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Abstract 

Globally, bats are facing a variety of threats such as alterations of their natural habitat, loss of 
roosting sites, pesticide intoxication and a number of bat fatalities at wind farms, highways and 
other infrastructures. All Spanish bats are European Protected Species and Spanish Protected 
Species. At a regional level, there are four species in Asturias that are listed as Threatened: 
Myotis blythii, M. myotis, M. emarginatus and Miniopterus schreibersii. 

La Medina, similar to other quarries, has a number of potential resources that could benefit 
bats. Furthermore, at 950 m from La Medina, Las Caldas Cave Partial Nature Reserve is hosting 
species such as M. blythii and M. schreibersii amongst other bat species. Both facts have 
motivated this project which main goal is to enhance bat populations at La Medina and its 
surroundings throughout the quarry life, and to evaluate to what extent La Medina could 
contribute to bat preservation at Las Caldas Cave Partial Nature Reserve. 

Several actions are proposed in order to achieve this main goal: (1) A detailed methodology to 
characterise bat populations at La Medina and its surroundings prior to development work and 
during both operational and post implementation phases of the project; (2) Enhancement 
measures to benefit bat populations at La Medina quarry and its surroundings, both during 
operational and post-operational phases; (3) A complete methodology to study the connectivity 
between La Medina quarry and Las Caldas Cave Partial Nature Reserve; (4) Management Plan 
that helps reduce and avoid damage to bats inhabiting the quarry, during both operational and 
post-operational phases. Reconciling bat conservation with the different working phases at La 
Medina quarry; (5) Promote the public image of La Medina quarry and raise public awareness 
on relevant issues; (6) Improve La Medina quarry internal image by increasing social corporative 
responsibility; (7) Establish land stewardship agreements with landowners.  

The proposals described in this project are mainly aimed at the bat species benefit. However, 
many other species could equally benefit from the implementation of the measures. The local 
population will have the opportunity of taking part in different recreational and educational 
activities related to bats, and they will benefit from the ecosystem services provided by bats, 
such as pest control. And finally, undertaking the project would place Hanson Hispania S. A. as a 
leading company in biodiversity conservation and, particularly, in the conservation of bat 
populations. 
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Introduction 

The variety of threats faced by bats due to human activity and interference is gradually resulting 
in a decrease in their population (www.batcon.org). The most common threats to bats in 
Europe are alterations of their natural habitat, loss of roosting sites, pesticide intoxication and a 
number of bat fatalities at wind farms, highways and other infrastructures (www.secemu.org). 
To reduce and eliminate the menacing impact on bat populations, it is also vital to raise public 
awareness of their conservation issues. 

All Spanish bats are European Protected Species (Annex IV of the Habitats Directive) and 
Spanish Protected Species (List of Wild Species under the Special Protection Regime, Royal 
Decree 139/2011, dated 4 February). At a regional level, there are two species in Asturias that 
are listed as Sensitive to Habitat Alteration (Myotis blythii and M. myotis) and two of Special 
Interest (M. emarginatus and Miniopterus schreibersii). 

Taking into account the general characteristics of quarries and, in our case, La Medina quarry, 
we are convinced that even simple and inexpensive approaches will be sufficient and, at the 
same time, highly beneficial for bat preservation in operational as well as in post-operational 
phases. 

And finally, the fact that species such as Myotis blythii or Miniopterus schreibersii are actually 
present in the nearby Las Caldas Cave Partial Nature Reserve and also identified at La Medina 
quarry during preliminary surveys, once again highlights the importance of our proposal. 

Project Objectives 

1. Characterise bat populations at La Medina and its surroundings prior to development work and 
during both operational and post implementation phases of the project.  

2. Enhance the potential benefit of La Medina quarry and its surroundings in order to contribute 
to bat populations, both during operational and post-operational phases.  

3. Study the connectivity of bat populations between La Medina quarry and Las Caldas Cave Partial 
Nature Reserve.  

4. Reconcile bat conservation with the different working phases at La Medina quarry.  

5. Promote the public image of La Medina quarry and raise public awareness on relevant issues.  

6. Improve La Medina quarry internal image by increasing social corporative responsibility.  

7. Establish conservation stewardship agreements with landowners.  

http://www.secemu.org/
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Background Information 

La Medina quarry is located in the north-west of Spain, very close to the city of Oviedo 
(Principality of Asturias). The landscape is typical of the Cantabrian coast and defined by the 
presence of many small villages, surrounded by numerous low although craggy mountains. 

The climate in Asturias is mild humid Atlantic type climate (Font-Tullot 1983). Temperature and 
rainfall vary throughout the year, with average figures of 12.5 ºC and 800 to 1,200 mm of rain. 

The habitats present at the site are mainly comprised of woodland, scrub and grassland: 

- Deciduous Woodland: Mixed deciduous forest with species such as Castanea sativa, 
Quercus robur, Betula celtibérica, Pinus pinaster, P. radiata and Eucaliptus globulus, as 
well as the presence of associated scrub such as Rubus ulmifolius and Genista hispanica. 

- Mediterranean Shrub: dominated by Genista scorpius and Ulex europaeus. 

-  Grassland habitats: with two main types of grassland depending on cattle feeding; 
improved grassland and grassland subject to grazing.  

Las Caldas Cave Partial Nature Reserve is located only 950 m in a straight line from La Medina 
quarry. The Reserve is 0,45 km2 wide and the presence of bat species is well-known, some of 
which being listed as Threatened Species at a regional level (Myotis blythii and Miniopterus 
schreibersii). 

Methodology 

The methods used to prepare this project are divided in two main groups: 

1. Field work 

On 4 February 2014, a first visit to La Medina Quarry was undertaken, in order to design the 
methodologies proposed in this report 

From 9 July to 11 July 2014, two daytime visits and two nocturnal visits were carried out: 

- Daytime visits: (1) areas of potential interest for bats, such as cracks, crevices or caves 
and foraging areas within the quarry were inspected; (2) the Nature Reserve surroundings were 
examined to evaluate different features of the territory (patch mosaic structure of the 
landscape with different land coverage). The coordinates of the points of interest located during 
the day were mapped and (3) nine listening points were established immediately next to the 
quarry boundary in order to design the nocturnal surveys. It is important to note that the 
listening points could not be established inside the quarry boundary, due to access restrictions 
during the night. 
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- Nocturnal visits: nocturnal bat surveys were undertaken on two successive nights. Each 
listening point was surveyed for 5 minutes. The Surveyors used a Pettersson D240X time 
expansion detector and a digital recorder to collect bat call data, which was later analysed. 
Other nocturnal species recorded during the bat survey were also taken into account such as 
Caprimulgus europaeus (not listed in the fauna inventory of the quarry). Appendix I includes 
results and methodology of these preliminary surveys. 

On 2 September 2014, the last daytime visit to the quarry was undertaken. The presence of bats 
roosting in the quarry was confirmed by the identification of two bat droppings located at the 
hole entrance in one of the slopes, plus several droppings at different points around the 
buildings. 

2. Desk work: 

From 4 February to 30 September 2014: (1) The selection and mapping of the site areas subject 
to the study was undertaken in order to evaluate the connectivity between La Medina quarry 
and Las Caldas cave; (2) the listening points were then transferred onto a GIS and a map 
designed (see Picture 1, Appendix I); (3) the results obtained from the surveys were analysed by 
the use of specific software (see Appendix I for results); (4) eleven news reports were published 
(www.quarrylifeaward.es) to show the progress of our research; and (5) an intensive review of 
literature was also undertaken during the design of this proposal.  

