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Assessing habitat quality parameters and sand properties on sand lizard 

Lacerta agilis breeding sites to inform the creation of receptor sites 

Stephanie Greshon, Charlie Collier, Ceri Davies, Samuel Moore, Angelica Plumb, Martin Richardson, 

Andrew Skellern, Miriam Thavarajah, Ralph Thompson & Darrel Watts 

Cover image: (Left) Male sand lizard basking near Hyde Pit; (Middle) The team at work, Hyde Pit; (Top right) Smooth snake, 
Worgret Heath; (Bottom right) The team at work, Norden Heath (M.T. & R.T., 2022) 

Abstract 

Research shows that the internationally protected sand lizard Lacerta agilis L. has specific habitat requirements, 
especially when occurring at the edge of its distribution range. Quarrying for sand and gravel deposits when the 
occurrence of sand lizards and other rare species has been confirmed necessitates the translocation of the 
animals to a suitable receptor site to preserve breeding populations and to avoid legislative penalties. The aim of 
this research project was to compare habitat quality and sand quality parameters in one such receptor site, Hyde 
Pit at Masters Quarry in Dorset, with nearby known sand lizard breeding sites to inform the future creation of 
suitable receptor sites within the context of planned resource extraction, and climate change. We were able to 
confirm that the receptor site features many of the known key habitat parameters essential for sand lizards, both 
in terms of vegetation structure and floral composition, as well as sand quality. Specifically, multivariate 
ordination techniques using a comprehensive set of environmental variables confirmed that Hyde Pit clusters in 
considerable overlap with the other known L. agilis breeding sites but features more extensive areas of bare 
sand and early successional habitat, which is known to be particularly crucial for breeding activity. Managed 
removal of dense coniferous woodland releases suppressed and fragmented heathland, and existing low 
numbers of sand lizards, supplemented by animals translocated from planned sand reserves, can form viable 
populations under these conditions. Receptor areas may represent important foci for sand lizard population 
expansion under conditions of climate change and heathland succession. Focusing management on improving 
conditions for the sand lizard on these newly created heathland mosaic sites may also prove to be important for 
maintaining populations of other specialist heathland organisms. 
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Introduction 

Background 

The area of lowland heath near Wareham in Dorset forms part of a nationally and internationally recognised site 
of nature conservation importance, known collectively as the Dorset Heaths (Dorset County Council, 2020; 
JNCC 2019). This complex of habitats is underlain by important sand and gravel deposits and some areas have 
been quarried for sand, gravel and clay for decades. The quarries situated along the Puddletown Road form a 
complex of working, restored and partially restored areas within the context of pristine heathland. This has 
resulted in a mosaic of early successional heathland and acid grassland habitats, as are found at Masters 
Quarry, a sand quarry in Dorset owned and operated by Hanson Aggregates. These habitats support nationally 
important populations of all six native species of reptile found in the UK, including the rare and protected sand 
lizard Lacerta agilis, and are rich in biodiversity (Corbett & Tamarind, 1979). All of Britain’s reptile species 
receive protection under the Wildlife & Countryside Act, 1981 (as amended). 

The sand lizard is also a European Protected Species (EPS) and is at the north-western limit of its range in the 
UK (Edgar & Bird, 2006; Hill, Moulton & Foster, 2019), along with the similarly protected smooth snake Coronella 
austriaca. Both reptiles are the target of conservation action due to their rarity in the UK (Edgar, Foster & Baker, 
2010) and are limited in their distribution to lowland heath and sand dune habitats, with mature heathland or a 
mosaic of grassy vegetation with mixed shrubs and areas of open ground (Beebee & Griffiths, 2000; House & 
Spellerberg, 1983). The sand lizard has specific habitat requirements in the UK, with females showing a strong 
preference for south or south-west facing slopes and banks supporting a dense cover of vegetation, usually 
heather Calluna vulgaris or marram grass Ammophila arenaria on sand dune sites (Cooke, 1991; Hill, Moulton & 
Foster, 2018). Egg laying usually takes place on open ground, often bare sand, from late May to June, but is 
very weather dependent. Peak activity occurs when conditions are warm and sunny, with high levels of humidity 
(House & Spellerberg, 1980; Strijbosch, 1988). They also frequent the edges of denser, closed areas of 
vegetation on sites that have become overgrown due to scrub encroachment and limited management (Dent & 
Spellerberg, 1987). Although many Sites of Scientific Interest (SSSIs) are managed specifically for reptiles and 
invertebrates, open ground suitable for egg laying and incubation can often be more limited on pristine heath, 
due to loss of traditional management e.g., turf cutting, cart tracks, etc. Un-managed sites can become less 
favourable for heathland specialists, including the sand lizard, over time as the recruitment potential is lower 
(House & Spellerberg, 1983). 

