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ANNEXES

SUMMARY

In  our  project,  we  have  visited  the  Limestone  Quarry “Górażdże”  13  times.  During  the  visits  the  

inventory of amphibians and reptiles was made. We have evaluated the condition of their habitats and proposed 

the reclamation method good for amphibians and reptiles.  All data collected in the field were used for maps 

in QGIS software. The maps were provided to the employees of the mine for further use. The inventory revealed 

the presence of seven amphibians taxa representing both anurans and caudata, and four species of reptiles. We 

have found amphibians on twenty two of thirty inventoried reservoirs. First of all, we recommend to maintain the 

current status  of habitats  as  part  of  reclamation.  In the  case  of  two ponds  prevent the  plant  overgrowth 

are necessary.  The  one  reservoir  can  be destroyed  by   mining  works and  in  this  case  the  compensate  can 

be necessary. The reptiles inventory was focused on the smooth snake, as it is one of the rarest Polish snakes and 

therefore it is an extremely valuable component of the biodiversity of the Limestone Quarry “Górażdże”. On the 

two with six inspected habitats we have observed 19 unique individuals of the smooth snake, including males,  

females and juveniles. It proves  the existence the stable,  reproducing populations in this place. To protect the 

smooth snake we suggest construction of forest roads with edges without trees, preparation forest clearings, close 

to the forest roads and ecological education. In addition in our project the educational publication was created. 

It is addressed to  the children and adults and it presents all amphibians and reptiles living in Górażdże.
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1. INTRODUCTION

Human activity has a huge impact on the environment. Progressive antropogenization on the one hand 

destroys natural ecosystems, on the other can contribute to the creation of new habitats, which would not come  

to be as a result of natural succession. In the case of mining industry the process of post-mining reclamation 

is extremely important. If it is carried out in a suitable manner it can result not only in preservation, but even 

in the increase of biodiversity of the reclaimed land. However, to make this possible it is necessary to have  

comprehensive  knowledge  of  the  state  of  the  environment.  Herpetological  inventarisation  is  an  important  

element  of  the  assessment  of  biodiversity in  Limestone  Quarry "Górażdże".  Since  amphibians  and  reptiles 

require different habitats depending on the season activity (breeding, wintering, migration),  they are a good 

indicator of the natural quality of the area. Especially the presence of rare species, such as the smooth snake,  

significantly  increases  the  natural  value  of  the  area,  so  their  presence  should  be  taken  into  account 

in recultivation plans. 

2. RESEARCH AREA

The  project  was  realized  in  Limestone  Quarry  "Górażdże"  in  Opole  Voivodeship.  The  study was 

conducted both in the area used for active mining and in the areas where the operation was finished. Post-mining 

areas are gradually being reclaimed primarily through afforestation. Therefore, the study area can be divided into 

lots at different stages of succession, with a wide variety of natural conditions - starting from the active mining 

area and places of pioneering and ruderal vegetation, through meadows and plantations of small trees (early 

stage of restoration), to the densely overgrown forest areas (further stages of restoration). In addition, in the 

vicinity there is Kamien Slaski Nature Reserve. 

In addition, there are many different types of water bodies (permanent or temporary, marshes, ponds)  

with different conditions (depth, degree of obstruction, shadow, water quality), which is a requirement for the 

occurrence of amphibians. During the study water bodies of an industrial  nature were not examined, as the 

conditions inside them do not make them a potential habitat for amphibians. Numerous stony areas, as well as  

open  and  semi-open  areas  are  conductive  for  the  occurrence  of  reptiles.  The  mine  and  its  immediate  

surroundings are therefore a mosaic of habitats in which animals with different requirements can occur. 

3. OBJECTIVES

The project aimed to: 1) determine the numbers and species composition of amphibians and reptiles 

occurring in the study area 2) confirm the presence of smooth snake positions 3) assess the bodies of water for  

their  suitability for  amphibians 4) identify of  the most valuable habitats,  5) create maps of  the distribution 

of amphibians and reptiles 6 ) deliver recommendations for remediation 7)  develop an educational publication. 

