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Abstract (max 0.5 page) 

The studies on opencast mines indicate that the direction of spontaneous colonization of opencast excavations 
and settlers by vegetation is determined not only by the substratum, the land relief, but also by the hydrological 
and hydrochemical relations in the exploitation hollow. Therefore, the choice of the proper direction of 
reclamation after cessation of exploitation should be preceded by a detailed analysis of hydrological relations, 
soil properties, land use and the nature of spontaneous vegetation. The complex hydrological, soil and botanical 
studies were carried out within the Mineral Resources Mine in "Wójcice" (southern Poland). At random, 30 study 
plots were established in four zones (study sites): 1) sandy sediments, extremely dry places located mainly on 
heaps of post-washer slime (sand), 2) sandy sediments, dry areas but periodically flooded with a pulp, 3) clay 
sediments, damp areas periodically submerged and 4) forest adjacent to the mine area (control). The study 
lasted from the end of March to the end of August. The vegetation sampling was made, soil samples and water 
from pulp poured to the bottom of the settling tank were collected. The collected data was subjected to ordination 
(DCA, CCA) and statistical analysis. It has been shown that the waters in the settling tank represent the 
bicarbonate-calcium type of water and are typical for most waters in the country. A total of 94 species of vascular 
plants, 7 species of mosses were found and from 3 to 20 (the average of 8.9 species) per a study plot was 
recorded. The vegetation differ significantly among study sites. According to the CCA analysis, the only relevant 
habitat factors are the content of floatable parts and the phosphorus content in the substrate. The first ones are 
connected with wetland plots on clay material and partly with forest plots. The highest mean values of plant 
cover and Shannon-Wiener index were found in forest plots around the mine and the lowest on sandy sediments 
flooded with pulp. The various phenomena of colonization and vegetation succession occur in the mine's area, 
determined by three main factors: the type of substrate (sands vs. clays), hydration (overdried areas vs. flooded 
with water) and the surrounding (degenerated oak-hornbeam forest). The development of the plant cover occurs 
faster than the soil cover, which is exemplified by the succession on sands. Older phases of succession 
resemble a forest in the surrounding due to propagule pressure. The guidelines for possible reclamation at the 
end of exploitation were proposed that take into account the natural ecological processes and the potential of 
vegetation occurring in the mine area. 
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 Introduction 

 The study on opencast mines reveal that the direction of spontaneous colonization of opencast 
excavations and sedimentation tanks of post-washer slime by vegetation is determined not only by the land 
relief, but also the hydrological and hydrochemical relations in the excavation. Therefore, the choice of the 
proper direction of reclamation after cessation of exploitation should be preceded by a detailed analysis of 
hydrological relations, soil properties, land use and the nature of spontaneous vegetation. In this project, study 
was carried out within the "Wójcice" mine located in southern Poland. In this mine, gravels and sands are 
exploited. It is characterized by a large diversity of morphological conditions (excavations, landfills, settling 
tanks) as well as water relations and hydrochemical characteristics. The main objective of the research was to 
show how the water conditions and substratum type affect the formation of bryophyte flora and vascular plants 
and the direction of vegetation succession in the mine area in order to be able to prepare guidelines for possible 
reclamation in the future that take into consideration the potential of the mine. 
 
Characteristics of the mine 
 On the territory of the Wójcice mine, the exploitation of the mineral aggregates deposits is carried out by 
the underwater method. It is conducted in the dam reservoir zone of "Nysa Lake". The output is subjected to 
rinsing and screening (sorting) to remove the smallest fractions (mainly sand and clay). Water for rinsing 
processes is taken from Nysa Lake, however, its circulation takes place in a closed cycle. After passing through 
the settler, it is again used in material sorting processes. The lake water is taken only to compliment 
technological losses. Of the gained aggregates only gravels are for sale. As a result, the separated fractions in 
the form of highly hydrated pulp, are hydraulically transported to the settler where it undergoes sedimentation 
and dehydration (Fig. 1A). 

