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Foreword
Since I began my political career 43 years ago management of 
the uplands has changed dramatically. Financial incentives had 
previously led to large areas of heather moorland being lost to 
overgrazing and a�orestation. In the years that followed, Government 
and conservation bodies made great e�orts to reverse that loss. In 
more recent times, it seems support for heather moorland restoration 
has waned in some quarters with ‘rewilding’ and tree planting now 
in fashion. Yet through all these changes, grouse management has 
remained a constant, continuing to preserve our remaining heather-
clad uplands as it has done for decades. 

This updated and extended edition of The Moorland Balance 
explains how grouse management has successfully protected 
this much-loved habitat. It is entirely based on scientific research 
and contains references to more than 160 peer-reviewed papers 
from a wide range of sources. Where there is a gap in knowledge 
it recognises that fact and where there is a controversial issue, 
particularly in the case of the illegal killing of raptors, it doesn’t shy 
away from addressing it. 

At the same time in an e�ort to move the debate around grouse 
management onto a more rational, less adversarial footing, it 
demonstrates how science challenges many of the false claims made 
in the media. Increasingly, criticisms of grouse shooting have little 
basis in fact. For example, a repeated allegation is that moorlands 
were and still are drained by grouse managers. In fact, the opposite 
is true. Grouse managers have no interest in draining moors, and 
paradoxically they have done a huge amount to reverse the damage 
by filling in the ditches (see page 37). 



Another fact that gets overlooked is that the UK’s heather moorland 
and its unique collections of fl ora and fauna are recognised 
as globally important habitat. As well as being internationally 
signifi cant, heather and the red grouse that depend on it are still 
highly valued as part of the UK’s cultural heritage and many moors 
are designated Special Protection Areas for the species they support. 
This book refers to evidence that were driven grouse management 
to end, either through draconian licencing or an outright ban, the 
knock-on e� ect would likely be the loss of our precious heather 
moorland and the rare wildlife and rural communities it sustains. 
Anyone who reads these pages will make up their own minds about 
such an outcome, but they will start from the basis of scientifi c fact 
rather than ideological opinion. 

Sir Jim Paice

Right: © Tarquin Millington-Drake





Preface
This guide has been prepared to clarify just how much is, and is 
not, known about the management of our uplands and the e�ect it 
has on this environment. The Game & Wildlife Conservation Trust 
(GWCT), a research and education charity conducting essential 
conservation science, is well placed to help inform this debate.

For over 80 years we have been researching and developing game 
and wildlife management techniques and have had 135 scientific 
papers published in peer-reviewed journals on issues relating to 
upland ecology over the past 46 years. 

On the basis of our scientific expertise and credibility, we regularly 
provide advice to such statutory bodies as Defra, Scottish Natural 
Heritage and Natural England. We also provide practical advice to 
farmers and landowners on how to manage their land with a view to 
improving biodiversity.

Much of our research is undertaken in collaboration with other 
institutions and organisations, including the following: Exeter, 
Imperial College London, Newcastle and Aberdeen Universities, 
the British Trust for Ornithology, the Centre for Ecology and 
Hydrology and the RSPB.

To help disseminate this knowledge, representatives of the GWCT 
sit on over 100 external committees, including the following: Defra’s 
Upland Stakeholder Forum, Natural England’s main board and the 
UK Birds of Conservation Concern Panel.
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Grouse shooting in the UK occurs in two main forms: driven 
shooting and walked-up, often over dogs. Driven shooting typically 
requires higher grouse densities, and this needs more e�ective 
management. The scale and impact of this management is the issue 
which provokes much of the debate around grouse shooting. This 
chapter describes grouse shooting and introduces the management 
techniques used. 
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Grouse Shooting

What are grouse and where are they found?
There are four species of grouse in Britain: red grouse, black grouse, 
capercaillie and ptarmigan. The red grouse population is estimated 
to be 230,000 pairs1, and it is one of this country’s few endemic 
sub-species, meaning that they are only found in the British Isles. 
They inhabit heather moorland including areas of both blanket bog 
and upland heath. 

The black grouse population is estimated to be 5,100 males UK-
wide1. They are found on the moorland fringe and use hill-edge 
woodlands of both conifer and deciduous species. There are fewer 
than 2,000 capercaillie in a handful of pine-dominated Scottish 
woodlands1. Ptarmigan live above 800m and like capercaillie are 
also only found in Scotland. Grouse populations tend to fluctuate 
in size over the years and in relation to management, so these figures 
are an estimate. 

Species Population Population UK  conservation 
 estimate status  trend               
 
Red grouse 230,000 pairs Fluctuating Amber listed

Black grouse 5,100 males Severe decline Red listed

Capercaillie 1,300 individuals  Severe decline  Red listed
 (800-1,900)  

Ptarmigan 2,000-15,000 pairs Unknown Green listed
  (range stable)

The number and trends of grouse species in the UK, based on figures 
from Birds of Conservation Concern 42, Population estimates of 
birds in Great Britain and the UK1 and Birdlife International’s 
Datazone.
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Which grouse are shot on driven grouse moors?
Red grouse. They are regarded as the paragon of gamebirds because 
their speed and agility provides challenging shooting.

Are red grouse wild birds?
Yes. Red grouse are entirely wild, unlike many pheasant or partridge 
shoots, which rely on rearing and releasing birds. Although attempts 
have been made to rear red grouse, this has not been successful. 
Grouse management aims to maintain moorland in a high-quality 
condition for these wild birds. 

What is driven shooting?
Red grouse, pheasants and partridges are ‘driven’, where birds 
are flushed by a line of beaters and fly over the people shooting 
(the ‘Guns’), who are stationary in a line. On grouse moors they 
typically stand in a line of ‘butts’ – specially constructed shooting 
positions often built out of wood, stone and turf. Red grouse are also 
shot ‘walked-up’, where the participants walk across the moorland, 
flushing birds as they go, often using dogs to find grouse.

Grouse butts are fundamental to driven shooting and are a cultural aspect of some 
UK moorlands © Steve Jackson



4

Grouse Shooting

How are driven grouse moors managed?
Moorland management for driven grouse shooting includes 
controlling generalist predators such as crows and foxes, heather 
management, often by grazing and prescribed burning, and disease 
control. These topics are discussed in their own chapters through 
this book.

Are there benefits of driven grouse shooting over 
walked-up shooting?
Aiming to produce enough grouse to drive means moors have to 
invest more in sta�, time and equipment than where walked up 
shooting is the only aim. This allows more consistent, e�ective 
predator and disease control, along with habitat management. This 
greater investment in management has benefits for other moorland 
wildlife, such as species of ground-nesting birds3–6, and for habitats 
and the environment (see chapter 2 on conservation). A driven 
grouse shoot can make this additional investment because the 
economic returns for driven shooting are much greater than for 
walked-up shooting7 (see chapter 10 for more information about 
the economics of grouse moors). 

Are there negative impacts?
If the law and best practice guidelines are not followed, there can 
be negative impacts from practices such as illegal raptor killing or 
inappropriate burning. Some impacts can be avoided by adherence 
to the law and best practice guidance, which uses the best available 
knowledge to avoid or reduce these to acceptable levels. These 
issues will be discussed throughout the book.

Are the benefits widely recognised?
Yes. In response to the last petition to ban driven grouse shooting 
in 2016, the UK government released a statement recognising that: 
“When carried out in accordance with the law, grouse shooting 

4
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for sport is a legitimate activity and in addition to its significant 
economic contribution, providing jobs and investment in some of 
our most remote areas, it can o�er important benefits for wildlife 
and habitat conservation”8. 

Managed heather moorland has been recognised as iconic and 
archetypal9, and the Scottish Cabinet Secretary for Environment, 
Climate Change and Land Reform has expressed a wish to “…
ensure that grouse moor management continues to contribute to 
the rural economy…”10. 

In driven shooting, beaters flush the birds over the waiting Guns. © Matt Limb

The Moorland Balance
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Although sometimes imagined as an open, uniform expanse 
of moorland, the UK’s uplands actually consist of a variety of 
environments and habitats, supporting di�erent activities across 
the landscape. Farming, forestry, grouse moors, deer management, 
wind farms and nature reserves are all found in the uplands. These 
di�erent areas support di�erent communities of plant and animal 
species, but fragmentation of open moorland environments by these 
other land uses can be detrimental to some species. 
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Grouse Moors and Conservation

Although grouse moor management is felt by some to be 
controversial, its importance to certain habitats and species means 
that its role within the mix of land uses is of recognised conservation 
value. This chapter looks at the contribution of grouse moor 
management to conservation in the UK.

Where are grouse moors found?
On heather moorland in the UK uplands; mainly concentrated in 
the hills of central and eastern Scotland, the Pennines and North 
York Moors. Grouse moors often occur on peat soils; either deep 
peat, which can be blanket bog (see chapter 3), or shallow peat 
and mineral soils, which are on heathland areas. Grouse eat the 
young shoots of heather plants, so heather management, usually by 
controlled burning, is undertaken to encourage new growth. A mix 
of young and older heather provides both good food quality and 
cover for nesting.

Why is our heather moorland important?
No other country has extensive heather uplands equivalent to those 
in the UK. Most other heather areas are lowland or coastal, leaving 
the UK responsible for 75% of the world’s heather moorland11. For 
this reason, the 1992 Rio Convention on Biodiversity recognised 
the global importance of UK heather moorland12. 

Heather-dominated moorland supports groups or ‘communities’ 
of plants growing together that are either only found in the UK, 
or are found more abundantly here than elsewhere in the world13. 
These communities are di�erent to those found under other land 
uses such as commercial forestry, so grouse moor management 
can help increase overall biodiversity in the uplands. They include 
species of berry, grass, sedge and mosses such as Sphagnum, which 
together define habitats that are listed under the EU’s Conservation 
of Natural Habitats and of Wild Flora and Fauna Directive. 
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Although invertebrate diversity tends to be relatively low when 
compared with other habitats, rare species are associated with 
moorland, including moths, bees, butterflies, various money spider 
species, craneflies, and ground beetles14. For example, the bilberry or 
mountain bumblebee is only found in bilberry-rich moorlands with 
heather, which provides nectar late in the summer and protection 
from the weather15. Butterflies and moths tend to be more diverse 
and abundant on moorland areas when heather is older, compared 
to recently burnt areas16. 

The moorland environment also supports a collection of birds 
(an “assemblage”), which contains many species of European or 
international importance, for example red grouse, golden plover, 
curlew, lapwing and short eared owl13,17. Although not their sole 
habitat, many of these species are found in greater numbers and 
may breed more successfully on managed grouse moors3–5. 

The UK is responsible for 75% of the world’s heather moorland. © GWCT
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Overall, the number of species of plants or animals found on heather 
moorland can be fairly low, but those species which thrive are often 
uncommon, specialist species not found elsewhere, meaning that 
maintaining heather moorland is important for their conservation.

Does grouse moor management help conserve  
heather moorland?
Yes. Until the early 2000s, heather cover was falling sharply in the 
UK, generally as a result of overgrazing and commercial forestry 
plantations. However, a GWCT study showed that management for 
driven grouse shooting slows the loss of heather from our landscape. 
Between the 1940s and 1980s, moors that stopped grouse shooting 
lost 41% of their heather cover, while moors retaining shooting 
lost only 24%18. Historically, a landowner’s commitment to grouse 
management may have dissuaded them from converting moors to 
other land uses such as forestry or agriculture18 (see chapter 9 for 
more on alternative moorland uses). 

Many designations in the uplands were originally made because 
of the habitats and species on moorland, which can be supported 
by grouse management. Some of the best examples of heather 
moorland in the UK are designated as Sites of Special Scientific 
Interest (SSSIs) and ‘Natura’ sites – Special Protection Areas 
(SPA) and Special Areas of Conservation (SAC) – in recognition 
of their importance. In England, 74% of upland SPAs are managed 
as grouse moors19. However, on some grouse moors inappropriate 
burning or the lack of agreed heather management plans have led 
to the classification of the site as being in unfavourable condition.

Can preserving heather moorland contribute to  
carbon storage?
Yes. Peatlands store around 30% of the world’s soil carbon20 and 
some areas of moorland have layers of deep peat under the surface, 
which help lock up carbon. Experiments studying global warming 
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show that moorland where heather is the dominant plant species 
has the potential to store more carbon than moorland with grass 
cover21. The role of grouse moor management techniques and how 
they may a�ect carbon storage is an important ongoing area of 
research (see page 28 for further information on carbon storage).

Can lost heather be recovered?
Yes, with a long-term commitment to restoration. There have been 
a number of heather recovery projects in the Peak District and 
the Langholm Moor Demonstration Project  used a combination 
of reduced sheep grazing with a heather management strategy 
that included burning, cutting and reseeding. These approaches 
improved both overall heather cover by 10%, and the area of 
heather-dominated vegetation by 30%22.

A recent study showed range contraction for golden plover and other wader 
species was smallest where grouse shooting was retained and greatest where it had 
disappeared completely. © Tarquin Millington-Drake
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Which bird species thrive on moors keepered  
for grouse?
Some birds occur at higher densities and breed more successfully 
on moors managed for red grouse than on other moorland. These 
include globally threatened species such as curlew and merlin but 
also red grouse and golden plover, with lapwing and black grouse 
on the fringes of grouse moors3,23,24. More than half of English 
uplands are managed as grouse moors, mostly concentrated in the 
North Pennines, the South Pennines and the North York Moors. 
These three areas have all been designated as Special Protection 
Areas (SPA) mostly on the basis of their substantial numbers of 
breeding waders, merlin or hen harrier7. 

What is the evidence for this?
As well as red grouse, there is strong evidence that grouse moor 
management is beneficial for a group of wader species, including 
curlew, golden plover and lapwing. Several studies have found this:

• The GWCT’s Upland Predation Experiment looked 
at the e�ect of predator control, which is one aspect 
of grouse moor management, and found that lapwing, 
golden plover, curlew, red grouse and meadow pipit bred 
on average three times more successfully when predator 
control was performed, compared to the same moorland 
when predators were not controlled. As a result, breeding 
numbers increased in subsequent years, but in the absence 
of predator control, they declined5.

• Results from the Langholm Moor Demonstration Project 
showed that restoring grouse management after eight years 
was beneficial for three wader species. Overall, curlew 
numbers rose by 10% per year on average, golden plover 
by 16% and snipe by 21%. However, lapwing numbers 
remained low6. 

• A recent GWCT analysis of upland bird species trends 
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in south-west Scotland found declines in several upland 
bird species, including red and black grouse, golden plover, 
lapwing and curlew, and these are generally attributed to 
large-scale changes in land use, including a�orestation, 
more intensive farming and reductions in grouse moor 
management25. 

• An analysis of the status of grouse management in the 
north of England, the Scottish mainland, Wales and south-
west of England showed that range contraction for curlew, 
golden plover, lapwing and dunlin was smallest where 
grouse shooting was retained and greatest where it had 
disappeared completely26. 