Surveying for Sand Lizard Activity 

Female sand lizards dig test burrows, often in clusters, to assess the conditions on the ground i.e. humidity, 
temperature and sand stability (House & Spellerberg, 1980). They do not lay eggs in these ‘test digs’ but leave 
them open until they select where to lay their eggs. Once the eggs are laid in a suitable burrow, between 4 -10 
cm in depth the females will back-fill and seal the burrow with loose sand, making it invisible to an observer. The 
oval-shaped test burrows, which are easily identified, are usually approximately 2.5 cm in width, approximately 
40 cm distance from the nearest vegetation cover and are dug over a period of several weeks in late May-June, 
often in the late afternoon, on open, firm sand, mostly with a south-facing aspect (House & Spellerberg, 1980; 
Beebee and Griffiths, 2000).   The location is selected to optimise the amount of sun exposure and also to 
ensure that desiccation is limited by sighting these burrows away from plant roots (Spellerberg, 1975). If the 
burrows are recent, the excavated sand forms a small spoil heap outside the burrow (Figure 1). 
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Figure 1: Freshly dug test burrow with distinctive spoil heap, Hyde Pit (M.T., 2022) 

The presence of test burrows, most observable on firm sand, can be used as evidence of sand lizard presence 
and breeding activity (Cook & Rickard, 2014). A single female may dig several test burrows over an area of 
approximately 20m and these are relatively easy to observe. Surveying test burrows can be carried out at any 
time of day in dry weather conditions over the period of peak egg-laying activity and is an established technique 
for surveying for sand lizards, particularly when resources are limited. This contrasts with the challenges of 
surveying for live animals in the field during visual searches. If the location of test burrows is known, the chances 
of observing hatchlings and therefore establishing breeding success through direct observation can be 
maximised. A limitation of the method is that the burrows become obscured by rain and disturbance e.g., 
members of the public, vehicles and grazing, and so are not readily visible. Also, more research is required to 
understand the relationships between the number of test burrows excavated by breeding females as a predictor 
for species abundance (Cook & Rickard, 2014). However, the method of surveying sand lizard presence by 
using the presence of test burrows is a relatively straightforward survey technique, and it can be carried out 
without a licence (if it is done sensitively to avoid disturbance after peak egg-laying). However, surveys were 
supervised by specialist ecologists who held the appropriate sand lizard survey licences (Annex 2, 
Acknowledgements). 

The presence of protected species is a major constraint on the exploitation of mineral resources. Therefore, 
continued planned sand extraction at quarries such as Masters must proceed along with phased habitat 
restoration and licenced translocation of these species to suitable receptor sites. Long term survival of species 
such as the sand lizard is dependent on successful breeding (Moulton & Corbett, 1999) so it is imperative that 
this process is evidence-based, informed by a robust scientific approach. 

Aims & Objectives 

The main aim of this project was to identify the key parameters that are necessary to support sustainable, viable 
breeding populations of sand lizard, including suitable sand for egg laying (Edgar, Foster & Baker, 2010), on 
heathland sites in Dorset, and to therefore inform the creation, restoration and enhancement of suitable receptor 
sites. To achieve this, we investigated habitat quality and the properties of sand on a key receptor site and 
compared this to known sand lizard breeding sites on heathland within the near vicinity. The methodological 
approach was strongly evidence-based as advocated by Ockenden et al. (2021), to advance knowledge of 
heathland restoration with specific focus on recreating successful sand lizard breeding populations to sustain 
biodiversity and increase ecosystem resilience in a changing climate. This approach enables information and 
knowledge exchange with stakeholder groups to promote the effectiveness of heathland restoration for rare 
reptiles. 

