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Abstract  

What influence does a quarry have on the structural diversity and biodiversity of a landscape? How do 

these two factors develop over the entire period of use? What measures can be taken to improve the 

ecological condition of a quarry in the future? 

These questions are to be answered in the following project using the example of the Burglengenfeld 

quarry through the toolbox "Time Travel Quarry". For this purpose, on the one hand, a quantitative 

analysis is carried out in ArcGIS using aerial photographs from 1945 to 2019. This makes it possible to 

reconstruct the area shares and temporal changes of the individual landscape elements, such as shrubs, 

roads, water bodies, etc. In addition, the two criteria habitat diversity and habitat value are introduced, 

which can be used to assess the impact of the quarry on biodiversity. The overall ecological status is 

finally represented by a total score and an average score. 

Subsequently, a renaturation concept is presented that shows how temporary habitats can be protected, 

created and developed through various measures. In the underlying concept "nature on time", the spe-

cial demands of the dynamic raw material extraction system are integrated into the renaturation plan-

ning. A target species concept also allows planning specifications and measures to be concretised indi-

vidually for each quarry. 

The methodology used is standardised, so that it can be transferred to other extraction sites. This is the 

so-called "Time Travel Quarry" toolbox. As a kind of monitoring, the evaluation system offers the possi-

bility to quantify the success of renaturation measures or to check whether previous maintenance strat-

egies are still up to date. By planning renaturation at an early stage, during the quarrying process, the 

costs of implementing measures can be reduced through the direct availability of working machines. 

The evaluation system and the possibility to improve the quarry's rating should motivate other quarry 

operators to take measures for the preservation of biodiversity.
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1. Introduction  

The extraction of raw materials is accompanied by massive interventions in nature and landscape. The 

original character of the landscape is lost due to earth movements and lowering of groundwater levels. 

New structures as well as habitats with completely changed site conditions are created. (Bayerisches 

Landesamt für Umweltschutz 2001, Kollmann et al. 2019) The quarrying areas literally devour the sur-

rounding landscape, leaving behind former mountains, forests, fields and villages as supposedly grey, 

lifeless moonscapes. It is therefore not surprising that quarrying sites have been struggling with their 

bad image for years. The press speaks of "destruction of nature" (o. A. 2008), "wounds in the landscape" 

(Binder and Bohrer-Glas 2021) and of "disasters for the quality of life" (Kraft 2021). 

The quarry landscape, which at first glance appears to have been cleared, nevertheless offers unique 

conditions for renaturation and nature conservation concepts. Quarries are refuges for rare and endan-

gered species, due to characteristic site conditions such as water and nutrient deficiencies, large areas, 

lack of disturbance after quarrying, extreme microclimate and small-scale site and structural diversity. 

Since the remnants of the traditional cultural landscape are becoming poorer in species diversity and 

primary habitats, such as dynamic riverine landscapes and undisturbed rock faces, are also becoming 

fewer and fewer, the creation and preservation of suitable secondary habitats – e.g., renatured quarries 

– are particularly important. (Bayerisches Landesamt für Umweltschutz 2001; Kollmann et al. 2019; 

Poschlod et al. 1997). 

Although a considerable part of the landscape is destroyed at the beginning of the quarrying activity, 

natural succession processes can take place on increasingly unused, (in the meantime) finished quar-

ried areas if suitable production management is in place, or renaturation measures can already be im-

plemented to promote biodiversity. Thus, a quarrying site can provide added value for biodiversity by 

increasing the diversity of structures and habitats (Bétard 2013; Jefferson 1984; Ventur 2021). We as-

sume (cf. Fig.1) that biodiversity reaches its original level (a) or even rises above its previous level (b) 

in a subsequent use with renaturation, depending on the initial landscape. 

 

In order to determine the impact of quarrying sites on nature easily and quickly a generally applicable 

assessment methodology was developed. On the one hand, it is intended to assess the impact of quar-

rying sites on ecosystem diversity from an ecological perspective before, during and after quarrying and 

then present the results in a generally understandable way. On the other hand, the methodology should 

create comparability of different quarries, and thus generate a motivating competition.  

  

Figure 1: Conceptual diagrams of the development of biodiversity in an area with extraction activity (a) (e.g. quarry) (scenarios 
A and B: renaturation; scenario C: recultivation) compared with the biodiversity in the same area without extraction activity 
(b). The conceptual diagram on the left represents the conceptual relationship in the case that the initial landscape is in the 
19th century; the one on the right represents the case of an ecologically already heavily impoverished initial landscape in the 
21st century. 



 

4 
 

In addition to analysing the changes in landscape structures to date, we also attempt to look into the 

future. The question arises how the ecological development of quarrying sites may look like in the future 

and what measures must be taken to maintain or even improve biodiversity and structural diversity after 

and during quarrying. Habitats in quarrying sites are characterised by perpetual dynamics and changing 

environmental conditions, up to and including destruction. In many cases, therefore, it is a question of 

"nature on time". Although the partially unavoidable mortality and destruction caused by mining raises 

doubts about suitable and sensible renaturation concepts, valuable temporary habitats can be created 

on areas of the extractive industry. In order to permanently maintain biodiversity, the focus lies not nec-

essarily on each individual biotope, but on the preservation of animal and plant populations. (Stiftung 

Rheinische Kulturlandschaft 2019; Federal Agency for Nature Conservation (BfN)). The open land hab-

itats typical of quarries can, especially in cleared landscapes, provide valuable services as stepping 

stone biotopes and dispersal corridors for the interconnection of habitats and they are interesting and 

essential for many species of the early and middle succession stages (Stiftung Rheinische Kulturland-

schaft 2019; Kollmann et al. 2019). Especially for species of riverine, rocky and steppe landscapes, 

quarries offer the potential for the creation of secondary habitats (Wildermuth 1981; Poschlod et al. 

1997; Fetz 2001). In order to concretise the renaturation measures, this work will also clarify how and 

according to which conditions target species can be selected for (temporary) renaturation concepts. 

The Burglengenfeld quarry of Heidelberg Cement AG with a total area of approximately 129 hectares 

serves as the test area. The site also includes a cement factory, which adjoins the quarrying area to the 

south with approximately 23 hectares (cf. Fig. 2). Even before the official foundation of the Burglengen-

feld quarry in 1912, the former Brunnberg was partly used for quarrying (Vogel und Stang 1600). Since 

then, the site has grown to include traffic areas, buildings and, above all, open quarrying areas, while 

the original coniferous forest of the Brunnberg has been steadily cut down. Today, the active part of the 

quarry is located in the north and north-east of the site. On less frequented areas, pioneer vegetation 

has set in and temporary water complexes have developed. The former quarrying areas already feature 

various species protection measures, such as extensive grazing of the semi-arid grasslands with goats 

or the creation of temporary wetland biotopes for green toads and yellow-bellied toads (HeidelbergCe-

ment AG 2021).  