• Another study which looked at the change in bird numbers 
when moorland management stopped also found that 
some species of moorland bird declined when grouse moor 
management ended27.

On the other hand, there is also evidence that some species including 
meadow pipit and skylark occur at lower densities on grouse moors 
because they prefer a grassier environment28. The story for meadow 
pipits is unclear, as certain studies find benefits from aspects of 
keepering5 (see above). There are also lower than expected densities 
of birds of prey (raptors), including golden eagle29,30, hen harrier31 
and peregrine32 on grouse moors, due their illegal killing by 
gamekeepers (see chapter 7).

Can grouse moor management be good for birds of prey?
In the absence of illegal killing, it has long been felt that grouse moors 
could provide good habitat for raptors33. Studies of raptors identify 
that grouse moors have the potential to benefit their conservation 
by supporting large amounts of prey34,35. One study showed that 
hen harrier breeding success was higher when a moor was keepered, 
likely as a result of reduced predation on hen harrier eggs and 
chicks, particularly by foxes, which was found to be the main cause 
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of breeding failure36. Analysis of grouse moor management in the 
absence of illegal killing at Langholm moor showed that hen harrier 
numbers were higher during periods of keepering37 (see page 62). 

Hen harriers may also benefit from the vegetation management 
carried out on grouse moors, as heather is their preferred upland 
nesting habitat and grouse moors are managed to retain heather18. 
However, we must recognise that these findings are largely from 
Langholm Moor, where raptors were not illegally controlled by 
gamekeepers. Elsewhere, illegal killing of raptors still occurs and 
grouse moor management impacts on the numbers and breeding 
success of several species31,38.

Merlin are predominantly ground-nesting birds of prey, so are 
also likely to benefit from the predator management carried out on 
grouse moors, especially fox control25,39. Higher breeding success 
of meadow pipits when predators are controlled may also help 
increase food supplies for merlin5. A recent unpublished report 
divided England into 1km squares and looked for evidence of 

Merlin have been shown to breed successfully on grouse moors.  
© Tarquin Millington-Drake
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breeding merlin. These squares were then correlated with a map 
of known grouse moors to see where merlin are breeding. 80% of 
squares containing merlin were found to be on grouse moors, with 
only 20% on non-grouse moors. 

Associations such as this are not proof of a benefit, but this work 
adds to the other evidence suggesting that grouse moor management 
may help provide a suitable nesting environment for these raptors40. 
Some moorland keepers in northern England work co-operatively 
with local raptor study groups, helping to find nests and ensure that 
merlin broods are ringed. Many keepers are proud of the merlins 
their moors support and acknowledge that merlin pose little threat 
to their grouse.

Do curlew benefit from grouse moor management?
Studies suggest curlew thrive on grouse moors. This is important 
because a paper published in 2015 stated that the curlew should 
be considered the UK’s species of highest conservation concern41, 
having declined rapidly both nationally (50% in the past 25 years2) 
and internationally (up to 30% in the past 25 years42). 

Curlew have declined by 50% in the past 25 years. © GWCT
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Several studies have found an association between areas managed 
for grouse and a higher density of curlew, suggesting that the 
techniques used there may benefit them. The Upland Predation 
Experiment, carried out in Northumberland, showed that predator 
control can increase curlew breeding success threefold5. The 
importance of upland breeding areas for the survival of curlew is 
likely to increase, as other traditional breeding areas such as lowland 
wetlands can no longer sustain wader populations. Between 1982 
and 2002 the number of curlew breeding on lowland grassland in 
England and Wales dropped by 39%43,44. 

Why is grouse moor management important for  
black grouse?
The last estimate of black grouse numbers in the whole of Britain 
was 5,078 males in 2005 with the population centred on a few key 
upland areas of Scotland, northern England and North Wales45. In 
England black grouse are confined to the North Pennines, where 
90% of the remaining population lives on the edges of moors 
keepered for red grouse46. Black grouse are birds of the upland 
fringe rather than the moor exclusively. They use a range of di�erent 
habitats and depend on these being present near each other across 
a landscape. These including rough pasture, upland grasses and 
broad-leaved copses. 

Research in the UK indicates black grouse  are vulnerable to 
predation by foxes, stoats and raptors, whilst high densities of 
livestock can reduce essential cover and render them more at risk 
from those predators47. For this reason, land management measures 
associated with upland farms on the fringes of grouse moors, 
including predator control and grazing restrictions, can benefit 
black grouse breeding success and overall survival46,47. A GWCT 
study in Wales found that black grouse declined in parallel with the 
loss of driven grouse shooting. Since this report was published, the 
authors have predicted black grouse may become restricted to the 
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only driven grouse moor in North Wales within the next 10 years. It 
is estimated that this moor already supports more than 85% of the 
Welsh black grouse population27. 

How are black grouse populations faring in the UK?
Black grouse were once widespread throughout the UK, with their 
range extending even to Hampshire as late as the 1930s. Since then 
the red-listed species has undergone a dramatic decline. In 1998 
there were only 773 displaying males left45 in England. This figure 
temporarily recovered to 1,437 in 2014. The species remains severely 
threatened in England due to its small population and limited range. 
Numbers fluctuate around 1,000 males, and are a�ected by weather 
including rainfall in June, which influences breeding success48 and 
snow depth and duration which a�ects winter survival49. 

Black grouse are severely threatened in England due to the small population and 
limited range. © David Kjaer



18

Grouse Moors and Conservation

Black grouse are more abundant in northern Scotland, benefiting 
from an array of suitable semi-natural habitats including moorland 
and native woodland connected to each other across the landscape. 
Numbers are now very low south of the Glasgow-Edinburgh central 
belt and birds are often restricted to the margins of remaining large 
moorland patches, several of which continue to be managed for red 
grouse shooting. 

Are heather moorlands good for mountain hares? 
Mountain hares occur at some of their highest densities in Europe 
on the driven grouse moors of north-east Scotland, where benefits 
from habitat management and predator control appear to outweigh 
all but the most intensive culls50. Mountain hares eat heather and 
other moorland plants, so the managed burning carried out by 
gamekeepers to ensure a supply of young heather shoots for grouse 
is also likely to improve the food supply for mountain hares. 

As foxes can account for up to 90% of mountain hare mortality51, 
the predator control carried out on grouse moors may also help 
mountain hare survival. However, some evidence suggests that 
mountain hare numbers have been falling since 1999, and attributes 
this largely to shooting on grouse moors52. This is explored further 
in chapter 8.
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Heather burning has a long history of use in managing moorland. It 
encourages the growth of new shoots, which are more palatable than 
older, woody heather to grazing livestock and grouse. Currently 
however, heather burning, especially over blanket bog stimulates 
an active debate about the possible e�ects on water quality, flood 
risk and carbon storage. These are complex issues, on which the 
science is not always available or clear, with a range of findings and 
interpretations. This chapter will discuss what is and is not known 
about heather burning and its place in our upland landscapes.

3. Heather burning
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What is prescribed heather burning?
Prescribed heather burning refers to setting a fire on moorland 
that follows the methods laid out in law and codes of practice. 
The activity is also referred to as muirburn, rotational burning or 
managed burning. It is typified by planned burns of small patches of 
older heather (in some settings around 30m x 30m but sometimes 
larger), aiming for a low intensity, quick, ‘cool burn’ to remove the 
heather and grass canopy without damaging the underlying peat or 
soil layer53–55.

Where is heather burning used?
Managed burning is widely used across the UK uplands as part of 
vegetation management for livestock and red grouse, as well as for 
conservation24,56. Concerns about its possible e�ects are greatest 
when prescribed heather burning is carried out over blanket bog 
(defined as peat more than 40cm deep in England and more than 
50cm deep in Scotland) though its use on dry heathland can also 
provoke some concern. The issues discussed in this chapter refer 
mainly to the use of heather burning on blanket peat.

Why is it done?
As heather becomes older, it becomes less palatable and nutritious57. 
The process of burning small areas removes the older growth and 
allows the plants to regenerate afterwards58. New heather and grass 
shoots grow, and these provide food for red grouse, deer, mountain 
hares and livestock. Burning small areas of heather in di�erent years 
leads to a patchwork, with heather and other vegetation of di�erent 
ages and heights. This mosaic provides red grouse with areas that 
are suitable for feeding, breeding and cover59,60. Burning also 
suppresses tree and scrub spread and the eventual progression of 
moorland to woodland cover. Prescribed burning is also sometimes 
used to create firebreaks on moorland (see section 3.5).
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When is heather burning carried out?
The law only allows burning to be carried out between October and 
mid-April in most of the UK (the end of March in Wales). Most 
burning occurs in the spring when the plant material has dried out, 
allowing it to burn, while cold, damp conditions underfoot mean the 
fire is most easily controlled. Burns are not performed in summer 
because birds and other animals are breeding, the daily temperatures 
are warm, and underlying peat may have become drier.

Are there guidelines or legislation that land managers 
must follow?
Yes. Westminster and the devolved Governments and countryside 
agencies set out and manage the rules for safe burning and can 
prosecute those who do not burn in line with them. For example, 
the Muirburn Code is produced for the Scottish Government by 
Scotland’s Moorland Forum61. The Code provides good practice 
guidance for burning and cutting of vegetation, as well as statutory 
restrictions that must be followed. Land managers receiving public 
payments must also meet Good Agricultural and Environmental 
Condition (GAEC) requirements or face loss of financial support.

In areas which are designated as an SSSI, consent must be applied 
for in order to burn heather. Natural England does not as a rule allow 
prescribed burning on blanket bog habitats within designated areas; 
its position is that burning on blanket bog is generally considered to 
be harmful, but in exceptional circumstances it may be appropriate 
to carry out a one-o� burn for the purposes of restoration. Where 
other habitat management options have already been explored, a 
consent for burning can be applied for as part of a blanket bog 
restoration project62. 

Are these guidelines followed?
Evidence looking at this is limited, but a case study on a moor 
managed for grouse shooting and sheep grazing in the Peak District 



22

Heather Burning

showed that burning was within the widely accepted best practice 
guidelines. The authors of this paper do note that, while burning 
was found to be following the guidelines, the results apply only to 
that site and they “do not claim that the management of this moor 
is characteristic of UK moors in general”63. 

Is heather only burnt on grouse moors?
No. Although it is often used on grouse moors, heather burning is 
also carried out for livestock grazing on moorland, as well as other 
types of heathland. A recent study in Scotland looked at 26 estates 
and found that heather burning occurred on 23 of these, although 
grouse shooting was only the main land use on ten. The others 
stated their predominant management was for deer stalking, sheep 
grazing or conservation, with the specific conservation objectives 
set by the individual estates. Those estates that managed for grouse 
shooting had 15% of land managed by burning per year, compared 
to 5% of land on other estates24. 

Is there an alternative to heather burning?
Moorland vegetation can be maintained as a patchwork of heights 
and densities by burning, grazing and/or cutting. Grazing alone 
can sometimes be di±cult to manipulate between too little and too 
much, but it is an important management technique used alongside 
burning or cutting. Cutting requires low slope angles and smooth 
terrain to avoid machinery damage or damage to the vegetation. 

Where access is possible cutting may be a valuable tool in areas of 
high fire risk or fire impact, but care is needed to avoid compacting 
the ground with machinery. Where rainfall levels are high and 
there is little risk of tree and scrub encroachment, heather can 
spread naturally by a process called layering, where stems touch 
the ground, root and produce a canopy of younger shoots without 
intervention64.
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Why can grazing be difficult to control?
Livestock tend to congregate in certain areas on moorland, for 
example more sheltered areas in bad weather, or those where the 
available vegetation is more palatable. This means that these areas can 
become overgrazed, leaving other areas under-grazed. Grazing is best 
used for vegetation management when livestock is well shepherded, 
or fenced, into the areas which need to be grazed at that time. 

3.1 Heather burning and biodiversity

What effect can heather burning have on moorland 
biodiversity?
A 2013 report by Natural England (NE) examined much of the 
scientific literature related to burning on peatlands, to which we 
refer heavily in this section65, along with a comprehensive report 
to  the Scientific Advisory Committee of Scottish Natural Heritage 
(SNH) published in 201566. Most studies examined in the NE 
report indicated an overall increase in species richness or diversity 
when burning was considered at a whole moor level65. Because 
burning takes place in small areas leaving the majority unburnt in 
any given year, a mixture of habitats is produced which can support 
a wider variety of species65. 

An article examining moorland sites in Scotland over 44 years 
concluded that without burning, plant diversity decreased and 
stated “to maintain diversity, timely burning is recommended”67. 
However, as with any management technique, it is important that 
heather burning is done responsibly, according to best practice. The 
report to SNH noted that much of the conservation benefit from 
burning depends on local site management and conditions66. 
 
Can burning affect bird numbers?
As with any land management intervention, heather burning 
influences the habitat. Food quality, structure and composition are 
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a�ected, therefore so are the number and diversity of species that 
live in the area. Some species are more abundant where there is 
burning compared to where there isn’t28. Curlew have been shown 
to be more abundant as the percentage of recently burnt ground 
increases24, though this e�ect isn’t clear in all studies68. 

Golden plover prefer to nest in areas of short vegetation typical of 
sites where burning has recently occurred69. Benefits have also been 
shown for capercaillie where burning was used as a management 
tool in open pine stands with ground vegetation that includes 
bilberry, but is dominated by heather56. While some species seem 
to benefit from burning, those preferring longer, older heather, 
scrub or grassland may be disadvantaged, for example stonechat, 
whinchat, hen harrier, merlin and skylarks28. 

What would happen to the vegetation if the heather 
were not burnt?
It depends on the environment. Moors tend to be grouped together 
when discussing these complex issues, whereas in fact there are a 
range of di�erent habitat types, including blanket bog/deep peat, 
and heather-dominated dry heathland70. For example, if heather was 
not managed on dry heathland, it would become old, degenerate 
and ultimately be lost. Scrub and tree regeneration would gradually 
occur, and would progress to a vegetation community of shrubs, 
bushes and trees71. 

Over blanket bog, this succession may be slower or not occur at all. 
Each moorland site is di�erent, and vegetation responses depend on 
many factors, including altitude, rainfall, typical wind conditions, 
and grazing management. On sites where heather is flattened by 
heavy rain, wind, snow or gravity, natural layering may occur, 
which can allow other plant species to grow up through the opened 
heather canopy64. The amount of grazing on the moor will also play 
a significant role in how the habitat might change.
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3.2 Heather burning and peat 
formation

What is blanket bog?
Areas that experience high rainfall and low temperatures, usually at 
high altitude on shallow gradients, with ground that is waterlogged 
for most of the year, can produce areas of blanket bog (sometimes 
known as blanket mire or blanket peat) where a significant peat layer 
covers the landscape72. Blanket bog has a particular mix of plants, 
usually found where the peat is saturated. In England, blanket bog 
is defined by a minimum peat depth of 40 cm; in Scotland this cut-
o� is 50 cm. Many of the concerns around the e�ects of heather 
burning focus on the impacts on blanket bog and its ability to store 
both water and carbon.

