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Final Project Report (to be submitted by 20th September 2018) 

Instructions: 

 Document length: maximum 10 pages, excluding this cover page and the last page on project tags. 

 We welcome the submission of Annexes (i.e. bachelor or master thesis, references, species lists, maps, 
drawings, pictures) to further HeidelbergCement’s understanding and future use of your findings, however 
they will not be reviewed by the Jury, and we kindly ask for these to be sent separately to the National 
Coordinators.  

 Please use the attached template for species data collected during the project and submit with the project 
report. 

 Word/PDF Final Report files must be less than 10 MB. 

 If you choose to submit your final report in your local language, you are required to also upload your final 
report in English if you wish to take part in the international competition. 

 To be validated, your file must be uploaded to the Quarry Life Award website before 20th September 2018 
(midnight, Central European Time). To do so, please log in, click on ‘My account’/ ‘My Final report’. 

  In case of questions, please liaise with your national coordinator. 

 You should not publish additional private information in your final report (e.g.: address, day of birth, email-
address, phone number), just complete the categories we ask for below under “Contestant profile”.  

 

The final reports should comprise the following elements: 

For research stream projects:  

 Abstract (0,5 page)  

 Introduction : 

o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

 Methods: a detailed description of the methods used during the project is required.  

 Results: the results of the project should be outlined and distinguished from the discussion.  

 Discussion: 

o Results should be analysed and discussed with reference to region/country taking into account 
other publications.  

o Outline the added value of the project for science and for the quarry / company.  

o Recommendations and guidance for future project implementation and development on site is 
requested. Where possible, please mention the ideal timing and estimated costs of 
implementation.  

 Final conclusions: a short summary of results and discussion.  

For community stream projects:  

 Abstract (0,5 page)  
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 Introduction  

o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

o A short description of the site and the team members and the targeted audience of the project.  

 Actions and activities: a detailed description of planned or implemented actions and outreach activities done 
to elaborate the project, list of stakeholders involved.  

 Discussion: 

o Project teams should discuss the pros and contra and illustrate experiences.  

o Outline the added value of the project for biodiversity, the society and the quarry / company.  

 Deliverables: practical implementation and development recommendations of the project are required. 
Where possible, please mention the ideal timing and estimated costs of implementation.  

 Final conclusions: a short summary of the project findings and discussion.  

 

 

1. Contestant profile 

 Contestant name: Maltsev Yevhen 

 Contestant occupation: PhD, Associate Professor, Senior Researcher, Laboratory of 
Molecular Systematics of Aquatic Plants 

 University / Organisation Institute of Plant Physiology RAS 

 Number of people in your team: 4 

 

2. Project overview 

Title: Molecular ecology and adaptation of algae in formation the 
target ecosystems of the Gurovo quarry 

Contest: (Research/Community) Russia 

Quarry name: The Gurovo 
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Abstract (max 0.5 page) 

The extraction of commercial minerals is often accompanied by the formation of large areas of quarry and dump 

technogenic ecosystems. This stimulates the search for measures to reduce their negative impact on the 

environment, as well as a detailed study of all the constituent elements of ecosystems that spontaneously or after 

reclamation form on them. Among the organisms that are the first to begin biological development of substrates of 

natural and anthropogenic origin, algae are usually present. Rapid reaction to changes in the ecological situation 

and the sensitivity of algae to various types of anthropogenic impact allow them to diagnose the ecological potential 

of substrates of technogenic origin and monitor it. 

During the implementation of the project “Molecular ecology and adaptation of algae in formation the target 

ecosystems of the Gurovo quarry”, it was established that the species richness of algal communities of technogenic 

substrates in the territory of the Gurovo quarry and adjacent ecosystems, algal structural and dynamic indices, 

which determine the specificity of their functioning, are the result of the forming influence of interaction of soil 

conditions, climatic factors and the extraction of commercial minerals. Algae form an active core among soil 

organisms, which is characterized by sufficient dynamism in conditions of anthropogenic interference in the natural 

development of ecosystems and forms one of the elements of the stability of the quarry ecosystems to degradation 

processes. The established features of algal communities are used in solving problems of diagnostics of 

parameters of soils and substrates of anthropogenically disturbed and technogenic ecosystems of the Gurovo 

quarry. Our results helped to detect the diagnostic features of algae communities in relation to such parameters 

of technogenic substrates as granulometric composition and pH value. 
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Final report (max 9 pages) 