 
Fig. 1. A. Place of pulp dump to settlement tank causing the periodic braided river. B Characteristic laminated 
sand sediments deposited on a settling tank. C Sand heaps (slurry). 

The pulp is a by-product of the mine, which due to its specific properties is not used for sale. Within the settler in 
the first part sedimentation of the thickest fractions occurs (sandy with a small admixture of gravels) and in its 
further part (mainly in the water zone of the settling tank) sedimentation of fine-grained - dust and clay fraction 
occurs. The sludge deposited in the settling tank is characterized by characteristic lamination which is a 
consequence of cyclic pulp inflows (Fig. 1B). In the recent period, however, the exploitation of sandy sediments 
deposited on the settling tank was undertaken. This is called exploitation of the anthropogenic deposit. These 
are mainly heaps of sand, which are unstabilized and heavily desiccated (Fig. 1C). 

 

 Material and methods 
The analysis of the vegetation mapping, type of substratum, the degree of moisture and the age of the settler 
(Fig. 2) allowed to distinguish 4 research study sites (Fig. 3). Taking into account the internal diversity of the 
succession stages and the surface area of distinguished habitats, a total of 30 study plots of 5 m × 5 m were 
established (forests 10 m × 10 m). During the vegetation season from the end of March to the end of August, soil 
and botanical studies were carried out and in the place of the discharge of the pulp onto the surface of the 
settling tank hydrochemical studies of water were performed. 

.  
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Fig. 2. The diversity of habitats 
and succession processes in the 
area settler "Wójcice".  
Explanations: 1 ‒ waters, 2 ‒ 
wetlands on clay soil covered by 
reed beds, 3 ‒ open dry sandy 
areas, 4 ‒ forests, 5 ‒ willow scrub 
periodically flooded, 6 ‒ heaps of 
post-washer slime (sand). 
 
 
 
 
 

 
Fig. 3. The situation of study plots in 
the area of "Wójcice" mine. 
Explanations: study site 1 ‒ zone 
of sand heaps, extreme dry 
conditions, advanced succession – 
11 study plots, 
site 2 ‒ bottom of settler, zone of 
sand deposits, initial and mid-
advanced succession (maybe 
periodically flooded by a pulp) – 8 
study plots, 
site 3 ‒ zone of clay deposits, moist 
places, periodically flooded, various 
forms of succession – 5 study plots, 
site 4 ‒ control, situated in adjacent 
forest – 6 study plots. 
 

 
 
Methods of hydrological studies  

During the research, 10 water samples flowing with the pulp to the surface of the settling tank were collected. 
Measurements of basic physical and chemical properties of water (temperature, pH, oxygen saturation) and 
redox potential were conducted directly in the field using the YSI EDS 6600 multi-parameter probe (US 
production). Prior each test, the probe was calibrated with standard solutions. During the fieldwork, water 
samples were also collected for chemical analysis. The samples for laboratory analysis were taken in 0.5 L 
polyethylene bottles. Transport of water samples to the laboratory took place at +4 0C. They were filtered on a 
0.45 μm filter (Millipore). Laboratory analyzes included the determination of the main cations and anions in 
water: Ca2+, Mg2+, Na+, K+, NH4

+, HCO3
-, SO4

2-, Cl-, NO3
-, PO4

2-. The analyzes were performed by means of the 
Metrohm 850 Professional IC ion chromatograph. The hydrochemical type of waters was determined on the 
basis of classification by Szczukariew - Prikłoński (Macioszczyk 1987). 

Methods of soil analyzes  
In study plots composite soil sample was taken and physical-chemical properties as well as granulometric 
composition of soil was determined: 
- pH ‒ (in aqueous solution and in 1N KCl solution), 
- NT – total nitrogen according to PN-ISO 11261; 
- P ‒ available phosphorus according to PN-R-04023; 
- Prószyński' aerometric method. 