How is peat formed?
All vegetation can become peat in the right conditions, but certain 
plant species appear particularly good at forming peat. These 
include certain mosses and sedges which grow well in waterlogged 
conditions. The low oxygen content of the saturated soil on which 
these plants grow prevents their dead material from rapidly 
decomposing. Instead, the plant remains are slowly compressed as 
more dead material falls each season. 

These layers of matter build up and eventually turn into peat. The 
peat is deepest where wet conditions are maintained (deeper areas 
of peat take thousands of years to form), and shallowest where the 
climate is drier and ground conditions more free-draining, factors 
which vary with relation to slope72,73.

Does heather burning prevent peat formation?
No. Recent research has shown that peat formation can still continue 
when managed burning is used on moorland20 and heather burning 
may be beneficial to some species that are considered peat-forming. 
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Three recent papers suggest that where the interval between 
prescribed burning is shorter (10 years), the extent of Sphagnum 
cover increases74–76. Ground under a 10-year burning rotation was 
found to have similar amounts of Sphagnum to areas that had not 
been burnt for 60 years, both of which had more Sphagnum than 
sites under a 20 year rotation77. 

One paper concludes that it found “no evidence to suggest that 
burning is deleterious to peat-forming species; indeed, it was found 
to favour them”. However some studies indicate that the rate of peat 
accumulation may be slower where managed burning is used20,78 
and others have found burned areas had less Sphagnum and more 
heather77, although the di�erence was small79. Any burning will 
cause damage to the vegetation, but it is the nature of that damage 
and the vegetation response to it which is important. Some evidence 
shows that where moorland is wetter, this can mitigate any damage 
caused to the moss and litter layer by prescribed burning80,81. The 
evidence is conflicting and further research is needed.

How can heather burning encourage Sphagnum?
Though burning can slow Sphagnum growth in the short term, 
fire removes the dense heather, grass or sedge canopy. As long as 
conditions are suitable, for example the ground being wet enough, 
Sphagnum can then thrive because of the increased light and 
reduced competition. 
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What is Sphagnum?
Sphagnum moss is an important plant species on moorland. It 
is a moss which is often associated with peat formation, thriving 
in wet conditions and is considered an indicator species for 
blanket bog in good condition. 

Sphagnum mosses have cells whose purpose is to hold water. 
These are called “hyaline cells”, and can act like a sponge, 
taking up and retaining water82. Sphagnum mosses do not decay 
in water, as many plants would, because they have special 
carbohydrate molecules in their cell walls, which make them 
more resistant to decomposition83.

Sphagnum makes peat bogs more resilient to drought, with those 
topped with Sphagnum recovering better after dry periods84.
Methane emissions are lower from Sphagnum-dominated 
peatlands than from other areas85.
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Why is peat burnt?
Burning peat is never the intention of moorland managers. Prescribed 
burning of moorland is sometimes mistakenly or deliberately called 
peat burning in the media. In controlled muirburn (which aims for 
a ‘cool’ burn) the plant canopy is burnt, with little impact on the 
ground layer and underlying peat. Peat maybe damaged by a ‘hot 
burn’, where conditions are more typical of unmanaged or wild 
fires. If the peat itself is burned, it can cause very severe damage 
and loss of carbon. The Scottish Fire Rescue Service (SFRS) is 
now actively promoting heather management, including the use of 
controlled burns to reduce the fuel load and prevent wildfires that 
can cause more damage86.

What do you mean by ‘cool’ and ‘hot’ burns?
‘Cool’ burns pass quickly over the ground, burning the above-
ground vegetation but having little impact on the humus or litter 
layer that sits on top of the peat, or on moss growing on the surface54. 
The temperature at ground level remains low and typically is 
barely raised below the soil surface. Achieving a cool burn requires 
knowledge and experience. Practitioners need to ‘read’ the ground 
conditions – how much burnable fuel there is, the wetness of the 
vegetation and ground layer, the wind speed and direction, slope 
angle, sun strength and air humidity to ensure that the burn passes 
over the vegetation quickly, has minimal impact on the ground 
layer, and can be contained within the area of habitat to be burnt. 

‘Hot’ burns occur where the fire is slow moving, there is a large 
amount of fuel or the weather is hot and dry. These burns deliver 
more heat to a patch of ground for longer, a�ecting both growing 
plants and plant debris. This can result in damage to or ignition 
of the underlying peat, temperatures becoming higher still, and 
greater di±culty in controlling the fire. Such hot burns can result 
from managed burns being done in the wrong conditions or being 
mismanaged, or from wildfires breaking out.
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3.3 Heather burning and carbon storage

Why is peat important for carbon storage?
Peatlands store around 30% of the world’s soil carbon20, with UK 
moorlands alone storing about 3,000 Megatonnes87. Thirteen 
percent of the world’s blanket bog is found in the UK88. Introducing 
fire can a�ect the carbon dynamics of any system, so it is important 
to improve our knowledge of the e�ects on carbon storage when 
heather burning is carried out over blanket bog.  

How does peat store carbon?
The growth of moorland plants takes carbon dioxide from the 
atmosphere and incorporates that carbon into the vegetation. 
When this vegetation dies, if the plant forms layers of peat instead 
of decomposing (the process of rotting would release much of the 
carbon again), this carbon is retained and stored within the peat89.

Why is this important?
The amount of carbon that we release into the atmosphere is 
an important factor in global climate change. Carbon dioxide 
emissions, and how carbon can be captured from the air and locked 
away are increasingly important in our e�orts to combat human-
induced climate change.

Does heather burning release carbon?
All fires release carbon into the atmosphere. Each heather burn will 
release a small amount of carbon. However, reducing the available 
fuel load with the use of controlled fire also reduces the risk of wildfire, 
which carries the much greater chance of a large carbon release. 

Does heather burning prevent carbon storage  
on moorland?
No. Recent research shows that carbon is still taken up and stored 
on moors on which managed burning is undertaken90.  This paper 
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supports others which have found that carbon uptake was slightly 
lower when comparing areas of no burning with areas that had been 
burned six times in the 60 years, but the di�erence was small20,91. 

What is the overall effect on carbon storage?
The “carbon budget” of moorland (the total amount of carbon 
taken up/released, giving an overall estimate of whether the area 
captures or releases carbon) and the e�ects of land management 
on this remain unclear. This is an area of active research. One study 
found that the carbon released as a result of prescribed heather 
burning over a cycle of 15-20 years accounted for less than 10% 
of the total carbon lost from the system over that time. Although 
carbon is released with heather burning, the authors concluded 
that careful burning management at that site did not have a major 
detrimental e�ect on the overall carbon budget for the moor92. 

This known limited loss of carbon associated with prescribed 
burning may reduce the risk of wildfire, which carries a much 
greater chance of huge carbon releases. However, another study also 
on blanket bog in the North Pennines found that areas managed 
with prescribed burning release less carbon overall than those which 
were unburnt90. This is a complex area of science and there are many 
other considerations, for example the role of producing charcoal 
through prescribed burning. Charcoal is harder to break down than 
peat or vegetation, which may mean it can have a positive e�ect on 
long-term carbon storage, but this remains a contentious area93–96. 
Research into carbon storage is ongoing.

3.4 Heather burning and water 

Why is water quality important?
Upland areas provide around 70% of the UK’s drinking water97. 
As well as all of us wanting to drink clean water, the EU has set 
standards for water quality that go beyond its purity and safety to 
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include its colour. Water from peatlands is naturally discoloured as 
a result of draining through the peat, so water companies must treat 
water from peatlands to meet these standards. 

How does heather burning affect water quality?
This is still being studied, with di�erent pieces of evidence suggesting 
di�erent e�ects. There is evidence that in England burning may be 
associated with increased water colour, with some sources equating 
this to an increase in dissolved organic carbon (DOC) in the water65. 
However, one study showed that DOC did not rise in response to 
burning, and the colour of water is not always a good indicator of 
DOC98. Another showed that DOC in the nearby lake fell following 
a wildfire99. The picture is not clear.

Does heather burning on grouse moors  
increase flooding? 

The uplands are an important source of the UK’s drinking water © Steve Jackson
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Although there are relatively few studies available, the authors of a 
Natural England report could not find any evidence that burning 
increases flood risk, and state that: “No evidence was identified 
specifically relating to the e�ect of burning on watercourse flow or 
the risk of downstream flood events. If there are any e�ects, these 
are likely to be highly site specific”65. 

A recent study examining the e�ect of rotational burning on deep 
blanket peat sites drew several conclusions. These include that the 
lag time to peak runo� is increased on burnt sites for most rain 
conditions – meaning that the movement of water is slowed down 
across areas managed with burning – and that, for the heaviest 20% 
of storms, the lag time is the same but that the peak flow is higher 
from burnt compared to unburnt catchments100. 

Although this study is often cited, there are flaws in the experimental 
design which have led to the findings being questioned by other 
academics79. Once more, the evidence base regarding a possible 
impact of prescribed burning on flood risk is very limited and 
inconclusive, particularly when considered in the context of 
moorland drainage, the impact of which on flood risk is also very 
little studied. 

Why is the impact of burning on water not yet  
fully understood?
Results di�er depending on the length of time since burning, 
and the scale at which the studies are performed. E�ects may be 
di�erent at smaller, local scales, compared to the larger, catchment 
or landscape scales. The possible e�ect of burning on water quality 
and amount of run-o� is also complicated by interactions with other 
upland management, such as woodland expansion and grazing. 
These interactions have been relatively little studied66,101. 
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3.5 Heather burning and wildfires

What causes wildfires?
Evidence looking at the causes of vegetation fires is very limited. 
The Fire Service Incident Recording System does not include 
cause or source of ignition, unless an investigation is conducted 
which is very rare for vegetation fires. Therefore, the relationship 
between the use of prescribed fire and the frequency and extent of 
wildfires on moorland remains unclear. This is an area which needs 
more research. However, evidence does show that increased visitor 
numbers significantly increase wildfire risk in the Peak District 
National Park, with more fires starting at the weekend or on bank 
holidays, than on weekdays102.

What are the differences between prescribed fire  
and wildfire?
Prescribed burning is carried out in winter or early spring, and aims 
to achieve a ‘cool burn’. However, wildfires tend to occur in spring 
or summer and are mostly accidental or caused by arson. They may 
cover large areas and burn with far greater intensity and severity, 
sometimes consuming all the available fuel above ground (fuel-
load), as well as significant amounts of underlying peat87.

How does prescribed burning affect wildfire risk?
The evidence is mixed, with one study finding that heather burning 
can reduce wildfire risk in the Peak District, where grouse moor 
management is associated with a lower frequency of wildfire103. 
However, there is also evidence that sometimes prescribed burns 
are not adequately controlled and can lead to wildfires66. There is 
evidence across the world for the benefits of prescribed burning 
in reducing wildfire risk104, but there are not enough studies 
specifically referring to the UK moorlands, and experts call for 
more research105,106. 
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Prescribed burning can play an important role in wildfire 
management. By decreasing the accumulation of old, woody 
heather, which can build up to a large stock of potential fuel, it 
can reduce the likelihood and intensity of wildfire65. In this way, 
prescribed burning is used to create fire breaks, which hinder the 
spread of wildfire. Specifically, it may: 

1. Reduce the risk of a fire starting, for example around areas with 
lots of public access.

2. Prevent a wildfire spreading, by breaking up extensive areas of 
high, dry vegetation.

3. Protect particular landscape features which may be damaged 
by wildfire, again by using controlled fire to create firebreaks 
around them.

The Scottish Fire and Rescue Service supports land management 
that reduces fuel load, such as burning, cutting or grazing. The 
growing fuel load in the countryside is an increasing concern for 
them, as any fire that does occur will have a ready source of fuel and 
will spread quickly and exhibit extreme fire behaviour86.

What are the consequences of wildfires?
The impacts of wildfire are not always predictable. Severe (slow, 
hot and very large) wildfires can lead to huge carbon release, peat 
damage, reduced air quality and habitat destruction107. There can 
be a cost to the public purse with extensive and prolonged use of 
the fire and emergency rescue services in di±cult to reach areas and 
a high demand on volunteer control e�orts from local moorland 
managers. However, less severe wildfire can have little or no lasting 
impact on habitat, environment or wildlife66. Public policy suggests 
it is best to prevent fires with a combination of controlling fuel loads 
and a variety of social measures108,109.
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Is there a consensus amongst scientists regarding the 
role of fire for moorland management?
No. In a complex and controversial field, there are inevitably 
di�erences of opinion. There are many reasons for this, including 
the interplay of di�erent factors, and the complexity and variety of 
habitats under consideration. A simple answer to questions about 
the e�ects of heather burning is rarely available, and a balanced 
review of the facts often reveals a more complex picture. 

This was highlighted by a series of papers in 2016, the first of which 
was by 13 authors calling for informed, unbiased debate on the role 
of fire in moorland management106. This prompted two response 
papers, and then an answering paper from the original authors110–112. 
The scientific debate continues.

By reducing the potential fuel load, prescriptive burning can reduce the intensity of 
wildfire. © Tarquin Millington-Drake
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After the Second World War, Government incentives paid for 
widespread moorland drainage with the primary aim of improving 
the land for livestock. This is now thought to have been misguided 
because the environmental impacts were not appreciated at the time 
and because this drainage did not achieve its intended purpose. It 
is often incorrectly stated that moor owners drained the moors for 
grouse shooting and that this practice continues. In recent years 
many grouse moor owners have contributed to blocking up these 
drains, thereby rewetting the landscape.

4. Rewetting moorland
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Why were our moors drained?  
Although some moorland drainage has been carried out for 
centuries, often to enable peat cutting for fuel, the extent and 
intensity of drainage increased from the 1950s to the 80s113. During 
this time, government subsidies were paid to landowners for digging 
drainage ditches (known in some places as ‘grips’)114. Drainage 
was intended to remove surface water and lower the water table on 
moorland primarily for agricultural purposes66 - to improve grazing 
for livestock, as part of the post-war drive for “more food from our 
own resources”. In the same era, large areas of British moorland 
were drained for commercial forestry115. Woodland planting on the 
hill and hill edge continues to a�ect upland landscapes, habitat and 
water (this is discussed in more detail in chapter 9).

Weren’t moors drained to help grouse?
At the time it was thought there may be benefits to grouse, from 
improved food and cover to reduced disease transmission114, but 
this was not the main reason. 