Results and Discussion 

The results of each initial objective are shown below. 

Objective 1: Characterise bat populations located at La Medina and its surroundings prior to 
development work and during both operational and post implementation phases of the project. 

The characterisation of the community of bats located at La Medina quarry either for roosting, 
feeding or commuting is essential to evaluate the effectiveness of the habitat improvement 
measures proposed. Therefore, bat surveys should be done before and after measures are 
taken, during both operational and post-operational phases. 

In addition, the results obtained during the first survey should be taken into account to redirect 
the measures proposed in Appendix III if necessary, as well as to maximize preventive measures 
during both the operational and post-development phases in the event the protected species 
Myotis myotis, M. emarginatus, M. blythii and Miniopterus schreibersii are located on site. 

A detailed methodology of the proposed bat surveys at La Medina and its surroundings is 
described in Appendix II.  

Objective2: To enhance the potential benefit of La Medina quarry and its surroundings in order 
to contribute to bat populations, both during operational and post-operational phases. 

La Medina, similar to other quarries, has a number of potential resources that could benefit 
bats: 

Benchs and buildings already contain countless gaps, holes and crevices that could be used as a 
roost by different bat species and whose availability could be considerably improved by easy 
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and inexpensive action. Moreover, some of the action described in the Restoration Plan (for 
instance, the creating of three ponds) could be undertaken following certain guidelines that 
would benefit the abundance and diversity of the bat species during both operational and post-
development phases and even reduce the budget. 

A description of the different measures proposed to benefit the bat populations located at La 
Medina quarry and its surroundings is shown in Appendix III. 

Objective 3: Study the connectivity of bat populations between La Medina quarry and Las Caldas 
Cave Partial Nature Reserve. 

The Reserve and the quarry are so close to each other that it is possible to undertake a 
comprehensive study of the connectivity between the two areas at both a structural and 
functional level. 

Structural connectivity will be studied by cartographic spatial analysis and functional 
connectivity will be studied by different survey methods (manual bat surveys, capture-recapture 
and radio-tracking). Surveys should be undertaken before and after the habitat enhancement 
measures, during both operational and post-operational phases in order to evaluate the success 
of these measures.  

This study will determine whether bats from the Reserve are using the quarry for foraging, 
roosting or commuting. 

Information on movement patterns of the bat species located at the site will be used as 
guidelines when taking action to improve the connectivity between La Medina and Las Caldas 
Cave and therefore increase the resilience of bat populations in the area. The different surveys 
proposed (capture-recapture and especially radio-tracking) will generate scientific data of great 
importance for the conservation of the endangered bat species, for instance Myotis blythii and 
Miniopterus schreibersii. 

A complete methodology to study the connectivity between La Medina quarry and Las Caldas 
Cave is described in Appendix IV. 

Objective 4: Reconcile bat conservation with different working phases at La Medina Quarry. 

Conflicts may arise in many situations when the need to preserve an occupied roost faces the 
need for work at the quarry. Work such as rock extraction, building maintenance or 
commencement of the work required under the restoration plan should be planned in advance 
in order to avoid damage or disturbance of the bat community.  

There is currently very little information on bat population management at quarries. We 
therefore propose a Management Plan (Appendix V) that helps reduce and avoid damage to 
bats inhabiting the quarry as far as possible, during both operational and post-operational 
phases. This Management Plan will serve as a reference for bat management at quarries around 
the world. 



 
 

6 
Development of bat populations at La Medina quarry during both operational and post-operational phases and study of the 
connectivity between the bat populations located at La Medina and Las Caldas Cave Partial Nature Reserve 

 

Objective 5: To promote the public image of La Medina quarry and raise public awareness of 
relevant issues. 

Bats are still relatively unknown animals by society and have a bad reputation, far worse than 
they deserve. Following the key principle "you don’t protect what you don’t know", we have 
designed a simple and effective approach, with the aim of raising public awareness and show 
both the project and the action taken by Hanson Hispania to enhance bat populations in the 
area. Four types of action are proposed at this stage: 

- Interpretative Kiosks 

Two interpretative kiosks will be placed at the quarry entrance.  

 “Bats, our friends”: with questions on different amazing features of the biology of 
bats (Are they blind? Where do they spend the winter? Why do they sleep upside 
down? What is their role in the ecosystem?), benefits for humans (How many 
mosquitoes can they eat in one hour? Did you know that bats work for farmers?) 
and threats and conservational features (Are we their enemies or their friends? 
What can we do for bats?). These questions will be answered in a didactic way and 
illustrated with pictures. 

 “Bats at La Medina quarry”: This kiosk will focus on the bat species inhabiting the 
quarry and some of their biological aspects (general description, diet and specific 
habitat), what kind of roosts they use at the quarry (hibernation, maternity or 
nursery roosts, daytime summer roosts, mating roosts, night roosts, feeding roosts 
or transitional roosts) and what role La Medina plays in their conservation (habitat 
improvement measures and roosting sites management, amongst others). 

- Night Walks 

The “Night Sounds” program will consist of a number of night educational walks for local people 
(adults and children accompanied by a tutor) with the aim of increasing information on the 
project, as well as general knowledge about bats. 

The night walks and the highest activity period for bats should occur at the same time, the walk 
therefore being planned from May to September. The walks will last for two hours and the 
number of walks planned will depend on demand. 

Up to ten people accompanied by an environmental monitor will walk around the quarry and 
learn about different aspects of the nocturnal wildlife inhabiting La Medina and its 
surroundings. Examples will be specified within each explanation: 

 Listening for bats using an ultrasound detector.  

 Listening for the call of owls. 

 Learning to identify tracks and trails.  
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In addition, information on the action taken by the company to benefit bat populations and 
conservation guidelines will be explained:  

 How does Hanson Hispania help bats?  

 What can you do for bats? 

 What should you do if you find bats at home?  

- Online promotion of the project 

The publishing of news, activities and results in different media and social networks, including a 
press release summarising the project results are tasks that require minimum effort and that 
could provide very positive feedback.  

- Publications in environmental and scientific media  

The implementation of the project and its future results will provide relevant information for 
publication in scientific journals and environmental magazines. 

Objective 6: Improve La Medina quarry internal image by increasing social corporative 
responsibility  

We propose certain activities that could directly improve the external image of the quarry: 

- Corporate Social Responsibility:  

Hanson Hispania workers could take part in different activities aimed at enhancing the potential 
benefits of La Medina in order to contribute to bat populations. 

 Creating of a temporary pond. (Appendix III). 

 Planting trees and shrubs, according to the Restoration Plan. 

 Setting up bat boxes (Appendix III). 

An experienced environmental technician will conduct the activity and explain its role under the 
Restoration Plan and in a conservation context. After the physical exercise, participants will be 
given a packed lunch and the activity will conclude with a light walk around the quarry. 

- Information Session: 

Consisting in a talk addressed to Hanson Hispania workers and focused on the initial objectives, 
activities planned, actions and measures taken and the results of the project. 

Objective 7: Establish land stewardship agreements with landowners.  

The measures proposed above should be maintained over time in order to enhance the bat 
communities located at La Medina. We propose entering land stewardship agreements 
between specialized NGOs and the land owners (Hanson Hispania, or future companies in the 
case the company change in the future) with the aim of maintaining the measures in the future.  
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An alternative measure could be the establishment of land stewardship agreements with the 
owners of farmland located in surrounding areas. The aim of these agreements would be the 
following: 

- Benefit/Maintain the presence of ancient trees. 