 Figure 2: Land division within the study area (ESRI 2018; Ventur 2021). 
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2. Methods 

For the analysis and assessment of landscape development, spatial units are required to simplify the 

complex structure of the landscape. The smallest homogeneous spatial elements recognisable on aerial 

photographs are called “landscape (structure) elements”. These elements often correspond to land use 

units, such as individual fields or traffic areas. A "class" comprises all landscape elements of the same 

type. The definitions of the classes with their typical expression in aerial photographs can be found in 

Appendix 1. 

Historical aerial photographs and orthophotos serve as a basis for the analysis of landscape changes. 

For the implementation of the methodology in Burglengenfeld, the oldest available aerial photograph 

from 1945 was taken as the starting year for the study period in order to depict the development of the 

landscape elements over time as completely as possible. If available, it is recommended to use an aerial 

photograph for the starting year that was taken before the start of mining activities. In addition, the 

intervals between the recording years used should be as even as possible. For the presented work, an 

interval period of 20 years was used, so that five aerial photographs from the years 1945, 1963, 1981, 

2004 and 2019 were used for digitisation. An overview of the aerial photographs and orthophotos used 

can be found in Appendix 2. 

The maps are processed using the geographic information system software product ArcGIS from the 

company ESRI. It is important that all elements are entered in the same coordinate system. Here the 

system ETRS89/UTM Zone 32N was used, which was introduced to standardise the national position 

reference systems in Europe (redaktion_dn 2020). Digital orthophotos, in the presented work the years 

2004 and 2021, can be imported into ArcGIS without any further processing, as the underlying coordi-

nate system in the metadata and thus the exact geographical position is automatically recognised. Aerial 

photographs (here from 1945, 1963 and 1981) must first be georeferenced for exact alignment using 

prominent points such as building corners, trees, road junctions. To digitise the landscape elements, 

there were always created polygons, even if they are linear elements such as hedges, so that the ge-

ometry of the respective landscape element, e.g., area and perimeter, can be calculated. 

The assessment methodology includes two criteria: habitat value and habitat diversity. The habitat value 

indicates the average ecological value of a landscape composed of landscape elements or of an inves-

tigated area. The calculation of the habitat value is based on the determination of the need for compen-

sation according to Annex 3.1 of the Bavarian Compensation Ordinance (BayKompV). Thus, the area 

of the investigated class is multiplied by the class/landscape element-specific value points (VP) 

(cf. Fig. 3). The value points are based on the biotope value list of the Bavarian Compensation Ordi-

nance (BayKompV), in which each biotope type is assigned a specific value, calculated from the criteria 

of naturalness, rarity/endangerment and the recoverability of the biotope. Since the individual biotope 

types of the Bavarian biotope value list are more differentiated than the classes recognisable in the 

aerial photograph the average value is used for the value points per class (cf. Appendix 3). 

 

𝐻𝑎𝑏𝑖𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒𝑐𝑙𝑎𝑠𝑠 =   𝐴𝑙𝑎𝑛𝑑𝑠𝑐𝑎𝑝𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡  ×  𝑉𝑃𝑐𝑙𝑎𝑠𝑠 

𝐻𝑎𝑏𝑖𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒⬚ =  
σ 𝐻𝑎𝑏𝑖𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒𝑐𝑙𝑎𝑠𝑠

𝐴𝑡𝑜𝑡𝑎𝑙
 

     𝐴𝑙𝑎𝑛𝑑𝑠𝑐𝑎𝑝𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 :  Area of a landscape element of the respective class 

     𝑉𝑃𝑐𝑙𝑎𝑠𝑠 :   Number of value points of the respective class (cf. Appendix 3) 

     𝐴𝑡𝑜𝑡𝑎𝑙 : Total area investigated = sum of the areas of all lanscape elements of all classes considered 

Figure 3: Formula for calculating the habitat value in the study area 



 

6 
 

The Shannon diversity index H' is used to measure the habitat diversity (cf. Fig. 4). This indicates the 

ratio of the number of landscape elements of a class to the total number of all landscape elements in 

the investigated area. If the Shannon index is 0, only one class occurs in the study area and the land-

scape is accordingly very homogeneous. If the maximum value of the index (H' = 5) is reached, an equal 

distribution of all classes is the cause. “The larger the value, the more diverse the composition of the 

landscape within the respective study area.” (Gipp 2021) 

For better comprehensibility of the assessment results, both assessment criteria, habitat value and hab-

itat diversity, can be converted into school grades with the help of the tables in Appendix 4. Grade 1 

defines the best possible ecological status and the grade 6 the worst.  

From the individual values of the evaluation criteria, a total score can be calculated for the quarry 

(cf. Fig. 5). With the help of this total score, the ecological values of different quarries can be illustrated 

in a comprehensible and simple way as well as compared with each other. The highest possible score 

is 30, while 0 indicates the worst condition. This result can also be given in school grades (cf. Appen-

dix 5). It is always possible to add further meaningful criteria to the evaluation system, as long as these 

can also be integrated into the system.  

In order to protect and further develop the habitats during and after the mining activities, various renatur-

ation measures can be carried out. The main aim of these measures is to preserve the characteristic 

site conditions like nutrient and water scarcity as well as the open land character with its extreme micro-

climate and to make them available to flora and fauna specialists. A summary of measures for the active 

renaturation of various habitats typical of quarrying can be found in Appendix 6. Quarrying sites such as 

the Burglengenfeld quarry often have a large surface area and thus supposedly a lot of potential for 

renaturation measures. However, in order to ensure the feasibility of the proposed measures, spatial 

but also content-related priorities must be set. For the progress of renaturation, the concept must then 

be concretised and possibly adapted at intervals of several years, considering the actual conditions on 

site. In addition to active renaturation, passive renaturation – succession – can also be considered. 

Quarries provide a basis for dynamic and spontaneous development processes of species and habitats. 

Through gradual quarrying, new open land sites with spatially and temporally different succession 

stages are created repeatedly. The plants living there are usually a few decades old and have a high 

regenerative power, which is why it can be assumed that they are able to easily colonise new similar 

sites (Gilcher and Bruns 1999). The animal species, especially the species of temporary or early suc-

cessional habitats, typical quarry inhabitants (cf. Fig. 6), show an increased mobility as well. Poschlod 

et al. (1997) suggest that half of the quarry area should be left to undisturbed succession without any 

interference. In particular, alternating wet and waterlogged zones should be left to free succession. 