Methods of botanical studies  
Within the study plots, a floristic inventory was made (vascular plants and bryophytes) and the cover-abundance 
of recorded plants was visually estimated in % (1,2,5,10,20 ... 100) using the Canopy Cover Free 1.03 
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application for mobile devices with the Android system and in the forests GLAMA application was used to assess 
tree canopy (Tichý 2015). 

Statistical analysis 
Based on the collected vegetation data, biodiversity indices were calculated: the number of species (S), the 
Shannon-Wiener diversity index (H ') and the species evenness (E) as well as the sum of the species cover 
(COVER). Next, detrended correspondence analysis (DCA) was conducted to examine the variability direction of 
the analyzed vegetation. For DCA purpose, the data was log-transformed. In order to examine the differences in 
the species composition of vegetation among 4 study sites, an analysis of centroids representing the vegetation 
of a given study site was performed using a vector fitting method. The same test (999 permutations) was used to 
fit biodiversity indices, as passive vectors, to the ordination result which were plotted as DCA biplot. In order to 
investigate the influence of habitat factors: pH, total nitrogen content, phosphorus, fraction of floating parts of 
substratum (fraction <0.05) on the species composition, canonical correspondence analysis (CCA) was 
performed and the significance of habitat factors was also assessed using permutation test (999 iterations). In 
turn, the significance of differences in biodiversity indices and habitat factors was analyzed using a non-
parametric equivalent of analysis of variance ANOVA i.e. Kruskal-Wallis test. Significance was assumed at the 
level of p <0.05. Statistical analyzes and visualizations were carried out in the R software (R Core Team 2017). 

 

 Results 
General hydrological characteristics of waters 

Fig. 4. Waters in the setter represent bicarbonate - calcium type of 
waters. 

The ionic composition of water is dominated by bicarbonate anions 
(about 27%, 2.55 mval/l) and calcium cations (29%, 2.7 mval/l ) (Fig. 
4). The water of the settler is characterized by an average value of 
electrolytic conductivity 360 μS/cm and neutral (pH ~ 7) water pH. A 
characteristic feature of the waters are trace amounts of biogenic 
substances - nitrogen and phosphorus. The average concentration of 
nitrates (NO3

-) was only 1.5 mg/L and the concentration of 
phosphates (PO4

2--) was below the limit of quantification.  

 
Charakteristics of vegetation and substratum in the study sites 
In the study sites, a total of 101 species (appendix) were found, including 7 moss species, lichens (Cladonia sp) 
and the remaining ones are vascular plants. In 30 research plots, from 3 to 20 (on average 8.9 species) were 
recorded per plot. The species of rush and reed beds (the Phragmitea class), sand swards (the Koelerio 
glaucae-Corynephoretea canescentis class), meadow communities (the Molinio-Arrhenatheretea class) and 
scrub-forest were found. In study sites 1,2,3 there are several stages and processes related to succession: 
colonization of algae and mosses on clay material in the first stage of succession around bird faeces (study site 
3) and colonization of grassland species on desiccated parts of the settling tank (study site 1), while on sandy 
material periodically flooded with pulp - algae and moss grew (study site 3). In the second stage of succession, 
shrubs or biogroups of saplings (willows Salix purpurea, S. fragilis - study site 2) appeared, likewise in study site 
3 - where mainly S. purpurea occured. The processes of habitat modification and facilitation of succession 
initiated by bird increment and algae (enrichment of the habitat in nutrients) and the stabilization of the ground by 
the willow roots and the fall of their leaves were observed. On the other hand, in the study site 1 sand 
stabilization by the roots of grey hair-grass (Corynephorus canescens) and Bermuda grass (Cynodon dactylon) 
dominated; there is also black locust (Robinia pseudoacacia). The final stage of succession is black locust 
thickets or black locust forest (study 1), willow scrubs (study site 2) and a mosaic of rushes and willow scrubs 
(study site 3) (Fig. 5). 