- Benefit the connectivity between La Medina and Las Caldas Cave, if necessary. 

 Scrub planting and enhancement. 

 Creation of new ponds or/and enhancement of the existing ones. 

 Development of a sensitive lighting scheme in order to ensure that there is no 
unnecessary light spill within the site. 

Additional benefits 

1. For biodiversity: 

The measures described in this proposal are mainly aimed at the bat species located at La 
Medina quarry. However, other species could equally benefit from the implementation of the 
measures.  

The temporary pond that will be created as a result of the work undertaken on site will benefit 
the following groups of species: (1) aquatic invertebrates, including insects with an aquatic 
larvae phase, (2) certain amphibian species such as Pelophylax perezi (listed as Vulnerable) 
could use the new pond as a breeding area (3) many passerine birds that breed in the quarry 
and birds typically from woodland habitats such as Accipiter nisus or Buteo buteo could use the 
new pond as a reservoir and (4) mammals such as Meles meles and Capreolus capreolus could 
also visit the pond at night.  

Habitat enhancement by planting new vegetation in order to improve the connectivity of the 
bat populations will also benefit other fauna species by establishing new feeding stations, roost 
and breeding areas for the species. Furthermore, these new habitats will also benefit the 
connectivity between other fauna populations.  

2. For society: 

We believe that this study will have a substantial impact on the conservation of an important 
fauna group and essential group species for the environment. From a holistic point of view, 
society will benefit from bats, as the human being is just another part of the ecosystem and one 
could not live without the existence of the other (CBD 1992).  

The local population will have the opportunity of taking part in different activities related to bat 
populations, such as night walks and will also learn about bat life and its importance to society.  

Bats provide some direct ecosystem services to society, as they act as a natural form of pest 
control in woodlands (Ponmalar & Vanitharani 2014), farmland (Whitaker 1995; Cleveland et al. 
2006) and disease control, as they control the mosquito population.  
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3. For the company: 

From an international perspective, undertaking the project would place Hanson Hispania S. A. as 
a leading company in biodiversity conservation and, particularly, in the conservation of bat 
populations. La Medina would be a reference for the implementation of measures by similar 
schemes that promote the enhancement of habitats where bats are located. Furthermore, 
publishing scientific papers in an international journal would also benefit the improvement of 
the corporate behaviour of the company.  

On a national basis, La Medina would be renowned as a model for biodiversity management, 
thanks to the publishing of different articles in a national environmental magazine. 

On a local basis, both the project and the Company will be well known for its fun and 
educational activities. 

Furthermore, Objective 6 will benefit the internal improvement of the corporate behaviour of 
the company.  

Conclusions 

 Solid and global basis: The solid conservationist nature of the proposed project is based 
on three of the four topics that the European Community Biodiversity Strategy deal with 
(Communication from the Commission, 5 February 1998). These are: 

- Conservation and sustainable use of biological diversity.  

- Research, identification, monitoring and exchange of information. 

- Education, training and awareness. 

 Unique opportunity: La Medina offers multiple possibilities for establishing bat 
populations and a habitat enhancement management plan. Furthermore, the proximity of Las 
Caldas cave, listed as a Nature Reserve, at which the presence of species of bats is well-known 
for conservation concerns, increases the importance of this project for the preservation of this 
group of species.  

 Realistic: The final objective of the project is simple, to benefit bat conservation and all 
the measures previously described to reach this objective are easily applicable.  

 Financials: The main part of the budget for the project would be devoted to the bat 
population monitoring and roost monitoring, by means of different techniques. With a reduced 
investment, it is possible to obtain an invaluable amount of data for a group of fauna whose 
study and protection is essential.  

The measures proposed in the Management Plan are easy to establish and require minimum 
effort on the part of the Company. Furthermore, the measures proposed within the Habitat 
Enhancement Management Plan also require minimum cost. Most of them could be included 
within the Quarry Restoration Management Plan, which would involve an important reduction 
of the costs.  
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 Flexible: Most of the measures set forth in this proposal are independent, meaning that 
if the budget could not cover all of them, certain measures could be eliminated without 
affecting the structure. The flexibility of the project we are proposing in this report makes it 
easy to adapt to any quarry in the world.  
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Objectives 

The preliminary surveys carried out from 9 and 10 July 2014 were undertaken with the 
following objectives: 

- To undertake an initial survey at La Medina quarry. 

- Define the methodology proposed in Appendix II. 

- Justify and define a management plan for the bat population located at La Medina 
quarry (Appendix III). 

- Justify the connectivity research project between La Medina and Las Caldas cave 
described in Appendix IV. 

- Justify and define the habitat management plan described in Appendix V. 

Survey design 

A daytime inspection was carried out on 9 July (see Picture 1) to establish the listening points 
that would be surveyed during the nights of 9 and 10 July 2014.  

 

 

Picture 1. Preliminary survey, listening points.  

It is important to note that due to access restrictions to the quarry at night, all the listening 
points had to be established outside of the site boundary.  
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Methods 

Two different surveys were undertaken for each of the 9 listening points previously established. 
Both surveys were carried out by changing the order of the listening points to record different 
bat species at different times. Surveys started at dusk and lasted for a minimum of 1.5 hours. 
Each listening point had a duration of 5 minutes. A time expansion bat detector was used 
(Petterson D240X), which was connected to a digital recorder in order to record all bat calls. It is 
important to note that bat calls were not recorded between listening points.  

Survey effort  

The surveys were undertaken by two experienced ecologists and each survey lasted for a 
minimum of 1.5 hours.  

Sound analysis 

All bat calls were analysed by free access software (Wavesurfer). 

Results 

Table 1 shows a summary of the results obtained from the two surveys undertaken.  

Table 1. Species recorded, listening points with positive results and number of bat calls recorded. 

   Species No. Listening Points No. bat encounters 

Miniopterus schreibersii 5 19 

Pipistrellus pipistrellus 6 17 

Eptesicus serotinus 3 7 

Myotis emarginatus 1 1 

P. pipistrellus/M. schreibersii 5 6 

E. serotinus/Nyctalus sp. 1 1 

Conclusions could not be established at this stage, as two single visits could not be addressed as 
sufficient in order to define final findings. However, at a previous stage M. schreibersii and P. 
pipistrellus are the two most frequently recorded species in the surveyed area. It is important to 
note that M. schreibersii is listed as Special Interest in Asturias. 
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Figure 2. M. schreibersii recorded during the preliminary survey at the site. 

E. serotinus would be the third most abundant species at the site, whereas only one individual 
M. emarginatus was recorded during the surveys. 

It should be mentioned that due to the characteristics of the sonogram, seven bat calls 
recorded during the two surveys could not be properly analysed. On six occasions, it was not 
possible to distinguish if they were P. pipistrellus or M. schreibersii calls. On one occasion, it was 
not possible to distinguish between E.serotinus or Nyctalus sp. 
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Introduction 

This Appendix includes a methodological proposal aimed at obtaining information on: 

- The bat species inhabiting or using the site.  

- Activity levels and their importance in the local context.  

- When and for what purpose are bats using La Medina quarry.  

This information is essential for the proper management of the community of bats using La 
Medina. It is also necessary to evaluate the effectiveness of habitat enhancement measures 
taken both during the operational and post-operational phases. 

