, our aim is 
to focus on good peatland management. PEF recognizes that peat stores more carbon than 
all UK woodland so good peat management is by far the biggest contribution that can be 
made to mitigate climate change impacts. Moreover, it will also benefit biodiversity through 
links to upland invertebrates, reptiles, waders and red-listed bird species. 

¶ However, farmers are presented with a range of alternative methodologies for 
restoring peatland, and different approaches are advocated as to how farming and 
biodiversity conservation can be carried out side-by-side. Much of the previous peatland 
restoration work on PEF land holdings has been undertaken under the auspices of the 
National Park/Moors for the Future (MFF, 2026a) using contractors rather than the farmers 
themselves. That leaves farmers unclear about what was done, and what the outcomes are. 
In essence, has the work achieved its objectives, or not? Observations on our own land 
sometimes contradict the stated outcomes of the interventions, so clarity is needed to build 
confidence in the delivery methods. 

¶ As farmers, we want to make rational decisions around peatland or biodiversity 
restoration, learn from what has been done before on our land, understand where and why 
best results have been achieved, then apply that learning to a new ambitious programme of 
future restoration. At present there is no consensus evaluation on the most appropriate 
practice to follow.  

¶ The Government's Environmental Improvement Plan 2023 (Defra, 2025) plans to 
“restore or create more than 500,000 ha of wildlife-rich habitat outside of protected areas 
by 2042". Of this 500,000 ha, 280,000 ha is expected to be peatland. This report indicates an 
action for commitment a need to “Work with partners, farmers and land managers to 
restore 40,000 ha of peat before 2030”. Implicit in the action is a wish to “mobilise private 
investment, including the emergence of voluntary markets for peat such as the Peatland 
code”. Furthermore, and of relevance to a large proportion of PEF landholdings, the 
Protected Landscapes Targets and Outcomes Framework (Defra, 2025) aims to achieve 80% 
of SSSI designated land in favourable condition by 2042. 

¶ A small percentage (about 1%) of peatland actively sequesters carbon. So, it is urgent 
that farmers/moorland managers manage peat better to avoid carbon loss. The uplands are 
the national stronghold for red-listed waders (curlew, lapwing, golden plover). A recent bird-
survey showed the Peak District is bucking national trends by generating increased local 
populations of these species. Therefore, PEF land holdings should be in a good position to 
make a substantial contribution to these targets. 

¶ All upland farmers/moorland managers suffer from a lack of good management 
information in this area. This evaluation, with a strong emphasis on farming practicalities 
within the Peak Distract will benefit PEF members directly and ultimately all upland estate 
managers. 
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The aims of this project are, therefore, to evaluate the following attributes: success of 

restoration outcome, cost-effectiveness, operational effectiveness, and efficiency. We had 

four tasks: 

1. Carry out Literature Reviews on two major topics of concern, i.e. addressing the 

following two questions: 

 

¶ Effects of rewetting and gulley blocking on moorland restoration 

¶ Assessment of the success of {ǇƘŀƎƴǳƳ re-introduction on upland moors 

These literature reviews are available in Supplementary Materials: Literature Reviews #1 

and #2. A position paper on bracken control has been published recently which 

summarised the current knowledge base (Ashby Ŝǘ ŀƭ, 2024). 

Thereafter, we carried out a quality control check on three types of moorland restoration 

work on PEF land holdings, these were: 

2. Assessing the effectiveness of bracken control  

Bracken is a major invasive problem in upland Britain and various attempts have been 

made to control it and re-establish native vegetation, usually grassland. 

 

3. Assessing the effectiveness of {ǇƘŀƎƴǳƳ introduction 

{ǇƘŀƎƴǳƳ is a genus of moss that is a crucial species involved in peat growth and 

development. Much effort is put into re-introducing {ǇƘŀƎƴǳƳ species to PEF moors to 

assist this process.  

 

4. Assessing the effectiveness of Gulley Blocking. One of the key management initiatives 

in recent years has been to block drainage gulleys on moorland sites so that water is 

retained and the moor is “rewetted”. 

In all three quality control checks, we aimed to assess work done by three contracting 

groups, these were: (a) contractors organised by PEF members, (b) contractors organized by 

MFF and (c) Geoff Eyre (not gulley blocking) to see if there was any differences between 

these groups. MFF is a conservation partnership hosted by the Peak District National Park 

Authority (PDNPA) ( MFF, 2026a). Natural England lists MFF as a 'Trusted Delivery Partner”. 
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нΦ !ǎǎŜǎǎƛƴƎ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ ōǊŀŎƪŜƴ ŎƻƴǘǊƻƭ  

 

нΦм  LƴǘǊƻŘǳŎǝƻƴ 

Bracken (tǘŜǊƛŘƛǳƳ ŀǉǳƛƭƛƴǳƳ (L.) Kuhn) is a major weed problem in the UK. it causes 

problems for agriculture, conservation, forestry and sporting interests (Marrs & Watt, 2006; 

Ashby Ŝǘ ŀƭΣ 2025). Bracken can be controlled by mechanical or herbicidal means and until 

2021 the most often used approach was the application of the selective herbicide asulam. 

Asulam was taken off the UK market in 2021 so the only herbicidal option now is glyphosate, 

which is non-selective and will affect other plant species (Ashby Ŝǘ ŀƭΣ 2025). Glyphosate is, 

however, now regarded as a last resort as mechanical treatments are preferred by nature 

conservation/ management agencies (Natural England, Natural Resources Wales  NatureScot 

and Forestry Commission). Glyphosate use requires permission from conservation agencies 

for its use on priority habitats. There is a substantial amount of bracken in the Peak District 

and various attempts have been made to control it. This work assesses how effective this 

control work has been when it has been carried out by Geoff Eyre, farmers employing their 

own contractors and contractors under the auspices of Moors for the Future. 

 

нΦнΦ aŜǘƘƻŘǎ 

 

нΦнΦмΦ CƛŜƭŘ ƳŜŀǎǳǊŜƳŜƴǘǎ 

Effectiveness of bracken control management was assessed at eight moors (Abney, 

Broomhead, Edale, Hurst and Chunal, Ladycross, Midhope, Mossy Lea, and Royal Moor). 

Three treated sites were selected on seven of the moors, the exception was Royal Moor 

which only had one treated site. On the seven moors if there were more than three sites 

available then three were selected randomly, otherwise, all three were sampled. 

This general method follows that used routinely for bracken control research (Le Duc Ŝǘ 

ŀƭ, 2000; Ghorbani Ŝǘ ŀƭ, 2025) At each site a random position was located as the start 

position of a 100 m transect through the first site. Ten samples were taken per treated site, 

with the samples being at 10 m intervals along the transect. At each position on the transect 

a 1 m² quadrat was placed with a 0.5 m x 0.5 m sub-quadrat positioned centrally within it. 

The number of fronds within the sub-quadrat were counted to provide an estimate of frond 

density. Within the larger quadrat the height of the tallest frond was measured and then the 

cover (%) of bracken litter, live vegetation, litter, other litter and bare peat/soil was assessed 

visually. Frond density was multiplied x4 to express density on a fronds m2 basis.  

 

нΦнΦнΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ Řŀǘŀ ŎƻƭƭŜŎǝƻƴ 

For each Moor data were collected in two categories: 

Management information: 
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¶ Moor name. 

¶ Moor owner. 

¶ Start year – the year the intervention was implemented. 

¶ Elapsed time = Start year-2025 (years). 

¶ Contracting agent (Geoff Eyre, Contractors and Moors for the Future, coded GE, Con, 
MFF respectively. 

 
Environmental information: 

¶ Transect number. 

¶ Quadrat number. 

¶ Eastings. 

¶ Northings. 

¶ Elevation (m). 

¶ Slope (o). 

¶ Aspect (o). 
 

The eastings and northings of all sites were obtained for all bracken sampling positions 

from Ordnance Survey maps and a Garmin Oregon GPS, and then transferred into QGIS 

(QGIS Development Team, 2025) from .csv files, which also contained sample location 

information. Aspect, slope and elevation were calculated from a Digital Terrain model 

(Ordnance Survey DTM- 5 m resolution Ordnance Survey, 2026). The DTM was input as a 

raster into QGIS, and then a virtual raster created using ‘Build Virtual Raster’ tool to remove 

impacts of errors via joins between tiles. All sampling positions were overlain across the 

virtual raster based on eastings and northings. The elevation data were extracted directly 

from the virtual DTM using the “Sample Raster Values” function within the ‘Raster analysis’ 

toolbox. Slope and Aspect were estimated in a two stage-process. This involved the creation 

of slope and aspect raster layers using the ‘Aspect’ and Slope’ functions respectively within 

‘Raster terrain analysis’ toolbox. Thereafter, the individual aspect and slope values were 

extracted from their respective raster layers using the ‘Sample Raster Values’ as above. 

Aspect was recalculated into two variables, (1) degree of southerliness and (2) degree of 

westerliness, following Corney (2006), using the following equations: 

Southern aspect = sin(a × π/180)/2, giving a southerly aspect. 

Western aspect = | sin((a × π/180) − π/2)/2 | 

 

нΦнΦоΦ {ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ 

All analyses were performed in the R Statistical environment (R Core Team, 2025). The 

vegetation variables were inspected using boxplots after appropriate transformation with 

differences between contracting agent identified by colour using the ‘ggplot2’ package 

(Wickham, 2016). Thereafter, significant differences between contracting groups were 

assessed using Generalized Linear Modelling (GLM) using the ‘glm’ function. GLM was used 

because of the unbalanced nature of the design. In this analysis MFF was set as the intercept 

so the other two contracting agents are compared against them. Correlation coefficients 

were also calculated between all vegetation variables. 
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нΦоΦ wŜǎǳƭǘǎ 

 

нΦоΦмΦ DŜƴŜǊŀƭ ŬŜƭŘ ƴƻǘŜǎκƻōǎŜǊǾŀǝƻƴǎ 

It is well known that bracken control requires repeated and sustained management to be 

successful, without this any investment yields no long-term benefit. This was evident here in 

that where control had taken place without follow up, particularly many years ago, bracken 

had re-established to such an extent that the prior treatment now appeared to have had 

minimal lasting impact. Here, all bracken had been controlled by chemical herbicides or with 

a combination of herbicides and burning.  

In discussing alternative control methods, the landowner from Broomhead noted the 

potential application of drones for chemical delivery in difficult or highly-complex terrain, 

such as areas with stones or walls. Currently, chemical application methods typically include 

helicopter spraying, vehicle-mounted sprayers, and knapsack sprayers for targeted 

treatment. Helicopters are generally used in steeper, less accessible moorland areas; 

however, their high operational costs may limit their viability for many moor owners. 

Additionally, the broad-scale dispersal of herbicides raises concerns regarding unintended 

impacts on non-target plant species and wildlife. 

Vehicle-mounted sprayers are commonly employed, as machinery can be adapted to 

carry chemical containers. Nevertheless, this approach presents safety risks, particularly on 

uneven or rocky terrain where shifting loads can increase the likelihood of vehicle instability 

or overturning. Knapsack sprayers offer a more precise and environmentally sensitive 

method, particularly for treating smaller fronds or isolated patches. However, this approach 

is labour-intensive and unlikely to be sufficient as a standalone strategy for large-scale 

bracken control. 

 

όŀύ  aƻǎǎȅ [ŜŀΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ aƻƻǊǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлнл 

Transects one and two were located close to each other, however control was carried out in 

these areas at different times. Treated areas were small comparatively to the overall area of 

bracken. Transect two, in particular, was along rockier terrain so only spot applications were 

used.  