Introduction 

Technogenic landscapes within the biosphere play an increasingly important role, but given the diversity of their 

origin, structure and composition, they have not been studied enough and require comprehensive research and 

monitoring. Among organisms that are the first to begin biological development of substrates of natural and 

anthropogenic origin, algae are usually present. They form pioneer groups and initiate primary stages of soil 

formation. It is important not only the accumulation of organic matter, but also the binding of the particles of 

substrates, the activation of the activity of heterotrophic microflora, etc. The high sensitivity of algae to the action 

of various environmental factors and the proximity of the physiological characteristics of higher and lower plants 

makes it possible to use them as indicators, which at the present stage is particularly relevant since it allows us to 

evaluate potential soil resources by phytoindication. 

Project objectives are assessing the current state of the ecotopes of the quarry by means of a high-precision 

determination of the diversity of algae (using molecular phylogeny) in different substrates of the Gurovo quarry; 

forecasting the possible variants of development of algal communities and identifying diagnostic features for 

overcoming lithogeochemical barriers in a quarry for its natural overgrowing. 

In the course of the project we used the results obtained during the implementation of the project competition The 

Quarry Life Award 2016 “DNA barcoding in microalgae is a first stage of the large-scale research of the quarry 

biodiversity and monitoring”. First, an electronic database was used, containing information on the morphological 

and genetic diversity of algae in the Gurovo quarry, as well as photographs of light and electron microscopy, 

nucleotide sequences of DNA-bar codes. The physico-chemical parameters of substrates of the Gurovo quarry 

were also used. 

Materials and methods 

Within the framework of the project, the algal communities of Gurovo quarry and adjacent territories have become 

the objects of research. The research was conducted in 2018. At the core of the work are materials collected on 

the stationary sample areas (SA) during expedition trips and conducted route studies in the northwestern part of 

the Tula region. For laboratory studies, 20 soil algological samples were collected, formed by combining 5-10 

individual samples of technogenic substrates, as well as soil samples of natural and artificial biogeocenoses. 

The main part of the sample areas was laid inside the Gurovo quarry (see the news of June 10, 2018 on the 

website www.quarrylifeaward.ru/project-updates/2018-06-10-sample-areas-our-research): the northern part of the 

quarry, the bottom (SA1); the northern ledge (SA2); the western ledge (SA3); the central part of the quarry, the 

bottom (SA4); the old dump older than 5 years, self-overgrowing (SA5); the new dump up to 3 years old and with 

fresh embankments (SA6). To compare the composition of algal communities developing on technogenic 

substrates, three sample areas were established outside the quarry with different anthropogenic impacts: the 

grazing with solipeds (SA7), the haymaking (SA8), and the grazing with artiodactyls (SA9). 

http://www.quarrylifeaward.ru/project-updates/2018-06-10-sample-areas-our-research
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The sample areas, on which the samples were taken, were described in detail. The main indices of edaphotopes 

(soil conditions) were determined: mechanical composition according to N.A. Kachinsky, the pH of the aqueous 

extract by potentiometric method, the dry residue by evaporation. Soils and substrates were collected in paper 

envelopes, which pre-fried in a drying oven at a temperature of 130-150 °C for 1 hour. On the sample areas outside 

the quarry and on SA5, samples were taken from two subhorizons: 0-5 cm and 5-10 cm to study the distribution 

of algae in the soil profile. 

The selected samples were used to place soil cultures with fouling glasses, and the residue was dried in a dark 

place until air-dry and stored for further study. Before drying, small part of the samples were taken to study the 

abundance and biomass of algae. Biomass determination was carried out by volumetric calculation method, which 

consists in counting the biomass of algae on the basis of their abundance, cell volumes and density. Each algal 

cell was counted and counted in counting the number, in accordance with the geometric figure (sphere, cylinder, 

ellipse). 