Material & Methods 

Site Description 

Hyde Pit (NGR 86518 88725, hereafter HP) forms part of the Masters Quarry complex, which has been a sand 
and clay extraction site since the 1950s and with permission to extract sand until 2042. A licence to move up to 
400 sand lizards and 40 smooth snakes to the receptor site in HP was approved in April 2020 (EPSM 2020-
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46480-EPS-MIT). To date, approximately 350 sand lizards and 10 smooth snakes have been moved to the 
receptor site (Liam Russell, pers. comm.). The receptor site lies approximately 480 m southeast of the extraction 
site and covers an area of 1.57 ha, comprising a mosaic of heathland and grassland habitats within former 
mineral workings. The site contains some areas of good heathland habitat, with mature heather, as well as 
wetter areas dominated by purple moor-grass Molinia caerulea. The topography is varied with many mounds and 
banks. It also contains areas of open sand suitable for sand lizard egg-laying and is known to be used by low 
numbers of sand lizards and smooth snakes (Russell, 2020). Three heathland sites within the near vicinity of the 
receptor site at Hyde Pit were chosen for the comparison of habitat and sand quality parameters: Worgret Heath 
(NGR 89512 87074; hereafter WH), Great Ovens (NGR 92970 90233; hereafter GO) and Norden Heath (NGR 
94302 82994, hereafter NH) (Figure 2). All sites were known to support breeding populations of sand lizards and 
comprise a heathland mosaic vegetation structure. Landscape scale vegetation structure at each site is shown in 
Figure 3. 

 

Figure 2: Aerial maps of sample locations. (A) Context map indicating position of sites (marked “B”) within SW England; (B) 
context map showing position of sites (Hyde Pit, HP; Worgret Heath, WH; Great Ovens, GO and Norden Heath, NH) relative 
to each other; (HP) Hyde Pit receptor site aerial drone capture image; (WH) Worgret Heath aerial map; (GO) Great Ovens 
aerial map; (NH) Norden Heath aerial map. N.B.: differing scales in each panel. (HP) created by A.S.; all other images 
created using Google Earth (2022). 
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Figure 3: Landscape scale vegetation structure of the receptor site (HP), showing the area of open sandy mounds in the 
foreground where the sand lizard test burrows were located, and three heathland sites in the near vicinity – Worgret Heath 
(WH), with south-facing, steeper slopes, some open sandy areas and mature trees; Great Ovens (GO), showing a greater 
expanse of mature, Calluna vulgaris dominated heath; and Norden Heath (NH), which has a higher proportion of late 
successional scrub and trees, with some open tracks. Images copyright ARC-Trust (2022). 

Data Review and Consultation 

Baseline data from historical reptile surveys and more recent work (Bird, 2001; Bird, 2010; Aquilina & Bird, 
2019), as well as the Method Statement from the extant European Protected Species (EPS) Mitigation Licence 
2020-46480-EPS-MIT) at Hyde Pit (Russell, 2020) were consulted to inform understanding of the condition of the 
Hyde Pit receptor site and to assess how the management work carried out here had changed the site from its 
previous condition. Aerial imagery and a drone survey carried out by Andrew Skellern at Hyde Pit were used to 
map the extent of suitable sand lizard breeding foci on the four sites selected for the study. 

The QLA Team worked closely with Nick Moulton, the Reptile Conservation Officer at ARC-Trust and Liam 
Russell, Hanson Aggregates’ herpetological consultant (Annex 2: Acknowledgements) who provided expert 
advice and allowed access to previous data to inform the biodiversity and reptile interest of the sites under 
investigation. This consultation enabled the team to consider the potential of early successional created sites 
within working and restored quarries as a focus of sand lizard breeding, as well as an assessment of current 
management practice on pristine, designated heathland sites within the vicinity and wider Dorset context. 

Habitat Assessment 

Field visits took place on six separate occasions in 2022: 10 March; 24 May; 15 June; 5 July; 25 July (Judges 
Visit) and 11 August. It was not possible to visit all the sites on each occasion, and the focus was on the Hyde 
Pit receptor site in Masters Quarry to trial the experimental approach to habitat assessment and sand properties. 