4. METHODS

In the study, thirteen field visits were held at intervals of about two weeks. This frequency allowed us 

to provide accurate results on the abundance and distribution of all species of amphibians and reptiles, which  

are have different periods of mating activity.  Observation dates were as follows: 26.03, 15.04, 28.04, 15.05, 
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27.05,  9.06,  30.06,  9.07,  17.07,  1.08,  14.08,  27.08,  8.09.  Reptiles  were  observed  on  sunny,  warm  days, 

amphibians were sought on days with high level of cloud cover and with moderate temperature. 

Fieldwork consisted of penetrating potential habitats of amphibians and reptiles, taking into account the 

specificity of their requirements. In the case of amphibians it was a total of thirty ponds, swamps, stagnant water  

bodies and ditches.  We sought eggs, larvae and adults - from the shore, and by wading in water and sweeping  

into with a herpetological scoop. Additionally, we also listened for mating calls during the field visits. For safety 

reasons however, it was not done at night. 

Due to the fact that estimation of amphibian populations has a high margin of error, it was decided  

to specify only the maximum number of  each observed species in a given position, and then include the number 

in one of four classes of numerosity: 1-10, 11-100,> 100,> 1000. 

In the case of inventorizing reptiles the methodology was similar. The animals were sought in habitats  

suitable for given species. In the case of lizards and the smooth snake, we focused on arid, open and semi-open  

areas, while the grass snake was sought mainly near water. In the case of smooth snake, we choose places for 

survey by collecting informations from limestone workers and by controlling all promising habitats. Search for  

snakes at each survey was based on visual observations and checking shelters (flat stones, pieces of wood etc.). 

We noted sex, age (juvenile/adult) and reproductive status (in females: pregnant/non pregnant) of snakes.

Maps based on the results of the inventorization were created in the program QGIS. Basing on the 

background provided by the mine workers, we analyzed the distribution of species, selected the most valuable  

habitats, assessed  the habitats, assessed the risks that they are threatened with,  proposed conservation activities  

and generated vector layers, which will be made available to employees of Limestone Quarry "Górażdże" with 

which we will cooperate. 

We also created an educational folder addressed to a wide audience, the goal of which is to promote 

conservation and popularize knowledge about the fauna of amphibians and reptiles  (available for  download 

at: https://drive.google.com/folderview?id=0By87fVQCaEYvTlpSeW9kTWpYM00&usp=drive_web). 

5. RESULTS 

5.1. AMPHIBIANS

5.1.1. Characteristics of the identified species of amphibians 

During  the  field  work  we  have  found  seven  taxa  representing  anurans  and  caudata.

A) Frogs

They belong to the order Anura. They have smooth, moist skin with no visible warts or glands. Eggs (the so-

called squawk) are laid in water in large puffs. The hatchlings are tadpoles, same as all other anuran larvae. 

a) Green frogs Pelophylax esculentus complex

Three different species are included in the green frog complex: marsh frog  Pelophylax ridibundus, pool frog 

Pelophylax lessonae and the natural hybrid between the two species - water frog Pelophylax esculentus. All three 

are very similar, and the hybrid has characteristics intermediate between the parental species, marked clearly 

depending on the genotype. This makes identification very difficult and they are usually referred to by the same 

name.  Their  back  is  green  with  a  lighter  stripe  in  the  middle,  the  hind  legs  and  sides  of  the  body may 

be brownish-gray. They are closely associated with water, they live in the immediate vicinity of water bodies 

even after the mating season. Their activity begins in late spring, breeding occurs most commonly in May. 

b) Brown frogs Rana sp.
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In Poland there are three species of frogs called the brown frog, of which there are two in Górażdże: moor frog 

Rana arvalis and common frog Rana temporaria. They are very similar. Due to the fact that not all individuals 

can be identified down to species (especially tadpoles and juvenile newly metamorphosed individuals) they were 

treated as one taxon in the analyzes. They have a brownish-tan color. On the sides of the head, behind the eyes  

there are clear temporal dark spots, which distinguish them from green frogs. They are not as closely associated 

with water bodies as green frogs,  outside the breeding season it is easiest to meet them on land. In the spring  

they start their activity as one of the first amphibians. Males become filled with lymph during the mating season,  

which gives the skin either a bluish tint (in case of common frogs) or a clear blue color (the moor frog). 

