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Abstract There has been a rapid decline of grassland bird species in the UK over the last

four decades. In order to stem declines in biodiversity such as this, mitigation in the form

of newly created habitat and restoration of degraded habitats is advocated in the UK

biodiversity action plan. One potential restored habitat that could support a number of bird

species is re-created grassland on restored landfill sites. However, this potential largely

remains unexplored. In this study, birds were counted using point sampling on nine

restored landfill sites in the East Midlands region of the UK during 2007 and 2008. The

effects of restoration were investigated by examining bird species composition, richness,

and abundance in relation to habitat and landscape structure on the landfill sites in com-

parison to paired reference sites of existing wildlife value. Twelve bird species were found

in total and species richness and abundance on restored landfill sites was found to be higher

than that of reference sites. Restored landfill sites support both common grassland bird

species and also UK Red List bird species such as skylark Alauda arvensis, grey partridge

Perdix perdix, lapwing Vanellus vanellus, tree sparrow, Passer montanus, and starling

Sturnus vulgaris. Size of the site, percentage of bare soil and amount of adjacent hedgerow

were found to be the most influential habitat quality factors for the distribution of most bird

species. Presence of open habitat and crop land in the surrounding landscape were also

found to have an effect on bird species composition. Management of restored landfill sites

should be targeted towards UK Red List bird species since such sites could potentially play

a significant role in biodiversity action planning.
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Abbreviations
LF Landfill

RF Reference

Introduction

Grassland accounts for over 65% of the agricultural land in Britain on which a range of

birds depend exclusively or partly (Vickery et al. 2001; Atkinson et al. 2004; Morris and

Gilroy 2008). Destruction of natural habitat, fragmentation, intensive agricultural practices

and extensive changes in landscape structure are key factors in the recent decline of many

bird species (Fuller et al. 1995; Atkinson et al. 2004). In Britain, most declines date back to

at least the 1970s, a period when several fundamental changes were taking place in British

agriculture through simplification of crop rotations, increased use of chemical pesticides,

more intensive grassland management and a shift from spring to autumn sown cereals

(Browne et al. 2000; Gregory et al. 2004). Such changes reflect broad-scale transformation

across Western Europe as EU support for agriculture has resulted in range contractions and

population declines in many farmland bird species (Donald et al. 2001; Vořišek et al.

2010).

Compensatory measures are recommended in the UK biodiversity action plan to offset

the impact of habitat loss (Anon 1994; Parker 1995; Morris et al. 2006). Habitat creation or

re-creation have been used in conjunction with habitat protection legislation in the UK to

conserve extant biodiversity and habitat (Wheater et al. 2000; Morris et al. 2006).

Restoration and reclamation of land once used for landfilling has generated great interest as

landfill operators are obligated by planning legislation to restore such areas by creating

grassland or planting trees (Davis 1988; Dobson and Moffat 1993; Handel et al. 1997;

Wheater and Cullen 1997; White et al. 2003; Davies 2006). There are approximately 2,200

working landfill sites in England and Wales covering 28,000 ha and they are closing at a

rate of about 100 per year (DETR 2001; EA 2006). These sites therefore represent a

significant stock of land with conservation potential.

Species richness of an area is affected by local factors such as size, shape and habitat

quality, and also by landscape level factors such as the spatial configuration of different

land use (Wiens 1995; Mazerolle and Villard 1999). For example, grassland vegetation

structure includes vertical and horizontal distribution of the vegetation which can affect

feeding efficiency of birds, which in turn can influence foraging site selection by a range of

grassland bird species, many of which are of current conservation concern (Tucker 1992;

Butler et al. 2005). Habitats with a more heterogeneous vegetation structure suit the

foraging requirements and predator escape strategies of a broad range of species and thus

support a higher species richness (Butler et al. 2005).

At a larger scale the composition of habitat types in a landscape and the spatial structure

of those habitats can influence species assemblages and help maintain viable populations

(Dunning et al. 1992; Söderström et al. 2001). There is a growing recognition of the

importance of landscape context on bird assemblages and the type of landscape matrix in

which a patch is embedded can potentially mitigate the negative effect of habitat isolation

for a given species (Wiens 1997; Bennett et al. 2004). The field margin, and in particular

the hedgerow, is also a key factor for bird species richness with the height of the hedgerow

being important (Parish et al. 1994; Hinsley and Bellamy 2000). At the landscape-scale,
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some species tend to use open grassland at specific times, e.g., in winter lapwing Vanellus
vanellus, goldfinch Carduelis carduelis and robin Erithacus rubecula tend to shift more to

landscapes with a greater pastoral component (Atkinson et al. 2002).