At each site (HP, WH, GO, NH), six sample plots were selected, under the guidance of Liam Russell and Nick 
Moulton. The samples were selected on the basis that test burrows had been observed there in previous surveys 
or that the sample plot had the potential to support sand lizard breeding. Each sample plot was marked 
permanently with a plastic peg and National Grid Reference and coordinates were recorded. Field work was 
carried out under supervision to ensure there was no disturbance to protected species, habitat and egg-laying 
sites. 

Habitat assessment parameters were recorded within a 5 m radius of a test burrow record, assuming that the 
animals were utilising the habitat within this area for breeding behaviours at the time when the test burrows were 
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recorded. A similar approach was adopted by Cooke (1991) on sand dune habitats but based on actual animal 
sightings. Habitat assessment parameters were based on House & Spellerberg (1983) and on the approach 
used to assess conservation status of habitats listed under Annexes I, II, IV and V of the EU Habitats Directive 
(JNCC, 2019), and included percentage of bare sand, percentage of vegetation cover, vegetation height (mean 
value within 5 m of test burrow location), distance from test burrow to nearest vegetation cover, as well as floral 
composition and abundance (measured using percentage cover values). An overall assessment of habitat 
patchiness (incorporating assessment of presence of key habitat features for sand lizards, habitat structure, 
fragmentation and connectivity) was recorded using a 5-point scale, which was applied subjectively by the same 
surveyor at each site and sample plot. A value of 1 indicated low ‘patchiness’, indicating low quality sand lizard 
habitat, whereas a value of 5 indicated excellent patchiness, indicating high quality sand lizard habitat. 

The depth (cm) and temperature (using a handheld probe) within the test burrow at the centre of the habitat 
assessment radius was measured, and the central test burrow was assessed for aspect (cardinal direction, using 
an analogue compass) as well as number of additional test burrow records in the immediate vicinity. At Hyde Pit, 
measurements of sand temperature (°C) and humidity (%) were recorded every 15 min from 25 May through to 
11 August 2022 using Tinytag Plus 2 data loggers (Gemini Data Loggers, Chichester, UK), which were placed 
approximately 5 cm below the sand surface next to the central test burrow. 

Climatic parameters were recorded for each sample location on the day of recording using standard methods 
utilised by the Meteorological Office, namely oktas (or eighths) for cloud cover and the Beaufort scale for wind 
speed (www.metoffice.gov.uk). Air temperature was recorded using a handheld digital thermometer and sand 
surface temperature adjacent to the test burrow. 

Sand Sample Properties 

At each of the six sample locations within all four sites, a sand sample (approx. 1.5 kg) was collected from within 
50 cm of the test burrow central to the 5 m habitat assessment radius, though away from egg laying sites. The 
samples were labelled and stored in sealable plastic bags until further analysis of sand properties was carried 
out in the laboratory facilities at Bath Spa University (see Annex 6, Sand Properties for full list of analyses). 

Particle size. Particle size distribution was measured using the Wentworth grain size classification for sand 

(Wentworth, 1922). A 100 g portion of each sand sample was added to the top of a laboratory test sieve stack 
with 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 mm and 0.063 mm apertures and shaken on a sieve shaker for 7 min 
to disperse the particles into size categories. The contents of each sieve in the stack were then weighed to the 
nearest 0.01g and recorded as percentages of the total mass of the 100 g sample. 

Water retention capacity. To assess the sand samples for capacity for water retention, 50 g of sand were 

added to a funnel lined with Fisher filter paper (15 cm, grade 90) and placed atop a measuring cylinder. A portion 
of 50 ml of water was added to the sand, ensuring the whole sample was moistened. After 1 minute, the amount 
of water captured in the measuring cylinder was measured and the remaining proportion of the 50 ml was 
recorded as retained by the sand sample. 

Organic matter content. An approx. 10 g subsample of sand was weighed to the nearest 0.01 g before being 

placed in a furnace at 500 °C for 24 hours. The samples were then weighed again, recording the difference in 
mass, which is proportionate to the amount of organic matter present in the sample before burning.  The amount 
of organic matter in the samples was expressed as a percentage of sample weight. The pH of all the samples 
was recorded prior to organic matter analysis, to determine whether it was necessary to carry out prior removal 
of carbonates from the samples, as this can act as an interferent (Schumacher, 2002). The mean pH of the 
samples was 5.05 with none above the 7.4 threshold requiring carbonate removal. 

