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Abstract. A large number of human induced stressors are affecting natural evolutionary process through altering ecosystems and bio-
diversity. Antibiotics are one of the most commonly excreted pollutants released in environment since last eight decades. Antibiotics 
can alter genetic orientation of bacterial population and can exert selection pressure for emerging new taxon. In environments like 
soil and water, antibiotics directly or indirectly may affect many aspects of natural systems like biogeochemical cycles, nitrifications 
and decomposition process. All these may bring new selection pressure for bacteria not only in community or population level but 
also in species level.
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of life. In this review I will try to draw a scenario how an-
thropogenic activities in the form of antibiotics exert evo-
lutionary pressure on microbial communities of different 
ecosystems and force them to adapt in various selection 
pressure. Antibiotics act as a potential ecological stress-
or in the environment that have the potentiality to alter 
the structure and composition of microbial communities 
through resistance expansion and ecological function dis-
turbances in the micro-habitat (Ding & He, 2010).

Antibiotics are used to manage various infectious dis-
eases caused by bacteria in humans, animals, livestock, and 
aquacultures all over the world (Cycoń et al., 2019). Al-
exander Fleming (in 1929) discovered penicillin that have 
inhibitory effect on bacterial cell wall biosynthesis and 
thus able to stop infectious pathogens like Staphylococcus 
aureus. Antibiotics are used in large scale since last 80 
years to treat a variety of infectious diseases of human and 
animals. Antibiotics are also used in non-medical purpos-
es like Animal Husbandry and Aquaculture, Bee-keeping, 
Horticulture, Food preservation, Alcohol production and 
Boat and hull paint (Meek et al., 2015).

1. Introduction

Since industrial revolution human activities has had a great 
impact on ecosystem and biodiversity of this planet. Di-
rectly or indirectly human is acting as one of the most 
potential driving force that can modify ecosystems as well 
as biodiversity resulting in vast evolutionary changes in 
different species around us (Palumbi, 2001). As a hyper-
keystone species human dominates over a large number of 
other keystone species and this hyper-dominance also cre-
ates different types of selection pressure on the other com-
ponent species of the existing biodiversity (Worm & Paine, 
2016). Human activities are causing permanent changes in 
ecosystems and creating new ecosystems called Anthropo-
genic Biomes or Anthromes (Ellis, 2011). Rapid evolution 
has been observed in microbes to vertebrates (Dlugosch 
& Parker, 2008) due to anthropogenic causes. Antibiotics 
(Baquero & Blazquez, 1997), pesticides (Tabashnik, 1994) 
and climate change (Parmesan, 2006) are the major anthro-
pogenic stressors that have potential responses to direct 
evolutionary changes in various ways in different forms 
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Use of antibiotics both in medical and non-medical 
purposes increases rapidly. It  is reported that total global 
antibiotic consumption has been increased by more than 30 
percent between 2000 to 2010 (Van Boeckel et al., 2014). 
In 2010, 63,200 tons of antibiotics were used in animal 
farming and aquaculture which was more than all human 
consumption of that year (Van Boeckel et al., 2015). It has 
been predicted that in 2030 global antibiotics consumption 
will be 200% higher than in 2015 (Cycoń et al., 2019). 

2. Classes of antibiotic

Antibiotics are complex molecules with different func-
tional groups in their chemical structures and are divided 
into several classes depending on the mechanisms of ac-
tion, i.e., inhibition of cell wall synthesis, alteration of cell 
membranes, inhibition of protein synthesis, inhibition of 

nucleic acids synthesis, competitive antagonism, and anti-
metabolite activity (Kümmerer, 2009).

 Antibiotics are of three types based on their source 
of production- natural, synthetic and semi-synthetic mol-
ecules. Natural antibiotics are produced by bacteria to in-
hibit or kill other competitor microorganisms. Semi-syn-
thetic compounds are natural antibiotics chemically altered 
by inserting different groups to improve its effectiveness 
(Grenni et al., 2018).

3. Source of Antibiotic in the Environment

Antibiotics are widely used for treatment of bacterial infec-
tions in humans and animals. Moreover, they are used in 
Animal Husbandry and Aquaculture, Bee-keeping, Horti-
culture, Food preservation, Alcohol production, Boat and 
hull paint (Meek et  al., 2015). Only a minute portion of 

Table 1. Types of antibiotics (Grenni et al., 2018) 

Antibiotic class Mode of action Example 

Aminoglycosides Inhibition of protein synthesis Dihydrostreptomycin, Neomycin,Spectinomycin
Streptomycin

Actinomycines Inhibition of the synthesis of 
nucleic acids (anticancer drugs)

Actinomycin D

β–Lactams Inhibition of cell wall synthesis Amoxicillin, Ampicillin, Cefotaxim, Flucloxacillin, Nafcillin
Oxacillin, Nafcillin, Penicillin G

Diaminopyrimidine Inhibition of purine and 
pyrimidine
synthesis

Trimethoprim

Glycopeptides Acting on the wall or membrane 
cell

Polymyxins, Teicoplanin, Vancomycin

Macrolides Inhibition of protein synthesis 
byreversibly binding to the 50S 
ribosomal subunit

Azithromycin, Clarithromycin, Erythromycin

Nitroimidazole Inibition of nucleic acids 
synthesis

Metronidazole, Tinidazole

Phenicols and amphenicols Inhibition of protein synthesis Chloramphenicol, Thiamphenicol

Quinolones and 
Fluoroquinolones

Inhibition of DNA replication Ciprofloxacin, Enrofloxacin, Nalidixic acid
Ofloxacin

Rifamycins Inibition of nucleic acids 
synthesis

Rifampicin
Rifapentine

Sulfonamides Inhibition of the folic acid 
synthesis

Sulfachloropyridazine,Sulfanilamide
Sulfadimethoxine,Sulfathiazole

Tetracyclines Inhibition of the protein synthesis Chlortetracycline, Doxycycline
Oxytetracycline, Tetracycline
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the administered antibiotics are metabolized in human and 
animal bodies and rest of the drugs are excreted out and 
discharged into water and soil through municipal wastewa-
ter, animal manure, sewage sludge, and biosolids (Bouki 
et  al., 2013; Daghrir & Drogui, 2013; Wu et  al., 2014). 
It has been reported that 75-80% of tetracyclines, 50-90% 
of erythromycin and 60% of lincomycin are excreted in 
urine and feces (Kumar et al., 2005; Sarmah et al., 2006). 
The concentrations of antibiotic residues in manure, sew-
age sludge and biosolids show large variations. Tetracy-
clines are the most frequently reported antibiotics found in 
manure (Pan et al., 2011; Chen et al., 2012; Massé et al., 
2014). Other groups of antibiotics with considerable con-
centrations found in manure are fluoroquinolones (Zhao 
et al., 2010; Van Doorslaer et al., 2014) and sulfonamides 
(Martínez-Carballo et al., 2007). 

4. Fate of Antibiotics in the Environment

In the environment, antibiotics have to face different biotic 
and abiotic processes like transformation and degradation 
(Reichel et al., 2013; Cui et al., 2014; Manzetti & Ghisi, 
2014; Duan et al., 2017). Molecular structure and physico-
chemical properties of antibiotics govern their transforma-

tion and degradation processes (Thiele-Bruhn, 2003; Pan 
& Chu, 2017). Degradation process of antibiotics in natural 
environment is controlled by various biotic and abiotic fac-
tors. For this reason variation is found in the rate of degra-
dation of different groups of antibiotics. Long-term persis-
tence of azithromycin, ofloxacin, and tetracycline in soils 
(with half-lives of 408−3466 days, 866-1733days and 578 
days, respectively) were reported by Walters et al. (2010). 

 5. Impact of Antibiotics

Uncontrolled usage of antibiotics imposes strong selection 
pressure for resistance development. Emergence of resist-
ance results in adaptation (Sultan et  al., 2018). Both an-
tibiotics and antibiotic resistant genes (ARG) directly or 
indirectly can affect bacterial community (Grenni et  al., 
2018) structure. Here some direct impact of antibiotics on 
different aspects of bacterial ecosystem and biodiversity 
are discussed in short.

Table 2. Maximum reported concentrations of selected antibiotics detected in manure and sewage sludge (Cycoń et al., 2019)

a) MANURE, μg/kg

Class Antibiotics Concentration Reference 

Fluoroquinolones Ciprofloxacin
Enrofloxacin
Fleroxacin
Norfloxacin

45,000 
1,420
 99,000
225,000

Zhao et al., 2010

Sulfonamides Sulfadiazine 91,000 Martínez-Carballo
et al., 2007

Tetracyclines Chlortetracycline
Oxytetracycline
Tetracycline

764,000
354,000
98,000

Massé et al., 2014
Chen et al., 2012
 Pan et al., 2011

b) SEWAGE SLUDGE, μg/kg dry weihgt

Class Antibiotics Concentration Reference

Diaminopyrimidines Trimethoprim 133 Göbel et al., 2005

Macrolides Azithromycin 1.3–158 Göbel et al., 2005; Li et al., 
2013

Sulfonamides Sulfadimethoxine 0–20 (22.7) Lillenberg et al., 2010; Li 
et al., 2013
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5.1. Bacterial ecosystem

Bacterial diversity is mostly governed by their ecosystems. 
Soil and aquatic ecosystems are more or less loaded with 
antibiotics and have severe consequences in terms of habi-
tat modification and interaction with other living forms. 
Soil plays a pivotal role in ecosystems serving the prima-
ry nutrient source and habitat for plants and other organ-
isms. Soil receives a large portion of excreted antibiotics 
through application of manure and sewage sludge as ferti-
lizers in agricultural fields and for this reason soil acts as 
hotspots for antibiotics to affect its indigenous microbial 
populations (Thiele-Bruhn & Beck, 2005). Higher density 
of bacteria in the soil ecosystem may involve in genetic 
exchanges, which could result in the development of mi-
crobial resistance in the presence of antibiotics (Murray, 
1997). Two studies on sulfadiazine (Kotzerke et al., 2008; 
Schauss et al., 2009) have demonstrated the effects of an-
tibiotics on soil nitrification and denitrification process-

es. Various antibiotics like ciprofloxacin (Naslund et  al., 
2008), sulfadiazine (Zielezny et al., 2006; Kotzerke et al., 
2008) and tylosin (Müller et al., 2002; Demoling & Bååth, 
2008) have been reported to affect soil biomass production 
soil respiration rates. Nitrogen transformation process has 
been studied by Tomlinso et al. (1966). They reported that 
streptomycin (at 400 mg/L) was required to achieve 75% 
inhibition of ammonia oxidation in activated sludge in 2∼4 
h. It  has also been reported that antibiotics such as oxy-
tetracycline inhibit nitrification process in surface water 
(Klaver & Matthews, 1994). Methanogenesis has been re-
ported to respond to antibiotics like sulfamethoxazole and 
ofloxacin (Fountoulakis et al., 2004). 

5.2. Bacterial community structure

Microbial biodiversity plays an important role in the main-
tenance of biological processes in water and soil. Most 
biogeochemical cycles are exclusively regulated by mi-
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croorganisms. Antibiotics can act as an ecological stressor 
in the environment by driving changes in the structure of 
natural bacterial communities through disappearance of 
some bacterial groups (Allen et al., 2010). The effects can 
be found even in non-target organisms with important eco-
logical functions (Pallecchi et al., 2008; Martinez, 2009). 
Many studies have revealed that the presence of antibiotics 
may result in a reduction in microbial biodiversity. Moreo-
ver, they can influence the growth and enzyme activities 
of bacterial communities and ultimately ecological func-
tions such as biomass production and nutrient transforma-
tion, leading to loss of functional stability (Martinez, 2009; 
Koike et al., 2007; Pauwels & Verstraete, 2006; Święciło 
& Zych-Wężyk, 2013). Antibiotics may have a selective 
effect on various microbial groups that can alter the rela-
tive abundance of different bacterial species and interfere 
in interactions between different species (Grenni et  al., 
2018). Various ecological processes like nitrogen transfor-
mation, methanogenesis, sulfate reduction, nutrient cycling 
and organic matter degradation may be changed due to 
the presence of different groups of antibiotics in natural 
environment that individually or altogether may result in 
severe alteration in the structure and composition of bacte-
rial community (Roose-Amsaleg & Laverman, 2016). Sul-
fonamides have been reported to induce a change in micro-
bial diversity by reducing not only microbial biomass, but 
also affecting the relationship between bacteria and fungi 
(Underwood et al., 2011). 

5.3. Bacterial population structure

Antibiotics can affect the structure and composition of bac-
terial populations. Any bacterial species has specific type 
of susceptibility to any given antibiotic (Olivares et  al., 
2013; Cox & Wright, 2013; Girgis et al., 2009). For any 
given concentration of antibiotic, a part of the population 
present in the micro biota (the most susceptible one) will 
be inhibited and another part will consequently increase 
their number. It is reported by several workers that a strong 
stressor (such as the presence of an antibiotic) will reduce 
diversity (Abeles et  al., 2016; Cleary et  al., 2016). Pres-
ence of mild concentrations of antibiotics may produce an 
apparent increase in biodiversity by the emergence of new 
taxons whose presence was very little before antibiotic 
stress (Zhang et al., 2015). The most significant studies of 
the effect of antibiotics on the composition of the micro-
biota have been performed through studying the gut micro-
biota of humans and other experimental mammal models 
(Looft & Allen, 2012; Jernberg et al., 2010; Forslund et al., 
2013; Robinson & Young, 2010). Most of the researchers 
observed some misbalances in the bacterial composition 
upon treatment with antibiotics. Once treatment ends, a re-
covery of the composition of the microbiome is observed 
after some time. Recent evidences show that the bacte-

rial groups present in the microbiome before and after the 
treatment are not same (Raymond et al., 2016). This means 
that while the overall structure of the population remains 
constant, the overall genomic content largely varies (Ray-
mond et al., 2016). 

5.4. Bacterial genetic system

Genetic diversity in bacterial population may be increased 
due to exposure to low levels of antibiotics through acti-
vation of the bacterial SOS response which in turn may 
result in an increased rate of mutation throughout the ge-
nome (Foster, 2007; Andersson & Hughes, 2014). Antibi-
otics were also found to increase the horizontal transfer 
of genetic material between bacteria either by conjugation 
(Maiques et al., 2006) or by increasing competence result-
ing in the uptake of extracellular DNA (Slager et al., 2014). 
A large number of antibiotics were found to affect the pro-
cess of gene regulation at the transcription level (Davies 
et al., 2006; Goh et al., 2002), either via direct binding or 
through other regulatory mechanisms such as riboswitch-
es (Blount & Breaker, 2006) and quorum sensing (Rémy 
et al., 2018), resulting in increased phenotypic variability. 
Together, these mechanisms increase the available pool of 
genetic and phenotypic diversity in bacterial populations 
exposed to antibiotic.
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6. Discussion

Antibiotics are naturally produced compounds and most 
of the bacterial populations are well adapted to the pres-
ence of the natural concentrations of these antimicrobials 

(Kelsic et al., 2015). Antibiotics are most successful com-
pounds ever discovered to treat infectious diseases caused 
by bacterial infection. Since last eight decades we have 
increased the usage of this magical drugs in various medi-
cal purposes as well as in non-medical purposes. Uncon-
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trolled and unethical use of antibiotics are now a critical 
concern of health care providers as most of the antibiotics 
become resistant to their target organisms. Huge amount 
of antibiotics are now documented to present in different 
ecosystems like soil and water. Now a days another voices 
from the side of ecologists and environmentalists are raised 
as a large number of studies and reports are coming in light 
evidenced with severe impacts of antibiotics beyond their 
target organisms. The selective pressures imposed by anti-
biotic pollution can impact on the evolutionary dynamics 
observed in microbial populations in different ways (Mar-
tínez, 2017). 

Different bacterial species or lineages within a species 
harbor phenotypic heterogeneity in their response to anti-
biotics. Certain bacterial populations have been reported 
to exhibit different levels of tolerance to antibiotics due 
to changes in gene expression or fluctuations in critical 
physiological traits (Sanchez-Romero & Casadesus, 2013; 
Sanchez-Romero & Dunlop, 2018). Bacteria and fungi in-
habiting soil and aquatic environments are not only the 
foundation of the most diverse and densely populated eco-
systems on Earth (Lozupone & Knight, 2007; Caporaso 
et al., 2011) but are also crucial for the performance of im-
portant ecological processes like nutrient cycling, decom-
position, and primary productivity (Torsvik et  al., 2002; 
Gibbons & Gilbert, 2015; Van Bruggen et al., 2019). Selec-
tive pressures associated with antibiotic pollution can act on 
the overall microbial community composition by reducing 
taxa diversity or by shifting microbial composition. Antibi-
otic exposure tends to favour an increase in Gram-negative 
bacteria as opposed to Gram-positive bacteria. The latter 
showing increased susceptibility to antibiotics due to the 
absence of an outer cell membrane (Delcour, 2009). Expo-
sure to antibiotics may thus result in the loss of key micro-
bial taxa with important ecological roles. Antibiotic pollu-
tion in aquatic environments was found to reduce overall 
microbial diversity, including taxa responsible for carbon 
cycling and primary productivity (Grenni et al., 2018; Eck-
ert et al., 2019; Ding & He, 2010). Similarly, the presence 
of antibiotics in soil was found to alter microbial commu-
nity structure, leading to a loss of biomass and a reduction 
in microbial activity including nitrification, denitrification, 
and respiration (Thiele-Bruhn & Beck, 2005; Westergaard 
et al., 2001; Cycoń et al., 2019). Moreover, antibiotics can 
also affect bacterial enzyme activity, including dehydro-
genases, phosphatases, and ureases, which are considered 
important indicators of soil activity (Cycoń et al., 2019). 
Finally, antibiotic disruption of microbial communities can 
also lead to an increased abundance of parasites and patho-
gens in both soil and water environments. For example, 
the presence of antibiotic pollution in aquatic environment 
was shown to lead to an increase frequency of toxic Cy-
anobacteria species, causing eutrophication in freshwater 
environments (Drury et al., 2013).