There have been few studies on the role that restored landfill sites can have for bird

species conservation. The aim of the present research was to determine the role of newly

created grassland and associated edge habitat (e.g., hedgerows) on landfill sites in pro-

viding habitat for bird species. Accordingly, we outline the abundance patterns and spatial

distribution of birds in relation to local habitat and landscape variables in restored landfill

sites, and make comparisons to nearby designated conservation sites.

Methods

Study sites

The study area covered mainly Northamptonshire and parts of Bedfordshire, Buckingham-

shire and Warwickshire, ranging from 51�58044.7400 N to 52�26042.1800 N and

0�27049.9400 W to 1�19057.6700 W (Fig. 1). This region has countryside of low, undulating

hills separated by valleys and lies entirely within the great belt of scarplands formed by rocks

of Jurassic age which stretch across England from Yorkshire to Dorset (Beaver 1943;

Sutherland 1995; Wilson 1995). Nine restored landfill (LF) sites were selected from the pool

of 42 based on minimum size of the site and sites which have been restored for at least 4 years.

The mean size (±standard deviation) of restored landfill sites was 13.98 ± 10.45 ha. The

landfill sites, all between 4 and 15 years old, were selected to provide a spread of ages of

recently restored grassland communities. Grassland on most of the restored landfill sites was

managed by mowing during summer whereas all reference sites were managed by either

mowing or grazing. In order to provide a comparison, the closest grassland sites of recognised

conservation value (being designated as either local nature reserves (LNRs) or sites of special

scientific interest (SSSI)) to the restored landfill sites were selected (Fig. 1). Such sites were

close enough to the landfill sites so that they experience similar local climates, have the same

regional pool of species, and have comparable landscape contexts (mean distance =

4.46 ± 3.47 km, range = 1.31–11.75 km). The landfill sites were representative of restored

landfill sites within the region and thus probably fairly typical of restored landfill sites in

lowland UK.

Bird sampling

Bird numbers were assessed in spring, summer and autumn by means of point counts with

infinite counting range from April 2007 to October 2008. They involved counting birds

from fixed points during a specified time interval (Baillie 1991). This method is ideal for

bird sampling within grassland habitat and is a reliable estimator of bird density for a range

of different species. Birds were counted from a centre point of each site with a 5 min

duration, in line with European monitoring schemes (Baillie 1991) and identified by

acoustic and morphological characteristics with the aid of 10 9 40 binoculars (Bibby et al.

1992). All birds foraging or nesting in particular study sites were counted, whilst species

flying overhead but not using sites were not counted. Double counting was minimised by

taking into account the area to which birds had moved. The rationale of this approach was

to provide broad coverage over a number of paired sites with a view to standardising

surveys. The data are therefore not intended to be a complete list of species and it is likely
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that this approach may have missed some of the more localised species. Nomenclature

follows that of Hagemeijer and Blair (1997). Each landfill site and its corresponding

reference site were sampled on the same day with no censuses conducted in high winds or

heavy rain as in such weather conditions bird activity tends to be reduced (Wilson et al.

1997).

Local and landscape variables

Local habitat quality factors which are considered to have an effect on the distribution of

birds include: size of the sites, shape index, total surrounding hedgerow C2 m in height

and total surrounding hedgerow\2 m in height, mean vegetation height, vegetation height

diversity, percentage of bare soil (Wilson et al. 1997; Bennett et al. 2004). The Shape

Index, Shpindx, was calculated by comparing the perimeter of the patch to that of a circle

of the same size:

Shpindx ¼ P=2ðpAÞ

where A is size of the site and P is boundary length (Faeth and Kane 1978; Forman 1995).

The total length of hedgerow\2 and C2 m in height surrounding each site were estimated

from Google Maps� combined with field surveys. Landscape parameters for each site were

calculated within arcs of 500 and 1000 m radius around each site using a GIS (ESRI 1999).

