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Capsule A specific suite of moorland management prescriptions had no clear positive impact on breeding
birds over ten years.
Aims To test the expectation that a combination of grazing, and burning/cutting manipulations, the
blocking of drains (affecting habitat quality and foraging resources) and the control of some predators
(affecting survival and breeding success) will lead to an increase in numbers of breeding birds on 9.5
km2 of moorland in Scotland.
Methods General Additive Modelling was used to compare bird population trends at the managed site
against a ‘control’ of moorland-specific background trends (spatially and temporally smoothed) derived
from an extensive UK-wide bird monitoring programme. Changes in vegetation, the effectiveness of
predation control and influences of disturbance were also examined to attempt to identify potential
mechanisms for population size changes.
Results Breeding populations for most species showed either a more negative trend at the managed site
(Red Grouse, Skylark and Meadow Pipit) or no significant difference was detected (European Golden
Plover, Eurasian Curlew, Common Snipe and Winter Wren) when compared to moorland-specific
background trends. Stonechats and Carrion Crows increased, despite the latter being actively removed
as part of predation control measures. No general change in the vegetation was detected and no
reasonable habitat-based cause for the observed declines in some species was apparent. There was also
no convincing evidence for a negative effect on moorland birds of disturbance from a nearby mine. As
crow control failed to stem their increase and with supportive evidence for a decline in the breeding
success of Red Grouse, it is suggested that the control of predation was ineffective and may have
contributed to some species declines.
Conclusion There has been wide advocacy of, and considerable resources (e.g. through agri-environment
schemes) devoted to, moorland habitat management for birds and yet declines continue. However, there are
practical difficulties of establishing management that is effective in increasing moorland bird abundance. It
appears likely that in areas where those birds are vulnerable to predation and its control is not effective,
expectations of increasing bird populations in response to habitat management alone may be unrealistic.
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Moorland represents some of the largest areas of semi-

natural vegetation remaining in Britain. Supporting a

unique community of breeding birds, characterized by

relatively high densities of some breeding waders,

gamebirds, raptors and passerines, it is considered of

international conservation importance (Thompson et al.
1995, Stroud et al. 2001). A cultural plagioclimax

habitat occurring on acidic and peat soils in areas of high

precipitation, nearly all moorland lies below the original

tree-line. A long history of anthropogenic deforestation,

grazing and burning has created extensive areas of open

habitats dominated by graminoid and ericaceous

vegetation (Smout 2005, Brooker 2011). Moorland

management in Britain is currently dominated by two

commercial activities, grazing by sheep (and to a lesser

extent by cattle) and sport shooting of gamebirds

(notably of Red Grouse Lagopus lagopus scotia) and Red

Deer Cervus elaphus. Moorland bird populations are

influenced through grazing by both domestic and wild

herbivores (Fuller & Gough 1999, Calladine et al. 2002,
Evans et al. 2006), drainage of the peat soils (Pearce-

Higgins et al. 2010, Carroll et al. 2011), rotational

burning of heather Calluna vulgaris (Hudson 1995) and

predation (Grant et al. 1999, Fletcher et al. 2010).
Despite recognition of their nature conservation value,

the integrity of some moorland areas has been and

continues to be affected by changes in regimes of grazing,

drainage, burning, and predation control, by other

developments such as commercial afforestation and

electricity generation by wind turbines (Stroud et al.
1987, Petty & Avery 1990, Pearce-Higgins et al. 2012),
nitrogen deposition (Britton et al. 2008) and changes in

climate (Pearce-Higgins 2011). Given the importance

attached to moorland bird assemblages and threats

imposed upon them, conservation management often

recommends the adoption of particular management

regimes to maintain, restore or enhance those

assemblages (Ausden & Fuller 2009). A typical suite of

management prescriptions that are either practised or

advocated by conservation managers includes grazing

and burning management to restore and/or maintain

cover by ericaceous dwarf shrubs (Chapman et al. 2009),
the blocking of drains that formerly were dug widely in

an attempt to improve grazing quality (Holden et al.
2007) in order to restore the hydrological integrity of

mires (Ramchunder et al. 2009) and also the control of

predation (Bolton et al. 2007, Fletcher et al. 2010).

Within Britain typical incentives for the implementation

of such management are financial payments through

agri-environment schemes and/or similar payments with

the aim of improving the ‘condition’ of areas under

statutory conservation designations (both UK and

European Union laws). Relative to their extensive

implementation however, robust monitoring of the

effectiveness of these management prescriptions in terms

of biodiversity results is infrequent (Kleijn & Sutherland

2003, Hill & Arnold 2012). Alternatively, incentives

are often associated with sport shooting (for moorland

notably that of increasing numbers of Red Grouse;

Oldfield et al. 2003), management of nature reserves and,

less frequently, demonstrative and experimental

manipulations (Bolton et al. 2007, Thirgood & Redpath

2008, Fletcher et al. 2010).
A ten-year monitoring programme of moorland

management in south-west Scotland provided a rare

opportunity to test for effects on moorland birds of

manipulating habitats including predation. Aiming to

mitigate against a loss of moorland to open cast coal

extraction from an adjacent mine, prescriptions

included: (i) changes in the grazing by domestic animals

that aimed to stop or reverse a decline in the cover of

dwarf shrubs (key for target species such as Red Grouse;

Jenkins et al. 1963); (ii) blocking of drains to restore

water tables, peat development and enhance

invertebrate food availability to birds (Pearce-Higgins

et al. 2010); and (iii) the legal control of predators to

improve breeding success and survival of conservation

priority species (Fletcher et al. 2010). The management

programme was comparable with those recommended

by agri-environment and other incentives for moorland

in the wider countryside of upland Britain. Furthermore

the monitored site was not a nature reserve and sport

shooting did not provide any incentive for the

management implemented during the ten-year period.

Consequently, this site should provide a measure of the

effectiveness of general conservation management

currently advocated for moorland in the absence of

those additional incentives.