Did drainage have a positive effect?
Drainage failed to increase the vegetation which sheep prefer. 
Gripping actually decreased the amount of heather cover and caused 
the spread of unpalatable grasses114. Nor was there any benefit to 
grouse: drainage did not obviously reduce disease transmission; grips 
are a danger to young grouse chicks, which can fall into them; and 
the ditches are obstacles for livestock and people. On lower moors, 
drainage removes pockets of wet deep peat which reduces the diversity 
of invertebrates, especially a�ecting those insects which emerge in 
spring and are a major component in the diet of young grouse114. As 
far back as 1970 when government grants for drainage were at their 
height, GWCT advised that draining on level waterlogged peat was 
slow, costly, usually ine�ective, and could lead to gully erosion116.
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What are the effects on peat and carbon storage?
Due to its low density, peat is highly vulnerable to erosion, 
particularly through the action of running water over bare ground. 
By lowering the water table, drainage can cause the peat layer to 
shrink - leading to subsidence and increased erosion. This means 
that drains cut 50cm deep may erode down to several metres105. 
Healthy peat acts as a carbon store, locking in carbon, but drying 
peat out increases its rate of decomposition with the potential for it 
to release that carbon117. Drainage can also reduce the abundance 
of peat forming plants such as Sphagnum moss and cotton grass, 
which prefer wetter conditions117.
  
What effects did moorland drainage have on water? 
Upland drainage has been associated with several negative impacts 
on water. These include a�ecting the flow of water over and through 
the soil, increases in the rate at which water runs o� the moor into 
rivers during rainstorms, otherwise known as flood peaks115, greater 
sediment flow into river systems105 and increased colouration of 
water from the peat118. Levels of dissolved organic carbon (DOC) 
in water running o� the moor have shown to be significantly higher 
on drained slopes119. This leads to a significant cost for water 
companies, which are required to remove it in order to comply with 
water quality standards.

What is happening with moorland drains now?
Many upland landowners, including grouse moor owners, are actively 
blocking drains to restore moorland, both at their own expense and 
with support from Government agri-environment funding and 
other grants. The Moorland Association has reported an estimate by 
Natural England that around 18,000 hectares of moorland habitat 
on grouse moors has been restored in this way across northern 
England120. Similar schemes and activity are underway in Scotland.
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How are moors being ‘rewetted’? 
Various methods are used on a site-by-site basis. Typically, drains 
are physically blocked at intervals along their length. Drains can be 
blocked with peat if they are small and on a flat area. This method 
is preferred by land managers and is the most cost e�ective121. 
Larger drains have been blocked with bales made of woody stems 
of heather, or with wooden or plastic dams. Some drains can also be 
‘reprofiled’ where steep edges are flattened out, reducing flow rates 
and encouraging plant growth. 
 
Will this have a positive effect on flood risk 
management, sediment and colouration? 
There is good evidence that drain blocking is an e�ective way to 
reduce the amount of sediment reaching the stream and river 
network. Drains damned at intervals along their length have been 
shown to have low sediment levels105. Blocking has also been shown to 
reduce colouration by between 60 and 70% compared with a drained 
site making it a highly successful technique in this regard119. Both 
the National Ecosystem Assessment and Natural England review 
indicated that the opportunities for rewetting to reduce run-o� were 
few, their e�ect uncertain, actually increasing the risk of flood in 
some cases, but that it may be beneficial if done sensitively113,122.

Will this have a positive effect on peat and  
carbon storage? 
We know that rewetting can enhance peatland by increasing cover 
of healthy bog vegetation, in particular peat-forming Sphagnum, but 
responses are variable and more long term studies are needed123. It 
has also been shown to be highly successful in reducing DOC loss119. 

Peat erosion can be reduced by grip blocking121, and focussing 
e�orts on sloping drains is more e±cient as drains on flat ground 
are much less vulnerable to erosion105. These e�ects are likely to 
improve peat health, and therefore benefit carbon storage. 
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Red grouse are wild game birds, but they are susceptible to 
population cycles where numbers peak and crash, which are often 
driven by disease. These cycles can make it di±cult to achieve a 
consistent shootable surplus, which also means that income which 
helps o�set some of the costs of managing for grouse shooting and 
wider public benefits on moorland is unpredictable. Veterinary 
medicine is used on grouse moors to reduce the impacts of some 
diseases and help stabilise grouse numbers. 

5. Disease control on   
 grouse moors©
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This chapter will look at the two infections for which grouse 
are treated and the disease control measures applied. The first, 
strongylosis is caused by a parasitic thread worm which lives in the 
guts of grouse and can be controlled with an anthelmintic (worming) 
drug administered on quartz grit, which the grouse naturally eat to 
aid digestion. 

The second is Louping-ill Virus, which is controlled by targeting the 
sheep ticks that can carry it. Louping-ill is also a threat to livestock 
(most often sheep) on moors also through external blood-sucking 
ticks. Finally, the chapter will look at the impact of the disease 
respiratory cryptosporidiosis on grouse, for which there is no 
e�ective treatment.

5.1 Strongylosis and medicated grit

What is strongylosis?
Strongylosis is caused by the strongyle worm Trichostrongylus 
tenuis. It infects the guts of red grouse, reducing gut e±ciency, and 
therefore impacting the bird’s condition, which can ultimately cause 
the death of the bird if worm burdens are high enough. 

What effect do strongyle worms have?
We know from our research that high worm burdens can reduce 
both grouse breeding success124 and adult survival, including making 
them more vulnerable to predation125. High levels of parasitic worms 
in some years can cause large numbers of grouse to die, leading to 
cyclical fluctuations with numbers crashing every 4-6 years124. 

Is this a recent issue?
No. The interest in avoiding cyclical crashes is not new. The issue 
has concerned grouse managers since the early 20th century. The 
1911 Lovat research study into red grouse ‘In Health and Disease’ 
was largely driven by this problem126. 
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In recent decades, the renewed stimulus to understand grouse 
population cycles came following a decline in grouse abundance 
in the 1970s. With this came the realisation that multiple factors  
- more predators, moors increasingly separated from each other 
by forestry and farmland, tick borne disease and climate change 
- were at risk of exacerbating the down-turns in grouse cycles so 
that they might prevent grouse recovery; with subsequent financial 
implications for the profitability of the shoot127.

How was strongylosis first treated?
Trials conducted in the 1980s showed that catching hen grouse at 
night and treating them with an oral worming drug reduced worm 
burdens127, and therefore allowed treated hens to produce and rear 
more young128. 

What effect did this have on grouse  
population crashes?
Treatment with worming drugs improved bird condition and survival, 
and this prevented grouse population crashes129. From this initial 
research “medicated” grit was first developed in the late 1980s130.

What is medicated grit?
Red grouse consume naturally occurring grit to help break down 
and digest heather, their main food source. Grouse moor managers 
regularly put out boxes of quartz grit to facilitate this for grouse. 
Medicated grit is quartz grit coated with a thin layer of fat that is 
impregnated with a worming drug130. When it was first developed, 
the drug used was fenbendazole6. In 2007, an improved formulation 
of medicated grit was developed, using flubendazole, an alternative 
drug from the same family already licenced for use in game birds.

Is flubendazole safe?
Yes. It is a licenced human medicine and veterinary drug that 
is routinely given to livestock and game birds to treat di�erent 
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intestinal worms. Sheep are regularly treated with a di�erent group 
of anthelmintics throughout the year against a range of gut parasites 
to prevent loss of condition and poor lambing.

Was the introduction of medicated grit effective?
Yes. The first experimental study looking at this showed that adult 
grouse from an area treated with medicated grit had significantly 
lower worm burdens than those from an untreated reference area. 
On the treated area, chick survival was significantly higher and hens 
reared more than twice as many chicks130. When treatment across the 
two areas was reversed, grouse on the second area then performed 
better, illustrating that the e�ect was down to the medication rather 
than other aspects of the study sites.

Do moor managers provide medicated grit all the time?
No. Veterinary drug use is regulated, and medicated grit is prescribed 
under licence by a vet. Vets should only prescribe medication when 
there is a demonstrable need for it. Demonstrating a need to use 

Medicated grit is made available in trays, which can be closed as 
necessary to prevent or allow access as appropriate. © GWCT
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medicated grit involves an analysis of worm burden, either by 
counting the number of worms in adult grouse, or by counting the 
number of worm eggs in their droppings. The worm burden found 
at analysis will help determine a suitable course of action. In reality, 
grouse moor managers sometimes request, and vets sometimes 
provide, grit when it is unnecessary, and this inapproriate use 
escalates the likelihood of worms becoming resistant to the drug and 
the medication no longer working131. Targeted usage helps reduce 
the risk of resistance developing within the worm population132, thus 
allowing the drug to remain e�ective.

How often is it likely to be needed?
A recently published GWCT study found that medicated grit usage 
varies markedly between moors. It may be needed every year on 
wetter blanket bog moors in the west, but may be only every 3-5 
years on drier heath moors in the east131. Grit is provided in trays, 
which can be closed as necessary to prevent or allow access as 
appropriate. For example, the drug must be withdrawn a minimum 
of 28 days before grouse are shot to prevent drug residues entering 
the food chain.

Do we aim to remove all worms?
No. Current best practice advice on controlling parasites, based 
on management of livestock, is to leave 10% of the population 
untreated to help o�set the build-up of resistance133. For more 
information about best practice for using medicated grit, see both 
GWCT guidance and best practice advice such as the Principles 
of Moorland Management (https://www.moorlandforum.org.uk/
pomm-guidance-documents).

What effects could medicated grit be having on the 
environment or other species?
As a licensed medication, flubendazole has passed thorough 
investigations into the e�ect on non-target species, as well as 
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the wider environment, and toxicity data are freely available134. 
However, it is important to continually review such possibilities and 
the GWCT have recently announced their funding of a three-year 
study with Leeds University to look at the degree of contamination 
of moorland soils and watercourses by flubendazole and their 
breakdown products.

5.2 Ticks and Louping-ill Virus

What are sheep ticks? 
Sheep ticks (Ixodes ricinus) are spider-like blood-sucking parasites 
that feed on a wide range of host species. They have a four-stage 
lifecycle: egg, larvae, nymph and adult. They can transmit diseases 
such as Lyme disease (Borrelia) and Louping-ill virus (LIV) that 
can have an impact on livestock, wildlife and humans.

What is Louping-ill?
Louping-ill is a virus transmitted by sheep ticks which can cause 
fevers and neurological symptoms. It is often fatal in flocks of sheep 
which have no immunity to it. Ticks become infected with LIV 
when they feed on a host that has high levels of the virus already in 
its bloodstream. Previously, a vaccine was available for sheep, which 
helped prevent the spread of disease however this is no longer in 
production135. The main tick species that feeds on sheep or deer also 
feeds on red grouse, so ticks can pass LIV to grouse. LIV disease can 
cause around 80% mortality amongst grouse chicks in laboratory 
conditions136, through e�ects on the nervous system causing loss of 
muscle control and lesions in the brain137.

Do ticks present a threat to other moorland birds?
Ticks also feed on other moorland birds. Although we don’t know 
whether waders such as curlew can become infected with LIV, 
high tick burdens can reduce body condition in their chicks, which 
may impact on survival138,139. In one study, chicks in 91% of curlew 
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broods carried ticks, with an average 4.5 ticks per chick, and a 
maximum of 64 ticks on one individual139. As well as feeding on red 
grouse chicks, ticks were also found on the chicks of all bird species 
sampled on one moor in North Wales. These were black grouse, 
curlew, meadow pipit and Canada goose140. 

Do ticks also affect humans?
Yes. Sheep ticks also bite humans. Under specific circumstances, 
humans can get LIV and it causes the same neurological problems135, 
ticks are also a vector for the Borrelia parasite that causes Lyme 
disease, leading to flu like symptoms, joint pain and in extreme cases, 
paralysis. This can be very serious if not diagnosed and treated.

Are tick numbers changing?
Tick burden and abundance appear to have risen since the early 
1980s. There is some evidence that climate change and changing 
numbers of deer have played its part in a steady increase in tick 
numbers since the 1980s. Two studies of the tick burden on red 

Sheep ticks can transmit diseases such as Lyme 
disease and Louping-ill virus. © GWCT
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grouse chicks found that between 1985 and 2003, the proportion of 
grouse chicks per brood carrying ticks on the study sites rose from 
4% to 92%. The average number of ticks per chick also rose in this 
period, from 2.6 to 12.7141,142.

How can tick numbers be controlled on moorland?
Ticks are controlled by treating the sheep grazing on moorland, 
which can then kill the ticks that become attached to them. When 
used in this way, sheep are referred to as tick mops. Controlling 
the numbers of alternative wild hosts such as deer may also be 
beneficial, especially if combined with the use of sheep as tick mops.

How can treating sheep help reduce the tick burden  
in grouse?
For farming purposes, sheep are usually treated with anti-tick 
medication (acaricides) twice per summer. A GWCT paper 
from 2012 showed that increasing this to four treatments, either 
by dipping the sheep or using a pour-on medication, reduced tick 
burdens on grouse chicks by 90%143. In this study, sheep were also 
vaccinated against LIV, and the proportion of chicks testing positive 
for LIV fell throughout the study, in relation to how long the tick 
treatment programme had been in place on that moor143. 

The LIV vaccine is no longer available, leaving tick treatment as the 
only approach for sheep. A recent study also confirms that on sites 
where sheep were treated with acaricide more frequently, on average 
red grouse chicks had fewer ticks. When sheep were treated at six 
week intervals, an average of 1.7 ticks per chick was found, compared 
with an average 14.6 ticks per chick when sheep were treated at 10 
week intervals144. Where sheep are the main large animal host for 
ticks, this approach can reduce tick numbers very e�ectively as ticks 
which bite the sheep are killed. However, ticks also feed on other 
animals and if these alternative hosts are present in large numbers, 
this can reduce the e�ectiveness of treating sheep alone. 
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What other animals can ticks feed on?
Ticks at di�erent life stages can feed on a range of hosts including 
voles, hares, red grouse, sheep, and deer. At each life stage the tick 
needs a larger blood meal, which means that adult ticks generally 
feed on larger mammals such as hare or deer rather than grouse. 

Mountain hares can be an important host for ticks at all stages of 
the life cycle and can be the main host for adult ticks if sheep in 
the area are e�ectively treated. If sheep are treated adequately, then 
tick numbers fall, and the number on hares also falls. In a trial area 
where mountain hare numbers were reduced, the number of ticks 
on grouse chicks also fell, as did the proportion testing positive for 
LIV145. However, there is a lack of scientific evidence as to whether 
mountain hare culling can increase red grouse densities146. One 
GWCT study found no evidence to suggest lower tick burdens 
on grouse chicks occur at sites with lower hare abundance, in fact 
higher hare abundance was found at sites with higher grouse brood 
sizes, and a higher proportion of hens with broods. Conditions 
which are good for grouse appear also to be good for hares without 
showing an increase in tick numbers144. More work is needed to 
understand this relationship.