In each circle, the proportion of the total area covered by open habitat, grassland, cropland,

built-up land, scrubland, and woodland were measured (Refer to Fig. 3 legend for

abbreviations of variables used in analyses). Note that whole fields did not have to be

within 500 or 1000 m radius to be included in the analysis. For example, if a field was

dissected by the arc, the whole of that field was included in the estimate of cover. Measures

of vegetation height and percentage bare soil were taken from the stem nearest the four

Fig. 1 Location of selected landfill sites and reference sites used in the present study in Northamptonshire
and its surrounding counties
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corners and centre of each quadrat, respectively, in 10 random 1 9 1 m quadrats on each

site.

Data analysis

Mean number of birds from multiple visits were used for data analysis. To analyse the data

generalized linear models (GLMs) were constructed to compare local habitat and land-

scape parameters affecting different species, and to establish which habitat and landscape

characteristics explained significant changes in the frequency of occurrence for each

species. To ensure analyses focussed on resident species, habitat associations were mod-

elled for those seven bird species which were recorded at least three times in the surveys.

The analysis was carried out with the software R (R Development Core Team 2003). Non-

significant predictors (independent variables) were removed in a stepwise manner (least

significant factor first). For distribution pattern of bird species, data were initially analysed

using detrended correspondence analysis. Redundancy analysis (RDA) was performed on

the same data using CANOCO for Windows version 4.0 (ter Braak and Smilauer 2002).

Results

Bird species richness and abundance

A total of 12 species of birds were recorded in point counts both in restored landfill sites

and their corresponding reference sites in all three different seasons during 2007 and 2008.

All 12 species occurred on restored landfill sites whereas only five species were found on

reference sites (Table 1). Greater mean species richness was found in restored landfill sites

compared to reference sites (Fig. 2a). There were also significant differences in the

abundance of birds counted between the restored landfill sites and reference sites (Fig. 2b).

The ranking of species by their proportional abundances indicated that the most abundant

in the restored landfill sites were skylark Alauda arvensis and carrion crow Corvus corone,
whereas in reference sites the most abundant species were C. corone followed by magpie

Pica pica (Table 1). Within restored landfill sites, there was no significant difference in

mean species richness (ANOVA: F1,8 = 0.77, P = 0.40) or abundance (ANOVA:

F1,8 = 0.07, P = 0.79) whether management (mowing) was applied or not. Further, there

were neither significant correlations between bird species richness nor abundance with age

of the restored landfill sites (bird abundance vs. age, r = -0.37, P = 0.32; bird species

richness vs. age, r = -0.38, P = 0.11, n = 9).

Ordination of bird species with local habitat and landscape parameters

Ordination using multivariate analysis displayed the major variation in bird community

composition across the restored landfill sites and reference sites with their environmental

variables. DCA was carried out on the total species data set and the resulting gradient

lengths were fairly short (less than 3.0), suggesting that linear analytical techniques were

more appropriate. RDA was used to examine the influence of local habitat and surrounding

landscape composition on community structure of bird species.

Figure 3a represents the RDA ordination plots of the variation in bird species compo-

sition with respect to local habitat parameters. The first two axes explained 69.5% of the

Biodivers Conserv (2011) 20:1879–1893 1883

123



variability in species data with size of the sites, amount of hedgerow \2 m height, and

percentage of bare soil all on the positive part of axis-1 and associated with most of the

bird species in terms of distribution and abundance.

Within the 500 m and 1000 m radius zones, the first two axes of RDA explained 31.4

and 24.7% of the variability in species data, respectively (Fig. 3b, c). Open habitat and

cropland were found to have the greatest power to explain the abundance and distribution

of bird species in these analyses.

Exploratory GLM analysis for diversity, richness and abundance of bird species

Of the 12 bird species recorded, seven species which occurred on more than three sites in

2007 and 2008 were further analysed using GLM. Among the habitat quality variables,

percentage bare soil, size of sites, and shape index were found to be significant explanatory

variables for bird abundance. The size of the site was a highly significant variable

explaining diversity and richness of bird species. Mean vegetation height and percentage

bare soil were also found to be significant variables for bird species diversity (Table 2).

Among the landscape variables, the percentage of open habitat surrounding each of the

studied sites explained the largest amount of variation in diversity and richness of bird

species. Bird abundance was found to be negatively influenced by the percentage of

scrubland and woodland in the surrounding habitat but positively related to open habitat

and built-up land, cropland and grassland (Table 2).