Statistical Analysis 

All statistical analyses were carried out using R v.4.2.1 (R Core Team, 2022). Physical and chemical parameters 
were analysed using Redundancy Analysis (RDA), with the Hellinger transformation, a linear constrained 
ordination method, according to the calculations and protocols described in Zeleney (2021). This method is 
based on a series of multiple linear regression analyses where species abundances (or in this case, the derived 
vegetation categories based on community structure) at the sites and sample plots, are regressed against a set 
or environmental variables (here: % vegetation cover, % bare sand, mean vegetation height, patchiness, mean 
distance from test burrow to vegetation, test burrow depth, aspect, as well as % medium particle size sand, sand 
organic matter content & water retention capacity). Plant species were grouped using the structural components 
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bare ground, dwarf shrub, European Gorse and used as a variable in the RDA, using a similar approach to that 
of House and Spellerberg (1983). The R script for the ordination has been submitted separately (Annex 5, 
Habitat Assessment (RDA) and Ordination).  

All data were stored for future analysis using the BSU Data Management Plan protocol. 

Results 

The drone image of Hyde Pit receptor site shows large areas of open sand and early successional 
heathland/acid grassland vegetation (Figure 2A). In comparison to the pristine, undisturbed heathland at Worgret 
Heath (Figure 2B) and Great Ovens, Wareham Forest (Figure 2C), the area of open sand is more limited in 
extent. On Norden Heath (Figure 2D), there are more open areas on old clay workings and also created open 
sand areas, but the general context of this site is fragments of open heath within a context of scrub and 
woodland. Comparing the aerial photos of the three heathland sites with the drone footage of Hyde Pit, the 
structure and patchiness of the habitat at Hyde is far more open, with a higher proportion of early successional 
and bare, open sand habitat (approximately 40-60% open sand to closed vegetation). The vegetation structure 
at the other three sites as viewed from the perspective of the overall landscape view (Figure 3) shows the 
difference in the habitat structure of all the sites, with more open, early successional habitats at Hyde Pit, mature 
heath with some sinuous, open tracks and created fire breaks and foci at Worgret Heath and Great Ovens, with 
Norden Heath representing the succession to closed scrub and woodland over a large proportion of the site. 

Habitat Assessment 

An ordination analysis such as the RDA approach used in this analysis separates the samples along axes which 
represent the greatest level of variation in the data (Figure 4A). All the sample plots used in the analysis were 
confirmed as having one or more sand lizard test burrows present by the end of the survey window. The results 
demonstrate that Hyde Pit sits within the overall spread of heathland sites, with Norden Heath forming a group of 
on its own (Figure 4B), along the axis of variation represented by high cover of European Gorse Ulex europeaus. 
Hyde Pit, therefore, compares favourably in terms of the habitat features, vegetation and structure to other well-
established sand lizard breeding sites at Great Ovens and Worgret Heath. No one variable stands out as being 
different or key in terms of differentiating Hyde Pit from the other sites, although one outlier at Hyde Pit clusters 
with the samples at Norden Heath. 

 

Figure 4: (A) RDA ordination showing position of Hyde Pit (red dots/shaded area) in relation to Worgret Heath (blue 
triangles/shaded area), Great Ovens (green squares/shaded area) and Norden Heath (purple crosses/shaded are) based on 
the environmental variables test burrow number, mean burrow depth (cm), aspect, bare sand (% cover), total vegetation 
cover (%), mean vegetation height (cm), mean distance to nearest vegetation cover (cm), organic matter (%) water holding 
capacity, patchiness and medium sand fraction. (B) RDA ordination showing position of Hyde Pit (red dots/shaded area) in 
relation to Worgret Heath (blue triangles/shaded area), Great Ovens (green squares/shaded area) and Norden Heath (purple 
crosses/shaded are) based on vegetation assembly. 