Can controlling deer numbers reduce ticks on  
the moor?
Management of wild hosts through cull management strategies 
and deer fencing has been adopted on some estates. Whilst the 
significance of deer as tick hosts is recognised, the role of mountain 
hares in this disease system is still uncertain. One study showed that 
reducing deer density by culling, or excluding deer from an area of 
moorland or forestry with fencing resulted in dramatically fewer 
ticks147. A recent GWCT study also found that sites with higher 
deer densities had higher grouse tick burdens, and grouse breeding 
success was lower144. 
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Can the grouse be treated?
Studies have looked at the e�ect of catching and treating grouse with 
acaricide, either using a slow-release wing tag, a pour-on treatment 
or a leg band148–150. Although tick numbers can be reduced and, in 
some studies, chick survival improved, the results were variable. 
One paper used computer modelling to predict the e�ectiveness 
of treating grouse. It predicted that acaricide treatment of grouse 
might be e�ective in controlling ticks and LIV, but only if deer are 
at low densities (fewer than 10 deer per square kilometre), or if deer 
were more numerous, higher numbers of grouse would need to be 
treated, and that treatment must be e�ective for 20 weeks of the 
summer season. Grouse treatment was predicted to have a much 
smaller e�ect on overall tick numbers than reducing deer density151. 
Reducing tick numbers overall seems to be more e�ective. 

Ticks carrying LIV can infect grouse and other birds © GWCT
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What is the recommended approach for tick 
management?
As a first step, the introduction of a comprehensive and thorough 
acaricide treatment regime for sheep flocks throughout the tick 
questing period (at least from the start of April to end of October). 
If deer are present, we recommend assessing densities and any 
subsequent need for a reduction in deer numbers. The GWCT 
recommends that e�orts to reduce the impact of ticks on red grouse 
should focus on a combination of deer control and an e�ective tick 
management programme for sheep. Controlling mountain hares 
should never be assumed to be needed or to be the first management 
action undertaken. The GWCT and others are producing guidance 
for best practice on sheep tick control, which will be available on the 
in autumn 2019.

5.3 Cryptosporidiosis

What is cryptosporidiosis?
A disease caused by a single-celled parasitic organism from 
the Cryptosporidium group. There are 18 di�erent species, with 
Cryptosporidium baileyi infecting birds. 

It infects the sinuses of poultry, gamebirds and many other species 
of birds, causing swollen eyes and an excessive production of mucus; 
like a severe head cold. It is associated with high concentrations of 
birds, including captive birds in zoos and collections.

When was it first reported in red grouse?
Clinical symptoms of Cryptosporidium were first reported and 
subsequently diagnosed in wild red grouse in 2010152. 

Where did it come from?
Nobody knows. It is possible that it has always been present in 
red grouse. Since initial diagnosis in 2010, red grouse on 50% of 
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managed grouse moors in northern England have shown signs of 
infection and over 80% of moors in the North Pennines153. To date, 
apart from a small number of infected birds in the Lammermuirs 
(south-east Scotland), outbreaks have only been reported from 
grouse in northern England. 

How is it transmitted?
The spore phase (oocyst) of the cryptosporidium life cycle passes 
between birds. It is found in the droppings and mucus of infected 
birds, which then infects other birds. Higher densities of grouse may 
increase infection risk, for example congregating around communal 
grit trays or natural moorland drinking pools in dry weather. 
Generally, the highest infection rates have been associated with a 
period when grouse densities, especially of young grouse, have been 
at their highest.

How can this be controlled?
Good hygiene at grit boxes may be important to reduce infection 
rates. The oocyst can survive for long periods outside the body, but 
does require water to persist, so making sure grit boxes are well 
drained can help to reduce transmission154.

How many red grouse show symptoms?
Our survey work has shown that on average about 5% of grouse on 
a moor may show typical symptoms of cryptosporidiosis at any one 
time153. This incidence is highest in grouse which have no immunity, 
and when the disease has just arrived at the moor. Juveniles are most 
at risk from infection.

Does infection reduce breeding success and  
adult survival?
Yes. Infected hens breed on average a week later than healthy birds 
and whilst they lay similar sized clutches of eggs and hatch a similar 
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proportions of clutches, chick survival amongst infected hens is 
only about half that in healthy ones. A small proportion of adults 
have been shown to recover, but mortality rates are estimated to be 
twice those of uninfected birds on the same moor153,155. 
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Predation control is a key component of grouse moor management 
and plays an important part in the conservation benefits it brings. 
Although this sometimes causes controversy, the benefits to both 
red grouse and other species are well recognised. This chapter 
explains the methods used and the impacts of predator control on 
moorland.

6. Upland predator    
 control©
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What is meant by “legal predator control”?
Lethal control of certain common generalist predator species is 
allowed under UK law, without individual licences. The methods 
used are regulated by legislation and are also guided by best 
practice codes.

Is predator control only done on grouse moors?
No. Gamekeepers are not alone in controlling predators; many 
conservation bodies control them for the protection of wildlife. 
Foxes and crows are also controlled to protect lambs and breeding 
ewes. Predator control is an essential part of supporting rare species 
such as the grey partridge in lowland areas156.

What predator species are controlled?
The main species controlled on moorland are foxes, carrion 
and hooded crows but also stoats, weasels, rats and feral cats. 
The abundance of di�erent predators varies between regions, so 
the number controlled of each, and the e�ort directed towards 
controlling di�erent species will also vary according to which are 
relevant in that area.

How are they controlled?
Predators are controlled using a variety of methods appropriate to 
local conditions, typically shooting and various forms of trapping. 
The aim is to achieve humane management of the predator species. 
A new range of humane spring traps are being brought in for stoats, 
weasels and rats and these are used in a variety of settings such as 
in walls or over ditches. Cage traps of various designs (Larsen and 
multi-catch) are typically used for corvids. Non-lethal restraining 
snares are used for foxes. Shooting, often at night, is commonly 
used for foxes. These are all regulated activities in the UK, with 
training recommended in all regions and mandatory in some 
parts of the UK. Where predation is controlled, it should be done 
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e�ectively, so that the prey species benefits. It must be carried out 
humanely and it must be selective, targeting the species in question 
and avoiding non-target species as e�ectively as possible. Best 
practice is continuously researched and revised by the GWCT.

Why is predator control necessary?
The modern world has created an environment where generalist 
predators (those that take many di�erent kinds of prey) thrive - 
sometimes to the extent that they can harm the conservation status 
of other species. For example, a recent review of five wader species 
in western Europe (oystercatcher, lapwing, black-tailed godwit, 
curlew, and redshank) found that nest predation has increased by 
around 40% in the last four decades157. Although adult survival 
remains high for these species, chick survival and nest success have 
both declined, and breeding numbers are falling158. 

Why do we control some species for the benefit  
of others?
Many years of practice and GWCT research show that reducing 
the number of predators can improve the breeding success and 
abundance of prey species. Predator control is typically the lethal 
control of predators to achieve this goal. Game shoots use this to 
produce a sustainable harvest of game, and species living in the 
same habitat as the game often benefit from this reduced predation. 

Are predator numbers permanently reduced?
Predator species which can be legally controlled in the UK are 
typically widespread and common, and there is no current concern 
for their conservation status. In most cases, the e�ect of predator 
control on their population is often local and easily reversed. 
Predation control is typically needed year on year, because as the 
species in question are generally abundant, those that are removed 
are usually replaced through breeding, or immigration from nearby 
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areas. However, where predator control is widely practised across 
large regions, for example where there are adjacent grouse moors, 
predator numbers can be suppressed on a broader scale. We need 
to be mindful to ensure that the conservation status of predator 
species is not impaired.  

Do predators really have such a large impact on prey 
populations?
In some circumstances, yes. Since the early 1980s, the GWCT 
has carried out many research projects looking at the e�ects of 
predation, publishing numerous scientific papers in this area. 
These clearly show that predation can depress numbers of game 
and other wildlife, especially when prey are scarce relative to 
predator numbers156,159,160. Both breeding success, and longer-term 
abundance can be lowered by predation. This reduced abundance is 
caused by losses of adults, eggs or young. A recent scientific review 
paper found good evidence that predation is having an e�ect on the 
populations of ground-nesting seabirds, waders and gamebirds161. 

Does reducing predators help those vulnerable species?
It can, where predator control is done to an e�ective level and habitat 
is suitable. As well as improving habitat and controlling diseases, 
much of the benefit of grouse moor management, particularly for 
grouse, waders, and probably mountain hares, comes from legal 
predator control. An experimental test of predator control showed 
that it allowed some ground-nesting birds (lapwing, golden plover, 
curlew, red grouse and meadow pipit) to breed on average three 
times more e�ectively than when predators were not controlled, 
with knock-on e�ects for breeding numbers in subsequent years5. 

In this experiment, the benefit to breeding curlew numbers was 
marked. In the absence of predator control, curlew numbers fell 
by 17% per year. When legal predator control was implemented, 
curlew numbers rose by 14% per year (after a lag period as the 
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new chicks reached breeding age)5. We have calculated that the 
low breeding success seen on moors where predators were not 
controlled in this experiment could in theory lead to a 47% drop in 
curlew numbers of after 10 years, with an 81% reduction for both 
lapwing and golden plover163. 

This is currently being assessed through repeat surveys. Bird 
monitoring at Langholm Moor since 1992 has also shown that 
breeding success for red grouse and hen harriers was lower when 
predators were not controlled, with numbers declining during this 
period for these two species as well as for some breeding waders23,36. 

When keepering was restored, breeding success for these two species 
rose again37, along with increased numbers of merlin39, curlew, 
golden plover and snipe6. A review of the literature on the e�ects 
of predator removal on gamebirds and ground-nesting birds found 
that predator control can increase breeding numbers, hatching and 
fledging success, and can be an e�ective conservation strategy for 
enhancing bird populations162. 



59

The Moorland Balance The Moorland Balance

The illegal killing of several species of birds of prey (raptors), 
including golden eagle, peregrine and particularly hen harriers has 
repeatedly been shown to occur on grouse moors, especially those 
managed for driven shooting. The conflict is well researched but 
remains unresolved, and there are still gaps in understanding the 
social and ecological issues involved. 
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This chapter draws on the extensive body of research into hen 
harriers on grouse moors to explore the root of the problem and how 
we know it is happening. Importantly, it will discuss why and how 
grouse managers could and should accommodate raptors on grouse 
moors in the future alongside maintaining economic grouse shooting 
and its conservation benefits.

7.1 The conflict

Why is there a conflict between raptors and driven 
grouse shooting?
Hen harriers and some other larger raptors eat grouse and their 
chicks164 and can reduce the number available to shoot. While the 
harrier’s main prey species are voles and meadow pipits, grouse 
chicks are an important part of their diet at times, particularly during 
the breeding season when they are feeding their young28,165,166. 

Why has this led to illegal killing?
Predation by some raptors can reduce grouse numbers and 
prevent grouse population recovery. Many gamekeepers, grouse 
moor owners and managers believe that predation by birds of 
prey, particularly hen harriers, reduces grouse shooting bags (the 
number shot) to a point where the shoot cannot be sustained. 
This perception was confirmed by the Joint Raptor Study (JRS) 
at Langholm Moor167 (see below). This means the loss of jobs and 
income both directly for keepers and in the wider community168.  

The JRS showed that in some situations, particularly when grouse 
numbers are low, a high number of raptors can depress grouse 
populations and then suppress their recovery enough that grouse 
shooting cannot continue164,169. In this study, hen harrier numbers 
rose steeply from two to 20 breeding females and grouse numbers 
in late summer fell to levels where driven shooting was no longer 
economically viable36,164,167,170. 
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What is the history of this conflict?
Raptor killing took place throughout the 18th and 19th centuries. 
Combined with loss of lowland habitat, this led to the extinction of 
the hen harrier from mainland UK by the late 19th and early 20th 
centuries, leaving regular breeding only on the islands of Orkney and 
the Outer Hebrides31,171,172. There was a gradual recovery back into 
upland areas of the mainland from the 1930s and 40s onwards. Hen 
harriers received full legal protection in 1954 with the Protection of 
Birds Act. However, the recovery has plateaued in recent decades 
and there has been a non-significant decline in breeding numbers 
since 2010, particularly in areas of moorland and forestry172,173. 

Is there evidence that hen harriers are killed on  
grouse moors?
Yes, and the illegal killing of other birds of prey has also long been 
associated with grouse moors. Data from 25 years ago (1988-1995) 
showed that hen harriers had lower nesting success on grouse 
moors compared either to other areas of moorland, or to young 
forestry plantations across Scotland31. Recent evidence using data 
from satellite tagged hen harriers suggests that illegal killing is still 
widespread on British grouse moors38. 

In 1998 another study estimated how many hen harriers could in 
theory be supported by the available habitat in the UK. The paper 
gathered evidence from across the world, and predicted that if all 
suitable UK habitat were occupied, numbers could reach 1,660 
nesting females171. At the time there were thought to be around 600-
700 breeding females. Subsequent estimates of potential harrier 
numbers have been higher34, but many assumptions behind these 
figures have been challenged.

Is all this habitat on grouse moors?
No. Potential hen harrier habitat in this study included heath/
grass, open shrub heath, dense shrub heath or mire (or bog)171. 
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Approximately half of English upland areas are thought to be 
managed as grouse moors7, so there are also large areas of potentially 
suitable harrier habitat in the uplands that are not grouse moors. 

Is 1,660 nesting harriers realistic?
The estimates in this paper don’t account for other variables like the 
availability of prey, changes in vegetation, predation on harriers and 
harrier nests or the willingness of grouse moor managers to continue 
to produce these good conditions for harriers in the event they can 
no longer shoot grouse. We know that harriers and their nests are 
predated by foxes36,174. Some of the habitat may not actually have 
been, or may soon have become, unsuitable. For example, when 
commercial forestry plantations mature, they become unsuitable 
for nesting hen harriers171. However, the UK could accommodate 
a much larger number of harriers in the absence of illegal killing.

Would more harriers cause problems for grouse 
moors?
The study suggested that the estimated 1,660 harriers wouldn’t 
have too large an impact on grouse moors but critically this was if 
they were evenly spread across the suitable habitat. However hen 
harriers often tend to roost and nest in a semi-colonial way so high 
densities can build up in particular areas171. The potential problems 
on grouse moors come from the uneven distribution of nesting 
harriers, rather than from the overall number of breeding pairs.

7.2 The Joint Raptor Study

What was the Joint Raptor Study?
The Joint Raptor Study (JRS) was a five-year project with joint 
partners including GWCT, the Centre for Ecology and Hydrology 
(CEH), the RSPB, Scottish Natural Heritage (SNH) and Buccleuch 
Estates. It studied raptor predation on grouse, to work out the 
likely e�ect this would have on grouse numbers and hence the 
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sustainability of shooting. The main study area was on Langholm 
Moor, a driven grouse moor in south-west Scotland, with data from 
five other study moors in Scotland. 

Why was it done? What were they trying to find out?
Until the JRS there was little scientific information to support or 
reject the firmly held belief of some groups that birds of prey could 
significantly reduce grouse numbers. The JRS therefore assessed 
the impact of raptors on the numbers and bags of grouse over a 
five-year period167.