METHODS

Study area and its management

The 9.5 km2 principal study area (centred at 55° 29′ N,

4° 8′ W) was within the Muirkirk and North Lowther

Uplands Special Protection Area (SPA) in south-west

Scotland (Stroud et al. 2001) on peat soils between

altitudes of 230 and 430 m asl. Management

introduced from 2002 to 2003 aimed to improve

conditions for and therefore increase population

densities of moorland birds within the study area

(henceforth known as the mitigation area) to
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compensate the loss of an adjacent 99 ha of designated

moorland SPA to surface coal extraction.

The area was divided into six compartments (Fig. 1);

compartments A–C consisted of degraded blanket bog

dominated by purple moor-grass Molinia caerulea along

with smaller areas of hare’s-tail cottongrass Eriophorum
vaginatum, whereas areas D–F comprised intact blanket

bog of C. vulgaris, E. vaginatum and ericaceous dwarf

shrubs along with various mosaics of degraded bog,

flush and rush pasture. Management changes were

instigated in 2002–03: (a) Grazing intensity was

reduced to the equivalent of none – 1.3 sheep ha−1 in

summer (roughly April to October) and largely

excluded in winter; (b) 88 small wetland scrapes

(excavations generally <20 m2 and <1 m deep with

shallow edges to create spatial variation in ground

surface wetness and enhance invertebrate availability);

(c) 115 small dams (local infilling with earth/peat) to

block moor drains (generally <0.5 m wide but

occasionally wider) to restore hydrological integrity of

mires; (d) cutting of grassier areas in winter to enhance

sward structural diversity; (e) localized C. vulgaris
burning (muirburn) of dwarf shrub heath in winter was

introduced to encourage young growth (this was

subsequently replaced by cutting); and (f) the legal

control of predators (mean annual culls in 2004–11 of

41 Carrion Crows Corvus corone, 18 Red Foxes Vulpes
vulpes, 9 Stoats Mustela erminea, 15 Weasels M. nivalis
and <1 American Mink Neovison vison). (a), (b) and

(c), above, were undertaken at the start of the

monitoring programme (2002–03). (d) and (e) were

carried out according to an annually revised

management plan and (f) was ongoing throughout.

The precise management of the area is not known

prior to 2002, however evidence strongly suggests

higher levels of grazing prior to 1997 (Dayton 1998)

with some subsequent reductions and reduced

muirburn frequency by 2001. Predator control was

active prior to 2002 (as an integral part of a moor

managed for grouse shooting) and was continued to

2005 by neighbouring moorland estates. Following a

reduced interest in grouse shooting in the wider area,

prescribed predation control was introduced in 2004 as

part of the site management.

Vegetation surveys

Grids of sampling locations at 120 m spacing were

located in each of the six compartments in 2003, each

comprising 7–29 locations, depending on compartment

size. At each, measures of vegetation structure were

made annually in August from 2003 to 2011 (but

excluding 2008). Height measurements were made of

four vegetation parameters at three points

approximately 1 m apart in each location: dwarf

ericaceous shrubs; graminoid leaves; graminoid flowers;

and tall Juncus species (Juncus squarrosus was included
in the graminoid groupings). At the same three points,

an index of vegetation density was recorded as the

number of visible markers at 10 cm spacing on a cane

placed vertically in the vegetation (Pearce-Higgins &

Grant 2006). Mean height and density values were

calculated from the three measurements per sample

location. An index of graminoid tussock frequency

(scored as 0 = no tussocks, 1 = tussocks present, 2 =

tussocks the dominant growth form) was recorded

within a 2 m radius of each monitoring location. Also

within a 2 m radius, if C. vulgaris was present, the

dominant growth form was recorded (pioneer,

building, mature, degenerate; Backshall et al. 2001) as

well as the presence of any dead C. vulgaris plants.
From 2006 onwards, the covers of key heath and bog

plant taxa within a 2 m × 2 m quadrat were also recorded

at each sampling location, at the same time as the

structural measurements. These were C. vulgaris (live,
dead), cross-leaved heath Erica tetralix, Eriophorum
vaginatum, Juncus spp. (excluding J. squarrosus),
Molinia caerulea, deer-grass Trichophorum germanicum
and bog mosses Sphagnum spp.

Bird surveys

Three survey methods were used annually (2002–11) to

estimate breeding bird densities within the managed

mitigation area:

(1) Constant-effort-search surveys: Four survey visits in

April – June to derive annual estimates for

occupied territories by breeding waders and some

passerines (for details see Calladine et al. 2009);
(2) Transect sampling surveys: Two surveys from

parallel transects (500 m apart) undertaken twice

each year (May and June) recording the most

commonly occurring passerines, Skylark Alauda
arvensis and Meadow Pipit Anthus pratensis within
distance bands of 0–25 m and 25–100 m

(Newson et al. 2005, Stanbury & Gregory 2009).

Bird densities were then estimated by distance

sampling and the programme DISTANCE 5.0

(Buckland et al. 2001, Thomas et al. 2006) using
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both counts to give a mean density estimate in each

year, with analyses assuming a half-normal

detection function;

(3) Post-breeding population estimates of Red Grouse:

Red Grouse were sampled from the same transects

as in (ii) above but in late July – early August

using pointer dogs to search out birds by scent

(Jenkins et al. 1963) and assuming that all grouse

within 75 m of the transect were detected by the

dogs to provide an estimate of the post-breeding

density. All grouse encountered were aged (adult

or juvenile) and sexed.

As many territories occupied parts of more than one

compartment, the influence of the combined suite of

management prescriptions was assessed at the level of

the mitigation area in its entirety.