Sand Sample Properties 

All sites showed that the greatest percentage fraction comprised medium sand, with mean values for all sites 
comprising over 40% of the sand sample (Figure 5A). Gravel, course and fine sand formed minor components, 
with percentage mean values all below 20%. Hyde Pit had the highest percentage fraction of fine sand in the 
samples, with the other sites showing similar percentages and mean values for this fraction. Great Ovens had 
the highest percentage fraction of medium sand (mean value around 70%), with the other sites having similar 
mean values for this fraction (40%). Worgret Heath also had the highest percentage fraction of course sand in 
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the samples. Great Ovens had a low percentage gravel fraction (mean value less than 5%), with the other sites 
showing similar mean values for this fraction, but all falling below 10% of the sample.  

Mean values for the percentage of organic matter in the samples (Figure 5B) were all low which was to be 
expected due to the nature of the substrates.  Values represented approximately 3% of the sample. Worgret 
Heath had the highest level of variation in organic matter content, with Hyde Pit showing a generally consistent 
pattern of low organic matter percentages in all sample plots, with values ranging from 1.20 - 1.89 %.  Values for 
the other sites showed higher variation but were still relatively low, with Great Ovens ranging from 1.19 - 3.00%; 
Norden Heath from 1.39 - 6.29% and Worgret Heath from 1.2 - 6.21%. 

 

Figure 5: (A) Sand fraction (%) and (B) organic matter (%) in all samples from Hyde Pit (HP), Worgret Heath (WH), Great 
Ovens (GO) and Norden Heath (NH). Particle size classes based on Wentworth (1992) categories: fine sand (0.0625-
0.25mm, pink), medium sand (0.25-0.5mm, green), coarse sand (0.5-2mm, blue) and gravel (>2mm, purple). 

Discussion 

Landscape Scale and Habitat Assessment 

In this study, the use of aerial images and drone footage of the Hyde Pit receptor site was able to clearly 
demonstrate the differences in the landscape scale vegetation structure between the four sites. Hyde Pit 
represents a far more open landscape, with a preponderance of early-successional heathland mosaic habitats, 
compared to the more mature heathland, scrub and woodland of the other sites. At Hyde Pit, previous quarrying 
activity cleared large areas of vegetation, surface litter and topsoil and exposed sandy and mineral substrates 
underneath. Some natural succession to scrub and pine woodland occurred since quarrying ceased but 
regeneration of heather Calluna vulgaris where a seed source is readily available has been relatively successful.  
The constraint on ex-quarry sites where reptile receptor sites are often created, is the lack of mature heathland 
which offers shelter, protection from predators and foraging for reptiles, and the time it takes for mature 
heathland to become established. At the landscape scale, the precise and specialised habitat niche 
requirements of the sand lizard make it difficult for animals to move between fragmented patches of habitat and 
to move across unfavourable areas which may form natural barriers to colonisation (Russell, 2012; Woodfine et 
al., 2017). 

At a smaller scale, favourable habitat features for sand lizards include small-scale patchiness including areas of 
bare sand, high structural diversity, a varied and undulating microtopography and a south or south-westerly 
aspect (House & Spellerberg 1983; Wouters et al., 2021). Bare sand provides incubation sites for egg laying in 
exposed, well-lit locations where nearby vegetation, usually within 30-40cm, provides protection from predators 
(House & Spellerberg, 1980; Beebee and Griffiths, 2000; Hill, Moulton and Foster, 2018). These features support 
a high degree of habitat interfaces and are of vital importance for the success of sand lizard populations, 
particularly where they occur at the edge of their range as in the UK, providing thermoregulatory basking 
opportunities within smaller habitat patches (House & Spellerberg, 1983; Hill, Moulton & Foster, 2018) and 
determining foraging success and home range size through shelter and protective cover availability (Nicholson 
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and Spellerberg, 1989). Under these conditions, sand lizard territories are likely to be smaller, so structurally 
complex and diverse habitats can support higher numbers of animals. In this context, the precise floral 
composition of the vegetation is less important than its small-scale structural diversity, although a high proportion 
of mature heather Calluna vulgaris is characteristic of these habitats (House & Spellerberg, 1983). 

