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Introduction

Heather moorland (or upland heathland), dominated by 
the dwarf-shrub, Calluna vulgaris L. (Hull), is a highly val-
ued habitat in the UK. Such moors formed over the past 3900 
years following the onset of extensive upland deforestation 
(Birks 1988) and are now maintained through management 
intervention, in particular through use of fire or through graz-
ing by domestic livestock (Gimingham 1995). Heather moor-
land is often managed in particular to maximise populations 
of a game species, Red Grouse Lagopus lagopus scoticus 
(Moss 1989, Hudson 1995). Although not species-rich, the 
habitat hosts a range of highly specialised plant and inverte-
brate communities and a unique bird assemblage (Thompson 
et al. 1995, Littlewood et al. 2006a) and is designated as a UK 
Biodiversity Action Plan Priority Habitat (Anon 1995).

The extent of heather moorland in the UK has been de-
clining for several decades at least. The area in England and 
Wales fell by around 20% between 1947 and 1980 (Anon 
1986) with an estimated 18% lost in Scotland between the 
1940s and 1970s (Anon 1994).  However as agri-environ-
ment schemes and conservation organisations work towards 
recreating heather moorland this decline may have levelled 
off in recent years with the estimated 1.2 million ha in Great 
Britain in 2007 representing little change from 1998 (Carey 

et al. 2008). Nonetheless, even where moorland vegetation 
persists, substantial areas are in a suppressed state (Bardgett 
et al. 1995) and vulnerable to further degradation. Change in 
moorland vegetation is not a new phenomenon (Chambers et 
al. 1999) but the scale of recent change has caused particular 
concern from biodiversity (Anon 1995) and environmental 
(Holden et al. 2007) perspectives.

 Multiple drivers have contributed to loss of this habitat. 
Some areas have been lost due to intentional change in land-
use such as afforestation. Large losses of C. vulgaris, though, 
have been attributed to nitrogen deposition (Carroll et al. 
1999), over-grazing (Anderson and Yalden 1981, Stevenson 
and Thompson 1993) or a combination of these factors (e.g. 
Hartley and Amos 1999, Alonso et al. 2001, Hartley and 
Mitchell 2005). In such cases, C. vulgaris is usually replaced 
by graminoids, especially Molinia caerulea (L.) Moench or 
Nardus stricta L., forming so-called “white moor”, whilst 
there is a concomitant shift in the remainder of the vegetation 
assemblage (Littlewood et al. 2006a).

There has been a considerable impetus in the UK in 
recent years to restore heather moorland (Anon 1995). 
Primarily, restoration has concentrated on re-establishment 
of the dominance of C. vulgaris and a suite of restoration 
techniques has been developed. In areas where C. vulgaris 
has been suppressed, but is still present at low levels, graz-
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ing control alone may be sufficient to encourage its return to 
dominance (Hulme et al. 2002, Pakeman et al. 2003) though 
results vary with location and type of grazer (Critchley et al. 
2008). Recovery may also be possible from persistence of vi-
able buried seeds in areas from which C. vulgaris has been 
lost (Miller and Cummins 1987). Where graminoids have 
become dominant to the extent that germination niches for 
C. vulgaris are suppressed, herbicide application (usually 
Glyphosate) combined with re-seeding may produce positive 
effects though results vary markedly between sites (Milligan 
et al. 2003, Marrs et al. 2004, Milligan et al. 2004).

With restoration focussing on the dominant species, as-
sessment is rarely undertaken of how successful management 
is in terms of the whole plant community. Whilst there is 
frequently a presumption in restoration schemes that asso-
ciated species will reassemble around the managed species 
this is rarely tested (Palmer et al. 1997). Previous work on 
UK heather moors has shown that alongside a change in the 
dominant plant species from C. vulgaris to M. caerulea or N. 
stricta, there is a substantial change in the remainder of the 
vegetation assemblage (Littlewood et al. 2006a). However, 
re-establishment of C. vulgaris on formerly degraded ground 
is generally only partially successful in re-creating the pre-
sumed former vegetation assemblage, at least in the short 
term (Littlewood et al. 2006b, Mitchell et al. 2008b).