The material for floristic and ecological studies was algae strains. The monoclonal algal strains were isolated by 

micropipeting individual cells under an inverted Zeiss Axio Vert microscope A1. The cultures were maintained in 

a liquid Bold medium under illumination with 12 hours light / 12 hours dark cycle. Light microscopy and photography 

were carried out using a Zeiss Scope microscope A1, equipped with an oil immersion objective (x100 / na.a 1.4, 

DIC). Cells were stained with Lugol solution for the presence of starch granules, with 0.1% methylene blue solution 

and 1% ink solution for the determination of the structure of mucus. The time of observation of the strain was from 

24 hours to 3 months. 

The DNA of the investigated strains were extracted using the InstaGeneTM Matrix kit according to the 

manufacturer's protocol. Amplification of fragments of the 18S rDNA gene were performed with a pair of primers 

D512 and D978 (Zimmermann et al., 2011). Amplification of fragments of the 16S rDNA gene for cyanoprokaryota 

were performed with a pair of primers CyanoL and CyanoR (Nübel et al., 1997). The PCR products were visualized 

by horizontal agarose gel electrophoresis (1%) and stained with SYBR® Safe (Life Technologies, USA). 

Purification of PCR products was carried out with a mixture of FastAP, 10 × FastAP Buffer, Exonuclease I (Thermo 

Fisher Scientific, USA) and water. Sequencing was performed using the Genetic Analyzer 3500 sequencer 

(Applied Biosystems, USA). 

Editing and assembling of the consensus sequences were carried out by comparing the direct and reverse 

chromatograms using the Ridom TraceEdit program (ver 1.1.0) and Mega6. The nucleotide sequences were 

aligned using the Mafft v7 program using the E–INS–i model (Katoh, Toh, 2010). Reconstruction of phylogenetic 

relationship was carried out by the maximum likelihood (ML) and Bayesian (BI) methods using the GTR+G+I 

model. The model of nucleotide substitutions was constructed using the program jModeltest 2.1.1. The ML trees 

were built in the online RAxML program (Stamatakis et al., 2008) with 1000 bootstrap iterations. BI analysis was 

performed using the program MrBayes–3.2.5 (Ronquist, Huelsenbeck, 2003) with the following parameters: 

random initial tree, number of starts – 2, number of parallel chains – 4, number of generations – 2 × 106, parameter 
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record for every hundredth generation and parameter annealing – 25%. Viewing and editing of trees were carried 

out in the programs FigTree (ver. 1.4.2) and Adobe Photoshop CC (19.0). 

Cluster analysis with the calculation of Euclidean distance was carried out using the program Statistica (ver. 6.0). 

The stages of succession of algal communities were determined according to the recommendations of V.V. 

Tarchevsky and E.A. Shtina (1967) (see the news of June 14, 2018 on the website www.quarrylifeaward.ru/project-

updates/2018-06-14-scheme-determining-stages-development-algal-communities-gurovo-quarry). Analysis of the 

heterogeneity of the species composition of algae was carried out based on the Jacquard floristic similarity 

coefficient for the complete species lists of algae of individual samples and the specificity coefficient: 
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Where КЖ - Jacquard floristic similarity coefficient, NAB – the 

number of common species, NA и NB – the number of 

species found in the first and second algae communities. 

Where Кspec – the specificity coefficient, g – the 

number of specific species, n – the total number 

of species. 

The estimated costs of implementation 

The expenditures Cost, euro 

A set of K-Sorb reagents for isolating DNA from cell cultures, 50 isolations 60 

Laboratory plastic for cultivation of algae and PCR 85 

A mixture of ScreenMix, a ready-mix for PCR, 100 reactions of 25 μl 10 

Sequencing of one 96-well plate 200 

Reagents for preparation of nutrient media, electrophoresis 50 

Miscellaneous (office, laboratory gloves, etc.) 95 

Total 500 

Results 

At the moment, more than 3 thousand species of algae have been recorded in the soils (Kostikov et al., 2001). 

