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Introduction
The work contained within this project report is based on two habitat condition surveys
conducted on Langholm moor, in Dumfries and Galloway and Scottish Borders. The first
survey was carried out by Averis & Averis over two years (1997-1998). The second was
completed by the author between June and July 2012.
The aims of this project are fourfold. Firstly, the survey seeks to provide managers of the
Moor with monitoring data and information to manipulate for their own purposes within
the context of their specific management aims. Secondly, to provide a representation of
current extent of heather (Calluna vulgaris L) dominated heath and mire habitat across the
moor. Thirdly, to quantify changes in heather cover and measurable indicators of habitat
condition and to provide information on significant shifts in habitat types which are
apparent over the 14 year period between the two surveys. Fourth, to employ statistical
tests and models to examine the data from both surveys in order to attempt to identify
significant variables which explain the observed changes to the Moor. Lastly the project
aims to contextualise the findings in order to provide real-world suggestions for future
management of the area.
As the current survey was a repeat of an original, using fixed locations of plots, the core
purpose of the project is essentially that of Habitat monitoring. Monitoring allows us to
accurately detect and quantify spatial / temporal changes across an area. It is necessary to
evaluate the success of management strategies in relation to long – term conservation aims
and objectives. Monitoring also provides the basis for adapting and redirect resources to
achieve such objectives (Hierl et al. 2008). With this in mind, it is hoped that this project will
contribute towards the evaluation of the long-term aims and objectives collectively held by
the stakeholders of Langholm moor.
The survey was carried out on behalf of the Game and Wildlife Conservation Trust (GWCT) &
Scottish Natural Heritage (SNH). These two organisations are responsible for the
conservation of Langholm Moor through management of the Langholm Moor
Demonstration Project (LMDP). The principle aim of the LMDP is to resolve what is
described as “One of the most important wildlife conflict issues in Britain”, namely that of
red grouse / raptor conflict (Redpath & Thirgood, 1997). The basis of this conflict is that
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raptor species (namely hen harriers, Circus cyaneus) are persecuted by gamekeepers and
their employees because of the threat posed to red grouse (Lagopus lagopus scoticus)
(Etheridge et al.,1997). Red grouse are an economically important species with each pair or
“brace” of birds shot valued at between £70 & £170 (The Moorland Association website). It
is the activity of grouse shooting which provides the financial incentive to maintain large
tracts of upland heather moorland in the UK (Amar et al., 2004).
Hen harriers are listed on Annex I of EC Directive 79/409/EEC on the Conservation of Wild
Birds. Within the context of the Countryside Act, 1981, they have been given priority status
according to Schedule 1. 1.4. This legislation requires the UK government to designate
Special Protection Areas (SPAs) for their conservation (Thompson et al.,1995), with an
obligation to maintain a target population no lower 25% of the figure at notification over a 5
year monitoring period (Fielding et al.,2011). The need to fulfil this obligation is made more
urgent by the steep decline in hen harrier numbers seen on Langholm moor in recent years
(see fig 1.1). Therefore resolving this conflict, peculiar to the UK is a national conservation
priority for associated stakeholders such as Natural England (NE), Countryside Council for
Wales (CCW), SNH, Royal Society for the protection of Birds (RSPB), GWCT, and SNH.

The persecution of Hen harriers on grouse moors has been widely considered as a principle
cause of restrictions and declines in harrier numbers in the UK over recent decades (Hanley
et al., 2010). By employing a number of management prescriptions on Langholm Moor over
a period of ten years, it is hoped that the LMDP will demonstrate a way to resolve red
grouse / raptor conflict. The principle aims of the Langholm Moor Project are to successfully
manage the area to support sufficiently large populations of red grouse to allow
economically viable grouse shoots, whilst supporting significant populations of hen harriers
(Langholm Project website). The management activities being undertaken are: Habitat
restoration, control of predators, disease control, diversionary feeding and possible
introduction of red grouse from other sites. This project focuses on monitoring performance
against the first of these management activities, namely: to increase the extent and quality
of heather moorland habitat beyond its state in 2002 (Langholm Project website). This
objective is central to achieving the aims of the project, as the principle component of
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heather moorland, - heather (Calluna vulgaris) is one of the main foods for red grouse
(MacDonald 1996). The importance of heather in supporting red grouse is further supported
by Brown & Stillman (1993) and Thirgood et al.,(2002) who found significant positive
correlation between heather cover and grouse numbers. Furthermore, it is suggested that
fragmentation of heather moorland may result in reduced grouse numbers in the remaining
patches and reduce dispersion between patches (FSC 1990). The co-dominant dwarf shrub
species of heath areas within Langholm Moor: blaeberry (Vaccinium myrtillus) has also been
shown to have a significant effect on the probability of overwinter survival of red grouse
(Thirgood et al., 2002). Therefore the extent and condition of heath habitat is central to the
Moor’s capacity to support economically viable grouse populations. However, there are
conflicting views concerning the extent to which habitat management can provide the
answer to the red grouse / raptor conflict (e.g.: Thirgood et al.,2002, Raptor Working Group
2000).
Fig1.1: Numbers of hen harrier 'pairs' breeding at Langholm, indicated by red line. The
current project started in 2008 (Langholm Project website).
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Conservation Importance and Threats to Heather Moorland
An additional, complementary justification for restoration of the heathland habitat of
Langholm Moor is the cultural and conservation importance of the habitat itself. Upland
heather moorland is a distinctive habitat type, supporting specific plant, vertebrate and
invertebrate communities (MacDonald et al., 1995). Upland heather moorland supports 15%
of British bird species (Usher & Thompson 1993). Specifically Langholm Moor has around
5,800ha designated as a Site of Special Scientific Importance and a Special Protection Area
(SPA) due in part to the presence of hen harriers and for regularly supporting breeding
populations of hen harriers which are of European importance (SAC Commercial, 2010). In
addition the, peregrine falcon (Falco peregrinus) and short eared owl (Asio flammeus), are
listed under EC Directive 79/409. Black grouse (Tetrao tetrix) are also present within the site
and have been identified as priority species in Species Action Framework for Scotland (SAC
Commercial, 2010).
The upland heather moorlands of the UK and Ireland constitute the best representation of
heather-dominated environments within Europe and Globally (Thompson et al., 1995).
Around 75% of global heather moorland is found within the uplands of the UK (Tallis et
al.,1998). Reflecting this fact, the 13 upland heath communities present in the UK have been
listed under EC Directive 92/43/EEC on the Conservation of Natural Habitats and Wild Fauna
and Flora. The principle heathland communities found within Langholm Moor are covered
by this legislation. The National Vegetation Classification (NVC) heath community: H21
(Calluna vulgaris- V. myrtillus-Sphagnum capillifolium) and H21a (Calluna vulgaris- Pteridium
aquilinum) sub-communities are well-represented within the Moor (CEHS 2003, Averis &
Averis 1997, 1998, SAC Commercial, 2010). The global extent of these two plant
communities is almost entirely restricted to the UK (Thompson et al., 1995).
Upland heather moorland is a disappearing habitat across the UK. In Scotland, heather
moorland has been subject to an 18% reduction between the 1940s & 1970s (Thompson et
al., 1995), with dominant heather cover declining in Langholm Moor by 48% between 1948 1998 (SAC Commercial, 2010).
Historical causes of upland heather moorland decline are numerous. As is the case with the
loss and degradation of any major habitat type, multiple drivers are found to be exerting a
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collective impact, with principle and secondary causes combining. The relevant causative
factors are listed below.
The most frequently-cited cause of degradation and habitat loss is that of high grazing
pressure, caused by sub-optimal sheep numbers and duration of grazing period (i.e.
overwintering), (Thompson et al., 1995). Stocking levels which can be maintained by an area
of upland heath vary greatly according to the age of the heather present. In areas containing
high proportions of young heather, the habitat’s high productivity can support stocking
densities as high as 2.2 ewes/ha. Areas with senescent and degenerate heather have been
shown to only have the capacity to support densities of 0.5 ewes / ha (Thompson et al.,
1995) without endangering the habitat. Stocking densities in excess of this may lead to a
great reduction in heather’s ability to regenerate.
The practice of infrequent or poorly – managed muirburn (heather burning), (Hester&
Sydes 1992) has also been found to be an issue. Muirburn practiced with large tracts of
degenerate or mature heather provide too great a fuel source and cause fires which burn at
high intensity and are difficult to control effectively. Davies et al (2010) found a strong link
between the age of heather stands and fire intensity with vegetative regeneration being
very low in older stands. High-intensity fires can cause the complete death of heather and
sterilise the seed bank, preventing natural regeneration (Miller, Miles & Heal 1984). Such
burning may spread beyond the intended extent and can also permanently damage the
bryophyte flora present in the understory.
Afforestation with exotic conifers during the 20th century has caused widespread moorland
habitat loss Fenton (2008). Holden et al., (2007) cite commercial conifer afforestation as the
principle cause of moorland habitat decrease over the past century. Preparation in advance
of tree planting is also a cause of adverse habitat modification and degradation. Such
commercial forestry plantations are largely restricted to the periphery of Langholm Moor.
Development of access tracks, roads, paths and other infrastructure through areas of
habitat sensitive to disturbance can also cause direct habitat loss and degradation. A large,
metalled road running through the North-East section of the Moor is the largest, single
example of this form of potential threat to the habitat (see photo in Appendix 1). Aside from
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the direct habitat loss which it has visibly resulted in, it is unclear as to the extent of adverse
effects of the Moor which this or other roads have had.
The cutting of drainage ditches (gripping) lowers the water table and causes subsidence of
the peat substrate (Anderson et al., 2000). This also has the effect of drying out bog and
mire habitats and causing a subsequent shift in plant communities and dramatically altering
soil chemistry. Extensive moorland drainage also leads to higher levels of soil piping Holden
(2005a), which can lead to widespread gully erosion resulting in localised habitat loss.
Extensive erosion closely resembling this description was seen in the North- Eastern areas of
Langholm moor. It is possible that drainage ditches created for the construction of the road
have resulted in the recent and extensive gully erosion visible in this area (see Appendix 1
photo). Commercial and domestic peat extraction is also a source of habitat degradation,
though this is restricted in occurrence to a small area in the centre of the Moor.