DCA analysis (λ1 = 0.92, λ2 = 0.67) showed a large variation in the species composition of vegetation 
among the distinguished study sites, which is illustrated by the length of the gradient along 1 axis DCA1 (11.02 
SD) and DCA2 (6.07 SD). Even taking into account only the study sites established in the mine, the variation is 
still large (nearly 10 SD). DCA explained 14% of variation along the first two axes. The vegetation of study sites 
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differed significantly from each other according to centroid analysis by means of vector matching (r2 = 0.74, 
p=0.001). The total cover of plants and the value of Shannon-Wiener significantly explained gradient of 
vegetational change from wetland to forest communities respetively (p=0.001 i p=0.043) (Fig. 6). 

  

 
Fig. 5. Species involved in the succession processes in the "Wójcice" mine. A ‒ common evening-primrose 

(Oenother biennis) in the first stage of succession on a coarse grain material, example of colonization, B ‒ 

Bermuda grass root (Cynodon dactylon) plant growing on sand heaps and stabilizing substratum, example of 

facilitation of succession, C ‒ young black locust individual (Robinia pseudoacacia) and common soapwort 

(Saponaria officinalis), intermediate stage of succession, D ‒ black locust thickets, terminal stage, E ‒ algae 

colonies around bird faeces on clay material, first stage of succession and example of habitat modification, F ‒ 

flowers of purple loosestrife (Lythrum salicaria), infrequent component of rush vegetation , G ‒ extensive willow 

roots (Salix sp) ‒ ground stabilization, H ‒ willow thickets, intermediate stage, I ‒ flower of the great willowherb 

(Epilobium hirsutum), J ‒ cursed buttercup (Ranunculus sceleratus), a rare example of rush vegetation in the 

study area. 
  

A B C D 
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Fig. 6. Situation of DCA centroids (A) and biplot of study plots and environmental factors according to CCA (B). 
Explanations: COVER – total cover of plants, S – species richness, H’ – Shannon-Wiener index, N – nitrogen, P 
– phosphorus, FL – floatable parts fraction, pH – pH in aqua, * – p<0,05; ** – p<0,01.  

According to the CCA analysis, the only significant habitat factors are the content of floatable parts (p = 0.002) 
and the content of phosphorus (p = 0.001). Higher values of these factors are associated with wetland plots on 
clay material and partly with forest plots (Fig. 6). 

Fig. 7. Comparison of total cover 
of plants (COVER), species 
richness (S), Shannon-Wiener 
index (H'), evennes index (E) and 
nitrogen content (N), phosphorus 
(P), pH in aqua and in KCl and 
floatable parts (FL) among 
distinguished study sites. 1 – 
sand heaps, 2 – sandy bottom of 
settler, 3 – wetlands, 4 – adjacent 
forest. Significance of differences 
according to Kruskal-Wallis test  
* – p<0.05, ** – p<0,01 *** –
p<0,001.  
 

 

 

 

 

 

 

 

There were significant differences in the total plant cover. The highest mean values were found in the study plots 
in adjacent forest and the lowest on sandy sediments flooded with pulp. The highest value of the Shannon-
Wiener index was found in forests and heaps of sand, and the lowest in wetlands. Wetlands were characterized 
by the highest content of phosphorus and floating parts (Fig. 7). Differences in other variables were statistically 
non-significant. 
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Fig. 8. Model of 
succession: 
directions and 
phases of 
vegetation 
development in the 
area of  "Wójcice" 
mine. 