Which raptor species were studied?
The hen harrier and peregrine were of particular interest, as were 
their prey species. The diet of harriers is largely small mammals 
such as voles and songbirds like meadow pipits and skylark, whereas 
peregrine eat a variety of mainly larger birds including crows, 
pigeons and thrushes. Both predate red grouse, with harriers taking 
chicks and adults, while peregrine mostly hunt fully-grown birds167. 

What was done in the JRS?
Despite legal protection since 1954, it was recognised that illegal 
raptor killing was still on-going in the British uplands. During the 
JRS an agreement was made to ensure that all raptors were fully 
protected at Langholm. Active grouse moor management during 
the project included rotational strip burning of heather and lethal 
control of generalist predators permitted by law, notably foxes, 
crows, stoats, and weasels. Numbers of red grouse and breeding 
raptors were monitored each year. The researchers studied the 
breeding success and diet of hen harriers and peregrines, as well 
as grouse abundance, and mortality of both chicks and adults. 
The abundance of other harrier prey, meadow pipits and skylarks, 
together with field voles, was also recorded167. 
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What did it find?
Hen harrier numbers rapidly increased from 2 to 20 pairs in five 
years37,167,175, with their numbers initially following an increase in 
voles. Peregrines numbers also increased from three to five or six 
pairs. Predation by harriers and peregrines appeared to hold the 
grouse population at a low level, preventing it from recovering. 

Why did harrier numbers rise so high?
If conditions are right, many hen harrier nests can be found in a 
small area171. The JRS habitat was a mixture of grass and heather 
areas, which is good for hen harriers28,170. These conditions are ideal 
for their main prey species and during the JRS there were years with 
high vole numbers36. Plenty of prey, together with no illegal killing 
and low levels of predation on the harriers’ own nests thanks to legal 
predator control by gamekeepers, helped boost harrier numbers36.

What did these raptors eat on Langholm Moor?
During the breeding season, meadow pipits were the most important 
prey species for hen harriers. Meadow pipits provided 45% of prey 
items, and grouse chicks made up 12%. For peregrines, pigeons 
made up 56% of summer prey items, and grouse 10%. Grouse 
also formed an important part of the diet for both hen harriers and 
peregrines in the winter, based on studies of pellets and prey remains. 
Seventy seven percent of hen harrier pellets and 85% of peregrine 
pellets showed evidence of grouse having been eaten. Many more 
grouse were killed by hen harriers than by peregrines. Most harrier 
predation was on chicks, and most peregrine predation on adults167. 

What impact of raptors on grouse was found by  
the JRS?
Until the start of the JRS, grouse numbers tended to show regular 
fluctuations in relation to the abundance of their parasitic worms, 
with peaks every six years or so (see chapter 5 on disease control). In 
the years before medicated grit was used to control these parasites, 
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these ‘cycles’ were usual on most driven grouse moors. However, 
during the JRS, raptor predation removed on average 30% of the 
potential breeding stock of grouse each spring. In the summers of 
1995 and 1996, predation by harriers accounted for more than a 
third of grouse chicks167,169. This was estimated to have reduced 
autumn grouse numbers by 50%, and numbers failed to recover 
from the low part of the cycle167,175. On two nearby moors, where 
grouse numbers had previously cycled in parallel with Langholm, 
but where harrier numbers had not increased, grouse peaked in 
1996 as expected175. This indicated that at Langholm predation 
by raptors was keeping grouse numbers low, rather than parasites. 
Grouse numbers remained too low at Langholm to support driven 
grouse shooting, which stopped in 1997.  

Would changes in habitat management have helped?
Almost half of the heather moor at Langholm had been converted 
to grass between 1948 and 1988, largely as a result of heavy 
grazing by sheep170. Hen harriers favour such a mixed landscape 
of grassy and heather areas28, so it was thought possible that 
increasing heather cover and reducing grass may help alter the 
balance towards grouse. Over the course of the study reduced 
grazing and heather management increased heather cover22, but 
there was no evidence that predation on adult grouse at Langholm 
was influenced by habitat. However, harriers were more likely to 
find grouse broods in areas of grass/heather mix compared to pure 
grass or pure heather stands176. 

What did we learn from the Joint Raptor Study?
Raptor predation can a�ect grouse numbers to the extent that 
driven grouse moors are not economically viable for sporting 
purposes, particularly when raptor numbers are high and grouse 
numbers are low169. Without illegal killing, hen harriers can thrive 
when moorland is managed for grouse.
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Is this applicable to other moors?
When raptors are not illegally killed, their breeding numbers 
vary considerably between moors. They tend to be highest where 
meadow pipits and voles are most abundant, which is generally on 
moors with a mixture of grassy and heather areas28,167. Langholm 
is considered an average moor in terms of its heather cover and 
meadow pipit numbers. This being the case, in theory similar moors 
could host similar numbers of harriers, which could impact upon 
grouse170 but much of our knowledge on the grouse/harrier conflict 
is still only based on data collected at Langholm.

Does illegal killing of raptors still happen on  
grouse moors?
Evidence suggests raptors are still being killed on grouse moors. Data 
from satellite tagged harriers collected up until 2016 showed that 
harriers are ten times more likely to die or disappear in areas which 
are managed for grouse38.  Other evidence based on distribution, 
breeding performance and recovery of dead birds strongly suggests 
that illegal killing of an array of raptor species still occurs on some 
grouse moors29,38,165.

Why only ‘some’ grouse moors?
We know attitudes are changing toward illegal killing (see chapter 
2). However, the evidence shows that illegal killing does still happen 
in some places38, and it is vital to address the conflict and end this 
practice. 

What happened after the JRS?
Driven shooting stopped on Langholm in 1997, but a low level of 
keepering continued until 1999, when grouse moor management 
largely ceased and only the head keeper remained. The GWCT 
continued to monitor bird numbers annually, together with vole and 
fox indices, until the start of the Langholm Moor Demonstration 
Project in spring 2008, so we have continuous data for birds and 
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voles on Langholm Moor since 1992.

What happened to the number of raptors?
Hen harrier numbers at Langholm fell from 20 in 1997 to between 
two and five pairs over the next five years. Hen harrier breeding 
success, which had averaged 2.5 chicks fledged per female per year 
with 80% of breeding attempts successful, fell to 1.2 chicks per 
female and 39% of breeding attempts successful when the moor 
became unkeepered (2000-2007) and foxes and crows were not 
controlled37.

What happened to the number of grouse?
Grouse numbers also fell. Average spring counts between 1992 
and 1999 when the moor was keepered had been 28 birds per km2, 
which fell to 12 per km2 in the period 2000-2007 when keepering 
had stopped. Post-breeding counts in July fell from an average 59 
birds per km2, to 14. Grouse breeding success also dropped, having 
been on average 1.7 chicks per adult from 1992 to 1999, but falling 
to an average of 0.9 for 2000-200737.

7.3 Hen Harrier Numbers

What are the most recent estimates of the UK hen 
harrier population?
The most recent survey of breeding hen harriers was carried out 
in 2016 and reported 575 territorial pairs in the UK. 460 of these 
(80%) were found in Scotland, with 46 in Northern Ireland, 35 in 
Wales, 30 in the Isle of Man and four in England172.

Are these numbers changing?
Overall, the UK population has declined by 13% since 2010. This 
change is not statistically significant across the whole of the UK 
but on both grouse moors and in maturing conifer plantations in 
Scotland the number of harriers fell by around half between 2010 and 
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2016172. However, 2019 was a successful year for breeding harriers 
with fifteen nests in England and 47 chicks fledged. Eleven of these  
nests were on grouse moors177. Continued partnership working such 
as at Langholm, and the Scottish Heads up for Harriers project, may 
be beginning to help address the conflict in conjunction with new 
approaches such as brood management (see below). 

Are the low numbers just because of illegal killing?
Illegal killing is thought to be the main factor limiting their recovery. 
However, harrier numbers can also be a�ected by the amount of 
suitable nesting habitat178, the abundance of prey species such as the 
field vole28,36,166,179, and predation36. Data on harrier and merlin from 
Langholm suggests that the loss of keepering can reduce breeding 
success of these largely ground-nesting raptors due to increased 
predation by foxes, which may lead to numbers in the area falling39. 

These findings are supported by similar trends found on two other 
Special Protection Areas in Scotland where keepering ceased25. 
Others have noted that predation by birds of prey, windfarms, the 
weather, and human recreational disturbance may also be a�ecting 
raptor numbers34,35,180,181.

What sort of numbers can there be without causing  
a problem?
Based on our knowledge about grouse and hen harriers from the 
JRS, we can predict the e�ect of harriers on grouse populations182. 
At one nest per 4,000 ha (9,900 acres) it is predicted that hen 
harriers would reduce autumn grouse densities by less than 10%. 
Given the area of moorland in England managed for grouse, this 
density would result in approximately 70 pairs of hen harriers on 
grouse moors in England182 and around 220 pairs on all heather 
moorland in Scotland. In 2016 there were estimated to be four pairs 
of harriers on heather moorland in England and 460 harrier pairs 
on heather moorland in Scotland172.
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Are there target numbers to aim for?
In 2011, the Joint Nature Conservation Committee (JNCC), which 
advises the Government on conservation, published a report outlining 
a “Conservation Framework for Hen Harriers in the UK”. Within 
this report, the JNCC identified target numbers for the hen harrier to 
be considered in Favourable Conservation Status in the UK34.

What is Favourable conservation status?
In order to achieve “Favourable” conservation status, the di�erent 
influences which are acting on a species need to be in balance, 
so that it can survive and thrive. For example, when considering 
a particular species there are four aspects which are taken into 
account: their range, population size, the habitat (extent and 
condition) and their future prospects. 

What does this mean for hen harriers?
The JNCC have calculated that, for hen harriers in the UK to be 
classified as favourable there should be:

a. At least 44% of apparently suitable habitat occupied
b. 2.12 pairs of hen harriers per 100 km2 of suitable habitat
c. A minimum of 1.2 young fledged per breeding attempt

The JNCC report estimated the amount of suitable habitat there is 
per country, so we can calculate the numbers of breeding pairs that 
could render each country favourable for hen harriers. Breeding 
success would also need to be high enough, but with variation 
between di�erent areas these numbers do not tell the whole story. 
They give a minimum, rather than an ideal number of hen harriers in 
the UK but may be a useful guide to progress. Based on this simple 
approach, conservation status can be thought of as favourable for 
hen harriers in Scotland and Northern Ireland, but not England or 
Wales, or the UK as a whole.
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 Total km2 of Favourable  National hen
 suitable habitat number of harrier survey
  of hen harriers data (2016)
             

Scotland 36,971 345 460
England 6,636 61 4
Wales 5,068 47 35
Northern Ireland 3,049 28 46

7.4 Easing the conflict

What can be done to unlock this conflict?
The conflict itself has been the subject of many research papers, 
looking for and exploring ways to resolve it183–187. The Langholm 
Moor Demonstration Project built on the findings from the 
JRS, running from 2008-2017 to investigate potential means of 
addressing the conflict.

Why was another study done at Langholm?
Having demonstrated that raptor predation could indeed put a 
grouse moor out of business, the Langholm Moor Demonstration 
Project (LMDP) investigated whether the grouse population could 
be recovered from these low numbers, to a level that would support 
commercial driven grouse shooting, in the presence of breeding 
raptors188. The GWCT worked again with its partners Buccleuch 
Estates, SNH, the RSPB and Natural England. The specific aims 
were to:
• Demonstrate how to resolve the conflict between moorland 

management for red grouse and raptors.
• Maintain the hen harrier population, for which Langholm 

Moor is recognised as a Special Protection Area.
• Improve and extend the heather moorland habitat, compared 

to its condition in 2002.
• Improve grouse production to a level at which driven grouse 

shooting becomes economically viable to support sustained 
moorland management.
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What did the project do?
The project included several parallel approaches: habitat 
improvement, predator control, diversionary feeding of hen harriers 
and disease management188, with the following components:

• Habitat improvement – heather burning, cutting, spraying 
and reseeding, bracken control and reduced sheep grazing to 
improve the condition of the heather moorland, and expand the 
area of the moor on which heather was dominant.

• Predator control – fox, corvid (except ravens) and mustelid 
(stoats and weasels) control.

• Diversionary feeding – alternative food was provided on posts 
near to hen harrier nests by up to half, in an attempt to reduce 
the number of grouse chicks taken by hen harriers providing for 
their own chicks. Day-old poultry chicks and rats were placed 
on a feeding post near the nest for up to 60 days after hatching 
of harrier chicks. There are practical considerations to this 
approach. The food has to be replenished daily and so the nests 
need to be accessible for the gamekeeper, but the technique can 
reduce the proportion of grouse fed to harrier chicks189.

• Disease control – medicated grit was placed in trays and made 
freely available to grouse, which eat grit to help breakdown 
and digest heather. The grit contains the drug flubendazole 
which kills parasitic worms living in the grouse’s intestines (see 
chapter 5). 

The ten-year demonstration project was planned to run from 2008 
to 2018, but land management ended in February 2016 when the 
board felt there was no likely prospect of achieving the grouse 
shooting objective.

What was found?
Findings have been published in a series of scientific papers, 
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summaries of which are available on the LMDP website. The key 
findings were:

• Hen harrier numbers remained low, at one to three breeding 
females, from 2008 until 2014, when they increased to 1237.

• Red grouse densities quickly rose from low levels, to be two to 
three times higher within three years of management resuming 
in 200837, but did not rise high enough to support economically 
sustainable driven grouse shooting.

• This was because the survival of grouse chicks and adults were 
both too low190.

• Diversionary feeding reduced the number of grouse chicks that 
were taken by hen harriers, compared to what would have been 
expected191. However, diversionary feeding alongside grouse 
moor management did not increase grouse numbers su±ciently 
to allow sustainable driven shooting. 

• Average yearly increases were found for three species of wader: 
curlew 10%, golden plover 16% and snipe 21%. However, 
lapwing numbers remained low6.

• The extent of heather was improved. Total heather cover 
increased by 10%, and the area over which heather dominated 
the vegetation mix increased by 30%22.

• There was a high number of breeding buzzards feeding on the 
study area (12-14 pairs), together with an estimated 47 non-
breeders192. Buzzards are opportunistic feeders, using a variety of 
food sources, depending on what is available. Depending on the 
method used to study it, red grouse were estimated to make up 
1-6% of prey items taken to buzzard chicks193. Although grouse 
are a minor component of  buzzard diet  in both summer and 
winter194, the presence of many buzzards at Langholm meant 
that overall they may have been impacting upon the ability 
of grouse to recover, assuming that that all grouse eaten by 
buzzards were killed by buzzards and not merely scavenged192.
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A final report summarising the science and the partnership’s 
findings will be published in 2019.