The above-mentioned practices can cause degradation of heathland habitats. Such
degradation has the potential to combine with additional effects to render upland heaths
prone to invasion by more vigorous plants, which will replace heather as the dominant
species. There is a suggestion by Ross et al.,(2012) that an extension of the growing season
caused by climactic warming, has favoured generalist graminoid species, (such as Molinia
caerulea, Nardus stricta and Eriophorum vaginatum present in Langholm) and has led to a
“biotic homogenisation” of other Scottish upland habitats. Thompson et al. (1995) and Ross
et al.,(2012) also assert that high grazing pressures over prolonged periods also contributed
to increasing graminoid domination of dwarf shrub habitat. If dwarf shrub covers falls below
a certain threshold of percentage cover then such graminoids will begin to replace heather
as the dominant species within plant communities.
Bracken (Pteridium aquilinum) is an invasive plant species which is a particular threat to
upland heath in the UK (Le Duc et al., 2006). It can successfully out-compete many plant
species due to its extensive rhizome system (Le Duc 2003). Bracken forms dense stands
which intercept a high percentage of solar radiation. Coupled with the formation of a dense
layer of litter, this can impede germination of other plant species in the seed bank and
seedling growth (Ghorbani 2005).
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Upland Heath Habitats and Avifauna
With respect to avifauna, the rationale of measuring heather condition and extent is based
in the identification of strong associations between Heath and Moorland bird species and
their habitats in upland Britain. These associations have been identified by Haworth &
Thompson (1990), Brown and Stillman (1993) and Amar et al.,(2011). Brown and Stillman
found correlations between bird species found in Langholm moor (red grouse golden plover,
curlew, skylark, meadow pipit, wheatear and whinchat) and a number of habitat variables in
the upland sites they studied. The most significant variables which correlated with avifaunal
species distributions were: heather cover, grass, bracken, flush, altitude and gradient.
However certain bird species were shown to possess affinities with particular habitat types.
Such varying affinities mean that there is no simple equation for land managers to ensure
optimal abundance and diversity of the full suite of bird species which upland sites can
potentially support. It has been found that management for one type of habitat will benefit
some species to the detriment of others.
Land use patterns of UK upland habitats have been found to have a strong influence on hen
harrier breeding success and numbers (SNH 2003). The responses of habitat to grazing and
subsequent effects of habitat change on avifauna seem to be dependent on the existing
habitat types and are far from clear cut. These complexities are further highlighted by Amar
et al, who demonstrate the link between upland habitat change, abundance of prey species
and raptor (hen harrier) abundance. Increases in rough grassland as a result of lower grazing
pressures in Orkney were found to increase numbers of voles (Microtus agrestis) which are
a primary prey species for hen harriers. Furthermore, sheep numbers were found to be
inversely proportionate to hen harrier abundance, with only moderate increases in rough
grassland are required to improve their breeding success.
Redpath & Thirgood (1997) provide contradictory observations of higher historical levels of
sheep grazing on Heath moorlands creating higher ratios of grassland to heather. This in
turn was found to favour vole and meadow pipits and support higher hen harrier densities.
Fuller (1996) cites three mechanisms through which sheep grazing can cause declines in
ground-nesting bird species. These are: Loss of associated habitat types, decrease in habitatrelated food supplies and changes to predation likelihood. It is therefore a highly complex
interaction of grazing, habitat change and the interactions of population dynamics at
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different trophic levels which determine avifaunal diversity and abundance on upland Heath
habitats in the UK.

Study Site Description
The Langholm Moor demonstration site covers an area of 11,960ha (LMDPG 2007) in
southern Scotland (55010'N and 2°55'S). This area includes the SSSI/SPA and incorporates a
buffer zone surrounding the site where legal predator control is permitted (see Appendix 2).
Average annual rainfall is approximately 125 cm (Averis & Averis 1997). Average maximum
and minimum temperatures range from -1o C-6 o in January to 8 o C – 18 o C in July
(www.worldweatheronline.com). Altitude ranges from 140m to 568m above sea level.
The geology is composed of Silurian shales, Carboniferous sandstone, and basalt (British
Geological Survey 1979). Most of the high, messic areas are covered with a deep layer of
peat. Alluvial deposits are found along the in the valley floors of the rivers and streams
which incise the site.
Vegetation predominantly consists of bog, heath and grassland - bog over most of the
higher messic areas, and heath and grassland elsewhere (LMDPG 2007). The grassland is
predominantly dominated by Molinia caerulea and Eriophorum vaginatum (Thirgood et al.,
2002). Using the NVC classification system, four heath communities have been recorded.
The majority of heathland is classified as H12 (Calluna vulgaris-Vaccinium myrtillus heath),
with Calluna vulgaris & Vaccinium vitis-idaea-Cladonia impexa sub-communities (H12a and
H12b) most frequent (CEHS 2003). Where grazing pressure has caused a decrease in heather
cover the Galium saxatile-Festuca ovina sub-community (H12c) is present. Averis & Averis
(1998) note that the vegetation of the study area is fairly typical of that which is found more
widely in the eastern parts of the Southern Uplands.
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Methods
As this project is repeating the previous Averis &Averis (1998) survey, the plots are located
in the same position as the original survey. These were not placed according to any
stratified or random sampling regime, but were placed to provide good representation of
the habitat types in which heather occurred. The approximate density of plots was set at 5/
km2. 250 plots, 20m in diameter were included in the original survey. 9 plots were removed
from the 2012 repeat survey as they fall outside the Langholm Project area.
Ordnance survey (OS) grid references, altitude and aspect entries for each plot were used
from the original survey and were cross-referenced with converted Latitude / Longitude
coordinates to maximise plot relocation accuracy. The OS grid references were converted to
Latitude / Longitude using the ordnance survey batch conversion tool on the OS website
(http://gps.ordnancesurvey.co.uk/convertbatch.asp). These coordinates were then
uploaded onto a GPS to make plot location more efficient.
The parameters used to describe the condition and extent of heather in each plot were:
Estimated percentage cover, Estimated height (in cm); age structure, density (even or not),
approximate percentage of browsed shoots, percentage of straight growth and abundance
of contorted growth, presence of low grazed carpet, topiary or drumstick growth forms ,
presence of dead or defoliated plants or shoots. For the additional four dwarf shrubs
encountered (Vaccinium myrtillus, Erica tetralix, Empetrum nigrum, Vaccinium vitis-idaea),
percentage cover, height and percentage of browsed shoots were recorded. The incusion of
measurements of other woody, dwarf shrubs allowed for an indication of overall dwarf
shrub habitat extent and quality. The measurement of height, percentage cover and form
were first used as a successful means of quantifying extent and condition of dwarf shrubs by
Bradbury et al., (1989) and Bardgett, et al., (1995).
Where sufficient heterogeneity between heather age existed within plots, age classes were
used to allocate percentages of cover. Four classes adopted from Watt (1955) & BarclayEstrup & Gimingham (1969) were used to classify heather age: Pioneer, Building, Mature,
and Degenerate. Plant Height: where height was heterogeneous, a mean estimate was
taken. Where there was any degree of ambiguity concerning the allocation of heather
status, the original Averis & Averis report was consulted to illustrate any trends. For
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example, where cover was measured as 15% in this survey and it was unclear as to how to
allocate cover status, if the 1998 survey showed far greater (i.e. 50%) cover then the status
was corrected to reflect this trend over time.
Animal presence was estimated by conducting a timed search, walking in a circular pattern
from the plot centre outwards for 1 min. Droppings/ pellets were identified where possible
to species level. Abundance was calculated for red grouse and ruminant pellets by using a
three point scale (1-2: Rare, 3-4 Occasional, 4+ Frequent). The age of pellets was also taken
into account.