The bulk of the algae is concentrated in the upper layers of the soil or on its surface, where they live by 

photosynthesis. The number of algal cells is very different depending on the conditions of existence, especially on 

the water and salt regime, the type of terrestrial vegetation and on average ranges from 102 to 106 cells per gram 

of soil, which can be comparable with the number of fungi, actinomycetes and protozoa. The biomass of algae 

(wet weight) reaches 600 kg/ha in the 0-10 cm layer and 15 tons/ha in surface overgrowths. Soil algae carry out 

the biological fixation of ash elements digesting them from the soil. Nitrogen-fixing species of algae enrich the soil 

with nitrogen to 17.5 kg/ha. With the help of numerous and various connections with other soil organisms, algae 

form an active functional block, finely balanced with the state of the soil and the entire biogeocenosis. Thus, 

anthropogenic changes in ecosystems and changes in natural origin affect the composition and abundance of 

algae quite quickly, which makes it possible to use them as bioindicators. 

http://www.quarrylifeaward.ru/project-updates/2018-06-14-scheme-determining-stages-development-algal-communities-gurovo-quarry
http://www.quarrylifeaward.ru/project-updates/2018-06-14-scheme-determining-stages-development-algal-communities-gurovo-quarry
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In the structure of terrestrial ecosystems, algae enter as separate sinusias in the presence of higher plants or form 

independent cenoses (communities). In the latter case, they represent the basis of the production link of 

ecosystems. Thus, the indicative role of algae is evident even before the emergence of higher plants, which is 

especially valuable for assessing the ecological potential of industrial substrates when determining the possibility 

of their reclamation. 

1. Variety of soil algae of the Gurovo quarry and adjacent territories. During the studies of 2018 in the technogenic 

substrates of the Gurovo quarry and adjacent grazing and hayfields, we identified (using molecular genetic 

methods) 47 species of algae from six groups: Cyanoprokaryota (blue-green algae) – 13 species (27.6%), 

Bacillariophyceae (diatoms) – 10 (21.3%), Eustigmatophyceae (eustigmatophycean algae) – 2 (4.3%), 

Xanthophyceae (yellow-green algae) -– 1 (2.1%), Chlorophyta (green algae) – 19 (40.4%), Charophyta (chara 

algae) – 2 (4.3%) (see the species list). The noted species belong to 25 families. Taking into account the average 

number of species in the family (1.9), the leading ones were: Chlamydomonadaceae (7 species), Nostocaceae 

(5), Oscillatoriaceae (4), Bracteacoccaceae (3), Achnanthidiaceae, Chlorellaceae, Eustigmataceae, 

Klebsormidiaceae, Pinulariaceae, Trebouxiaceae (2 species in each one). 

The study of the species diversity of algae on the investigated sample areas showed their uneven 

distribution in the territory of the quarry (see the news in the period from July 13, 2018 to August 16, 2018 on 

the website www.quarrylifeaward.ru/node/56776). The study of species diversity of algae on SA1 (horizon 0-5 cm) 

allowed to identify six species of algae. Of these, three species belonged to coccoid green algae, two species to 

filamentous blue-green algae, and one species – to filamentous nitrogen-fixing blue-green algae. The species 

diversity of algae on SA2 (overburden) was very small. We identified only two species of coccoid green algae. The 

study of species diversity of algae on SA3 (overburden) allowed to identify three species of algae. Two species 

belonged to coccoid green algae (Chlorophyta) and one species belonged to yellow-green algae (Xanthophyceae).  

The study of species diversity of algae on SA4 (horizon 0-5 cm) with the help of molecular genetic methods allowed 

to identify eight species of algae. Three species belonged to blue-green algae (Cyanoprokaryota): two species 

were filamentous blue-green algae, and one species were filamentous nitrogen-fixing blue-green algae. One 

species belonged to coccoid eustigmatophycean algae (Eustigmatophyceae). Four species belonged to green 

algae (Chlorophyta): three species were coccoid algae and one species were monad algae. The study of species 

diversity of algae on SA5 (the old dump, self-overgrowing) allowed to identify 17 species of algae in two horizons. 