7. Conclusions

It can be summarized that antibiotic load on environment is 
created by human and the effect of antibiotic is continuous 
alteration in genetic combinations of bacterial populations 
resulting in selection of new taxon in different ecosystems. 
Global impact of antibiotics may be extended onto their 
beneficial interactions with plants and organisms. Altera-
tion in the composition of bacterial community may create 
selection pressure for other higher organisms too. Though 
it  needs more study and data, theoretically it  can be hy-
pothesized that anthropogenic activities like imposing an-
tibiotic load in environment may alter the global evolution-
ary process in bacterial population to some extent.
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Abstract. Every year there is deterioration in water quality. This is due to human activity. The current environmental strategies of 
many countries motivate the scientific community to develop reliable, economically viable and environmentally friendly technologies 
that are able to remove pollutants from the environment, including water. The study purpose is to determine of influence regularity 
of the bio-adsorbent composition and amount, which consists of red and black tea leaves mixture, on the Cd, Co and Ni adsorption 
process based on experimental data. As well as determine the most rational bio-adsorbent dose and the necessary red and black tea 
dose in bio-adsorbent to achieve MPC of heavy metals, with which process duration will be minimal. Initially, to study the adsorp-
tion process kinetics, the nature of the curve that describes the obtained experimental values was visually analyzed. To determine 
the adsorption process kinetic regularity, which most adequately and reliably describes the experimental data and to determine the 
values of the coefficients in the exponential regularity, the least squares method was used. It was observed that for Cd and Co, an 
increase in the black and red tea amount leads to a drastic reduction of the adsorption process time (up to 10 times); while for Ni the 
black tea addition slows down the adsorption process. Ni adsorption is the most complex and for certain bio-adsorbent composition 
values, complete Ni removal cannot be achieved in a technologically reasonable adsorption time. The technological process of Cd, 
Co and Ni adsorption can be expedient, if it is carried out in several stages with optimal red and black tea amounts for each of the 
metals. Adsorption process kinetic regularity, which was determined, can be used to calculate of adsorption process technological 
parameters in values wide range.

Keywords: kinetic regularity of adsorption, bio-adsorbent dose, leaves, heavy metals, wastewater.

(Cheevaporn & Menasveta, 2003; Jiang, 2009), rapid in-
dustrialization (Jiang, 2009) and toxic substances leak-
age through the soil layers (Parzych et al., 2013; Vambol 
et  al., 2018; Vambol et  al., 2019). The current environ-
mental strategies of many countries motivate the scientific 

1. Introduction

Every year there is deterioration in water quality. This is 
due to human activity (Kipigroch et al., 2012; Malovanyy 
et  al., 2018; Kolesnyk et  al., 2016), population growth 
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community to develop reliable (Bobik et al., 2017), eco-
nomically viable (Jutsz & Gnida, 2015; Khan et al., 2019) 
and environmentally friendly technologies that are able to 
remove pollutants from the environment, including water.

A variety of wastewater treatment technologies are 
currently available, but with success varying degrees at 
monitoring and minimizing water pollution (Terentiev 
et al., 2018; Ölmez & Kretzschmar, 2009). The main dis-
advantages of most of these methods are the high mainte-
nance costs, the formation of toxic sludge and the water 
treatment complicated technology (Bhatnagar et al., 2015). 
Compared with other processes, the adsorption process is 
the best alternative for water and wastewater treatment, 
because it  is convenient, easy to operate and simple in 
design (Bhatnagar et  al., 2015; Ali et  al., 2012; Gautam 
et al., 2014). Although, in some cases, is arising need of 
the adsorbent regeneration or sorbent utilization which has 
expired (Gautam et al., 2014; Terentiev et al., 2016). And 
this is often a problem.

In the conditions of the need for rational natural re-
sources use and reducing financial costs, scientists are ac-
tively engaged in the useful features study of by-products 
from various activities such as agriculture and industry. If 
this waste can be used as an inexpensive adsorbent, it will 
provide a twofold advantage for environmental protection. 
Considerable attention is paid to the adsorption properties 
of food waste and their use to remove various pollutants 
from water, such as heavy metals (Gambhir et al., 2012; 
Ziarati et al., 2018). Firstly, the volume of by-products (or 
waste) can be partially (or much) reduced, and, secondly, 
a cheap adsorbent, if it is developed, can reduce pollution 
of wastewater at a reasonable price (Grassi et al., 2012). 
In addition, the use of organic sorbents and bio-adsorbents 
makes it  possible to more effectively purify natural and 
waste waters from heavy metal ions (Yadanaparthi et al., 
2009; Pourzare et al., 2017).

In a study (Patent CN107129001, A), the authors pro-
posed the use of black tea powder to extract lead ions. 
This method advantage is the almost complete metal ions 
removal from the solution at low temperatures and within 
an acceptable time interval. But the disadvantage of this 
method is that the adsorbent uses tea powder, which is 
more expensive than other bio-adsorbents. In addition, due 
to the small size of the adsorbent particles, there are prob-
lems with its subsequent removal. In this case, some of 
the organic matter (primarily the phenol compounds) are 
permeating into solution and contaminating of the treated 
water by organic compounds.

As was shown in our previous studies, one of the prom-
ising areas for the heavy metal compounds removal from 
wastewater is the use of bio-adsorbent from a mixture of 
black and red tea (Hibiscus sabdariffa L.) leaf waste (Zi-
arati et  al., 2018). The advantages of this bio-adsorbent, 
unlike others, unlike others (Ziarati et al., 2019):

– �Accessibility and cheapness, since it is itself a waste;
– �Tea leaves contain almost no organic substances that can 

contaminate into solution;
– �The organic substances presence of tea leaves that very 

strongly bind heavy metal ions;
– �Waste leaves have the shape and size that are most ben-

eficial for adsorption, and the heavy metals removal from 
the solution;

– �Disposal of such an adsorbent can be carried out by 
known methods that do not require sophisticated equip-
ment.

From the conducted studies it was found that the re-
moval of compounds of heavy metals is almost 100% and 
they do not desorbed to the solution even at high tempera-
tures. The amount of adsorbed metals is proportional to the 
adsorption time, which allows you to determine the mini-
mum time of the adsorption process (Ziarati et al., 2019).

Given the above, the introduction of metal adsorption 
technology based on the use of a bio-adsorbent from a mix-
ture of black and red tea wastes is of great interest on 
an industrial scale. Therefore, it is necessary to assess the 
feasibility of implementing such technology. In this case, 
important technological parameters are the initial and fi-
nal concentration of heavy metals, the contact time of the 
adsorbent with contaminated water, the adsorbent amount 
(black and red tea) and the ratio of the black and red tea 
amount in the composition of the bio-adsorbent.

Therefore, the study purpose is to determine of in-
fluence regularity of the bio-adsorbent composition and 
amount on the heavy metals adsorption process. Namely, 
the adsorption kinetics of cadmium, cobalt and nickel from 
contaminated water was studied in order to determine the 
most rational bio-adsorbent dose and the necessary red 
and black tea dose in bio-adsorbent to achieve MPC if the 
initial concentrations of heavy metals are known. By ra-
tional bio-adsorbent dose and composition we understand 
an amount at which the metal concentration decreases to 
the MPC in a minimum time. 

2. Materials and Methods

The initial concentration of heavy metals, such as cadmi-
um, cobalt and nickel, in untreated wastewater, as well as 
treated with Hibiscus sabdariffa L. sepals in addition to 
the residue of black tea, was analyzed. At time intervals: 
1, 5, 10, 15, 30, 40 minutes (with stirring), the final con-
centration of heavy metals in the samples was analyzed 
using atomic absorption spectroscopy. Samples were ana-
lyzed using an atomic absorption spectrophotometer model 
AA-6200 (Shimadzu, Japan) using an air acetylene flame 
for heavy metals and using at least five standard solutions 
for each metal. The average of five values is fixed. Data 
were tested using student t-test to measure the variations 
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between the contaminations in wastewater and the dose of 
bio-adsorbent and contact time parameters before and after 
treated by bio-adsorbent from a mixture of black and red 
tea leaf waste. One way analysis of variance (ANOVA) 
was used for data analysis to measure the variations of 
metal concentrations using SPSS 22.0 software (SPSS Inc, 
IBM, Chicago, IL) (Ziarati et al., 2018).

This study is based on a statistical synthesis of the ex-
perimental data results and patent research, which were 
presented in previous publications (Ziarati et al., 2018; Zi-
arati et al., 2019). 

Initially, to study the adsorption process kinetics, the 
nature of the curve that describes the obtained experimen-
tal values was visually analyzed. In this case, the experi-
mental values for each experiment, then for a group of 
experimental data, then for the entire array of experimental 
data obtained were analyzed. Various groups of experimen-
tal data were formed for analysis:
– �The group that combines experimental data obtained for 

different metals, but for same bio-adsorbent composition;
– �The group that combines experimental data obtained for 

one metal, but for different bio-adsorbent compositions.
To determine the type of adsorption process kinetic reg-

ularity, which most adequately and reliably describes the 
experimental data, the least squares method was used. By 
a reliable and adequate regularity was understood a regu-
larity in which the determination coefficient is the highest 
for all experimental data groups. 

To determine the values of the coefficients in the ex-
ponential regularity, the least squares method was used for 
the entire data array. First, for each group, the coefficients 
were selected, then the general dependence was determined 
and the coefficients for the entire array were selected.

The following nomenclature was used in formulas, 
equations and calculation: 
C = CB + CR – total bio-adsorbent dose (bio-adsorbent con-

centration), g/100 ml;
CB – black tea bio-adsorbent dose, g/100 ml;
CR – red tea bio-adsorbent dose, g/100 ml;
CF

B = (CB/C)100 – percentage fraction of the black tea bio-
adsorbent, %

CF
R = (CR/C)100 – percentage fraction of the red tea bio-
adsorbent, %

Т = 25 ± 1 – solution temperature, ºС
pH solution – рН = 3.5
CMe – current metal concentration (Cd, Co, or Ni) into con-

taminated water (Eq. 1), mg/l
C0 – initial metal concentration (Cd, Co, or Ni) into con-

taminated water (Eq. 1), mg/l
d1 – percentage fraction of fast process (determined on ba-

sis of contact time relation) (Eq. 1), %;

τ1 – characteristic time for the first part of contact time 
relation (Eq. 1), min

τ2 – characteristic time for the first part of contact time 
relation (Eq. 1), min
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3. Results

The results of study (Ziarati et  al., 2018) revealed that 
heavy metals adsorption when using the bio-adsorbent 
from a mixture of black and red tea wastes ranged from 
31…50% after agitation for 40 minutes (equilibration 
time). To study this problem, the bio-adsorbent with a dif-
ferent ratio of red and black tea was used; the amount of 
bio-adsorbent was also different. At the same time tem-
perature was 25 ± 1 ºC, pH = 3.5. After the equilibration 
time a significant further increase of heavy metals adsorp-
tion was not observed (p ≥ 0.05). Bio-adsorbent dose is 
one of the most important factors which affect significantly 
on influence specific uptake of all studied heavy metals: 
Ni, Cd and Co from waste water effluent. Generally, for 
low bio-adsorbent dose, there is an enhanced heavy metals 
sorption especially for Cd and Sorption capacity of differ-
ent bio-adsorbents have been observed to reduce with in-
creasing bio-adsorbent dose (Fig. 1-3) (Ziarati et al., 2018).
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Figure 1. Effect of contact time on the removal of cadmium (initial Cd concentration = 50.032 mg/l, T 

= 25 ± 1 ºC, pH = 3.5) (Ziarati et al., 2018) 
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Figure 2. Effect of contact time on the removal of cobalt (initial Co concentration = 110.21 mg/l, T = 

25 ± 1 ºC, pH = 3.5) (Ziarati et al., 2018) 
 

 
Figure 3. Effect of contact time on the removal of nickel (initial Ni concentration = 110.15 mg/l, T = 

25 ± 1 ºC, pH = 3.5) (Ziarati et al., 2018) 

Figure 2. Effect of contact time on the removal of cobalt (initial Co concentration = 110.21 mg/l, T = 25 ± 1 ºC, pH = 3.5) (Ziarati 
et al., 2018)
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Figure 4 and 5 showed examples of kinetic dependenc-
es for various bio-adsorbent amounts. Visual assessment 
of the kinetic dependency shape showed the presence of 
at least two parts on the chart, but two parts are very pro-
nounced.

The first part of the graph shows a sharp decrease in the 
concentration of the corresponding metal by 5-10% of the 
initial value for 1-5 minutes. Thereafter, there is a slower 
decrease in concentration in the second part of the graph. 
Thus, the first part of the graph is characterized by a fast 
absorption process, which is observed up to 5 minutes (the 
fast process), and the second part is characterized by a slow 
absorption process that takes place after 5 minutes from the 
cleaning start (the slow process).

This form of kinetic dependence is characteristic of all 
experiments series; therefore, it can be considered as a gen-
eral dependence for a adsorption process (Fig. 4, 5).

We accentuate that the presence of two different parts 
indicates that the reaction in the first part is not zero. Since 
with zero reaction, the kinetic dependence would have the 
straight line form. Therefore, this process is not due to 
physical adsorption, but by a chemical process.

For the second part of graph, this conclusion is not 
unambiguous, since for some series of experiments the 
concentration dependence on time is close to linear. How-

ever, statistical processing of the entire data array showed 
that the dependence that is responsible for the first order 
of the kinetic equation is the most adequate. This means 
that for this part of the graph, adsorption is also deter-
mined by a chemical process. This statement is very im-
portant because it means that it  is impossible to achieve 
the complete metal ions extraction even with a very long 
contact time of the bio-adsorbent with contaminated wa-
ter. On the other hand, the reaction first order means that 
the adsorption rate depends solely on the metal ions con-
centration in the solution, that is, there is no change in 
the chemical adsorbent activity during the adsorption  
process.

Thus, the exponential regularity best describes all ex-
perimental data and the statistical generalization of the re-
sults of experimental research of the adsorption process 
was proposed in this form:
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where CMe – current metal concentration in solution, mg/l; C0 – initial metal concentration in 

solution, mg/l; d1 – proportion of fast process in total adsorption process, %; 1 – time to 

concentration reduce of 2.72 times for the first part, min; 2– time to concentration reduce of 

2.72 times for the second part, min. 

It allows you to calculate the final metals concentrations values in the solution with 

their known initial values, the adsorption time and the adsorbent amounts. In this case, the 

determination coefficient R2 = 0.95, and the average error =1.6%. Table 1 shows the values 

of the coefficients for equation (1). 

 

Table 1. The values of the coefficients for equation 1 (all experiments series) 

CR CB d1 1 2 

Cd 

0.1 1 0.395 10.831 650.04 1.80 

0.2 2 0.335 6.558 243.94 2.10 

	 (1)
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Figure 2. Effect of contact time on the removal of cobalt (initial Co concentration = 110.21 mg/l, T = 

25 ± 1 ºC, pH = 3.5) (Ziarati et al., 2018) 
 

 
Figure 3. Effect of contact time on the removal of nickel (initial Ni concentration = 110.15 mg/l, T = 

25 ± 1 ºC, pH = 3.5) (Ziarati et al., 2018) 
Figure 3. Effect of contact time on the removal of nickel (initial Ni concentration = 110.15 mg/l, T = 25 ± 1 ºC, pH = 3.5) (Ziarati 
et al., 2018)
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Figure 4. Some kinetic dependencies at at 0.1% percentage fraction of the red tea bio-adsorbent in 

accompany of black tea residue, T = 25 ± 1 ºC, pH = 3.5 
 

 
 

 
 

 
 
Figure 5. Some kinetic dependencies at 0.5% percentage fraction of the red tea bio-adsorbent in 

accompany of black tea residue, T = 25 ± 1 ºC, pH = 3.5 
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Figure 5. Some kinetic dependencies at 0.5% percentage fraction 
of the red tea bio-adsorbent in accompany of black tea residue, 
T = 25 ± 1 ºC, pH = 3.5



65Kinetics of Cd, Co and Ni Adsorption from Wastewater using Red and Black Tea Leaf Blend as a Bio-adsorbent

where CMe – current metal concentration in solution, mg/l; 
C0 – initial metal concentration in solution, mg/l; d1 – 
proportion of fast process in total adsorption process, %;  
τ1 – time to concentration reduce of 2.72 times for the first 
part, min; τ2– time to concentration reduce of 2.72 times 
for the second part, min.

It allows you to calculate the final metals concentra-
tions values in the solution with their known initial val-
ues, the adsorption time and the adsorbent amounts. In 
this case, the determination coefficient R2 = 0.95, and the 
average error ∆=±1.6%. Table 1 shows the values of the 
coefficients for equation (1).

Table 1. �The values of the coefficients for equation 1 (all experi-
ments series)

CR CB d1 τ1 τ2 ∆

Cd

0.1 1 0.395 10.831 650.04 1.80

0.2 2 0.335 6.558 243.94 2.10

0.3 3 0.254 3.863 63.12 2.09

0.5 3 0.145 1.019 27.88 1.71

Co

0.1 1 0.123 1.647 726.12 0.85

0.2 2 0.114 0.830 362.93 1.72

0.3 3 0.162 1.274 242.72 0.64

0.5 3 0.173 1.158 170.50 1.55

Ni 

0.1 1 0.088 2.771 225.49 1.71

0.2 2 0.102 1.208 181.27 1.34

0.3 3 0.153 0.557 200.95 1.11

0.5 3 0.230 0.765 79.40 1.64

The table shows that the coefficient values for each 
experiment series are close to each other. This confirms 
the correctness of the proposed exponential regularity. The 
presences of regular coefficients changes depending on the 
bio-adsorbent concentrations and on its composition are 
also clearly visible from Table 1. This allows generalizing 
the coefficients:
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So for Cd and Co, an increase in the black and red tea amount leads to a drastic reduction of 

the adsorption process time (up to 10 times), while for Ni the black tea addition slows down 

the adsorption process. 

It should also be noted that the proposed dependences use for the coefficients of 

equation (1) practically does not reduce the calculations accuracy (=1.68). 

 

4. Discussion 

The feature of the statistical generalization of the results of experimental research, which 

includes equation (1) and equations systems (2)-(4), is the possibility of heavy metals 

adsorption process studying if water is contaminated by one metal type or by several types at 

the same time. 

As can be seen from Figure 6, cadmium adsorption occurs most rapidly. After 2 hours, 

its concentration in the contaminated water becomes less than the maximum permissible 

concentration (MPC). To reach acceptable concentrations of Ni and Co, a longer contact time 

is required. Using small adsorbent amounts (up to 4%) this time can be 8-12 hours. 

 

� (3)

So for cadmium, the characteristic time decreases dra-
matically from 20 minutes to 1 minute with increasing 
red tea amounts, for cobalt it  remains constant – about 1 
minute, and for nickel it increases with increasing red tea 
amounts and decreases with the black tea addition.