𝑇𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 = (𝐻𝑎𝑏𝑖𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒𝑎𝑣𝑒𝑟𝑎𝑔𝑒 + (𝐻𝑎𝑏𝑖𝑡𝑎𝑡 𝑑𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦⬚ × 3)) 

Figure 5: Calculation of the total score of a quarry 

𝐻′ =  −   𝑝𝑖

𝑆

𝑖=1

 ×  ln(𝑝𝑖)  =  −   
𝑛𝑖

𝑁

𝑆

𝑖=1

 ×  ln(
𝑛𝑖

𝑁
) 

𝐻′ : Shannon-Diversity-Index 

𝑆 : Total number of classes (per sample area and year) 

𝑝𝑖 : Quotient of number of landscape elements of a class and total number of landscape elements (per sample area and year) 

𝑛𝑖  : Number of landscape elements of a class (per sample area and year) 

𝑁 : Total number of landscape elements (per sample area and year) 

Figure 4: Formula for calculating habitat diversity using the Shannon diversity index in the study area. 
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Regarding the temporal and areal changes, the previous and subsequent mining phases must always 

be integrated into the renaturation concept. If a valuable habitat is destroyed, replacement habitats must 

be created in accessible proximity. The exact habitat requirements for this are specified in target species 

concepts. Protection, conservation and development measures can be derived and thus conflicts of 

objectives between different aspects of nature conservation or species and biotope protection can be 

counteracted. As representatives of certain habitats, the target species determine the direction of the 

design of landscape elements (Zehlius-Eckert 1998; Gilcher and Bruns 1999). A guideline for the selec-

tion of index species was developed (cf. Fig. 7 (example of a decision tree) and Appendix 7 (all decision 

trees)). There are species lists with specific information and associated decision trees available to the 

planners of the restoration measures. A distinction is made between 6 species groups: plants, birds, 

amphibians, reptiles, dragonflies, grasshoppers and butterflies. 

3. Results  

The digitised maps of the years 1945, 1963, 1981, 2004 and 2019, which form the basis of the two 

assessment criteria analysis, can be found in Appendix 8. 

The development of the habitat value runs contrary to the assumed expectation and follows a descend-

ing trend (cf. Fig. 8 and Appendix 9). A slight decrease of about two value points can be observed for 

the quarry and cement factory separately as well as for the total area. For the whole area, the average 

habitat value drops from 6.9 (1945) to 4.9 (2019), which corresponds to the school grades 3 (1945) and 

Figure 7: A Blue-winged Grasshopper (Oedipoda caerulescens) on a worn-out coal dump in Burglengenfeld (own photo) 

                                                                 

a   o e  i  e  eu    la  b   o e  i  e  ayer 

                                                                                          

a   a b   ei 

                                                                        

b    ar   e   r e    u  e   r e     e   r e e  au   er  or ar li  e b       u e    e   r u   a  u e me a  vom  u   erbe  be ro  

                                                                      

b    eil    e       u   e el    ebe e  er ll u    el  l   e e   ra la  
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      er
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Figure 6: Decision tree for the selection of target species for the grasshopper species group. 
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4 (2019). It should be noted, however, that both values just missed the better assessment level by 0.1. 

The entire study area is in the lower middle range during the period under review, with values between 

3.6 (school grade 4) and 7.2 (school grade 3). 

Habitat diversity increases on average from 1945 to 2019 (cf. Fig. 9 and Appendix 10). However, there 

is a clear swing in the Shannon diversity index in 1981, especially on the quarry site. Since the quarry 

site has a significantly larger area in proportion to the cement factory, the Shannon diversity index of the 

entire study area also has a maximum value in 1981. The entire study area is assessed over time with 

the school grades 4 (1945) to 3 (2019).  

The results of the overall assessment, derived from the habitat value and habitat diversity, show that 

the overall score as well as the average score of the site slightly decrease over time (cf. Table 1). 

  

Figure 8: Time course of the average values of the habitat value from 1945 to 2019. The values are shown separately for the 
quarry, the cement plant and the entire study area. 
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Figure 9: Development of the Habitat diversity from 1945 to 2019 in the study area. The blue line shows the increasing trend 
over the entire time course. 
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Table 1: Development of the total score over the years under consideration 1945 to 2019. 

Year Overall Score (max. 30) Average score (Grade) 

1945 13,7 3 

1963 13,7 3 

1981 13,0 3 

2004 12,3 4 

2019 12,1 4 

 

For the example project in the Burglengenfeld quarry, a map is created, which locates suitable renatur-

ation measures (cf. Fig. 10) and associated index species. The renaturation measures (R) and prepar-

atory renaturation measures (VR) marked on the map are described in detail in Appendix 11. The active 

renaturation areas are located in the centre of the quarry. These areas are already home to various 

renaturation projects. Therefore, the focus in this phase is on promoting and expanding these projects. 

The proposed blocks of measures include the enhancement of the eutrophic watercourse and surround-

ing area, the development and maintenance of a species-rich rough grassland and an open dry habitat, 

and the creation of temporary small watercourse complexes near nutrient-poor habitats typical of quar-

rying. Furthermore, initial preparatory measures are to be taken in the currently active mining area during 

quarrying for the next phase, such as the structuring design of the rock face and berms as well as the 

protection and preservation of the flowing water and spring. According to the concept of "nature on time", 

new and partly temporary renaturation measures are proposed in disused quarrying areas in the follow-

ing quarrying phases. The existing measures will be expanded and combined so that ultimately a con-

cept (cf. Appendix 12) with temporally and spatially differentiated renaturation and succession stages 

can be developed. 

 

4. Discussion 

The absolute increase in Shannon diversity can be explained by the fact that the analysed landscape 

section has become more fragmented compared to the original landscape due to the mining activity and 

the expansion of the cement factory. The total number of digitised landscape elements increases signif-

icantly due to improved resolution accuracy of the aerial photographs, which can explain the marked 

swing in Shannon diversity in 1981. The aerial images with higher resolution from 2004 and 2019 ena-

bled a precise digitisation of a very large number of individual trees and individual shrubs. As a result, 

the total number of landscape elements of these two years increases disproportionately to the develop-

ment of the number of landscape elements of all other classes. As a result, the Shannon diversity de-

creases again compared to 1981, although in absolute terms the number of landscape elements may 

still have increased. 

Contrary to expectations, the development of the habitat value and the overall ecological value follows 

a (slightly) decreasing trend. This can be explained by the fact that large areas of classes with high 

value, such as the pine forest, are lost due to the quarry. In addition, areas were further sealed, which 

leads to an additional decline in habitat value. In addition, fallow areas can partly develop into ecologi-

cally interesting open-land habitats through succession, and renaturation measures also create habitat 

types that are valuable for nature conservation. This ecologically valuable development and the trend 

towards increasing habitat diversity cannot currently compensate for the influence of ecologically less 

relevant areas. However, it can be assumed that the development of the overall ecological value would 

be much worse without renaturation measures. It is also important that in Burglengenfeld natural suc-

cession dynamics are allowed on quarry areas that have been unused for a long time. In addition, the 

Burglengenfeld quarry is still actively used for limestone quarrying. With an increasing proportion of 

areas being transferred to a subsequent use, an upward trend in the overall ecological value could also 

emerge. 
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In the future, the renaturation measures that are valuable for nature conservation should be continued. 