Vegetation assessments

Different bird species are associated with particular

features of moorland vegetation, including variation in

vegetation structure, species composition and the

structure of dwarf shrubs (Pearce-Higgins & Grant

2006). Three separate metrics that summarized these

aspects of vegetation composition were therefore

calculated from the direct measures using Canoco v.4.5

(ter Braak & Šmilauer 2002):

(1) Structure only metric (2003–11) (hereafter

‘Structure’): A Principal Components Analysis

(PCA) was carried out on the 89 sample

locations from 2003, using six vegetation

structure variables (four height measures, density

and tussocks), the presence of live and dead

C. vulgaris and the overall vegetation height (the

latter defined as the maximum of three height

measures (dwarf shrubs, graminoid leaf or Juncus
spp.) per sampling location). A preliminary

Detrended Correspondence Analysis produced

short gradient lengths (<4 sd), indicating that

PCA was the appropriate method (ter Braak &

Šmilauer 2002). Axis 1 of the PCA represented

a gradient from vegetation with C. vulgaris
present (positive values) to that with tall, dense,

tussocky, graminoid vegetation (negative values)

(Table 1). This structure metric was then

calculated for the subsequent years at each sample

Figure 1. (a) The relative positions and sizes of the management compartments within the mitigation area (labelled A–F) and the additional areas
(hatched) from which supplementary data to derive local bird–habitat relationships were collected. The surface mine and associated workings are
included within the cross-hatched area and (b) the locations of the reference sites in Britain and Ireland. The mitigation area lies centrally within the
50 km diameter grey circle at 55°29′ N, 4°8′ W.
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location by adding the 2004–11 samples as

supplementary variables to the PCA of the 2003

samples and deriving their scores along axis 1.

(2) Species and structure metric (2006–11) (hereafter

‘Species’): A PCA of the eight key heath and bog

species (including both live and dead C. vulgaris)
and three structure variables (overall height,

graminoid leaf height, density) from sample

locations in 2006. The first PCA axis produced a

gradient representing intact blanket bog with

C. vulgaris, E. tetralix, Sphagnum spp., E. vaginatum
and T. germanicum (positive values) to degraded

bog with tall, dense graminoid vegetation

including M. caerulea and Juncus spp. (negative

values) (Table 1). As above, this metric was then

calculated for sample locations in subsequent years

by adding the 2007–11 samples as supplementary

variables to the PCA of the 2006 data.

(3) Calluna vulgaris structure metric (2003–11)

(hereafter ‘Heather’): Calculated for all sample

locations in which C. vulgaris was recorded present

in at least one year. A PCA was carried out on

the samples from 2003, in which the seven

variables relating to presence, growth form and

height of C. vulgaris were included. Axis 1 of the

PCA produced a structure gradient, from short

C. vulgaris, which included pioneer or degenerate

growth forms (positive values) to tall C. vulgaris,
which included mature or dead growth forms

(negative values) (Table 1). This metric was

calculated for sample locations in 2004–11 as above.

Change within each of the vegetation metrics was

assessed using multivariate repeated-measures Analysis

of Variance by General Linear Modelling, including

the terms ‘compartment’ and ‘year’, in which year was

the repeated measure. Changes from 2003 to 2011 in

the Structure and Heather metrics were analysed on

log(x + 2) transformed data. Compartments B and C

were omitted from the latter analysis because

C. vulgaris was virtually absent there. Analysis of the

Species metric from 2006 to 2011 was performed on

√x + 2 transformed data.

Associations between birds and vegetation

In addition to the mitigation area, a further 8.3 km2 of

moorland, in four supplementary blocks (Fig. 1), were

surveyed annually for birds and vegetation starting

variously in 2004–07, that is two to five years after the

start of monitoring of the mitigation area. Although

not included within the current analyses of population

changes (because of differences in management regimes

and start times), data from the supplementary

moorland blocks are used with those from the

mitigation area to identify the local associations of

birds with vegetation characteristics in order to try and

identify some potential mechanisms linking changes in

management with changes in breeding bird

populations in the mitigation area. Survey methods

were identical to those employed in the mitigation

area with the exception of just three constant-effort-

search survey visits annually and no transect surveys

being undertaken within the largest (3.3 km2; Fig. 1)

supplementary block.

Management and its monitored influence on

vegetation was recorded at the compartment level,

however the breeding territories of birds frequently

included parts of more than one compartment.

Therefore, the total numbers of registrations for a

species per compartment in each year, as opposed to

apparent territories, were used as a measure of the

Table 1. Scores of vegetation variables along Axis 1 of each PCA for
the three vegetation metrics.

Metric Variable Score

Structure Dwarf shrub height 0.88
C. vulgaris (live) 0.7
C. vulgaris (dead) 0.61
Density −0.08
Tussocks −0.19
Graminoid leaf height −0.23
Overall height −0.33
Juncus spp. height −0.53
Graminoid flower height −0.69

Species C. vulgaris (live) 0.83
Erica tetralix 0.74
Trichophorum germanicum 0.59
Sphagnum spp. 0.56
C. vulgaris (dead) 0.31
Density −0.35
Juncus spp. −0.44
Overall height −0.45
Molinia caerulea −0.64
Gramonid flower height −0.78

Heather Pioneer 0.45
Degenerate 0.2
C. vulgaris (live) 0.07
Building −0.09
C. vulgaris (dead) −0.37
Mature −0.39
Dwarf shrub height −0.98

Note: Structure (2003 data), Species (2006 data), Heather (2003 data).
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relative use of a moorland compartment by a species.
Poisson generalized linear mixed models (GLMMs)

were used to investigate the relationships between the

number of registrations of a species and the following

fixed variables: (1) the mean vegetation metric within

each compartment; (2) the Coefficient of Variation of

the vegetation metric within each compartment; and

(3) Year as a class variable (Year was included as a

class variable as changes in the measured bird

populations were not always generally linear during the

ten-year study period). The compartment (n = 9; note

vegetation measures for compartments B and C [see

Fig. 1] were combined) was introduced into the models

as a random repeated measure to account for other

site-dependent variables, such as altitude and aspect.

The area of each compartment (or length of transect

surveyed in each compartment for Meadow Pipit,

Skylark and Red Grouse), after multiplication by the

number of survey visits in a year and log-

transformation, was introduced as an offset. The

introduction of the product of compartment area (or

transect length) and number of survey visits into the

models accounted for both differences in compartment

size and also survey frequency. These models were

repeated for each species that was sufficiently abundant

within the study area for the population trends to be

effectively modelled and for each of the three derived

vegetation metrics (Structure, Species and Heather).