Long-term monitoring of multi-site restoration is rarely 
undertaken, though is important for establishing the suc-
cess of restoration projects and of post-restoration manage-
ment. Here we report on a re-survey of a suite of moorland 
restoration projects seven years on from the initial study. 
Restoration management of these sites primarily focusses 
on three dominant species, C. vulgaris, M. caerulea and N. 
stricta. Concentrating in particular on the remainder of the 
plant assemblage, we hypothesise that (i) the vegetation as-
semblages in restored areas where C. vulgaris has been re-
established will come to more closely resemble heather moor 

control assemblages than graminoid-dominated degraded 
areas between the two surveys. In investigating this hypoth-
esis, we assess whether (ii) restoration success can be reliably 
measured early in a project, by looking at whether restored 
areas that were most similar to control areas in 2003 were 
still similar in 2010. Further, we consider (iii) whether, given 
their initial slow rates of community-level restoration, sites 
restored by intensive mechanical methods now show greater 
progress towards their respective control assemblages.

Methods

Field sites

Heather moorland restoration projects at six sites in 
England and one in Scotland were visited. These included 
two “sites” within one extensive restoration project.   The 
management aim of the restoration schemes differed between 
sites and are detailed in Table 1. Prior to the onset of restora-
tion management, all sites were grazed by sheep. Detailed 
information on former burning regimes was not available but 
Carlecotes, Derwent I and II, High Moor sit within areas ac-
tively managed for grouse shooting, and are likely to have un-
dergone rotational burning. Grouse shooting also takes place 
close to Bowland and Geltsdale though Geltsdale has not 
been burned since at least 2000 and Bowland may similarly 
not have been actively burned in recent years. At Ben Lawers, 
the study area is part of an extensive moorland mosaic that 
has not been burned since at least 1995. Restoration manage-
ment techniques fell into two broad categories. At three sites, 
restoration was initially solely through grazing control (com-
plete livestock exclusion at Ben Lawers and Geltsdale with 
very limited seasonal sheep grazing in at least some years at 
Bowland). More intensive practices of herbicide application, 
ground scarification and re-seeding (referred to as “mechani-
cal” restoration in Table 1) were practiced at the other four 

Table 1. Moorland restoration field sites surveyed in 2003 and 2010.  Mechanical restoration refers to sites managed by a suite of in-
tensive methods including scarification, pesticide use and seeding.

Site Lat/long Degraded state Start of  
restoration

Restoration 
method

Primary aim of  
restoration

Ben Lawers 4°15.6’ W, 
56°30.8’ N

N. stricta 1990 Grazing control biodiversity  
conservation

Bowland 2° 34.7’ W, 
53°56.7’ N

M. caerulea/ 
N. stricta

1996/97 Grazing control water catchment  
erosion control

Carlecotes 1° 44.6’ W, 
53°31.4’ N

M. caerulea 1992 Mechanical grouse moor  
management

Derwent 1 1° 44.6’ W, 
53°25.5’ N

M. caerulea 1994 Mechanical grouse moor manage-
ment & biodiversity 
conservation

Derwent 2 1° 44.6’ W, 
53°26.5’ N

N. stricta 1994 Mechanical grouse moor manage-
ment & biodiversity 
conservation

Geltsdale 2° 33.7’ W, 
54°54.9’ N

M. caerulea 1995 Grazing control biodiversity  
conservation

High Moor 2° 03.6 W, 
53°13.1’ N

M. caerulea 1995 Mechanical grouse moor  
management
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sites. Some extensive sheep grazing was practiced on these 
sites with more targeted seasonal sheep grazing occurring 
within temporary electric fencing to suppress graminoid re-
growth at Derwent I and II.