Thus, there is the possibility of creating an ecologically valuable habitat mosaic with rare species and 

habitats after the complete termination of mining activities in Burglengenfeld. The temporary renatura-

tion concept with the underlying index species collective offers a proposal for this. By successfully im-

plementing the concept of "nature on time", the typical quarry habitat qualities can be spatially and 

temporally emphasized in different quarrying phases. In general, there is a danger of so-called "ecolog-

ical traps". This means that specialised species settle in supposedly suitable habitats, although their 

own chances of survival or those of subsequent generations are low. In the Burglengenfeld quarry, a 

lake is created at the end, which takes up a large part of the former quarry floor – and thus the charac-

teristic dry habitats. Under certain circumstances, species of flora and fauna worthy of protection may 

settle here, which will not be able to find replacement habitats after their habitats have been destroyed. 

In order to counteract this problem, new suitable habitats have to be planned and integrated into the 

renaturation concept in each mining phase – up to the final mining stage. However, it is not enough to 

simply relocate the species and create an exact replica of the habitat conditions nearby. A precise anal-

ysis of the existing species and their dispersal and adaptation capacity must be performed. 

 

5. Final conclusions 

The toolbox "Time Travel Quarry" offers quarry operators, nature conservationists and other stakehold-

ers the possibility to understand and evaluate the ecological development of a quarry and to create a 

suitable renaturation concept for the future. The evaluation methodology offers the possibility to make 

the success of renaturation concepts measurable on a landscape-structural level. Through the action 

guide, nature conservation efforts to date and the general development of the quarry can be placed in 

an ecological and time-related context and can also be compared with other quarries. Using the stand-

ardised "toolbox", the methodology can be quickly transferred to other quarries. Detailed instructions on 

the toolbox methodology can be found in the bachelor theses of the three authors. In addition to the 

development of a scientific evaluation system, which is mainly intended for experts, the topic "quarry 

and nature conservation" is also to be made more accessible to the general public.  

For this purpose, the short film " Charakteristische Arten und Lebensräume im Steinbruch Burglengen-

feld (characteristic species and habitats in the Burglengenfeld quarry)" was produced in cooperation 

with the Burglengenfeld quarry (cf. https://youtu.be/NU7eU0WT31g). With explanatory photos and vid-

eos, we took a (time) journey through the Burglengenfeld quarry. In addition to the special habitats and 

their species, the concept of "nature for a time" and the assessment methodology behind the toolbox 

are explained. The video is an easily understandable and descriptive synthesis of our project for the 

Quarry Life Award. The toolbox should encourage other quarries to look at their ecological development 

in the past but also in the future. With skilful ecological planning and good cooperation, these supposed 

"wounds in the landscape" can become valuable ecological "oases" in the landscape.

Figure 10: Dominik Richter and Birte Lau in the process of creating the quarry video (own photography) 

https://youtu.be/NU7eU0WT31g


 

 

Project tags (select all appropriate): 

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

 

Project focus: 

☐Beyond quarry borders 

☒Biodiversity management 

☐Cooperation programmes 

☐Connecting with local communities 

☒Education and Raising awareness 

☐Invasive species 

☒Landscape management  

☐Pollination 

☒Rehabilitation & habitat research 

☒Scientific research 

☒Soil management 

☒Species research 

☐Student class project 

☐Urban ecology 

☐Water management 

 

Flora: 

☒Trees & shrubs   

☒Ferns   

☒Flowering plants   

☐Fungi   

☒Mosses and liverworts 

 

Fauna: 

☒Amphibians  

☒Birds   

☒Insects   

☐Fish   

☐Mammals   

 

Habitat: 

☒Artificial / cultivated land 

☐Cave   

☐Coastal  

☒Grassland 

☐Human settlement   

☒Open areas of rocky grounds 

☒Recreational areas   

☒Sandy and rocky habitat 

☒Screes   

☒Shrub & groves   

☒Soil   

☐Wander biotopes 

☒Water bodies (flowing, standing)   

☒Wetland 

☒Woodland 

 

 

Stakeholders: 

☒Authorities   

☒Local community   

☐NGOs   

☐Schools 

☒Universities 

 

☐Reptiles   

☐Other invertebrates 

☒Other insects   

☐Other species 
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Appendix 1: Overview and description of the landscape classes 

Class Description 

Buildings and anthro-
pogenic boundaries 

The class includes all structural facilities such as residential/industrial buildings as well as covered (storage) areas, containers and anthropogenic boundaries. The latter, i.e. linear, 
boundary-forming building structures, are integrated into this class because, like buildings, they also influence the ecological connectivity of the environment through their boundary-
forming properties. Anthropogenic boundaries are defined as fences and walls, as well as conveyor belts, but also immobile equipment such as cranes. Buildings can be clearly recog-
nised by their mostly rectangular shapes or clear boundaries in combination with their clearly geometric shadows (Gipp 2021). Whereas anthropogenic boundaries are often difficult to 
recognise due to their narrow appearance and only with the help of their shadows 

Sealed traffic areas Regardless of their form (linear or flat), all areas that are asphalted, concreted or paved and primarily serve traffic are "sealed traffic surfaces". These can be roads as well as car parks 
or airfields or even railway tracks. Important identification features are the black-grey colouring, the uniform surface structure and, if applicable, road markings or means of transport 
located on the surfaces. 

Unsealed traffic areas Unsealed traffic areas are all areas used for traffic that "do not have an asphalted, concreted or paved surface structure". In addition to field and hiking paths, they also include gravelled 
car parks or open railroad beds, for example. Unsealed traffic areas can often be recognised in aerial photographs by ruts or grooves and a light colour. 

Sparsely vegetated 
scree and rocky areas 

This class includes scree and rocky areas without or with little vegetation. These can be gravelly open ruderal areas, sandy slopes or flat raw soil areas. The decisive factor for the class 
is that rock is clearly visible (between sparse vegetation areas). This type of open land can be distinguished from other classes by its low/no shade and brownish-greenish colouring in 
combination with the grey/white of the rock. (Woody) landscape elements located on this landscape structure are defined as such and do not fall under the "sparse" vegetation listed 
here. 

Slagheaps, spoil 
heaps and debris 
cones 

Landscape elements of this class are naturally formed debris cones as well as dumps and material heaps consisting of e.g. topsoil or gravel. The piles are recognisable by the shadows 
they cast in comparison to the "sparsely vegetated scree and rock surfaces". 