How do we move forwards for hen harriers?
In 2016, the UK Government published its Joint Action Plan to 
increase the English hen harrier population195. It brought together 
several conservation approaches to try and safeguard the future of 
the hen harrier in England. It is a collaborative e�ort, supported by 
both conservation and field sports organisations, to protect both the 
hen harriers and the grouse moors. 

What is the plan based on?
There are six elements to the plan, which are:

1. Law enforcement, prevention and intelligence: to 
reduce illegal killing

2. Ongoing monitoring of breeding sites and winter 
roost sites: to gather more information about the hen 
harriers we have and help with law enforcement

Day-old poultry chicks and rats were placed on a feeding post near hen harrier nests 
as part of the Langholm Project. © Laurie Campbell
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3. Further research into the movement of hen harriers 
using satellite tracking: to monitor hen harriers and 
their chicks 

4. Diversionary feeding of hen harriers: to reduce 
predation on grouse chicks

5. Engagement study about their possible 
reintroduction across suitable habitat in England: to 
investigate whether moving hen harriers from a donor 
country such as France to suitable habitat in UK 
lowlands could be viable 

6. Brood management: Trialling the temporary 
movement of hen harrier chicks to aviaries: where two 
nests are in close proximity, remove the chicks from 
the second nest, rear them in captivity and release 
them to suitable habitat further away.

7.5 Brood management

What is brood management?
Brood management is a form of wildlife management. If a hen 
harrier nest is established within 10km of another, the eggs or chicks 
from one of the nests can be collected and reared in captivity. When 
fledged, they will be released onto suitable moorland. If they are 
collected from a Special Protection Area (SPA) for harriers, they 
must be released back into this SPA.

Why will this help?
This is a trial of whether such management will allay the fear that 
many harriers will build up in a small area, and therefore remove 
the motivation to destroy them. An even distribution of harrier nests 
could allow for increased harrier numbers, with a lower impact on 
grouse numbers.
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Why is brood management controversial?
Some people disagree with the principle of disturbing the nest and 
rearing chicks in captivity, even for release back to the wild. They 
feel that more criminal enforcement should be the main focus of 
harrier recovery, as numbers are very low in England a minimum 
population size should be established before brood management 
is instigated, and grouse shooting should be licenced or banned if 
illegal killing continues. 

Others feel that all techniques should be tried to improve the outlook 
for hen harriers, and that this aspect of the plan could be the key that 
gives grouse moor owners and managers the confidence that their 
business or livelihood is not at risk. 

Has this technique been used before?
Not for hen harriers, but it has been used successfully for the 
Montagu’s harriers in Spain and France, to relocate them away 
from agricultural areas, where harvesting would otherwise destroy 
the nests196-198.

What are the overall aims of the plan? What can we 
hope for?
It is hoped that the trial of the brood management scheme, as part 
of the Defra Hen Harrier Action Plan, will contribute to increased 
numbers of hen harriers in northern England. It is hoped that such 
novel non-lethal management techniques can change the social 
attitudes of those involved in upland land management to accept 
the presence of hen harriers on grouse moors. 

It is also hoped that an improvement in the conservation status 
of hen harriers should help those who have sceptical views about 
grouse moors recognise that moors can and do deliver a net gain in 
biodiversity. The first hen harrier chicks to be brood managed were 
in 2019.
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Langholm Moor Studies
Many years of research have been carried out on Langholm 
Moor in south-west Scotland, by joint partners including 
GWCT, CEH, RSPB, SNH and Buccleuch Estates. These 
projects looked into the relationships and interactions between 
birds of prey and red grouse. A series of scientific papers have 
been published based on the projects at Langholm. 

There were three main phases of management:

• 1992-1999: Grouse moor management around the Joint 
Raptor Study (1992-1996)

• 2000-2007: Low level keepering, increased sheep grazing
• 2008-2016: Grouse moor management with additional 

aspects such as diversionary feeding of hen harriers for 
the Langholm Moor Demonstration Project. Though 
the project was planned to run from 2008 to 2017, 
management ended in February 2016.
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8.  Mountain Hares
What are mountain hares?
Mountain hares are lagomorphs, a member of the rabbit family. 
They are sometimes known as the blue hare or white hare because 
of their blueish-grey coat in summer and white coat in winter. 
Mountain hares graze on vegetation such as heather, blaeberry and 
the bark of young trees and bushes, but they often eat grasses when 
they are available during the summer months.
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Where are mountain hares found?
In Britain, mountain hares are widespread in the Scottish Highlands 
and Southern Uplands, and a small population occurs in the Peak 
District. Mountain hares are also present on some of the Scottish 
Islands where they were introduced (e.g. Mull, Skye, Hoy, Jura, 
Harris and Lewis).

What is the history of mountain hares in Britain?
Mountain hares are the only native lagomorph in Britain. They used 
to be found throughout the country, but when brown hares were 
introduced to England probably by the Romans, mountain hares 
became restricted to the upland regions. 

Are mountain hares found on grouse moors?
Yes. Heather moorland that is managed for red grouse is a good 
habitat for mountain hares. This is probably because the predator 
control, combined with rotational burning that produces new 
heather growth, benefits both grouse and hares199,200.

How many mountain hares are there in Britain?
The most recent population estimate is 135,000 mountain hares 
in Britain, with a wide possible range of between a minimum of 
81,000 and a maximum of 526,000201. The range is large because 
until recently hares have been di±cult to count accurately, and 
estimates are scaled up to cover more of the country that could not 
be surveyed.  

How do you count mountain hares?
Several methods have been used to count mountain hares. These 
include walking transects during the day or night-time, counting 
droppings, mark-recapture by live-trapping hares, and using 
pointing dogs to flush hares during grouse counts. The James 
Hutton Institute and GWCT compared some of these methods and 
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found that of those tested, night-time transects using a lamp were 
the most repeatable and cost-e�ective method202. 

Mountain hares are most active at night-time when their camouflage 
and “crouch and freeze” behaviour is likely to be less e�ective, so 
counting them becomes easier at night.

What other information do we have on mountain hare 
distribution and abundance?
Data from North-East Scotland were collected during red grouse 
counts using pointing dogs50. Long-term data from the GWCT’s 
National Gamebag Census (NGC) gives us additional information 
on how many mountain hares are shot and on which estates203. 
Alongside these, data from the Breeding Bird Survey (BBS) 
collated by the British Trust for Ornithology (BTO) allows us to 
assess population trends since 1995 and species range204. In 2018, 
GWCT repeated distribution surveys from questionnaires that 
were previously carried out in 1995/6 and 2006/7. 

The study has been the most extensive survey of mountain hare 
range to date and has allowed us to identify areas where their range 
has changed over the last 20 years. Early results indicate range 
contraction in South-West Scotland and on estates with no grouse 
shooting interest, compared to range increases in North-East 
Scotland on estates managed for grouse shooting. We expect these 
results to be submitted for publication in summer 2019.  

What is happening to the mountain hare population?
Recent research on mountain hares in areas managed for grouse 
shooting has given conflicting results. In some studies, the national 
or regional trends appear to be relatively stable50,203, while other 
studies suggest there is a decline52,204. 
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There are four main data sources:
  
• National Gamebag Census – Data from hunting records 

in the UK since 1954 show population cycles roughly 
every 10 years, but no long-term trend in mountain 
hare indices from hunting bags since the 1960s203,205.

• Hesford et al. (2019) – Count data gathered during 
red grouse surveys in the Scottish Highlands show that 
indicators of mountain hare abundance are up to 35 
times higher and either relatively stable or increasing 
on driven grouse moors compared to moorland not 
managed for driven grouse shooting, where average 
declines were -40% per year in some areas50.

• Massimino et al. (2018) and Watson and Wilson (2018) 
– Both studies reported declines in mountain hare 
abundance indices. Significant population declines in 
34% of the mountain hare’s British range occurred 
between 1995-2015204. A 30% decline in abundance 
was found each year between 1999-2017 on moorland 
managed for grouse in eastern Scotland52. However, 
an on-going analysis of GWCT hare data collected 
during grouse counts on the same estates surveyed 
by Watson and Wilson found no evidence to support 
these declines, and the analysis and conclusions used 
by Massimino have been challenged206.

Why do mountain hare populations fluctuate?
Data from hunting records across Europe have shown that mountain 
hare numbers tend to fluctuate in cycles. The characteristics of these 
cycles vary, but typically the population can fluctuate from below 
half to almost double the average population size every 4-15 years207. 
Research suggests that mountain hare numbers can fluctuate 
naturally for many reasons including number of parasites, weather 
patterns, level of predation, presence of disease and habitat quality208.
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If numbers are so variable, how would we know if the 
whole population was declining?
Range contraction is often the first sign of a declining population. 
This means that the area in which the species lives is shrinking. 
In 2008 it was thought that the Scottish range of mountain hares 
was stable, but a more recent study of mountain hare distribution 
and abundance indicated significant declines within parts of their 
Scottish range204. Further surveys have been carried out by GWCT 
(with help from the Scottish Gamekeepers Association and Scottish 
Land & Estates), which covered more than 90% of Scotland and 
support the range contraction suggested by others, particularly 
within south-west Scotland.

A recent study shows that indications of mountain hare abundance are up to 35 times 
higher and either relatively stable or increasing on driven grouse moors compared to 
moorland not managed for driven grouse shooting © Ray Leinster
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Which species predate mountain hares?
Mountain hares can be predated by foxes, stoats and weasels, 
and avian predators (birds of prey) such as golden eagles and 
buzzards208. Foxes are the most common predators of mountain 
hares, accounting for up 90% of hare predation51. 

What protection do mountain hares have?
The mountain hare is listed under Annex V of the EC Habitats 
Directive (92/43EEC) as a species “of community interest whose 
taking in the wild and exploitation may be subject to management 
measures”. As well, Article 14 of the Directive requires member 
states to ensure that the exploitation of such species “is compatible 
with their being maintained at a favourable conservation status”. 
This means that culling and recreation shooting of mountain hares 
is legal if it is proven to be sustainable209. In Scotland there is an open 
season from 1st August – 28th February. Mountain hares are shot 
for recreation, disease control amongst red grouse and sometimes 
to protect newly planted woodland210.

Are mountain hares culled on grouse moors?
Yes. Mountain hares are culled on grouse moors for a variety 
of reasons including for sport as well as habitat and forestry 
protection. During the last 15-20 years, mountain hares have also 
been culled to help control Louping-ill virus (LIV), by reducing the 
transmission of the tick-borne virus to grouse chicks, which impacts 
their survival145. Tick control is now the most common reported 
reason for culling mountain hares210. There is more information 
on this in chapter 5. Until more work is done we have asked for a 
voluntary restraint on hare culling for disease control.

What happens to hare numbers when they are culled 
on grouse moors? 
Mountain hares are most widespread in north-eastern Scotland, 
where there are large areas of managed grouse moors210. The 
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number of hares found on these driven grouse moors can be up 
to 35 times higher than areas where grouse are not shot50. These 
facts, combined with evidence of increasing or stable mountain hare 
numbers on driven grouse moors, suggest that the possible benefits 
of grouse moor management (fewer hares being taken by predators 
and better quality food following heather burning) may outweigh 
the impact of culling that is limited in time and in area50. 

What impact would a ban on driven grouse shooting 
have on mountain hares?
This would depend on what land use replaced grouse shooting. 
Alternatives such as commercial forestry or possibly more intensive 
grazing may result in lower numbers. Research by GWCT reported 
lower abundance indices and declines in areas where moorland 
habitats have become fragmented through a�orestation, which has 
created upland landscapes less suitable for mountain hares50. 

Similarly, research by the Centre for Ecology and Hydrology and 
RSPB reported declines in mountain hare abundance indices 
associated with conifer planting52. Others have suggested that the 
loss of grouse moor management to sheep grazing may contribute to 
mountain hare declines211. However, in areas which are designated, 
for example as an SSSI or SPA, commercial forestry is unlikely to 
replace driven shooting. Some alternative uses, including natural 
forest regeneration would provide habitat for mountain hares but 
at lower densities than are currently seen and thus potentially with 
greater risk of local extinction, if the habitat were fragmented or 
predation increased. Whether or not practices such as predator 
control or hare culls continued would also have an impact on hare 
numbers in future, if driven shooting stopped. It is important to 
remember that much of the mountain hare’s habitat is at higher 
altitudes than managed grouse moors. In these higher areas, 
reported declines are less severe52.
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Moorlands are cultural landscapes extending back thousands of 
years and it is our management that creates and maintains them 
as moors. Like most land in the UK, management activity is 
driven by individuals or groups who own and use it for social and 
economic purposes. In the uplands, game management, livestock 
grazing, forestry and renewable energy generation support unique 
landscapes, habitats and wildlife to a greater or lesser extent. This 
chapter considers these land uses and their various merits.

9.  Alternative Moorland  
 Uses
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What are the economically viable uses for moorland?
Historically, moorland has been less productive than other land 
and most grouse moors sit on land classified as Less Favoured 
Areas (LFAs), where agricultural production is more di±cult. Its 
use is mainly limited to livestock grazing, commercial forestry, 
game management and renewable energy generation. Though able 
to provide some income, none of these activities are sustainable 
without substantial public or private subsidy. Commercial or state 
support is also needed for other uses such as nature reserves, 
carbon storage, or water management. The tourism sector benefits 
from these open upland landscapes but makes little or no direct 
contribution to their maintenance costs, with most tourism income 
going into local businesses212.

Why is a mix of land uses best? 
All land use has an impact on the environment and the consequences 
of the various economic models for moorland management will be 
discussed in more detail below. Di�erent species thrive in di�erent 
environments and our internationally recognised upland habitats 
are best supported with a mix of management across the landscape, 
including grouse moors24. 

It is important to understand that the known benefits, including 
internationally important habitats and species, would probably be 
lost if grouse shooting ended. At the same time, it is also important 
that moorland and heathland management is su±ciently flexible to 
adapt to changing conditions.  

9.1 Alternative moorland use: Forestry

How much of Britain has been forested?
Commercial forestry blocks typically consist of fast-growing, often 
non-native coniferous species. Extensive upland planting started in 
the UK after the first world war and rapidly accelerated after the 
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second world war, largely in response to government initiatives. UK 
forest cover has more than doubled over the last 100 years213. By 
2019, 18% of Scotland was wooded and the Government plans to 
increase this to 21% by 2032214,215. Forestry has been one of the 
main causes of moorland habitat loss, with around 20% of former 
UK moorland now a�orested with coniferous plantations105.

What effect does forestry have moorland habitats  
and wildlife?
A�orestation causes an ecological transformation, in which open 
ground habitats and their wildlife largely disappear and are replaced 
by a woodland ecosystem. A�orestation of the Southern Cheviots 
in southern Scotland is a good example of the impact of forestry on 
moorland birds. After 15 years, the forest canopy closed, and many 
species disappeared. The losses for that area were estimated to be 

Commercial forestry blocks have negative impacts on breeding curlew because of 
habitat replacement and increased predation. © GWCT
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1,750 pairs of curlew, 1,200 pairs of golden plover, 200 pairs of 
dunlin, 25 pairs of merlin, and all the red grouse, snipe, redshank, 
wheatears, ring ouzels and hen harriers216. Declines in the numbers 
of ravens have been reported217 and a review documents the loss of 
at least 5,000 breeding pairs of curlew from south-west Scotland 
largely because of forestry216. 

