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Abstract 

Limestone quarries provide a significant opportunity for the restoration of biodiverse habitats both 

during- and post-extraction. We report on a study which compared the levels of bat diversity and 

activity on grassland habitats within an active quarry to that observed on grasslands in the immediate 

vicinity. Furthermore we assessed whether existing in-quarry habitat restoration procedures could be 

altered to improve the amount of invertebrates available for bats on quarry benches. Results indicated 

that quarry bench grasslands are utilised by bats at a much higher frequency when compared with 

other nearby grassland habitats. Furthermore, small improvements to the growing medium during 

bench restoration might increase the number and average size of invertebrate prey available to bats. 

 

  



Introduction 

Quarrying activities can have a dramatic impact on the structure and ecological functioning of 

landscapes. In many instances this alteration of the landscape provides opportunity for quarry 

operators to create substantial areas of species-rich habitats which can have a beneficial impact on 

local ecological communities and networks.  

The conservation opportunities provided by quarries have been identified by some NGOs (e.g. RSPB’s 

Nature for Minerals program; Somerset Wildlife Trust’s Mendip Living Landscape) but this topic has 

generally not received a huge amount of attention within the academic literature, particularly outside 

of the Czech Republic (e.g. see Tropek et al. 2008; Lundholm and Richardson 2010). This project is a 

part of an international effort by Heidelberg Cement and its UK subsidiary, Hanson UK, to increase the 

level of awareness and engagement within the academic community of the biodiversity potential of 

quarries. 

A key feature of limestone quarries are quarry benches. These result from a legal requirement to leave 

a ten metre wide platform with every twenty metres of vertical excavation. This generally results in 

the creation of many kilometres of bench spiralling around the quarry walls. Once extraction is 

completed in a given area, the benches are usually restored to either grassland or woodland habitats. 

We estimate that Batts Combe quarry, where this study is based, has a minimum of four kilometres 

of bench which equates to four hectares of potential habitat.  

The benefits of these restored habitats are poorly characterised in the scientific literature. In part this 

is due to the difficulty of working on quarry benches, and partly due to an historical lack of academic 

interest in the ecology of quarries. However, it is possible that quarry benches provide conditions 

which allow the proliferation of increasingly rare species and communities such as bats and calcareous 

grasslands. As such they are worthy of further study. 

Grassland benches might be of particular benefit to species of grassland-foraging bat (table 1). Bats 

have been shown to prefer to forage along linear structures since they can use these to orient 

themselves in the landscape (Limpens et al., 1989; Verboom and Huitema, 1997; Boughey et al. 2011). 

Bats navigate using echolocation which is only effective over relatively short distances, therefore bats 

can become disoriented in very open habitats. If quarry benches provide high quality foraging grounds 

for bats, they may represent highly desirable foraging and transit routes since bats can maintain a 

close proximity to the quarry wall at all times while foraging over a large area of land. 

Quarry benches are restored usually to either grassland or woodland. Where woodland is 

implemented, top soil is introduced on the site to allow the establishment saplings to persist once 

planted. By contrast, where grassland restoration is favoured, the areas tend not to receive any soil 

beyond highly nutrient poor quarry waste (scalpings) and may be sown with a nurse crop of perennial 

rye grass, or similar. This nurse crop doesn’t tend to persist, but can provide a basis for the 

establishment of a species rich, but sparse, botanical community. Our personal observations, allied to 

further anecdotal evidence, are that quarry benches have the potential to provide refugia for 

botanically-diverse calcareous grassland communities. However, this assertion requires investigation. 

Bats are of particular interest in Batts Combe quarry since it is located in the Mendip Hills. The Mendips 

are a nationally important area for bat conservation in the UK; in particular they hold significant 

populations of both greater and lesser horseshoe bats (Rhinolophus ferrumequinum and R. 

hipposideros). 