Data Analysis
Where necessary, data were converted from qualitative to numerical categorical scales for
analysis. For example, browsing pressure was converted from Very Low, Low, Low-Medium,
Medium, Medium -High, High & Very High to a scale of 1-7 etc (See table 1.1).
In order to obtain a measure of overall heather cover change between the surveys, the area
of each plot was calculated in m2 and percentage cover was used to calculate the area of
heather cover. The total cover for each plot was the summed to give a grand total for the
1998 and 2012 surveys respectively.
In order to ascertain that the measured variables differed significantly over time, Chi
Squared tests were performed on the categorical numerical data and paired two sample t
tests were performed on the percentage and continual data using the statistics programme
“R” (R Development Core Team 2011). Histograms were created for all variables which
showed statistically significant differences between surveys to illustrate extent of change.
Normal probability plots were created for percentage and continuous data and were
examined with the histograms to ensure the data followed a normal distribution.
In order to see which explanatory variables best predict heather cover, a linear model was
created using the explanatory variables: Animal Tracks, Ruminant/ Lagomorphs Droppings,
Altitude, Shoot Tips Bitten and Grazing Pressure. Two linear models were created: one for
the 1998 survey data and one for the 2012 data. Percentage cover was arcsine transformed
to give a normal distribution. Non-significant factors were deleted in turn to identify the
principle predictors of heather cover.
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In place of individual analyses of the remaining response variables,-encompassing growth
form, health and heterogeneity of heather age- , these were converted to a composite index
to represent overall habitat quality. The scales used to measure individual parameters were
converted so that they possessed the same direction, namely that a low score on any of the
parameters is an indicator of higher quality. As with heather cover, a linear model with
deletion of terms was employed on the 1998 and 2012 data matrices to determine
significant explanatory variables for habitat quality.
Pearson product-moment correlation tests were performed on arcsine-transformed
percentage cover change for heather v Vaccinium myrtillus, arcsine-transformed heather
cover v altitude and arcsine-transformed heather cover change v altitude to determine any
statistical association between these variables. A Spearman rank correlation test was carried
out for rank score of dead heather plants v arcsine-transformed percentage cover change
for Vaccinium myrtillus. The purpose of these correlation tests was to investigate any
suggestion that V. myrtillus cover increases as heather cover decreases and to examine if
the amount of dead heather is possibly linked to an increase in V. myrtillus. Two additional
Spearman rank correlation test s were carried out ranked number of grouse droppings and
percentage heather cover and ranked quantities of grouse droppings v V. myrtillus cover.
These were done to test established assumptions concerning the importance of these two
plant species in the ecology of red grouse. As only presence / absence data were collected
for grouse droppings in the 1998 survey, tests were carried out using dropping abundance
data from the 2012 survey alone.
Where it was possible, shifts in NVC habitats were compared between the two surveys.
These shifts were only noted when there was a significant shift between habitat types which
was discernible without the need for specialist identification of bryophytes or graminoids.
For example, when there was a shift from an obvious heath community to grassland / V.
myrtillus or Bracken-dominated habitat.
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Table 1.1: Conversions of qualitative to categorical numerical data collected for each plot.
Data Field

Original
Category

Ruminant/
Lagomorph
Droppings
No/Rare/Occ/F
req

None / Rare
/Occ/ Freq

Scale, 0-3

Scale 1-4

Conversion

Grouse
Droppings

Animal
Tracks
Y/N

Burt In
Recent
Years?
Y/N

Binary
0/1

Binary
0/1

Grazing
Pressure
V
Low/Low/
LowMed/MedHigh
/High/V
High
Scale, 1-7

Even Aged
No/Int/Yes

Even
Density
No/Int/Yes

Straight
Growth
No/Int
(%)/Yes

Contorted
Growth
No/Int
(%)/Yes

Scale, 1-3

Scale, 1-3

Scale, 13

Scale, 1-4

Low
Grazed
Carpet
Yes/No/
Some
(%)

Topiary
Growth Form
Yes/No/ Some
(%)

Scale, 1-3

Scale, 13

Drumstick
Yes/No/ Some
(%)

Dead Plants
/Shoots
Yes/No/
Some
(%)

Defoliated Shoots
Yes/No/ Some
(%)

Scale, 1-4

Scale, 1-4

Scale, 1-4

Increasing/
Decreasing/
Stable
I/D/S

Scale, 1-3

Table 2.1: P values for Chi Squared tests calculated for all categorical explanatory and response variables.
Variable Type
Variable

P Value

Ruminant/
Lagomorph
Droppings
0.002656**

Explanatory
Tracks
Grazing
Pressure

Even Age

Density

Straight
Growth

Contorted
Growth

0.020008*

0.0023058**

0.000342***

0.000671***

0.064497

0.000719***

Low
Grazed
Carpet
0.115708

Response
Topiary
Drumsticks

0.790908

6.2339E25***

Dead Plants

Defoliated
Shoots

Decreasing/Increasing/Stable

1.50396E20***

0.086302

1.02784E-18***

Table2.3 & 2.2: t test results comparing heather and Vaccinium myrtillus data between 1998 and 2012 studies for continual and percentage
data, including t statistic and one and two-tailed P values.
Variable Type
Variable

Explanatory

Response
Heather % Cover

Height

Heather Quality Index

t Stat

% Shoot Tips
Bitten
-5.651232795*

1.971983348

-1.417926111

-4.861107553

P Value (one tail)
P value (two-tailed)

2.81088E-08***
5.62175E-08***

0.024907551*
0.049815103*

0.078865295
0.15773059

1.14883E-06***
2.29767E-06***

Degrees of
Freedom

194

229

205

208
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Variable

% Shoot Tips Bitten

V myrtillus % Cover

Height

t Stat
P Value (one tail)

6.2
1.19E-09***

-4.9
7.77E-07***

-2.8
0.00283**

P value (two-tailed)
Degrees of Freedom

2.37458E-09***
249

1.55E-06***
249

0.00566**
249

Results
Changes in Heather Cover and Quality over Time
Tables 2.1 and 2.2 show that the Chi Squared and t tests reveal highly significant change to
the variables: Grazing Pressure, Shoot Tips Bitten, heather density, Growth Form, Dead
Plants and in Habitat Cover trends. There were significant changes in heather Cover,
Ruminant / Lagomorph Droppings and Tracks within plots and the evenness of heather age.
Measures of contorted, topiary and low grazed carpet growth forms, with defoliated shoots
did not show any significant difference between surveys. This is of note as these are the
principle indicators of heather which is subject to heavy and prolonged grazing, which in
turn can be seen as an indication of overall habitat decrease. If other measures of habitat
decrease are found then one would intuitively expect these response variables to show
significant change.