Rockwalls Break-off edges and rock walls including their rock cracks/ crevices/caves are part of this class. The landscape elements usually run vertically and are therefore difficult to recognise as 
such in aerial photographs. Nevertheless, in exceptional cases parts of the edges are visible and should also be digitised due to their ecological relevance. 

Grassland The class "grassland" includes "extensively as well as intensively agriculturally used grassland (meadows and pastures) as well as extensive and intensive meadows or lawns without 
economic use, for example roadside grassland". Grassland can be recognised in the aerial photograph by its greenish-brown colour, the absence of or extremely low shadows and its 
even surface texture. In the case of colourless photographs, the latter in combination with a grey tone can be particularly helpful in comparison with other landscape elements. (Hirt et al. 
2022) 

Shrub structures In this class, individual shrubs, hedges and bushes are aggregated, as they have a similar ecological value. Shrubs are defined as punctual elements with a small diameter (max. 3m), 
hedges as "several punctual elements that join to form a linear overall picture with a maximum width of 3 m". In the following, groups of shrubs and low pioneer shrubs with an area of 
9m² or more are considered as shrubs. Due to the medium-high shade cast by the shrub structures and the smaller diameters of the individual components (individual shrub of a shrub), 
this class can be distinguished from individual trees. 

Small tree structures Individual trees, rows of trees and groups of trees are summarised as "small-scale tree structures". While individual trees are defined as solitary trees and are perceived as a punctual 
form, a row of trees is characterised by its linear form. Tree groups, on the other hand, are a collection of individual trees that start at a width of 15 metres and take up no more than 500m² 
of area. In principle, the entire tree canopy area is digitised, regardless of whether there is another form of use underneath. (Hirt et al. 2022) 

Forests In this work, all tree areas with a minimum width of 30 metres and a minimum area size of 500m² are considered forests (Hirt et al. 2022). Wooded areas that are below the minimum size, 
but come up to the minimum requirements with areas outside the study area, are also considered forests (Gipp 2021). 

Farmland 

 

 

The class "Farmland" includes both extensive and intensive agriculturally used areas that stand out from their surroundings in aerial photographs due to their "distinct furrow or planting 
rows" (Gipp 2021). 

Wetlands and tempo-
rary water bodies 

 

Wetlands are transitional areas between dry terrestrial habitats and (permanently) wet aquatic habitats (o. A. 2000). A type of wetland is thus the marginal areas of flowing as well as 
standing, permanent water bodies, which are entered in the aerial photographs as buffer zones. Temporary water bodies, on the other hand, are understood as non-permanent water 
areas that can be of various sizes (puddles, pools, extensively flooded areas) and are not surrounded by higher vegetation. In addition, these bodies of water usually only appear in an 
aerial photograph and not before or after in the same areal extent. 

Permanent  

standing water bodies 

 

Landscape features in this class can be natural or engineered stillwaters that do not exist for a limited period of time. This means that the water surfaces can be recognised in aerial 
photographs as being virtually unchanged over several years. Lakes, ponds as well as septic tanks are part of this class. The standing, permanent water bodies can often be recognised 
by their riparian vegetation as a demarcation from the temporary water bodies, as this requires a regular or continuous water level (Gipp 2021). Technical water bodies can be recognised 
by their mostly rigid geometric shape. In aerial photographs, the colour of the water fans out from black to dark blue to light green and turquoise. 

Running water bodies Linear watercourse elements with a clearly recognisable river or stream course, irrespective of their temporal limitation, are to be declared as flowing waters. 

Spring biotopes Spring biotopes can be defined as the first outlet of flowing waters and thus identified in aerial photographs. This class includes both artificially formed as well as natural and near-natural 
spring areas. Only pond or seepage springs without a recognisable headwater stream cannot be distinguished from standing water bodies in aerial photographs, possibly also from 
wetlands and temporary water bodies, and are consequently not categorised as standing water bodies. 



Appendix 2: Overview of the aerial photographs used from 1945 to 1981 and the digital orthophotos from 2004 

and 2019 

Year 
Recording 
date 

Scale Resolution Film type 
Recording 
type 

Source 

1945 17.04. 1 : 9 500 n.a black/white analog 
Amt für Digitalisierung,  

Breitband und Vermessung 

1963 14.09. 1 : 24 000 n.a black/white analog 
Amt für Digitalisierung,  

Breitband und Vermessung 

1981 17.11. 1 : 16 000 n.a. black/white analog 
Amt für Digitalisierung,  

Breitband und Vermessung 

2004 08.08. n.a. 0,40 m 
colour  

photograph 
digital 

Amt für Digitalisierung,  
Breitband und Vermessung 

2019 03.06. n.a. 0,20 m 
colour  

photograph 
digital 

Amt für Digitalisierung,  
Breitband und Vermessung 

 

Appendix 3: Value points according to the Bavarian Compensation Ordinance (BayKompV) and mean value 

per class 

Class 
Biotope type according to Bay-
KompV  

Value points according to Bay-
KompV 

Average of the lowest and 
highest value 

Buildings and anthropogenic 
boundaries 

P44/ X132/ X4 0 0 

Sealed traffic areas V11/ V21/ V31 0 0 

Unsealed traffic areas V22/ V331 1 to 2 1,5 

Sparsely vegetated scree and 
rocky areas 

O41/ O421/ O43/ O611/ O612 1 to 9 5 

Slagheaps, spoil heaps and de-
bris cones 

O12/ O621/ O622 1 to 13 7 

Rockwalls O111/ O112/ O31/ O32/ O611/ 
O612/ O631/ O632 

1 to 13 7 

Grassland A11/ A12/ A13/ A2 2 to 9 5,5 

Shrub structures G11/ G12/ G2*/ G3*/ G4/ V23/ 
V332/ V51 

3 to 15 9 

Small tree structures B11*/ B12/ B13/ B14* 3 to 12 7,5 

Forests B2*/ B3*/ B4*/ V51/ V52 3 to 13 8 

Farmland W*/ L*/ N* 3 to 15 9 

Wetlands and temporary water 
bodies 

F31/ F32/ S31/ S32 9 to 14 11,5 

Permanent  

standing water bodies 
S1*/ S2* 1 to 13 7 

Running water bodies  F1*/ F2* 2 to 14 8 

Spring biotopes Q11/ Q12/ Q21/ Q22* 5 to 15 10 

 

 

  



 

Appendix 4: Tables for converting habitat value and habitat diversity into school grades 

Habitat value* Grade  
Habitat diversity indicated in the 
Shannon Diversity Index* 

Grade 

0 6  0 6 

1-3 5  1 5 

4-6 4  2 4 

7-9 3  3 3 

10-12 2  4 2 

13-15 1  5 1 

* Decimal places are rounded down to 0.49, and rounded up from 0.5 

 