One of the key determinants of habitat quality in bats is the amount of invertebrate prey that they 

provide (Scott et al., 2010). Different species select prey based on body size (table 1), and therefore it 



is important to consider the size distribution of prey items within a given habitat when assessing its 

likely quality for bats (see Jones, 1990; Brigham, 1991). Habitat restoration options which increase the 

invertebrate abundance and diversity are likely to have a positive impact on forging success, and 

consequently fitness, of bat populations. With many invertebrate species populations in decline across 

the country, maximising the benefit of quarry restoration schemes for invertebrates could have 

significant positive impacts on local bat populations. 

 

 

 

 

 

 

 

 

 

 

Objectives 

The objective of this study was to assess the importance of quarry benches for bats and assess whether 

different restoration decisions could increase the amount of forage available to bats foraging over the 

benches.  

To realise this object we posed two questions: 

1. Do the grassland benches in Batts Combe Quarry appear to be important foraging areas for 

bats?  

2. Does the method of grassland restoration significantly impact the availability of invertebrate 

prey? 

 

  

Table 1: UK bat species known to forage extensively 
over grassland habitats and their preferred prey size. 
 

Common name Species 
Preferred 
prey size 

Greater 
horseshoe bat 

Rhinolophus 
ferrumequinum 

15-20 mm 

Serotine 
Eptesicus 
serotinus 

n/a (est. 15-
20 mm) 

Common 
Pipistrelle 

Pipistrellus 
pipistrellus 

3-10 mm 

Noctule Nyctalus noctula 17-20 mm 

Natterer’s bat Myotis nattereri 10-20 mm 

Leisler’s bat Nyctalus leisleri 
n/a (est. 15-
20 mm) 



Study site 

Batts Combe Quarry is an active limestone quarry located due north of the town of Cheddar in the 

Mendip Hills, Somerset (ST460552). As is characteristic of modern limestone quarries, the main quarry 

void it ringed by a series of benches which have largely been restored to either grassland or woodland, 

although some of the woodland restoration schemes are threatened by a population of feral goats 

which reside in the quarry having arrived from Cheddar Gorge. Whilst most of the benches are 

unreachable due to health and safety concerns there is one location where a typical bench restoration 

site can be studied safely (figure 1).  

A further area, directly to the north east of the quarry void, is particularly useful in terms of studying 

the impacts of different grassland restoration sites. This site has been built up using arisings from the 

quarry site to protect the visual amenity of the area. Within this location there are three areas of land, 

immediately adjacent to each other, which represent three different grassland restoration methods: 

non-intervention, ‘agricultural’ restoration and species rich grassland restoration (figure 1). Non-

intervention restoration is broadly analogous to the usual method for restoring quarry benches to 

grassland, i.e. quarry waste (scalpings) were dumped and levelled off, but there was no further 

intervention. This has led to a relatively species rich but very sparse sward developing. The ‘pasture’ 

restoration area represents a typical scenario where grasslands are reseeded for agricultural activities. 

Following the major landscaping using scalpings, a relatively thick layer of fertile top soil was 

introduced and the area seeded with a species-poor commercial seed mix of perennial ryegrass, 

Lolium perenne, and red clover, Trifolium pratense. The resulting sward is lush, dense and grass-

dominated. The species-rich grassland restoration also had top soil lain on to quarry waste, but instead 

of using a commercial seed mix, green hay was harvested from a nearby species rich field (the donor 

site, figure 1) and introduced on to the site. The resulting sward is similarly dense to the agricultural 

site, but with much higher botanical diversity, particularly of herbs. For the remainder of this report 

we refer to these sites as the Waste site (non-intervention), Pasture (agricultural) and Receptor sites 

(green hay receptor).  

An additional survey site was the green hay donor site, which is also within the quarry bounds. We 

used this as a control site to study, in particular, the numbers and size distribution of invertebrates 

that may have been extant in semi-natural habitats on site pre-quarrying. 