Bird species responded individually to the habitat and landscape variables. The size of

the site was found to be the most common variable explaining the abundance of most bird

species, except for pheasant Phasianus colchicus. This species tended to occur most often

in sites surrounded by woodland patches. The presence of hedgerow surrounding the sites

was found to significantly influence the abundance of skylark A. arvensis, woodpigeon

Columba palumbus, tree sparrow Passer montanus, and magpie P. pica. The abundance of

collared dove Streptopelia decaocto was mostly explained by the presence of open habitat

Table 1 Bird species recorded in restored landfill sites and their corresponding reference sites, the number
of sites occupied and their status as grassland species and woodland/edge species

Scientific name Species No. of sites (n = 18) Ecological groupsa

Landfill Reference Grassland Woodland/Edge

Alauda arvensis Skylark 9 1 *

Columba palumbus Woodpigeon 4 2 *

Corvus corone Carrion crow 9 9 *

Passer montanus Tree sparrow 6 0 *

Perdix perdix Grey partridge 3 0 *

Phasianus colchicus Pheasant 4 0 *

Pica pica Magpie 1 6 *

Prunella modularis Dunnock 3 0 *

Streptopelia decaocto Collared dove 3 1 *

Sturnus vulgaris Starling 1 0 *

Turdus merula Blackbird 1 0 *

Vanellus vanellus Lapwing 1 0 *

a Sources: Bennett et al. (2004), Golley (2004) and Batary et al. (2007)
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in the surrounding landscape. However, the results from the GLM suggested that species

diversity, abundance and richness of the restored landfill sites and reference sites were

highly related to habitat quality and landscape variables (Table 2).

Discussion

General grassland bird species richness and abundance

Bird data from the 2007 and 2008 surveys showed that restored landfill sites appear to

differ from their corresponding reference sites with respect to bird species richness and

abundance (Fig. 2a, b). A comparison of the abundance of birds showed that re-created

grassland on restored landfill sites contained numbers of species equal to or above that of

equivalent habitats of nature conservation value. Most bird species were found on the

restored grassland on landfill sites and such sites hosted the highest number of bird species

a

b

Fig. 2 a Differences in the
numbers of bird species between
landfill (LF) sites and reference
(RF) sites (paired t-test, t = 4.56,
df = 8, P = 0.002), and
b Differences in the total
abundance of birds between LF
sites and RF sites (Paired t-test,
t = 3.74, df = 8, P = 0.006)
(both means ± 95% Confidence
Limits)
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and the highest abundance of individuals (Fig. 4). Every species has specific habitat

preferences, and these newly created grasslands can contribute greatly to conservation by

providing additional habitat for common species but also for declining bird species such as

skylark A. arvensis.

Intensive grassland management can have both positive and negative effects on bird

species richness and diversity (Fuller and Gough 1999; Verhulst et al. 2004). Management

can impact on bird populations through changes in vegetation structure, food resources,
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and predation pressure (Vickery et al. 2001). Intensive management may increase nest

losses due to predation and trampling (Wilson et al. 1999; Pavel 2004). However, in the

present study any differences in management (i.e., mowing vs. grazing) produced no

discernable impacts on species richness and abundance of birds on restored grasslands.

This could be explained by the fact that sites harbour both grassland and non-grassland bird

species, some of which only feed on sites and do not nest there, and that both types of

management produce a fairly uniform sward with little variation in vegetation height which

therefore have a lack of explanatory power when compared with other independent vari-

ables (Table 1).

Relationships between bird species, habitat quality and landscape features

Most of the bird species showed one or more significant correlations with habitat and

landscape variables in the GLM analysis (Table 2). The size of the sites and the percentage

bare earth on site were found to be significant factors explaining species abundance and

diversity, possibly because such habitats help contribute towards the provision of sufficient

foraging resources for a large number of individuals of different bird species. The abun-

dance of birds was also found to be related to all six landscape variables. This result is

consistent with other studies that found that the abundance of bird species within a patch

was influenced by the surrounding habitat matrix (Robertson et al. 1990; Baillie et al.

2000).

Species richness and diversity were related to both the nature of the sites themselves and

to that of the surrounding landscape within a 500 m radius. The site itself clearly had the

strongest influence on the number of bird species (Fig. 5). Local habitat quality and

landscape factors within 500 and 1000 m radius zones were significant factors explaining

the abundance of bird species in the study sites. However, it should be noted that the RDA

generated similar plots for these two scales and the overall explanatory power was mar-

ginally higher at the 500 m compared with the 1000 m scale (31.4 cf. 24.7%) (Fig. 3b, c).