όōύ  9ŘŀƭŜΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ aƻƻǊǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлмр 

Transect one, on a westerly slope, had very high densities and heights of bracken 

throughout. Transect two began with bilberry, with some bracken up slope. Transect three 

was dense in bilberry throughout with no bracken. It was mentioned that there was 

potentially not much bracken in these areas pretreatment, though this cannot be 

corroborated without baseline data.  

όŎύ IǳǊǎǘ ŀƴŘ /ƘǳƴŀƭΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ tŜǊǎƻƴŀƭ /ƻƴǘǊŀŎǘƻǊΣ ̧ŜŀǊ ǎǘŀǊǘŜŘΥ нлнм 

A substantial amount of bracken was present on site. The first transect was established along 

the upper edge of a slope running perpendicular to the river below. Owing to the steep 

gradient, chemical treatment was applied using knapsack spot-spraying. Although the 
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second transect was located on flatter and more extensive ground, chemical application was 

again confined to a relatively small area. While bracken density within the transects 

appeared lower than in the surrounding untreated areas, these small areas made little 

impact to the density of bracken on site overall.  

όŘύ wƻȅŀƭ aƻƻǊΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ tŜǊǎƻƴŀƭ /ƻƴǘǊŀŎǘƻǊΣ ̧ŜŀǊ ǎǘŀǊǘŜŘΥ нлнн 

Only one transect was recorded here and was 

on a very steep slope. The bracken was very 

dense and up to 2 m tall in places.  

 

 

 

 

 

 

 

 

 

 

όŜύ !ōƴŜȅΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ DŜƻũ !ȅǊŜΣ ̧ŜŀǊ 

ǎǘŀǊǘŜŘΥ нлмл 

Transect was situated within an area that has 

undergone sustained management over several years. 

The site has been subject to both controlled burning 

and chemical treatment, followed by annual spot 

applications. As a result, bracken presence is minimal, 

with only five individual plants recorded within a 

single quadrat. 

Transect two has been managed using the same 

treatment regime as transect one but is located at a 

higher altitude and on steeper slopes. Similar to 

transect one, bracken growth within the transect was 

minimal. Although no bracken was recorded within 

the sampled area itself, a small number of plants were 

observed in the surrounding landscape. 
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Transect three has likewise been subjected to the same combination of burning and 

chemical treatments. As with transect two, no bracken was recorded within the transect; 

however, some plants were present in the adjacent area. 

όŦύ .ǊƻƻƳƘŜŀŘΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ /ƻƴǘǊŀŎǘƻǊΣ ̧ŜŀǊ ǎǘŀǊǘŜŘΥ нлно 

The primary challenge identified in relation to bracken control concerned the terrain. All 

three transects were located on rocky or steep ground, rendering vehicle access hazardous 

when transporting liquid chemicals, which increase instability due to shifting loads. 

Consequently, treatment was limited to manual spot-spraying, a method that is highly 

labour-intensive. 

Transect one was situated on the rockiest ground, resulting in several quadrats containing 

exposed rock on which bracken cannot establish. This may have influenced the recorded 

data, as other areas within the same treatment zone exhibited more substantial bracken 

growth.  

Transects two and three were located in close proximity; however, the area encompassing 

transect three had experienced a fire subsequent to chemical application. While little 

difference in bracken density was observed between the two transects, a notable contrast 

was evident in overall vegetation composition. Transect two supported a greater abundance 

of crowberry and other characteristic moorland species, whereas transect three was more 

grass-dominated within the sampled quadrats. 

όƎύ [ŀŘȅŎǊƻǎǎΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ tŜǊǎƻƴŀƭ ŎƻƴǘǊŀŎǘƻǊΣ ̧ŜŀǊ ǎǘŀǊǘŜŘΥ нлно 

Transect one was more regularly controlled and as such had less bracken present. Only a 

small strip around transect two had been controlled so more bracken was present. Transect 

three was on grassy ground with many rabbit warrens. 

όƘύ aƛŘƘƻǇŜΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ tŜǊǎƻƴŀƭ ŎƻƴǘǊŀŎǘƻǊΣ ̧ŜŀǊ ǎǘŀǊǘŜŘΥ нлмр 

Regular chemical applications had been made throughout the site until chemical control had 

been prohibited. The gamekeeper advised that much of the lower moor used to be 

completely covered in bracken but with repeated chemical treatment had managed to get it 

under control. The data for transect one is somewhat skewed as the transect line fell largely 

on a track where bracken was not present. Small fronds of bracken were present over all the 

transects indicating it has started to return since the cessation of chemical control.  
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нΦоΦнΦ 9ũŜŎǝǾŜƴŜǎǎ ƻŦ ōǊŀŎƪŜƴ ŎƻƴǘǊƻƭ ǘǊŜŀǘƳŜƴǘǎ 

The effectiveness of the control treatments on each moorland site by each contracting agent 

are shown on Figs. 2.1 (Frond density), Fig. 2.2 (Frond Height) and Fig. 2.3 (Bracken Litter). 

For all three variables the intercept (MFF) was significant (P< 0.001) and there was a 

significantly lower values in land treated by GE; there was no significant difference between 

MFF and the other contractors (Table 2.1). Across all sampled moors frond density (Fig. 2.1) 

showed mixed results with very good results for all three Abney sites, two sites at 

Broomhead and Midhope and one at Edale, Ladycross and Mossy Lea. All of these sites had 

frond densities below the 2 fronds m-2 identified by Ghorbani Ŝǘ ŀƭ (2025) as a threshold 

below which good, sustained long-term bracken control was likely. The frond height data 

(Fig. 2.2) and bracken litter cover mirrored frond density results with no litter on the sites 

with <2 fronds m-2 (Fig. 2.3). 

The intercept (MFF) was significant for cover of vegetation (P< 0.001) and bare ground P< 

0.01). For vegetation cover, there was a significantly higher value in land treated by GE and 

no significant difference between MFF and the other contractors (Table 2.1). For bare ground 

cover GE showed no significant difference from MFF but the Con group was significantly 

greater (P<0.01) (Table 2.1). The cover of other vegetation produced no significant 

differences between contractors and is not discussed further here. The vegetation cover was 

greatest at the three sites at both Abney and Midhope with > 75% cover (Fig. 2.4). Edale was 

mixed with two sites straddling or exceeding 75% cover and the other the poorest at <25% 

cover (Fig. 2.4). Mossy Lea was intermediate with cover straddling the 75% cover line 

although site 2 was very variable, extending below 25%, Broomhead, Hurst and Chunal and 

Ladycross 2 were predominantly below 50% (Fig. 2.4). Bare ground to some respect reflected 

the lack of bracken and vegetation, again the sites with best bracken control and largest 

vegetation cover had the least bare ground (Fig. 2.5).  

The two bracken variables were not correlated with elapsed time but all other variables 

were: vegetation (+ve), bare ground, bracken and litter (-ve) (Table 2.2a). All three bracken 

measures were highly positive correlated and vegetation was correlated with bare ground 

and litter variables (Table 2.2a). Frond density and height were positively correlated with 

slope and frond density was negatively correlated with southerly aspect (Table 2.2b) and 

vegetation cover was negatively correlated with slope and positively with southerly aspect 

(Table 2.2). 

In order to see if there was any link between success and environmental measures the 

dataset was grouped visually into three “success groups” based on performance in reducing 

frond density (Fig. 2.1), i.e. “Poor” = frond density with a median > 14 fronds m-2), “Mid” = 

<14 but >2 fronds m-2, “Good” = <2 fronds m-2. The GLM analysis was redone using these 

success categories. The GLM showed that the intercept (“Good”) was highly significant for all 

environmental variables. The “Mid” and the “Poor” showed no significant difference from 

the “Good” in terms of Slope and South aspect respectively (Table 2.3). Relative to the 

“Good”, the “Mid” sites were on sites of lower elevation with a less southerly and western 

aspect and the “Poor” were on greater slopes, lower elevation and with a less westerly 

aspect (Table 2.3). 
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¢ŀōƭŜ нΦмΦ GLM results of the effects of different contractors (MFF, Con, GE) on vegetation 

measures on Moorland sites in the Peak District where bracken has been controlled. 

Reduction in Deviance (%) and AIC are presented. Significance levels: ns = no significance (P 

> 0.05), ** = P<0.01, *** P <0.01. (b) mean values (±SE) of the environmental variables in 

each group. 

 

Variable Contractor class Estimate SE t P Significance 

Frond density Intercept=MFF 1.19011 0.17463 6.815 <0.0001 ***  

 Con -0.03893 0.21388 -0.182 0.8557 ns 

 GE -1.08862 0.30247 -3.599 0.0004 ***  

ΔDev Reduction(%) 29.1      

ΔAIC 11.54      

Frond Height Intercept=MFF 1.76987 0.24554 7.208 <0.0001 ***  

 Con -0.06147 0.30072 -0.204 0.838225 ns 

 GE -1.65706 0.42528 -3.896 0.000132 ***  

ΔDev Reduction(%) 67.31      

ΔAIC 14.08      

Bracken litter cover Intercept=MFF 0.40735 0.06053 6.73 <0.0001 ***  

 Con 0.06721 0.07413 0.907 0.365664 ns 

 GE -0.35499 0.10484 -3.386 0.000848 ***  

ΔDev Reduction(%) 4.291      

ΔAIC 14.92      

Vegetation cover Intercept=MFF 0.90677 0.05592 16.216 <0.0001 ***  

 Con -0.09637 0.06848 -1.407 0.161 ns 

 GE 0.41791 0.09685 4.315 <0.0001 ***  

ΔDev Reduction(%) 12.7      

ΔAIC 27.8      

Bare ground cover Intercept=MFF 0.08708 0.03089 2.819 0.00529 **  

 Con 0.12033 0.03783 3.18 0.0017 **  

 GE -0.0386 0.05351 -0.721 0.47146 ns 
ΔDev Reduction(%) 0.1      

ΔAIC 12.06468      
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CƛƎΦ нΦмΦ Frond density (number m-2, transformed (logex+1 transformed) across the sampled sites on Peak District moorlands. Back transformed scales 

are presented as horizontal red lines and the 2 fronds m-2 threshold value of Ghorbani Ŝǘ ŀƭ (2025) as the horizontal blue line. Box colours represent 

Contractors: Blue = Con, Green = Geoff Eyre and Orange = MFF.  
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CƛƎΦ нΦнΦ Frond height (cm, transformed (logex+1 transformed) across the sampled sites on Peak District moorlands. Back transformed scales are 

presented as horizontal red lines. Box colours represent: Blue = Con, Green = Geoff Eyre and Orange = MFF.  
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CƛƎΦ нΦоΦ Bracken litter cover (%, arcsine transformed across the sampled sites on Peak District moorlands. Back transformed  
scales are presented as horizontal red lines. Box colours represent Contractors: Blue = Con, Green = Geoff Eyre and Orange = MFF.  
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CƛƎΦ нΦпΦ Vegetation cover (%, arcsine transformed across the sampled sites on Peak District moorlands. Back transformed  
scales are presented as horizontal red lines. Box colours represent Contractors: Blue = Con, Green = Geoff Eyre and Orange = MFF.  
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CƛƎΦ нΦрΦ Bare ground cover (%, arcsine transformed across the sampled sites on Peak District moorlands. Back transformed scales are presented as 

horizontal red lines. Box colours represent Contractors: Blue = Con, Green = Geoff Eyre and Orange = MFF.  
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¢ŀōƭŜ нΦнΦ Correlations coefficients between (a) vegetation variables, (b) bracken and environmental 

variables and (c) vegetation cover and environmental variables. Significant correlations (P < 0.05) are 

displayed in bold. 