However, the most important is the effect of the adsor-
bent amounts on the slow process:

12 
 

BR

R

C1313.1C223.2Ni
1

Co
1

C718.5Cd
1

ee656.7

;2051.1

;e417.19











     (3) 

 

So for cadmium, the characteristic time decreases dramatically from 20 minutes to 1 minute 

with increasing red tea amounts, for cobalt it remains constant – about 1 minute, and for 

nickel it increases with increasing red tea amounts and decreases with the black tea addition. 

However, the most important is the effect of the adsorbent amounts on the slow process: 

 

.ee1.245

;ee8.1740

;ee4.2088

BR

BR

BR

C31655.0C134.4Ni
2

C61074.0C9279.0Co
2

C78075.0C927.3Cd
2













     (4) 

 

So for Cd and Co, an increase in the black and red tea amount leads to a drastic reduction of 

the adsorption process time (up to 10 times), while for Ni the black tea addition slows down 

the adsorption process. 

It should also be noted that the proposed dependences use for the coefficients of 

equation (1) practically does not reduce the calculations accuracy (=1.68). 

 

4. Discussion 

The feature of the statistical generalization of the results of experimental research, which 

includes equation (1) and equations systems (2)-(4), is the possibility of heavy metals 

adsorption process studying if water is contaminated by one metal type or by several types at 

the same time. 

As can be seen from Figure 6, cadmium adsorption occurs most rapidly. After 2 hours, 

its concentration in the contaminated water becomes less than the maximum permissible 

concentration (MPC). To reach acceptable concentrations of Ni and Co, a longer contact time 

is required. Using small adsorbent amounts (up to 4%) this time can be 8-12 hours. 

 

� (4)

So for Cd and Co, an increase in the black and red 
tea amount leads to a drastic reduction of the adsorption 
process time (up to 10 times), while for Ni the black tea 
addition slows down the adsorption process.

It should also be noted that the proposed dependences 
use for the coefficients of equation (1) practically does not 
reduce the calculations accuracy (∆=±1.68).

4. Discussion

The feature of the statistical generalization of the results 
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equations systems (2)-(4), is the possibility of heavy met-
als adsorption process studying if water is contaminated by 
one metal type or by several types at the same time.
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As can be seen from Figure 6, cadmium adsorption oc-
curs most rapidly. After 2 hours, its concentration in the 
contaminated water becomes less than the maximum per-
missible concentration (MPC). To reach acceptable con-
centrations of Ni and Co, a longer contact time is required. 
Using small adsorbent amounts (up to 4%) this time can 
be 8-12 hours.
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with the adsorbent (initial concentrations of Cd – 50 mg/l, Co – 100 mg/l and Ni – 100 mg/l, 
adsorbent concentration – 0.4% red tea and 3% black tea) 

 

The study also showed a fundamental difference in the influence of the adsorbent 

composition on the Ni adsorption degree. Unlike Co and Cd ions, increasing the black tea 

concentration reduces the Ni ion adsorption rate. As a result, we have the red and black tea 

concentrations, at which complete purification from Ni is practically impracticable (Fig. 7).  

 

 
Figure 7. Dependence of Ni concentration in the contaminated water on time: 1 – 0.9% red tea and 3% 

black tea; 2 – 0.7% red tea and 4% black tea; 3 – 0.1% red tea and 8% black tea 
 

From Figure 8 it can be seen that almost complete Cd extraction from the 
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The study also showed a fundamental difference in the 
influence of the adsorbent composition on the Ni adsorp-
tion degree. Unlike Co and Cd ions, increasing the black 
tea concentration reduces the Ni ion adsorption rate. As 
a result, we have the red and black tea concentrations, at 

which complete purification from Ni is practically imprac-
ticable (Fig. 7). 

From Figure 8 it can be seen that almost complete Cd 
extraction from the contaminated water is possible if the 
contaminated water contacts 30 minutes with an adsorbent 
containing 3% black tea and less than 1% red tea. A higher 
red tea concentration (more than 1.5%) will reduce the Ni 
adsorption, and to ensure the safe concentration of Co, the 
red tea concentration should be much higher than 2.5%.
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with optimal red and black tea amounts for each of the 
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As can be seen from Figure 9 an increase in the red tea 
concentration always results in a decrease in the minimum 
adsorption time. And at a concentration of more than 2.5%, 
the adsorption time for all metals less than 60 minutes. At 
the same time, an increase in the concentration does not 
lead to a monotonic decrease in the minimum adsorption 
time for Ni, but to dependence with a minimum. Moreover, 
the value of the minimum depends on the red tea concen-
tration.

Figure 10 shows the dependence of the minimum nec-
essary adsorption time of three metals simultaneously be-
fore reaching the MPC on the bio-adsorbent composition. 
In Figure 10, also seen the minimum necessary adsorption 
time of three metals when using a bio-adsorbent in which 
red or black tea is completely absent.

In Figure 10 it is clearly seen that at the red tea absence 
in the adsorbent (that is, only black tea is used), the adsorp-
tion time for all three metals, when they are present simul-
taneously, is not lower than 4400 min (about 72 hours).  
If you add 25% of red tea from the total bio-adsorbent 
dose, the minimum necessary adsorption time of all three 
metals to the MPC can be reduced to 45 min. If red tea is 
used (without black tea), the concentration of which is 3%, 
then complete extraction of Cd, Co and Ni will be achieved 
in 30 minutes.

metals. The important advantage of this approach includes 
the contaminated bio-adsorbent treatment simplicity after  
its use.

From a technological viewpoint, water purification is 
not important until the complete metals removal, but to 
certain concentration. Therefore, it is required to determine 
the minimum necessary contact time of the bio-adsorbent 
with the contaminated water, during which the purification 
degree of contaminated water may be accepted as accept-
able. That is, the heavy metals concentration in contami-
nated water will not exceed the maximum permissible con-
centrations values (MPC). A subsequent increase in contact 
time can be considered economically inexpedient.

According to equation (1), the adsorption degree de-
pends on the contact duration of the bio-adsorbent with 
contaminated water. If we determine the minimum neces-
sary adsorption time (i.e. contact duration of the bio-adsor-
bent with contaminated water at which the heavy metals 
concentration reached values that do not exceed the MPC) 
for given initial and final concentrations, then it  can be 
easily recalculated for any other values. For the study of 
the adsorption process kinetic regularity, initial values of 
the heavy metal concentrations in contaminated water were 
accepted: Cd – 50 mg/l, Co – 100 mg/l, Ni – 100 mg/l. 
As the final values of the heavy metal concentrations in 
contaminated water, were taken MPC: Cd – 0.001 mg/l, 
Co – 0.1 mg/l, Ni –0.1 mg/l (Fig. 9).
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5. Conclusions

Based on experimental data, the kinetic regularity of the 
Cd, Co and Ni adsorption from contaminated water were 
studied using a bio-adsorbent from red and black tea leaves 
mixture. In this case, the adsorption regularity were stud-
ied both for each metal separately and for all three metals 
simultaneously. Visual assessment of the kinetic depend-
ency shape showed the presence of at least two parts on 
the chart, but two parts are very pronounced. The first part 
of the graph shows a sharp decrease in the concentration 
of the corresponding metal by 5-10% of the initial value 
for 1-5 minutes. Thereafter, there is a slower decrease in 
concentration of metals in contaminated water according 
to the second part of the graph.

It has been established that red and black tea adsorbs 
Cd, Co and Ni unequally. The fast process share for Cd 
decreases with an increase in the red tea amount, and for 
Co and Ni it increases. However, for all cases, the red tea 
amount does not exceed 30% of the total bio-adsorbent 

dose. It was observed that for Cd and Co, an increase in 
the black and red tea amount leads to a drastic reduction of 
the adsorption process time (up to 10 times), while for Ni 
the black tea addition slows down the adsorption process. 
Therefore, this greatly complicates the implementation of 
the contaminated water treatment technology from three 
metals simultaneously on an industrial scale.

Using the adsorption process kinetic regularity, it pos-
sible to determine the most rational bio-adsorbent dose 
and the necessary red and black tea dose in bio-adsorbent 
to achieve MPC if the initial concentrations of heavy met-
als are known. 

An important technological conclusion was installed: 
the technological process of Cd, Co and Ni adsorption can 
be expedient, if it is carried out in several stages with op-
timal red and black tea amounts for each of the metals. 
However, adsorption process kinetics study at given initial 
Cd, Co and Ni concentrations showed, that at the red tea 
absence in the adsorbent (that is, only black tea is used), 
the adsorption time for all three metals, when they are pre-
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sent simultaneously, is not lower than 4400 min (about 
72 hours). If you add 25% of red tea from the total bio-
adsorbent dose, the minimum necessary adsorption time 
of all three metals can be reduced to 45 min. If red tea is 
used (without black tea), the concentration of which is 3%, 
then complete extraction of Ca, Co and Ni will be achieved 
in 30 minutes. In addition, the proposed statistical gener-
alization of the results of experimental research of the ad-
sorption process can be used to calculate the technological 
parameters of the process in a wide range of their values.
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Abstract. There are few subterranean mammals in Russia. The aim of the paper is to study the distribution and abundance of greater 
mole rat in the local population. The characteristic of the local population of the greater mole rat (Spalax microphthalmus) on the 
northern border of the range with reference to geographical coordinates is given. Our research has been conducted in Republic of 
Mordovia (European Russia). The field studies were carried out in 2007-2019. The population density in Mordovia is from 2 to 6 in-
dividuals/ha. The number of greater mole rat is estimated at 190 individuals. There are 27 to 200 mounds per one hectare of registered 
area. The distance of the greater mole rat habitat in Mordovia is from 40 to 372 km from other populations of neighboring regions. 
It is revealed that animals in the region are confined to pastures and dacha areas. The population density of subterranean rodent popu-
lations, such as mole rats, is in equilibrium with the capacity of the environment in which they live. The results on the population 
density and the number of greater mole rats on the northern border of the species range indicate the oppression of the local population.

Key words: subterranean mammals, mound, relative abundance, rodent, Republic of Mordovia.

casus (Topachevskii, 1969; Flint et al., 1970; Puzachenko, 
1993; Savchenko & Ronkin, 2006). The Northern bound-
ary runs from Kiev to the southern part of the Chernigov 
oblast, the Eastern part of the Kursk and Orel oblasts, in the 
southern outskirts of Tula, Ryazan, Tambov, Penza oblasts, 
Republic of Mordovia, Nizhny Novgorod oblast, the Chu-
vash Republic, Ulyanovsk oblast. The extreme Northern 
point of detection does not rise above the 56th parallel 
of the northern latitude (flood plain of the Bolshoi Civil, 
Chuvash Republic). The extreme North-Eastern point of 
detection is located in the Samara region (Samara oblast). 
The southern border of the area runs along the coast of 
the sea of Azov to the East in the South-Western part of 
the Krasnodar territory and rises in the Stavropol territo-

1. Introduction

Herbivores, especially subterranean mammals, can influ-
ence per plants, soil structure and chemistry by moving 
soil (Williams & Cameron, 1984; Andersen, 1987; Inouye 
et al., 1987; Benedix, 1993). There are few subterranean 
mammals in Russia. However, their role is significant in 
biotopes. They are almost unknown in many regions.

The habitat of the greater mole rat Spalax microph-
thalmus Guldenstaedt 1770 (Rodentia, Spalacidae) it cov-
ers areas with fertile soil and abundant vegetation. It lives 
in the steppe and forest-steppe of South-Eastern Europe 
between the Dnieper and the Volga, in the Western Cau-
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ry to the North-East. The border then goes to the Volga 
North of Volgograd. South-Eastern borders have not been 
established yet (Puzachenko, 2011).

A great contribution was made to the study of the great-
er mole rat in Russian theriology by S. L. Ovchinnikova 
and A. Yu. Puzachenko. More attention to the ecology and 
biology of the species was given in Kursk, Voronezh, and 
Belgorod oblasts. For other regions, there is mainly frag-
mentary information, which, as a rule, is limited to a de-
scription of the distribution and status. The mole-rat has 
a rare species status in Tambov, Ryazan, Samara, and Uly-
anovsk oblasts, as well as the republics of Mordovia and 
Chuvashia. In the context of the foregoing, the research in 
other regions, in particular, where relict local populations 
are preserved, is of significance. It  is no coincidence that 
A.Yu. Puzachenko proposes to consider isolated popula-
tions as vulnerable or potentially vulnerable. The fact is 
that, at the end of the Pleistocene, mole-rats inhabited arid 
steppes, and with the onset of forests in the Holocene, the 
northern line of its range, as well as many other steppe spe-
cies, shifted markedly southward and only a few popula-
tions remained in the former distribution boundaries. In the 
Volga region, mole-rat isolates were preserved in the refu-
gia of steppe vegetation in Mordovia, Chuvashia, Nizhny 
Novgorod, and Samara oblasts.

Many researchers rightly point out that direct obser-
vations of the biology and ecology of mole-rat are diffi-
cult. This is due to the large length of individual burrows  
(up to hundreds of meters), seasonal changes in the con-
figuration and direction of burrows on individual sites 
(Ovchinnikova, 1971; Rado & Terkel, 1989; Puzachenko, 
1993; Vlasov & Puzachenko, 1993).

The aim of the paper is to study the distribution and 
abundance of greater mole rat in the local population at 
the border of the area. These tasks are relevant, since in 
the literature these aspects are not adequately addressed. 
In addition, in local animal populations under suboptimal 
conditions, differences in population density can be ob-
served compared with populations of the main range of 
the species.

2. Study area

The studies were carried out in Ruzaevsky district of the 
Republic of Mordovia and Saransk urban district (geo-
graphical coordinates 54º05’–54º09’N and 44º59’–45º06’ 
E) (Fig. 1) in 2007–2019 and covered the entire habitat of 
mole rats in the region. The climate of the region is mod-
erately continental with pronounced seasons throughout 
the year. The influx of direct solar radiation varies from 
5.0 in December to 58.6 kJ/cm2 in June. Total radiation 
throughout the year is 363.8 kJ/cm2; the radiation balance 
is 92.1 kJ/cm2. The average annual air temperature var-

ies from 3.5 to 4.0 °C. The average temperature of the 
coldest month (January) is in the range of –11.5...–12.3 
°C. Temperature drops down to –47 °C occur. The average 
temperature of the warmest month, i.e. July, is in the range 
of +18.9...+19.8 °C. Extreme temperatures in the summer 
reach 37 °C. The average annual precipitation in the ter-
ritory is 480 mm. Over the course of observation lasting 
many years, periods of more and less humidification were 
noted, ranging between the minimum and maximum values 
of 120-180 mm. Distribution of precipitation across the 
territory is not very diverse. The average long-term value 
of evaporation is calculated to be in the range of 390-460 
mm (Yamashkin, 1998).

3. Material and Methods

The degree of population of the territory on individual 
areas was determined by calculating the amount of land 
emissions on 1-hectare sites (Dukel’skaya, 1932; Guly-
aevskaya, 1954; Pavlov et al., 1963; Puzachenko & Vlasov, 
1993). We carried out selective catches from burrows to 
determine the number of animals in burrow systems with 
subsequent release (Fig.  1). Catching was carried out in 
burrows until the noises of the passage of animals were 
recorded on dictaphones in the burrow. Studies were car-
ried out according to a new methodology that we devel-
oped for studying of subterranean mammals (Andreychev, 
2018; 2019; Andreychev et al., 2020). They also noted the 
absence of small animals after catching them in burrows 
where the ground was not covered with drafts.

Initially, the boundaries of individual habitats of mole 
rats were revealed, then the directions of the foraging pas-
sages were determined. The activity of animals may be 
surveyed with the use of voice recorders in different parts 
of colonies. The location of recorders was preliminarily 
determined on the basis of a map with consideration of the 
boundaries of animal colonies. A GPS-navigator was used 
for quick detection of recorders in the field.

When conducting scientific research, we used АIМР 
1.75 (2007) and AUDACITY2.1.1 (2015) programs (An-
dreychev, 2018). During the research period, 200 sound 
recordings were obtained and processed, with a total length 
of about 16000 hours. We carried out 496 measurements of 
distances between mounds mole rats.

4. Results 

It is revealed that the mole rat lives only in the central 
part of the region within the Saransk urban district and 
Ruzaevsky district. Natural and anthropogenic factors in 
Mordovia have long been limiting the further territorial 
settlement of this species. The settlement of mole rats to 
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Figure 1. Geographical position of the Republic of Mordovia in Russia and distance of the local 

population of Spalax microphthalmus from other populations of neighboring regions. 

              Note: → – Remoteness of population with the distance indicated (km) 
            ■ – Points of closest populations 
 

 

 

Figure 1. �Geographical position of the Republic of Mordovia in Russia and distance of the local population of Spalax microphthalmus 
from other populations of neighboring regions.
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the west and south was limited by the Levzha River and 
its left tributaries, to the north, by the forest of Saransk, 
and to the east, by a road and the Insar River. A distinction 
was made using the OziExplorer program for 13 mole rat 
habitats (Table 1). The territory of detection of mole rat is 
currently more than 100 km2. The area was previously 26.8 
km2 in 2010. However, the actual inhabited area is 568.3 
ha. In 2010, it was 297.7 ha (11.1% of the total area). In 
the study area, the species does not populate fields sown 

with grain crops, tall grasses, and forest belts. It  prefers 
meadows, pastures, summer cottages, and hayfields. It also 
settles near ponds and marshy areas.

However, the population of the mole rat is experienc-
ing significant anthropogenic pressure. The mole rat was 
recorded on pastures, summer cottages, hayfields, and ar-
able lands (Fig. 2). The animals prefer pastures and sum-
mer cottages, where from 27 to 200 mounds occur on 1 
ha (Table 2). 

Table 1. Number and area of the greater mole rat’s habitat.

Number habitat Locality Habitat area, ha Number, individuals

1 Levzhenskii 32.4 25

2 Dobrovol’nyi 16.8 4

3 Klyucharevo (South-East) 20.6 8

4 Klyucharevo (North) 183.8 15

5 Klyucharevo (West) 3.4 6

6 Popovka 12.5 60

7 Rybnyi 28.2 11

8 Klyucharevskie Vyselki 110.6 24

9 Levzha 77.3 12

10 Yalga 51.1 18

11 Kulikovka 10.7 3

12 Monastyrskoe 15.8 2

13 Novaya Nechayevka 5.1 2
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Figure 2. Occurrence of greater mole rat in various anthropogenic habitats in Mordovia. 
               Note: 1 – pastures; 2 – dacha areas, 3 – haymaking, 4 – arable land 
 
Table 2. Characteristics of trial registration areas (1 ha), habitats of S. microphthalmus. 