The upper horizon of the substrate (0-5 cm) inhabited nine species of algae, most of which were green. In the 

lower of the investigated horizons of the substrate (5-10 cm), 12 species of algae were identified; the majority were 

green and diatom algae. The species diversity of algae on SA6 (The new dump, overburden) consisted of eight 

species of algae. Two species belonged to filamentous blue-green algae (Cyanoprokaryota). One species was 

coccoid eustigmatophycean algae. Five species belonged to green algae (Chlorophyta): four species were coccoid 

algae and one species was filamentous Klebsormidium dissectum. 

Species diversity of algae on the sample areas outside the quarry was richer and only the algae community of the 

old dump had a similar composition of representatives. The species diversity of algae on SA7 (the grazing with 

http://www.quarrylifeaward.ru/node/56776
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solipeds) consisted of 19 species of algae in two soil horizons. The upper horizon of the soil (0-5 cm) inhabited by 

nine species of algae, most of which were green and blue-green algae. In the lower of the investigated soil horizons 

(5-10 cm), 15 species of algae were identified, the majority were green and diatom algae. The study of species 

diversity of algae on SA8 (the haymaking) allowed to identify 19 species of algae in two soil horizons. The upper 

horizon of the soil (0-5 cm) inhabited by 11 species of algae, most of which were green and diatom algae. In the 

lower of the investigated soil horizons (5-10 cm), 16 species of algae were identified, the majority were green 

algae. The species diversity of algae on SA9 (the grazing with artiodactyls) consisted of 17 species of algae in two 

soil horizons. The upper horizon of the soil (0-5 cm) inhabited by seven species of algae. In the lower of the 

investigated soil horizons (5-10 cm), 15 species of algae were identified, the majority were green algae. 

In general, the species diversity of algae in the Gurovo quarry is significantly lower compared to similar technogenic 

ecosystems. Thus, O. Baranova (2010) found 162 species of algae on the dumps of the Krivoy Rog basin and 

adjacent territories. One of the reasons for this increase in the species composition of algae is the presence in 

Krivoy Rog the old dumps more than 25 years old, on which a targeted reclamations were conducted. Despite the 

smaller variety of algae in the Gurovo quarry, the ratio of the main systematic groups of algae is very close to the 

above study, namely the predominance of green algae and cyanoprokaryota. This underlines the possibility of 

successful self-growth of the dumps of the Gurovo quarry in the future. 

2. Cyclical dynamics of the species composition of soil algae of the Gurovo quarry and adjacent territories. New 

research and results of the project "Barcoding of microalgae ..." (The Quarry Life Award 2016) allow obtaining 

such an important indicator as the annual dynamics of the species composition of algae in the Gurovo quarry. In 

comparison with 2016, the species diversity of algae outside the water habitats of the Gurovo quarry has increased 

from 39 to 47 species. An increase in the number of diatom algae species were noted. Representatives of the 

Xanthophyceae (yellow-green algae) – one species (Botrydiopsis eriensis) and Eustigmatophyceae 

(eustigmatophycean algae) – two species (Eustigmatos magnus and Vischeria helvetica) were marked for the first 

time for the soils of the quarry. The remaining five species belonged to cyanoprokaryota (Chroococcus minutus 

and nitrogen-fixing Nostoc punctiforme), diatom (Luticola mutica) and green algae (Chlamydomonas lobulata and 

Bracteacoccus giganteus). The greatest increase in species diversity due to newly discovered species was 

established for the communities of the old dump (4 species) and haymaking (3 species), which indicates 

an improvement in the growing conditions on these sample areas as compared to 2016. Seven new algae 

strains were added to the electronic database of algal diversity in the Gurovo quarry, which was created in 2016. 

In addition, corresponding vouchers were created and barcoding sites of DNA were deposited in GenBank with 

appropriate access codes (for example, KX906673). 

3. Number of cells and biomass of algae in the substrates of the Gurovo quarry. Soil algae are photosynthetic 

elements of the soil cenosis, producers of organic matter. The obtained data on the abundance and biomass of 

algae make it possible to evaluate their participation in the functioning of soil biota and soil-forming processes. 