Vegetation sampling

Sites were sampled in June and July 2003, 6 to 13 years 
after the start of restoration management (Littlewood et al. 
2006b), and were re-visited, seven years later, between 21 
June and 12 July 2010.

On the first visit, areas within each site were classified 
as “degraded” (dominated by M. caerulea or N. stricta but 
formerly dominated by C. vulgaris), “restored” (where res-
toration of degraded ground had re-established C. vulgaris 
as dominant) and “control” (long-established C. vulgaris-
dominated heather moorland). Within each of these three 
categories, six 2 m × 2 m quadrats were sampled for vegeta-
tion composition and their location recorded with handheld 
GPS. The percentage cover of all vascular plants and mosses 
was estimated visually. Lichens and bare ground were each 
recorded as single species categories. Cover was estimated 
for each species irrespective of other species higher in the 
vegetation canopy so the total cover usually exceeded 100%.

On the second visit, GPS co-ordinates were used to relo-
cate the vicinity of the sample point. As the GPS units used 
typically had an estimated error of ±5 m, the precise quadrat 
locations were not re-surveyed. A quadrat was sampled, in the 
same manner as in 2003, at the point identified by the GPS if 
the habitat fitted the original category (degraded, restored or 
control). In a few cases, where management work since the 
first survey, such as commencing restoration management on 
a previously degraded area, had changed the status of the area 
located, a quadrat was sampled at a random position within 
the closest block of vegetation that fitted the appropriate man-
agement category. 

Statistical analysis

Detrended Correspondence Analyses (DCA) axis 1 
lengths of the 2010 dataset and the combined 2003/2010 
dataset were 3.205 and 3.243 respectively, indicating a 
high degree of species turnover and that further analysis by 
Canonical Correspondence Analysis (CCA) was appropriate 
(Lepš and Šmilauer 2003).

Analysis next focussed on investigating whether there 
was systematic change of the degraded and control samples 
between 2003 and 2010. A CCA was carried out with these 
two management states labelled binomially and axis 1 con-
strained to represent the gradient between them. Axis 1 scores 
were investigated using ANOVA, with blocks formed from 
each location/treatment combination, to determine if they 
differed between the two sampling occasions. This analysis 
was carried out for the dataset containing all plant species 
and again for the dataset from which the dominant managed 
species (C. vulgaris, M. caerulea and N. stricta) had been 
removed.

The full combined 2003 and 2010 datasets were then 
analysed with CCA. Restored samples were passive, such 
that they were positioned in the ordination using species axis 
scores generated from degraded and control samples. Axis 1 
was constrained to represent the gradient between degraded 
and control samples.  This analysis was carried out for the 
whole vegetation dataset from both years and repeated for 
the dataset minus C. vulgaris, M. caerulea and N. stricta. In 
each case ordination significance was tested by Monte Carlo 
Permutation Tests with 999 permutations.  The relationship 
of restored to degraded and control samples was calculated 
from axis 1 scores with the restored position expressed as a 
percentage of the distance from degraded to control samples. 
Deviation of the degraded to restored trajectory of vegeta-
tion change from that of degraded to control samples was 
measured using the first four CCA axes (Mitchell et al. 1999, 
Littlewood et al. 2006b). Three way distances between de-
graded (D), restored (R) and control (C) samples were meas-
ured using four-dimensional Pythagoras. Deviation from a 
straight line, A, can be expressed as A = [distance from D 
to R) + (distance from R to C)] – [distance from D to C]. 
Dividing A by the distance between D and R then gives an 
adjusted unbiased figure.

Further analysis to assess multi-dimensional relationships 
between samples was carried out using Bray-Curtis similarity 
indices (Bray and Curtis 1957). For each site, the mean was 
calculated of all 72 pairwise similarity indices between the 
restored samples from each year and the degraded samples 
from both years and then between restored samples from each 
year and control samples from both years. The difference in 
vegetation response in 2003 and 2010 was assessed using a 
paired t-test on these mean indices across the seven sites. The 
above analysis was carried out for the whole vegetation data-
set and repeated for the dataset minus C. vulgaris, M. caeru-
lea and N. stricta .