Control and potential influence of predation

Predation control was an integral part of managing the

mitigation area. Although the influences and effects of

each management action will inevitably be

interrelated, two recorded measures will provide some

indication for the effectiveness of predation control in

the mitigation area. First will be the number of crows

killed in relation to changes in their abundance. If

successful, a declining or continued low abundance of

Carrion Crows would be expected and numbers killed

would be related to the number of individuals

dispersing into the area. Carrion Crow abundance was

monitored annually and compared to moorland-

specific background trends (see above). Changes in the

number of Carrion Crows killed were assessed using a

Generalized Linear Model (GLM) where the number

killed in each year was the dependent variable and

year as a continuous factor.

Secondly, annual breeding success by Red Grouse was

expected to be determined in part by predation. If

control of predation was effective, grouse breeding

success would be expected to increase or remain high

within constraints determined by weather and disease,

for example. Changes in grouse breeding success were

assessed using a GLM where the number of young

grouse encountered during the post-breeding surveys

was the dependent variable and year was the only and

continuous factor. The number of females encountered

was included in the model as an offset, effectively

making the dependent variable the number of young

per female in each year.

Influence of disturbance

The active surface coal mine was located to the north of

the mitigation area and was immediately adjacent to

compartments A, B and C (Fig. 1). Operating 24-

hours each day through most of the study period there

was the potential for disturbance on the breeding birds

within the mitigation area. Three species (Red Grouse,

Meadow Pipit and Skylark) were sufficiently abundant

across the entire study area to model changes in

populations in relation to distance from the mine to

potentially look for an influence of disturbance.

GLMMs were used to investigate the relationship

between the number of registrations within each

kilometre square of all three species and the following

fixed variables: (1) Distance of the centre of the

kilometre square to the mine as a continuous variable;

(2) Year as a class variable; and (3) the interaction

term between Distance and Year. The kilometre square

was introduced into the models as a random repeated

measure and the models used a Poisson error

distribution with a log-link function.

Assessment of the influence of management
changes on breeding birds

Changes in bird populations are not only driven by

management practices but can also be driven by other

factors. For moorland birds, which by definition occur

in cool and humid environments, variable weather

might be expected to lead to marked annual variations

in breeding success and therefore population sizes.

Therefore it was important to assess changes in

breeding population sizes against independent but

comparable reference data as any changes relative to a

temporal baseline (e.g. at the start of the monitoring

period in 2002) could be caused by stochastic

influences rather than by changes in land management.
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The Breeding Bird Survey (BBS; Risely et al. 2012) is
the principal means of monitoring change in breeding

numbers of widespread terrestrial birds in Britain.

Annual fieldwork, mostly by volunteer birdwatchers,

sample randomly selected 1-km squares and survey all

birds from two transects subdivided into 200 m linear

sections (making 10 such sections within a complete

1-km square). The BBS provides a relevant set of

independent reference data, however the uplands and

particularly the uplands of Scotland, are poorly

represented (Cook et al. 2011). Therefore from 2007

annually to 2011, 30–32 BBS augmentation squares

were also surveyed using identical methods. The

augmentation squares were selected randomly from

comparable moorland habitat (initially identified from

Haines-Young et al. 2000 and Fuller et al. 2002 and

confirmed in the field) within south-west Scotland.

For the augmentation squares, two adjacent 1-km

squares were sampled (making 20 200-m sections

within each such site) in order to increase the number

of registrations of relevant species and increase the

statistical power to detect changes in relative abundance.

Changes in breeding bird populations at the mitigation

area during 2002–11 were compared against those within

similar moorland habitats as monitored by the BBS along

with its augmentation sites (hereafter combined and

referred to as the reference sites). Units of annual

population size in the mitigation area were the number

of apparent breeding territories apart from Skylark and

Meadow Pipit (mean estimate of number of individuals)

and Red Grouse (post-breeding adult population).

Although Carrion Crow was not known to breed within

the mitigation area (they would have been actively

removed), the total number of registrations during

constant-effort-search surveys was used as an index of

their annual abundance at the mitigation area.

For the reference site data, annual site-specific counts

were calculated as the maximum for each species over

the two survey visits summed across all transect

sections. For this study, squares from the core BBS

were selected as reference sites if they contained ≥5
transect 200 m sections (i.e. more than half of the 200

m sections) categorized as moorland habitats

comparable to the mitigation area (habitats recorded

after Crick 1992); all other transect sections were

removed prior to calculating the annual square count.

For the augmentation BBS data, the paired square

counts were pooled. For all reference sites, 200 m

transect section counts greater than ten individuals of

the two species of waders, Eurasian Curlew Numenius
arquata and European Golden Plover Pluvialis apricaria,

were excluded (as is the practice for BBS monitoring)

because of the high likelihood that these were flocks of

non-breeding birds. The Euclidean distance from the

centroid of each reference site to the centroid of the

mitigation area was used during the analysis to permit

spatial modelling of trends.

Generalized additive modelling (GAM) with spatial

smoothing was used to determine whether average

population trends predicted for the reference sites were

significantly different from those derived from data

collected at the mitigation area itself. Data from 474

reference sites were included based on the following

criteria: (i) those ≤300 km from the mitigation area,

because this provided a sufficiently large sample of

survey squares to provide a good estimate of the

population trend and more distant squares had

negligible influence on the predicted trend for the

mitigation site; and (ii) sites ≥5 km from the

mitigation area because there was potential for counts

at squares closer than these to be influenced strongly

by trends on the mitigation area itself (Fig. 1).

The comparative model included northing and

easting co-ordinates (for spatial smoothing) and year

(for temporal smoothing) in the smoothing term and

modelled treatment (mitigation or reference) as a

factor and a treatment:year interaction to test for

differing trends at the mitigation area from the

background moorland-specific trends at the reference

sites. Thus, the two models compared were:

Yit = a+ f1(northi, easti, yeart)+ treatmentj

+ 1i, (1)

Yit = a+ f1(northi, easti, yeart)+ treatmentj

+ treatmentj:yeart + 1i, (2)

where Yit = count in site i at time t, α = intercept,

treatmentj = 0 (reference sites) or 1 (mitigation area)

and ɛi = the site specific error. f1(… ) represents the

smoothing function which is applied to: northi = site

specific northing, easti = site specific easting and yeart,

which were all normalized before analysis. GAMs were

fit using thin-plate regression splines, with smoothness

established using cross-validation (‘mgcv’ package,

Wood 2006). A Poisson distribution was assumed for

the observed BBS counts and overdispersion was

corrected using Pearson’s χ2 goodness-of-fit statistic.