 



 

Figure 1: Aerial image of the main void at Batts Combe Quarry indicating the location of survey areas. B = 

bench, D = donor, P = pasture, R = receptor, W = waste 

 

  



Methods 

We undertook five surveys of the invertebrate and bat communities in August 2016 (9th, 17th, 18th, 

23rd, and 24th).   

Invertebrate surveys 

The majority of invertebrate surveys were carried out using a standardised sweep netting procedure. 

Thirty sweeps were taken along a randomly-placed transect in each habitat type. Surveys were 

undertaken in both the day and night and three repeats were made in each habitat type on each 

survey.  

Malaise traps were deployed overnight on the nights of August 17th, 18th, 23rd and 24rd, but proved 

largely ineffective due to stiff winds on the survey nights.  

Invertebrate samples were identified to Order and body length measured to the nearest millimetre, 

excluding the length of wings if they overshot the abdomen. Invertebrates were only included in the 

analysis if they were capable of flight (i.e. adults of alate species) since these are more likely to provide 

forage for bats (see Dietz et al., 2009). 

Differences in the weather between survey samples impacted on the total numbers of invertebrates 

collected therefore we standardised sample sizes between samples by the mean number of individuals 

caught in all surveys on a particular date using the following formula: 

𝑁′ =
𝑁𝑖−𝑁𝐴𝑉

𝑁𝐴𝑉
, 

where Ni is the number of individuals caught in sample i and NAV is the average number of individuals 

caught in all samples on a particular survey.  

Differences in invertebrate population numbers were analysed using general linear models which 

included survey location, order and time of day as factors. Size data were log transformed to ensure 

that the assumptions of the statistical tests were met.  

Bat surveys 

Bat activity was recorded from 21:00 – 23:00 in each survey location using bat detection equipment. 

Anabats (Anabat SM2 and Anabat Express, Titley Scientific) were used to obtain recordings from within 

the quarry (Bench and Donor sites) while Batbox Duets were used to sample bat activity in the Waste, 

Agricultural and Receptor sites. Individual Batbox recordings were ten minutes long, with ten minutes 

left between each recording to avoid temporal correlation. Anabat recordings, despite being 

continuous recordings, were sampled for analysis in the same manner to ensure consistency of 

recording.  

All recordings were converted to spectrograms and analysed using SongScope™ Bioacoustics 

Monitoring Software (Ver. 2.1A; Wildlife Acoustics Inc., Concord, Massachusetts, USA). This was 

preferred to more conventional bat call analysis software because it can read outputs from both the 

Anabats and Batboxes, and therefore standardised the analysis procedure. Bats calls were identified 

to species / group by the shape, peak frequency and repetition rate of the calls following Russ (2012). 

We did not attempt to distinguish between bats of the genus Myotis since this is very unreliable, nor 

did we attempt to distinguish between serotine and Leisler’s bats since these calls are also rather 

similar and difficult for novice recorders to tell apart with confidence. Bat activity was quantified as 

the proportion of seconds during the sample period when bat activity was recorded. Due to a large 

proportion of recordings which showed no activity, differences in activity between the survey 

locations were analysed using a non-parametric Kruskal Wallis test. 



 

Results 

Invertebrates 

We sampled a total of 635 adult alate invertebrates across six orders: Diptera (n = 262), Hemiptera (n 

= 245), Hymenoptera (n = 56), Coleoptera (n = 61), Orthoptera (n = 6) and Lepidoptera (n = 5).  

We found no significant differences between the abundance of invertebrates in different habitats (F4,36 

= 1.55, p = 0.209) or survey time (F1,36 = 0.01, p = 0.933). However, there are some obvious trends 

which may be borne out by further data collection. Of greatest interest is that the receptor site tended 

to produce a greater number of invertebrates than either the pasture or waste sites (figure 2) 

 

 

Figure 2: standardised number (N’) of invertebrates caught per sample in different habitats. 