Site number Geographical 
coordinates 

Locality Length of 
burrows, m 

Burrow 
direction 

(N,S,W,E) 

Density of 
mounds per 1 ha 

I 54.1507 N, 

44.9473 E 

Klyucharevskie 
Vyselki 

160 N-S 200 

II 54.1340 N, 

45.0160 E 

Klucharevo 134 N-S 56 

III 54.1200 N, 

45.0289 E 

Popovka 125 W-E 105 

IV 54.0998 N, 

45.0964 E 

Levzhenskii 110 W-E 53 

V 54.0928 N, 

45.0192 E 

Levzha 71 N-S 25 

VI 54.1329 N, 

45.1316 E 

Yalga 281 N-S 50 

VII 54.1170 N, 

45.1770 E 

Kulikovka 95 N-S 30 

Figure 2. Occurrence of greater mole rat in various anthropogenic habitats in Mordovia.

 Note: 1 – pastures; 2 – dacha areas, 3 – haymaking, 4 – arable land
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The number of the greater mole rat in the total area of 
habitat in Mordovia was 190 individuals. Moreover, the 
distribution of land plots is uneven (Table 1). The popula-
tion density varied from 2 individuals / ha (the villages of 
Monastyrskoe, the of Kulikovka, the of Novaya Nechayev-
ka) to 6 individuals / ha (the villages of Klyucharevskie 
Vyselki, of the Klyucharevo, of the Popovka). 

The primacy of animals changes to different anthropo-
genic habitats. Mole rats prefer to settle in the district of 
summer cottages near the village of Klucharevo. Mole rat 
inhabits the villages Rybnyi and Levzhenskii in the pas-
tures around ponds. It should be noted that pastures in the 
Kursk region are considered a suboptimal biotope for the 
blind (Puzachenko & Vlasov, 2012). This once again high-
lights the differences in the animal’s biotopes in different 
regions.

The remoteness of the local mole rat population from 
other populations of neighboring regions differs. From the 
populations of the southern regions, namely, Penza and 
Ulyanovsk oblasts, which are part of the continuous range 
of the species, the habitat of mole rats from Mordovia is 
separated by a distance of about 40 and 125 km, respec-
tively. In Penza oblast, the closest biotopes where mole-
rats live are Issinskii and Luninskii districts (Il’in et  al., 
2006). In Ulyanovsk oblast, the nearest habitat with respect 
to the population from Mordovia is located in the Bazarno-
syzganskii district in the vicinity of the Yasachnyi Syzgan 

village (Abrakhina et al., 1993). As for identical isolated 
populations from the Chuvashia and Ryazan and Nizhny 
Novgorod oblasts, the distances to them from the extreme 
habitats of the mole rat in Mordovia are 120, 372, and 131 
km, respectively. In Chuvashia, only four local populations 
were noted, the nearest of which is in the Alatyr district 
(Dimitriev et al., 2010). In Nizhny Novgorod oblast, there 
are only two isolates in the Mezhp’yan’e (Sergachskii and 
Krasnooktyabr’skii districts) and on the left bank of the 
southern branch of the P’yana (the border of the Gaginskii 
and Shatkovskii districts) (Bakka, 2014). In Ryazan oblast, 
the habitat is known only on the slopes of the Panika River 
valley to the southeast of the Chernavskaya oak grove in 
Miloslavskii district (Didorchuk & Kotyukov, 2012).

5. Discussion

We compared the current range boundaries of the mole 
rat with data on its distribution in Mordovia in the past 
(Astradamov et  al., 1976; Andreychev et  al., 2010; An-
dreychev, 2020). It should be noted that it significantly ex-
panded the areas of their habitat (Fig. 3). In recent years the 
mole rat has managed to expand their habitat to the East to 
the village Kulikovka, West to the village Klyucharevskie 
Vyselki, South to the village Levzha. No settlement was 
registered in the North. In Mordovia, the distance between 

Table 2. Characteristics of trial registration areas (1 ha), habitats of S. microphthalmus.

Site number Geographical 
coordinates Locality Length of 

burrows, m
Burrow 
direction 
(N,S,W,E)

Density of mounds 
per 1 ha

I 54.1507 N,
44.9473 E

Klyucharevskie 
Vyselki

160 N-S 200

II 54.1340 N,
45.0160 E

Klucharevo 134 N-S 56

III 54.1200 N,
45.0289 E

Popovka 125 W-E 105

IV 54.0998 N,
45.0964 E

Levzhenskii 110 W-E 53

V 54.0928 N,
45.0192 E

Levzha 71 N-S 25

VI 54.1329 N,
45.1316 E

Yalga 281 N-S 50

VII 54.1170 N,
45.1770 E

Kulikovka 95 N-S 30

VIII 54.0779 N,
45.1644 E

Monastyrskoe 181 N-S 60
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the edge detection points of mole rats from north to the 
south is currently 15 km, and from the west to the east, 10 
km. In Mordovia, the distance between the edge detection 
points of mole rats from the north to the south was 10 km 
and from the west to the east, 8.8 km (Andreychev et al., 
2010).

According to the results obtained in Mordovia and in 
the territories where the population density of S. microph-
thalmus is higher (Kursk oblast) (Puzachenko & Vlasov, 
1993), animals from our region have low (10-50 mounds 
per 1 ha) and medium (100-200 mounds per 1 ha) intensity 
of burrowing activity. The smallest occurrence of mounds 
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Figure 3. Geographic distribution of greater mole rat in the Republic of Mordovia.  
               Note: A solid black line marks the former border of the greater mole rat habitat    
               (Astradamov et al., 1976), and a dotted black line marks the current border of the   
               greater mole rat habitat (our data, 2019). Black squares indicate the experimental  
               areas for the registration of the greater mole rat (1 ha each). I–VII-site location  
               numbers (see symbols in Table 1) 
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mole rats was noted on agricultural arable lands and veg-
etable gardens; the first type of plots is rejected by the 
mounds itself, and from vegetable gardens it  is actively 
expelled by humans. Under optimal habitat conditions, the 
mole rats can form up to 380 mounds per 1 ha, for exam-
ple, in the steppe of the Lugansk oblast (Gulyaevskaya, 
1954).

For comparison, the population density of S. microph-
thalmus was 2.6-4.9 individuals / ha in the Volga forest-
steppe reserve in the Penza oblast in 1998-2004 (Il’yin 
et al., 2006). There, the blind man lives in a single undi-
vided population. The population density for the Voronezh 
oblast varied from 3 to 20 individuals/ha (Ovchinnikova, 
1971). The population density in the virgin steppe of the 
Lugansk oblast was from 1 to 11 individuals / ha (on aver-
age 3.7-3.8) (Gulyaevskaya, 1954).

The results of studying the burrowing activity of the 
mole rat are poorly displayed in many regions. It is advis-
able to provide the available data for some regions (Ta-
ble  3). The data obtained for the territory of Mordovia 
are consistent with the results of other researchers (Pu-
zachenko & Vlasov, 1993; Didorchuk & Kotyukov, 2012). 
However, the average depth of the upper edge of the stern 
passage is less in Mordovia (13.2±1.49 cm) than in the 
Kursk and Belgorod oblasts (22.1±1.17 cm). The obtained 
average value of distances between adjacent mounds for 
Mordovia. It  is 3.5 m. The average length of the burrow 
system is 70.7 m (n=30) in Mordovia.

It was found that animals have different indicators 
of feeding passages in different types of anthropogenic 
changed habitats. They are slightly different from the same 
indicators in natural areas (meadows). It  is noted that the 
most common land emissions occur in pastures and dacha 
plots. Sparseness is shown for haymaking and arable land. 
The lowest average depth of the upper edge of the stern 
passage is marked for suburban areas. The greatest weight 
of the thrown out earth from the passages is registered for 
haymaking. However, the regularity in the direction of the 

feeding course is shown from the North-East to the South-
West for almost all types of anthropogenic habitats (more 
than 70%) of the mole rat in Mordovia.

Cattle graze annually in the number of more than 
150  individuals in many areas of the mole rat is habitat. 
In particular, this is typical for the village of Levzhenskii. 
We observed numerous failures of feeding passages in pas-
tures. They were formed as a result of trampling the soil 
by cattle. S. microphthalmus in places of failures of feed 
passages conduct renewable activity. Gradually, new earth 
emissions appear. Researchers have found that the appear-
ance of new mounds is a reliable marker of employment 
of the optimal territory (Zhukov et al., 2011).

Many researchers note that the mole rat can often be 
found in forest belts (Topachevskii, 1969; Ovchinnikova, 
1971). The mole rat avoids these habitats in Mordovia. 
The nearest mounds were found at a distance of 40 meters. 
It was on a pasture near the village of Levzhenskii and 60 
meters away on a pasture near the village of Klyucharevo.

It is very interesting to compare the features of burrow-
ing activity in different types of mole rat. For example, the 
Riesen-Blindmaus Spalax giganteus in the Terek-Kumskoe 
interfluve in the Caucasus. The number of mounds per  
1 ha varied from 32 to 456, (on average 181) (Pavlov et al., 
1963). The population density of the S. giganteus reached 
0.5-2 individuals / 1 ha, in the area of the Talovka River 
(Dagestan) in August 1991 (Puzachenko, 1999). At the 
same time, the average distance between the mounds was 
about 5 m.

According to A. Yu. Puzachenko, the same burrow sys-
tem is inhabited by a sexually Mature female and male 
greater mole rat. Besides them, fingerlings can be caught. 
In this regard, the researcher introduced a classification 
of burrow systems by the size and composition of their 
inhabitants. He identified three groups of settlements of 
the greater mole rat. The first group consists of complex 
burrow systems extending for hundreds of meters, where 
adult males, females and youngsters live together. The sec-

Table 3. Some characteristics of burrowing activity of S. microphthalmus in different regions

Region

Characteristic

SourceAverage distance 
between neighboring 

mounds, m

Average depth  
of burrow from the 

soil surface, cm

Average mounds soil 
weight, kg

Kursk and Belgorod 
oblasts

1.9±0.07
(n=491)

22.1±1.17
(n=285)

10.6±1.63
(n=25)

Puzachenko, Vlasov, 
1993

Ryazan oblast 1.4±0.2
(n=14)

– – Didorchuk, Kotyukov, 
2012

Mordovia 3.5±0.12
(n=496)

13.2±1.49
(n=280)

10.3±0.44
(n=280)

Own data, 2019
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ond group includes systems that are less extensive (tens 
or hundreds of meters) and contain only one individual. 
The third group is formed by the norms of fingerlings that 
have separated along the periphery of the family’s habitat. 
The length of such burrows is insignificant (tens of me-
ters) (Puzachenko, 1993). According to this classification, 
the first two groups of settlements are found in Mordo-
via. They are inhabited by several individuals (settlements 
near the village of Levzhenskii, the village of Klyucharevo, 
Popovka, Klyucharevskie Vyselki) and only one individual 
(Dobrovol’nyi, Novaya Nechayevka, Monastyrskoe, Ku-
likovka).

The population density of the Palestine mole rat Spal-
ax ehrenbergi in Israel ranged from 91 to 177 individuals 
per 1 km2 (1 to 1.8 individuals / ha) (Nevo et al., 1982). 
According to other data, the population density of Spalax 
golani varied in Israel from 2 to 10 individuals / ha (Lovy 
et al., 2015). However, the population density of different 
researchers is within the range of variation for this spe-
cies from 0.1 to 20 individuals/ha (Savic & Nevo, 1990). 
The population density of other subterranean mammals is  
4.6-5.2 individuals / ha (Sumbera et al., 2003, 2008). These 
figures in terms of population density do not differ signifi-
cantly from S. microphthalmus.

The area and length of the burrows of the greater mole 
rat are similar to other subterranean mammals. The esti-
mated density of mound clusters was 26 ± 21 clusters per 
km2. The average and estimated cluster sizes were four 
mounds per cluster. Estimated density of 94 ± 79 mounds 
per km2 (Quinn et al., 2010).

The density Pocket gophers (Geomys breviceps) is 1.35 
gophers per acre in Texas (Davis et al., 1938). In Texas, 
densities Geomys bursarius ranged from 1.3, 16.0, and 
18.7 individuals / ha in pastureland, riparian sandbar, and 
hayfield, respectively (Broussard, 1996). Average density 
estimates per hectare were 20.4 (range 4.0-60.4) in Ar-
kansas (Connior et  al., 2010), 7.4-9.9 in Indiana (Mohr  
& Mohr, 1936), 12.9 in Wisconsin (Zinnel, 1992), and 5.4-
22.0 in Minnesota (Adams, 1966). Smallwood and Morri-
son (1999) determined that generally much of the variation 
can be explained by the size of the study area (Connior, 
2011). Average home range sizes for adult female and adult 
male of the Ozark pocket gopher (G. bursarius ozarkensis) 
in Arkansas over 2 y of 287.1 m2 and 291.8 m2 (Connior 
& Risch, 2010).

The habitat of the zokor is larger than that of the mole 
rat. The home range of a male zokor exceeds 1500 m2 and 
is larger than a female range of less than 500 m2 (Zhou 
& Dou, 1990). The distribution and population density of 
plateau zokors are limited by elevation, vegetation, precipi-
tation, and anthropogenic disturbance (Zhang et al., 1999). 
It  was estimated that they occupied a range of approxi-
mately 3.8×106 ha at an average density of 15 individuals 
/ ha, but ranging from five to more than 70 per hectare in 

Qinghai province in the 1980s (Wang & Fan, 1987; Zhang 
et al., 1999; Zhang et al., 2003; Zhang, 2007). This popula-
tion density of the zokor is several times higher than that 
of the greater mole rat.

6. Conclusions

Thus, it  can be concluded that the population density of 
subterranean rodent populations, such as mole rats, is in 
equilibrium with the capacity of the environment in which 
they live. The population density of the greater mole rat in 
Mordovia varied from 2 to 6 individuals / ha. The number 
in the total area of habitat was 190 individuals. The results 
on the population density and the number of greater mole 
rats on the northern border of the species range indicate the 
oppression of the local population. In most subterranean 
mammals species a population’s growth rate is a decreas-
ing function of density. This explains the relative stability 
of animal populations, which never continue to increase 
at rates their fertility would allow, and rarely decrease to 
extinction (Tanner, 1966).
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Abstract. Key species of soil macrofauna – large soil saprophages, i.e. earthworms – have been studied in unique in terms of floristic 
and faunal diversity, as well as the most preserved forests of the southern Russian Far East. The results of studying taxonomic and 
functional diversity of earthworms, their biomass and abundance and patterns of temporal spatial distribution in summer seasons, are 
presented. The complete set of the main functional groups of earthworms (epigeic, epi-endogeic, endogeic and anecic) was found 
only in the best-preserved valley forests, with no traces of logging and fires over the last century. The earthworm community is not 
complete (one or two functional groups are missing) in one of valley forest that was partially cut down and affected by fires in recent 
decades and in hillside forests. Horizontal spatial distribution was analysed for the epi-endogeic and endogeic groups of earthworms, 
dominating in terms of biomass and occurrence. It was found that, in the summer season, the group of epi-endogeic species showed 
the “covering” type of distribution (regular distribution without aggregation), whereas the group of endogeic species showed the 
“spotty” type of distribution (aggregated distribution).

Keywords: biodiversity, biomass, fractal design, functional groups, invertebrates, litter, polydominant forest, Red List species, sap-
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biota components, as they are characterised by the floris-
tic and faunal diversity and endemism that are unusually 
high for Russia. The territory of Southern Primorye alone 
is home to more than 2.500 species of vascular plants, 
with at least 250 species of trees, shrubs and woody vines. 
There are 127 endemic plant species in Primorsky Krai 
and 156 in Khabarovsk Krai (Kozhevnikov & Kozhevnik-
ova, 2014). The southern Far East is an endemic habitat of 
the largest beetle in Russia, Callipogon relictus Semenov, 
1899 (Cerambycidae) (Kuprin & Bezborodov, 2012; Ku-
prin & Kharchenko, 2013; etc.), which is included in the 
Red List of the Russian Federation as a threatened species 
(category II). The most diverse and unique fauna amongst 
soil invertebrates is that of the oribatid mites (Ryabinin, 
2011), collembolans (Kuznetsova et  al., 2019) and mil-

1. Introduction

Modern studies of the structure and diversity of soil in-
vertebrates make sense in the most preserved forest eco-
systems that have not been exposed to anthropogenic im-
pacts for a long time. Тechnogenic impacts (Dunger et al., 
2001; Dunger & Voigtländer, 2005; Hüttl & Weber, 2001; 
Prescott et al., 2019; Mordkovich & Lyubechanskii, 2019) 
and fires (Wikars & Schimmel, 2001; Buckingham et al., 
2019) are the most destructive for soil; they can result in 
a serious decrease in the diversity and functions of soil 
biota, the recovery of which proceeds extremely slowly 
and depends on the extent and duration of the disturbance. 
The polydominant forests of the southern Far East are of 
great interest for ecological and taxonomic studies of all 
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lipedes (Mikhaleva, 2017). There are four earthworm 
families: Lumbricidae, Criodrilidae, Megascolecidae and 
Moniligastridae, while only one family, the Lumbricidae, 
is mainly represented throughout most of the territory of 
Russia. At the same time, Drawida ghilarovi Gates, 1969, 
a representative of the tropical family Moniligastridae, is 
endemic to the southern Far East and is typical for a num-
ber of forest, meadow and meadow-marsh communities 
(Ganin & Atopkin, 2018); however, the species is declining 
in number and is on the Red List of the Russian Federa-
tion (category II).

Biodiversity and uniqueness of the flora and fauna of 
the southern Far East and the preservation of tertiary rel-
ics are a result of the complex geological history of this 
region, which was defined by the collision of the Indian 
and Asian tectonic plates 70 million years ago and which 
allowed tropical species to settle in this territory (Easton, 
1981). Moreover, the monsoon climate and heterogeneous 
terrain, i.e. mid-mountain, low-mountain and hillocky ar-
eas with complex differentiation of plant and soil group-
ings (Starozhilov, 2010), create a variety of conditions that 
essentially distinguish this region from others within the 
territory of Russia.