This methodology (adapted from Hundt 2012), although designed for La Medina, is applicable to 
other quarries. However, each survey must be adapted to the particular conditions of the site, 
the available budget and objectives. 

Steps to follow 

1. Background Information 

Existing information on bats at the site will be compiled. Some of the sources available are: 

- Atlas of Terrestrial Mammals in Spain (Atlas de los Mamíferos Terrestres de España). 

- Catalogue on Endangered Vertebrate Fauna of Asturias (Catálogo Regional de Especies 
Amenazadas de la Fauna Vertebrada del Principado de Asturias). 

- The Red Data Book of Asturias Fauna (Libro Rojo de la Fauna del Principado de Asturias).  

- Las Caldas Cave Nature Reserve Land Use and Resource Management Plan (PRUG de 
Reserva Natural Parcial de La Cueva de Las Caldas). 

A short interview with the quarry workers about roosts and bat presence at the site is also 
highly recommended. 

All the relevant information collected will be taken into consideration before undertaking the 
survey design, the data analysis or any bat management or habitat enhancement measures (see 
Appendix III and V). 
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2. Transects design 

Equipment and staff: A professional ecologist, GPS  and data collection sheet.  

A first daylight visit to the site will be made to design the transects and walk them for the first 
time. Two walked transects will be designed, one of them will cover the inside of the quarry and 
the other will go around the quarry. Ideally, each walked transect will start and finish at the 
same point. 

Each transect will include 10-12 listening points, which should be established at least 200 m 
apart. Listening points will consist of 5 minutes of bat sound recording. The walked transect will 
not be longer than 3 hours and it should meet the following requirements: 

- The site will be as covered as possible. 

- Listening points will be established at strategic locations: 

o Likely roosts in banks, buildings and ancient trees.  

o Hedgerows and lines of trees that could be acting as ecological 
corridors. 

o Ponds, lakes, streams and other habitat features where there is a 
high likelihood of foraging bat presence.  

3. Methods 

Equipment and staff: Two experienced ecologists, a bat sound detector 
(Pettersson D240X), digital recorder, maps, GPS, torch and data collection sheet.  

A complete survey will consist of repeating each transect three times, at one month intervals. 
Each repetition will start at a different survey point than the prior one, in order to minimize the 
possible influence of the survey time on the results. The transect will start at dusk and last for 
the next three hours. 

Surveyors will record the bat sounds detected while walking from one listening point to the next 
and record continuously for 5 minutes when they reach a listening point. 

If any roost is detected during the walked transect, it will be specified on the data sheet for a 
further specific survey of the roost, as this information could be very valuable when managing 
bat populations at the quarry (see Appendix V). Surveys will be undertaken from April to 
September, when bats are likely to be more active. Windy or rainy nights should be avoided as 
bats may choose to stay in the roost until the weather improves. 

Survey effort and frequency depend on when the measures are taken, both during operational 
and post-operational phases. At least one full survey will be required before and after any 
measure is taken. However, 1 to 3 more surveys are highly recommended in the very likely case 
that the measures implementation take longer than one year.  

Some of the habitat enhancement measures proposed will take a few years to fully perform (for 
instance shrub growth), therefore a minimum of 3 surveys in successive years after the 
measures implementation will be required.  
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The number of surveyors needed depends on the size of area to survey. In this case, one 
surveyor would be technically enough, however two are recommended for security reasons.  

4. Alternative method through automated activity logging systems.  

Equipment and staff:  A surveyor, an automated bat detector (Petters son D500X), 
maps and a data collection sheet.  

In the case security reasons prevent night walked surveys inside the quarry, automated bat 
activity surveys will be used as an alternative method. Automated activity logging systems 
(Pettersson D500x) will be placed inside the quarry and record bat activity without the presence 
of a surveyor. 

A detector recording system will be placed at one of the listening points previously identified in 
Section 2 and collected the next day. The system will be programmed to start working 15 
minutes before dusk and until 15 minutes after dawn. The process will be repeated during 
successive nights up to the collection of data from the 10-12 listening points. 

The automated systems could be settled by a quarry worker receiving simple specific training.  

5. Bat sound analysis 

Equipment and staff: An experienced ecologist, data recorded during the survey, 
specific sound analysis software.  

The species detected while surveying will be identified by the analysis of time-expanded 
recordings of their calls and using specific software.  

The software choice will depend on the survey objectives and the project budget. We propose 
the use of software such as BatSound or Wavesurfer (free access) to perform this task.  

References 
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As other quarries, La Medina has a number of potential resources that could benefit bats, while 
optimising their ecological value. This could easily be achieved by implementing a series of 
habitat enhancement measures, which are described below. The measures are divided into 
three categories: 

1. Improving the roosting sites during both operational and post-operational phases.  

2. Improving foraging areas during both operational and post-operational phases. 

3. Improving connectivity inside the quarry during both operational and post-operational 
phases.  

Information on the species that could benefit is provided for each habitat enhancement 
measure. However, it will be necessary to evaluate success by undertaking periodical surveys, as 
suggested in Appendix II. 

1. Improving the roosting sites during both operational and 
post-operational phases 

1.1. Roosts in crevices and cavities  

Crevices, caves and cavities have been created in the quarry slopes due to the rock extraction 
carried out during the operational life of La Medina and depending on their size and location, 
could host important roosting areas for bats. Photograph 1 shows one of these crevices located 
at La Medina during one of the daytime inspections undertaken on site. 

 

Photograph 1. Crevice found in a slope at La Medina 

o Preserve the bench structure : Maintenance or enhancement of the benches located at 
La Medina would be a beneficial measure for the bat population to recommend as part of the 
quarry restoration management plan. The banks should be selected according to the abundance 
and quality of crevices or, if possible, to the presence of confirmed bat roosts. In order to 
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confirm the presence of bats in these crevices, and determine the bat species that they host the 
methodology described in Appendix V should be followed. Maintenance of those roosts with 
the following characteristics should be prioritized.  

o Confirmed presence of bat species of Special Interest (Myotis myotis or M. blythii). 
o Number of individuals located inside the roost 
o Number of confirmed roosts located  
o Number of potential roosts located  

The planting of woodland species over the berm of a selected bench should be avoided during 
the restoration process. The species intended for such berms under the Restoration Plan should 
be assigned to other areas of the quarry, where they will have an important role in improving 
connectivity. 

Species that could use the roosts: Rhinolophus ferrumequinum, R. hipposideros, Plecotus 
austriacus, M. emarginata, M. myotis, M. blythii and Miniopterus schreibersii, amongst others. 

o Armour blocks: Gaps contained in armour blocks will be buried under tons of sediment 
over time. However, some gaps could be kept by the placing of special permanent artificial 
roosts. 

Figure 1 illustrates a simple bat box to be placed amongst blocks. The structure of the bat box is 
adaptable to the cavity size in the rocks. The structure consists of two parallel boards or 
concrete slabs with a 3-4 cm space between them. The box has an entrance hole of 10 cm on 
the outer side and should be sealed on every side except the bottom to facilitate drainage.  