GWCT research into impacts of land use change in south-
west Scotland also indicate that large-scale changes in land-use, 
including a�orestation, more intensive farming and reductions in 
grouse moor management, are responsible for declines in several 
bird species, including oystercatcher, golden plover, lapwing and 
curlew25. One study of a 700km2 area in Scotland suggested that 
a�orestation accounted for 58-78% of the decline in black grouse 
numbers in the region218. 

Changes in grazing patterns of deer, voles and rabbits because of 
a�orestation can a�ect the suitability of moorland near forestry for 
birds, by changing vegetation density, reducing invertebrate food 
for chicks47 and potentially increasing the tick burden142.

What are the effects of forestry on predation in the 
surrounding areas?
Both mammal and bird predators benefit from the cover of forestry 
blocks but do not restrict their hunting to within the forestry219. Bird 
communities in the surrounding moorland can be a�ected up to a 
kilometre from the forest edge, with reductions in golden plover and 
dunlin numbers, and reduced curlew breeding success105. 

Can upland forestry benefit some bird species?
There are 68 bird species breeding regularly in Scottish woodlands 
though they are not all found in every woodland220. The mix of bird 
species is largely dependent on which trees are dominant and bird 
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densities are lower in uniform woodland. The age of the plantation 
is also important. The early stages of tree growth can create suitable 
habitat for black grouse and hen harriers, but when the trees grow 
and the canopy closes over the environment becomes unsuitable221. 

Are there other environmental effects?
Beyond impacts on biodiversity the most important e�ect of forestry 
is on soils and water. Before trees are planted, drains are often dug 
and fertiliser applied, which a�ects the nutrient composition of 
the soil and increases the release of carbon. Drainage lowers the 
water table, causing peat to shrink as it dries out (see chapter 4). 
This process accelerates once the tree canopy closes and can lead 
to large-scale cracking of the peat105, which can occur some distance 
away from the forestry block itself. 

Are there effects on water quality and flow?
Yes. There can be negative e�ects on the water quality and the 
amount and timing of run-o�105. Streams that drain a�orested areas 
tend to be more acidic and have higher levels of nitrogen222. Water 
flow is also a�ected, with total peak flow increasing initially where 
land has been drained then reducing once the trees mature, after 
perhaps 20 years105.

Does forestry store more carbon?
The e�ect on overall carbon uptake and release when moorland 
is converted to forestry is not clear. There is an initial release of 
carbon during preparation and planting because of peat drainage 
and disturbance, but when the trees are growing rapidly in the early 
stages, they take up carbon. During this period forestry may absorb 
and store carbon faster than moorland. However, mature forests 
have low carbon uptake and after a period of several decades the 
carbon balance is thought to be fairly even between moorland and 
forestry. 
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There are many uncertainties in carbon budgets, which typically 
do not take into account the carbon that is found in streams 
draining moorland or young forestry or rates of erosion from forest 
drainage223. A review found that not all modified peatlands are 
carbon or greenhouse gas sources, just as not all “pristine” peatlands 
are net sinks. Equally, peatland restoration may not necessarily lead 
to a peatland being able to absorb carbon or greenhouse gas223.

What happened when trees were planted in the  
Flow Country?
This large, rolling expanse of peatland in the North of Scotland is 
dotted with bog pools and is an important habitat for wildlife, as 
well as climate change mitigation. Successive government policies 
to plant trees and cut drains, mostly in the 1980s, resulted in 17% 
of this area being covered by coniferous forest224. This dried out the 
peat, changing the habitat and reducing its value for birds and other 
wildlife. The trees are now being removed. 

What about natural regeneration, wilding  
or rewilding?
These terms are often synonymous with scrub or woodland 
expansion onto moorland. Wilding usually requires the decision to 
reduce or stop grazing and/or heather burning. As well as losing 
grazing on the area itself, this could cause neighbouring land to 
be more intensively grazed as well as increasing the risk of wildfire 
from increased fuel load (see chapter 3 for more information on 
wildlfires). There is as yet little evidence for the e�ect of wilding/
rewilding on wildlife, carbon storage, e�ects on water or other 
important consideration, which must be provided if such a change 
is to be made on a large scale.
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9.2 Alternative moorland use: 
Renewable energy

What kinds of renewable energy can be generated in 
the uplands?
By 2015 there were over 200 windfarm developments underway in 
Scotland, making onshore wind power the main source of renewable 
energy66. By 2017, renewable power output made up over 70% of 
Scotland’s electricity consumption225. There are also small-scale 
hydro schemes which, though usually less visually intrusive, can 
have impacts on the ground. 

What effects can wind farms have?
They can a�ect habitat, soil and the wider landscape. The main 
impacts on moorland habitats are from the loss of land for tracks, 
crane hard standings, turbine bases, control buildings, borrow pits 
and changes in drainage. Additional impacts can arise through 
the improved access provided by these developments, enabling 
recreational activities in areas which were previously inaccessible66. 
One study found the density of some moorland bird species near 
wind farms was reduced by between 15% and 48%181. Another 
found that the impact on moorland birds may be higher during the 
construction than the operation phase of wind farms, with lower 
numbers of red grouse and curlew during construction226.

Are all the impacts negative?
Where forested areas are felled to return an area to moorland (albeit 
with turbines) over time this could be beneficial in enhancing 
overall biodiversity66. One study suggests some species such as 
skylark and stonechat may benefit from the habitat change during 
construction226. Where income from the windfarm is reinvested in 
surrounding moorland the increased management and small-scale 
scrub planting could benefit some species. Furthermore, providing 
renewable energy is a main priority for the country with clear 
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benefits that must be weighed up. 

9.3 Alternative moorland use: Farming

How important is farming in the uplands?
The UK National Ecosystem Assessment says that livestock 
farming over many generations has contributed to the cultural and 
environmental heritage of today’s countryside, and many things 
our society values beyond food may depend on upland farming in 
the future. About 15% of the UK land area is upland farming122. 
Eight-five percent of agricultural land in Scotland is classified as 
LFA227 and this is predominantly in the uplands. Sheep grazing has 
determined the appearance and habitat composition of UK uplands 
more than any other land use66.

Sheep grazing has determined the appearance and habitat composition of UK 
uplands more than any other land use. © David Mason
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How does livestock grazing affect moorland?
Comprehensive reports show that light, seasonal grazing by sheep 
is good for heather moorland and consequently for grouse5,17. 
However, European Common Agricultural Policy (CAP) subsidies 
for livestock farming based upon livestock numbers resulted in a 
30% increase in sheep on UK moorlands between the 1970s and 
1990s223. These large increases too often led to overgrazing on 
moorland. In recent years, with farming support moving from 
livestock number to area-based payments, grazing pressure has 
considerably reduced, and this can improve heather cover and 
condition. Observation suggests that heather regeneration following 
restocking has been considerable, but there is as yet little evidence 
for large-scale habitat improvements in response to this101.

What sort of detrimental effects can overgrazing have?
Studies suggest that in England loss of heather moorland has mostly 
been due to overgrazing228 whereas in Scotland moorland has been 
lost because of grazing and forestry18. The most well-established 
e�ect is the reduced condition or extent of heather cover, and 
replacement with grass-dominated vegetation101,105. Species that 
require a diverse moorland habitat and those that have a strong 
link to heather for food and cover, such as red grouse, hen harrier, 
merlin, mountain hare and red deer, tend to decline in abundance 
and productivity with these changes. However, other species such as 
skylark and meadow pipit, may benefit from a change to grassland 
provided this is not too heavily grazed28. 

Are there any other impacts?
Studies have found that overgrazing can cause soil erosion and 
may increase flood risk. A review from 2007 suggested that grazing 
may impact water flow across moorland to the extent that stopping 
grazing may reduce flood risk105. Its e�ect on carbon capture and 
storage is variable and there is little impact on water quality66,101.
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Does all grazing cause these problems?
A light, preferably mixed grazing regime seems to provide benefits 
in terms of environmental services and biodiversity. However, 
such a regime is not economically viable without extra funding, 
so is often supported by private investment in the form of grouse 
management or public subsidy through agri-environment grants101. 
The management techniques that are employed to improve grazing, 
such as drainage (see chapter 4) and liming, can be damaging to the 
heather moorland and its ecosystem53. 

Can there be a balance?
Grouse moors need sheep grazing to provide habitat and, in 
some places, to help control tick numbers. Sheep graziers need 
moorlands to summer graze their flock, preserving their improved 
grass for winter, and they can benefit from nearby gamekeeping 
which reduces the impacts of foxes and crows. Management 
arrangements between grouse moors and sheep graziers provide 
an incentive to manage heather moorland sustainably, maximising 
positive outcomes such as high nature value and rural employment, 
while minimising habitat damage. Heather moorland is important 
both as an EU priority habitat and as a globally rare habitat. With 
much of our moorland protected by designations like Sites of 
Special Scientific Interest, Special Areas of Conservation or Special 
Protection Areas, owners will have both their own commitments 
to upland investment, as well as public requirements to consider. 
Moorland is often considered a ‘Less Favoured Area’ (LFA) for 
farming, being challenging for agricultural production or forestry 
because of natural constraints or conservation considerations, but 
it can be of high value for nature. These restrictions mean that land 
management options are limited, but driven grouse shooting can 
provide a means to generate income, which can recover the costs of 
managing and maintaining the moorland and its wildlife.
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What is the economic value of grouse shooting?
A recent report indicated that grouse moor owners in England 
spend £52.5 million every year on moorland management168. The 
report also indicated that businesses associated with grouse shooting 
benefit by some £15.2 million every year. These include game 
dealers, accommodation providers, equipment suppliers, catering 
establishments and transport operators, often based in remote rural 

10. Economics of  
 grouse moors

L
ef

t: 
©

 T
ar

qu
in

 M
ill

in
gt

on
-D

ra
ke

  A
bo

ve
: ©

 G
W

C
T



95

The Moorland Balance

locations who depend on grouse shooting as the main economic 
driver outside the tourist season. Grouse moors in England support 
1,520 Full Time Equivalent (FTE) jobs. Seven hundred are directly 
involved with grouse moor management and a further 820 jobs in 
related services and industries.

In Scotland, it was found that there were around 2,500 FTE jobs 
(both direct and indirect) reliant on the grouse moor sector in 
2009 with £14.5 million spent on wages related to grouse moor 
management and support activities, and a total ‘Gross Value Added’ 
contribution of £23 million to the Scottish economy. The Scottish 
Moorland Group reported an average annual wage bill of £210,000 
for estates involved in grouse moor management188,229. 

Grouse moors in Scotland and England support the equivalent of over 4,000 full 
time jobs © Steve Jackson
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What costs are involved in managing moorland for 
conservation and driven grouse shooting?
Some of the main costs are heather management or restoration 
(such as muirburn, cutting or re-seeding), bracken control, livestock 
management, predator and deer control, track maintenance, salaries, 
housing and equipment (e.g. tractors, ATVs). 

Can driven grouse shooting cover these costs?
The income from driven grouse shooting can make a valuable 
contribution to the costs of running both moorland and shoot 
management. If there are enough grouse, then it is possible to cover 
the costs in a shooting season.

Can these costs be consistently met?
No, not always. Even though some of the variability in red grouse 
numbers from year to year can now be smoothed out using the 
available management tools such as medicated grit, it is impossible 
to eliminate the risks. For instance, extreme weather can impact 
on grouse numbers especially if combined with parasite problems, 
grouse are an arctic species and relatively well adapted to cold and 
wet weather. Where the numbers of grouse drop to levels at which 
further shooting may risk reducing the desired level of breeding 
stock for the next year, owners may decide to run a restricted shoot 
programme, or they might decide to cancel all shooting. So, the 
income can still vary from year to year, making it di±cult to cover the 
costs of heather habitat and grouse management on a regular basis.

What else can affect the chances of covering 
management costs?
Owners and managers need to ensure that their stock of grouse 
is su±cient to absorb not only the e�ect of predators that can be 
legally controlled, (such as foxes and crows), but also the impact 
from protected species, particularly raptors. GWCT’s involvement 
in projects like the Langholm Moor Demonstration Project and the 
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Hen Harrier Brood Management Scheme is about finding a science-
based answer to the conflict between raptors and management for 
red grouse (see chapter 7).

Could walked-up shooting replace driven shooting?
Allowing higher density (driven) grouse moors to decline to lower 
density (walked-up) ones would result in greater loss of income than 
the corresponding saving, and would not be economically viable7, as 
well as not bringing the same level of conservation benefits.

What might happen if we can’t find a way that allows 
moor owners a reasonable chance to recover costs on 
moorland management?  
If moor owners aren’t given the scope to recover some of the costs of 
moorland management through driven grouse shooting, this could 

The income from driven grouse shooting helps to support the cost of moorland 
management © Tarquin Millington-Drake
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result in abandonment of grouse management and gamekeepers 
losing their employment. Losing gamekeepers from the uplands 
would jeopardize the protection of heather moorland and Special 
Protection Areas for birds, large areas of which are keepered and 
which also support high numbers of breeding waders like curlews7. 
If made the responsibility of the public sector, protection of the 
heather moorland habitat and the conservation benefits that brings 
would require huge amounts of public funding19. 
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Join the GWCT
Make sure you never miss the latest news and events by joining 
the GWCT

As a member of the Trust you will not only be helping to fund the 
scientific research, you’ll be the first to hear about it.

What you receive when you become a GWCT member:

• Priority access to dozens of unique courses and events 
taking place throughout the year.

• Free copies of Gamewise, our feature-packed  magazine 
produced three times a year.

• Your own copy of our annual Review.
• An invitation to the GWCT’s Scottish Game Fair at 

Scone Palace.
• Regular email updates containing all our latest news 

and research findings.
• Membership of your local county group and invitations 

to events in your area.
• Pleasure from the knowledge that you’re helping the 

British countryside thrive both now and in the future.

Call us today on 01425 652381 or visit www.gwct.org.uk/join
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 The Knowledge?
Whether you’re new to shooting, a seasoned gun or just keen to learn 
more about the way the British countryside is managed, The Knowledge 
is for you. Featuring over 200 pages of easy-to-read questions and 
answers such as:

• How do you defi ne a wild pheasant?
• Why are grey partridges on the quarry list when they are in 

national decline?
• Why do gamebirds need supplementary food?
• Does predation control have wider conservation benefi ts?
• What UK habitats do woodcock prefer?
• What should Guns look out for on a shoot day?
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 Order your copy today at 
www.gwctshop.org.uk
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