DCA and CCA were carried out using CANOCO 4.5 
(Ter Braak and Šmilauer 2002). ANOVA and t-tests were 
carried out using Genstat 11.1 (Lawes Agricultural Trust, 
Hertfordshire, UK). Bray-Curtis similarity indices were cal-
culated using the vegdist procedure in vegan (Oksanen et al. 
2011) in R ver. 2.12.1 (R Development Core Team 2010).

Results

Comparison of degraded and control samples between 2003 
and 2010

ANOVA of axis 1 scores of the CCA ordination of de-
graded and control samples from 2003 and 2010, showed no 
evidence for an effect of year using the full vegetation data-
set, (F1,153 = 0.80, P = 0.373) or after removal of C. vulgaris, 
M. caerulea and N. stricta from the dataset,  (F1,153 <0.01, P 
= 0.993). This indicated that there was no systematic shift 
of these samples along the degraded to control axis between 
2003 and 2010 and thus supported the aggregation of these 
samples from both years for assessing assemblage restoration 
resulting from site management.
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Assemblage restoration within full vegetation dataset

The constrained axis 1 of the CCA of the full vegetation 
data set, which represented variation due to degraded or con-
trol status, explained 10.7% of total variation. It had an ei-
ganvalue of 0.676 out of a total inertia of 6.304 and this was 
significant (F = 19.92, P = 0.001, Monte Carlo permutation 
test). The site ordination (Figure 1) showed a close grouping 
of restored and control samples. Degraded samples separated 
along axis 2 with M. caerulea- and N. stricta-dominated sam-
ples occupying opposite ends of this spectrum. The species 
ordination (Figure 2) shows that as well as C. vulgaris, the 
dwarf shrubs, Empetrum nigrum L. and Vaccinium myrtillus 
L., and the bryophyte, Hypnum cupressiforme Hedw., were 
all closely associated with control samples. A range of spe-
cies, especially graminoids, was associated with degraded 
samples, although some of these, namely Agrostis canina 
L., Anthoxanthum odoratum L. and Festuca ovina L., were 
particularly associated with the N. stricta assemblages that 
typified Ben Lawers and Derwent 2. The measure of assem-

blage restoration on axis 1 varied between 77.3% and 107.4% 
for 2003 samples and was similar for 2010 samples, ranging 
from 70.6% to 104.7% (Table 2). Taking degraded, restored 
and control samples as a pseudo-chronosequence, in 2003 re-
stored samples at Derwent 1 showed the straightest trajectory 
towards the control assemblages while those at Carlecotes 
showed the biggest deviation from this trajectory. In 2010 
High Moor showed the straightest trajectory and Carlecotes 
again showed the biggest deviation from this trajectory 
(Table 2).

Assemblage restoration within vegetation dataset excluding 
dominant managed species

The constrained axis 1 of the CCA of the vegetation data-
set from which C. vulgaris, M. caerulea and N. stricta had 
been removed, which represented variation due to degraded 
or control status, explained 5.4% of total variation. It had an 
eiganvalue of 0.466 out of a total inertia of 8.602 and this 
was significant (F = 9.50, P = 0.001, Monte Carlo permu-

Figure 1. CCA ordination of vegetation samples with axis 1 con-
strained by treatment (degraded to control) and restored samples 
input as supplementary data. For degraded and control samples, 
symbols show mean positions of the combined twelve samples 
from both sampling years for each site. Restored samples have 
2003 and 2010 mean positions for each site shown separately. 
Degraded samples are labelled by site. Restored and control sam-
ples are not labelled due to their dense aggregation.    degrad-
ed samples;  restored samples (2003);  restored samples 
(2010);   control samples; B = Bowland; BL = Ben Lawers; C 
= Carlecotes; D1 = Derwent 1; D2 = Derwent 2; G = Geltsdale; 
HM = High Moor.            