B) Toads

They belong to the order Anura. What distinguishes them from frogs is the skin covered with numerous warts,  

the presence of sebaceous glands, so-called parotoids, as well as a more stocky body. Squash is laid in the form 

of strings and not puffs. In Górażdże there are two of the three Polish species of toads. 

a) Common toad Bufo bufo

It  is usually uniformly gray, gray-brown, sometimes rust. It  lives in a variety of moist habitats, often it  can 

be also found in cities. It is active mainly at night. It usually travels by walking, not jumping. It wakes up from  

hibernation in the middle of March or early April and then migrates en masse (often in very numerous groups) 

to the tanks in which it breeds. 

b) Green toad Bufotes viridis syn. Pseudepidalea viridis

It has a very characteristic coloration: on cream or gray background there are clear dark spots in various shades  

of green. It is more agile than the common toad, as it moves by jumping. Its activity usually begins in April, 

and its migrations are not as massive as in the case of the common toad. It is a synanthropic species, which 

means that it is well-adapted to life in cities.

C) Other Anurans

a) Tree frog Hyla arborea

It can be distinguished from frogs and toads by the presence of adhesive pads on the ends of the fingers, which  

enable it to climb up the vegetation. It is usually intense green in color with dark streaks running along the sides  

of the body - from the mouth, by the eyes down to the hind legs. There are also specimens that are gray and  

green, olive or slightly mottled. Certain tree frogs can change their color in response to stress or environmental  

conditions. They breed in May and June. Squawk is laid in the form of small packets. 

D) Newts

The shape of their body resembles a bit that of small lizards, however they are not reptiles – they are tailed  

amphibians.  Like all  amphibians,  they have  no scales  and their  skin is  partially permeable and  susceptible  

to drying out. An important part of the mating process are the dances that the males perform in order to attract  

females. Eggs are laid individually, wrapped in leaves of water plants. Larvae breathe with external gills. They 

have limbs and tail from the moment they hatch. In Górażdże are two of the four Polish species of newts. 

a) Smooth newt Lissotriton vulgaris

It is colored in various shades of brown, with black spots. During the mating season the males develop a crest  

on the back running continuously through the entire  body,  including the tail.  Lower  fin  of  the comb often  

becomes red and blue. Ventral side of the body is yellow or yellow-orange, covered with black spots, which  

occur both on the stomach and on the throat. 

b) Great crested newt Triturus cristatus

4



It is bigger than the smooth newt. It may be brown, gray, almost black, often with darker spots. Ventral side 

is bright with darker spots, but the throat is uniformly colored. During the mating season the male develops  

an imposing comb running through the whole body with a clear contraction at the base of the tail. A pearl streak  

runs in the caudal part of the comb. 

5.1.2. Analysis of species composition and habitats 

In  the  initial  stage  of  research,  10  taxa  were  identified  that  could  potentially  occur  in  the  mine.  

The analyzes omitted species associated with mountain areas or whose distribution does not overlap the area 

of research. Observed taxa represent 70% of the selected ones (Tab. 1). There were no occurrences of fire-bellied 

toad Bombina bombina, natterjack toad Epidelea calamita and the common spadefoot Pelobates fuscus. 

Table 1 The degree of occupancy of individual water bodies by amphibians. 