Because sand lizards utilise tall, dense heather or similarly structured vegetation cover for foraging and shelter, 
but require open sand for breeding and basking, balancing the amount of open ground and cover is fundamental 
to the survival of the species. This is of significance when creating new areas for sand lizards or enhancing 
existing, less favourable areas where sand lizards may be present at low numbers and occur in isolated, 
fragmented foci (Edgar & Bird, 2006). On created receptor sites the ratio of bare sand and open ground to 
suitable vegetation cover can be high compared to sites where the heathland vegetation has remained relatively 
undisturbed. This can be a limiting factor where the habitat is too open, and animals cannot find cover quickly 
when threatened by predators. However, on established, pristine and undisturbed heathland sites, open ground 
can be restricted, by virtue of management constraints on these designated areas, where the proportion of early 
successional habitat and pioneer phase heath with more open, sandy ground may be reduced to favour mature 
to degenerate phase heath (JNCC, 2019). 

Previous surveys of Hyde Pit had shown that a small number of animals were present prior to translocation of 
new animals, but in small patches, in a generally unfavourable, heavily shaded context (Russell, 2020).  
Berglund (2005) demonstrated that once trees and scrub are removed from otherwise suitable habitats, 
particularly where heathland vegetation has been previously shaded by dense growth of pine on sandy 
substrates with undulating topography, good quality sand lizard habitat can be created quickly through clear 
felling. Regeneration of heathland may be aided by the addition of propagules from litter spreading in some 
circumstances (Allison and Ausden, 2006). There was no single habitat parameter measured that distinguished 
Hyde Pit from the other well-established sand lizard breeding sites investigated here and all sample plots within 
the sites were utilised by sand lizard females as potential egg laying sites as confirmed by the presence of test 
burrows. These findings demonstrate that sites like Hyde Pit can provide important foci for future recovery of 
sand lizard populations if habitat conditions can be improved (Edgar & Bird, 2006). This may be particularly 
important if previously isolated, fragmented populations with poor breeding performance can resume breeding 
rapidly (Corbett & Tamarind, 1979) whilst avoiding inbreeding and maintaining genetic diversity (Russell, 2012). 
Importantly, such sites may be particularly suitable to support and expand existing, small breeding populations of 
sand lizard if management of the landscape and the creation of a habitat mosaic is less constrained than in 
other, designated areas.  

Sand sample properties 

It is important to understand how the properties of the sand in created receptor sites, where sand and other 
substrates may be imported, compared to pristine, undisturbed heathland sites. It is known that the key physical 
parameters influencing the rate and success of reptile embryo development are soil temperature and humidity 
(House & Spellerberg, 1980). However, it is less well understood how other soil parameters interact with these 
factors to create a favourable soil microclimate for successful development of sand lizard egg clutches and 
hatchling recruitment. The presence of organic matter in the sand used for egg laying can affect the ability of the 
sand to retain water and humidity and may be important in ameliorating the effects of drought conditions. Our 
data show that levels of organic matter in the sand samples at Hyde Pit had lower mean values compared to the 
other three sites, although the values in all samples were very low. In dry warm sandy substrates, organic matter 
is readily oxidised so this result is not unexpected. 

Sand particle analysis showed that the sand samples at Hyde Pit were comparable to sand from the known 
breeding sites of Worgret Heath and Norden Heath, in that the fraction of medium sand in the samples fell within 
a similar range of values, though this fraction was substantially greater within the sand samples from Great 
Ovens. This suggests that the proportion of medium grade sand within the substrates where test burrows are 
situated is important and should be included at any site where sand needs to be imported to create suitable 
habitat features for sand lizard breeding. The proportion of fine sand and gravel should be low in any material 
that is imported into new sites to create breeding banks for the sand lizard, as should the amount of clay which 
will increase the compaction of the soil. Further investigation into the properties of sand used by sand lizards for 
breeding activities compared to those sites not used would afford a deeper understanding of the interaction of 
these parameters with sand fraction composition. 
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Recommendations and Further Work 

Quarry restoration can deliver biodiversity net gain through scientifically robust approaches, resulting in healthy, 
functioning ecosystems, whilst enhancing the reputation of the company. This project contributes to the 
enhancement of knowledge and management tools, showcasing best practice for successful heathland 
restoration and the protection of rare and vulnerable species. This allows local, regional and national targets for 
landscape scale restoration of heathland habitats to proceed in conjunction with planned mineral extraction. 