The log transformed number of qualifying transect

sections surveyed in the reference site was included as
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an offset. The mitigation area had an offset of 80

(equivalent of 10 transect sections per 1 km2). The

two nested models were compared using the

likelihood-ratio test statistics.

Where the treatment:year interaction term was

significant, the direction of the effect was determined by

visual inspection of the graph of the trends (plotted from

model 2 including the two site ‘treatments’, mitigation

and reference). Each trend was scaled to an initial value

of 1 (year = 2002) to permit direct comparison of

relative change. A lack of overlap between the

respective 85% confidence intervals was used as an

approximation to a statistically significant (P < 0.05)

divergence in trends between mitigation and reference

sites (after Anganuzzi 1993 and Peyton et al. 2003).

RESULTS

Eight breeding bird species were sufficiently abundant

within the mitigation area to permit a comparative

assessment of population trends during the period

2002–11 and also to allow an assessment of

associations with measured vegetation parameters: Red

Grouse, Eurasian Curlew, European Golden Plover,

Common Snipe Gallinago gallinago, Skylark, Meadow

Pipit, Stonechat Saxicola torquatus and Winter Wren

Troglodytes troglodytes. In addition, although not

known to have actually bred within the mitigation

area during the study period, Carrion Crows were

recorded in sufficient numbers for the trends in their

abundance to be modelled (Table 2).

Temporal changes in vegetation

As expected, there were differences in the two metrics

describing blanket bog condition between the

different compartments but overall across all

compartments there was no detectable change in any

of the three vegetation metrics (Table 3). However,

year-on-year variation differed among compartments,

Table 2. The modelled spatial trends in bird count over time for nine species occurring in moorland habitats and the significance of the interaction
term (model 2, see text) to assess any deviation in trends of bird populations within the mitigation area relative to the expected trends as predicted
from extensive data collected from comparable habitats.

Speciesa Model (GCV) % deviance explained
F-test (model 1 vs. 2) Treatment:year interaction

Δ Residual
deviance (df) Fb

Estimate
(se) tb

GP 1 (2.1) 54
2 (2.1) 54 0.58 (1, 1695) <0.1 2.09 (5.31) 0.4

CU 1 (3.6) 51
2 (3.6) 51 0.35 (1, 1699) 0.1 0.02 (0.72) <0.1

SN 1 (1.8) 14
2 (1.8) 14 5.90 (1, 1721) 2.9 −1.10 (0.73) −1.5

RG 1 (4.1) 47
2 (4.1) 47 1.07 (1, 1707) 0.5 −1.11 (0.50) 2.2*

WR 1 (3.4) 22
2 (3.4) 22 0.08 (1, 1709) <0.1 0.13 (0.76) 0.2

SC 1 (1.4) 32
2 (1.3) 35 68.2 (5, 1695) 11.7*** 6.00 (0.97) 6.2***

S. 1 (7.6) 60
2 (7.5) 61 172.2 (1, 1697) 34.1*** −1.36 (0.28) −4.81***

MP 1 (10.5) 70
2 (10.5) 70 69.9 (1, 1714) 12.2** −0.54 (0.16) −3.4***

C. 1 (7.0) 37
2 (6.7) 40 504.1 (2, 1695) 36.5*** 5.03 (0.63) 8.01***

Notes: The significance of the interaction term is reported, along with the likelihood-ratio test statistic comparing the two nested models.
GCV, generalized cross-validation; df, degrees of freedom.
aSpecies: GP, European Golden Plover; CU, Eurasian Curlew; SN, Common Snipe; RG, Red Grouse; WR, Winter Wren; SC, Stonechat; S., Skylark;
MP, Meadow Pipit; C., Carrion Crow.
bStatistical significance:
*P<0.05.
**P<0.01.
***P<0.001.
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as shown by the significant compartment:year

interactions. One compartment dominated by C.
vulgaris (Compartment E) showed a declining trend in

the Structure metric indicating development towards

taller and more tussocky graminoid cover (Fig. 2) but

no consistent temporal trends were evident for

the Species metric in any individual compartment.

The Heather metric also showed a significant

compartment:year interaction but no consistent trend

over time was apparent in any individual

compartment nor was there any significant difference

overall between compartments.

Bird-vegetation associations

Within the wider study area (the mitigation area plus

the additional compartments), the frequency of

occurrence of five bird species showed a positive

association with vegetation metrics that indicated a

greater prevalence of intact blanket bog dominated

by C. vulgaris (Red Grouse, European Golden Plover,

Meadow Pipit, Winter Wren and Stonechat;

Table 4). Those same species, with the exception of

European Golden Plover, tended to be more

abundant in compartments where the C. vulgaris had

predominantly tall rather than short structure. Four

species (Red Grouse, European Golden Plover,

Eurasian Curlew and Winter Wren) tended to be

more abundant where the vegetation metrics tended

to be most varied (a significant association with the

coefficient of variation), while one species (Skylark)

showed a preference for a less varied vegetation

structure (Table 4).

Predation control

The numbers of crows killed in each year ranged from 15

to 64, however there was no significant trend in the

Table 3. The results of repeated-measures analysis of variance of
vegetation metrics within the mitigation area to assess any changes in
vegetation composition and structure over time.

Compartment Year

Year:
Compartment
interaction

Metrica df Fb df Fb df Fb

Structure 5, 83 12.3*** 7, 77 0.6 35, 326 1.5*
Species 5, 83 25.5*** 4, 80 1.9 20, 266 2.8***
Heather 3, 23 0.5 7, 17 2.2 24, 49 2.2*

aMetrics: Structure, Structure only (2003–11); Species, Structure and
species (2006–11); Heather, C. vulgaris structure (2003–11).
bStatistical significance:
*P<0.05.
**P<0.01.
***P<0.001.

Figure 2. Interaction plots showing change over time in vegetation
metrics for the individual compartments shown in Fig. 1: (open
squares), (closed squares), (closed circles), D (open triangles), E
(open diamonds), F (open circles). Compartments B and C were not
included in the C. vulgaris Structure metric.