Most of the algal cells found in the substrates of the Gurovo quarry belonged to cyanoprokaryota (up to 152.4 ± 

33.5 thousand cells per gram of substrate), then was a complex group of green, yellow-green and 
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eustigmatophycean algae (up to 15.3 ± 4.5 thousand cells) (see the news of June 21, 2018 on the website 

www.quarrylifeaward.ru/project-updates/2018-06-21-chislennost-kletok-vodorosley-v-vesennih-obrazcah-

number-algal-cells). The largest number of algae was recorded in the territories that enclosed the quarry, primarily 

in the soil of haymaking SA8 (162.1 ± 37.5 thousand cells, highlighted in green in the table), and inside the quarry 

– on the old dump (blue color in the table). The smallest number of algae was noted in samples from the western 

wall of the quarry SA3 (6.4 ± 0.8 thousand cells per gram of substrate, red color). 

The largest biomass of algae was recorded in the territories that enclosed the Gurovo quarry SA7-SA9 (up to 

0.052 ± 0.005 mg per 1 g of substrate, green color in the table) (see the news of July 1, 2018 on the website 

www.quarrylifeaward.ru/project-updates/2018-07-01-biomassa-vodorosley-v-vesennih-obrazcah-biomass-algae-

spring-samples), and inside the quarry – on the old dump (0.029 ± 0.005 mg, blue color). The smallest algal 

biomass was noted in samples from the western wall of the quarry SA3 (0.008 ± 0.0001 mg, red color). In all 

studied algae communities the greatest contribution to biomass belonged to cyanoprokaryota: from 0.0003 mg 

(SA2) to 0.039 mg per gram of substrate (SA8). 

The obtained data on the abundance and biomass of algae attest to their active participation in soil-

forming processes and the increase in the biological activity of the substrates of the Gurovo quarry. It is 

known that the biomass of algae is extremely mobile, the rate of its renewal is 1.5-33.0 kg / ha per day (Kabirov, 

Minibaev 1978). In this regard, the production of algae during the growing season exceeds their immediate weight 

in the tens or even hundreds of times. This is of particular importance in the development of anthropogenic 

substrates by algae. 

4. Approbation and promulgation of project results. The results of the project were presented by oral presentations 

at two international scientific conferences (see the news of June 13, 2018 and September 20, 2018 on the website 

www.quarrylifeaward.ru/node/56776): 

1) International Conference of Young Scientists "Advances in Botany and Ecology", November 2017, Lutsk, 

Ukraine, topic of the report "Variety of algae in limestone the quarry Gurovo"; 

2) International Conference of Young Scientists "Advances in Botany and Ecology", September 2018, 

Kyrilivka, Ukraine, topic of the report “Molecular ecology of algae in formation the target ecosystems of the Gurovo 

quarry”. 

To popularize the ideas of the Quarry Life Award and support the implementation of the scientific and technical 

potential of Russian youth, the results of the project were discussed during the meetings: 

1) With students from the Children's Technopark "Kvantorium" (town Rybinsk) 

(https://kvantorium.edu.yar.ru/); 

2) With pupils from the I.D. Papanin Borok comprehensive school (Yaroslavl region); 

3) With the students from the P.G. Demidov Yaroslavl State University. 

 

http://www.quarrylifeaward.ru/project-updates/2018-06-21-chislennost-kletok-vodorosley-v-vesennih-obrazcah-number-algal-cells
http://www.quarrylifeaward.ru/project-updates/2018-06-21-chislennost-kletok-vodorosley-v-vesennih-obrazcah-number-algal-cells
http://www.quarrylifeaward.ru/project-updates/2018-07-01-biomassa-vodorosley-v-vesennih-obrazcah-biomass-algae-spring-samples
http://www.quarrylifeaward.ru/project-updates/2018-07-01-biomassa-vodorosley-v-vesennih-obrazcah-biomass-algae-spring-samples
http://www.quarrylifeaward.ru/node/56776
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Discussion 

1. Analysis of the succession stages of algal communities of different ecosystems of the Gurovo quarry. The 

appearance of algal communities on technogenic ecotopes begins with diasporas, which fall into the substrate 

from the surrounding ecosystems. Pioneer groups of algae are formed under the influence of abiotic factors and 

depend on the characteristics of the relief of technogenic formations, chaotic stratification and diverse mixing of 

different rocks, development of wind and water erosion, fluctuations in temperature and humidity. 