 

Significant differences were found in the size of invertebrates between order (F5,593 = 24.960, p = 0.000; 

figures 3 & 4), habitat (F4,593 = 5.30, p = 0.000; figure 3) and time of survey (F1,593 = 14.53, p = 0.000; 

figure 4). Low sample sizes resulted in the exclusion of Orthoptera (n = 6) and Lepidoptera (n = 5) from 

these analyses. Post hoc testing (Tukey’s test) indicates that the bench, receptor and donor sites 

exhibit a statistically similar size distribution of invertebrates, with the average size of invertebrates 

from the bench and receptor sites being significantly larger than the waste and pasture sites (figure 

3). 

There was a general lack of large flying invertebrates at all sites; no insects of body size >15 mm were 

caught in any location. 

The relationship between the sizes of insect caught during daytime and night-time surveys was 

complex, with larger Diptera being caught at night on average, while larger Hymenoptera tended to 

be caught during the day. The result for the Hymenoptera can be explained by the presence of 

bumblebees in the diurnal survey, but the reason for larger Diptera being caught at night isn’t 

immediately clear. 
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Figure 3: average size of invertebrates, by order, in each habitat location 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: average size of invertebrates, by order, in each survey time 

 

Bats 

In total we recorded a minimum of seven bat species using the site: greater horseshoe bat, lesser 

horseshoe bat, common pipistrelle, soprano pipistrelle, noctule bat, serotine/Leisler’s and Myotis spp. 

The results show unequivocally that the quarry bench site had much greater bat activity than any of 

the other sites (H = 9.68, d.f. = 4, p = 0.046; figure 5). Furthermore, technical problems with the 

equipment on one of the nights (18th August) meant that the data from the bench site on that night is 

likely to have been an underestimate since only bats echolocating in the range of 40 – 60 kHz were 

recorded, meaning that any activity from noctule, serotine/Leislers and the horseshoe bat species 

went unrecorded. 

Family

Location

H
ym

en
opt

er
a

H
em

ip
te

ra

D
ip

te
ra

C
ol

eo
pte

ra

W
as

te

Rec
ep

to
r

Pas
tu

re

D
on

or

Ben
ch

W
as

te

Rec
ep

to
r

Pas
tu

re

D
ono

r

Be
nch

W
as

te

Rec
ep

to
r

Pa
st

ure

D
on

or

Ben
ch

W
as

te

Rec
ep

to
r

Pas
tu

re

D
ono

r

Ben
ch

9

8

7

6

5

4

3

2

1

0

S
iz

e
 (

m
m

)

Family

Survey

H
ym

en
op

te
ra

H
em

ip
te

ra

D
ip

te
ra

C
ole

op
te

ra

N
oct

urn
al

D
iu

rn
al

N
oc

tu
rn

al

D
iu

rn
al

N
oct

urn
al

D
iu

rn
al

N
oct

urn
al

D
iu

rn
al

6

5

4

3

2

1

0

S
iz

e
 (

m
m

)



 

 

Figure 5: recorded bat activity at each survey location 

 

The bench site also exhibited the highest total number of species /groups recorded (n = 7) compared 

to the other sites (max n = 3). Lesser horseshoe (eight instances) and noctule bats (thirteen instances) 

were only recorded at the bench site (table 2). 

 

Table 2: The number of instances of bat activity recorded for each species / group. A single 

instance is defined by a call, or series of calls, separated by calls of the same species by at 

least ten seconds. 

 Bench Donor Pasture Receptor Waste 

Greater horseshoe bat 2 1 1 0 0 

Lesser horseshoe bat 8 0 0 0 0 

Myotis sp. 7 0 0 2 2 

Noctule 13 0 0 0 0 

Serotine / Leisler's 1 0 0 0 2 

Common pipistrelle 44 0 1 2 0 

Soprano pipistrelle 7 0 0 0 1 
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Discussion 

Our study posed two questions: 

1. Do the grassland benches in Batts Combe Quarry appear to be important foraging areas for 

bats?  