 

Figure1. Bat box design for armour blocks hosting cave-dwelling bats. Front and side view 

Species to benefit from the roosts located in armour blocks: Pipistrellus pipistrellus, Tadarida 
teniotis and Eptesicus serotinus, amongst others. 

o Armour blocks under construction: The armour blocks construction process is an 
excellent opportunity to install a big bat roost amongst the rocks (see Figure 2). An artificial 
roost simulating a cave with different temperature conditions should be installed (adapted from 
Mitchell-Jones 1999): 
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o Warm conditions: an exterior chamber in contact with the outside, exposed to the sun, 
contains the entrance hole and will be used for breeding and winter activity. 

o Intermediate conditions: interior chamber not exposed to the sun. 

o Cool conditions: in contact with the ground, gravity will keep the cool air inside this last 
chamber, which will make it ideal for hibernation or torpor conditions. 

The structure should be moisture and weight resistant and the inside should be rough to allow 
the bats to stay hanging. The bottom should be drilled to avoid flooding. The dimensions 
proposed in Figure 2 are for guidance purposes only. 

 

Figure 2. Bat box for cave-dwelling bats. 

Species to benefit from this kind of roosts are: Rhinolophus ferrumequinum, R. hipposideros, 
Plecotus austriacus, M. emarginata, M. myotis, M. blythii and Miniopterus schreibersii, amongst 
others. 

1.2. Roosts in buildings  

Take advantage of the buildings to create new roosts by implementing simple measures: 

o Pitched roofs: Pitched roofs usually have gaps between the tiles and the ceiling of the 
building that are frequently used by bats. Providing the rafters with air vents or holes will 
facilitate the entrance of bats. Vent holes should not be bigger than 5 cm in order to avoid 
doves from roosting inside the roof (see Photograph 2). 
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Photograph 2. Access to the space under the roof through a vent hole. 

Species to benefit from pitched roofs: Barbastella barbastellus, Myotis daubetonii, M. 
emarginata and Plecotus auritus, amongst others. 

o Wooden boards: Creating a bat roost could be as easy as placing a board or concrete 
slab on a wall (Fernández 2003) (see Figure 3). The board should be placed at a height of 2 m 
and 3 cm away from the wall. The inside should allow bats to hang, therefore a rough surface 
will be necessary. For instance, pinning a plastic net on the inside surface would cause this 
effect.  

Very busy areas and exposed walls should be avoided, especially those exposed to rain and 
walls with doors.  

 

Figure 3. Board over a wall (From Fernández 2003). 

Species to benefit from wooden boards: T. teniotis, E. serotinus and P. pipistrellus, amongst 
others. 
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o Bat boxes: Specific bat boxes such as the Schwegler 1WQ model should be installed on 
walls. These bat boxes could host bats throughout the year, including the hibernation period. 

 

Photograph 3. Interesting wall for bat boxes placement at La Medina  

Species to benefit from bat boxes: T. teniotis, E. serotinus and P. pipistrellus, amongst others. 

1.3. Roosts in trees  

o Bat boxes for tree roosting species: Woody species should be planted according to the 
Restoration Plan and will offer plenty of roosting cavities in the long term, when the trees are 
old enough. Until such time, Schwegler 1FD bat boxes should be installed to benefit bats in the 
short term. These bat boxes will be installed on poles until the trees are big enough to hold 
them. 

Species to benefit: Nyctalus lasiopterus and P. auritus, amongst others. 

1.4. Lighting  

A good potential roost may be empty if artificial lighting is excessive at the site. This disturbance 
could even result in colony desertion (Boldogh et al. 2007). In order to avoid future problems, 
the following measures should be taken:  

o Avoiding artificial light on roots: specially referring to roosts located in buildings. 

o Development of a sensitive lighting scheme in order to ensure that there is no 
unnecessary light spill within the site. The number of light points will be reduced, digital light 
timers installed, lights will not be unnecessarily high, properly directed to the floor or to the 
object to be illuminated and lampshades will be installed where light spilling is detected. 
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2. Enhancement of feeding areas both during operational and 
post-operational phases  

The enhancement and design of new feeding points for bat species is one of the most important 
measures to undertake (Gunnell et al. 2012). In order to design new feeding points for bat 
species, the following measures are recommended: 

2.1. Vegetation management 

The planting of grassland and creating of woodland habitats is one of the measures described in 
the Restoration Plan. The species and their location will be carefully chosen in order to benefit 
bats as well as other animals.  

o Grassland habitats: White clover (Trifolium repens) is a grassland species that generally 
benefit bats, as its bright colour during the night attracts moth species (Gunnell et al. 2012). It is 
thus recommended that white clover be incorporated at a mayor proportion within the planting 
scheme for the final landscaping design proposed as part of the Restoration Plan. 

Bat species such as M. blythii have a grasshopper- based diet (Ibáñez 1998), therefore grassland 
areas will be guaranteed during both operational and mostly after the quarry restoration, in 
order to attract grasshoppers. In addition, grazing is recommended as it attracts insects and 
supplies food for bats, for instance P. austriacus, which hunt in open areas. 

The scheduling of grassland habitat clearances outside the bat activity period (between the 
months of April and September inclusive) would avoid impact on bats. Where vegetation 
clearance is required during the bat activity season, grassland areas will be maintained in order 
to benefit bat feeding.  

o Woodland habitats: Most of the wood species proposed for planting within the 
Restoration Plan (Corylus avellana, Quercus robur, Betula pendula and Ilex aquifolium) are 
known for attracting insects (Gunnell et al. 2012) and therefore considered to be suitable for 
bat roosting and foraging. As a result, no further recommendations are proposed at this stage.  
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2.2. Ponds  

Measures incorporated within the Restoration Plan considered the design of three new ponds. 
Table 1 shows the characteristics of the ponds:  

Table 1. Pond area according to the Restoration Plan.  
POND AREA (m2) 

Pond 1 1,334 

Pond 2 234 

Pond 3 185 

TOTAL 1,753 

Ponds not only supply water to bat species, but they also act as an important feeding area and 
bats are generally recorded next to ponds close to dawn and dusk times. Specific guidelines to 
be followed in the design of the three ponds within the Restoration Plan are proposed in order 
optimize the benefit that water bodies provide for bat species (Linton 2011). The creation of a 
provisional pond during the operational phase is also proposed below.  

o Creation of a provisional pond during the operational phase: The creation of a 
provisional pond that provides water during the whole year will supply an important resource of 
water and food for the bat populations located at La Medina.  

The pond will be at least 5 x 10 m wide (ideally 10 x 15 m or more) and have a maximum depth 
of 1-1.5 m in order to provide water during the whole year (Linton 2011). The water body will 
be elliptic and the longest side will be oriented from North to South.  

Hedgerow habitats will be planted within the Western and Eastern areas of the pond, 
alternating wooden species and scrub species. Species to be considered within the planting 
scheme should be Corylus avellana, Quercus robur, Betula pendula and Ilex aquifolium. The 
vegetation included will attract insects acting as a food supply for bats. Furthermore, the new 
vegetation will protect the area from weather conditions (rain and wind) and provide shade to 
the new pond at dawn and dusk, benefiting bat species during their commuting to their roosting 
areas, as they choose flight paths with the minimum sunlight possible. The northern and 
southern edges will be free of wooden vegetation to facilitate access to the larger bat species.  

The new pond should be located as near as possible to natural habitats, as these habitats 
usually act as a natural corridor used by bats for commuting and feeding. The location of the 
new pond will be as far as possible from tracks and free from dust and disturbances. 

o Construction of three permanent ponds during the post-operational phase. In order to 
optimize the benefit that water bodies provide to bat species, the following guidelines are 
suggested when building the ponds:  
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Pond 1 is by far the largest one and its capacity allows for harbouring different microhabitats, if 
designed correctly: 

o Depth: a 600 m2 area in the centre of pond will be the deepest area, with a 
depth of over 1-1-5 m (as specified in the Restoration Plan). The deepest part is 
likely to keep water throughout the year and its position in the centre of the 
pond will allow large bats species (N. lasiopterus or E. serotinus) to drink and 
hunt over the water surface. 