Appendix 5: Conversion of the total score into grades 

Total score Grade 

0 6 
1-6 5 
7-12 4 
13-18 3 
19-24 2 
25-30 1 

* Decimal places are rounded down to 0.49, and rounded up from 0.5



Appendix 6: Overview of the renaturation and design measures of typical mining habitats 

Class Renaturation and design measures 

Unsealed traffic 
areas 

In order not to disturb the surrounding renaturation areas, unused access roads should be closed off as soon as possible after the end of quarrying, either by planting trees or by filling in rocks. 
However, it must be ensured that regular maintenance measures such as the removal of woody plants can still be carried out. Heavily compacted areas can be loosened (by machine) to form small 
depressions at the same time. With their pothole and puddle character, these serve as temporary watering places. Regular maintenance must be carried out by loosening the scrub vegetation and 
removing individual areas with closed herbaceous vegetation. (Bavarian State Office for Environmental Protection 2001) 

Sparsely vege-
tated scree and 
rocky areas 

The aim is to create and maintain a habitat mosaic with extreme, quarry-typical site conditions. The small structures created by quarry operations, e.g. ruts or soil compaction, should be left as they 
are. The application of finer-rich material in the nutrient-poor quarry floor should be strictly avoided. Materials produced during the development of the quarry floor, such as removed topsoil or low-
quality weathered horizons, should be cleared and stored separately in external landfill areas. Already during the operational phase, excavation should be stopped in certain areas or a change 
between excavation areas should take place. In this way, the first pioneer colonisation of the areas can already take place. After closure, the quarry floor can be structured with rock material. In this 
process, sunny and vegetation-poor areas with pure rock debris of different grain sizes can be piled up irregularly and partially into heaps. While piles of waste wood and brushwood serve as building 
material, spoil heaps are used as higher singing places. A transition between dry quarry floor and other biotope complexes, such as wetlands or rough grassland vegetation, is beneficial for many 
species, as in some cases different habitats are needed for basking and shelter or for hunting. To maintain the biotic communities, regular maintenance is suitable for about one third of the areas. 
The regularity depends on the site conditions and the rate of succession. The maintenance measures include selective brush clearance with material removal and the removal of topsoil to generate 
pioneer sites. (Bavarian State Office for Environmental Protection 2001; Gilcher and Bruns 1999) 

Slagheaps, spoil 
heaps and debris 
cones 

The development of debris cones and debris slopes aims at a dynamic system of sliding and overflowing rock surfaces, especially for patchy pioneer and initial stages of plant succession. It is 
important that there are always large areas of overburden. South-exposed dumps and debris cones in the catchment area of large, steep slopes offer perfect conditions for this. The erosion processes 
of the rock face are actively allowed and promoted. In the case of dumps, a site away from sun-exposed steep faces or water bodies should also be chosen in order to prevent the other biotopes 
from being shaded. The use of different block and grain sizes for backfilling creates a differently dimensioned cavity system. In order to prevent weeding of the heaps, periodic backfilling of the 
heaps can help to restore the desired raw soil sites. (Gilcher and Bruns 1999; Bayerisches Landesamt für Umweltschutz 2001) 

Rock walls The development objective of the rock faces is to create (or leave) a steep face rich in structure and relief and the associated berms with various small habitats. During quarrying, narrow ledges, 
pulpits and rock outcrops of different sizes should be left standing. In addition, cracks, depressions and crevices should be created. It may be possible to modify the blasting technique at the end of 
the excavation so that the stability for elements typical of the quarry face is guaranteed. Wider berms can be converted into narrower rock ledges, whereby access to the horizontal rock ledges must 
be interrupted, for example by blasting off a section of berm. An annual change of the excavation fronts, and thus developing calmed migratory oaks, promotes the settlement of rock-breeding birds. 
For a rock face to meet the needs of rock-breeding birds, there should be a height difference of at least 30m. Rock faces hardly need any maintenance measures, as the succession processes are 
very slow due to the extreme environmental conditions. However, care should be taken to regularly remove the woody growth at the base of the wall, as otherwise the quarry wall will be shaded and 
thus lose its characteristic site conditions. However, this measure must be carried out outside the vegetation and breeding season (mid-January - mid-October). (Gilcher and Bruns 1999; Bayerisches 
Landesamt für Umweltschutz 2001) 

Grassland Grassland can have negative impacts on the nutrient-poor habitats in the quarry, especially if it is intensively used grassland. In order to further develop the open and nutrient-poor quarry areas 
without negative impacts, screening of intensive pastures or farm grassland by buffer strips (cf. shrub and small-scale tree structures) should be carried out. In addition, agricultural use should be 
extensified, if possible. This includes, on the one hand, the renunciation of pesticides, the restriction of fertilisers and the reduction of the cutting frequency. 
On nutrient-poor sites, the development of low, extensively usable rough grassland vegetation with a high species diversity can be considered. It is essential to maintain these low-nutrient and low-
water site conditions and, if necessary, to remove more nutrient-rich substrates and debris. Since the proximity dispersal of rough grassland species is low, the active reintroduction of habitat-typical 
target species is recommended. If suitable donor areas are available in the vicinity of the target area, mowing or raking transfer can be considered. By transferring the freshly harvested mown 
material, it is possible to reintroduce species-rich calcareous grasslands in terms of flora and invertebrate fauna to the target areas. Calcareous grasslands require regular maintenance through 
extensive mowing or grazing to control competitive grasses and herbs, and as protection against woody succession. Due to the low supply of forage quality and quantity, mainly sheep and goats 
are suitable for grazing. Grazing animals can also promote the spread of habitat-typical species in newly established rough pastures. (Kollmann et al. 2019; Gilcher and Bruns 1999) 

Small tree struc-
tures 

➔ Buffer zones 

In quarry areas, there may be undesirable impacts on neighbouring areas. These include drifting of pesticides and fertilisers, surface washing of humus-rich material, noise pollution from quarrying 
work, but also unwanted recreational visitors or leisure activities. To minimise these disturbances, the nutrient-poor quarry areas should be protected with buffer strips.  
Multi-level, multi-row planting of dense and wide woody structures is suitable for this purpose. The buffer strips should be 15-20 m wide with a planting distance of 1-1.5m. A slight slope towards the 
side facing away from the quarry is also desirable. Typical, dense and heat-loving woody plants such as blackthorn Prunus spinosa, buckthorn Rhamnus cathartica, dog-rose Rosa canina, privet 
Ligustrum vulgare, dogwood Cornus sanguinea, field maple Acer campestre or the common bramble Sorbus aria are suitable for planting. The proportion of trees should not exceed 5 %. Care 
should be taken to ensure that woody plants native to the area of distribution of the quarry are taken into consideration. In addition to immission control, these woody plants also have the advantage 
that they can serve as breeding and habitat for birds. The connection to already existing contact biotopes, such as field copses and hedges, is desirable. After about 15 years, maintenance measures 
can be carried out every 4 years. In this case, some of the shrubs are cut back, distributed over the entire area. (Bavarian State Ministry for Regional Development and Environmental Affairs and 
Bavarian Academy for Nature Conservation and Landscape Management (ANL) 1995; Gilcher and Bruns 1999; Bavarian State Office for Environmental Protection 2001; Schober et al. 2021). 