The communities of algae of man-made substrates exist in accordance with the various stages of the succession 

process and represent a set of organisms developing in a certain secluded space and replacing each other, 

forming a serial sequence (a series of succession stages, see the news of June 14, 2018 on the website 

www.quarrylifeaward.ru/project-updates/2018-06-14-scheme-determining-stages-development-algal-

communities-gurovo-quarry), until a more or less sustainable community is an integral part of the target ecosystem. 

In the proposed by V.V. Tarchevsky and E.A. the scheme of the succession stages of the development of algal 

communities, the stable community corresponds to the edaphone. A study of successions involving algae makes 

it possible to observe the direction of biological processes on substrates of anthropogenic origin, which is important 

for assessing the ecological potential of these substrates, the possibility of stimulating and correcting the natural 

self-development of vegetation on formations in the quarry. 

The investigated sample areas on the territory of the quarry were characterized by different growth conditions. So 

on SA2 and SA3, located on the walls of the quarry, there were phenomena of wind and water erosion against the 

background of constant extraction of granite. SA1 and SA3, organized at the bottom of the quarry, were less 

affected by the impact of cargo equipment, but were subjected to periodic flooding and salinization. The noted 

phenomenas often has a negative impact on the development of vegetation and, undoubtedly, has influence to 

the composition of algal communities. 

The initial succession stages were recorded at several sample areas inside the quarry: aerophytone on SA2, SA3, 

which correspond to the northern and western walls of the quarry, and epilithophytone on SA1, SA4 on the bottom 

of the quarry. The substrates of these sample areas were inhabited by unicellular green algae from the genera 

Bracteacoccus, Chlorella, Mychonastes and thin-striated cyanoprokaryota from the genus Phormidium. Further 

development of algal communities on technogenic substrates is associated with the appearance of 

filamentous green algae from the genus Klebsormidium (the stage of primitive edaphone on SA6 of the 

new dump) and diatoms (stage of edaphone on SA5), which correlates with the content of particles of 

physical clay (less than 0.01 mm). Outside the quarry, at all locations (SA7, SA8, SA9), the algal communities 

corresponded to the edaphone stages. 

Our studies have shown that substrates with the most extreme living conditions (SA1 – SA4) are primarily 

populated with algal species with a wide ecological amplitude and a high capacity for reproduction. The arrival of 

new fragments of rock fragments to the territory of the new dump (SA6) caused the destruction of the formed algal 

communities and their return to earlier succession stages. 

http://www.quarrylifeaward.ru/project-updates/2018-06-14-scheme-determining-stages-development-algal-communities-gurovo-quarry
http://www.quarrylifeaward.ru/project-updates/2018-06-14-scheme-determining-stages-development-algal-communities-gurovo-quarry
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It is known that for phytocenoses growing on chernozem soils (including bleached soil ones, which occur on the 

territory of the Tula region), the large variety of cyanoprokaryota and green algae is typically, and to a lesser extent 

yellow-green algae and diatoms. Therefore, assessing the diversity of algae in the substrate of the old dump, 

we can conclude that the development of this cenosis is aimed at convergence with the zonal flora. The 

depleted species composition of algae (especially in the upper soil layer 0-5 cm) on the sample areas outside the 

quarry highlights the negative impact on the phytocenosis of both grazing and haymaking. However, the 

preservation of the ratio of the main systematic groups of algae indicates the resistance of grazing and haymaking 

phytocenosis to anthropogenic impact and the possibility of restoring natural biodiversity while reducing 

anthropogenic load. 

2. Comparative analysis of floral lists of the sample areas at the Gurovo quarry. Methods of floristic analysis allow 

us to assess the similarity of the studied sample areas and to establish the uniqueness of each of them. The 

calculated Jacquard similarity coefficient from the full species list of algae from nine sample areas showed that the 

investigated flora have a very low similarity at the level of 11-25% (see the table in the news of September 5, 2018 

on the website www.quarrylifeaward.ru/project-updates/2018-09-05-comparative-analysis-floral-lists-sample-

areas). The closest in composition of algae were SA7 and SA9 (similarity coefficients of 50%) - representing two 

variants of grazing outside the quarry. Cluster analysis with the calculation of Euclidean distance, based on the 

Jacquard coefficients obtained, showed that the flora of algae of haymaking (SA8) and old dump (SA5) are the 

most similar and form a common cluster on the dendrite; two pastures (SA7 and SA9); northern and western quarry 

walls (SA2 and SA3). 