Depth will decrease from the deepest central area to the shores, in order to 
increase the abundance and diversity of insects available for bats. Flat depths 
will be created in order to accumulate mud. Muddy areas are particularly 
interesting to increase the abundance of dipterans, which are a preferred 
species for many bats. 

o Vegetation: At least half the pond shore will be planted as explained above. 
Alternation of shaded and sunny areas will increase insect diversity. Hedgerows 
will be distributed into two groups and located at 3 m from the pond edge to 
facilitate entry and exit flight paths for large species (N. lasiopterus and E. 
serotinus). 

Pond number 2 will be 1-1,5 m deep and depth will decrease to 15% at the pond edge (as 
specified in the Restoration Plan). Woody species will not be planted around this pond in order 
to facilitate its use by large species. 

Pond number 3 will be identical to the provisional pond designed above, with respect to 
orientation, depth and vegetation. 

2.3. Lighting  

Lights attracts a number of insects and therefore a number of generalist species that feed on 
them, such as P. pipistrellus or E. serotinus. However, attracting insects to light may reduce their 
density in naturally dark areas, thus harming the bats that avoid artificial light and need 
darkness for foraging and commuting (Plecotus sp. and Myotis sp.) (Fure 2012). A sensitive 
lighting scheme such as the one proposed in the previous section will be developed to reduce 
this impact. Another measure will also be taken into account: 

o Reduction of UV light emission: Insects are particularly attracted by UV light. Lamps that 
emit the lowest UV radiation as possible will be chosen to reduce this impact. 

3. Connectivity enhancement measures during both 

operational and post-operational phases  

The presence/absence of bats in foraging areas depends on habitat composition and 
connectivity (Hale et al. 2012). Increasing connectivity at the quarry could be possible by 
undertaking certain measures. 
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3.1. Vegetation 

According to the Restoration Plan, berms at the quarry will be planted with trees and hedgerow 
woody species that will act as ecological corridors for bats when they reach the proper size. 

o Linear hedgerows: the number of linear hedgerows planted will be higher than those 
proposed in the Restoration Plan. The new additional hedgerows will be planted following a 
radial structure connecting berms with re-vegetation and hedgerows around the ponds. 

This additional woody species should not incur additional cost within the restoration budget, as 
the woody species reserved when preserving the structure of certain benchs (see Section 1) 
could be used here to enhance connectivity. 

Achieving a real hedgerow and tree network is essential for habitat connectivity, as some bat 
species may avoid flight paths where gaps are bigger than 10 m without trees or scrubs 
(Entwistle et al. 2001). 

3.2. Lighting 

Artificial lighting has a negative effect on most bat species, to the extent of modifying their flight 
paths in order to avoid artificial lights (Stone et al. 2009; Van Langevelde 2011). Certain 
buildings at the quarry maintain exterior lighting at night. A sensitive lighting scheme such as 
the one proposed in section 1 will be undertaken. 
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Introduction 

The aim of this proposal is to determine whether the bats inhabiting the Reserve are using the 
quarry either for foraging, roosting or commuting. In order to undertake the work, we propose 
a combined assessment including field and desk work (Table 1). 

Firstly, mapping the territory over the field will provide data to generate a cost/resistance layer 
(shape file). A GIS tool will be used to run a model over the shape, which will result in a map of 
the potential ecological corridors of the site. 

Secondly, several surveys will be carried out to determine whether there is functional 
connectivity. Three different methodologies that supplement each other (manual bat activity 
surveys, capture-recapture and radio-tracking) will be used. 

Table 1.Working schedule to study the connectivity.  

Task Fieldwork Desk work 

1-Area analysis 
Identifying potential 
corridors and barriers  

Preliminary study. Geo-referencing 
and digitalising data. Applying 
connectivity tools and producing the 
connectivity map. 

2-Survey points 
Manual and automated 
bat activity surveys using 
ultrasound detectors 

Sound analysis using specific software. 
Mapping survey points and results. 

3-Capture-recapture 
Catching surveys. 
Trapping, ringing and 
radio-tagging.  

Digitalalising and data analysis 

4-Capture-recapture 
Capture-recapture within 
the potential corridors. 
Marking with rings. 

Digitalalising and cartographic data analysis  

5-Radio-tracking 
Monitoring of radio-
tagged bats. 

Digitalalising and cartographic data analysis 

Methodology 

1. Study Area analysis. 

As the site is relatively small (4 km2), field mapping is considered necessary at this stage. A 
comprehensive search of the potential ecological corridors between the Reserve and the quarry 
will be undertaken as follows: 

http://www.s4.brown.edu/S4/Training/Modul2/Georeferencing%20and%20Digitizing%20%20in%20ArcGIS.pdf
http://www.s4.brown.edu/S4/Training/Modul2/Georeferencing%20and%20Digitizing%20%20in%20ArcGIS.pdf
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5.1. A set of satellite images will be collected (as recent and of the highest quality possible) 
covering the whole area (see Picture 1). Each image will cover 100m2 of ground surface and will 
be numbered and divided into four squares of 50x50 m (a, b, c and d). 

 

Picture 1. Proposed area for the connectivity study between NR Las Caldas-La Medina  

The selected area and its topography will be studied for a clear view of every 100x100 m grid. A 
Digital Terrain Model (DTM) analysis will be undertaken in order to select the best survey areas. 
Grids with maximum altitude and slope will be discarded, since the cost/resistance of travelling 
along this grids is considered as maximum. Grids located in lowlands and valley bottoms will be 
prioritised.  

Highly urbanized habitats are considered to be of low ecological value as ecological corridors for 
bat species. Depending on time and/or budget, grids with urban land coverage exceeding 70% 
may be avoided.  

 

Picture 2. Planning the visit to the study area. Red points indicate grids with >70% of urban land 
use. Source: WMS PNOA. 
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5.2. Selected grids will be surveyed and assessed according to the presence/absence of the 
following features:  

- Tree network 
- Hedgerow network 
- Ponds, ditches and other water sources 
- Artificial lights 
- Percentage of urban cover 
- Specific barriers 

Qualitative evaluation (1 to 10) of habitat factors in every 50x50 square will determine the 
cost/resistance of each grid on site.  

Due to the reduced size of the site, evaluating the grids on the field is a relatively quick task. 
From a single vantage point and relying on the satellite images, it is possible to see and evaluate 
multiple grids. 

5.3. Data recorded will be then transferred on to a Geographic Information System (GIS). 
Each habitat factor will be then weighted to show its relative importance and an algorithm 
chosen (weighted arithmetic mean) that combines multiple factors into a single pixel suitability 
score (www.corridordesign.org) in order to generate a shape file of cost/resistance in the study 
area. 

5.4. Landscape connectivity on site will be assessed by using one of the free access GIS 
tools kits available such as Corridor Designer or Linkage Mapper. A map of the potential 
ecological corridors will be designed as a result.  

By determining the location of the potential corridors, their quality and permeability, we will be 
able to decide where to take the action aimed at improving the functional connectivity between 
the Nature Reserve and La Medina quarry, for example planting in order to avoid gaps bigger 
than 10 m within linear hedgerows (Entwistle 2001). 