Farmland ➔ cf. intensively used grassland under class "grassland” 



Wetlands and 
temporary water 
bodies 

The development of temporarily drying small water body complexes in near nutrient-poor habitats typical of quarries should be aimed for. In addition to the self-forming temporary water bodies in 
ruts, compaction areas and depressions, several design features can be emphasised through the creation of temporary water bodies. The aim is to create several shallow water points of different 
sizes and depths to create different siltation areas and velocities. The creation of several small water bodies in close contact with each other is preferred to a uniform central water body. Even if 
most of the water bodies dry out regularly, individual water bodies should be created with a minimum depth of 1m so that they do not freeze through in winter. Central, wind-protected bed areas with 
sunny exposure are best suited for creation. The areas in front of steep walls and debris cones should be avoided, as here material sliding downstream and the resulting water turbidity as well as 
nutrient input are to be expected. In addition, to avoid eutrophication effects, water bodies should only be created on nutrient-poor sites. Proximity to woody biotopes should also be avoided in order 
to prevent shading and succession processes. The banks of the temporary water bodies should be laid out with a shallow slope of between 1:10 and 1:20, so that the water level changes affect as 
large an overall area as possible. Whether the sealing properties are sufficient for the creation of the ponds should be checked beforehand. It is essential to ensure that no fish are stocked in the 
water bodies. Since the water points are to be colonised as far as possible from the contact biotopes, no active settlement of plants and animals takes place. Initial planting could even be detrimental 
to the creation of pioneer sites and the colonisation opportunities for target species. To prevent siltation of the water bodies through plant succession, regular weeding of the banks and removal of 
biomass material is recommended. Only part (approx. one third) of the ponds should be treated at a time so that resting areas remain for the remaining flora and fauna. (Gilcher and Bruns 1999; 
Bayerisches Landesamt für Umwelt-schutz 2001) 

Permanent  

standing water 
bodies 

The development objectives are the creation and maintenance of nutrient-poor, stylised water bodies with near-natural shoreline design.  Shallow perennial waters can be created as independent 
lakes or in combination with quarry lakes. The small standing waters should have a minimum depth of 2 m so that an open water surface remains which is not colonised by reeds. Larger, perennial 
water bodies should be designed in such a way that they have as long and varied a shoreline as possible, which interlocks water and land. The planning of bays and (semi-)islands is suitable for 
this. In the case of water bodies, the design of shallow banks (slope 1:5 or less) is important. Alternating water zones are then added to the shallow water zones. Here the perfect living conditions 
for water birds and also settlement areas for reeds can be created. If the water level fluctuations and wave movements are too high, gravel ribs and advanced underwater berms can be created in 
the shallow water zone. In addition to shallow banks, steep banks (1:0.5 or steeper) can also be planned for certain species, such as the kingfisher or sand martin. (Gilcher and Bruns 1999) 
In quarries, perennial waters also form on solid rock when impermeable rocks are in place and the excavated areas subsequently fill with water. Since there is little room for manoeuvre in the choice 
of location, there are only limited options for shaping the stillwaters. One option is to create wider berms (>5 m) about 1-1.5 m below the expected future water level. On these berms, further shoreline 
variants with shallow water areas, alternating water zones and separate lagoons (see above) can be designed by rock filling. Coarse material, e.g. rock debris, without nutrient-rich components, is 
suitable for backfilling. (Gilcher and Bruns 1999)  
In the context of stillwaters, eutrophication is often a major problem, especially in existing water bodies. However, water bodies can be upgraded through targeted maintenance and renaturation 
measures. These include weeding, nutrient removal through the removal of bottom sludge or deep water drainage, as well as nutrient immobilisation through precipitants. In addition, to prevent 
further nutrient inputs, shady riparian strips with woody plants and tall shrubs can be planted around the lake. Fertilisers in the vicinity of the water body should be strictly avoided. (Eutrophication | 
LBV Prax-istipps 2022; Kollmann et al. 2019) 

Running water 
bodies 

The aim is to maintain natural habitat dynamics with high water quality and to protect against external inputs. First of all, measures should be taken to stop the use of arable land near water bodies 
in order to reduce the input of nutrients. The creation of buffer strips can also be helpful in this respect. The promotion of bedload input from the catchment area or the active spreading of rubble 
and debris can contribute to the structuring of the river banks and thus to their suitability as spawning grounds. Care must be taken to ensure that the watercourse is not disturbed by transverse 
structures and that sufficient retention space is available. The course of the watercourse can be upgraded by branching, re-edging and connecting side waters and oxbow lakes. Other measures 
such as removing bank reinforcement, flattening the banks, and placing stones and deadwood contribute to the structuring of the watercourse. Care must also be taken here not to introduce fish, 
especially if the watercourse runs within the nutrient-poor extraction areas. For maintenance, regular weeding and removal of woody plants is recommended. (Kollmann et al. 2019) 

Spring biotopes The preservation of near-natural spring dynamics and protection against disturbances are essential here. Although spring discharges in quarries are not necessarily natural in nature and are created 
by cutting the water-bearing layers in the rock, the small and sensitive habitats are just as worthy of protection. The self-dynamic habitat formation at layer and seepage outlets is relatively high, so 
that no additional design measures are required. The most important thing is the removal of any spring taps and pipes. No backfilling, topsoil application or other deposits may take place in the 
spring and seepage areas. Seeding and planting are strictly prohibited. In the case of increasing overgrowth of grasses, herbs and woody plants, it may be advisable to remove topsoil from small 
areas in in proximity of the spring. (Gilcher and Bruns 1999; LfU Bayern 2022) 

 



 

  

Appendix 7: Decision trees for the selection of target species 
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* The decision trees for plants and butterflies are currently being developed and will soon be available in the authors' bachelor theses. 
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Appendix 8: Digitised maps from 1945 to 2019 

Map 1: Digitised aerial photograph in ArcGIS from 1945 



 

Map 2: Digitised aerial photograph in ArcGIS from 1963 



  

Map 3: Digitised aerial photograph in ArcGIS from 1981 



  

Map 4: Digitised orthophoto in ArcGIS from 2004 



 

Map 5: Digitised orthophoto in ArcGIS from 2019 



 