 

 

 

 

 

 

 

 

 

 

 

 Discussion 

Hydrochemical assesment of water and pulp 
The detected double-ion domination of bicarbonate ions and calcium is a common hydrochemical type of water 
occurring in nature (Wetzel 2000). The measured values of electrolytic conductivity and pH are comparable to 
those found in most of anthropogenic water bodies (Molenda, 2011). Trace amounts of nutrients in water are 
another factor that limits colonization. The lack of nutrients in the water is a consequence of the closed water 
cycle in the settler. Multiple water flow through reeds located within the sedimentation tank causes the removal 
of nutrients from the water. In this case, the settler acts as a specific "hydrophytic treatment plant". The high 
efficiency of the settling tank was also found in the purification of water from suspended matter. In the pulp 
discharge zone, the water turbidity exceeded 100 NTU and in the re-entry zone was about 50 NTU. The periodic 
flooding with water in the settling tank affects the development of vegetation in particular in study site 3 and 
sporadically in study site 2. 
Type of succession of vegetation in the area of settler 
 The development of vegetation in the "Wójcice" mine has the character of primary succession, because 
it begins on the bare ground without a plant cover. The several directions of vegetation succession and stages in 
the mine can be distinguished. These are facilitation processes consisting mainly in the modification of the 
habitat by pioneer species (Connel et al. 1977). The direction of succession depends primarily on the hydration 
and type of the substrate material, which is well illustrated by comparing not only the vegetational gradient (Fig. 
6A) but also the effect on species composition and differences in fraction of floatable parts (Fig. 6B, 7). The 
floatable parts are correlated with the first DCA axis. We did not determine moisture, but its indirect proxy is 
floatable parts fraction. The higher the content of fractionable fraction, the substratum more absorbs water. 
Therefore, it is not surprising that on the clay material mainly rush vegetation developed (reed and canary beds). 
On the opposite side there are sandy places that are overgrown with plants typical for sandy swards of the 
Koelerio glaucae-Corynephoretea canescentis class with a large contribution of Corynephorus canescens. They 
develop best on sunny slopes where the soil temperature is higher. The high content of sands and gravels 
means that the substrate dries quickly even after heavy rains (Kujawa-Pawlaczyk 2010). In the area of sandy 
sediments periodically flooded with pulp, there are places with a large fraction of floating parts, which can be 
seen as the outlier on Fig. 7. At the bottom of the settler periodic rivers appear, which carry a lot of clay 
materials. The sandy grasslands in the mine are quite species-poor. The plots had an average of 9.1 species 
and the average value of the Shannon-Wiener index was 1.5. In the review paper by Sienkiewicz-Paderewska 
(2010), the examined communities of the Koelerio glaucae-Corynephoretea canescentis class were 
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characterized by the average number of species in the phytosociological relevé between 8.0 and 18.6 and the 
value of the Shannon-Wiener index, among others 1.5 and 3.5. The observed patches of grasslands in the mine 
area are approaching the lower values found in that paper. In the patches of the grasslands of the sandy mine, 
several variants of the initial stages with: grey hair-grass Corynephorus canescens, common soapwort 
Saponaria officinalis, evening primrose Oenothera biennis, sticky ragwort Senecio viscosus can be observed. 
There are also intermediate patches containing a mosaic of the above mentioned species. Noteworthy is the 
presence of the Cynodon dactylon Bermuda grass. It is an ephemerophyte, a species that has been temporarily 
introduced since 1825 to Poland, probably arrived from Africa. It is still not naturalized, it has over 30 stands in 
Poland mainly in sandy areas (Urbisz 2010). 
Wetland habitat where study site 3 has been established, differs both with moisture and material - mainly clays. 