Since not all species have the same requirements when it comes to moving across the 
landscape, it may be necessary to generate a different cost/resistance layer for each species or 
group of species. 

2. Manual bat activity surveys 

In this project, manual activity surveys undertaken by surveyors carrying a bat detector are 
considered as a complementary method for both capture-recapture and the radio-tracking 
methods described below (see Section 3). 

Nocturnal surveys will be undertaken according to the methodology proposed in Appendix II. At 
least 9 different points should be established within the corridors identified in Section 1. Ideally 
there should be 3 points/corridor, 1 point close to the Reserve, 1 point half-way between the 
Reserve and the quarry and 1 last point close to the quarry. Points should be established at least 
200 m apart. 

Analysis of the field recordings will be undertaken to determine bat species present along the 
potential corridors as well as their activity levels. We propose the use of software such as 
BatSound or Wavesurfer (free access) to perform this task. 
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The results will then be transferred on to a GIS, where information about the species detected, 
activity levels and detection method will be specified. 

3. Catching surveys and marking bats at Las Caldas Caves PNR  

Several marking sessions will be carried out by an experienced team. The catching method at 
Las Caldas Cave may vary from mist netting (Schreur 2005) to harp traps (Tuttle 1974), 
depending on the cave structure.  

Advance planning of these catching surveys is essential in order to avoid bad weather conditions 
(wind or rain) or periods in which females are pregnant, carrying dependent young or lactating. 

The Migratory Species Office (Ministry of the Environment) will provide rings to mark every bat 
caught. Notes on species, sex and age will be taken for a better knowledge of the population’s 
structure in the area. 

Some of the bats will be marked with a radio transmitter for further radio-tracking. If possible, 
at least six individuals (same species, age and sex) should be radio-tagged in order to achieve 
statistical consistency for data analysis (Bontadina 1999). However and depending on the 
availability of transmitters, protected species on site (Myotis blythii and Miniopterus 
schreibersii) will be prioritised. 

Ideally, the transmitter should not be heavier than 5% of the bat body mass (Aldridge & 
Brigham 1988, Caccamise & Hedin 1985). However, 10% could be acceptable for short-term 
studies (Jato et al. 2014). The transmitter will be glued to the bat’s hair on its back (Bontadina 
1999). 

Directly after being identified, marked, sexed and dated, the animals will be released as close as 
possible to the place where they were caught.  

The results will be transferred on to a GIS, where information about the species detected, 
activity levels and detection method will be specified. 

4. Capture-recapture within the potential ecological corridors  

Subsequent mist netting sessions after marking bats in the Reserve can provide highly valuable 
and detailed information on the functional connectivity in the area and the bats' behavior with 
respect to forage and commuting. 

Mist netting surveys will be undertaken at dusk. Placement will preferably involve streams, 
rivers, ponds and paths within the potential corridors that showed positive results when 
surveyed manually (Section 3).  

As mist netting success is not considered 100%, ultrasonic lures will be set on the nets to 
increase the capture probability (Hill & Greenaway 2005). 

The methodologies described in Section 3 will be followed in order to record weather 
conditions, time and the exact place of every capture. Each new capture will be ringed and 
released after being identified, dated and sexed. For recaptures the ring number, time and 
place will be recorded.  
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The results will be transferred onto a GIS, where all the animal characteristics and capture 
details will be specified. 

5. Radio-tracking 

Radio-tracking sessions will start ideally on the very same night the transmitter is attached to 
the bat and will last for a minimum of five nights or until the transmitter is detached. 

Radio-tracking survey methodology will vary depending on the behavior of the species. 
Identifying commuting routes can be achieved by the close approach method, in which a single 
experienced person follows one marked bat at a time, or the triangulation method, where two 
people are required. The first method is recommended for more sedentary species and the 
second for species that forage in large areas (Bontadina 1999). 

Radio-tracking results will then be transferred on to a GIS and combined with the results 
obtained from Sections 3 and 4. This will allow us to design maps that show both the flight lines 
and commuting routes of the bat species located on site.  

The methodologies described above will allow us to determine the presence/absence of a 
functional connectivity between Las Caldas Cave and La Medina quarry. This methodology could 
also be used in the future as guidelines for the design of a management plan that enhances the 
connectivity between Las Caldas Cave and La Medina quarry. 
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Problem Statement 

A number of potential roosting sites for bats are generated at the quarry during the operational 
phase. These sites can be divided into two groups: 

1. Crevices, caves and blocks appear along the quarry slopes after the rock extraction.  

 

 

Photograph 1. Potential roost in a slope of La Medina. 

2. Buildings and built structures at the site.  

 

 

Photograph 2. Potential roost in a building roof at the site.  

Conflictive situations may arise in the event there is an occupied roost in a place where work is 
being planned. For instance: 

a) The rock exploitation in a bench is to be carried out.  

b) Either work on a bench is to be performed or Platform 1 is going to be buried (Phases I 
and II of the Restoration Plan).  

c) Either maintenance work affecting the walls and the roofs of the buildings or the 
dismantling of the buildings during the Restoration Plan is being planned. 
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Without a management plan for bats, either action could imply the destruction of present 
roosting sites. 

Where to act 

Before any action is taken, it will be necessary to determine whether these potential roosts are 
being used by bats. The first step will be to consider the results from the characterisation of the 
bat populations at the quarry (Appendix II) in the case there are known roosts at the site. 
Subsequently: 

1. Identify every crevice, cave or gap in the slopes that is to be modified.  

The slope will be examined by walking down the berm and scoping with binoculars. Every cave, 
crevice or hole will be mapped and coordinates will be written down. In addition, when 
possible, the entrance will be examined for bat droppings, which would prove that the location 
is being used by bats (see Photograph 3) 

 

  

Photograph 2. Hole in a bench at La Medina with evidences of use by bats.  

In the same way, buildings will be mapped indicating potential roosts, besides looking for 
evidence of bats around the walls and under roofs or gaps. 

2. Study the presence/absence of bats by monitoring the potential roosts at dusk. 

A sufficient number of surveyors will be required to monitor the exit of every potential roost. 
Each surveyor will be assigned a bank zone or building facade and occupy strategic positions 
with the best visibility possible.  

Some bat species can emerge from the roost in total darkness, so surveyors will carry a bat 
detector.in order to be sure that bats from all roosts will be detected. Flight patterns and 
echolocation calls will be used to identify the species at the quarry. 
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The monitoring activity will start 30 minutes before dusk and will last for 2.5 hours (Hundt 
2012). The main objective will be to confirm the presence of bats emerging from the potential 
roosts and, if possible, to count them. Special attention will be given to the roosts where 
droppings are detected previously or roosts identified when characterising the bat population at 
the quarry (Appendix II). 

An alternative method will be used in the event, for security reasons, the surveyors are not able 
to enter the quarry at night. Although more expensive than the manual bat survey, they consist 
in a video camera with low light recording capability in conjunction with an infrared light source 
and an automated bat detector. The resulting images will prove where the bats emerge from 
and will allow them to be counted and the bat sounds recorded with the detector, for analysis 
of the different species. 

How to act 

Once the occupied roosts have been identified, local environmental authorities will be reported, 
and then bats will be evicted. There are different exclusion methods to evict bats depending on 
the kind of roost: 

1. Roosts in caves, crevices and vertical armour blocks. 

A tarpaulin, plastic or canvas cloth piece will be placed over the roost entrance (Bertonatti 
1996). The tarpaulin will be placed during daytime, at 2 to 10 cm from the entrance. It must be 
large enough to cover the entrance hole completely and at least 30 cm from the exit in every 
direction, except on the upper side. 