  

όŀύ Frond Height Frond 
density 

Vegetation 
Cover 

Bare 
Ground 
Cover 

Bracken litter 
Cover 

Other 
litter 
Cover 

Elapsed time -0.063 -0.123 лΦптр πлΦнср πлΦомм πлΦмур 

Frond Height  лΦтмс πлΦптр -0.086 лΦрср πлΦмсф 

Frond Density   πлΦофу -0.076 лΦпто πлΦмрл 

Vegetation Cover    πлΦост πлΦуно πлΦмсм 

Bare Ground Cover    -0.081 лΦлол 

Bracken litter Cover     -0.047 

 

όōύ Elevation Slope Southerly Aspect Westerly Aspect 

Frond Height -0.066 лΦпнл -0.133 -0.100 
Frond Density 0.001 лΦнто πлΦнмм πлΦнмл 

 

όŎύ Elevation Slope Southerly Aspect Westerly Aspect 

Veg Cover 0.13 πлΦнм лΦом -0.07 
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¢ŀōƭŜ нΦоΦ (aύ GLM results of the analysis of environmental variables in three “Success Groups” 

derived on the basis of reduction in frond density (Good, Mid, Poor) on Moorland sites in the Peak 

District where bracken has been controlled. Reduction in Deviance (%) and AIC are presented. 

Significance levels: ns = no significance (P > 0.05), ** = P <0.01, *** P <0.01. (b) mean values (±SE) of 

the environmental variables in each group. 

Variable Success Group Estimate SE t P Significance 

Slope  Intercept=Good 11.9081 0.5377 22.145 <0.0001 *** 

 Mid 0.6334 0.8066 0.785 0.433 ns 

 Poor 7.025 1.1194 6.276 <0.0001 *** 

ΔDev Reduction(%) 81.2      

ΔAIC 34      

Elevation Intercept=Good 344.274 3.961 86.915 <0.0001 *** 

 Mid -17.527 5.942 -2.95 0.00355 ** 

 Poor -21.391 8.246 -2.594 0.01016 * 

ΔDev Reduction(%) 7.5      

ΔAIC 14.08      

South Aspect Intercept=Good 0.09879 0.02935 3.366 0.000909 *** 

 Mid -0.23797 0.04403 -5.405 1.78E-07 *** 

 Poor -0.03052 0.0611 -0.5 0.617923 ns 

ΔDev Reduction(%) 13.0      

ΔAIC 25.2      

West Aspect Intercept=Good 0.403434 0.007636 52.833 <0.0001 *** 

 Mid -0.03501 0.011454 -3.056 0.00253 ** 

 Poor -0.05415 0.015896 -3.407 0.00079 *** 

ΔDev Reduction(%) 12.7      

ΔAIC 11.5      

 

 

(b) 

Success 
Group 

Elevation 
(m) 

Slope(o) Southerly 
index 

Westerly 
index 

Good 344.3±3.0 11.9±0.5 0.1±0.03 0.4±0.01 
Mid 

326.7±6.0 12.5±0.6 
-

0.14±0.03 0.37±0.01 
Poor 322.9±3.7 18.9±1.1 0.07±0.06 0.35±0.02 
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нΦпΦ 5ƛǎŎǳǎǎƛƻƴ 

Usually bracken control using herbicides, as was the case on all sites here, provides a good 

initial effect but thereafter a recovery to pre-treatment amounts at varying speeds (Le Duc Ŝǘ 

ŀƭ., 2013; Alday Ŝǘ ŀƭΦ, 2013; ƛƴǘŜǊ ŀƭƛŀ). Here, overall, the results were mixed with the best 

sites showing good long-term control, others were intermediate and some were poor. There 

is no doubt that when tackled properly, good control can be effected and a grassland 

established. However, it is also well known that bracken is very rarely controlled well with a 

single treatment and requires sometimes quite long-term follow-up to be effective 

(Robinson, 2000, Akpinar Ŝǘ ŀƭ., 2023; Gorbhani Ŝǘ ŀƭ., 2025). We suspect the sites that had 

an intermediate or poor responses did not have such follow-up treatments. 

The most successful contractor was GE who produced exceptionally good control and 

good vegetation recovery on all three of his sites. There was no significant difference 

between work carried out by MFF and farmer-run contractors, some sites were good, some 

moderate and some poor. 
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оΦ !ǎǎŜǎǎƛƴƎ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ {ǇƘŀƎƴǳƳ ƛƴǘǊƻŘǳŎǝƻƴ 

 

оΦмΦ LƴǘǊƻŘǳŎǝƻƴ 

It is well known that {ǇƘŀƎƴǳƳ species, and indeed other moorland bryophytes were 

reduced to very low levels in the Peak District as a result of air-borne pollution which had 

continued from the beginning of the Industrial Revolution until recently. {ǇƘŀƎƴǳƳ species 

are important in peat development so their introduction may be seen as crucial in restoring 

the Peak District moorlands. Over recent years there has been much effort to restore 

{ǇƘŀƎƴǳƳ species into these moors, especially by Moors for the Future. Usually this is done 

by introducing {ǇƘŀƎƴǳƳ plants as plugs, which have been created off-site. Geoff Eyre uses 

a different approach which involves spraying {ǇƘŀƎƴǳƳ material onto prepared ground. 

This works assesses how effective {ǇƘŀƎƴǳƳ introduction has been when it has been 

carried out by Geoff Eyre, farmers employing their own contractors and contractors under 

the auspices of Moors for the Future. 

 

оΦнΦ aŜǘƘƻŘǎ 

 

оΦнΦмΦ aŜǘƘƻŘǎ ŦƻǊ ŀǎǎŜǎǎƛƴƎ {ǇƘŀƎƴǳƳ ŘŜƴǎƛǘȅ  

Effectiveness of {ǇƘŀƎƴǳƳ restoration was assessed at five moors (Abney, Edale, Mossy Lea, 

Royal Moor and Snailsden). Three sites were available at Abney, Edale, and Snailsden and 

one at Mossy Lea, and Royal Moor. At each site, five random positions were selected for 

sampling and the simple plotless, point-centred quadrat method described by Mueller-

Dombois & Ellenberg (1974) was used to estimate {ǇƘŀƎƴǳƳ density within the patch. At 

each sampling tapes were laid out in north-south and east-west directions providing four 

quadrants. In each quadrant a search was made for the nearest {ǇƘŀƎƴǳƳ plant to the 

central sampling point and the distance measured (m). If no {ǇƘŀƎƴǳƳ was found within a 

10 m distance the 10 m value was used. As a plotless sampling method was used {ǇƘŀƎƴǳƳ 

density was expressed on a standardised per ha basis for comparison between sites using 

the calculations in Mueller-Dombois & Ellenberg (1974). The minimum detectable area was 

set at 315 m2, assuming a 10 m radius around the sampling position giving a minimum 

detectable density of 32 {ǇƘŀƎƴǳƳ plants ha-1. 

 

оΦнΦнΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ Řŀǘŀ ŎƻƭƭŜŎǝƻƴ 

For each Moor data were collected in two categories: 

Management information: 

¶ Moor name. 

¶ Moor owner. 

¶ Treatment type ({ǇƘŀƎƴǳƳ introduced by spraying or by plugs) 
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¶ Start year – the year the intervention was implemented. 

¶ Elapsed time = Start year-2025 (years). 

¶ Contracting agent; Geoff Eyre, Contractors and Moors for the Future, coded GE, Con 
and MFF respectively. 
 

Environmental information: <0.01) and a positive one  

¶ Transect number. 

¶ Quadrat number. 

¶ Eastings. 

¶ Northings. 

¶ Elevation (m). 

¶ Slope (o). 

¶ Aspect (o). 

The eastings and northings all sites were obtained for all {ǇƘŀƎƴǳƳ sampling positions 

from Ordnance Survey maps and a Garmin Oregon GPS, and then transferred into QGIS 

(QGIS Development Team, 2025) from .csv files, which also contained sample location 

information. Aspect, slope and elevation were calculated from a Digital Terrain model 

(Ordnance Survey DTM- 5 m resolution Ordnance Survey, 2026). The DTM was input as a 

raster into QGIS, and then a virtual raster created using ‘Build Virtual Raster’ tool to remove 

impacts of errors via joins between tiles. All sampling positions were overlain across the 

virtual raster based on eastings and northings. The elevation data were extracted directly 

from the virtual DTM using the “Sample Raster Values” function within the ‘Raster analysis’ 

toolbox. Slope and aspect were estimated in a two stage-process. This involved the creation 

of slope and aspect raster layers using the ‘Aspect’ and Slope’ functions respectively within 

‘Raster terrain analysis’ toolbox. Thereafter, the individual aspect and slope values were 

extracted from their respective raster layers using the ‘Sample Raster Values’ as above. 

Aspect was recalculated into two variables, (1) degree of southerliness and (2) degree of 

westerliness, following Corney Ŝǘ ŀƭ (2006), using the following equations: 

Southern aspect = sin(a × π/180)/2, giving a southerly aspect. 

Western aspect = | sin((a × π/180) − π/2)/2 | 
 

оΦнΦоΦ {ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎŜǎ 

All analyses were performed in the R Statistical environment (R Core Team, 2025). The 

vegetation variables were inspected using boxplots after appropriate transformation with 

differences between contracting agent identified by colour using the ‘ggplot2’ package 

(Wickham, 2016). Thereafter, significant differences between contracting groups were 

assessed using Generalized Linear Modelling (GLM) using the ‘glm’ function. GLM was used 

because of the unbalanced nature of the design. In this analysis MFF was set as the intercept 

so the other two contracting agents are compared against them. Correlation coefficients 

were also calculated between all vegetation variables. 
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оΦоΦ wŜǎǳƭǘǎ 

оΦоΦмΦ DŜƴŜǊŀƭ ŬŜƭŘ ƴƻǘŜǎκƻōǎŜǊǾŀǝƻƴǎ 

Moors for the Future have trialled a number of {ǇƘŀƎƴǳƳ planting and seeding techniques, 

not all of which have been successful (MFF, 2018). For all the sites examined except for GE 

{ǇƘŀƎƴǳƳ plugs were used. There was no baseline information available on existing 

{ǇƘŀƎƴǳƳ cover prior to planting and information could not be obtained which species had 

been selected for planting in each site or indeed exactly where the {ǇƘŀƎƴǳƳ plugs had 

been planted. Consequently, it would be impossible to compare the findings of {ǇƘŀƎƴǳƳ 

cover to any expected increase should the plugs be successful.  

όŀύ  aƻǎǎȅ [ŜŀΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ tŜǊǎƻƴŀƭ ŎƻƴǘǊŀŎǘƻǊΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлму 

{ǇƘŀƎƴǳƳ work was undertaken by the head gamekeeper. Multiple scrapes were dug to 
plant plugs but it was apparent from the field survey that the vast majority had failed. 
Additional sites were visited that were not included in the field results due to technical 
difficulties, but no surviving plugs were found at these sites either. {ǇƘŀƎƴǳƳ colonies that 
were found on the survey appeared to be too large to have resulted from the works done 
three years prior. 