Heather Cover
In 1998 the total converted heather cover across all plots was approx. 14.6 ha. By 2012 the
total heather cover was 10.8 ha. Many areas had been subject to burning, mowing and
application of herbicide. Discounting plots which were found to have zero heather cover in
the new survey due to evidence of these activities, the difference of heather cover between
surveys still stands at 14.4 – 10.8 ha. In 26 of the resurveyed plots no heather cover was
encountered. To see how changes in cover differ with altitude, the plots were divided into
three equal altitude categories to allow comparison of changes in heather cover between
them. Table 2.3 summarises these differences. Areas of heather cover are spread across
these altitudinal divisions fairly equally so there is minimal opportunity for a division to
possess higher cover to affect the cover changes. A Pearson Product-Moment Correlation
performed on arcsine-transformed heather cover and altitude revealed a significant (p =
2.158e-08 on 227 df) and, moderate (r=0.3595062) positive relationship between the two.
Performing the same test on cover change and altitude suggested a significant (p= 9.51e-05
on 227 df) and, weak (r= 0.2550202) positive relationship between the two.
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Table 2.4: Calluna vulgaris cover in ha divided into three equal altitude sections, for 1998
and 2012 surveys, with change in ha and percentages.
Division

Altitude Range
(m)

1998 heather cover
(ha)

2012 heather cover
(ha)

Difference (ha)

% Change

1

165 - 320

47413

27307

-20106

- 42

2

325 - 410

45767

31102

-14665

- 32

3

415 - 555

49713

48255

-1458

-3

As table 2.4 shows, heather cover has shown the highest decrease in the plots located
between 165 – 320m, with high proportional decreases between 325 – 410m and a small
observed decrease in higher areas, which could be interpreted as stasis. These observations
support independent observations of heather receding upslope across many UK upland sites
(Sarah Eno Personal communication, May 23 2012). The main reason put forward for this is
that in areas subject to livestock grazing, the livestock will tend towards expending small
amounts of energy to forage for food and thus largely confine such activities to lower
altitude areas, thus leaving higher areas less browsed.
Fig2.1 & 2.2: Histograms showing changes to heather cover status within plots (Increasing
Decreasing Stable) and arcsine transformed percentage cover change within plots.
Heather Cover % Change

10

20

Frequency

60
40
0

0

20

Frequency

30

80

40

100

Heather Cover Status

-3

-2

-1

0

1

2

-1.0

3

-0.5

0.0

0.5

1.0

Difference

Difference

The Linear Regression Model created to explain heather cover yielded interesting results:
Firstly the full model, using all explanatory variables (Animal Tracks, Ruminant / Lagomorph
Droppings, Altitude, Shoot Tips Bitten and Grazing Pressure) yielded the highest R squared
and lowest residual standard errors. The explanatory power of the model decreased
fractionally, - in terms of R squared and residual standard errors, - with each, reduced
iteration. This pattern of reduction showed consistency between the 1998 and 2012 surveys
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(see Table 2.4). Despite similar R squared values, the model based on the 2012 data
produced standard errors almost one degree of magnitude smaller than the 1998 data.
Therefore the explanatory power of this model is greater, even though the significant
variables emerge as essentially the same for both models.
Table 2.5: Residual Standard Errors, Degrees of Freedom, Multiple and Adjusted R squared
values for heather Cover Linear Regression Model.
Model

Residual standard
error

Complete 1998

25.05

Complete 2012

0.2945

1998 Minus Ruminant/ Lagomorph Droppings

Degrees of
Freedom

Multiple Rsquared

Adjusted Rsquared

0.279

0.2642

244

0.2941

0.2796

25.12

245

0.2722,

0.2603

2012 Minus Ruminant/ Lagomorph Droppings

0.2955

245

0.2864

0.2747

1998 Minus Ruminant / Lagomorph Droppings& Shoot
Tips Bitten

25.32

246

0.2574

0.2484

2012 Minus Ruminant / Lagomorph Droppings& Shoot
Tips Bitten

0.2986

246

0.2685

0.2596

1998 Minus Ruminant / Lagomorph Droppings& Shoot
Tips Bitten & Altitude

25.59

247

0.2387

0.2325

2012
Minus Ruminant / Lagomorph Droppings& Shoot Tips
Bitten & Altitude

0.3021

247

0.2481

0.2421

244

From the complete model containing all explanatory variables, all variables are shown to be
significant with the exception of Ruminant / Lagomorph Droppings (See Table 2.5).
Interpreting t values and P values for these variables, the model reveals that Grazing
Pressure is the most significant predictor, followed by Animal Tracks, Altitude and Shoot
Tips Bitten.
Table 2.6: Coefficient Estimate, Standard Error, t Values, P Values and Significance codes for
heather Cover Linear Regression Model. Significance Codes = 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05
‘.’ 0.1 ‘’ 1.
Model

Variable

Complete
1998

Shoot Tips
Bitten
Ruminant /
Lagomorph
Droppings
Animal Tracks
Grazing
Pressure
Altitude

Coefficient
Estimate
-0.26065

Standard
Error
0.12610

T Value

P Value

Significance

-2.067

0.039796

*

-2.26157

1.49221

-1.516

0.130918

15.24336

4.27446

3.566

0.000436

***

-6.07897

1.56739

-3.878

0.000135

***

0.04506

0.01724

2.614

0.009495

**
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Complete
2012

-0.0034179

0.0014824

-2.306

0.021968

-0.0287006

0.0175411

-1.636

0.103089

0.1929073

0.0502469

3.839

0.000157

***

Grazing
Pressure
Altitude

-0.0711498

0.0184249

-3.862

0.000144

***

0.0005572

0.0002026

2.750

0.006404

**

Shoot Tips
Bitten
Animal Tracks

-0.28026

0.12577

-2.228

0.02677

*

12.62100

3.91894

3.221

0.00145

**

Grazing
Pressure
Altitude

-6.37123

1.55960

-4.085

5.97e-05

***

0.04031

0.01699

2.372

0.01845

*

Shoot Tips
Bitten
Animal Tracks

-0.0036667

0.0014796

-2.478

0.013879

*

0.1596280

0.0461032

3.462

0.000632

***

Grazing
Pressure
Altitude

-0.0748587

0.0183474

-4.080

6.09e-05

***

0.0004970

0.0001999

2.486

0.013595

*

1998 Minus
Ruminant /
Lagomorph
Droppings&
Shoot Tips
Bitten

Animal Tracks

10.30682

3.80917

2.706

0.00729

**

Grazing
Pressure

-9.00274

1.02687

-8.767

3.08e-16

***

Altitude

0.04263

0.01710

2.493

0.01332

*

2012 Minus
Ruminant /
Lagomorph
Droppings&
Shoot Tips
Bitten

Animal Tracks

0.1293506

0.0449171

2.880

0.00433

**

Grazing
Pressure

-0.1092880

0.0121087

-9.026

< 2e-16

***

Altitude

0.0005273

0.0002016

2.615

0.00947

**

1998 Minus
Ruminant /
Lagomorph
Droppings&
Shoot Tips
Bitten &
Altitude

Animal Tracks

10.522

3.848

2.734

0.00671

**

Grazing
Pressure

-8.979

1.038

-8.654

6.5e-16

***

2012
Minus
Ruminant /
Lagomorph
Droppings&
Shoot Tips
Bitten &
Altitude

Animal Tracks

0.13201

0.04543

2.906

0.004

**

Grazing
Pressure

-0.10900

0.01225

-8.897

<2e-16

***

1998 Minus
Ruminant /
Lagomorph
Droppings

2012 Minus
Ruminant /
Lagomorph
Droppings

Shoot Tips
Bitten
Ruminant /
Lagomorph
Droppings
Animal Tracks
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Herbivory Measurements
Figures 2.3-2.6 illustrate the results of the Chi squared and t tests which show highly
significant changes in % shoot tips bitten and grazing pressure, and significant changes to
ruminant/ lagomorph droppings and to a lesser extent, tracks found between surveys. This
is a clear indication of a reduction in grazing pressure across the site.
Fig 2.3 -2.6: Histograms showing change in measurable levels of herbivory in plots between
1998 and 2012.
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Heather Habitat Quality
As the histograms for habitat quality (Fig 2.7-2.12) illustrate, there has been a large
decrease in the evenness of density and the amount of straight growth of heather. This is
coupled with increases in drumstick growth forms and dead plants and shoots and a slight
increase in plots containing even-aged heather. The overall composite index, containing all
health / quality indicators also shows a significant movement towards sub-optimal heather
habitat.
Fig 2.7-2.12: Histograms showing change in statistically significant measurements of habitat
quality and heather health / condition in plots between 1998 and 2012. First five graphs are
separate measurements. Sixth graph is all measures combined, with higher values indicating
lower quality/ health.
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The Linear Regression Models for habitat quality revealed greatly differing levels of
significance between the 1998 and 2012 surveys (see Table 2.7). In the 1998 Linear Model,
Altitude and Animal Tracks emerge as consistently significant explanatory variables whereas
in the 2012 Linear Model Shoot Tips Bitten is highly significant, Altitude is very significant
and Grazing pressure is significant. The predictive power of the models varies greatly
between iterations and surveys (see Table 2.8) with no model providing sufficient
explanatory power.
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Table 2.7: Coefficient Estimate, Standard Error, t Values, P Values and Significance codes for
Habitat Quality Linear Regression Model . Significance Codes = 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’
0.05 ‘.’ 0.1 ‘’ 1.
Model