Figure 2. CCA ordination of vegetation samples from 2003 and 
2010 with axis 1 constrained by treatment (degraded to control) 
and restored samples input as supplementary data. Symbols 
show axis 1 and 2 positions for species with a cumulative fit (as 
a fraction of variance of species) of at least 5%. Symbols are 
labelled with first letter of genus and first letter of species name. 
Thus: Ac = Agrostis canina L.; Ao = Anthoxanthum odoratum 
L.; Cv = Calluna vulgaris (L.) Hull; Df = Deschampsia flexuosa 
(L.) Trin.; En = Empetrum nigrum L.; Fo = Festuca ovina L.; 
Gs = Galium saxatile L.; Hc = Hypnum cupressiforme Hedw.; 
Je = Juncus effusus L.; Js = Juncus squarrosus L.; Mc = Molinia 
caerulea (L.) Moench; Ns = Nardus stricta L.; Pc = Polytrichum 
commune Hedw.; Pe = Potentilla erecta  (L.) Raeusch.; Vm = 
Vaccinium myrtillus L..
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tation test). The site ordination (Figure 3) showed a consid-
erably greater spread than did the ordination for the whole 
vegetation dataset. There was, though, still a full separation 
of degraded from control samples on axis 1 with a close ag-
gregation on both axes of control samples from four of the 
sites. Degraded samples separated on axis 2 where there was 
a correlation of axis 2 position with latitude rather than domi-
nance by M. caerulea or N. stricta as was the case with the 
full vegetation dataset. Restored samples generally occupied 
intermediate positions. Movement in the ordination between 
2003 and 2010 samples was generally limited though there 
were sizeable advances on axis 1 at Derwent 1 and Derwent 
2 and a substantial decline in axis 1 scores at Carlecotes. The 
species ordination (Figure 4) had similarities to that for analy-
sis of the full vegetation dataset. Dwarf shrubs, E. nigrum, 
and V. myrtillus and the bryophyte, H. cupressiforme, were 
again associated with control samples and a range of species, 
primarily graminoids, was associated with degraded sites and 
separated along axis 2. The measure of assemblage resto-
ration on axis 1 varied between -3.3% and 96.2% for 2003 
samples with a slightly smaller spread, of 5.7% to 87.7%, for 
2010 samples (Table 3). Taking degraded, restored and con-
trol samples as a pseudo-chronosequence, in 2003 restored 
samples at Ben Lawers showed the straightest trajectory to-
wards the control assemblage while those from Carlecotes 
showed the biggest deviation from this trajectory. In 2010 
High Moor showed the straightest trajectory (as with the full 
vegetation dataset) and Carlecotes again showed the biggest 
deviation from this trajectory (Table 2).

Vegetation change in restored samples between 2003 and 
2010

Within the full vegetation dataset there were no marked 
differences between 2003 and 2010 samples from restored ar-
eas (Table 2 and Figure 1). From the vegetation dataset from 
which dominant managed species were removed, there was 
no consistent pattern in vegetation change of restored sam-
ples between these two years (Table 3 and Figure 3). At Ben 
Lawers, Geltsdale and Bowland, where restoration was solely 
through grazing management, there were only small changes, 
in variable directions, on the first two axes with the 2010 re-

Table 2. Change in status of moorland restoration areas relative to degraded and control areas between 2003 and 2010 based on the full 
vegetation dataset.

Movement along 
axis 1 (2003-10)

Direction of change on 4 
axes adjusted for distance 
(2003)