Water 

body
Species

% of potentially occuring 

species

% species among of all 

species observed

1W
Pseudepidalea viridis, Pelophylax esculentus complex,  

Rana sp.
30% 43%

2W Rana sp. 10% 14%

3W Peophylax esculentus complex 10% 14%

4W Pseudepidalea viridis 10% 14%

5W
Pseudepidalea viridis, Hyla arborea, Lissotriton  

vulgaris, Pelophylax esculentus complex
40% 57%

6W - - -

7W - - -

1aE - - -

1E

Pseudepidalea viridis, Hyla arborea, Lissotriton  

vulgaris, Pelophylax esculentus complex, Rana sp.,  

Triturus cristatus

60% 86%

2aE - - -

2bE - - -

2E
Bufo bufo, Lissotriton vulgaris, Pelophylax esculentus  

complex, Rana sp., Triturus cristatus
50% 71%

4E
Hyla arborea, Lissotriton vulgaris, Pelophylax  

esculentus complex, Rana sp., Bufo bufo
50% 71%

5E Pelophylax esculentus complex 10% 14%

6E Pelophylax esculentus complex, Rana sp. 20% 29%

7E
Pseudepidalea viridis, Hyla arborea, Pelophylax  

esculentus complex, Rana sp.
40% 57%

8E Pelophylax esculentus complex 10% 14%

9E Pelophylax esculentus complex, Rana sp. 20% 29%

10E - - -

11E Pelophylax esculentus complex 10% 14%

12E Pelophylax esculentus complex 10% 14%

13E Pseudepidalea viridis, Pelophylax esculentus complex 20% 29%
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14E Pseudepidalea viridis, Pelophylax esculentus complex 20% 29%

15E Pseudepidalea viridis 10% 14%

16E Pseudepidalea viridis 10% 14%

1S
Pseudepidalea viridis, Hyla arborea, Lissotriton  

vulgaris, Triturus cristatus
40% 57%

2S Pelophylax esculentus complex 10% 14%

3S Pseudepidalea viridis, Rana sp. 20% 29%

1R - - -

2R - - -

Amphibians are present in 22 out of 30 inventoried tanks. The most numerously populated water bodies  

are the ones marked with symbols 1E, 2E, 4E, 5W and 1S (location of tanks marked on maps, Appendix I),  

in which there are from 4 to 6 species of amphibians. 

Green  frogs  are  dominant  in  terms  of  the  number  of  occupied  habitats,  occurring  in  16  tanks  

and reaching a 70% frequency of occurrence. These amphibians have the least  specific habitat requirements 

and are numerous throughout the country. The second most common taxon in terms of occurrence is the green  

toad. This species often occurs in areas transformed by man and so it has also found suitable habitat in the mine.  

The common toad is the least numerous (Tab. 2). However, we cannot clearly indicate that the common toad 

population is in fact as small as the results may show. The occurrence of different amphibian species in habitats  

depends on the seasonal activity. Low detection of common toad may be due to the time of research - controls  

started at  the  end  of  March and it  is  possible that  we omitted  the  peak  of  their  activity (spring migration  

and mating). In other seasons the common toad is much harder to find than, for example, the green toad, because  

they then tend to keep to woodland areas, perfectly camouflaged in plant litter. 

Table 2. Water bodies colonization by various species of amphibians. 

Species Number of water bodies Level of species occurence*
Pelophylax esculentus complex 16 73%
Pseudepidalea viridis 11 50%
Rana sp. 9 41%
Hyla arborea 5 23%
Lissotriton vulgaris 3 13,6%
Triturus cristatus 3 13,6%
Bufo bufo 2 9%

* Occurrence - prevalence, gives information about the commonness of the species. This is the percentage of habitats in 

which the taxon occurs. 

On the scale of the country, the number of species in the mine is not unusual, but it should be noted that  

this area is one of the enclaves of biodiversity, which, although small in terms of area, are extremely valuable 

because of their high biodiversity and very favorable natural conditions. Without a doubt, these places should  

be preserved.  The study area  is  characterized  by different  types  of  microhabitats,  which  affects  the  overall 

species richness of herpetofauna - there are favorable conditions for both species requiring shallow, well-sunlit 

water  bodies  with  small-scale  aquatic  vegetation  (newts)  and  rushes  (tree  frogs),  species  linked  with  

anthropogenic environments (green toads ), and also species living in the deeper water bodies (frogs). Moreover, 

hence the mine is located far from vast, intensively farmed fields there is no contamination from plant protection 
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products, which eliminates one of the major threats to animal populations and provides them with a rich food 

base. 

5.1.3.  RECOMMENDATIONS FOR RECLAMATION

Since the area of  Limestone Quarry "Górażdże"  is characterized by high biodiversity of amphibians, 

conservation efforts  should focus on maintaining the present status of  habitats,  thus keeping the population  

stable. The process of reclamation should be conducted in a manner that does not result in the disappearance 

of bodies of water (to avoid drying, backfilling, excessive overgrowth). 