Fig. 4 Bird species abundance (individuals) on LF sites and their corresponding RF sites. (line = 1:1). All
species are referred to by the first three letters of the genus name followed by the first three letters of the
species name. Some species names omitted for clarity
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Overall, the 500 m scale also had higher explanatory power in the GLM analysis with

some models being significant at the 500 m scale but not the 1000 m scale (i.e., diversity,

richness, and tree sparrow P. montanus) and, with the exception of woodpigeon

C. palumbus which only generated significant models at the local habitat scale, greater

overall explanatory power for the remaining variables except magpie P. pica and collared

dove S. decaocto.

Overall, the Local Habitat Model accounted for higher variance in GLM analysis and it

may be concluded, therefore, that the local scale plays a significant role in determining bird

species richness and diversity in the restored landfill sites. A higher proportion of insect

feeding birds (e.g. skylark A. arvensis, tree sparrow P. montanus, dunnock Prunella
modularis and lapwing V. vanellus) were found on restored landfill sites compared to the

reference sites. Such differences may come about due to differences in the availability of

differing food resources on restored landfill sites compared to reference sites and in par-

ticular due to the availability of invertebrates. In contrast, generalists (e.g., magpie P. pica)

were found in higher proportions within the reference sites than the restored landfill sites

(Fig. 4).

In the present study, abundance of birds was found to be mostly determined by both

local and landscape factors whereas bird species richness was mostly influenced by size of

the sites (Fig. 5). Söderström et al. (2001) emphasised the importance of landscape

composition for birds and found that grassland birds decreased with increasing proportions

of urban elements and arable fields in a 1000 m landscape area. Likewise, Moreira et al.

(2005) found that species richness was primarily influenced by landscape context, whereas

local factors mostly determined abundance. McCollin (1993) found that bird distribution

was mainly related to landscape structure represented by an underlying gradient of habitat

fragmentation. There is therefore growing evidence that the nature of the surrounding

landscape influences bird communities (Robinson et al. 2001; Atkinson et al. 2002).

In this study, both local and landscape variables were significant predictors of abun-

dance for all species except woodpigeon. Thus it seems that the variation in abundance and

frequency amongst species in different restored landfill and reference sites was determined

by habitat quality features within the sites and in the surrounding landscape. Two factors

that appear to distinguish LF from RF sites in the RDA are size of site (Fig. 3a) and the

presence of open habitats (OH) (Figs. 3b, c). Grassland bird species of conservation

concern associated with these areas include skylark, lapwing and grey partridge. Open

Fig. 5 Comparison of the total independent variance attributed to local habitat quality (shaded), landscape
variables within 500 m radius zone (clear) and landscape variables within 1000 m radius zone (grey) for
each response variables. All species are referred to by the first three letters of the genus name followed by
the first three letters of the species name
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habitats in this context contrasts with the vicinity of woodland (WL) and other scrubby

vegetation (SL) or vertical habitats (BL) which could potentially provide perching or

nesting sites for predators.

It is clear from these data that local characteristics and landscape measures should be

taken into consideration when considering management of sites. Field boundary habitats

are known to be extremely important in providing both foraging and nesting habitats for

many species of farmland bird (Morris and Gilroy 2008). Moreover, habitat preferences

and autoecological traits of an organism, together with landscape features must be con-

sidered in conservation and management planning for each restored landfill site.

Conclusions

In conclusion, it has been demonstrated that bird richness and abundance depends upon

local and landscape variables in newly created grasslands on restored landfill sites.

A number of UK Red List bird species recorded on restored landfill sites include skylark

A. arvensis, tree sparrow P. montanus, grey partridge P. perdix, starling S. vulgaris and

lapwing V. vanellus, and UK Amber List species included Dunnock P. modularis. The

particular factor that led to inclusion in the UK Red List for these species was severe (at

least 50%) decline in UK breeding populations over last 25 years, or declines over a

longer-term period (Eaton et al. 2009). The degree to which restored landfill sites have the

potential to play a role in the conservation effort for UK Red List bird species in the UK

deserves further investigation to test the generality of our findings.

Notwithstanding the need for such research, developing broad plans for managing these

restored sites sensitively for birds is unlikely to be difficult. The results of this study

suggest that there are several ways of maximising the benefits of restored landfill sites to a

number of bird species. It should be emphasised that conservation of bird species in

restored landfill sites may require both local and a landscape perspectives. By increasing

habitat heterogeneity within a landscape, restored landfill sites can enhance the diversity of

a local area.
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