At the same time, the forests of Southern Primorye 
have also been exposed to human economic activity (Nau-
mov, 2012); therefore, when assessing the ecosystem func-
tions of forests, it  is necessary to identify the most pre-
served forest areas, which are characterised by a stable 
structural and functional diversity of all biota components. 
One of important criteria of forest ecosystem sustainabil-
ity is the state of key species populations (Smirnova & 
Toropova, 2016), amongst which earthworms are of great 
importance in the soil fauna of mixed and broad-leaved  
forests.

The objective of this work is to assess the earthworm 
community as an indicator group of the state of forest eco-
systems. The aims of this study were: 1) to assess the di-
versity, abundance, biomass and composition of the func-
tional groups of earthworms and 2) to assess the patterns 
of temporal spatial distribution of the dominant groups of 
earthworms: epi-endogeic and endogeic.

2. Study area

The research was carried out in three nature reserves of 
Southern Primorye (Fig. 1, Fig. 2). Within plant commu-
nities (the names of vascular plants are given according 
to World Flora Online, 2012), five forest sites (FS) were 
identified where faunal and quantitative earthworm record-
ings were performed (henceforth FS 1-5):

FS 1. Kedrovaya Pad Nature Reserve – valley fir-cedar 
(Abies nephrolepis (Trautv. ex Maxim.) Maxim., Pinus ko-
raiensis Siebold & Zucc.) broad-leaved forest with ferns 

(Dryopteris crassirhizoma Nakai) and dead cover (about 
50%); 101 m above sea level.

FS 2. Ussuri Nature Reserve, Komarovskoye forest 
district and Turov Hill – cedar (Pinus koraiensis) broad-
leaved forest with sedges (Carex spp.,) and small-herb 
(Oxalis acetosella L.) in cover; hillside forest (207 m 
above sea level).

FS 3. Ussuri Nature Reserve, Komarovskoye forest 
district and Grabovaya Hill (slope). Fir-hornbeam (Abies 
nephrolepis) forest with dead cover (about 80%) and small-
herb (Oxalis acetosella); hillside forest (350 m above sea 
level).

FS 4. Ussuri Nature Reserve, Suvorov forest district 
and Anikin river valley – valley forest with elm (Ulmus ja-
ponica (Rehder) Sarg.), ash (Fraxinus mandshurica Rupr.) 
and cedar (Pinus koraiensis) with cover of ferns (Athyrium 
sinense Rupr, Dryopteris crassirhizoma, Hylomecon ver-
nalis Maxim.) and tall-herbs (Impatiens noli-tangere L., 
Cardamine leucantha (Tausch) O.E.Schulz)); 156 m above 
sea level.

Forest sites 1-4 are the best-preserved forests, with no 
traces of logging and fires over the last century.

FS 5. Komsomolsky Nature Reserve and Gorin riv-
er valley – valley cedar (Pinus koraiensis) broad-leaved 
forest with a cover of ferns (Leptorumohra amurensis 
Tzvelev) and small-herbs (Maianthemum bifolium (L.) 
F.W. Schmidt, Viola sacchalinensis H. Boissieu, Cornus 
canadensis L., Waldsteinia ternata subsp. trifolia (Rochel 
ex W.D.J. Koch) Teppner); 239 m above sea level. This 
site was partially cut down and affected by fires in recent 
decades.

The soil type of all the surveyed test plots (sites) is for-
est brown soil with a well-defined horizon of litter (4 to 
10 cm) from mixed leaf litter of coniferous and deciduous 
species of trees and shrubs.

3. Materials and Methods

The material was collected during the summers (July–Au-
gust) of 2016-2018. To evaluate diversity and spatial dis-
tribution of earthworms, we used fractal design that al-
lows assessing the distribution parameters of groups of 
organisms at different spatial levels; this method was de-
veloped by A.I. Azovsky to count collembolans (Saraeva 
et al., 2015) and was adapted for earthworms (Geraskina 
& Kuznetsova, 2017). 

In each forest type (forest site), one series of 27 soil 
samples (10x10 cm) was taken, depth – 30 cm. Each set of 
samples includes three groups (nine samples in one group), 
at a distance of 10 m from each other. Each group includes 
three subgroups (three samples in one subgroup), at a dis-
tance of 20 cm from each other. The distance between in-
dividual samples within subgroups is 5 cm (Fig. 3). The 
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abundance and biomass of earthworms are calculated per 
m2. The Casey Index was calculated to assess the spatial 
distribution within 1 m2 and the degree of aggregation of 
individuals: Ic = (S2 – M)/M2, where М is the average spe-
cies abundance and S2 the dispersion. At Ic < 0 the distri-
bution is uniform, at Ic = 0 it is random and at Ic > 0 it is 
aggregated (Saraeva et al., 2015). 

Spatial distribution of the types of individuals can be 
convincingly evaluated only if the species abundance has 
at least one specimen per sample (Saraeva et  al., 2015). 
Due to the fact that the obtained data on abundance of 
almost all species was lower than this, we considered the 
spatial distribution of the most numerous groups, i.e. epi-
endogeic and endogeic species.

In addition to quantitative assessment, faunal collec-
tions of earthworms in dead wood of coniferous and de-
ciduous tree species at decomposition stages 2-3 (Ashwood 
et al., 2019) were carried out in the valley forests of FS 4 
and FS 5.

Soil parameters, i.e. soil temperature, humidity and 
acidity (assessed with PH 300 electronic soil indicator) 
were measured in the studied forest types. During the 
accounting periods, the temperature of the litter horizon 
ranged from 13 to 17°С, the mineral horizon from 10 to 
15°C and the pH from 5.5 to 6.5. As for moisture, the soil 
of the studied territories is usually moderately moist: 30-
40% in hillside forests (FS 2-3) or humidity excesses 40-
50% in valley forests (FS 1, 4, 5).

4 
 

 
Figure 1. The map of the test plots. Note: FS 1 – Kedrovaya Nature Pad Reserve, FS 2, 3 and 4 – Ussuri 

Nature Reserve, FS 5 – Komsomolsky Nature Reserve 
 

Figure 1. �The map of the test plots. Note: FS 1 – Kedrovaya Nature Pad Reserve, FS 2, 3 and 4 – Ussuri Nature Reserve, FS 5 – 
Komsomolsky Nature Reserve
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Earthworms were placed in 96% ethyl alcohol. The 
biomass of earthworms was determined by weighing the 
fixed earthworms with a full gut. The species composition 
and functional groups of earthworms were established by 
Cadastre from the Fauna of Russia (Vsevolodova-Perel, 
1997). When comparing samples, the Kruskall-Wallis test 
was used to identify significant differences (p<0.05).

4. Results and discussion

4.1. Taxonomic and functional diversity  
of earthworms

In the course of research, nine species of earthworms, be-
longing to two families and four functional groups, were 
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Figure 2. Pictures of forest habitats and different earthworms’ species. Note: a – Komsomolsky Nature 

Reserve, b – Ussuri Nature Reserve, c – Eisenia nordenskioldi, d – Octolasion lacteum, e – 
Eisenia sp. (juv.), f – Drawida ghilarovi 
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found in the polydominant forests in the southern Far East 
(Table 1). The Lumbricidae family includes eight species, 
of which six are cosmopolitans (epigeic – Dendrobaena 
octaedra (Savigny, 1826), Dendrodrilus rubidus tenuis (Ei-
sen, 1874); epi-endogeic Lumbricus rubellus Hoffmeister, 
1843; endogeic Aporrectodea caliginosa (Savigny, 1826), 
Aporrectodea rosea (Savigny, 1826) and Octolasion lacte-
um (Örley, 1881), as well as two species with limited range 
(epi-endogeic Eisenia nordenskioldi nordenskioldi (Eisen, 
1879)) with the range in the eastern regions of the Europe-
an part of Russia and Ukraine, Siberia, the Far East and the 
East Asian species Eisenia nordenskioldi pallida Malevič 
1956. The Moniligastridae family includes one species 
Drawida ghilarovi Gates, 1969 (endemic to the southern 
Far East), which is represented by two functional groups 
and various colour morphs: epi-endogeic (black morph) 
and anecic (grey, brown and greenish-blue morphs) (Ganin 
& Atopkin, 2018).

The largest species diversity of earthworms was 
found in the valley fir-cedar-broad-leaved forest in the 
Kedrovaya Pad Reserve (FS1) which is home to six spe-
cies of Lumbricidae and two forms of D. ghilarovi species 
(Moniligastridae), i.e. epi-endogeic – black morph and an-
ecic – brown morph. The composition of the functional 
groups of earthworms is full. However, the biomass and 
abundance of earthworms are significantly lower here than 
in the forests of the Ussuri Reserve (FS 2 and 4) (Table 1; 
Fig. 4). That said, we have not conducted surveys of ad-

ditional earthworm habitats other than soil excavations in 
this area, therefore, the potential taxonomic diversity may 
be higher.

The largest abundance and biomass of earthworms 
were identified in this study and the entire spectrum of 
functional groups was represented in the valley elm-ash-
cedar forest of the Anikin river valley (FS 4). The func-
tional structure is dominated by the endogeic species group 
(Fig. 4). The polymorphic species D. ghilarovi is represent-
ed by two forms, i.e. epi-endogeic and anecic, while earth-
worms of three colour morphs are found amongst anecic 
forms: grey, brownish and bluish-green. During the survey 
of Maximovich poplar dead wood (decomposition stage 
3) and Korean pine (decomposition stage 2), D. octaedra,  
D. r. tenuis and a black morph of D. ghilarovi were found. 
The complex phytocenotic structure of this valley forest, 
with a diverse composition of forest-forming species, also 
supports the abundance and unique diversity of xylobiont 
beetles and other insects included in the Red List of Russia 
and neighbouring countries (China, The Republic of Ko-
rea): Callipogon relictus Semenov, 1899; Rosalia coeles-
tis Semenov, 1911; Osmoderma davidis Fairmaire, 1887; 
Carabus (Acoptolabrus) constricticollis Kraatz, 1886 (Co-
leoptera); Apis cerana Fabricius, 1793; and Liometopum 
orientale Karavaiev, 1927 (Hymenoptera) (Kuprin, 2012; 
Kuprin, 2016; Kuprin & Drumont, 2016; Kuprin & Yi, 
2019; Lee et al., 2018). Therefore, this polydominant val-
ley forest can be considered as the most promising one for 
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In each forest type (forest site), one series of 27 soil samples (10x10 cm) was taken, 

depth - 30 cm. Each set of samples includes three groups (nine samples in one group), at a 

distance of 10 m from each other. Each group includes three subgroups (three samples in one 

subgroup), at a distance of 20 cm from each other. The distance between individual samples 

within subgroups is 5 cm (Fig. 3). The abundance and biomass of earthworms are calculated per 

m2. The Casey Index was calculated to assess the spatial distribution within 1 m2 and the degree 

of aggregation of individuals: Ic = (S2 – M)/M2, where М is the average species abundance and 

S2 the dispersion. At Ic < 0 the distribution is uniform, at Ic = 0 it is random and at Ic > 0 it is 

aggregated (Saraeva et al., 2015).  

Spatial distribution of the types of individuals can be convincingly evaluated only if the 

species abundance has at least one specimen per sample (Saraeva et al., 2015). Due to the fact 

that the obtained data on abundance of almost all species was lower than this, we considered the 

spatial distribution of the most numerous groups, i.e. epi-endogeic and endogeic species. 

 

 

Figure 3. Fractal design for assessing the horizontal earthworm distribution (Saraeva et al., 2015, 
Geraskina & Kuznetsova, 2017) 

 

In addition to quantitative assessment, faunal collections of earthworms in dead wood of 

coniferous and deciduous tree species at decomposition stages 2–3 (Ashwood et al., 2019) were 

carried out in the valley forests of FS 4 and FS 5. 

Soil parameters, i.e. soil temperature, humidity and acidity (assessed with PH 300 

electronic soil indicator) were measured in the studied forest types. During the accounting 

periods, the temperature of the litter horizon ranged from 13 to 17°С, the mineral horizon from 

Figure 3. Fractal design for assessing the horizontal earthworm distribution (Saraeva et al., 2015, Geraskina & Kuznetsova, 2017)
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complex ecological studies of the most preserved forest 
ecosystems of Southern Primorye and for studying the re-
lationships between different biota components.

The least diversity, abundance and biomass of earth-
worms (Table  1; Fig.  4) were identified in valley cedar-
broad-leaved forest in Komsomolsky Reserve (FS 5): only 
epigeic and epi-endogeic earthworms were found here. The 
anecic group and soil group, as such, were lacking. In total, 
four earthworm species were identified when soil samples 
and the dead wood survey were taken into account.

Incomplete composition of the earthworm groups was 
also found in the hillside forests: cedar-broad-leaved for-
est (FS 2) and fir-hornbeam forest (FS 3). No epigeic or 
endogeic species were found here. Epi-endogeic E. n. 
nordenskioldi and E. n. pallida predominate in terms of 
abundance and biomass which are the typical species for 
polydominant forests of southern Far East (Perel, 1979; 
Vsevolodova-Perel & Leirikh, 2014). 

The available data on the earthworm population of 
Southern Primorye, obtained mainly from the survey of 
black fir forests in the Ussuri Reserve and the mixed for-
ests of the Kedrovaya Pad Reserve (Gilyarov & Perel, 
1973; Perel, 1979) show that, generally, we have identified 
no potential species diversity of earthworms, either within 
local forest territories (for which a number of cosmopoli-
tan species of the Lumbricidae fam. was also listed) or in 
the south of the Russian Far East in general, for which at 
least 16 earthworms species of four families have been 
specified (Ganin, 2011). At the same time, the results on 
the earthworms’ abundance and biomass obtained by us 
are quite high, especially in the valley elm-ash-cedar for-
est with fern – tall-herb cover (FS 4). According to litera-
ture, these indicators are usually 2-3 times lower in mixed 
forests (Gilyarov & Perel, 1973; Vsevolodova-Perel & 
Leirikh, 2014). Unusually high quantitative indicators of 
the abundance and biomass of earthworms in this forest 
type are due to moist (often waterlogged) soils; it  is also 
evidenced by the prevalence of O. lacteum species which 
is an indicator of waterlogged biotopes (Perel, 1979) and 
good trophic conditions with mixed litter fall and easily de-
composable fractions of linden, poplar, ash, maple leaves 
etc. However, despite similar moisture conditions, as well 
as other comparable trophic and topological conditions 
(soil type, mixed litter fall, pH), the valley cedar-broad-
leaved forest of the Gorin river valley (FS 5) showed the 
lowest abundance, biomass and diversity of earthworms. 
These differences are most likely caused by other factors 
impacting on soil biota, i.e. more frequent fires in Komso-
molsky Reserve and the economic activity (logging) mode, 
including before the creation of the Nature Reserve in 1963 
(Kuberskaya & Novomodnyi, 2019), the consequences of 
which do not allow soil fauna to restore and sustainably 
to develop.

4.2. Patterns of spatial distribution of earthworms

Spatial distribution of earthworms is partially described by 
species occurrence rate within the study area. Epigeic and 
anecic species show the lowest occurrence in samples of 
all the studied communities (under 15% of samples); at the 
same time, these species were not detected in a number of 
communities. Plant communities with the occurrence of 
other functional groups of earthworms (epi-endogeic and 
endogeic) reaching 80-100% may be identified. In this 
regard, the horizontal spatial distribution types were ana-
lysed for these two groups: the distribution of epi-endogeic 
species was studied within three test plots (FS 2, 3 and 4) 
and the distribution of endogeic species was studied within 
two test plots (FS 1 and 4). 

Casey index values for epi-endogeic species on 0.25 m2 
sites was close to zero (+0.5 to -0.5) and, on 1 m2 to 100 
m2 sites, it was below zero (0 to -1.6) (Fig. 5). This type 
of distribution is a sign of absence of aggregations and is 
defined as “covering” (Saraeva et al., 2015) or regular dis-
tribution without aggregation (Whalen, 2004).

Casey index values for endogeic species on 0.25 m2 to 
100 m2 sites are positive (from 0.5 to 2.5), i.e. the distribu-
tion of these species tends to form aggregations (Fig. 6). 
Since there are three levels of aggregation of these spe-
cies, this type of spatial distribution is defined as “spotty” 
(Saraeva et al., 2015) or aggregated distribution (Whalen, 
2004). The largest clusters may be identified within 0.25 
m2 and 1 m2 plots, whereas the smallest ones were found on 
100 m2 plots. There are few studies of the horizontal spatial 
distribution of earthworms in world literature (Pauli et al., 
2010; Gutierrez-Lopez et al., 2010; Jimenez et al., 2014) 
and the available data show that the groups’ distribution is 
usually unstable, season-dependent and is very often de-
termined by the level of soil moisture and the distribution 
of trophic resources (Pauli et al., 2010). In our conditions, 
in the studied forest types, the distribution was evaluated 
on levelled sites with a uniform litter horizon and evenly 
moistened soil, so this distribution pattern can probably be 
explained by the peculiarities of the habitat and travelling 
of functional groups. Epi-endogeic species feed in the litter 
horizon and travel over the soil surface more actively, so 
their distribution type tends more to “covering” or regu-
lar distribution without aggregation; endogeic species are 
more dependent on the mineral horizons of the soil, their 
migration over large areas is limited, individual samples 
often containing a mature individual and several juvenile 
earthworms of different sizes (and age) who live together 
with mature earthworms and are probably unable to travel 
for long distances over a long period.
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Figure 4. Biomass of functional groups of earthworms in polydominant forests of Southern Primorye (1–5 

are numbers of test plots as in Table 1)  

 

4.2. Patterns of spatial distribution of earthworms 

 Spatial distribution of earthworms is partially described by species occurrence rate within the 

study area. Epigeic and anecic species show the lowest occurrence in samples of all the studied 

communities (under 15% of samples); at the same time, these species were not detected in a 

number of communities. Plant communities with the occurrence of other functional groups of 

earthworms (epi-endogeic and endogeic) reaching 80–100% may be identified. In this regard, the 

horizontal spatial distribution types were analysed for these two groups: the distribution of epi-

endogeic species was studied within three test plots (FS 2, 3 and 4) and the distribution of 

endogeic species was studied within two test plots (FS 1 and 4).  