Direction of change 
on 4 axes adjusted for 
distance (2010)

adjusted A rank adjusted A rank
Ben Lawers -14.8% 0.027 3 0.039 2
Bowland -11.3% 0.020 2 0.052 3
Carlecotes -2.7% 0.154 7 0.150 7
Derwent 1 +3.8% 0.018 1 0.054 4
Derwent 2 -6.7% 0.073 6 0.082 6
Geltsdale 3.2% 0.069 5 0.075 5
High Moor -16.3% 0.031 4 0.019 1
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Figure 3. CCA ordination of vegetation samples after removal 
of C. vulgaris, M. caerulea and N. stricta from the dataset. Axis 
1 is constrained by treatment (degraded to control) and restored 
samples are input as supplementary data. For degraded and con-
trol samples, symbols show mean positions of six samples from 
each sampling year for each site. Restored samples have 2003 
and 2010 mean positions for each site shown separately with an 
arrow from the earlier year to the later year for each site.    
degraded samples;  restored samples (2003);  restored 
samples (2010);   control samples; B = Bowland; BL = Ben 
Lawers; C = Carlecotes; D1 = Derwent 1; D2 = Derwent 2; G = 
Geltsdale; HM = High Moor.            
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stored samples remaining close to the control samples. This 
supports the hypothesis that early progress in restoration is a 
reliable predictor of ongoing success. Among the mechanical 
restoration sites, Derwent 1 and Derwent 2 each showed good 
progress on both axes towards control conditions, with paral-
lel trajectories indicating similar vegetation changes at each 
site. Restored samples at High Moor moved away from con-
trol samples whilst Carlecotes shows a substantial movement 
on axis 1 of restored towards degraded samples. This vari-
ation in responses indicates little support for the hypothesis 
that mechanically restored areas may show greater progress 
towards their respective targets over the period studied.

Changes in Bray-Curtis similarity indices between 2003  
and 2010

Bray-Curtis similarity indices of the full vegetation data-
set (Table 4) and of the vegetation dataset from which domi-
nant managed species had been removed (Table 5) indicated 

that the relationship between degraded and restored samples 
and between restored and control samples between 2003 and 
2010 followed broadly similar patterns to that shown by axis 
1 of CCA.

For the full vegetation dataset, there was no difference 
in mean site indices showing relationships between degraded 
and restored samples between 2003 and 2010 (t6 = 0.77, p = 
0.473) or between restored and control samples over the same 
period (t6 = -0.59, p = 0.578).

After removal of the dominant managed plant species 
from the dataset, there was again no difference in indices 
of relationships between degraded and restored samples be-
tween 2003 and 2010 (t6 = -0.71, p = -0.506) or between re-
stored and control samples over the same period (t6 = -0.66, p 
= 0.532). This indicated that there was no evidence for a sys-
tematic shift in restored vegetation samples across the suite 
of study sites.

Table 3. Change in status of moorland restoration areas relative to degraded and control areas between 2003 and 2010 based on the 
vegetation dataset from which C. vulgaris, M. caerulea and N. stricta had been removed.

Movement along axis 
1 (2003-10)

Direction of change on 4 
axes adjusted for distance 
(03)

Direction of change on 4 
axes adjusted for distance 
(10)

adjusted A rank adjusted A rank
Ben Lawers -10% 0.043 1 0.064 3
Bowland -11.8% 0.184 3 0.134 5
Carlecotes -77.3% 0.391 7 0.863 7
Derwent 1 25% 0.265 5 0.078 4
Derwent 2 40.5% 0.384 6 0.053 2
Geltsdale 9.8% 0.166 2 0.254 6
High Moor -14.4% 0.242 4 0.028 1

Figure 4. CCA ordination of vegetation 
samples from 2003 and 2010, after remov-
al of C. vulgaris, M. caerulea and N. stricta 
from the dataset, with axis 1 constrained 
by treatment (degraded to control) and 
restored samples input as supplementary 
data. Symbols show axis 1 and 2 positions 
for species with a cumulative fit (as a frac-
tion of variance of species) of at least 5%. 
Symbols are labelled with first letter of ge-
nus and first letter of species name. Thus: Ac 
= Agrostis canina L.; Ao = Anthoxanthum 
odoratum L.; Df = Deschampsia flexuosa  
(L.) Trin.; En = Empetrum nigrum L.; Fo = 
Festuca ovina L.; Gs = Galium saxatile L.; 
Hc = Hypnum cupressiforme Hedw.; Je = 
Juncus effusus L.; Js = Juncus squarrosus 
L.; Pc = Polytrichum commune Hedw.; Pe 
= Potentilla erecta L.; Ps = Poa spp.; Vm = 
Vaccinium myrtillus L.
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Discussion