όōύ  9ŘŀƭŜΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ aƻƻǊǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлму 

 
{ǇƘŀƎƴǳƳ plugs were planted in varying 
concentrations throughout the treated 
area. The plugs on transect one 
appeared to be surviving well; however, 
few surviving plants were found on 
transects two and three. Surviving plugs 
were however observed on the sides of 
gullies outside the sampled areas 
(pictured). The topography was variable 

around two and three but steeper overall with 
some very steep sections. A lack of water 
retention around transect two could be the cause 
of the lack of surviving plugs, as the area also had 
a high concentration of gullies indicating high 
levels of runoff. However, there were saturated 
areas around transect three and little {ǇƘŀƎƴǳƳ 
was found here regardless.  
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όŎύ {ƴŀƛƭǎŘŜƴΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ .ƻǘƘ aƻƻǊǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜ ŀƴŘ tŜǊǎƻƴŀƭ /ƻƴǘǊŀŎǘƻǊΣ ¸ŜŀǊ 

ǎǘŀǊǘŜŘΥ нлмф 

Transect two covered an area treated by a private contractor on small scrapes. 

Unfortunately, these scrapes also left a lot of exposed peat, though {ǇƘŀƎƴǳƳ plugs were 

still present in wetter areas. Transects one and three were undertaken on a larger area by 

MFF and plugs were found on both transects. Transect three was across a lower area of 

moorland with dams and pools of water throughout, consequently this area appeared to 

have the highest amount of {ǇƘŀƎƴǳƳ.  

όŘύ wƻȅŀƭ aƻƻǊΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ aƻƻǊǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜΣ ̧ŜŀǊ ǎǘŀǊǘŜŘΥ нлнмΣ  

{ǇƘŀƎƴǳƳ works were carried out on National Trust 

land on which the landowner is a tenant farmer. The 

site was flat and exposed with no pools or other areas 

holding any water present. There was very little 

{ǇƘŀƎƴǳƳ found. 

 

  

 

 

 

 

 

όŜύ !ōƴŜȅΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ DŜƻũ 9ȅǊŜΣ ̧ŜŀǊ ǎǘŀǊǘŜŘΥ нлмо 

The treated areas of Geoff’s land are at a relatively low altitude on a shallow gradient and 

{ǇƘŀƎƴǳƳ was abundant throughout. Other heathland vegetation was growing through and 

outcompeting the {ǇƘŀƎƴǳƳ in places, creating a mosaic of vegetation.  

 

оΦоΦнΦ 9ũŜŎǝǾŜƴŜǎǎ ƻŦ {ǇƘŀƎƴǳƳ ƛƴǘǊƻŘǳŎǝƻƴ 

The effectiveness of {ǇƘŀƎƴǳƳ introduction assessed by measuring {ǇƘŀƎƴǳƳ density on 

each moorland site by each contracting agent is shown on Fig. 3.1 . The intercept of the GLM 

(MFF) was significant (P< 0.001) but there was significantly greater densities in land 

managed by Con and especially GE (Fig, 3.1, Table 3.1 ). There were no significant 

correlations with elapsed time, slope, elevation, southerly or westerly aspects (all P > 0.05). 

In order to see if there was any link between success and environmental measures the 

dataset was grouped visually into three “success groups” based on {ǇƘŀƎƴǳƳ densities and 

scored 0 = none, 2 = mid ranking sites and 3 = Abney (Fig. 3.1). Correlation coefficients 

showed a significant negative correlation with elevation ( -0.71, P<0.05) and a positive 
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corelation with southerly aspects (r = 0.98, P< < 0.0001). There was no significant 

relationship with slope or westerliness. 

¢ŀōƭŜ оΦмΦ GLM results of the effects of different contractors (MFF, Con, GE) on {ǇƘŀƎƴǳƳ 

densities on Moorland sites in the Peak District where {ǇƘŀƎƴǳƳ has been introduced. 

Reduction in Deviance (%) and AIC are presented. Significance levels: ns = no significance (P 

> 0.05), ** = P<0.01, *** P <0.01. (b) mean values (±SE) of the environmental variables in 

each group. The most successful site was Abney, four sites had {ǇƘŀƎƴǳƳ presence at 

reasonable densities, all three sites at Snailsden and Edale 1, but Edale 2 and 3 and Royal 

had no detectable {ǇƘŀƎƴǳƳ.  

 

Variable Contractor 
class 

Estimate SE t P Significance 

Sphagnum density  Intercept=MFF 1.4446 0.7021 2.058 0.0447 * 

 Con 2.7379 1.1465 2.388 0.0206 * 

 GE 8.1933 1.1465 7.146 <0.0001 *** 

ΔDev Reduction(%) 49.6      

ΔAIC 33.68 
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CƛƎΦ оΦмΦ {ǇƘŀƎƴǳƳ density (log(x+1 transformed) across the sampled sites on Peak District moorlands. Back transformed  
scales are presented as horizontal red lines. Box colours represent Contractors: Blue = Con, Orange = MFF and Green = Geoff Eyre. 
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оΦпΦ 5ƛǎŎǳǎǎƛƻƴ 

 

оΦпΦмΦ [ƛƳƛǘŀǝƻƴǎ ǘƻ ǘƘƛǎ ǿƻǊƪ 

This work was performed using perhaps the simplest technique possible to estimate plant 

densities quickly (Mueller-Dombois & Ellenberg (1974) and improved results may be 

obtained if more intensive sampling was done with more intensive sampling methods. Also 

we do not know at this time the original planting densities, and it is assumed they would 

have been considerably greater than our minimum detectable density of 32 plants ha-1. 

Nevertheless, all sites were assessed using the same procedure so they should at the very 

least be comparable. 

 

оΦпΦнΦ {ǇƘŀƎƴǳƳ ƛƴǘǊƻŘǳŎǝƻƴ 

Active introduction of {ǇƘŀƎƴǳƳ, particularly via live transplants and heather brash 
applications, is critical for restoring this moss cover on degraded peatlands. Our literature 
review (Appendix II) suggests that restoring appropriate hydrological conditions, i.e., 
sustained high water tables is a pre-requisite to achieve meaningful long-term persistence 
and expansion of {ǇƘŀƎƴǳƳ species. The most usual method of introducing {ǇƘŀƎƴǳƳ is via 
plugs and this can be effective when site preparation is thorough, and clay pellet inoculation 
may hold some promise for expansive or inaccessible sites, although outcomes might be 
slower and more variable. Here, at one site, {ǇƘŀƎƴǳƳ was sprayed on to the land and this 
was very successful. 

 

оΦпΦоΦ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŎƻƴǘǊŀŎǘƻǊǎ 

{ǇƘŀƎƴǳƳ densities persisting on treated sites were mixed, with some sites showing 

excellent {ǇƘŀƎƴǳƳ densities, some being less successful in that there were {ǇƘŀƎƴǳƳ 

persisting on the treated sites but at lower densities, and some had no {ǇƘŀƎƴǳƳ 

detectable at all, at the intensity of sampling used here. Where no {ǇƘŀƎƴǳƳ was reported 

on a site it had a density below 32 detectable plants ha-1 (Mueller-Dombois & Ellenberg, 

1974). 

It is difficult to speculate on the reasons why there are such discrepancies between good 

and poor sites. In terms of the best sites on Abney Moor treated by GE, the good results are 

probably result of (a) the spraying technique that he used which would spread a very large 

number of propagules onto the land, and (b) carrying out this work on appropriate ground 

for {ǇƘŀƎƴǳƳ growth. On the sites where {ǇƘŀƎƴǳƳ densities are below the detectable 

threshold there may be many reasons for the poor results, including: 

(a) Not enough {ǇƘŀƎƴǳƳ plants actually planted  

(b) {ǇƘŀƎƴǳƳ plants were planted poorly or at the wrong time of year, e.g. in a hot, dry 

summer. 
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(c) The peat conditions were not suitable for {ǇƘŀƎƴǳƳ to grow and thrive, possibly not 

continuously wet enough.  

(d) The vegetation adjacent to the {ǇƘŀƎƴǳƳ was too productive and competitive and 

essentially shaded them out. 

However, irrespective of the reasons for poor performance on these sites the significant 

financial investment in {ǇƘŀƎƴǳƳ introduction is clearly inefficient and it might be worth 

considering a more detailed study of these sites to try and elucidate possible mechanisms 

for failure at each site to improve future re-introduction schemes. 

In terms of contractors, all produced some sites with persisting {ǇƘŀƎƴǳƳ densities. 

However, the least successful was MFF, with farmer-led contractors being intermediate and 

GE the most successful contractor who produced exceptionally high {ǇƘŀƎƴǳƳ densities. 
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пΦ !ǎǎŜǎǎƛƴƎ ǘƘŜ ŜũŜŎǝǾŜƴŜǎǎ ƻŦ DǳƭƭŜȅ .ƭƻŎƪƛƴƎ  

 

пΦмΦ LƴǘǊƻŘǳŎǝƻƴ 

The formation of gullies, incised channels formed by running water, in degraded upland bogs 

results in both primary loss of particulate carbon from the system and secondary effects of 

enhanced drainage and runoff, thus lowering the water table (Evans & Lindsay, 2010). This 

produces a number of knock-on effects including change to soil structure such as soil 

shrinkage, potentially leading to the creation of peat pipes; a decrease in the area of the 

anaerobic zone, accelerating decomposition and altering the exchange of carbon gases; and 

changs to faunal and floral communities. Most notably, drier surface soils may result in a 

replacement of {ǇƘŀƎƴǳƳ by heathland mosses (Landry & Rochfort, 2012). Enhanced 

sediment runoff also poses issues for water quality within the catchment area. (Evans Ŝǘ ŀƭ., 

2005) 

Gully blocking with dams is a moorland restoration technique used to stabilise gullies, raise 

the water table, reduce peak water discharges from the moors, trap sediment, and prevent 

further erosion of peat (Evans Ŝǘ ŀƭ., 2005). 

 

пΦнΦ aŜǘƘƻŘǎ 

 

пΦнΦмΦ CƛŜƭŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƎǳƭƭŜȅ ŎƻƴŘƛǝƻƴ 

Dam condition and performance was assessed on gulleys at seven moors (Broomhead, 

Edale, Hurst and Chunal, Ladycross, Midhope, Mossy Lea, and Snailsden). Three gulleys 

were sampled randomly on each moor. Assessment started at the highest dam on each 

gulley working down to the lowest one. Where there was a split in a gulley the left-

hand side was selected for study. The following data were collected from the 21 dams: 

1. Dam material - the material used for dam construction was noted as R= Rock, P= 

Plastic, W= Wood, T= Turf. 

2. Dam performance = an assessment of whether the dam was in good order or 

damaged/not working. A photograph was taken.  

3. {ǇƘŀƎƴǳƳ presence, here a 1 m rule was placed behind the upstream dam edge and 

{ǇƘŀƎƴǳƳ presence noted; Y = Yes/N = No  

4. Vegetation cover, (%) estimated visually within the 1 m upstream-area assessed for 

{ǇƘŀƎƴǳƳ. 

5. Area of potential dam holding water or vegetation behind the dam , the length and 

width e.g. of the available water holding area was measured (m) and area (m2) 

estimated by multiplication. 

6. Water depth, estimated by a vertical depth measurement 1 m upstream of the dam 

wall. A meter ruler was placed vertically 1 m behind the dam and measure the depth 

of the water measured. 
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пΦнΦнΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ Řŀǘŀ ŎƻƭƭŜŎǝƻƴ 

For each sampled gulley, data were collected in two categories: 

Management information: 

¶ Moor name. 

¶ Moor owner. 

¶ Gulley number. 

¶ Dam number on each gulley. 

¶ Distance that each dam was downstream. 

¶ Start year – the year the intervention was implemented. 

¶ Elapsed time = Start year-2025 (years). 

¶ The Drop, the elevation of each dam relative to the highest dam on each gulley 

(designated 0 m). 