Further investigation of the Hyde Pit receptor site needs to expand into areas which are currently not supporting 
sand lizard breeding activity (absence of test burrows) to identify specific habitat features that represent barriers 
to sand lizard populations. For example, sand lizards appear to avoid areas where the tree canopy exceeds 60% 
(House & Spellerberg 1983), providing potential guidance for management of sites adjacent to receptor sites in 
the form of removal of tree cover so that heathland may be restored [March - September 2023 (£2,500.00)]. 
Additionally, the experimental creation of artificial microhabitats with different grades of sand from sources 
available within the quarry may establish more conclusively which substrates arising from the quarrying process 
can be utilised successfully in receptor areas to support sand lizard breeding [March-September 2023 (£3,000-
£5,000)]. A comprehensive investigation of the overall biodiversity at Hyde Pit could furthermore inform 
strategies to manage and enhance the site for general heathland biodiversity gain [March - September 2023 
(£2,500.00)]. A dissertation project (September 2022 - May 2023) is currently being established to assess the 
breeding success of sand lizards on the four sites investigated in this study. Transect surveys on the sites 
according to the protocol of the National Reptile Survey Monitoring Programme, coordinated and run by the ARC 
Trust, will be used to record presence of hatchlings at sample plots where test burrows were previously 
recorded. The resulting data can be compared to previous surveys of sand lizards (all stages) to establish 
medium-term population trends in the light of relevant climatic events and changes. There is no cost associated 
with this project, and once transects are established, regular monitoring from September-October would 
consolidate the pilot study. 

Conclusions 

Our knowledge of the habitat requirements of sand lizard on heathlands and sand dunes in the UK has been 
well-researched and this knowledge has been used to manage pristine heathland on designated heathland 
where sand lizard populations have been present for decades. This approach has its limitations, as has been 
discussed in this paper, as the availability of open areas of bare sandy substrates on undisturbed, pristine 
heathland sites, and the capacity to create more of these areas, can be limited under the current management 
constraints. Sand quarries generally lack nutrients and are subject to continued disturbance, which may actually 
provide opportunities for longer term sand lizard breeding success if a mosaic habitat structure is maintained and 
succession to mature heathland is held back. The findings of this research project have shown that this can be 
achieved successfully, with real potential to create complex mosaics of vegetation with high structural diversity, 
including areas of bare ground/sand in new or enhanced sites, thus reducing the degree of habitat fragmentation 
and enhancing ecological connectivity. An important prerequisite in the creation of such sites is to ensure that 
any sand material that is used in the construction of egg-laying sites, where it is necessary to import material to 
construct these important habitat features, should incorporate a high proportions of medium grade sand, rather 
than gravel, fine sand and silty clays, as this will lead to a higher potential for success in sand lizard recruitment 
and survivorship. Created receptor sites within working quarries could therefore provide an additional, high 
quality habitat resource for sand lizards and enhance their potential for future expansion and population growth, 
as well as provide biodiversity net gain for heathland specialist flora and fauna in general. 
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 

This will be use to classify your project in the project archive (that is also available online) 
 

 
Project focus: 

☒Beyond quarry borders 

☒Biodiversity management 

☒Cooperation programmes 

☐Connecting with local communities 

☐Education and Raising awareness 

☐Invasive species 

☒Landscape management  

☐Pollination 

☒Rehabilitation & habitat research 

☒Scientific research 

☐Soil management 

☒Species research 

☒Student class project 

☐Urban ecology 

☐Water management 

 
Flora: 

☐Trees & shrubs   

☐Ferns   

☐Flowering plants   

☐Fungi   

☐Mosses and liverworts 

 
Fauna: 

☐Amphibians  

☐Birds   

☐Insects   

☐Fish   

☐Mammals   

☒Reptiles   

☐Other invertebrates 

☐Other insects   

☐Other species 

 

Habitat: 

☐Artificial / cultivated land 

☐Cave   

☐Coastal  

☐Grassland 

☐Human settlement   

☐Open areas of rocky grounds 

☐Recreational areas   

☒Sandy and rocky habitat 

☐Screes   

☐Shrub & groves   

☒Soil   

☐Wander biotopes 

☐Water bodies (flowing, standing)   

☐Wetland 

☐Woodland 

 

 

Stakeholders: 

☐Authorities   

☐Local community   

☒NGOs   

☐Schools 

☐Universities 

 

 

 

 

 

 

 