Variable

Complete
1998

Shoot Tips
Bitten
Ruminant / -0.187963
Lagomorph
Droppings
Animal
1.426440
Tracks
Grazing
-0.058069
Pressure
Altitude
0.005395

Complete
2012

1998 Minus
Grazing
Pressure

2012 Minus
Ruminant /
Lagomorph
Droppings

1998 Minus
Grazing

T Value

P Value

1.050

0.2950

0.193975

-0.969

0.3337

0.586104

2.434

0.0158

0.216548

-0.268

0.7889

0.002289

2.357

0.0194

-0.104182

0.253230

-0.411

0.681239

0.491949

0.665090

0.740

0.460421

0.474855

0.230318

2.062

0.040608

*

-0.008292

0.002660

-3.117

0.002112

**

Shoot Tips 0.015205
Bitten
Animal
1.426355
Tracks
Ruminant / -0.196022
Lagomorph
Droppings
Altitude
0.005433

0.011704

1.299

0.1954

0.584770

2.439

0.0156

0.191196

-1.025

0.3065

0.002280

2.383

0.0181

*

Shoot Tips
Bitten
Animal
Tracks
Grazing
Pressure
Altitude

0.060694

0.016355

3.711

0.000271

***

0.388631

0.614500

0.632

0.527868

0.443276

0.216673

2.046

0.042158

*

-0.008430

0.002633

-3.202

0.001601

**

1.185060

0.535384

2.213

0.0280

*

Shoot Tips
Bitten
Ruminant /
Lagomorph
Droppings
Animal
Tracks
Grazing
Pressure
Altitude

Animal
Tracks

Coefficient Standard
Estimate
Error
0.018849
0.017953
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Significance

*

*

*

Pressure &
Ruminant /
Lagomorph
Droppings

2012 Minus
Ruminant /
Lagomorph
Droppings &
Animal
Tracks

1998 Minus
Ruminant /
Lagomorph
Droppings &
Shoot Tips
Bitten &
Grazing
pressure
2012
Minus
Ruminant /
Lagomorph
Droppings &
Animal
Tracks &
Grazing
Pressure

Shoot Tips
Bitten

0.012456

0.011394

1.093

0.2756

Altitude

0.005027

0.002245

2.239

0.0262

*

Shoot Tips
Bitten

0.061817

0.016232

3.808

0.000189

***

Grazing
Pressure
Altitude

0.476456

0.209893

2.270

0.024331

*

-0.008242

0.002612

-3.156

0.001861

**

Animal
Tracks
Altitude

1.491678

0.456250

3.269

0.00126

**

0.004951

0.002245

2.205

0.02857

*

Altitude

-0.008427

0.002639

-3.194

0.00164

**

Shoot Tips
Bitten

0.081102

0.013981

5.801

2.7e-08

***

Table 2.8: Residual Standard Errors, Degrees of Freedom, Multiple and Adjusted R squared
values for Habitat Quality Linear Regression Model.
Model

Residual standard
error

Degrees of
Freedom

Multiple Rsquared

Adjusted Rsquared

Complete 1998

3.084

203

0.08637

0.06386

Complete 2012

3.451

188

0.2941

0.2796

1998 Minus Grazing Pressure

3.077

204

0.08604

0.06812

2012 Minus Ruminant / Lagomorph Droppings

3.443

189

0.2153

0.1987

1998 Minus Ruminant / Lagomorph Droppings& Grazing
Pressure

3.077

205

0.08133

0.06789

2012 Minus Ruminant / Lagomorph Droppings& Animal
Tracks

3.438

190

0.2137

0.2012

1998 Minus Ruminant / Lagomorph Droppings& Shoot
Tips Bitten & Grazing Pressure

3.078

206

0.07598

0.06701

2012
Minus Ruminant / Lagomorph Droppings& Grazing
Pressure & Animal Tracks

3.475

191

0.1923

0.1839
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Changes in Vaccinium myrtillus Cover and Height
As is shown in both histograms (Fig 2.12 -2.14) and t tests (Table 2.8), there has been a very
highly significant decrease in shoot tips bitten found on V. myrtillus plants and a very highly
significant increase in cover, with a highly significant increase in height. The combined
observations of decreases in heather cover across the site, coupled with the observed
increase in Vaccinium myrtillus cover could be hypothesised to indicate shift away from
heather – dominated communities towards grassland. V. myrtillus-dominated plant
communities represent an intermediate stage in a shift towards grassland (Thompson et al.,
1995). The possibility of a correlation between the observed decrease in heather cover and
increase in V. myrtillus cover was examined. The Pearson product-moment correlation test
carried out on arcsine-transformed heather and V. myrtillus cover change, however did not
suggest any significant (p = 0.099 on 231 df) or meaningful relationship (r = -0.108). Oom et
al., (2008) found a significant relationship between heather defoliation rate and percentage
change away from heather to communities, dominated by V. myrtillus. To examine this
relationship within the context of this study, rank change in heather dead plants and shoots
and arcsine-transformed percentage V. myrtillus cover change were used in a Spearman
rank correlation test. The Spearman test revealed a significant (p= 0.026) but weak positive
correlation (ρ =0.145) between rank change in dead plants and shoots and V. myrtillus cover
increase.
Fig 2.12-2.14: Histograms showing changes in height and arcsine transformed changes in
percentage cover and shoot tips bitten between 1998 and 2012 surveys.
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Grouse Dropping Correlations
The Spearman rank correlation tests carried out on rank grouse droppings v arcsinetransformed percentage heather cover and rank grouse droppings v arcsine-transformed
percentage V. myrtillus cover differed in significance. The first test suggests a statistically
significant (1.736e-09), and moderate positive correlation (ρ= 0.378) between grouse
droppings and heather cover. The second suggests neither a significant (p = 0.265) nor
meaningful level of correlation (ρ =-0.073) between grouse droppings and percentage V.
myrtillus cover.

Changes in NVC Habitat Types
Marked observed shifts in plant Communities were observed across the site. These shifts
are summarised in table 2.9. It is highly likely that further, more subtle shifts have occurred
within the site (for example from H12 (Calluna vulgaris-Vaccinium myrtillus heath) to M19
(Calluna vulgaris-Eriophorum vaginatum) or within heath communities. However this should
be the focus of a separate study, conducted by suitable well-trained surveyors in order to
validate the findings.
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Table 2.9: Observed major changes in NVC / Habitat type or dominant species within plots,
including the extent of change.

Plot Number 1998 NVC
1
3
5
21
26
35
40
51
74
78
107
117
120
121
146
154
155
157
158
159
160
161
167
173
174
200
206
220
231
241
242
245
247

H12-M15
H12
H12
M25A-H12A
H12A-M15D
M19B
M19A
M19A
H12
H12
M20
M20
M19A
M19
M19
U4E
M19
H12
H12
H18
H12
H12
H12
H12
U4/U20
H12a(M19A)
M20b(M19/25)
M19a(M20B)
M19
M19A
H12/M25/15
H12
H12/H18/U4

2012 NVC / Dominant
Sp /Type
Grassland
Grassland / V. Myrtillus
Scrub
U20
U20 M25
M25
U20 M25
M17
U16
U20
V. myrtillus / Grassland
M25
V. myrtillus / Grassland
U20 / M25
M20 / V. myrtillus
Grassland
Grassland
Grassland
U20
U20
U4
MG10
U4
S. cespitosus, Festuca sp
V. myrtillus
U20
U20
M25
M25
M25
M25/ U20
U20
M25
U20
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Magnitude
Complete
Partial
Partial
Partial
Partial
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Partial
Complete
Complete
Partial
Partial
Partial
Complete
Complete
Complete
Partial
Complete
Complete
Partial
Complete
Complete
Partial
Partial
Partial
Partial
Partial