© 2014 British Trust for Ornithology, Bird Study, 61, 56–72

64 J. Calladine et al.



annual number removed during the ten years (x21 = 1.6,

P = 0.10). The number of young Red Grouse per adult

female encountered post-breeding ranged from 0.8 to

3.9 in each year, however that measure of breeding

success declined during the study period (parameter

estimate for Year as a main effect =−7.03, se = 2.5;

x21 = 6.0, P = 0.01).

Influence of disturbance from the surface mine

There was a statistically significant association between the

recorded population changes and distance from the active

mine for Red Grouse and Skylark but not for Meadow

Pipit (Table 5). The general direction of the association

for Red Grouse was for a more marked decline closer to

the mine while for Skylark the relationship was in the

opposite direction with a more marked decline with

increasing distance from the mine. Although not

statistically significant, the direction of the non-

significant trend for Meadow Pipit was for a greater

decline with increasing distance from the mine (Table 5).

There was a strong association for Red Grouse with

vegetation metrics indicative of greater proportionate

C. vulgaris composition and more intact blanket bog

(Table 4) which also tended to be furthest away from

the mine; the areas closest to the mine were dominated

by graminoid vegetation, while the more distant areas

were the more intact blanket bog dominated by

ericaceous vegetation. Therefore a confounding

Table 4. Associations of the frequency of bird occurrence (a measure of habitat use) with the mean and coefficient of variation (CoV) of vegetation
metrics derived from annual measures within the mitigation and nearby areas 2003–11.

Speciesa
Association slope with vegetation metricb

Structure metric Species metric Heather metric

Meanc CoVc Meanc CoVc Meanc CoVc

RG 0.91** 0.002** 0.88*** 0.001 −0.94** 0.001
GP 1.36*** 0.08** 1.01** 0.54** −0.63 −0.001
CU −0.32 0.001* −0.3 −0.001 0.03 0.001
SN −0.01 0.001 0.02 0.001 0.2 0.001*
S. 0.26 −0.001 −0.47 0.001*** −0.56 −0.001
MP 0.11 0.001 0.13* 0.001 −0.30** −0.001
WR 1.53*** −0.001 2.18*** 0.001 −1.12* 0.001
SC 1.03** −0.001 1.53** 0.001 −1.01* −0.001
C. 0.49 0.001 0.22 −0.001 0.3 0.001

Notes: A statistically significant (P<0.05) positive slope shows increased occurrence by a species where (a) intact blanket bog is more prevalent
(Species metric), (b) C. vulgaris is more dominant than graminoids (Structure metric), and (c) there tends to be an increased presence of short
growth forms within C. vulgaris structure (Heather metric).
aSpecies: GP, European Golden Plover; CU, Eurasian Curlew; SN, Common Snipe; RG, Red Grouse; WR, Winter Wren; SC, Stonechat; S., Skylark;
MP, Meadow Pipit; C., Carrion Crow.
bMetrics: Structure, Structure only (2003–11); Species, Structure and species (2006–11); Heather, C. vulgaris structure (2003–11).
cStatistical significance:
*P<0.05.
**P<0.01.
***P<0.001.

Table 5. Model outputs examining the relationships of population
indices for Red Grouse, Meadow Pipit and Skylark within the
mitigation area with increasing distance from the active surface coal
mine to assess the potential influence of disturbance by mining
activities.

Factor df Fa Estimateb

Red Grouse
Year 9 1
Distance 1 7.0* 0.32
Year × distance 9 0.4
Skylark
Year 9 0.3
Distance 1 20.2*** −0.1
Year × distance 9 0.6
Meadow Pipit
Year 9 0.55
Distance 1 2.5 −0.03
Year × distance 9 0.2

aStatistical significance:
bThe slope of the linear relationship of changing population index with
increasing distance (in km) from the mine.
*P<0.05.
**P<0.01.
***P<0.001.
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association between habitat availability and disturbance

cannot be excluded. Skylark, however, was found across

the continuum of graminoid to ericaceous dominated

habitats. The more positive population trends closer to

the mine suggest that for Skylark, population changes

were likely to have been largely driven by factors other

than disturbance from the mine. The opposing trends

by Red Grouse and Skylark with proximity to the

working mine and the lack of a significant trend for

Meadow Pipit (three species which had declined at the

mitigation area relative to background trends; see

below) suggests that there has not been a measurable

and overriding disturbance issue. This does not,

however, imply that there could not have been a

disturbance effect, for Red Grouse or for some less

numerous species.

Temporal changes in bird species abundance

Population sizes of the nine bird species within the

mitigation area varied, in some cases markedly, during

the ten-year period, 2002–11 (Table 2). Some of these

changes were undoubtedly associated with factors such

as weather, for example the declines in numbers of

resident passerines, Winter Wren and Stonechat,

followed two particularly severe winters of 2009–10

and 2010–11. Even with such marked annual

variations there were some divergences from the

expected trends predicted from the reference sites. A

significant treatment:year interaction term in the

models comparing population trends for five species

showed that the population trends differed at the

mitigation area from the predicted regional moorland-

specific trend (Table 2). Two species, Stonechat and

Carrion Crow, tended to show a more positive trend

within the mitigation area, while three species, Red

Grouse, Skylark, and Meadow Pipit tended to show a

more negative trend within the mitigation area (Fig. 3).

Four species, Eurasian Curlew, European Golden

Plover, Common Snipe and Winter Wren showed no

significant treatment:year interaction term (Table 2),

suggesting that the population trends at the mitigation

site may not differ significantly from the predicted

moorland-specific regional trend. For the three waders,

sample sizes within the mitigation area were consistently

relatively small (Appendix 1) with an inherent low

power to detect statistically significant divergence in

trends from the reference data. Given that major

caveat, there is a suggestion that European Golden

Plover may not have declined in the mitigation area as

markedly as would have been expected from the

reference site trends while in contrast, Common Snipe

may have declined more markedly than expected (Fig.

3). There was no suggested divergence in trend for

either Eurasian Curlew or Winter Wren (Fig. 3).