The calculated specificity coefficient was in the range of 0-29.4% and showed a low level of uniqueness of the 

floras studied. The most specific (not similar to the others) were the algal communities of the old dump (SA5) - 

29.4%; the grazing with solipeds (SA7) – 26.3% and bottom in the central part of the quarry (SA4). 

3. Mapping of the succession stages of the development of algae communities on the territory of the Gurovo 

quarry. Mapping of the succession stages of the algal communities development from different ecosystems allows 

visualize the actual state of the spatial organization of the microbiocenosis of the quarry (see the news of August 

20, 2018 on the website www.quarrylifeaward.ru/project-updates/2018-08-20-kartografirovanie-sukcessionnyh-

stadiy-mapping-succession-stages). The obtained maps showed that the algal communities with the most 

diverse species composition (Edafone and Primitive edafone) are concentrated in the northeast outside 

the quarry and in its southwestern part. The central part of the quarry is dominated by algal communities, 

which are located at the stages of Aerophytone and Epilithophytone. Such a character of the spatial 

distribution of algal communities is primarily related to the exploitation of one or another part of the quarry. 

Comparison of the results of comparative floral analysis and distribution of succession stages made it possible to 

determine the probable center of algae spread on the territory of the Gurovo quarry – it is the algal community of 

haymaking (see the news of September 20, 2018 on the website https://www.quarrylifeaward.ru/project-

updates/2018-09-20-scheme-algae-spread-territory-quarry). SA8 is the source of algae diasporas, which are 

spread by wind, surface runoff or actually with hay. The survival of species on the remaining sample areas will be 

http://www.quarrylifeaward.ru/project-updates/2018-09-05-comparative-analysis-floral-lists-sample-areas
http://www.quarrylifeaward.ru/project-updates/2018-09-05-comparative-analysis-floral-lists-sample-areas
http://www.quarrylifeaward.ru/project-updates/2018-08-20-kartografirovanie-sukcessionnyh-stadiy-mapping-succession-stages
http://www.quarrylifeaward.ru/project-updates/2018-08-20-kartografirovanie-sukcessionnyh-stadiy-mapping-succession-stages
https://www.quarrylifeaward.ru/project-updates/2018-09-20-scheme-algae-spread-territory-quarry
https://www.quarrylifeaward.ru/project-updates/2018-09-20-scheme-algae-spread-territory-quarry
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hanged from a set of specific abiotic (moisture, light, granulometric composition of the substrate, pH) and 

anthropogenic factors, some of which will be limiting. 

Final conclusions 

1. Species composition of algae communities of different ecosystems of the Gurovo quarry and adjacent territories 

has been established, their features and diagnostic properties for the ecological characteristics of substrates of 

technogenic origin have been described. 

2. Succession of algae in the quarry begins with a group of unicellular green algae and filamentous non-nitrogen-

fixing species of cyanoprokaryota. The further stages have their own specificity depending on the soil, orographic, 

microclimatic characteristics of the site. 

3. The formation of algal communities of the quarry is due to contact with biogeocenoses of neighboring territories, 

which serve as a source of diasporas algae for them. The coefficients of the floristic community are low (up to 

50%), which indicates a significant influence on the composition of communities of abiotic conditions that are 

formed in different parts of the quarry. 

4. Analysis of the species composition and the systematic structure of algal communities has made it possible to 

identify a number of diagnostic features with respect to such parameters of the substrate as the particle size 

distribution and the pH value. Increasing the content of particles of physical clay in the substrate and shifting the 

pH to the alkaline side broadens the species richness of cyanoprokaryota. It has been established that substrates 

of the quarry with the content of 15-35% of particles of physical clay are most actively populated by algae. Tracking 

the level of content in the dumps of particles of physical clay can become a basis for stimulating the 

processes of natural overgrowing of waste technogenic substrates of the quarry.
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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 

 

 

 

 

 

 