Discussion
The analysis of data would suggest that Langholm moor has undergone marked changes
over the intervening 14 year period between studies. The most notable are the decrease of
heather cover (especially in lower altitudes). This is coupled with a decrease in many
constituent indicators of heather health and quality and an increase in V. myrtillus,
associated with a shift towards grassland-dominated habitat types. The analysis of
differences in the measured variables is also supported by clear visual observations
concerning major changes in NVC and habitat types, which further illustrate the extent of
change. The statistical tests which have been carried out on the data provide some
indications of underlying causes and processes which may be contributing to the present
condition of the Moor.
In terms of the statistical significance of terms in the linear regression models, Ruminant /
Lagomorph Droppings are consistently found to have little significance in describing either
heather cover or habitat quality. Within the context of heather surveys conducted in
Langholm moor, their principle use is limited to recording animals present in the area. In
many cases it is unclear to the untrained eye to discern the difference between Ruminant or
Lagomorph droppings, therefore even using this measurement to tell which species is
grazing the heather is limited.
The variable of animal tracks is found to be a principle explanatory variable in both of the
heather cover linear regression models. This variable was also found to be significant in the
1998 habitat quality model (though the explanatory power of this model was far lower). This
observation supports the findings of previous studies of the effects of Sheep and Deer on
heather cover and quality. Hester and Baillie (1998) and Oom & Hester (1999) found that
heather utilisation was greater along track edges, particularly by Sheep. Heather utilisation
rates found by Oom & Hester did not exceed the level hypothesised to reduce heather
productivity. However animal tracks were still reasonably hypothesised to be a major
contributing factor in heather habitat fragmentation. Both Hester and Baillie and Oom &
Hester also found the cumulative, long-term effects of trampling along tracks caused a far
higher incidence of dead plants and shoots, allowing the invasion of fragmented areas of
heather with graminoids.
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In addition to animal tracks; grazing pressure, altitude and shoot tips bitten are also
identified as significant explanatory factors in determining heather cover. This indicates that
grazing impacts of Ruminant / Lagomorph species are still exerting a significant impact on
the heather vegetation of Langholm Moor. Since 2009, a programme of sheep stock
reductions and off-wintering has been implemented across the Moor (SNH 2010). This has
resulted in a zero-stocking density for a large proportion of the central and southern areas
of the Moor. In addition, monitoring of the goat population took place in 2008 with a count
in excess of 500 goats being recorded (LMDP 2009). The desired population is around 200
goats and culling has been implemented to achieve this objective.
As these management prescriptions suggest, the causative issue of grazing pressure has long
been established as a principle driver of heather habitat loss within Langholm Moor. Despite
these efforts, the impact of high grazing pressure is still apparent both in the field and upon
statistical examination of the results. It is unclear as to current numbers of wild grazing
species and their impact on the habitats is therefore difficult to quantify. The compensation
of increased migration into the site by wild ruminants in response to the removal of sheep is
also an area which would benefit from clarification. Hewison et al., (2000) found strong
evidence of a ‘vacuum effect’ caused by sheep removal from sites of high conservation
value, which was linked to an increase in deer numbers. However it could be hypothesised
that comparable numbers of goats could be more damaging to heather than the same
numbers of sheep. Bulock (1985) conducted a study of the faecal composition of sheep and
goat droppings in areas of upland heath in southern Scotland, Including Langholm Moor.
Within Langholm Moor it was found that goat droppings contained a very high proportion of
dwarf shrub material (mainly heather), especially in winter, when heather does not grow
and grazing causes the most damage (DARD 2010). Conversely, the diet of sheep of
Langholm Moor was found to predominantly consist of grasses. This observation is
reaffirmed by Celaya and Osoro (1997). In a comparison of closed heath plots it was found
that goats were responsible for considerably higher decrease in cover percentage of woody
shrubs (including C. vulgaris) than sheep, which preferred herbaceous grasses. It is further
postulated that this preference for woody dwarf shrub species favours the presence of a
higher percentage of herbaceous species.
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Management regimes aimed at conserving heather habitat often place too greater emphasis
on reduction of sheep stocking rate (Pakeman et al., 2003). As the associated impacts of
grazing on semi-natural heather habitats are complex, it is important to take a wider view of
the heterogeneity of animal behaviour and the responses of vegetation communities (Oom
et al.,2008). With this in mind, could it be therefore that the removal of sheep is not having
the desired effect on heather restoration and that greater focus on goat control would yield
more significant results?
The correlation between altitude and heather cover and heather cover change and the
consistent identification of altitude as being a significant term in all linear models in which it
was included is of interest. These observations are coupled with the fact that the
overwhelming majority of heather loss within plots was observed in plots found between
165 and 410m. This would suggest that efforts to halt and reverse heather loss would most
likely be more efficiently directed at areas roughly between these altitudes. There are
suggestions that heather cover at lower altitudes, on flatter ground is more prone to
senescence and death by natural processes (Bunce & Fowler 1989). Also Thompson et al.,
(1995) suggest that the lower limit of upland UK habitats is around 300m and that there is
less likelihood of heather cover in excess of 10% occurring below this altitude. So there
would appear to be certain underlying reasons for lower cover at lower altitudes which may
confound efforts to counteract any apparent loss.
Within this study, the measurement of grouse droppings is assumed to be analogous to the
presence/ absence of grouse and grouse density. The observed Correlation between grouse
droppings and heather cover reinforces observations made by Thirgood et al., (2002) who
observed higher grouse densities in areas which contained more heather. This is further
echoed by a BES red grouse policy document (BES 1990) which highlights the link between
the amount and productivity of heather and grouse numbers. The fact that V. myrtillus
cover does not correlate well with grouse droppings is possibly unsurprising as it only
provides a food source for grouse and not shelter. There is evidence that there is no direct
link between food availability and grouse density, and that food is not the single limiting
factor in determining grouse numbers (BES 1990). It is suggested that aside from predatorrelated factors, combination of shelter, territory and productivity are the determining
variables in explaining grouse density.
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Discussion of Methods
There are inherent challenges in the effective treatment of data sets well in excess of 200
plots with almost 30 data fields. This is especially the case when the number of replications
and fields of measurement are dictated by a previous study and their significance or
usefulness only becomes apparent upon completion of the analysis. In such cases, when as
much useful information is gleaned from the data as is possible, it is important to take stock
of what is of potential use and what is of questionable value in order to refine future
monitoring and increase efficiency of data collection.
Accuracy of plot relocation has been cited as a major potential source of error in long-term
vegetation studies aimed at monitoring vegetation change (Ross et al., 2010). Difficulties
can often arise when sample plots are not permanently marked and may result in high
proportions of plots being discarded (e.g.: Bennie et al., 2006, Britton et al., 2009). This
situation occurred in a small number of plots within this survey. Fischer and Stöcklin (1997)
identified a further potential source of inaccuracy in long-term vegetation monitoring which
they coined “pseudo-turnover”. This is when species are not found in a re-sampled plot and
are erroneously assumed to have gone locally extinct, when the source of error was in
found to be samples not having been taken from the same area. This error in recording was
found to be most prevalent in species of lowest abundance. The issue of “pseudo-turnover”
could be applied to the Langholm Moor study in either sampling areas where heather is
present or absent, or in the case of records of rare plant species such as bog rosemary
(Andromeda polifolia).
No heather cover was encountered in 26 plots and there were marked decreases in heather
cover between low and mid-range altitude plots. As the six-figure Ordnance Survey grid
reference used for the original surveys encompasses a 1ha square, this provides high
probability of error in relocation of the original plot. For example if a plot was situated along
a steep ridge, even when altitude and aspect are used to refine the location, it is possible
that the misplacement of the relocated plot could vary by up to 100m along the slope either
way. Given this issue, it is difficult to state with certainty how much of the observed
decrease is due to true loss and how much is due to plot displacement.
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Another potential source of error or distortion in the representativeness of the data
collected is that of the subjective approach to sampling which directed the original choice of
sample plots. In the case of Langholm Moor, it is clear that a distinct variation in density and
abundance of heathland occurs across a large area. A statistically robust and accurate
means of capturing such variation should therefore have been be utilised in the original
survey design, namely: stratified random sampling (Greig-Smith 1984, Sutherland 2006).
Hédl (2007) illustrates the potential for distortion in subjectively positioning vegetation
sample plots. In a comparison between randomly-generated and subjectively positioned
plots, it was demonstrated that a subjective approach yielded samples of higher diversity
and contained a higher proportion of species-rich plots than the computer selected,
objective plots. It is likely that a similar tendency would be highlighted should these
methods be applied to the original Langholm Moor heath survey. With reference to
possible inaccuracies regarding heather cover change, if original plots are located in areas all
containing heather, then in terms of 1/0 presence / absence of heather the only change can
be negative.
Aside from methodological issues previously raised, I would suggest some further
modifications. Firstly, I would advocate a direct and accurate measurement of heather age
as it is widely accepted that age plays an important role in heather cover dynamics. As
heather reaches maturity, its ability to produce new growth diminishes and it becomes
more prone to disease and wholesale death. Production of new growth,-which contains the
highest nutrient content for grouse-, is highest during the “building” phase and lowest at
the “degenerate” phase of the life cycle. This forms the basis of reasoning is concerning the
practice of muirburn (heather burning), which seeks to artificially move the life cycle from
degenerate, unproductive life stage to the most productive. In areas of heath / grassland
mosaic, levels of grass production are inversely related to those of heather (Barclay – Estrup
1970). Therefore, degenerate and unproductive heather is prone to being overtaken by
graminoid species with higher levels of productivity (see photo 4, Appendix 1). Furthermore,
Marrs (1986) found that older, degenerate stands of heather were most affected by attacks
from heather beetle (Lochmaea suturalis) and were slower to recover than younger stands.
Evidence of heather beetle attack on large areas of degenerate heather were seen in the
southernmost part of the study area (see photo 3, Appendix 1).
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Therefore, information on age structure could provide information on productivity for
grouse and be used to link to observations of invasion by graminoids or to predict shifts in
habitat types or probability of catastrophic death caused by heather beetle. I collected
measurements of heather age but the 1998 survey did not collect such data so a comparison
was not possible. Future monitoring could include this as an important modification to
attempt to explain future change using this as a variable. To obtain greater accuracy in
estimating age classes, methodology could follow Marrs (1986) who cut C. vulgrais stems
and measured the rings in each plot to accurately determine age.
Future studies of Langholm moor habitat quality should focus more attention to measuring
the effects of herbivory by Deer and feral Goats as, despite massive reductions in sheep
numbers, animal tracks and browsing levels are still found to exert a significant influence on
heather cover and quality. Such studies would necessitate a high degree of expertise to
identify the droppings of animals to species level to discern the level of in-migration by wild
ruminants to replace the removal of sheep.
In order to further confirm or disprove the suggestion that the vegetation is changing in
composition towards graminoid / Vaccinium myrtillus / P. aquilinum communities in many
areas, a repeat of the NVC survey should also be carried out, using the original locations as
fixed plots. This would provide a complementary representation of habitat change over
time.