The tarpaulin will be placed for a minimum period of 7 days and must therefore be heavy 
enough to stand wind and rain conditions.  

Bats will be able to emerge from their roost at night but not to find the way back. 

After the 7-day period, the work will be carried out as planned. However, re-entering will be 
avoided by either keeping the tarpaulin set until the end of the work or by sealing the entrance.  

2. Roosts in buildings 

The buildings at La Medina have plenty of options for bats to roost. The size and shape of the 
entrances to the countless cavities, uncluttered roof spaces or chimneys available will 
determine the exclusion method to be used (Adapted from BCI 2011). 

- Small grooves on smooth walls: A flexible plastic mesh (4 mm maximum span) will be 
placed on the side and top edges, leaving the bottom open as an escape route. The mesh will 
cover up to 46-61 cm from the groove bottom, leaving space enough for bats to emerge and 
will remain for a minimum period of 7 days. A surveyor will be required during the first night to 
ensure that the bats can emerge easily from their roost. 
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Picture 1.Exclusion method for small grooves in walls (BCI 2011). 

- Small holes: Plastic tubes (26 cm long and 5 cm wide) are known to be very effective for 
this kind of roost. One of the ends will be located at the hole entrance, avoiding penetration 
more than 5 cm in order not to complicate the bat exit process. A soft plastic tube will be hung 
from the other end in order to make re-entry impossible. 

 

Picture 2. Exclusion method for small holes (BCI 2011). 

- Small windows and medium-sized holes: For medium-sized holes, an adaptation of the 
previous method might be used by modifying the end that to be placed on the roost entrance 
(see Picture 3). 

Small windows will require an exclusion method similar to the one proposed for small grooves 
on walls. 
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Picture 3. Exclusion method for medium-sized holes. (Bertonatti 1996). 

- Large entrances impossible to close: An alternative method that can be very useful for 
buildings with large entrances impossible to close by exclusion methods (see Picture 4) will be 
the use of artificial lighting to dissuade bats from using the site as a roost (Fernández 2003). 

 

 

Picture 4. Large entrance at La Medina where exclusion methods cannot be effective. 

After the 7 days using the corresponding exclusion method, the work will be carried out as 
planned. However, re-entering will be avoided by either keeping the exclusion method set until 
the end of the work or sealing the entrance.  

Ensuring that the exclusion method is being applied at the one and only roost entrance will be 
essential. If several entrances to the same roost are known, it will be necessary to seal them 
once the exclusion method has been installed. 
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Potential roosts where no bats have been detected will be sealed in order to avoid their 
occupation by evicted bats from other roosts. Bat boxes for the bats that have been evicted will 
be placed in other areas of the quarry as a compensatory measure, parallel to the exclusion 
methods used (see Appendix III). The selection of the number and location of the bat boxes will 
be based on the information compiled during the previous phase “where to act”. 

When to act  

Absence is no easy to prove. The presence/absence of bats roosting at La Medina will be 
studied from April to September, when bats are likely to be more active (Hundt 2012) in order 
not to miss the detection of bats because they are hibernating. For the same reason, bad 
weather at night might be avoided to study the presence/absence of bats in potential roosts as 
they may stay inside the roost until the weather improves.  

Exclusion methods will strictly avoid the following periods: 

- June to August: bats born in the summer may not be able to fly yet, condemning them 
to death by starvation (www.barbastella.org). 

- October to March: while bats are hibernating, they will stay in the roost no matter 
which exclusion method is used. During this period of the year, work on the buildings will be 
avoided unless the exclusion method took place the previous spring or unless it is certain that 
there are no hibernating bats. 

The best time to implement exclusion methods is September, when all young bats are definitely 
already able to fly (Ibáñez 1998). Another alternative may be the months of April and May, 
when the first births (Ibáñez 1998) have not yet taken place. 

It should nevertheless be highlighted that work at the quarry can be carried out anytime during 
the year, provided the exclusion methods are already applied during the previous spring. For 
example, the fact that the exploitation of a quarry bank is planned for February 2015 does not 
conflict with roosting bats if they are evicted during April, May or September 2014.  

References 

Bat Conservation International (BCI) 2011. Bats in buildings; a guide to safe & humane 
exclusions. Bat Conservation International. 7 pp.  

Bertonatti, C. 1996. Murciélagos: guía para conocer y defender a los murciélagos. Ed. Albatros. 
Buenos Aires. 62 pp. 

Fernández, J. 2003. Manual para la Conservación de los murciélagos en Castilla y León. Ed. 
Náyade. Consejería de Medio Ambiente de la Junta de Castilla y León. 94 pp. 

Hundt, L. 2012. Bat surveys — good practice guidelines. Bat Conservation Trust, London, 96 pp. 

Ibáñez, C. 1998. Los quirópteros. Pp. 114-218. En Blanco, J. C. (Ed.) 1998. Los mamíferos de 
España. Geoplaneta. Barcelona. 



 

                                                                                                                        
 

Budget 

OBJECTIVES DESCRIPTION UNIT QUANTITY EUROS/UD AMOUNT (€) 

1. Characterise bat populations at 

La Medina and its surroundings 

Manual ultrasound detector - PETTERSSON D240X Item 1 1170 1170 
Automatic bat detector - PETTERSSON D500X Item 1 1725 1725 

GPS - GARMIN DAKOTA 10 Item 1 110 110 

Digital recorder - OLYMPUS VN7153C Item 1 65 65 

Ecologist h. 288 15 4320 

2. Enhance the potential benefit of 

La Medina quarry in order to 

contribute to bat populations 

Artificial bat roosts (different models, proportional average price is provided) Item 30 130 3900 
Provisional pond m2 50 8 400 

Ecologist h. 96 15 1440 

3. Study the connectivity of bat 

populations between La Medina 

and Las Caldas Cave 

Manual ultrasound detector - PETTERSSON D240X Item 1 0* 0 
Automatic bat detector - PETTERSSON D500X Item 1 0* 0 

GPS portátil - GARMIN DAKOTA 10 Item 1 0* 0 

Digital recorder - OLYMPUS VN7153C Item 1 0* 0 

Bat catching, marking and tracking materials Item 1 1100 1100 

Ecologist h. 480 15 7200 

4. Reconcile bat conservation with 

the different working phases 

Manual ultrasound detector - PETTERSSON D240X Item 1 0* 0 
Automatic bat detector - PETTERSSON D500X Item 1 0* 0 

GPS portátil - GARMIN DAKOTA 10 Item 1 0* 0 

Digital recorder - OLYMPUS VN7153C Item 1 0* 0 

Prismáticos 10 aumentos Item 1 100 100 

Materials for bat exclusion devices Item 1** 300 300 

Ecologist h. 160 ** 15 2400 

5. Promote the public image 
Interpretative kiosks Item 2 600 120 
Manual ultrasound detector - PETTERSSON D240X Item 1 0* 0 

Enviromental monitor (12 sessions) h. 24 15 360 

6. Improve the internal image  Enviromental monitor (4 SCR sessions) h. 20 15 300 

7. Land stewardship Ecologist h. 64 15 480 

TOTAL 25490 
 

* Its cost is 0 because they are materials that have already been purchased previously. 
** Highly variable depending on the target needs (see Appendix V). 