Habitat value (average) 1945 1963 1981 2004 2019 

Quarry 7,2 7,0 5,5 5,3 5,1 

Cement factory 5,2 4,9 3,9 4,1 3,6 

Total area 6,9 6,6 5,2 5,1 4,9 

 

Habitat value (Grade) 1945 1963 1981 2004 2019 

Quarry 3 3 4 4 4 

Cement factory 4 4 4 4 4 

Total area 3 3 4 4 4 

 

 

Shannon diversity  1945 1963 1981 2004 2019 

Quarry 2,28 2,35 2,59 2,40 2,39 

Cement factory 2,32 2,25 2,37 2,36 2,45 

Total area 2,42 2,44 2,67 2,55 2,54 

 

Shannon diversity (Grade) 1945 1963 1981 2004 2019 

Quarry 4 4 3 4 4 

Cement factory 4 4 4 4 4 

Total area 4 4 3 3 3 

 

  

Appendix 9: Average values and school grades of habitat value from 1945 to 2019 

Habitatwert (Durchschnitt) 1945 1963 1981 2004 2019 

Steinbruch 7,2 7,0 5,5 5,3 5,1 

Zementwerk 5,2 4,9 3,9 4,1 3,6 

Gesamt 6,9 6,6 5,2 5,1 4,9 

 Anhang 2: Durchschnittswerte und Schulnoten der Habitatwertigkeit von 1945 to 2019.  

Appendix 10: Average values and school grades of habitat diversity from 1945 to 2019 

 

Anhang 5: Entwicklung des Shannon-Diversitäts-Index von 1945 to 2019 im Untersuchungsgebiet. Die 
blaue Linie zeigt den ansteigenden Trend über den gesamten zeitlichen Verlauf 



Appendix 11: (Preparatory) renaturation measures for the temporary renaturation concept of the current  
Burglengenfeld quarry 

Renaturation measures (R) 

R01 – Enhancement of the eutrophic watercourse and surrounding area 

Objective 

The perennial small water body in the south-west of the site is to be ecologically upgraded and developed with the surrounding area into a valua-
ble meagre habitat. 

Measures 

- Weeding 
-Nutrient removal through excavation of bottom sludge  

- Planting and expansion of shady woody plants around the lake -> integration and transition to the buffer zone 

Maintenance and Conservation 

- Regularly weed the banks and remove the biomass material. 
- No nutrient-rich deposits near the lake 

 

R02 – Development and maintenance of a species-rich rough grassland 

Objective 

The already existing rough grassland areas in the south of the project area are to be connected and preserved to form a large-scale, species-rich 
biotope complex. 

Measures 

- Closure of access routes, use only in special cases and for maintenance purposes.  
- Possible spreading of mown material from the original area onto expansion areas in the north. 

Index species 

Chorthippus apricarius - mosaic of dense, tall herbaceous vegetation and open 
ground for egg laying 

Maintenance and Conservation 

- Maintenance of the entire area through extensive mowing -> Extend the goat grazing already carried out to the expansion areas.  
Thinning out existing woody vegetation and succession woody plants regularly by machine (do not keep too many grazing animals on 
one area). 

 

R03 – Creation of temporary small water body complexes in the vicinity of nutrient-poor habitats typical of quarries. 

Objective 

Expansion and maintenance of the temporary small water body complex within the nutrient-poor rough grassland vegetation (R2) 

Measures 

- Expand the temporary dragonfly and yellow-bellied toad ponds by adding more temporary water points. 
- Due to the current, rather homogeneous design, pay attention to more varied sizes and structures, especially larger bodies of water 

(minimum depth: 1m) 
- Linking the small water bodies into a system complex 
- Shallow slope system (1:10 to 1:20) with gravelly substrate 
- Sealing devices using pond liners for smaller water bodies  
- no initial planting or spreading of animals -> colonisation takes place from contact biotopes 

Index species 

Yellow-bellied toad Bombina veriagata - typical design of temporary spawning habitats 
- maximum distance of 150m to suitable terrestrial habitat Ter-

restrial habitat (R04) 

Maintenance and Conservation 

- Check water levels several times in summer -> risk of drying out! 
- Regular weeding of the banks  
- Removal of biomass material -> always only a part (approx. one third), so that resting areas for the remaining flora and fauna remain 

 

R04 – Development of a dry habitat 

Objective 

The characteristic site features are to be extended and preserved to form a dry habitat with heap fill typical of mining. 

Measures 

- Blocking the passageways, use only in special cases and for maintenance purposes.  
- Leaving small structures that have been created, e.g. by driving tracks or soil compaction,  
- Thinning out the shrub structures on the existing heap and rubble mounds (especially on the south side)  
- Piling up heaps of old wood and brushwood  
- No buffer strip towards the conveyor belt, as the functionality of the equipment cannot be guaranteed by ingrowing woody plants. 
- no buffer zones towards the demolition wall, as there is no fear of nutrient-rich material collapsing here. 

Index species 

Blue-winged Sand Cricket Sphingonotus caerulans - typical design of the dry habitat 
- Area requirement of at least 150m2 given 

Yellow-bellied toad Bombina veriagata - Typical design of the dry habitat 
- Scree slopes and dead wood as sheltering opportunities. 
- Maximum distance of 150m to a suitable terrestrial habitat 

spawning site (R03) 

Maintenance and conservation 

- Selective bush clearing with material removal  
- Removal of topsoil to generate pioneer sites 
- Regular maintenance on approx. one third of the areas 
- Regularity depends on the site conditions and the speed of succession. 

 



Preparatory renaturation measures (VR) 

VR01 – Structurally rich design of the rock face and berms 
Measures during quarrying activity 

- Leave narrow ledges, pulpits and rock outcrops of different sizes in place 
- Annual change of the excavation fronts  
- Modification of the blasting technique at the end of the quarry so that the stability of elements typical of the quarry face is guaranteed.  
- Buffer strips above the quarry face to reduce disturbances and the risk of accidents. 

 

VR02 – Creation and preservation of a habitat mosaic of dry and wet habitats on the quarry floor 
Measures during quarrying activity 

- Leave small structures created by quarry operations, e.g. by ruts or soil compaction,  
- materials accumulating on the quarry floor, such as removed topsoil or low-quality weathered horizons, are cleared to external landfill 

sites  
- stop quarrying in certain areas or switch between quarrying areas. In this way, the first pioneer colonisation of the areas can already 

take place. 

 

VR03 – Preservation of the source and the watercourse 
Measures during quarrying activity 

- Filling, topsoil application or other deposits in the spring and waterlogged area are to be strictly avoided 
- Maintain the protective wall to the watercourse (already in place) 
- Do not lay transport routes along or through the watercourse 

 

  



Appendix 12: Temporary renaturation concept for the current condition in the Burglengenfeld quarry 
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