DISCUSSION

Amongst bird population changes that were effectively

modelled, and excluding Carrion Crow (numbers of

which were manipulated within the mitigation area),

just one species (Stonechat) demonstrated a

statistically significant positive response: its change in

breeding density increased in the mitigation area

relative to the predicted concurrent moorland-specific

background trend. In contrast three species (Red

Grouse, Skylark and Meadow Pipit) showed

statistically significant population declines in the

mitigation area relative to the predicted background

trends. Four species showed no real detectable

difference in their population changes in response to

mitigation management relative to the background

trend. A similar lack of positive response is also

apparent for the scarcer species that were recorded in

the mitigation area, with the possible exception of

Black Grouse Tetrao tetrix (Appendix 1). Rejecting the

original hypothesis that the recommended suite of

management actions (grazing reduction, cutting, drain

blocking, wetland creation and predator control) will

result in increased breeding bird densities, we consider

possible factors contributing to the lack of success of

conservation management in this case:

(a) Population densities – Initial population densities

were already high and therefore there was little

scope for them to increase;

(b) Appropriateness of management prescriptions –

Some (or all) of the management prescriptions

were either not appropriate for the site, changes

in management were insufficient or there had

been insufficient time to deliver changes in bird

populations;

(c) Size of mitigation area – The mitigation area was too

small for management changes within it alone to

result in increased bird densities and/or management

changes in neighbouring areas had an overriding

influence on bird densities within themitigation area;

(d) Predation – The monitored bird populations were

affected by changes in the abundance of non-

controlled (raptors and owls) and controlled

predators.
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Initial population densities

The mitigation area was within a wider area of moorland

that had been surveyed for breeding birds in 1989

(Brown & Shepherd 1989). Using the constant-effort-

search survey methods as in the current surveys, but

with just two survey visits, the 1989 survey identified

28 territories of Eurasian Curlew, six of European

Golden Plover and seven of Common Snipe within

the boundaries of the mitigation area. Two survey

visits are likely to underestimate population sizes

compared to the four surveys employed in the current

study, identifying an average of 77%, 72% and 60% of

territories, respectively, for those three wader species

(Calladine et al. 2009). Therefore in 1989, the

mitigation area was estimated to have supported three

times as many breeding Eurasian Curlew as the

maximum number recorded during 2002–11, while

counts of the other two species were similar to the

maxima recorded during 2002–11. Surveys in 1989 of

Figure 3. A comparison of the trends in population indices for nine species from 2002 to 2011 as measured in the mitigation area (solid lines) and
as predicted from the reference sites (dotted lines). Note the differing scales of the indices (vertical axes) between species.
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Red Grouse were not comparable and Meadow Pipit and

Skylark were simply reported as ‘common’. There was

however no mention of Winter Wren, Stonechat or

Carrion Crow and it is possible that these species were

either absent or present only at low densities in 1989

or not surveyed/mentioned. The available evidence

therefore suggests that the mitigation area had the

potential to support higher densities of breeding

Eurasian Curlew. Other moorland bird species were

present at either similar or lower densities than at the

start of mitigation management programme in 2002–03

and so their potential for population increases was

probably limited.

Appropriateness of management prescriptions

Although there had been little habitat response to

changes in grazing management, vegetation monitoring

did show that habitat condition had stabilized and

degradation had been prevented. An exception was

the trend from C. vulgaris to taller, more graminoid

vegetation in one compartment, which might be a

result of reduced grazing intensity allowing the existing

graminoid species to overtop the dwarf shrub

component. Also, the potential for population

increases were probably limited (because some densities

were initially quite high), however the fact that three

species actually declined relative to predicted

background trends was unexpected. Further, there was

no consistent pattern in the relative trends in the

abundance of different bird species (positive, negative

or no different to predicted background trends) with

respect to their association with different habitat

variables. It seems unlikely that vegetation

management will have been a principal cause of

declines in some breeding birds and causal factors

likely lie elsewhere.

The only quantitative measure of the effectiveness of

predator removal was the index of Carrion Crow

abundance. This increased markedly relative to the

concurrent moorland-specific background trend during

the ten years of monitoring while there was no

corresponding increase in the numbers removed from

the mitigation area. Although there are limitations

associated with monitoring a limited number of the

potential predators (Nicoll & Norris 2010), when

considered with the reduced breeding success by Red

Grouse during the study period, it does suggest that the

attempted control of predators did not effectively

reduce or even maintain low densities of the target

species at least during the later part of the study. Prior

to 2002 much of the mitigation area was managed as

an integral part of a grouse moor with active predator

control practised by estate gamekeepers. This

continued on the immediately adjacent ground to the

east and south of the mitigation area until 2004, after

which most predator removal in the general area was

undertaken only as part of the targeted mitigation

management and restricted to the study area. Up to

2004 predator removal from the neighbouring grouse

moor would have been additive to efforts in the

mitigation area. Certainly, cumulative effort into

predator control within the general area, including the

mitigation area, would have declined markedly after

that time. Changes in predation pressure are a

candidate for a cause of the general absence of

population increases by moorland birds.

Size of mitigation area

Few birds are reliant on single habitats and the

distribution and abundance of species can be

influenced by the distribution and availability of

diverse habitats surrounding their breeding areas

(Heikkinen et al. 2004, Wretenberg et al. 2010) and

for non-resident species, the conditions within the

areas that they occur outside of the breeding season

(Newton 1998, Dobson et al. 2012). Amongst the suite

of moorland breeding birds monitored at the

mitigation area probably only Red Grouse and

potentially Winter Wren relied exclusively or

predominantly on the moorland habitat all year. Even

within the breeding season, the surrounding land,

including agricultural ground, is used by and can

influence population densities of moorland breeding

birds (Whittingham et al. 2000, Robson & Percival

2002, Dallimer et al. 2010).
Land neighbouring the mitigation area was principally

used as a grouse moor (though less intensively from

2005), enclosed pasture and a surface coal mine. There

is no firm evidence that disturbance from the mine

adversely affected bird populations in the mitigation

area. Management of the grouse moor did change

markedly during the study period and is likely to have

affected predator densities in the mitigation area (see

above). Grouse moors, where management includes a

grazing and burning regime that encourages C. vulgaris
and the control of predators, can support higher

densities of some ground nesting birds, including Red

Grouse, Eurasian Curlew and European Golden Plover
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than found in some moorland not specifically managed

for grouse (Tharme et al. 2001, Baines et al. 2008,

Fletcher et al. 2010). With a reduction in management

associated with grouse shooting it is probable that the

densities of some of those species would have declined

in response. This raises the question whether at 9.5

km2 the mitigation area would be able to support

increasing populations of moorland breeding birds (a

target of the mitigation management) when densities

in contiguous moorland could have been in concurrent

decline. Experimental control of predators in

comparable moorland habitats in Northumberland

(ca. 120 km east-south-east of the mitigation area)

within comparable sized moorland blocks (9.3–14.4

km2) was demonstrated to be associated with increases

in breeding densities of Red Grouse, Eurasian Curlew

and European Golden Plover (Fletcher et al. 2010).