 

2. Does the method of grassland restoration significantly impact the availability of invertebrate 

prey? 

The answers are a firm ‘yes’ and a more tentative one respectively. Our study has clearly shown that 

the quarry benches at Batts Combe Quarry are important foraging habitats and flyways for bats. Over 

the course of our surveys they consistently exhibited a higher frequency of bat activity than any of the 

other sites, including the botanically-rich donor site. It is likely that a combination of a warmer, more 

sheltered micro-climate and close proximity of the quarry walls makes the benches very attractive to 

bats. This is the first time, as far as we are aware, that the importance of quarry benches for bats has 

been illustrated, and they are certainly deserving of greater attention in the future.  

The environmental conditions of the benches also seem to favour an increased number and average 

size of invertebrates compared to the similar habitat type (waste) outside the quarry void. However, 

the results of our invertebrate survey indicate that the benches might be capable of providing more 

prey, and bigger individuals, for bats if they were restored by adapting the green hay techniques seen 

on the receptor site. Whilst the results of the surveys didn’t show a significant difference between the 

habitat types, there is a clear trend for the receptor site to produce more, and bigger, winged insects. 

Our surveys were hampered by poor weather which depressed the number of invertebrates caught. 

If the trends seen in our data, which concur with the results of similar studies (e.g. Woodcock et al. 

2012), were borne out by further data collection the differences would be pushed into significance by 

a further two nights of survey. 

If a thicker, species-rich sward could be established on quarry benches, we feel that it is highly likely 

that the benches would be further improved as habitat for foraging bats. The restoration would 

involve the addition of a small amount of topsoil to the benches and the application of green hay from 

the nearby donor site, or sowing an appropriate seed mix. In terms of maintaining the grassland 

habitats, it would be important to avoid adding too much topsoil which would promote the formation 

of scrub. However, in Batts Combe, the presence of feral goats should help to control scrub growth. 

The results of such a restoration should increase the number of invertebrates and, in particular, the 

number of large insects. Our studies found very few insects which were large enough to constitute 

preferred prey for the larger bat species, e.g. greater horseshoe bat, which might explain the relatively 

small amount of activity that was recorded for this species in comparison to some other bat species. 

Improvements could be made to the sampling strategy to increase the effectiveness of the 

invertebrate sampling. Nocturnal sweep netting was carried out, in part, to sample the moth diversity 

and abundance in each location (following Wickramasinghe et al., 2004). However, no moths were 

caught during any of the nocturnal surveys. It seems unlikely that there are no moths present at the 

site, but a different sampling strategy may be required in future. Moths are difficult to study in this 

context since the commonest methods of survey (light trapping and olfactory lures) may sample 

individuals from beyond the focal habitat, which would invalidate the results of any survey. 

The nocturnal assemblage of invertebrates, in terms of size distribution in particular, is not always well 

predicted by the diurnal assemblage and therefore it would not be advisable to make generalisations 

about the quality of a grassland habitat for foraging bats by sampling the diurnal invertebrate 

communities alone. A further study, with greater time availability from the research team, should 



concentrate on using malaise or flight-intercept traps over the course of a series of nights to develop 

a more rigorous characterisation of the nocturnal invertebrate fauna.  

 

Recommendations 

1. The value of quarry benches as foraging and transit habitats for bats should be recognised and 

should be a consideration when bench restoration plans are being formulated. 

 

2. It is highly likely that bench restoration projects which result in a thicker, species-rich 

grassland sward than is currently usual will result in an increase in the number and average 

size of winged insects. This will have knock-on benefits for foraging bats, in particular greater 

horseshoe bats. In the absence of more data, we tentatively recommend that quarry bench 

restorations should follow a similar restoration procedure to the green hay receptor site.  

 

3. Studying the ecological importance of quarry benches, both in terms of bats and ecological 

networks in general, should be a priority for further academic research. 
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