Conclusions
It is apparent that four years of the project and over £1 million in expenditure that grouse
numbers are still not high enough to resume shooting. In addition hen harrier numbers have
fallen off sharply in recent years (see fig1.1) and only one breeding pair was recorded on the
moor this year. The links between heather cover and habitat condition, grouse density and
hen harrier numbers are highly complex and it is possibly this fact which provides the
greatest obstacle to the Langholm project’s aims.
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In terms of the findings of this study, given the limitations of the methodology and the
inherent risk of re-sampling error the extent of habitat loss and negative change should be
tempered with caution. However it is apparent even to a lay observer that large areas have
undergone high degrees of change. Perhaps with future monitoring studies being modified
to take account of some of the methodological issues, and incorporating differing measures
into the survey design, these uncertainties could be addressed to provide a more accurate
picture of change in Langholm Moor.
Much work is being actively done to return heather to an increased level of productivity.
From observations across the site it is clear that the effects of activities such as muirburn,
bracken treatment, infill of drainage ditches, graminicide application and decreased sheep
grazing will yield the desired results. I think the habitat condition study I conducted was
possibly done too early after sheep removal and the commencement of widespread habitat
restoration activities. Possibly a re-visit in two or three years time would produce far more
positive results and hopefully further steps towards the project achieving its important
goals.

Glossary of Abbreviations
GWCT:

Wildlife Conservation Trust

LMDP:

Langholm Moor Demonstration Project

NVC:

National Vegetation Classification

OS:

Ordnance Survey

SNH:

Scottish Natural Heritage

UK BAP:

UK Biodiversity Action Plan

CCW:

Countryside Council for Wales

RSPB:

Royal Society for the protection of Birds

33

References
Amar, A., Arroyo, B.E., Redpath, S., Thirgood, S., (2004). Habitat predicts losses of red grouse
to individual hen harriers. Journal of Applied Ecology 41, P 305.

Amar, A., Davies, J., Meek, E., Williams, J., Knight, A. & Redpath, S. (2011). Longterm impact
of changes in sheep Ovis aries densities on the breeding output of the hen harrier Circus
cyaneus. J. Appl. Ecol., 48, PP 220–227.

Averis A.B.G. & Averis A.M. (1997-1998): LANGHOLM-NEWCASTLETON HILLS HEATHER
CONDITION SURVEY, Report for Scottish Natural Heritage.

Barclay-Estrup, P. & Gimingham, C.H. (1969) The description and interpretation of cyclical
processes in a heath community. I. Vegetation change in relation to the Calluna cycle.
Journal of Ecology, 57, PP 737-758.

Barclay-Estrup, P., and C. H. Gimingham. (1969). The description and interpretation of
cyclical processes in a heath community. 2. Changes in Biomass and Shoot Production during
the Calluna Cycle . Journal of Ecology. Vol. 58, No. 1 P 244.

Bardgett, R. D., Marsden, J. H. & Howard, D. C. (1995). The extent and condition of heather
on moorland in the uplands of England and Wales. Biol. Conserv., 71, PP 155-61.

Bennie J, Hill MO, Baxter R, Huntley B. (2006). Influence of slope and aspect on long-term
vegetation change in British chalk grasslands. Journal of Ecology 94: PP 355–368.

British Ecological Society. (1990): red grouse Populations and Moorland Management.
British Ecological Society, Ecological Issues No 2, ED, J.H Lawton, P 10.

Bradbury, P., Howard, D. C., Bunce, R. G. H. & Deane, G. C. (1989). Production of maps and
estimates of area in heather in England and Wales, ed. R. G. H. Bunce. HMSO, London, PP 517.

34

British Geological Survey (1979). 1:625,000 Geological Map of the United Kingdom, 3rd
Edition.

Britton AJ, Beale CM, Towers W, Hewison RL.(2009). Biodiversity gains and losses: evidence
for homogenisation of Scottish alpine vegetation. Biological Conservation 142: P 1730.

Brown, A.F & Stillman, R.A. (1993) Bird-habitat associations in the eastern Highlands of
Scotland. Journal of Applied Ecology, 30, PP 31-42.

Bullock, D. J. (1985): Annual Diets of Hill Sheep and Feral Goats in Southern Scotland.
Journal of Applied Ecology, Vol. 22, No. 2 (Aug), PP 426 & 428.

Bunce, R.G.H & D Fowler (1989). Heather in England and Wales. (NI, research publication no.
3.) London: HMSO. P 2.

Campbell, S., Smith, A., Redpath, S. & Thirgood, S. (2002) Nest site characteristics and nest
success in red grouse. Wildlife Biology. P 170.

Central Environmental Heritage Surveys. (2003). A National Vegetation Classification Survey
for Langholm-Newcastleton Hills SSSI. SNH, Battleby.

Celaya R., and Osoro K. (1997). Canopy changes in heathlands (Erica - Ulex) grazed by sheep
or goats. Proceedings of XVIII International Grassland Congress, Canada. P 97.

Clutton-Brock TH, Coulson T, Milner JM, (2004). Red deer stocks in the Highlands of
Scotland, NATURE, Vol:429, PP 261-262.

Davies, G.M., Smith, A.A., MacDonald, A.J., Bakker, J.D. & Legg, C.J. 2010. Fire intensity, fire
severity and ecosystem response in heathlands: factors affecting the regeneration of
Calluna vulgaris. Journal of Applied Ecology, 47, P 356.

35

Department of Agriculture and Rural Development. (2010): Countryside Management
Publications : heather Moorland. p5 Dundonald House, Upper Newtownards, Belfast.

Etheridge, B., Summers, R. W. & Green, R. E. (1997). The effects of illegal killing and
destruction of nests by humans on the population dynamics of the hen harrier Circus
cyaneus in Scotland. Journal of Applied Ecology 34: PP 1081-1105.

Fenton J. (2008). A postulated natural origin for the open landscape of upland Scotland.
Plant Ecology & Diversity 1:115–127.

Fielding, A., Haworth, P., Whitfield, P., McLeod, D. & Riley, H. (2011). A Conservation
Framework for Hen Harriers in the United Kingdom. JNCC Report 441. Joint Nature
Conservation Committee, Peterborough.

Fuller R, J. (1996): Relationships Between Grazing and Birds With Particular Reference to
Sheep in the British Uplands. BTO Research Report No. 164, P7.

Ghorbani, J.P., (2005). Restoration of bracken-dominated land: the response of propagule
banks. PhD Thesis. University of Liverpool, Liverpool.