¶ Contracting agent; Contractors and Moors for the Future, coded Con and MFF 
respectively. Note Geoff Eyre has not done any dam blocking work. 
 

Environmental informationΥ 

¶ Transect number. 

¶ Quadrat number. 

¶ Eastings. 

¶ Northings. 

¶ Elevation (m). 

¶ Slope (o). 

¶ Aspect (o). 

The eastings and northings all sites were obtained for all dams sampled from Ordnance 

Survey maps and a Garmin Oregon GPS, and then transferred into QGIS (QGIS Development 

Team, 2025) from .csv files, which also contained sample location information. Aspect, slope 

and elevation were calculated from a Digital Terrain model (Ordnance Survey DTM- 5 m 

resolution Ordnance Survey, 2026). The DTM was input as a raster into QGIS, and then a 

virtual raster created using ‘Build Virtual Raster’ tool to remove impacts of errors via joins 

between tiles. All sampling positions were overlain across the virtual raster based on 

eastings and northings. The elevation data were extracted directly from the virtual DTM 

using the “Sample Raster Values” function within the ‘Raster analysis’ toolbox. Slope and 

Aspect were estimated in a two stage-process. This involved the creation of slope and aspect 

raster layers using the ‘Aspect’ and Slope’ functions respectively within ‘Raster terrain 

analysis’ toolbox. Thereafter, the individual aspect and slope values were extracted from 

their respective raster layers using the ‘Sample Raster Values’ as above. Aspect was 

recalculated into two variables, (1) degree of southerliness and (2) degree of westerliness, 

following Corney (Table 2.1a). (2006), using the following equations: 

Southern aspect = sin(a × π/180)/2, giving a southerly aspect. 

Western aspect = | sin((a × π/180) − π/2)/2 | 
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Thereafter, for each dam, an elevation profile was created based on the highest dam on 

the gulley being set an elevation of 0m and each succeeding gulley calculated from this 

baseline by subtraction to provide the between-dam drop. The gulleys were classified into 

three drop classes (0-5m, 5-15m, >30m). 

 

пΦнΦоΦ {ǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ 

This study was initiated as a descriptive one and there was a limited ability to undertake 

much formal statistical analysis. However, the relationship between dam density per gulley 

in relation to slope was modelled using linear regression with the ‘lm’ function and test of 

dam function in relation to drop class and slope was assessed using a χ² test of 

independence [‘chisq.test’ function] and effect size was calculated using Cramer’s V 

[‘cramerV’] function from the ‘rcompanion’ package]. 

Dam functioning was subsequently analysed as a binary response variable (Functioning vs 

Sub-optimal) using binomial logistic regression models. Where individual dams were nested 

within gullies, generalized linear mixed-effects models (GLMMs) were fitted using the ‘glmer’ 

‘lme4’ package with a logit link function, including gulley identity as a random intercept to 

account for non-independence of dams within gullies. Elevation was centred within moor to 

isolate within-moor (headwater ǾŜǊǎǳǎ downslope) effects. Relative downstream position 

was calculated as the proportion of total gulley length (0 = headwater, 1 = downstream 

extent) and used to test within-gulley spatial gradients in dam functioning. Odds ratios were 

calculated by exponentiating model coefficients. 

Gulley-level vegetation effects were analysed using binomial generalized linear models 

(glm() with family = binomial), modelling the number of sub-optimal dams relative to the 

total number of dams within each gulley. Continuous response variables (e.g. pool depth) 

were compared among dam types using non-parametric Kruskal–Wallis tests with the 

‘kruskal.test’ function where assumptions of normality were violated, followed by Dunn’s 

ǇƻǎǘπƘƻŎ pairwise comparisons with Benjamini–Hochberg correction [‘dunn.test’ function in 

the ‘FSA’ package; method = "bh"]. Two-group comparisons were conducted using Wilcoxon 

rank-sum tests with the ‘wilcox.test’ function. 

All statistical analyses were performed in R (R Core Team, 2025), and graphical outputs were 

produced using the ‘ggplot2’ package (Wickham, 2016). 

 

пΦоΦ wŜǎǳƭǘǎ 

In total, 293 dams were examined in 21 gulleys (Table 4.1), made from heather bales (n-12), 

7 plastic (n=7), 13 wood (n=13), 124 rock (n=12)( and turf (n=137). Personal contractors 

were used for 46 of the rock dams and 102 of the turf dams, but not any other dam types. 

Consequently we cannot compare the performance between dam types statistically because 

of skewed sample sizes.  
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Depth profiles showed a very large variation in drop down the gulley, from ones that are 

short and almost flat to two that are very steep (Fig. 4.1). The mean length of dammed 

gulley was 153 m with the shortest and longest being at Snailsden (26.9 m and 467.8 m). 

Snailsden had the most dams per gulley, one with 49, one with 33 (also one with 4). The 

next largest number of gulleys as at Ladycross and Mossy Lea with 24 each. The mean 

number of dams per gulley sampled was 14. Importantly, there were more dams on steeper 

slopes (Fig. 4.2) than suggested by guidance provided by Evans Ŝǘ ŀƭΦ (2005). Basic 

information collected from each gulley is shown in Tables 4.1 and 4.2. 

 

 

 

CƛƎΦ пΦнΦ The density of dams per gully in relation to mean gulley slope.  
Linear equation, y = 6.44 + 0.81 × Slope; F₁,₁₉ = 6.83, p = 0.017, R² = 0.27). 
 

  



 

34 

 

¢ŀōƭŜ пΦмΦ Basic information collected from the 21 gulleys across the North Peak Moorlands. 

Gulley ID Contractor No. 
dams 

No. fully-
functioning 

Gulley 
length 
(m) 

Mean 
slope (°) 

Dam 
density per 

100 m 
Broomhead.1 Con 5 5 43.7 1.14 11.44 
Broomhead.2 Con 34 26 415.4 2.88 8.18 
Broomhead.3 Con 19 13 257.8 1.91 7.37 
       
Edale.1 MFF 3 3 72.3 3.95 4.15 
Edale.2 MFF 7 3 48.5 4.63 14.43 
Edale.3 MFF 4 4 28.7 4.85 13.94 
       
Hurst&Chunal.1 Con 6 6 86.8 2.25 6.91 
Hurst&Chunal.2 Con 9 7 96.7 3.6 9.31 
Hurst&Chunal.3 Con 13 9 130.6 5.16 9.95 
       
Ladycross.1 Con 4 3 48.8 3.73 8.2 
Ladycross.2 Con 8 8 115.9 2.67 6.9 
Ladycross.3 Con 24 20 170.9 2.27 14.04 
       
Midhope.1 Con 18 16 296.5 2.71 6.07 
Midhope.2 Con 9 4 210.7 2.7 4.27 
Midhope.3 MFF 3 3 61.7 3.42 4.86 
       
Mossy.Lea.1 MFF 24 20 165.6 11.51 14.49 
Mossy.Lea.2 MFF 11 10 82.5 4.43 13.33 
Mossy.Lea.3 MFF 6 6 53.8 5.18 11.15 
       
Snailsden.1 MFF 33 33 327.9 3.14 10.06 
Snailsden.2 MFF 49 21 467.8 6.22 10.47 
Snailsden.3 MFF 4 4 26.9 7.22 14.87 
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CƛƎΦ пΦм. Depth profiles of the 21 gulleys sampled in the High Peak moorlands, with individual dams plotted as green dots. The gulleys are ordered on 

maximum drop and classified into three types based on overall drop : 0-5 m = green; 5-15 m =orange; >30 m = pink. 
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¢ŀōƭŜ пΦнΦ Basic information on the different dam types from the 21 gulleys across the North Peak Moorlands, (SD=Standard Deviation) 

Dam Type Sample 
size 

  Proportion 
fully-

functioning 

Pool depth 
(cm) 

Vegetation 
cover (%) 

Water 
holding 

area (m²) 

Slope (°) Drop m) Elevation 
(m) 

Proportion with 
Sphagnum 

present 

Rock 124 Mean 64.5 7.7 46.9 4.6 6.1 -12.6 375.5 25.8 

  Median  6.0 40.0 2.3 4.9 -8.6 492.7  

    SD 48.0 8.9 40.6 6.3 4.1 11.1 185.4 43.9 

Turf 137 Mean 85.4 27.3 64.5 10.7 2.9 -3.5 429.0 70.8 

  Median  26.0 80.0 9.0 2.6 -2.9 507.5  

    SD 35.4 16.2 33.4 12.2 1.4 4.2 151.0 45.6 

Wood 13 Mean 84.6 11.4 19.4 5.7 4.0 -13.7 161.8 38.5 

  Median  7.0 5.0 6.0 3.7 -8.4 107.8  

    SD 37.6 13.9 25.0 2.3 0.9 12.3 149.2 50.6 

Heather bale 12 Mean 75.0 3.2 80.0 5.1 4.4 -1.3 594.0 58.3 

  Median  3.0 90.0 0.8 4.5 -0.7 588.6  

    SD 45.2 2.6 21.6 11.5 0.9 1.6 14.2 51.5 

Plastic 7 Mean 100.0 31.1 69.3 8.0 3.7 -2.6 158.4 14.3 

  Median  38.0 80.0 8.3 2.7 -3.1 157.9  

  SD 0 19.1 27.5 3.0 1.8 1.2 1.2 37.8 



 

37 

 

пΦоΦмΦ DŜƴŜǊŀƭ ŬŜƭŘ ƴƻǘŜǎκƻōǎŜǊǾŀǝƻƴǎ 

Two types of dams were found in the survey: 

όмύ tŜǊƳŜŀōƭŜ, constructed of heather bales, wood, or stone. The aim of permeable dams is to 

slow the water flow down the gulley, trapping sediment behind it, which will build up over 

time and, ideally, naturally revegetate.  

 

όнύ LƳǇŜǊƳŜŀōƭŜ, constructed of peat or plastic. These dams trap water to create pools behind 

them and raise the water table. These pools are often colonised by aquatic {ǇƘŀƎƴǳƳ. Peat 

dams should be raised above height of the gulley to encourage water to seep onto the moor 

rather than over the dam (MFF, 2026b).  

Across all sites surveyed, dams were most successful at the tops of gullies on flatter ground and 

least effective further downstream where gullies are wider, steeper, and more exposed. A recurring 

pattern observed was intact, functional dams were found upstream, and blown or ineffective dams 

found downstream.  

όŀύ ¢ǳǊŦκǇŜŀǘ ŘŀƳǎ  

Peat dams were largely intact across all sites, successfully creating pools, often with vegetation, 

including aquatic {ǇƘŀƎƴǳƳ growing behind. These dams were the most frequently located at the 

beginning of gulleys and on flatter areas, which is likely a key factor in their success.  

Landowners also liked how they blended into the landscape and allowed gullies to be traversed 

with vehicles and/or machinery, which is a particular benefit for more efficient fire response. 

However, they also highlighted that sometimes the source scrapes were not revegetated and 

remained bare many years later, which could easily be resolved by using seed or brash following soil 

removal as part of the restoration process. 

όōύ IŜŀǘƘŜǊ ōŀƭŜ ŘŀƳǎ 

Heather dams have similar benefits to peat dams in that they blend well into the landscape and can 

eventually be used to traverse gulleys when sufficient sediment has stabilised the dam. Only one site 

employed heather dams in this study.  