Casey index values for epi-endogeic species on 0.25 m2 sites was close to zero (+0.5 to -

0.5) and, on 1 m2 to 100 m2 sites, it was below zero (0 to -1.6) (Fig. 5). This type of distribution 

is a sign of absence of aggregations and is defined as "covering" (Saraeva et al., 2015) or regular 

distribution without aggregation (Whalen, 2004). 
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Figure 5. Casey index values for the epi-endogeic species group distribution 

 

Casey index values for endogeic species on 0.25 m2 to 100 m2 sites are positive (from 0.5 

to 2.5), i.e. the distribution of these species tends to form aggregations (Fig. 6). Since there are 

three levels of aggregation of these species, this type of spatial distribution is defined as "spotty" 

(Saraeva et al., 2015) or aggregated distribution (Whalen, 2004). The largest clusters may be 

identified within 0.25 m2 and 1 m2 plots, whereas the smallest ones were found on 100 m2 plots. 
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5. Conclusions

One of important criteria for the assessment of earthworm 
population is the functional diversity of the heterogene-
ous composition of the functional group of these sap-
rophages. The most complete set of functional groups of 
earthworms was only found in two valley forests amongst 
the studied polydominant forests: Kedrovaya Pad Reserve 
and in the valley of the Anikin River (Ussuri Reserve). 
These forests are home to epigeic, epi-endogeic, endogeic 
and anecic species. Epigeic and endogeic species were not 
found in hillside forests of the Ussuri Reserve (Turov Hill, 
Grabovaya Hill). 

No endogeic or anecic species were found in the val-
ley section of the Komsomolsky Reserve (Gorin river 
valley), despite a detailed survey of different habitats 
(dead wood, micro-depressions etc.), which is a sign of 
serious disturbances of these ecosystems that occurred 
in the past. The main reasons are most probably associ-
ated with considerable anthropogenic impact on these for-
ests and their poorer preservation as compared to other 
studied territories, because, in general, the floral diversity 
of the main forest-forming species, mixed litter fall, the 
intensity of soil horizons, good moisture (including in 
summer seasons) and the presence of dead wood, form 
potentially favourable habitats for different groups of  
earthworms.

Horizontal spatial distribution was analysed for the 
dominating groups of earthworms in terms of biomass 
and occurrence, i.e. epi-endogeic and endogeic. Plots of 

different sizes have shown the “covering” type of dis-
tribution for the epi-endogeic species, i.e. these species 
do not show a tendency to form aggregations in homo-
geneous conditions, but are spread evenly. On the con-
trary, the endogeic species have shown the “spotty” type 
of distribution, i.e. these species have a tendency to form  
aggregations.
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Abstract. The research was carried out in the coniferous-deciduous forests of the northwestern Caucasus, growing in similar cli-
matic and soil-orographic conditions. Three types of forests of different ages were studied: aspen-hornbeam (50-70 years), beech-fir-
hornbeam (80-110 years) and fir-beech forests (over 450 years). The studies were performed on the territory Krasnodar Krai (upper 
reaches of the Pshekha river, State Nature Reserve Chernogor’e) and the Republic of Adygea (upper reaches of the Belaya river, the 
Caucasian State Biosphere Reserve) in the summer seasons 2016 and 2019. The research involves geobotanical, population-ontogenet-
ic, and soil-zoological methods. It has been established that in the canopy gaps of all forest types species density of plants is almost 
twice as high as in under-crown areas or even higher due to good light factor and high soil moisture since the tree stand does not 
intercept precipitation. Regeneration of tree cenopopulations in all forest types is much more effective in canopy gaps compared to 
under-crown areas. The undergrowth density of different types of trees is 10 and more times higher in gaps than in the under-crown 
areas. The maximum number of ecological-coenotic groups of plants is observed in the canopy gaps in all types of forest. All major 
trophic groups of macrofauna inhabit canopy gaps and under-crown areas, but their biomass in gaps is significantly exceeds that in 
under-crown areas. Due to the fact that soil moisture supply is an essential factor for moisture-loving saprophages’ activity, biomass 
of saprophages is on average twice as high in gaps than under-crown areas of all forest types. Only canopy gaps have high biomass 
of anecic earthworms – there are important ecosystem engineers, which contribute a lot to plant litter processing and the formation 
of soil porosity.

Keywords: earthworms, forest community, invertebrates, species richness, treefall gaps, trophic groups, saprophages, under-crown 
area, undergrowth.

ous differences in the conditions for plant growth under 
the canopy of deciduous and coniferous tree species. How-
ever, drastic changes in the light and precipitation mode 
occur after the fall of old trees and canopy gaps formation. 
Great attention is currently being paid to the role of canopy 
gaps in maintaining biological (Bartemucci et  al., 2002) 
and structural diversity (Zhang et al., 2013; Muscolo et al., 
2014) of forest communities and application this knowl-
edge in forest management practices (Vajari et al., 2012; 

1. Introduction

Gap dynamics model defines the self-support capabilities 
of forests (Watt, 1947; Oldeman, 1983; Whitmore, 1990). 
In this model, forests are shown as a mosaic of spots of 
different ages with a continuous change in the vegetation 
species composition. It has been shown that the canopies 
of various tree species can act as ecological filters (Gan-
dolfi et al., 2007) for vegetation renewal. There are obvi-
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Yamamoto, 1996; Rebertus & Veblen, 1993; Runkle, 2000; 
Haghverdi et al., 2012; etc.). The area of natural canopy 
gaps according to literature can range from 200 to 5.000 m2 
(Muscolo et  al., 2014), the average gap size for Eastern 
European forests is between 200 and 600  m2 (Smirnova 
et  al., 2004). It has been shown that gap size also deter-
mines the structural and functional diversity of the soil 
macrofauna (Kooch & Hosseini, 2010; Kooch & Hagh-
verdi, 2014), particularly that of soil saprophages, which 
act as a driver of litter decay. Assessing of and forecasting 
the sustainable development of forest ecosystems requires 
linked studies of transformation of vegetation and large 
soil macrofauna that mediates the influence of vegetation 
on soil properties through the quality of litter (Frouz et al., 
2013). Due to the fact that undercrown spaces and gaps dif-
fer in light factor and the amount of precipitation, it can be 
assumed that the diversity and composition of functional 
groups of plants and soil macrofauna will differ between 
these structural elements. The diversity of some plant and 
invertebrate groups can be expected to be higher in gaps 
than under canopy.

The objective of the work is to assess the contribution 
of gaps to the maintenance of structural and biological di-
versity of vegetation and soil macrofauna of mixed conif-
erous-broad leaved forests of the northwestern Caucasus.

2. Study area

The research was carried out in the upper reaches of the 
Pshekha river (Krasnodar Krai) and the Belaya river (Re-
public of Adygea, Caucasian State Biosphere Reserve) 
(Fig. 1). This territory is part of the Western mountain prov-
ince of the Greater Caucasus (Gvozdetsky, 1963; Milkov  
& Gvozdetsky, 1986). Average annual precipitation is 
1.200 mm. Average annual temperature is +10.3°C. Positive 
air temperatures remain for 292-361 days, and the growth 
season (T>10°C) is 160-234 days (http://meteo.ru). The re-
lief is complex: from the pronounced Alpine relief in the 
upper reaches of the Belaya river, composed of clay shales 
and limestones, to the relatively flat foothill in the upper 
reaches of the Pshekha river, composed of clay and crystal 
shales. High ruggedness of the mountain topography and 
elevation differences cause vertical variability of all climate 
indicators. Schist eluvia-based brown soils (Cambisols 
Dystric, WRB…, 2015) are common in the soil cover. The 
thickness of the humus horizon is on average 10-15  cm, 
humus content in the upper horizon can reach 10-15%,  
pH is acidic or slightly acidic (Shishov et al., 2004). 

In similar climatic and soil-orographic conditions three 
types of coniferous-deciduous forests of the northwestern 
Caucasus, i.e. aspen-hornbeam, beech-fir-hornbeam and 
fir-beech forests, were selected as the object of research 
(Fig. 2). 
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Figure 2. �Under-crown areas and canopy gaps of coniferous-deciduous forests of the northwestern Caucasus. Plant communities 
of: 1 – under-crown area aspen-hornbeam forest type; 2 – canopy gap aspen-hornbeam forest type; 3 – under-crown area 
beech-fir-hornbeam type of forest; 4 – canopy gap beech-fir-hornbeam type of forest; 5 – under-crown area fir-beech forest 
type; 6 – canopy gap fir-beech forest type
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3. Materials and Methods

3.1. Characteristics of forest types

The aspen-hornbeam forest type is formed after clear and 
selective logging, the maximum age of trees is 50-70 years, 
the height of the tree canopy is 22±3.7 meters, the average 
stock of stem wood is 293±34 m3/ha, of which Carpinus 
betulus accounts for about 60-75% of the stock and Popu-
lus tremula – for about 10-20% of the stock, whereas the 
share of other species is less than 10-5% (Lukina et  al., 
2018).

The beech-fir-hornbeam type of forest is formed on 
the sites of old clear and selective loggings, the maximum 
age of trees of the first post-harvest generation is 80-110 
years, the height of the stand is 32±5.7 meters. The average 
stock of stem wood is 319±87 m3/ha, with Carpinus betu-
lus accounting for 40-50% of the total wood stock, Abies 
nordmanniana – for 20-30% and Fagus orientalis – for 
20-25%. In the beech-fir-hornbeam type of forest, there is 
a gradual loss of light demanding tree species that formed 
the first post-harvest generation. The upper tree layer in-
cludes young shade-tolerant trees of Abies nordmanniana 
and Fagus orientalis (Lukina et al., 2018).

The fir-beech forest type is characterized by the ab-
sence of traces of logging or fire (no coal was found in 
soil), the tree layer has a complex spatial structure and is 
represented by trees of different ages. This type of forest 
was described on the territory of the Caucasian biosphere 
reserve which has preserved well since the end of the 18th 
century, so the remaining local forests are the closest to 
natural ones. The age of individual fir trees exceeds 450 
years; the height of the tree canopy reaches 50±12.1 me-
ters. The average stock of stem wood is 1.097±265 m3/ha, 
with Fagus orientalis accounting for 66 to 82% of the total 
stock of stem wood, and Abies nordmanniana accounting 
for 16 to 32% (Lukina et al., 2018).

According to the ecological and floristic classification, 
these forests belong to different associations of Abieti-
Fagenion orientalis sub-union Korotkov et Belonovskaja 
1987 of Vaccinio-Fagion orientalis union (Zohary, 1973) 
Passarge 1981 of Rhododendro pontici-Fagetalia orientalis 
order (Soo, 1964) Pass. 1981, of Querco-Fagetea class Br.-
Bl. et Vlieger 1937.

This research was conducted in the summer seasons of 
2016 and 2019. The study involved geobotanical, popula-
tion-ontogenetic, and soil-zoological methods.

3.2. Geobotanical methods

Square plots of 400 m2 were laid out for plant communi-
ties description. In each forest type there were made 37 
geobotanical descriptions in the under-crown area, and 10 
descriptions in the canopy gaps. 81 descriptions of under-

crown areas and 30 descriptions of gaps were made in to-
tal. A complete floral list taking into account the layered 
structure of vegetation was made up for each plot. In each 
layer, the projective cover of species was defined accord-
ing to the scale of J. Braun-Blanquet (1964, cited by Mir-
kin et al., 1989). Latin names of vascular plants and mosses 
are given according to World Flora Online (2020). Species 
diversity of communities was evaluated through the indica-
tors of species richness and species saturation (Smirnova 
et al., 2002).

3.3. Population-ontogenetic methods and classification 
of the ecological-coenotic groups of vascular plant

The periodization of ontogenesis proposed by T.A. 
Rabotnov (1950) and supplemented by Uranov (1975) 
and his students (Zaugolnova et  al., 1988) is used. The 
following states are distinguished in the tree ontogenesis: 
juvenile (j); immature (im); virginal (v); young generative 
(g1), mature generative (g2) and old generative (g3); senile 
(s) (Smirnova et. al., 1999; Evstigneev & Korotkov, 2016). 
The ontogenetic states of woody plants were determined 
based on previously published works (Romanovsky, 2001; 
Evstigneev, 2014; etc.). The composition of tree cenopo-
pulations was determined in under-crown areas and gaps in 
each forest type. Plots of different sizes were subjected to 
recording. Immature, virginal, generative and senile trees 
over 1.5 m high were counted on 0.25 ha plots (in trip-
licate for each forest type). Immature and virginal trees 
up to 1.5 m high were counted on 100 m2 plots (in 6-fold 
repetition for each forest type). Juvenile individuals were 
counted on 1 m2 plots (in 30-fold repetition for each forest 
type). The data obtained were extrapolated for 1 ha. The 
type of ontogenetic spectrum was established according 
to the classification proposed by T.A. Rabotnov (1950), 
later supplemented and detailed (Rysin & Rysina, 1966; 
Uranov & Smirnova, 1969; Zaugolnova et  al., 1988). In 
addition to ontogenetic states, the absolute age of trees was 
determined: core samples were taken with an increment 
borer near the base of the trunk to calculate the number 
of annual rings.

The paper is using the classification of the ecological-
coenotic groups of vascular plant species developed for 
European Russia (Smirnova et al., 2002, 2004; Smirnova, 
2004). The ecological-coenotic structure refers to the com-
position and quantitative ratio of species belonging to dif-
ferent ecological-coenotic groups. According to Nitcenko 
(1969) ecological-coenotic groups shall mean the large 
groups of ecologically close species that are associated 
with different types of communities in their genesis. All 
species were divided into the following ecological-coenot-
ic groups: Br – boreal species, Md – meadow-forest edge, 
Nm – nemoral, Nt – nitrophilic, Wt – near-water, others – 
other ECGs (Smirnova et al., 2017).
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3.4. Soil-zoological methods

Quantitative calculations of soil invertebrates of the mac-
rofauna size bracket were carried out in gaps and under-
crown areas of three forest types. Records in litter and 
soil were made by excavation and manual analysis of soil 
samples (Gilyarov, 1975). Invertebrates were fixed in 70-
80% ethanol. The size of a separate sample was 25x25 
cm, the depth up to 30 cm. In aspen-hornbeam forest 54 
soil samples were taken in under-crown areas (18 – un-
der aspen canopy and 18 – under hornbeam canopy) and 
18 samples in the canopy gaps (3 gaps examined); in the 
beech-fir-hornbeam forest 72 soil samples were taken in 
under-crown areas (18 – under beech canopy, 18 – un-
der fir canopy and 18 – under hornbeam canopy) and 18 
samples in the canopy gaps (3 gaps examined); in the fir-
beech forest 54 soil samples were taken in under-crown 
areas (18 – under fir canopy and 18 under beech canopy) 
and 18 samples in the canopy gaps (3 gaps examined). 
Insects, mollusks, crustaceans, and millipedes were identi-
fied up to supraspecific taxa (using field guides (Likharev 
& Rammelmeyer, 1952; Lokshina, 1969; Mamaev, 1972). 
Earthworm species were identified with field guides (Vs-
evolodova-Perel, 1997). The morphoecological groups of 
earthworms are differ in habitat in different soil horizons 
and in their functional role in the mineralization of organic 
residues (Bouche, 1977).

3.5. Ecological characteristics of forest communities

Ecological characteristics of communities (L – light fac-
tor; R – pH; F – soil moisture; N – nitrogen content; T – 
thermal factor; K – continentality; H – soil humus) were 
obtained as weighted average scores for the correspond-
ing species characteristics according to the ecological scale 
of Landolt (1977). Descriptions were ordinated with the 
indirect gradient detrended correspondence analysis and 
determination of the correlation level (r) and significance 
level (p) (Detrended Correspondence Analysis (DCA) in 
PC-ORD 5.0, SpeDiv, Past software).

4. Results

4.1. The aspen-hornbeam forest type

In the under-crown area, the tree stand is dominated by 
Carpinus betulus and codominated by Populus tremula. 
Cerasus avium, Fagus orientalis, and Quercus hartwissi-
ana are found as admixture. Canopy closure is 80-90%. 
Abies nordmanniana, Carpinus betulus, Corylus avellana, 
and Fagus orientalis are often found in the undergrowth 
layer, while Betula pubescens, Crataegus monogyna, and 
Daphne caucasica are found in the admixture together with 

Pyrus caucasica and Quercus hartwissiana. The projective 
cover of the layer is 10-30%. Lonicera caprifolium and 
Polygonatum glaberrimum dominate the herb-dwarf shrub 
layer, and Abies nordmanniana, Carex sylvatica, Carpinus 
betulus, Cerasus avium, Fraxinus excelsior, Hedera he-
lix, Vincetoxicum scandens, etc. are common. The projec-
tive cover of the layer ranges from 30 to 70%. The moss 
layer is distributed sporadically on elevations near the tree 
trunk and deadwood and is rarely seen on soil mounds; 
the projective cover is 3-5(10)%. Anomodon attenuatus, 
Brachytheciastrum velutinum, Hypnum cupressiforme, 
Leucodon sciuroides are the common species in the layer.

Light demanding species dominate the tree stand of the 
community. Shade-tolerant Abies nordmanniana and Fa-
gus orientalis are found as isolated rare trees. The full on-
togenetic spectrum (with all ontogenetic groups represent-
ed in the ontogenetic spectrum of the species cenopopula-
tion) was recorded for Carpinus betulus cenopopulation. 
In the aspen-hornbeam forest type, the first generation of 
hornbeam trees is decaying, and the share of standing dead 
trees reaches 40%. The invasive type of the ontogenetic 
spectrum (with only juvenile and immature individuals 
represented in the spectrum) is typical for the cenopopula-
tions of Acer platanoides, A. campestre, Fagus orienta-
lis, and Fraxinus excelsior. Abies nordmanniana, Popu-
lus tremula, Quercus hartwissiana, and Tilia begoniifolia 
cenopopulations have the intermittent spectrum (with one 
or more ontogenetic groups missing from the spectrum), 
whereas Betula pubescens and Cerasus avium (Fig. 3) have 
fragmented spectrum (with only one or more ontogenetic 
groups present in the spectrum).

Soil macrofauna in the aspen-hornbeam type of forest 
in under-crown areas is represented by 19 orders and fa-
milies. The total number of invertebrates is 127 ind./m2, 
and the biomass is 6.27 g/m2 (Table 1, 2). Among trophic 
groups, saprophages and predators dominate in terms of 
quantity (Fig.  4), and saprophages in biomass (Table 2). 
Saprophages make up 83% of the total macrofauna bio-
mass. The average number of litter and soil forms does not 
differ significantly (Fig. 5).