Extent of assemblage restoration

At all sites, restored samples more closely resembled 
control samples than degraded samples based on analysis 
of the whole vegetation dataset (Tables 2 and 4). This was 
the case in 2003 and remained so in 2010. Anecdotally, site 
managers reported that all schemes had achieved significant 
progress towards their individual stated aims (see methods) in 
2003 and this progress has continued through to 2010.

The current study, on the other hand, aimed specifically 
to investigate whether or not restored areas had come to more 
closely resemble long-established (semi-natural) moorland 
in terms of the full extent of the plant assemblage between 
2003 and 2010. There was no clear evidence that this was 
occurring and the lack of consistent trends between sites 
demonstrates that they are being affected by different drivers. 
This is consistent with Marrs et al. (2004) who noted variable 

responses of apparently similar vegetation types in different 
regions to management aimed at controlling M. caerulea. In 
the present study, one site, Carlecotes, showed a substantial 
apparent shift in restored samples between 2003 and 2010 
from being more similar to control to being close to degraded 
samples, at least on axis 1 of CCA (Table 3). However active 
management at this site between the sample periods included 
bringing some restored areas into a burning regime and re-
placement samples from nearby restored areas may not have 
been fully representative of the 2003 samples. A contrasting 
pattern was shown by Derwent 1 and Derwent 2 which both 
demonstrated a trend towards restored samples more closely 
resembling control samples than previously under both analy-
ses. These sites are managed by an active moorland restora-
tion practitioner and long-term management at these sites has 
been more adaptive, including the use of small-scale targeted 
grazing, than it may be practical to achieve elsewhere. 

Site responses to land management

Moorland restoration entails the initial intervention 
(e.g. fencing, herbicide application, reseeding, etc.) and the 
longer-term follow-up management. In the present study, the 
four most southern sites (Carlecotes, Derwent 1, Derwent 2 
and High Moor) all underwent more intensive initial man-
agement than the three more northern sites. Restored areas 
at these sites had previously suffered extensive reversion to 
grass-dominated moor. Initial management aimed at reducing 
the vigour of M. caerulea and other graminoids by herbicide 
application followed by scarification and re-seeding. No her-
bicides used in moorland management are totally selective 
for target species (Milligan et al. 2003) so such management 
may lead to a less diverse vegetation assemblage in the short 
term. Divergence in subsequent developments of the restored 
vegetation assemblage are, then, likely to reflect follow-up 
management.

The three northern sites were managed purely by reduc-
ing or removing grazing pressure. The lower intensity of 
initial management permits survival of existing species that 
are not the primary targets of management and such areas 
more rapidly come to resemble local control sites. It might be 
considered that these sites were already sufficiently restored 
by 2003 and the similar metrics for restoration success in 
2010 provides support for the premise that early restoration 
success may be a reliable indicator of longer-term success. 
However, it is notable that none of these sites came to even 
more closely resemble control conditions by 2010 (Table 4, 
Figure 3). Elsewhere, light seasonal grazing on moors where 
dwarf shrubs are suppressed has been shown to assist their 
recovery by controlling the extent of more palatable grami-
noids (Hulme et al. 2002, Pakeman et al. 2003, Mitchell et 
al. 2008a). It is notable, then, that the two sites where grazing 
had been excluded in at least some years, Ben Lawers and 
Geltsdale, both firmly occupy negative CCA axis 2 positions 
for degraded samples (full vegetation dataset, Figure 1) and 
for all samples (vegetation dataset minus managed dominant 
species, Figure 3) which is consistent with scores on this axis 
for a range of graminoids (Figs 2 and 4).