όŎύ  ²ƻƻŘ ŀƴŘ ǇƭŀǎǝŎ ŘŀƳǎ 

These dams are installed in a similar manner into narrow gulleys; the dam material must be driven 

widely and deeply into the surrounding peat to prevent side and undercutting due to changes in 

water flow. However, there was visual evidence on both dam types of gaps around the anchor points 

of these dams, which could lead to eventual dam failure. Turbidity appeared to be greater and 

aquatic {ǇƘŀƎƴǳƳ was more rarely observed in pools behind these dams compared to peat dams.  

όŘύ {ǘƻƴŜ ŘŀƳǎ 

Construction of stone dams involves quarrying of suitable stone and helicopter transport onto the 

moor, making it the most labour intensive and expensive option of all methods. Stone dams were the 

most commonly encountered type but also exhibited the greatest variability in performance. When 

located in the upper reaches of gullies on narrower, flatter gulleys, they could function adequately. 

However, a large proportion of stone dams were found to have failed, especially those positioned 

further down gullies with steeper walls and greater exposure. In some cases, the dams had 

completely lost their structure, and stones were littered across the gulley. Landowners also 
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expressed that during storm events, large clumps of dry peat detached from gulley walls and were 

carried downstream, striking and destroying stone dams. This was clearly observed at Snailsden. It is 

highlighted in a 2005 Moors for the Future report (Evans Ŝǘ ŀƭΦ 2005) that stone dams require the 

most maintenance of all dam methods, often several times a year. From speaking with landowners, it 

does not seem this work is contracted into the already high costs of stone dams or advice on 

maintenance given.  

 

пΦоΦнΦ bƻǘŜǎ ŦǊƻƳ ƛƴŘƛǾƛŘǳŀƭ ǎƛǘŜǎ 

όŀύ aƻǎǎȅ [ŜŀΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ aƻƻǊǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜΣ {ǘŀǊǘ ŘŀǘŜΥ нлнм 

Gulley one was very steep, averaging 11Ј and a 

maximum of 18Ј, consequently, there was a greater 

concentration of dams compared to other gulleys. 

Whilst a build-up of material around the dams 

suggested water does flow through the gulley at 

points, there was no water running through it at the 

time of survey. Water could, however, be heard 

flowing under the gulley, likely through a peat pipe. 

The gullies were largely well vegetated, especially 

gulley one. If the gullies were unvegetated prior to 

works, then the stone dams here may well have been 

very successful in building sediment which has 

subsequently become vegetated. However, without a 

baseline condition, this cannot be confirmed.  

     

Despite largely narrow channels, which, depending 

on the initial peat depth may have allowed for 

cheaper dam types than entirely stone dams, 

wooden dams were only employed on two occasions. 

Both dams did not appear sturdy, and indeed, one 

dam had begun to break apart. There was also an 

obvious gap in the peat at the anchor points of these 

dams.  

Left: Though it appears splash plates have been 

installed on both dams to prevent undercutting from 

concentrated flow, at least one wooden panel seems 

to have broken off from the main dam, along with a 

post. Pressure points around the dam in the peat are 

creating gaps within the peat  
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όōύ 9ŘŀƭŜΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ aƻƻǊǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜΣ {ǘŀǊǘ ŘŀǘŜΥ нлмс 

The three gullies at Edale were the shortest 

gullies with the fewest dams. These gullies 

were the only instances where heather bale 

dams were installed. Many of the dams had 

good sediment and vegetation build-up 

behind them, making some difficult to 

identify. Two heather dams, however, 

exhibited a clear channel through the 

material, rendering it ineffectual (top). 

However, one stone dam had completely 

blown, no longer preventing any flow, and 

further erosion of the gulley bed to the 

mineral layer was evident (bottom).  

 
 
 
 
 
 

 
 
 
 
 
 

 
 

όŎύ {ƴŀƛƭǎŘŜƴΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ aƻƻǊǎ ŦƻǊ ǘƘŜ 

CǳǘǳǊŜΣ {ǘŀǊǘ ŘŀǘŜ нлнн 

The first gulley was long, but mostly flat (<5°), and 

comprised both turf and some plastic dams. The dams 

were mostly intact and vegetated, with pools behind, 

though {ǇƘŀƎƴǳƳ was present in less than half the pools. 

The third gulley was also largely flat, and very short. The 

turf and rock dams were all in good condition and well 

vegetated, including with {ǇƘŀƎƴǳƳ. The second gulley is 

initially on flatter ground but becomes very steep (8-14°). 

Most of the dams in this gulley were stone and in various 

states of functionality. Early in the gulley, though dams 

have deteriorated, it does appear that peat has built up 

well behind the initial dam structure (left). These areas 

may now be appropriate for revegetation.  
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However, further down the gulley dams become partially- to fully-destroyed, with some not retaining 

any structure at all. The gulley walls appear to be very unstable and there is evidence here of large 

clumps of peat breaking off and causing structural damage to some of the dams (below right). 

Spacing was varied throughout, with some dams very close together, not always well correlated with 

the level of slope. Of all the sites surveyed, these gullies had the most destroyed dams.  

 

  

όŘύ IǳǊǎǘ ŀƴŘ /ƘǳƴŀƭΥ tŜǊǎƻƴŀƭ ŎƻƴǘǊŀŎǘƻǊΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлмп 

 
The dams here were all turf and well established and 
vegetated so that it was often difficult to decipher where 
the dams were in the landscape. Gullies one and two 
were largely flat, (<4°) , gulley three slightly steeper. 
Some of the dams had been overtopped or had channels 
running through (below). {ǇƘŀƎƴǳƳ in, and around, 
gullies one and two was prolific (left). Despite the works 
being carried out over ten years ago, the bare pits where 
donor soil to construct the dams, were still visible and 
unvegetated.  
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όŜ ύ .ǊƻƻƳƘŜŀŘΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ [ŀƴŘƻǿƴŜǊκ tŜǊǎƻƴŀƭ ŎƻƴǘǊŀŎǘƻǊΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлмр 

The dams in the first gulley were built by the landowners 

and their team. The area treated was short, but all dams 

were well vegetated with abundant {ǇƘŀƎƴǳƳ in pools 

behind them (left). The second gulley contained a mix of 

turf and stone dams, with turf dams positioned higher up 

and stone dams further downstream, where several had 

failed. These failures appeared to be associated with 

steeper gulley walls and increased areas of bare peat, 

which the landowner suggested lead to peat drying and 

then collapsing, damaging downstream stone dams. The 

third gulley consisted almost entirely of turf dams 

arranged in a step-like sequence, many of which 

supported abundant aquatic {ǇƘŀƎƴǳƳ (left). Many of the 

dams were overtopped, but pools were still well formed.  
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Above: Two of several examples of stone dams on site where collapse has led to channelling of flow 

around the side of the dam. 

Below: Two examples of turf dams in sub-optimal condition where there is little structural integrity 

remaining of the dam, often allowing water to flow freely over the top of the dam. This is likely due 

to erosion of the dam over time since the dams are over 10 years old.  
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όŦύ [ŀŘȅŎǊƻǎǎΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΣ /ƻƴǘǊŀŎǘƻǊΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлмп 

 
All gullies at Ladycross were on 

a shallow gradient (<4Ј). Gullies 

one and two on this site are all 

turf dams, largely in good 

condition with good {ǇƘŀƎƴǳƳ 

growth, with some large pools 

full of {ǇƘŀƎƴǳƳ (left) Gully 

three is entirely rock dams, four 

of the dams out of 24 were 

partially collapsed and 

insufficiently reaching the side 

of the gulley (examples below).  

  

 

 

όƎύ aƛŘƘƻǇŜΥ /ƻƴǘǊŀŎǝƴƎ ŀƎŜƴǘΥ /ƻƴǘǊŀŎǘƻǊΣ ¸ŜŀǊ ǎǘŀǊǘŜŘΥ нлмр 

The treated area of Midhope was all on a shallow to medium gradient, though the gullies 
were deep and often wide. Of the gullies surveyed, all were blocked with turf dams. There 
were extensive gulley systems across the moor, but it was evident that gullies that were too 
wide or steep were intentionally not dammed. The majority of the dams were functioning 
well, though some of the dams had water channelling over them and incising into the dam, 
creating a concentrated area of flow (below). 
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пΦоΦоΦ hǾŜǊŀƭƭ ŘŀƳ ŦǳƴŎǝƻƴ 

Overall performance of the different dam-building materials, expressed as the proportion of 

dams that were fully-functioning within each group were calculated (Fig. 4.3). Sub optimal 

dams included partially or completely destroyed or dams that were not fully-functional 

dams.  

These data indicate that at each individual site there were often different materials used 

(Fig. 4.3a). However, in terms of overall performance there was relatively little difference 

between the different dam-building materials although rock dams were poorest (Fig. 4.3b). 

Moreover, there was little difference between the two contractor groups, personal 

contractors being better on rock dams and MFF being better on turf ones (Fig. 4.3b). For 

most materials the overall proportion of dams functioning appeared more or less stable 

though time, but turf dams showed some evidence of increasing failure in older dams (Fig. 

4.4). 
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CƛƎΦ пΦо. The distribution and functioning different dam-building materials across the sampled sites 

on Peak District moorlands: (a) number of functioning dams made in each gulley by material, and (b) 

dam performance in terms of % of dams functioning properly. 65% of rock dams were fully 

functioning compared to 85% of turf dams. [Key to contractors: Blue=Con ; Orange=MFF]. 
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CƛƎΦ пΦп .Percentage of dams functioning since year of installation (green) vs sub optimal (grey): (a) 

considering all sampled dams, (b) rock dams only, and (c) turf dams only. Only turf dams showed a 

trend of deterioration though time.  

 

a) 

 

 

 

 

 

 

 

 

b) 

 

 

 

 

 

 

 

 

 

c) 
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пΦоΦпΦ 5ŀƳ ŦǳƴŎǝƻƴ ƛƴ ǊŜƭŀǝƻƴ ǘƻ ŘǊƻǇ ōŜǘǿŜŜƴ ƎǳƭƭŜȅǎ ό5ǊƻǇ /ƭŀǎǎύ 

The number of functioning dams with respect to dam-forming material and drop class (Table 

4.3a) shows that heather bales and plastic were confined to the shallowest drop class and 

rock and turf were spread through the drop classes. Wood was found in the shallowest and 

deepest drop classes. Contractors tended to produce dams in the two shallowest drop 

classes and MFF in both the shallowest and steepest one (Table 4.3b). 

Dam functional status varied significantly across drop classes (Fig. 4.5a; χ²= 43.21, p < 

0.001, df = 4) Cramér’s V = 0.27). Gentle slopes (0–5m) contained significantly more 

functioning dams and fewer destroyed dams, whereas steep drops (>30m) were 

characterised by significantly fewer functioning dams and an excess of destroyed dams. 

Intermediate drops (5–15m) had the greatest percentage of sub optimal dams. The level of 

intactness of dams deteriorates as the level of slope increases, when considering all dam 

types (Fig. 4.5b). The effect is seen most strongly in rock dams and likely driving this trend as 

more rock dams were used in the >30m group than any other dam type (Table 4.3).  

 

пΦоΦрΦ 5ŀƳ ŦǳƴŎǝƻƴ ƛƴ ǊŜƭŀǝƻƴ ǘƻ ŜƭŜǾŀǝƻƴ 

When elevation was centred within each moor, dams located higher relative to the moor 

mean elevation were significantly more likely to be functioning (β = 0.093 ± 0.024 SE, z = 

3.95, p < 0.001), though there was variation among gullies (random intercept variance = 

0.88). Since elevation may not fully capture hydrological position, the position of the dam 

along the gulley length was also examined as a predictor of functioning, calculated as the 

proportion of total gulley length (0 = headwater, 1 = downstream extent). Dam functioning 

declined significantly with increasing downstream position (β = −3.93 ± 0.70 SE, z = −5.62, p 

< 0.001), corresponding to a 32% reduction in the odds of functioning for every 10% increase 

in gulley length downstream. Gulley-level variation remained substantial (random intercept 

variance = 2.62). 
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¢ŀōƭŜ пΦоΦ The number of dams in each drop group is shown with respect to (a) construction material 

and (b) Contracting agent.  