Three water bodies proved to be the most valuable for amphibians.  They were located in the eastern 

part of the mine (1E, 2E, 4E), one in the western part (5W) and one in the south (1S). These are habitats which 

must be kept and, above all, the conditions inside them must not be changed. Water bodies 1E and 1S are the  

most endangered by natural succession, which may result in amphibians being forced out. In their case, it is 

recommended  to  remove  the  shrubs  from  the  pond`s  shores,  duckweed  and  excess  of  water  and  coastal  

vegetation  to  prevent  drying  out  and  becoming overgrown.  Body 5W may however  be  endangered  by the 

resumption of mining in the area, which in turn will lead to the total elimination of this habitat. In such case,  

a compensation water body should be created with conditions  resembling the ones in the original habitat as  

closely as possible, and amphibians should be moved into it.

5.2. REPTILES

5.2.1. Characteristics of the identified species of reptiles

During the field work we have found four species of reptiles:

A) Smooth snake (Coronella austriaca)  is one of the rarest  species of reptiles not only in Poland, but also 

in many other European countries. In 11 of 14 countries of western Europe smooth snake is placed on the Red 

List.  In  Germany,  Norway,  Switzerland,  Poland  and  Finland  this  species  is  classified  as  vulnerable  (VU),  

in Netherlands, Lithuania and Latvia as endangered (EN), in Denmark as extinct. In France and Sweden smooth 

snake is a species that requires active conservation. According to Polish Red Data Book of Animals smooth 

snake is vulnerable to extinction. Indeed most published data from Poland indicates poor recognition of smooth 

snake distribution and status. 

It’s a small snake, that can grow up to 80 cm (females are larger than males). Dorsal side of the body 

is mostly of brown to grey coloration with 2 – 4 lines of dark dots. Mating season take place during spring.  

Smooth snake is viviparous – females give birth in late summer or early autumn. It  feeds mainly on small  

vertebrates. Common opinion treats smooth snake as a species specialized in feeding on reptiles, but data from 

different  European  countries  clearly  shows  that  depending  on  availability  also  other  taxa  can  be  equally 

important as a prey.

B) Grass snake (Natrix natrix) is the most common snake in Poland. It is larger than the smooth snake, it can 

reach over a meter in length. It is colored fairly uniformly, usually grey. Its distinguishing feature are yellow 

or yellow and orange spots behind the sinuses, in the back of the head. Rarely there are also individuals devoid 

of these spots, entirely black – they are called "melanistic". The grass snake is not venomous. It feeds mainly  

on amphibians. It usually occurs near water, where it has plenty of food. It can swim well. It is oviparous. 
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C) Sand lizard (Lacerta agilis) is one of the most common Polish reptiles. It has a body typical for lizards: well-

developed limbs and a solid tail  ,  which is longer than the rest  of  the body and can be shed in dangerous 

situations (so-called "autotomy"). The coloration usually ranges between different shades of brown, and the back  

has a clear dark spots with lighter center. Males become green during the mating season. Sand lizard inhabits 

mainly dry and well sunlit habitats: heathlands, meadows, edges of roads and forests. It is oviparous. 

D) Slow worm (Anguis fragilis) is a legless lizard. It can be distinguished from snakes by a poorly separated 

head, the presence of eyelids and the presence of very small, smooth scales. Its coloration is variable: brown, 

gray, or rust-colored, while the young are slightly golden with a black stripe on the back. It usually inhabits  

moist areas, for example forest edges and clearings. It is viviparous. 

5.2.2.  Analysis of species composition

Table 3. Species composition od reptiles in the Limestone Quarry “Górażdże”

Species Number of specimens
Coronella austriaca 19

Natrix natrix 8
Lacerta agilis 10
Anguis fragilis 2

During the field inventory was found surprisingly few individuals of both species of lizards (Tab. 3). 

In the case of slow worm this can be explained by time of day, because it is a species of twilight  and night  

activity, while controls were carried out during the day. Low numbers of sand lizard is difficult explainable - 

in the study area is many habitats preferred by this species. This result gives food for thought, also due to the fact  

that lizards are described in the literature as a main component of smooth snake`s food base (see the results  

of smooth snake inventory).  

While research has identified eight individuals of grass snake. 