The outcome of that single-prescription (legal predator

control) experiment does imply that management for

the assemblage of moorland birds at the scale of the

mitigation area in this study is feasible at least when

targeted control effectively limits predator densities.

An influence of habitat condition away from the

breeding areas is unlikely as this would have similarly

affected the reference data, though the possibility

that nearby agricultural land that would have been

used by the moorland breeding birds could have

changed in terms of their quality and resources that

were available to those birds cannot be altogether

excluded. We are, however, not aware of any major

changes during the study period within the

immediate area. Furthermore, any subtle changes in

land use, such as stocking regimes on pastures, will

likely to have been in response to economic

circumstances and formal agricultural policies and

would therefore likely have been implemented across

the reference sites as well.

Predation by raptors and owls

Predation by raptors can lead to reduced population

densities of Red Grouse, Skylark and Meadow Pipit on

moorland (Thirgood et al. 2000, Amar et al. 2008,

Baines et al. 2008, Park et al. 2008). Breeding numbers

of raptors and Short-eared Owl Asio flammeus actually
decreased in the mitigation area during the ten-year

study period (Appendix 1), with similar (or even more

marked) declines elsewhere within the area

(unpublished SPA monitoring data supplied by

Scottish Natural Heritage). Therefore raptor (and owl)

predation is most unlikely to have driven declines of

prey species within the mitigation area.

The original expectation that breeding moorland bird

populations in the mitigation area would have increased

in response to a specific suite of management

prescriptions was not demonstrated. Furthermore, the

evidence is that some species actually declined and

highlights practical difficulties of establishing

management regimes on moorland that are effective in

increasing bird abundance. No apparent causal

relationship between vegetation/habitat management

and declining bird populations was detected. There was

also no evidence for an association with disturbance

from the mine. The failure to effectively control

predators was a plausible cause of the general lack of

success to achieve the intended objective; predation has

been either shown or strongly suggested as a cause of

declines for upland and moorland populations of

Eurasian Curlew, European Golden Plover and

Northern Lapwing (Vanellus vanellus) (Parr 1993, Grant

et al. 1999, Fletcher et al. 2010, Amar et al. 2011).
Monitoring of the mitigation area was always to be an

examination of the influence of a suite of management

prescriptions rather than an experimental approach

that could determine the influence of single factors.

Although an experimental approach would have been

the ‘ideal’, with separate repeated and reversible

treatments for each management prescription, the

value of monitoring the effectiveness of conservation

management as it is widely applied remains (Hill &

Arnold 2012). This is especially relevant in the light

of the considerable resources that are spent on

conservation management in the wider countryside

(e.g. through agri-environment schemes) and ongoing

declines in many bird populations (Berendse et al.
2004) and specifically relevant to our study, within

upland Britain (Sim et al. 2005). Moorland habitat

management to enhance biodiversity is widely

advocated and significant resources are devoted to it.

However, this study demonstrates the practical

difficulties in establishing effective management for

moorland birds. In the light of ongoing declines of

moorland birds, the expectation of a responsive

increase in their population sizes where they are

vulnerable to predation and where its control is not

effective may be unrealistic.
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APPENDIX 1. THE ANNUAL ABUNDANCE OF SPECIES RECORDEDWITHIN THE MITIGATION AREA 2002–11.

(a) Species sufficiently numerous for their trends to be modelled.

Year
European Golden

Plovera
Eurasian
Curlewa

Common
Snipea

Red
Grouseb

Winter
Wrena Stonechata Skylarkc

Meadow
Pipitc

Carrion
Crowd

2002 6 9 5 109 5 3 705 2613 2
2003 8 10 10 120 13 2 500 2229 4
2004 7 8 11 241 19 9 460 2340 21
2005 8 12 10 186 16 8 641 530 10
2006 5 10 6 165 21 8 933 2068 10
2007 7 8 5 106 23 5 529 1691 26
2008 6 10 10 93 17 6 709 1936 49
2009 6 7 6 63 21 9 687 1548 30
2010 5 8 7 93 2 2 394 795 72
2011 4 9 4 90 3 2 311 1665 135

aApparent breeding territories assessed by four-visit constant-effort-search surveys.
bPost-breeding estimate of the number of adults assessed by single transect counts using pointer dogs.
cMean estimate of individuals derived from two distance sampling surveys.
dTotal number of registrations recorded during four constant-effort-search surveys.

(b) Scarcer species.

Black Grousea Hen Harrierb,c Merlinb,d Short-eared Owlb Northern Wheateare,f Whinchate,g Reed Buntinge,h

2002 3 2 1 1
2003 1 2 1 1 0 0 2
2004 2 2 2 1 1 1 2
2005 5 1 2 1 4 2 1
2006 3 2 1 0 0 0 2
2007 2 2 1 2 0 0 0
2008 1 1 0 1 0 0 1
2009 4 1 0 1 0 0 0
2010 3 1 0 1 2 0 0
2011 9 0 0 0 2 1 1

aTotal number of registrations recorded during four constant-effort-search surveys.
bThe number of active nests.
cCircus cyaneus.
dFalco columbarius.
eApparent breeding territories assessed by four-visit constant-effort-search surveys.
fOenanthe oenanthe.
gSaxicola rubetra.
hEmberiza schoeniclus.
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