   (a) 

Dam type Drop class   
0-5m 5-15m >30m 

Heather bale 12 
  

Functioning 9 
  

Sub optimal 3 
  

Plastic 7 
  

Functioning 7 
  

Sub optimal 0 
  

Rock 42 23 59 

Functioning 37 15 28 

Sub optimal 5 8 31 

Turf 55 79 3 

Functioning 54 60 3 

Sub optimal 1 19 
 

Wood 2 
 

11 

Functioning 1 
 

10 

Sub optimal 1 
 

1 

Total 118 102 73 

  

 (b) 

Contracting agent 0-5m 5-15m >30m 

Contractor 47 102  
MFF 52  73 

 

  



 

50 

 

 

 

 

CƛƎΦ пΦр. Percentage of dams functioning in relation to (a) slope (Drop class) and (b) drop class x dam-

forming material.  

  

(a)  

(b)  
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пΦоΦсΦ 5ŀƳ ŦǳƴŎǝƻƴ ƛƴ ǊŜƭŀǝƻƴ ǘƻ ǾŜƎŜǘŀǝǾŜ ŎƻǾŜǊ 

The mean gully vegetation cover was compared with the proportion of sub-optimal dams in 

each gully. There was a negative relationship between increasing vegetation cover and the 

proportion of sub optimal dams (Fig. 4.6). Note this average is calculated based on the 

vegetation cover of the 1 m behind each dam, not the whole gulley. However, the effect was 

still significant.  

 

CƛƎΦ пΦсΦ Relationship between proportion of sub-optimal dams and vegetation cover in the gulley: 
Binomial logistic regression: (β = −0.026 ± 0.006 SE, z = −4.63, p < 0.001). 
 

 

пΦоΦтΦ ±ŜƎŜǘŀǝƻƴ ŀƴŘ {ǇƘŀƎƴǳƳ ǇǊŜǎŜƴŎŜ ōŜƘƛƴŘ ŘŀƳ  

These data are particularly limited by the lack of baseline data. While we can presume the 

presence of at least aquatic {ǇƘŀƎƴǳƳ is the result of pooling behind a dam, it is uncertain 

how much vegetation or {ǇƘŀƎƴǳƳ was already present in the gulley before the dams were 

installed. Moreover, it is difficult to compare the success of these two factors across dam 

types with the sample sizes obtained. Since permeable dams (rock, heather, wood) are 

designed to slow flow and increase sediment behind the dam, an increase in vegetation 

cover as the sediment builds up and becomes vegetated can be considered a factor of 

success. For impermeable dams (turf and plastic), which are designed to hold water and 

create pools, an increase in {ǇƘŀƎƴǳƳ is anticipated over an increase in vegetation, as 

aquatic {ǇƘŀƎƴǳƳ colonises pools and the rise in the water table potentially increases the 

suitability of the area surrounding the dam to support {ǇƘŀƎƴǳƳ. There was little obvious 

difference between contractors and MFF (Fig. 4.7). 

Percentage vegetation cover in the first metre behind the dam per dam type appear 

greatest with heather bale and plastic dams, however both these samples were small (n=12 

and n=8, respectively (Fig. 4.7a). The rock and turf dam types showed the greatest variation 

in vegetation cover and there was no real trend in vegetation cover through time since 

installation (Fig. 4.7b). 
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{ǇƘŀƎƴǳƳ presence was fairly similar between heather bale, turf and wood dams and 

slightly less in plastic ones (Fig. 4.7c). Rock dams were very variable with better {ǇƘŀƎƴǳƳ 

presence in dams constructed by contractors compared to MFF. {ǇƘŀƎƴǳƳ presence was 

also better in Con rather than MFF (Fig. 4.7c). The proportion of dams with {ǇƘŀƎƴǳƳ 

presence in the first metre behind the dam appears to be increasing through time in both 

rock and turf dams (Fig. 4.7d) although this could not be tested statistically due to very 

variable sample sizes across year groups.  

 

пΦоΦуΦ ²ŀǘŜǊ ǇƻƻƭƛƴƎ ōŜƘƛƴŘ ǘƘŜ ŘŀƳǎ 

Impermeable dams of plastic and turf are designed to trap water and create pools behind 

them, thus raising the general water table. A Kruskal-Wallis test showed there were 

significant differences in median pool depth among dam types (χ² = 123.56, p < 0.001, df = 

4). tƻǎǘπƘƻŎ pairwise comparisons indicated that turf dams had a significantly greater water 

depth than rock, heather bale, and wood dams (adjusted p < 0.01). When grouped as 

permeable (rock, heather, wood) and impermeable (plastic, turf) dams, pool depth differed 

significantly (Wilcoxon W = 18685, p < 0.001), with impermeable dams exhibiting greater 

median water depth. 

Impermeable dams appear to perform similarly overall (Fig. 4.8a), however, only 8 plastic 

dams were surveyed compared to 138 turf dams. Average water depth was 31 cm behind 

plastic dams and 27 cm behind turf dams. Permeable dams averaged < 12cm. Again this 

factor is limited by a lack of understanding of whether pools of water were present in the 

gulley prior to damming and the depth of the water table at baseline. Water depth behind 

dams is also dependent on the capacity and shape of the gulley itself. There appears to be 

minimal differences between Con and MFF (Fig. 4.8a,b), There is not sufficient data to 

compare between contractor types. 
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CƛƎΦ пΦтΦ Vegetation cover and {ǇƘŀƎƴǳƳ presence in the 1m behind the dams sampled on North Peak moorlands: effect of different dam-

forming materials on (a) vegetation cover, and (c) {ǇƘŀƎƴǳƳ in the 1 m behind the dam, and (b) vegetation cover and (d) {ǇƘŀƎƴǳƳ presence 

since rock and turf dams were established[Key to contractors: Blue=Con ; Orange=MFF].
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CƛƎΦ пΦу. Comparison of water depth behind the plastic and turf dams: (a) overall 

comparison, and (b) (b) within the gulleys sample. [Key to contractors: Blue=Con ; 

Orange=MFF]. 
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пΦпΦ 5ƛǎŎǳǎǎƛƻƴ 

 

пΦпΦмΦ [ƛƳƛǘŀǝƻƴǎ 

There are several limitations to this work that need to be acknowledge, e.g.: 

¶ There was no clear, obvious objective for carrying out the work in many cases, other 

than gulley blocking to help improve moorland quality. The different sites may, 

therefore, have different restoration aims. 

¶ No baseline data were available to compare with this survey data and it is, therefore, 

only possible to provide a current (autumn- early winter 2025) description of the state 

of the work that has been carried out.  

¶ {ǇƘŀƎƴǳƳ was recorded as present/absent only. 

¶ It is impossible to separate year effects from site effects and hence it is generally difficult 

to separate all influencing factors across sites 

However, it is hoped that this rather broad-brush descriptive approach will assist in 

assessing how well the dam creation work had been done and to provide some lessons for 

the future installation and subsequent management of gulley blocking in on Peak District 

moorlands. 

 

пΦпΦнΦ DŜƴŜǊŀƭ 

Decisions around gulley blocking techniques should be tailored at both a gulley and 

landscape scale. Within a gulley, discharge characteristics as well as its shape, stability and 

peat depth influence the forces a dam must withstand, and which dam types are 

appropriate to build. The geomorphology, topography, and vegetative composition of the 

landscape influence how gullies and their networks form (and naturally infill), and how much 

energy is transferred down a gulley system. (Frankl Ŝǘ ŀƭΦΣ 2021). Soil and landscape 

characteristics also influence the development of peat pipes, which may result in a by-

passing of blocking efforts. Should multiple pipes output into a gulley, increased flow will 

create additional pressure on dams (Parry Ŝǘ ŀƭ., 2014; Frankl Ŝǘ ŀƭΦΣ 2021). 

The success of gulley blocking is therefore linked to many site- and gulley specific 

characteristics, and an understanding of these characteristics is crucial to making 

appropriate management decisions. It was apparent when talking to landowners, farmers 

and gamekeepers that they need to be better informed about why certain decisions have 

been made by contracting bodies, and their intrinsic knowledge of the land should be key to 

informing these decisions.  

One of our key results was that the long-term, and in some cases even short-term 

functioning, of the installed dams cannot be guaranteed and whilst it is accepted that 

ƛmprovements can take many years to actualise, and trajectories can vary depending on site-

specific characteristics (Lindsay Ŝǘ ŀƭ., 2016), almost 25% of the dams we inspected showed 

some damage or indeed collapse. It is well known that dams need to be monitored regularly 

to ensure that they are working and this appears not to be the case on the moors we 
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surveyed. Such monitoring would inform ongoing management to maintain the trajectory 

towards the desired outcomes via additional active restoration work. For example, once 

permeable dams have raised the level of soil behind a dam, active revegetation may be 

necessary if natural revegetation does not occur (MFF, 2026c). Moreover, active revegetation 

and/or stabilisation or reprofiling of gulley walls before damming may limit the level of 

damage to the stone dams destroyed by large clumps of peat derived from the gulley walls.  

Given it is accepted that all dams require ongoing maintenance to ensure they maintain full 

functionality (Evans Ŝǘ ŀƭΦΣ 2005) it is regrettable that such maintenance has not been done 

and is not included in the cost of contracted works. It is crucial that stewards understand 

what is required and are equipped to carry out these works. 

Gulley characteristics such as steepness influence the level of ongoing maintenance 

required. If the landowner or steward does not have capacity to regularly repair dams, 

particularly stone dams, it may not be appropriate to install dams in these areas.  

 

пΦпΦоΦ 5ŀƳ ŎƻƴŘƛǝƻƴ 

Evidence from this study agrees with other studies that suggest that dam failure is 

correlated with the slope of the gulley and channel wall, and the vegetation cover of the 

gulley (Frankl Ŝǘ ŀƭΦΣ 2021). Both factors influence the force of flow that dams must withstand 

as vegetation cover increases surface roughness, which reduces runoff velocities (Howson Ŝǘ 

ŀƭΦΣ 2023). 

Snailsden had the lowest proportion of fully-functional dams in one of the gullies 

examined, but these dams were installed only three years ago. This gulley was very steep, 

the gulley walls unvegetated, and it appeared that the surrounding peat was very unstable, 

causing damage to stone dams. By contrast, the stone dams installed 11 years ago at 

Ladycross were mostly intact, within a gulley on a shallow gradient and higher average 

vegetation cover.  

When considering elevation, dams at higher elevations within each moor were more likely 

to be functional than at lower elevations, and dams further downstream in the length of a 

gulley were less likely to be functional, corroborating field observations. Overall, dams were 

more likely to be functioning in headwater areas.  

In the absence of regular maintenance, dams would be expected to exhibit progressive 

deterioration over time. However, when comparing years since construction with dam 

function across all sites, no consistent trend of declining performance was observed. This 

relationship could not be tested on a site-specific basis, as works at each site were 

undertaken within the same year, limiting within-site temporal comparisons. It is, therefore, 

possible that site-specific factors exert a stronger influence on the continued functionality of 

dams in this study than age alone. 