Differential consideration of under-crown areas shows 
that the density of macrofauna is twice as high under aspen 
crowns (86±9.8 ind./m2) as under hornbeam (41±5.5 ind./
m2), while the biomass between the two tree species does 
not differ (3.17±1.7 and 3.10±2.5 g/m2 under aspen and 
hornbeam crowns, respectively) due to the fact that by the 
summer season, easily decomposable hornbeam litter fall 
is mostly utilized whereas decomposition-resistant aspen 
litter fall still remains. Therefore, the number of small lit-
ter forms is higher in under-crown areas of aspen than in 
that of hornbeam. In under-crown areas of aspen the litter 
horizon is inhabited by representatives of fam. Elateridae, 
order Lithobiomorpha fam. Pholcidae, fam. Scarabaeidae, 
fam. Julidae, suborder Oniscidea, the mineral horizon is 
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Table  1 .  The number of macrofauna (ind./m2) in under-crown areas and canopy gaps

Taxonomic groups of 
invertebrates

Trophic 
groups

Type of forest
aspen-hornbeam beech-fir-hornbeam fir-beech

under-
crown

canopy 
gap

under-
crown

canopy 
gap

under-
crown

canopy 
gap

fam. Araneidae

predators

0 0 2±0.1 0 0 0
fam. Pholcidae 2±0.1* 0 6±2.3 0 0 0
order Pseudoscorpionida 4±0.2 4±2.5 9.6±3.5 0 0 0
order Scolopendrida 10±4.5 0 1.8±0.3 0 2±0.1 0
order Geophilomorpha 12±4,5 10±3.1 9.6±3.2 14±4.3 8±0.8 2±0.1
order Lithobiomorpha 14±6.5 14±6.2 16.8±3.6 14±2.4 10±2.5 10±1.5
order Hemiptera 0 0 1±0.2 0 0 0
fam. Carabidae 1±0.2 8±4.5 0.6±0.1 4±0.2 1±0.2 4±0.4
fam. Staphylinidae 2±0.1 6±3.1 3.6±0.4 2±0.6 0 4±0.4
fam. Tenebrionidae 0 1±0.2 1.2±0.2 0 0 2±0.1
fam. Chrysomelidae

phytophages
1±0.2 4±2.4 1.8±0.2 2±0.1 0 0

fam. Elateridae 11±4.6 18±6.4 13.2±4.5 8±3.5 7±2.2 4±2.2
fam. Scarabaeidae 6±4.3 2±0.1 1.8±0.3 2±0.1 1±0.2 2±0.1
superfam.Cucujoidea 

mixophages
0 0 0 0 1±0.2 0

fam. Forficulidae 5±2.5 2±0.1 1.8±0.2 2±0.1 1±0.2 2±0.1
order Trichoptera 0 0 0 0 0 2±0.1
order Pulmonata

saprophages

0 0 0 0 1±0.2 0
fam. Limacidae 3±0.5 2±0.1 3.6±0.3 2±0.1 3±0.1 2±0.1
fam. Lumbricidae 18±4.9 66±9.5 15±3.5 44±3.6 27±3.5 42±2.5
suborder Oniscidea 14±6.5 18±6.3 15±4.6 18±4.5 3±0.2 2±0.1
order Polydesmida 0 0 2±0.2 0 2±0.1 0
fam. Julidae 18±8.8 26±4.8 33.6±5.4 16±2.8 3±0.3 2±0.1
fam. Ectobiidae (imago) 1±0.2 0 0 0 0 0
order Diptera (larvae) 1±0.2 2±0.1 3.6±0.4 4±0.2 3±0.3 0
fam. Tipulidae (larvae) 0 4±0.8 0 2±0.1 0 0
fam. Lampyridae (imago)

afagi
2±0.1 0 1±0.2 0 0 2±0.1

order Lepidоptera (cocoons) 2±0.1 0 0 0 0 0
Total number: 127±15.6 193±22.5 144.6±31.2 134 ±18.6 76 ±15.4 80 ±19.2

* bold type points out statistically significant differences between under-crown areas and canopy gaps within a single forest type 
(Kruskell-Wallis test)

dominated by representatives of the orders Scolopendrida, 
Geophilomorpha, fam. Lumbricidae and larvae of fam. 
Elateridae, among the representatives of fam. Lumbrici-
dae only two species of the endogeic group of earthworms 
were found in the aspen under-crown areas: Aporrecto-
dea jassyensis and Dendrobaena schmidti. In the under-
crown areas of hornbeam the litter is inhabited by species 
of fam. Julidae, larvae of fam. Scarabaeidae and epigeic 
earthworms (fam. Lumbricidae). Three species of epigeic 
earthworms – Dendrobaena octaedra, Dendrodrilus rubi-

dus tenuis, and Eiseniella tetraedra – were found. In the 
mineral horizon, representatives of the orders Scolopendri-
da, Lithobiomorpha, Geophilomorpha and endogeic worms 
A. jassyensis and D. schmidti are typical. 

The canopy gap area in the aspen-hornbeam forest 
ranges from 290 to 365 m2, each gap is 10-15 years old. 
On the periphery of the gaps, Carpinus betulus dominates 
the stand, Populus tremula is often the codominant; Al-
nus glutinosa, Fraxinus excelsior, Quercus hartwissiana, 
Betula pubescens, etc. are rarely found as admixture. The 
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Table 2. Biomass of the main trophic groups of macrofauna (g/m2) in under-crown areas and canopy gaps 

Trophic groups

Type of forest

aspen-hornbeam beech-fir-hornbeam fir-beech

under-crown canopy gap under-crown canopy gap under-crown canopy gap

saprophages 5.2±1.4 8.8±2.2* 5.03±1.2 9.6±2.4 9.7±4.4 24.5±4.8

predators 0.56±0.05 0.48±0.1 0.61±0.3 0.8±0.5 0.44±012 0.16±0.05

phytophages 0.37±0.1 0.3±0.1 0.34±01 2.04±0.9 0.08±0.06 0.02±0.01

mixophages 0.14±0.1 0.08±0.04 0.02±0.01 0.16±0.03 0.08±0.3 0.12±0.08

Total biomass: 6.27±2.4 9.67±2.8 6.0±1.5 12.6±3.7 10.3±2.5 24.8±3.8

* bold type points statistically significant differences between under-crown areas and canopy gaps within a single forest type 
(Kruskell-Wallis test).
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projective cover of the tree stand layer ranges from 10 to 
30%. The undergrowth is well developed, the projective 
cover ranges from 30 to 80%. The tree stand is dominated 
by Alnus glutinosa, Carpinus betulus, Corylus avellana, 
and Abies nordmanniana. The projective cover of the herb-
dwarf shrub layer ranges from 40 to 100%. Most often, the 
layer is dominated by Rubus caesius, often the co-domi-
nants are Galeopsis tetrahit, Lonicera caprifolium, Fra-
garia vesca, Carex sylvatica, Solidago virgaurea and Viola 
alba subsp. dehnhardtii. The moss layer is well developed 
and confined to deadwood, mounds, and elevations near 

tree trunks. The projective cover of the layer ranges from 
5 to 40%. Hypnum cupressiforme, Leucodon immersus are 
common species here. 

In the gaps of the aspen-hornbeam type of forest, the 
full ontogenetic spectrum (due to generative trees along 
the gap periphery) was found for the cenopopulation of 
Abies nordmanniana, Alnus glutinosa, Carpinus betulus, 
C. orientalis, Cerasus avium, Fagus orientalis, Fraxinus 
excelsior, Populus tremula, Pyrus caucasica, and Quercus 
hartwissiana. The invasive type was found for Acer camp-
estre, A. platanoides, Tilia begoniifolia and Ulmus glabra, 
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the intermittent type – for Crataeus monogyna (Fig.  3). 
Thus, in the gaps of young post-logging forests, both light 
demanding and shade-tolerant tree species are being suc-
cessfully regenerating.

Representatives of 16 taxonomic groups of macrofau-
na (orders and families) were found in the gaps of aspen-
hornbeam forests. The total number (Table 1) and biomass 
(Fig.  6) of gap macrofauna are significantly higher than 
that of under-crown areas. At the same time, the number 
(Fig. 4) and biomass (Table 2) of predators, phytophages 
and mixophages in under-crown areas and gaps do not 
differ. Significant differences were found for the trophic 
group of saprophages – their number is almost 3 times 

higher, and biomass is 1.7 times higher in gaps as com-
pared to under-crown areas. Unlike the under-crown areas 
the biomass of soil-dwelling invertebrates (Fig. 7) is high 
in gaps, particularly due to the presence of large earth-
worms, including the anecic form. The litter horizon is 
dominated by saprophages of the fam. Julidae and sub-
order Oniscidea as well as epigeic earthworms D. attemsi 
and D. octaedra. Single representatives of other groups and 
families are found. In mineral horizons, predators of order 
Geophilomorpha; saprophages: Diptera larvae and earth-
worms – endogeic species A. jassyensis and D. schmidti 
as well as a large anecic species D. mariupoliensis are  
common. 
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4.2. Beech-fir-hornbeam type of forest

In the under-crown area, the composition of the stand is 
codominated by Carpinus betulus, Fagus orientalis and 
Abies nordmanniana. Tilia begoniifolia is found in the 
admixture. The projective cover of the layer ranges from 
70 to 90%. The undergrowth is dominated by Abies nord-
manniana (im, v) with the density 3-4, less frequently by 
Fagus orientalis – 1-2 and Rhododendron luteum (1). The 
projective cover of the layer ranges from 30 to 80%. There 
are no dominants of the herb-dwarf shrub layer. Common 
species are Abies nordmanniana, Carex sylvatica, Dryopt-
eris filix-mas, Euonymus europaea, Lonicera caprifolium, 
Polygonatum glaberrimum, Rubus caesius, Solidago vir-
gaurea, Dioscorea communis; the projective coverage of 
the layer ranges from 20 to 60%. The moss layer is local-
ized on elevations near tree trunks, on tree trunks, dead-
wood, and stumps. Anomodon attenuatus, Hypnum cupres-
siforme, Leucodon sciuroides are common species.

In the under-crown areas of the fir-beech-hornbeam 
forest type, the full ontogenetic spectrum was observed 
for the cenopopulations of Abies nordmanniana and Fa-
gus orientalis. The intermittent spectrum was identified 
for the cenopopulations of Carpinus betulus, Fraxinus ex-
celsior, Populus tremula, and Quercus petraea; invasive 
spectrum – for Acer platanoides, Cerasus avium, Tilia 
begoniifolia, and Crataegus monogyna. The fragmentary 
type of spectrum represented only by juvenile and imma-
ture individuals is typical for light demanding species, i.e. 
Betula pubescens, Castanea sativa, Pyrus caucasica, and 
Acer campestre (Fig. 3). Undergrowth of these species was 
found only in well-lit areas. 

The soil macrofauna of the fir-beech-hornbeam type of 
forest includes representatives of 21 taxa (orders and fami-
lies) totally amounting to 144 ind./m2 in terms of numbers 
(Table 1) and to 6 g/m2 in terms of biomass (Table 2) were 
identified in the under-crown areas. Saprophages clearly 
dominate among trophic groups both in number and in 
biomass, followed by predators, phytophages, and mix-
ophages (Table 2), as in other types of forest. It is in this 
type of forest that differences between the number of lit-
ter and soil fauna are the greatest; litter is 2.7 times more 
densely inhabited than soil (Fig. 5) due to the fact that there 
is a thick mixed litter of decomposition-resistant fir and 
beech litter, while quickly decomposable hornbeam litter 
is a favourable trophic resource for litter fauna. Differen-
tial consideration of the distribution of invertebrates shows 
that the highest numbers and biomass of macrofauna were 
found under fir (59±6.8 ind./m2 and 2±0.6 g/m2) and horn-
beam crowns (51±7.2 ind./m2 and 2.6±0.7 g/m2), where-
as the lowest – under beech crowns (34±6.5 ind./m2 and  
1.4±0.5 g/m2). In under-crown areas of fir, the litter is 
dominated by calciphilous groups: millipedes of fam. Ju-
lidae, order Polydesmida, woodlice (suborder Oniscidea). 
Geophila predators are typical (order Geophilomorpha) as 
well as drupes (order Lithobiomorpha) and saprophages – 
earthworms, among which D. schmidti dominates are typi-
cal for humus and mineral horizons. The under-crown ar-
eas of hornbeam show the greatest variety of litter and soil 
macrofauna. Representatives of Lithobiomorpha, Pseu-
doscorpionida orders, and fam. Pholcidae and Staphyli-
nidae as well as epigeic species of fam. Lumbricidae –  
D. hortensis are typical for the litter. In the soil, the larvae 
of snapping beetles (fam. Elateridae) and dipterans (subor-
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der Diptera) are numerous, as well as predatory centipedes 
of Scolopendrida order and earthworms, among which  
D. schmidti dominates; also, a single anecic species D. 
mariupoliensis was found. Under the beech crowns, mil-
lipedes, woodlice and drupes dominate in the litter; in the 
soil, geophiles, larvae of snapping beetles, and earthworms 
are few in number – singular individuals of endogeic spe-
cies D. schmidti and A. jassyensis are found in soil.

The area of canopy gaps ranges from 240 to 340 m2. 
The gaps are 10 to 15 years old. The stand of gaps pe-
ripheryis dominated by Carpinus betulus, Fagus orientalis, 
whereas Abies nordmanniana is found as admixture. Popu-
lus tremula, Quercus hartwissiana, Acer platanoides, and 
Alnus glutinosa are rare. The projective cover of the stand 
layer ranges from 10 to 30%. The undergrowth is often 
dominated by Rhododendron luteum. Abies nordmanniana, 
Corylus avellana, Crataegus microphylla, etc are common 
species here. The projective cover of the layer varies great-
ly from 40 to 80%. The herb-dwarf shrub layer is well de-
veloped, the projective cover is 60 to 100%. The layer is 
dominated by Rubus caesius, Carex sylvatica, Dioscorea 
communis, Lonicera caprifolium, Rhododendron luteum, 
Galeopsis tetrahit, Lactuca muralis, Myosotis amoena, 
etc. Common moss species are Anomodon attenuatus, 
Atrichum undulatum, Leucodon sciuroides, Plagiomnium 
medium, etc. The projective cover of the moss layer varies 
from 3 to 25%. Mosses are confined to dead wood, eleva-
tions near the tree trunk, mounds and stumps.

In the canopy gaps of the beech-fir-hornbeam forests, 
the full ontogenetic spectrum was observed for the cenopo-
pulations of Abies nordmanniana, Acer campestre, A. lae-
tum, Carpinus betulus, Cerasus avium, Crataegus monogy-
na, Fagus orientalis, Fraxinus excelsior, Pyrus caucasica, 
Quercus hartwissiana, and Tilia begoniifolia. The invasive 
type of spectrum was found for Alnus glutinosa, Castanea 
sativa, and Sorbus torminalis. The intermittent spectrum 
– for Acer platanoides and Populus tremula, fragmented 
– for Acer pseudoplatanus, Populus tremula and Ulmus 
glabra (Fig. 2). Thus, the beech-fir-hornbeam type of for-
est enjoys the regeneration of the largest number of tree 
species in comparison with other types of forest.

The macrofauna of the beech-fir-hornbeam forest gaps 
includes 14 taxa (orders and families), while the total num-
ber does not differ significantly from the number in the 
under-crown areas (Table 1), and the biomass is 2 times 
higher as compared to the under-crown areas (Table  2). 
The biomass of all trophic groups of invertebrates, i. e. 
saprophages, predators, phytophages, and mixophages is 
significantly higher in gaps (Table 2). The number of lit-
ter dwellers is higher than that of soil (Fig. 5), while the 
population of soil on the contrary exceeds that of litter in 
terms of biomass (Fig. 7). Saprophages such as woodlice, 
gastropods, millipedes, and epigeic earthworms are numer-
ous in litter. Predators are less common and are mostly rep-

resented by rove beetles and ground beetles. Among phy-
tophages, imagines of leaf beetles and larvae of lamellicorn 
beetles are found. Soil is mostly inhabited by saprophag-
es, among which earthworms are predominant: endogeic 
species D. schmidti and A. jassyensis and anecic species  
D. mariupoliensis are numerous. Millipedes, fly larvae, 
and larvae of crane flies (fam. Tipulidae) were also seen 
which were not found in under-crown areas. 

4.3. Fir-beech forest type

In the under-crown areas, the stand is only codominated 
by Fagus orientalis and Abies nordmanniana. Acer plata-
noides and Carpinus betulus are found as admixtures. The 
upper sub-layer of the stand is represented exclusively by 
Fagus orientalis, while the lower one is represented by 
Abies nordmanniana with a small admixture of Fagus ori-
entalis. The projective cover of the stand is 90-95%. The 
undergrowth layer is dominated by Abies nordmanniana 
and Fagus orientalis. Ribes petraeum, Ilex colchica, and 
Rhododendron ponticum are found as singular trees. The 
projective cover of the layer ranges from 5 to 20%. The 
herb-dwarf shrub layer is a dead-soil layer, the projective 
cover is 5-7%. Common species are Abies nordmanniana, 
Acer platanoides, and Fagus orientalis. Singular plants of 
Cephalanthera rubra, Dryopteris filix-mas, Fraxinus excel-
sior, Moehringia trinervia, Monotropa hypopitys, Neottia 
nidus-avis and Tilia begoniifolia are found. The moss layer 
is localized on elevations near tree trunks, on tree trunks, 
deadwood, and soil. The projective cover is 5-10(12)%. 
Common species are Isothecium alopecuroides, Neckera 
complanata, Eurhynchium angustirete, Hypnum cupressi-
forme, Leucodon sciuroides and Ulota crispa. 

Only the cenopopulation of Abies nordmanniana has 
the full ontogenetic spectrum in the under-crown area of 
the fir-beech forest. The cenopopulation of Fagus orien-
talis has an intermittent spectrum with no virginal indi-
viduals. The intermittent spectrum was also observed for 
the Carpinus betulus cenopopulation. Plants of this species 
with reduced vitality are found very rarely on the area of 
former gaps. Due to the high growth rate, hornbeam quick-
ly occupies vacant areas. The invasive type is observed in 
Acer platanoides and Tilia begoniifolia, cenopopulations 
of Fraxinus excelsior, Betula pubescens, Cerasus avium, 
and Populus tremula have the fragmentary type of spec-
trum (Fig. 2). The undergrowth of the above species dies 
early due to the lack of light.