Table 4. Bray-Curtis similarity indices, for the full vegetation 
dataset, showing differences in relationships of degraded and 
restored and of restored and control samples between 2003 and 
2010. Indices are between 0 (identical samples) and 1 (samples 
with no species in common). D: degraded samples; R: Restored 
samples (with sampling year); C: control samples.

D-R(03) D-R(10) R(03)-C R(10)-C

Ben Lawers 0.879 0.871 0.340 0.410

Bowland 0.833 0.795 0.255 0.301

Carlecotes 0.916 0.913 0.340 0.339

Derwent 1 0.852 0.894 0.358 0.283

Derwent 2 0.837 0.797 0.422 0.393

Geltsdale 0.899 0.916 0.337 0.379

High Moor 0.891 0.860 0.425 0.452

Table 5. Bray-Curtis similarity indices, for the vegetation dataset 
minus the managed dominant species, C. vulgaris, M. caerulea 
and N. stricta, showing differences in relationships of degrad-
ed and restored and of restored and control samples between 
2003 and 2010. Indices are between 0 (identical samples) and 
1 (samples with no species in common). D: degraded samples; 
R: Restored samples (with sampling year); C: control samples.

D-R(03) D-R(10) R(03)-C R(10)-C

Ben Lawers 0.825 0.850 0.533 0.591

Bowland 0.771 0.740 0.440 0.478

Carlecotes 0.899 0.874 0.805 0.854

Derwent 1 0.873 0.902 0.935 0.706

Derwent 2 0.778 0.737 0.882 0.710

Geltsdale 0.794 0.863 0.687 0.782

High Moor 0.711 0.769 0.908 0.849
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Some grazing occurs on the four southernmost sites. 
Good progress in maintaining cover of C. vulgaris in restored 
samples from these sites (Tables 2 and 4) was not universally 
matched when considering species that were not targeted by 
management (Tables 3 and 5). Such an effect has been noted 
previously where limited grazing is used to assist restoration 
(e.g. Anderson and Radford 1994). Furthermore Critchley 
et al. (2008) found in degraded upland wet heath that whilst 
light sheep and cow grazing reduced M. caerulea cover, there 
was no evidence of recovery of associated heathland vegeta-
tion after four years. Post-restoration grazing has been con-
trolled more proactively at Derwent 1 and Derwent 2, with 
the use of temporary electric fences. This allows more direct 
application of grazing management to specific areas and thus 
may contribute to the development of the restored assem-
blage demonstrated there.

Moorland management implications

Techniques for moorland restoration have developed 
considerably in recent years. Nonetheless the area under 
such management remains a small proportion of all degraded 
moorland and multiple mechanisms are increasingly driv-
ing land management in different directions (Holden et al. 
2007). Management for sporting, especially grouse-shooting, 
interests (Moss 1989) requires significant financial input for 
uncertain returns (Smith 2009). Alternative upland land-uses 
putting pressure on remaining areas include wind turbines and 
forestry (Anon 2006). Upland vegetation change is slow and 
degraded habitats can be especially recalcitrant at respond-
ing to restoration management (e.g. Yalden 2004, Critchley 
et al. 2008) but localised successes have shown potential for 
reversing degradation.

As stated above, all the restoration schemes covered in 
this work have made progress towards their respective prima-
ry aims and it has been recognised that, even when vegetation 
restoration is only partial, substantial elements of associated 
moorland faunal assemblages can reassemble (Littlewood et 
al. 2006c). The most successful schemes, from a full vegeta-
tion assemblage point of view, are those with a starting point 
in which dwarf shrubs were highly suppressed but not entire-
ly eliminated. Where more intensive management interven-
tion is required, active aftercare assists with vegetation shifts 
towards a control assemblage though upland managers must 
recognise the long-term nature of achieving such vegetation 
changes. Hence, in recognising and maximising the biodi-
versity contribution that such schemes make, policy should 
encourage adaptive management to increase the likelihood of 
assimilation with established moor and long-term monitoring 
of vegetation change to maximise the evidence base for future 
moorland management decision making.
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