Grieg-Smith P. (1984): Quantitative plant ecology.3rd ED, Blackwell, Oxford, London.
Hanley,N., Czajkowski, M., Hanley-Nickolls, R., & Redpath,S.,(2010): Economic values of
species management options in human–wildlife conflicts: Hen harriers in Scotland,
Ecological Economics, Volume 70, Issue 1, 15 November 2010, P107.

Haworth, P.F. & Thompson, D.B.A. (1990) Factors associated with the distribution of upland
birds in the south Pennines, England. Journal of Applied Ecology, 27, PP 562-577.
Hédl R. (2007). Is sampling subjectivity a distorting factor in surveys for vegetation diversity?
Folia Geobotanica 42: PP 191–198.

Hester, A. & Sydes, C. (1992). Changes in burning of Scottish heather moorland since the
1940s from aerial photographs. Biol. Conserv., 60, PP 25-30.
36

Hierl LA, Franklin J, Deutschman DH, Regan HM, Johnson BS. (2008). Assessing and
prioritising ecological communities for monitoring in a regional habitat conservation plan.
Environmental Management 42: PP 165–179.

Hester, A.J., Baillie, G.J., (1998). Spatial and temporal patterns of heather use by sheep and
red deer within natural heather/grass mosaics. J. Appl. Ecol. 35, PP 772–784.

Hewison, R.L., Nolan, A.J. and Alfaro, P. (2000). Assessment of grazing and trampling
impacts, Caenlochan Glen, Angus. A report for the Deer Commission for Scotland.
Macaulay Institute, Aberdeen.

Holden, J., Shotbolt, L., Bonn, A., Burt, T.P., Chapman, P.J., Dougill, A.J., Fraser, E.D.G.,
Hubacek, K., Irvine, B., Kirkby, M.J., Reed, M.S., Prell, C., Stagl, S., Stringer, L.C., Turner, A.,
Worrall, F., (2007). Environmental change in moorland landscapes. Earth-Science Reviews
82, P 86.

Jónsdóttir , I, S,. (1991): Effects of Grazing on Tiller Size and Population Dynamics in a Clonal
Sedge (Carex bigelowii) Oikos Vol. 62, No. 2, PP. 177-188.

Langholm Demonstration Project. (2009): Annual Project Report 2009. P7.
Langholm Demonstration Project website http://www.langholmproject.com/project.html
accessed 25 April 2012.

Langholm Moor Demonstration Project Group. (2007): Langholm project plan. P7.
Le Duc, M.G., Pakeman, R.J., Marrs, R.H., (2003). Changes in the bracken rhizome system
subjected to long-term experimental treatment. J. Appl. Ecol. 40, P 508.

Le Duc, M. G., R. J. Pakeman, and R. H. Marrs. (2007). A restoration experiment on moorland
infested by Pteridium aquilinum: plant species responses. Agro-Ecosystems and
Environment 119: P 53.

37

MacDonald, A.: (1996): heather layering and its management implications. SNH Information
and Advisory Note Number 35, Scottish Natural Heritage Edinburgh.

MacDonald, A.J., Kirkpatrick, A.H. & Hester, A.J. (1995) Regeneration by natural layering of
heather (Calluna vulgaris): frequency and characteristics in upland Britain. Journal of Applied
Ecology, 32, P86.

Marrs, R. H. (1986). The role of catastrophic death of Calluna in heathland dynamics.
Vegetatio, 66, PP109, 110.

Meek, V. (1976). The vegetation of the Langholm-Newcastleton Hills. Report commissioned
by the Nature Conservancy Council (SE Scotland Region), Edinburgh.

MILLER, G. R., MILES, J. & HEAL, 0. W. 1984. Moorland management: a studyof Exmoor.
Cambridge: Institute of Terrestrial Ecology.

The Moorland Association website:
http://www.moorlandassociation.org/grouse_shooting2.asp. Accessed: 14.02, July 20th,
2012.

Oom, S.P., Hester, A.J., (1999). Heather utilization along paths by red deer and sheep in a
natural heather/grass mosaic. Bot. J. Scotland 51, PP23–28.

Ordnance Survey batch conversion tool :
http://gps.ordnancesurvey.co.uk/convertbatch.asp. Accessed 10 May 2012.

Pakeman, R.J., Hume, P.D., Torvill, L., Fisher, J.M., (2003). Rehabilitation of degraded dry
heather [Calluna vulgaris (L.) Hull] moorland by controlled sheep grazing. Biolog. Conserv.
114, PP389–400.

Raptor Working Group (2000) Report of the UK Raptor Working Group. Department of
Environment, Transport and Regions and Joint Nature Conservation Committee, London,UK.
38

R Development Core Team (2011). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0,
URL http://www.R-project.org/.

Redpath, S.M. & Thirgood, S.J. (1997). Birds of Prey and red grouse. The Stationery Office,
London.

Rodwell, J.S. (Ed.) (1991b). British Plant Communities. Volume 2 - Mires and Heaths.
Cambridge University Press, Cambridge.

Ross, L.C., Woodin, S.J., Hester, A.J., Thompson, D.B.A & Birks, H.J.B. (2010). How important
is plot relocation accuracy when interpreting re-survey studies of vegetation change? Plant
Ecology and Diversity 3: PP1–8.

Ross, L.C., Woodin, S.J., Hester, A.J., Thompson, D.B.A & Birks. (2012): Biotic homogenization
of upland vegetation: patterns and drivers at multiple spatial scales over five decades ournal
of Vegetation Science, Volume: 23 Issue: 4 P: 764.

SAC Commercial Ltd, (2010): Langholm Moors Moorland Management Plan. Management
document prepared on behalf of Langholm Farms Ltd. P1. SAC Ltd, Lanark, Scotland, UK.

Scottish Natural Heritage (2003): The Orkney Hen harrier Scheme, For Orkney Mainland
Moors SPA and surrounding farmland, SNH land management advisory document,
downloaded, 22 April 2012: www.snh.org.uk/pdfs/about/orkneyHH.pdf.

Scottish Natural Heritage (2010): Stock changes in Langholm Moor under the Scottish Rural
Development Scheme. Briefing note.

Sutherland, W.J., (2006): Ecological Census Teqniques. 2nd edn, Cambridge University.
Press, Cambridge. PP43-45.

39

Tallis, J.H., Meade, R., Hulme, P.D., (1998). Introduction. In: Tallis, J.H., Meade, R., Hulme,
P.D. (Eds.) Blanket Mire Degradation, Proceedings. British Ecological Society, Manchester,
PP1–2.

Thirgood, S. J., Redpath, S. M., Campbell, S., Smith, A., & Smith, A. (2002). Do Habitat
Characteristics Influence Predation on red grouse? Journal of Applied Ecology Vol. 39, P222.

Thompson, D.B.A., MacDonald, A.J., Marsden, J.H. & Galbraith, C.A. (1995) Upland heather
moorland in Great Britain: a review of international importance, vegetation change and
some objectives for nature conservation. Biological Conservation, 71, PP 163–178.

Usher, M. B. & Thompson, D. B. A. (1993). Variation in the upland heathlands of Great
Britain: conservation importance. Biol. Conserv., 66, 69-81No. 2

Watt, A.S. (1955) Bracken versus heather: a study in plant sociology. Journal of Ecology, 43,
PP 490-506.

http://www.worldweatheronline.com/Langholm-weather-averages/Dumfries-AndGalloway/GB.aspx. Accessed 30 August.

Acknowledgements
I would like to thank the following people for their help and support in the execution of
fieldwork and the compiling this project: Sarah Eno, Professor Mick Crawley, Graeme Dalby,
Simon Leicester, Nick Sotherton, Margaret and Norman Laing and Family and Onja Scott.

40

Appendix 1: Photos of Relevance and Interest

Photo 1: New road constructed through North-east section of Langholm Moor.

Photo 2: An example of gullying and erosion caused by extensive soil piping in the NorthEast area of Langholm Moor. Could drainage ditches created for the construction of the
road have resulted in the recent and extensive gully erosion visible in this area?
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Photo 3: Large areas of decadent heather apparently subject to “catastrophic death” as a
result of heather beetle attack.

Photo 4: Area of degenerate heather subject to recent muirburn showing little regeneration.
The area has become dominated by E. vaginatum.
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Photo 5: Area in the south-east of Moor subject to complete loss of heather, now
dominated by E. vaginatum and V. myrtillus.
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Appendix 2: Map of Langholm Moor Project Area & Plot Locations

Langholm Moor Project area with SPA boundary
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North

Map of survey plots (©Google 2012)
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