Turf dams, however, did display evidence of deterioration over time. Across sites, this was 

reflected in reduced impermeability, with water increasingly flowing through or overtopping 

the structures as the turf eroded. 
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пΦпΦпΦ {ǇƘŀƎƴǳƳ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ŎƻǾŜǊ 

The conditions in differently shaped gullies favour different plant communities as narrower 

V-shaped channels tend to be moister than wide U-shaped channels, which are also more 

likely to also be eroded to the mineral layer. Consequently, wetter V-shaped channels are 

more favourable to {ǇƘŀƎƴǳƳ growth than U-shaped ones, where vegetation may be 

limited to graminoids (Howson Ŝǘ ŀƭΦΣ 2023). Since rock dams are used where the peat has 

been eroded to the mineral layer, less {ǇƘŀƎƴǳƳ is to be expected behind these dams, 

particularly in early stages of intervention. Turf dams are used on narrower channels where 

existing peat is deeper so a higher {ǇƘŀƎƴǳƳ presence behind these dams is to be expected. 

These dams are also designed to wet the wider area, further enhancing favourable 

conditions for {ǇƘŀƎƴǳƳ growth, and create pools in which aquatic {ǇƘŀƎƴǳƳ ŎǳǎǇƛŘŀǘǳƳ 

developsΥ this was observed frequently, often in large colonies. It was noted in the field that 

plastic dam pools did not contain as much aquatic {ǇƘŀƎƴǳƳ as these turf dams. Only one 

gulley contained plastic dams, and turf dams within this gulley did perform better against 

this metric. However, the small sample size and recent instalment of these dams (3 years) 

mean conclusions cannot be drawn here. There was an overall trend in an increase of 

{ǇƘŀƎƴǳƳ presence behind rock and turf dams over time, showing some success of 

damming against this metric, if assuming all sites had low/no {ǇƘŀƎƴǳƳ at the onset of 

damming. However, this increase could not be examined on a site-by-site basis over time nor 

compared with a baseline condition so site and gulley specific effects cannot be separated. 

{ǇƘŀƎƴǳƳ was also recorded as ‘present and ‘absent’ so its overall abundance is not tested 

for.  

The vegetation cover behind dams was highly variable across dam types and across years. 

Gulley one at Mossy Lea and gulley two at Snailsden are both similarly steep gullies 

comprising a majority rock dams constructed four and three years ago, but are vastly 

different in terms of vegetation cover. Mossy Lea was well vegetated throughout (mean = 

90%) whilst Snailsden was depauperate in vegetation (mean = 22%). Gulley profile, slope and 

aspect, microclimatic conditions, proximity to seeds and propagules, sediment accumulation 

rate, stability and rate of disturbance, and force and flashiness of flow all influence the rate 

at which a gulley is able to naturally revegetate (NatureScot, 2025; Howson Ŝǘ ŀƭΦΣ 2023, 

Frankl Ŝǘ ŀƭΦΣ 2021). The complexity of factors influencing revegetation rate could not be 

tested for here. It is, however, possible that redirection of some flow underground at Mossy 

Lea may be an influencing factor on the higher revegetation rate in this example. Gulley 

revegetation is key to stabilising a gulley and preventing further degradation in the long-

term (Frankl Ŝǘ ŀƭΦΣ 2021). 

 

пΦпΦрΦ {ŜŘƛƳŜƴǘ 

Sediment accumulation is a key factor in measuring the success of permeable dams, where 

they are supposed to trap sediment over water. A measure of success would be to measure 

gulley depth prior to damming then gulley depth over the following years to see if they are 

successfully trapping and accumulating sediment. It would be valuable to understand if 
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sediment accumulation had occurred in some cases here before a dam had failed. Sediment 

accumulation allows for revegetation of a gulley particularly where a gulley has eroded to 

the mineral layer or bedrock. (Howson Ŝǘ ŀƭΦΣ 2023). Unfortunately, we did not measure 

sediment depth in this study. 

 

пΦпΦсΦ hǾŜǊŀƭƭ ŎƻƴŎƭǳǎƛƻƴǎ 

The gulley blocking on these moors has for the most part worked but with signs that some 

dams are no longer fully-functioning. There was no obvious difference in performance of 

dams put in by farmer-led contractors and MFF.  
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рΦ hǾŜǊŀƭƭ ŘƛǎŎǳǎǎƛƻƴ ŀƴŘ ŎƻƴŎƭǳǎƛƻƴǎ 

 

рΦмΦ [ƛƳƛǘŀǝƻƴǎ ƻŦ ǘƘƛǎ ǿƻǊƪ 

The original objectives of this project were threefold, i.e.: 

(a) To monitor the efficacy of the intervention treatments on a range of moors in the 

Peak District with a view to comparing the performance when the work had been 

done by three classes of contractor/managing agent: Geoff Eyre, estate-led 

contractors and MFF. Three types of intervention were considered: 

i. Bracken control 

ii. {ǇƘŀƎƴǳƳ introduction 

iii. Dam installation for re-wetting. 

(b) To compare different methods that might have been used in these three 

interventions. 

(c) To consider the costs and the funding mechanisms involved implementing these 

interventions, farmer-estate input/contractor costs and managing agent costs. 

The first one of these was successful, although with limited funding monitoring visits were 

restricted and we would argue we have done the minimum number of samplings to provide 

a flavour of the situation in 2025. Clearly, more information is required and this can be 

achieved by additional sampling using the same approaches described here, or improved 

ones. 

The second two were not achieved and this is a pity but reflects the sensitive and 

confidential nature of much of the work implemented. Moreover, it was impossible in most 

situations to allocate approximate costs for single sites when these sites were treated within 

a much wider, multi-site restoration scheme. Further work could be done in this area 

especially if all the treated sites in a given restoration scheme could be monitored at the 

same time. 

рΦнΦ  9ŶŎŀŎȅ ƻŦ ǘƘŜ ƛƴǘŜǊǾŜƴǝƻƴǎ 

An abiding pattern in all three interactions is best described with reference to a “Curate’s 

Egg”: good in parts. In all three, the interventions were working well, others were less good 

and some were poor or indeed had a negligible effect, e.g.: 

όŀύ .ǊŀŎƪŜƴ ŎƻƴǘǊƻƭΥ Most of the work on bracken control was historic and probably 

was carried out using the herbicide asulam, which is no longer available. Other 

approaches to bracken control are provided in Ashby Ŝǘ ŀƭΦ (2025). Essentially 

these are the use of glyphosate from ground-based sprayers or weed wipers or 

cutting and bruising/rolling or appropriate grazing. Glyphosate is not 

recommended by most conservation organisations as it is a non -selective 

herbicide and will affect other plant species. In the one experiment testing the 

effects of bruising/rolling it was ineffective compared to cutting or asulam use 

(Marrs eǘ ŀƭ., 2023). Irrespective, it is unlikely that a single treatment will suffice 

and follow-up treatments will almost certainly be needed, perhaps for at least a 
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decade to achieve very good control (Akpinar Ŝǘ ŀƭ., 2023; Alday Ŝǘ ŀƭ., 2013, 

Marrs Ŝǘ ŀƭ., 2025). 

όōύ {ǇƘŀƎƴǳƳΥ The superior results produced by GE suggests that the techniques he 

has developed might be worth considering to extend to other areas. The use of 

plug planting certainly works in some situations and not in others and it might be 

worth considering some experimental and monitoring work to elucidate the 

reasons for poor performance.  

όŎύ 5ŀƳ ƛƴǎǘŀƭƭŀǝƻƴ ŦƻǊ ǊŜπǿŜǩƴƎΥ Gulley blocking on these moors has for the most 

part worked at least up to the date of sampling. However, there was evidence 

that some dams are no longer fully-functioning and our results concur with 

others who have suggested that dam failure is correlated with gulley wall 

steepness, the slope of the channel wall, and the vegetation cover of the gulley 

(Frankl Ŝǘ ŀƭΦΣ 2021). We suggest that for optimal performance dams work best on 

shallow gradients and at higher relative elevations.  

In the absence of regular monitoring and maintenance, dams are expected to 

deteriorate progressively over time. Here, we found differences between dam-

forming materials; 85% of turf dams were fully-functioning compared to 65% rock 

dams. Other materials  were present in small  numbers with  85% wood, 75% 

Heather bales and 100% plastic fully-functioning dams being detected.   

However, when dam function though time was assessed cross all sites we 

found no consistent trend of declining performance. We could not test this on a 

site-specific basis, as works at each site were undertaken within the same year. 

Turf dams, however, did display evidence of deterioration over time. Across sites, 

this was reflected in reduced impermeability, with water increasingly flowing 

through or overtopping the structures as the turf eroded 

There are several lessons to be learned from this as we move forward in moorland 

restoration. Interestingly, until this report, no-one from the farms/estates, contracting 

agencies, contractors or funding agencies had any idea whether the hard work and 

significant funding had achieved their long-term objectives as no, or very little, follow-up 

monitoring has been done. If it has, it has not been reported back to the farmers/estates, 

who as owners and part funders have a vested interest in knowing the return on their 

investments. Clearly, where work has produced poor results, surely it is in everyone’s 

interest to know this and perhaps investigate why this occurred and how we can collectively 

improve practice.  

wŜŎƻƳƳŜƴŘŀǝƻƴ м must be that there should be follow-up monitoring of all moorland 

intervention work within the Peak District to assess successes and failures and this must be 

embedded in grant structures. Otherwise, there is no way of judging the success of the 

intervention program or whether the money expended is being wasted or not. 

wŜŎƻƳƳŜƴŘŀǝƻƴ нΥ Given the superior results produced by GE for bracken control and 

{ǇƘŀƎƴǳƳ introduction there may be some merit in considering extending his approaches to 

more widely.  



 

61 

 

  



 

62 

 

рΦоΦ 5ƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ŎƻƴǘǊŀŎǘƻǊǎκƳŀƴŀƎƛƴƎ ŀƎŜƴǘǎ 

GE produced the best outcomes in bracken management and {ǇƘŀƎƴǳƳ persistence. There 

was not much difference between the farmer-led contractors and MFF in bracken control 

but farmer-led contractors produced marginally better {ǇƘŀƎƴǳƳ densities than MFF. In 

terms of dam construction overall performance was similar. A larger proportion of turf dams 

built by MFF were intact, but a larger performance of rock dams built by farmer led 

contractors were intact. Water pooling and {ǇƘŀƎƴǳƳ presence was greater behind 

contractor dams, with no differences in vegetation cover between the contractor types. MFF 

also built dams on the steepest gullies, which may not be cost effective or appropriate and is 

against their own recommendations. In terms of dam construction there was little difference 

between farmer-led contractors and MFF. 

Given these results. MFF do not produce any better results than contractors employed 

directly by the famers and estates. We see no reason why MFF is the sole 'Trusted Delivery 

Partner” of Natural England. Moreover, where MFF act as the managing agents for moorland 

restoration, employing contractors to carry out the work, it is reasonable and proper that 

they charge a fee for this. Farmers and estate owners, rightly or wrongly believe that these 

fees are excessive. We suggest that there needs to be greater transparency in the fee 

structure for acting as managing agents.  

wŜŎƻƳƳŜƴŘŀǝƻƴ оΥ that discussion be opened with Natural England to discuss other 

organisations being added to the “Trusted Delivery Partner” list. PEF might consider 

themselves a suitable candidate but individual farmers/estates have been shown here to use 

contractors or do the work themselves to at least as high a standard as MFF-run projects. 

wŜŎƻƳƳŜƴŘŀǝƻƴ пΥ that discussion be opened with MFF and Natural England to produce 

more transparency in the charging of their managing agent fees. 
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