In addition, animal activities play an important role in the succession. At the shoreline of the tank tracks of birds 
(mainly ducks) and their increments and algae colonies forming around them were reported. The impact of birds 
faeces on nutrients circulation and ecosystems formation has been described in many regions of the world and 
environments: eg. in forests (Fujita, Koike 2009), in water reservoirs (Gwiazda et al 2010) or even in Antarctica 
around penguin colonies (Krywult et al 2013). Bird faeces are primarily a source of phosphorus. This is 
confirmed by our research, where the highest reported values of phosphorus are in the area of wetlands (Fig. 7). 
They are also large in forest soil in the forest in the vicinity of the mine. Rush communities occurring in this part 
of the mine are characterized by a small number of species in the relevé from 5 to 11, an average of 8.4 and the 
Shannon-Wiener index is 1.19. This is typical for rush communities here mainly built by reed Phragmites 
australis or the reed canary grass Phalaris arundinacea (Grzelak et al. 2002). They are mainly monospecific 
patches with a large total coverage of plants, as in our case (Fig. 7).  
 The places periodically flooded by the pulp, but outside the coastal zone of the water reservoir is the 
place where the patches of communities built by willows are formed: crack willow Salix fragilis, purple willow S. 
purpurea and almond willow S. trandria. They are mainly of shrubby communities and there are few species per 
a plot. There a significant phenomenon takes place, namely leaf fall. There is enormous body of literature about 
the role of leaf decomposition and their impact on soil properties and, in particular, soil enrichment in nutrients 
and the circulation of matter (Aerts, Chapin 1999). In comparison with plots on heaps of sand, those with willow 
are characterized by higher values of nitrogen and phosphorus (Fig. 7).  
 In the older stages of succession in the mine and above all on sands (study sites 1 and 2), the Black 
locust Robinia pseudoacacia, the native species to North America, appears. In Poland, it is present in cultivation 
since 1806 (Tokarska-Guzik 2005) and is invasive in Europe (Vítková and in 2012). It colonizes many habitats 
and it is reported to appear during succession in the former sandstone and mines of mineral aggregates, eg in 
the Czech Republic (Řehounková, Prach 2008). In this case, the nearby forest (study site 4) is the source of 
Black locust diaspores, because it is a degenerated forest with a large participation of this species. In the mine 
Black locust individuals in various stages of succession can be encountered. Various herbaceous species grow 
under the canopy of trees, first forming biogroups, next thickets and finally a compact Black locust forest. 
Estimated time for such a forest to develop is about 25 years (based on the observation of mine staff members). 
The largest individuals in this phase of the community were about 8 m high and had 47 cm of circumference. 
The research results show that the older stages of succession, especially on heaps of sand, are similar to the 
forest in the neighborhood in terms of structure and species composition (Fig. 6). 
 A summary of the directions of succession and individual phases of development of vegetation is the 
diagram in Fig. 8. Processes of colonization and succession resemble the processes described in the 
Błędowska Desert by Rahmonov (2007). Similarly, as there, this is primary succession on sands where algae, 
mosses and vascular plants typical for dry, xerothermic habitats play an important role. It is also typical that the 
soil development is slower than the development of the plant cover. It is noteworthy that the changes are 
progressive in terms of the increase in the number of species and coverage. This is a consistent pattern with 
most similar studies (Řehounková, Prach 2006, 2008), but contrary to the results of Kompała-Bąba and Bąba 
(2013) where the number of species decreased and the role of dominants increased in the sand-pit.  
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 A proposal for guidelines for the reclamation of the mine site after the end of exploitation. 
 