In  the framework searching the smooth snake we have checked 6 places  in  the Limestone Quarry 

“Górażdże” that  exhibits promising habitat  conditions or were recommended by Limestone workers.  Within 

those places we have found two sites of smooth snake, closely situated. First was shown by Limestone worker,  

another one was found by field observations. Both sites are covered by medium-sized trees (mostly pines).

We have found 7 adult snakes, including 5 females (at least two pregnant) and 2 males. Juveniles (new 

born) were represented by 12 specimens (sex was not determined).

What is most important we recorded reproduction of smooth snakes. Observation of  pregnant females 

and newly born snakes allow us to describe this population as very important  in local  scale and with good 

opportunities for existence in upcoming years.

We didn’t  notice any spectacular threats for smooth snakes.  We indeed observed possible predators 

(birds: Pica pica, Garrulus glandarius), but our attention was paid rather to availability of microhabitats. Many 

of them were already covered by trees and dens shrubs what makes them useless for snakes. Therefore we can 

assume that the main threat for smooth snake in this place is plan succession, resulted from habitat restoration  

actions.
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One  more  issue  should  be  highlighted  –  prey  availability.  According  to  county-wide  monitoring 

of smooth snake, that have been conducted in Poland in recent years, lizards are main prey for smooth snake and 

thus the number of lizards is the pointer of food resources. It is very important observations that confirms data 

from other regions, which says that smooth snakes do prey not only on lizards. Therefore it is another instance  

that should be taken into account in country-wide monitoring surveys.

5.2.3.  RECOMMENDATIONS FOR RECLAMATION

In this chapter we will focus on providing adequate protection for smooth snake during rehabilitation, 

omitting other species of reptiles, because lizards occupy the same habitat as smooth snake, and grass snake  

is strongly associated with the water bodies, inhabited by amphibians - guidelines for their protection have been 

presented earlier.  

As it was mentioned smooth snake is a species that inhabits mostly open and semi-open habitats. Many 

of those are semi-natural (like xerothermic meadows) or anthropogenic.

Habitat restoration after the mining process creates such biotopes, that can be inhabited by smooth snakes. As we 

have shown in the area of Limestone and surroundings this species inhabits semi-open biotopes. Unfortunately 

they exist only for few years, before restoration achieves final stage in which the whole area is covered by dense  

forest. It  is equal with habitat loss for smooth snakes, since dense forest are too dark and humid. Therefore  

to protect smooth snake habitats for long time period it is crucial to include its requirements in restoration plan  

and forest management plan. We suggest following solutions:
- construction of forest roads with 10-15 m width edges without trees 

- preparation forest clearings, close to the forest roads, located at distance of at least 500 m from each other

- ecological education – tables with basic information about snakes and their protection

In each of above habitat have to be actively kept in good condition, by means of preservation against  

plant succesion and maintaining high insolation. Mostly it is done by cutting high grass, shrubs and young trees.  

Proposed time of year for those treatments is winter for shrubs and trees. For cutting grass it is harder to suggest 

optimal time, because during whole active season there is a risk of killing snakes. Time after mating period 

and before parturition may be the best – it is late June and whole July. Before cutting grass the area should  

be walked through by few people to startle snakes or capture them for the time of cutting. Moreover grass should  

be cut at the high at least 20 – 30 cm above the ground.

We assume that wide edges of roads without trees will function as an ecological corridor connecting 

smooth snake populations and preventing them against limited gene flow. We also suggest to maintain forest  

clearings as a crucial areas that can be inhabited for long time period by smooth snakes. Our proposition to keep 

the distance 500 m between them is based on telemetric studies that were conducted in Great Britain.

Last  but  not  least  – ecological  education.  It  is  the most basic way to protect  biodiversity but also 

it probably the most crucial.
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Appendix I

Distribution maps of herpetofauna in the Limestone Quarry 
"Górażdże"











Appendix II

Educational materials 
 "Amphibians and reptiles in the Limestone Quarry Górażdże"

Due to restrictions on the size of files sent to the server, educational materials were placed at: 
https://drive.google.com/folderview?id=0By87fVQCaEYvTlpSeW9kTWpYM00&usp=drive_web