 After the end of operation in accordance with the applicable law, the mine area will have to be reclaimed. 
The presented data obtained on the basis of the conducted studies indicate that it is an area difficult to reclaim. 
Classical technical reclamation, for example forestry reclamation, will not be successful. Most often, in such 
cases, pine is planted (experiences from most sandbanks and settlers). The carried out research did not reveal 
the presence of pine even in the form of seedlings. This indicates unfavorable conditions for this species. 
Considering such conditions as chemical composition of waters, sediments, moisture level and observed natural 
processes of colonization and succession of vascular plants and mosses, the following directions of mine area 
reclamation were proposed (Fig. 9): 
1. – Fish ponds –  water reclamation, i.e. leaving water tanks. Settlers (taking into account the physico-chemical 
properties of their waters and depth) are tench-pike reservoirs. It is therefore possible to breed cyprinids with an 
admixture of pike on them. After stocking, the settler can be used as a commercial fishing ground. Settlers will 
also function as a habitat for water and marsh birds. 
2. –  Zone of reed beds – periodic reed cutting (autumn) and the use of collected material for the production of 
ecological reed roofs and other products or as biomass for energy purposes. 
3. – Open sandy areas – areas of sand heaps that can be left to spontaneous succession processes or to sow 

grasses that fix the ground. In addition to the existing grey hair-grass, the popular sand ryegrass (Leymus 

arenarius) can be sown. 
4 – Forest area – this forest could be created in the vicinity of the mine on the site of the present black locust 
forest, while closer to the reservoir there are habitats for the development of riverside almond willow forest 
Salicetum triandro-viminalis and white willow Salicetum albae association. In the case of a production forest in 
the surroundings, action should be taken to eradicate or control this species. 
5 – Energy willow plantation – Establishment of energy willow plantation. This is a specially bred variety of 
Salix vinimalis willow, capable of growing in wet places along rivers and streams. 
 
 In order to ensure adequate growth of willows and reeds, sewage sludge could be poured onto the 
settling surface, which on the one hand would ensure plant growth and on the other would be purified. It would 
be a classic hydrobotanic treatment plant. Sewage sludge which very often are illegally discharged into open 
waters would also be used in the proposed solution. Minimum amounts of nutrients that penetrate into the 
settling tank would result in the development of phytoplankton and more effective fish growth. In order to 
accelerate the growth of the soil cover and thus vegetation, it is possible to pour out the leaves collected in 
nearby towns, parks and gardens, and obtain them from green waste. As it results from the proposed directions 
of reclamation, it is not limited to planting and leaving the area to itself. In the proposed reclamation directions, 
people currently working in the mine may find employment in the operation of a special fishery (eg small 
catering, sale of permits) for reed cutting, mowing of energetic willow plantations. Thus, it also has a social 
importance. 
 

Fig. 9. A proposal of 
directions for the 
reclamation of the settler 
after the end of 
exploitation. Explanatory 
notes: 1 - fish ponds, 2 - 
reed beds, 3 - open 
sandy areas, 4 – forest 
area, 5 - energy willow 
plantations. 
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 Conclusions 

1. The various phenomena of colonization and vegetation succession occur in the mine's area, determined by 
three main factors: the type of substrate (sands and clays), hydration (overdried areas and flooded with water) 
and the environment (degenerated oak-hornbeam forest). 
2. The development of the plant cover occurs faster than the soil cover, which is shown by the example of 
succession on sands. 
3. The older stages of succession resemble a forest in the surrounding by what is caused by the propagule 
pressure (fruits, seeds). 
4. One type of reclamation after the end of operation is not possible. Reclamation should take into account the 
natural ecological processes and potential of vegetation occurring in the mine area. 
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 

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

 
Project focus: 

☐Beyond quarry borders 

☐Biodiversity management 

☐Cooperation programmes 

☐Connecting with local communities 

☐Education and Raising awareness 

☐Invasive species 

☐Landscape management  

☐Pollination 

☐Rehabilitation & habitat research 

☐Scientific research 

☐Soil management 

☐Species research 

☐Student class project 

☐Urban ecology 

☐Water management 

 
Flora: 

☐Trees & shrubs   

☐Ferns   

☐Flowering plants   

☐Fungi   

☐Mosses and liverworts 

 
Fauna: 

☐Amphibians  

☐Birds   

☐Insects   

☐Fish   

☐Mammals   

☐Reptiles   

☐Other invertebrates 

☐Other insects   

☐Other species 

 

Habitat: 

☐Artificial / cultivated land 

☐Cave   

☐Coastal  

☐Grassland 

☐Human settlement   

☐Open areas of rocky grounds 

☐Recreational areas   

☐Sandy and rocky habitat 

☐Screes   

☐Shrub & groves   

☐Soil   

☐Wander biotopes 

☐Water bodies (flowing, standing)   

☐Wetland 

☐Woodland 

 

 

Stakeholders: 

☐Authorities   

☐Local community   

☐NGOs   

☐Schools 

☐Universities 

 