The composition of macrofauna in the fir-beech for-
est type is characterized by the smallest variety of taxo-
nomic groups, and the smallest number (Table 1), but the 
biomass of macrofauna in this forest type is significantly 
higher than in other forest types (Fig.  6; Table  2). Rep-
resentatives of 15 families and orders were found in the 
under-crown areas (Table 1). Among trophic groups, sap-
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rophages predominate (Fig. 4; Table 2), which account for 
more than half of the total population, and their biomass 
is 94% of the total biomass. The number and biomass of 
inhabitants of soil horizons is higher than that of the lit-
ter horizon (Fig. 5). The number and biomass of inverte-
brates in the under-crown areas of fir is significantly higher 
(44±8.2 ind./m2; 5.9±1.5 g/m2) than under beech crowns 
(32±8.8 ind./m2 and 4.6±1.4 g/m2). Larvae and imagines 
of snapping beetles, millipedes, woodlice, and earwigs 
are typical inhabitants of fir under-crown areas in litter 
(fam. Forficulidae); in soil there are predatory millipedes 
(order Scolopendrida, Lithobiomorpha, Geophilomorpha) 
and earthworms (D. schmidti and D. mariupoliensis). In 
the under-crown areas of beech, imagines of snapping bee-
tles (Agriotes sputator) and drupes (Lithobiomorpha) are 
numerous in litter, whereas earthworms (D. schmidti and  
D. mariupoliensis) are found in soil. 

Canopy gaps are formed as a result of the natural death 
of old Fagus orientalis trees in the upper sub-layer (trees 
40-60 meters high). 80% of gaps in the fir-beech type of 
forest were formed as a result of breakage of old beech 
trees trunks at a height of more than 1 meter, rather than 
of treefall. During the fall of old trees of the upper sub-
layer, Fagus orientalis and Abies nordmanniana trees of 
the lower sub-layer are usually the ones that tend to break. 
The size of gaps in old-aged fir-beech forests ranges from 
320 to 380 m2. Gaps are 10 to 20 years old. 

Abies nordmanniana and Fagus orientalis codomi-
nate along the periphery of gaps in the tree stand. Early-
generative Carpinus betulus and Fraxinus excelsior trees 
are rarely found as admixture. The projective cover of the 
layer is 5-15%. The undergrowth is dominated by young 
Fagus orientalis and Abies nordmanniana. The admixture 
contains Carpinus betulus, Cerasus avium, Sambucus her-
bacea, S. nigra, Tilia begoniifolia, Fraxinus excelsior and 
Philadelphus copronarius. The projective cover of the layer 
is 30-60%. The herb-dwarf shrub layer is unevenly devel-
oped, the projective cover ranges from 20 to 100%. Abies 
nordmanniana, Acer platanoides, Athyrium filix-femina, 
Carpinus betulus, Circaea lutetiana, Dryopteris filix-mas, 
Fagus orientalis, Fragaria vesca, Fraxinus excelsior, Pru-
nus laurocerasus, Rubus caesius, Tilia begoniifolia, and 
Viola mirabilis are common. Rubus caesius and the under-
growth of Abies nordmanniana, Acer platanoides, Carpi-
nus betulus, Fagus orientalis etc. often dominate. Moss 
is developed sporadically on elevations near tree trunks, 
on deadwood and mounds. Brachythecium rutabulum, Eu-
rhynchium angustirete, Hypnum cupressiforme, Isothecium 
alopecuroides, Leucodon sciuroides, Neckera complanata, 
Pterigynandrum filiforme, Ulota crispa are common.

Cenopopulations of Abies nordmanniana, Acer camp-
ester, Carpinus betulus, Fagus orientalis, Fraxinus excel-
sior, and Tilia begoniifolia have the full ontogenetic spec-
trum in the gaps of fir-beech forest. The invasive type of 

spectrum was described for Acer pseudoplatanus, Quercus 
hartwissiana, Prunus laurocerasus, and Salix caprea; the 
intermittent type – for Acer platanoides, Cerasus avium 
and fragmented – for Populus tremula (Fig.  2). Thus, at 
a late stage, successful restoration of gaps is due to shade-
tolerant tree species.

The macrofauna in the gaps of the beech-fir type in-
cludes 14 taxa (orders and families). The total number 
does not differ significantly from the under-crown areas 
(Table  1), but the biomass is 2.5 times higher in com-
parison with the under-crown areas due to the biomass of 
soil saprophages (Table 2). Invertebrate biomass in soil is  
20 times higher than in litter (Fig. 7), which is due to the 
high density of earthworms of not only endogeic forms  
(D. schmidti) but also of large anecic earthworms  
(D. mariupoliensis). The density of predators, phytophages 
and mixophages is low (Table 2). The most common soil 
predators are drupes (order Lithobiomorpha), other repre-
sentatives are few. It is however interesting that water-lov-
ing invertebrates: not only earthworms, mollusks, larvae of 
dipterans, but also larvae of caddisflies (order Trichoptera) 
inhabit this area, which serves as an indicator of high soil 
moisture in the studied forest gaps. 

5. Discussion

In the studied types of coniferous-deciduous forests of 
the northwestern Caucasus, the regeneration of tree cenop-
opulations is much more effective in gaps as compared to 
under-crown areas. In aspen-hornbeam forests, in under-
crown areas the regeneration of 11 tree species was re-
corded, of which cenopopulations of only 2 species had 
full ontogenetic spectra with a steady cycle of generations, 
in the gaps there were 15 species, of which 10 species 
had full ontogenetic spectra; in the beech-fir-hornbeam 
forests, in under-crown areas the regeneration of 14 tree 
species was recorded, with the full ontogenetic spectrum 
of cenopopulations of only two species, whereas in gaps 
there were 18 tree species, of which 11 tree species had 
full ontogenetic spectrum; in old-aged fir-beech forests, in 
under-crown areas the regeneration of 9 tree species was 
recorded, of which only cenopopulations of Abies nord-
manniana had a steady cycle of generations, in the gaps 
there were 12 species, with the full ontogenetic spectrum 
of the populations of 6 tree species (Fig. 2). It is important 
to note that in all the studied types of coniferous-deciduous 
forests of the northwestern Caucasus, gaps are not only the 
place of successful regeneration of a much larger number 
of tree species cenopopulations, but also the density of tree 
undergrowth of different species in the gaps is more than 
10 times higher than in under-crown areas. The significant 
role of gaps in the successful regeneration of tree species 
was noted in oak-pine forests in the United States (Schu-
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mann et  al., 2003), beech-dominated forests in Denmark 
(Ritter et al., 2005), beech forests of Iran (Haghverdi et al., 
2012), tropical forests of Costa Rica, where experimental 
felling with the creation of gaps resulted in successful de-
velopment of undergrowth, especially that of light demand-
ing species (Dupuy & Chardon, 2008).

As can be seen from the graph (Fig.  8), the highest 
species density of vascular plants (the number of species 
per 400 m2) in the under-crown areas of the studied forest 
types is found for the aspen-hornbeam and beech-fir-horn-
beam forest, the lowest – for old-aged fir-beech forests. 
Low species density of the latter is due to high closure of 
the tree canopy and, as a result, almost complete absence 
of ground cover. In the fir-beech type of forest, the height 
of the tree canopy reaches 60 m. The tree stand is repre-
sented by two distinct sub-layers: the lower one is 20-30 m 
and the upper one is 50-60 m high. The upper sub-layer is 
formed by Fagus orientalis, and the lower one – by Abies 
nordmanniana, which leads to strong shading and the for-
mation of dead-soil communities. In the aspen-hornbeam 
and beech-fir-hornbeam types of forest, due to the decay of 
the first generation of tree species, the community is well 
lit, so there are more favourable conditions for the settle-
ment of light demanding flora of vascular plants, mosses 
and liverworts. 

In the gaps of all types of forest, species density is al-
most two or more times higher than in under-crown com-
munities, which is explained by good light factor and high 
soil moisture, as the stand does not intercept precipitation. 

These two factors are usually listed as determining a sig-
nificant increase in the species richness of plants in gaps 
in comparison with under-crown areas (Denslow & Spies, 
1990). Previous studies showed conclusively that species 
density of plants is positively correlated with the size of 
the gap, which determines the amount of light in the first 
place (Schumann et al., 2003; Ritter et al., 2005; Haghverdi 
et al., 2012). Our research has shown that not only the size 
of the gap but also the height of the stand on the periphery 
of the gaps determines the species density of plants: in the 
gaps of old-aged fir-beech forests, species density is signif-
icantly lower as compared to the gaps of aspen-hornbeam 
and beech-fir-hornbeam forests due to the high height of 
the tree canopy (up to 50-60 m) along the periphery of the 
gaps in fir-beech forests, which creates strong lateral shad-
ing and diasporic isolation. 

The diagram (Fig. 9) shows vectors of environmental 
factors whose length and direction reflect the degree of 
correlation of factors with axes but are not regression lines 
in the strict sense. The highest correlation with the first 
DCA axis (p<0.005) is shown by the indicators of light fac-
tor (r=-0.96), continentality (r=-0.87), soil humus content 
(r=0.64), soil pH (r=-0.63), and thermal factor (r=-0.58). 
There is no significant strong correlation with the second 
axis. Only soil nitrogen content showed correlation with 
the third axis (r=0.55).

Results of the multi-dimensional analysis of geobotani-
cal descriptions of communities of under-crown areas and 
gaps in dominant forest types on the ecological scale of 
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Landolt (1977) clearly showed that aspen-hornbeam and 
beech-fir-hornbeam forests have the highest similarity in 
the under-crown area and gaps: they have a higher pro-
portion of light demanding, heat-loving species that prefer 
a more neutral and nitrogen-rich soil compared to commu-
nities of fir-beech forests. At the same time, in the under-
crown area and gaps of fir-beech forests, the share of light 
demanding species is low whereas the share of plant spe-
cies that prefer soil with high humus and moisture content 
is higher, which is also noted for moisture-loving groups 
of invertebrates. 

The ecological-coenotic structure of all dominant types 
of coniferous-deciduous forests of the northwestern Cauca-
sus in under-crown area and gaps in terms of the number of 
species is clearly dominated by nemoral species (50 to 80% 
of all species), forming the core of the local flora. Boreal 
species (from 8 to 25%) are in second place in terms of 
species number in the under-crown area, whereas in gaps 
it is the meadow-forest edge species (from 12 to 25%) and 
nitrophilic species (from 5 to 11%). The share of other 
groups is insignificant (Fig. 10).

It is important to note that only gap communities in all 
types of forest include the group of near-water plant spe-

cies. This is due to the fact that the ground cover in the 
gaps receives more moisture from precipitation than that 
under the canopy, where precipitation is intercepted by tree 
crowns. In the gaps, large puddles are often formed and 
remain for a long time, leading to hydrogenic conditions. 
For example, in the composition of the flora in gaps, such 
near-water species as Alisma plantago-aquatica, Juncus ef-
fusus, Cardamine tenera, Galeopsis tetrahit, Ranunculus 
repens, etc. are common. And in the composition of the 
soil macrofauna, even larvae of caddisflies (order Trichop-
tera) are found. 

Due to the fact that soil moisture supply is the most im-
portant factor for the functioning of soil invertebrates, es-
pecially water-loving saprophages, in the gaps of all types 
of forest, the saprophage biomass is significantly higher 
than in under-crown areas. This is most pronounced in old-
aged fir-beech forests where much of the precipitation is 
intercepted by tree crowns. Studies of the influence of tree 
gaps on the distribution of earthworms in the beech forests 
of Iran (Kooch & Hosseini, 2010; Kooch & Haghverdi, 
2014) show that the density and biomass of earthworms 
decreases as the gaps size increases, and often, the density 
of earthworms may be higher under the tree canopy, which 
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is explain by the authors by faster drying of the soil in open 
spaces as compared to the closed ones. In our research, the 
opposite patterns were seen. This is most likely due to the 
fact that in the climate of Iran, most of the precipitation 
falls from September to November (Kooch & Haghverdi, 
2014), while the total amount of precipitation during the 
year is 1.7 times lower (720 mm annual rainfall) than in 
the forests under our research and, moreover, summers are 
often dry. In the forests of the northwestern Caucasus we 
studied, the maximum precipitation falls from May to July 
during the optimal temperature for the soil fauna activity; 
there are no sharp fluctuations between the seasons and the 
total amount of precipitation is at least 1.200 mm of annual 
rainfall. This uniform humidification creates more favour-
able conditions for moisture-loving groups of flora and 
fauna in the gaps as compared to closed under-crown areas. 

In the under-crown area, the largest number of ecologi-
cal-coenotic groups of plants (Fig. 10) was found in beech-
fir-hornbeam forests (all 6 selected groups). As mentioned 
above, in these forests, the first post-harvest generation of 
trees disintegrates and the ground cover lightens, accom-
panied by an increase in species richness. In the under-
crown area of fir-beech forests, on the contrary, a marked 
decline in the number of ecological-coenotic groups (up to 
2 – nemoral and boreal species) is found that is connected 

with a strong shading of ground vegetation by trees cano-
py and formation of dead-soil oligodominant communities. 
It should be noted that the gaps of all dominant forest types 
have the maximum number of ecological-coenotic groups 
of plants (all 6 groups), which is an important feature of 
gap plant communities as compared to the communities of 
the under-crown area. 

Taxonomic diversity of soil macrofauna in under-crown 
areas and floristic richness are highest in aspen-hornbeam 
and beech-fir-hornbeam forests and lowest in fir-beech for-
ests. It  is known that the more diverse is the forest stand 
composition, the higher is the taxonomic and functional 
diversity of the soil fauna (Cesarz et al., 2007; Sariyildiz 
& Küçük, 2008). The composition of litter determines not 
only trophic conditions for invertebrates (high content of 
available nutrients, biogenic elements, low acidity, etc.), 
but also topical conditions: slowly decomposing litter 
serves as a favourable habitat for the litter fauna, therefore 
mixed litter of the litter fall of different quality in beech-
fir-hornbeam forests is more favourable for a larger num-
ber of invertebrates. However, in gaps, in contrast to the 
floristic diversity of all forest types, the taxonomic diver-
sity of macrofauna is reduced; functional diversity, how-
ever, is preserved: all the main trophic groups of macro-
saprophages are present in gaps, and gaps are an important 
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element of the forest mosaic which are in the first place 
important for the functioning of large soil saprophages – 
earthworms, which process the plant litter. Only gaps have 
a high biomass of anecic earthworms which are impor-
tant ecosystem engineers (Lavelle et al., 1997; Eisenhauer 
et al., 2008; Kooch & Jalilvand, 2008) and are rarely found 
in forest communities, being represented usually only in 
old-aged virgin forests (Geraskina, 2019).

6. Conclusions

Thus, it has been found that in the canopy gaps of the stud-
ied types of coniferous-deciduous forests of the northwest-
ern Caucasus, the species density of plants is almost two or 
more times higher than that in the under-crown area due to 
good light factor and high soil moisture, since the stand does 
not intercept the rainfall. Regeneration of tree cenopopula-
tions in all types of forest is much more effective in canopy 
gaps compared to under-crown areas. The density of under-
growth of different types of trees in the canopy gaps is more 
than 10 times higher than that in the under-crown areas. The 
maximum number of ecological-coenotic groups of plants is 
marked in the canopy gaps of all types of forest. All major 
trophic groups of macrofauna live in the canopy gaps as 
well as in under-crown areas, but their biomass in gaps is 
significantly higher than in under-crown areas. Due to the 
fact that soil moisture supply is also an important factor 
for the functioning of macrofauna, especially water-loving 
saprophages, the average saprophages biomass in gaps of all 
types of forest is 2 times higher than in under-crown areas. 
Only the gaps have a high biomass of anecic earthworms, 
which are rarely found in forest communities, and contribute 
greatly to the transformation of plant litter. 
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tive compounds that will provide a long-term reliable raw 
material base for the pharmaceutical and cosmetology in-
dustries of Kazakhstan. Identification of the content of the 
main groups of important biologically active compounds 
in growing plant species will allow rational use of plant 
resources and will make it possible to significantly expand 
the range of herbal medicinal raw materials. Some of these 
plants are plants of the genus Lagochilus.

Plants of the genus Lagochilus belong to the Lamiaceae 
family and are represented by 35 species distributed mainly 
in Central Asia: in Kazakhstan, Iran, Afghanistan, Russia, 
Mongolia and China (Rehinger & Hedzh, 1982). Some 
plants of this genus are used as hemostatic agents, for the 
treatment of allergic dermatoses (Panossian & Wikman, 
1982), and are also used as a medicine for clot retraction 
(Akopov, 1954) and glaucoma (Kadyroza, 1955). Among 

1. Introduction

Wild flora of South Kazakhstan is represented by more 
than 3000 species of vascular plants. According to scien-
tists, 25% of them are medicinal plants. Many species are 
of practical value for the purposes of traditional and al-
ternative medicine. However, the medicinal properties of 
many of them still remain unexplored. 

There are more than 3000 plant species in the flora of 
South Kazakhstan, of which 553 are of interest as valu-
able natural sources of medicinal substances (Flora of Ka-
zahstan, 1964). However, most of these plant species are 
still insufficiently known. Only a limited number of plant 
species are used in the domestic pharmaceutical and cos-
metic industries. In this regard, the priority direction of 
research is to identify potential sources of biologically ac-
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the various plant species of the genus Lagochilus, Lagochi-
lus inebrians Bunge has long been used in folk medicine of 
the East as a medicinal plant due to its sedative properties 
(Perry et al., 2002).

However, according to Akopov I.E., Lagochilus setu-
losus has the most pronounced stimulating effect on the 
blood clotting process (Akopov, 1981). However, this type 
of plant is still insufficiently known and requires further 
biological and chemical research.

To solve this problem, we have already performed 
studies on the macro-and micromorphological features of 
Lagochilus setulosus (Aimenova et al., 2015a).As a result 
of the research, the anatomical structure of this plant was 
established using the method of scanning electron micros-
copy. Gandular trichomes were found.

Also was performed a comparative research of the mac-
ro – and microelement composition of Lagochilus inebri-
ans and Lagochilus setulosus (Aimenova et al., 2014). As 
a result of research, it was found that these plants differ in 
the quantitative content of macro-and microelements. Ac-
cording to the content of trace elements, the plant Lagochi-
lus inebrians surpasses Lagochilus setulosus, but the quan-
titative content of iron, magnesium, lithium, and aluminum 
is 2-3 times higher in Lagochilus setulosus. At the same 
time, of all the identified macro – and microelements in 
Lagochilus setulosus, as well as in Lagochilus inebrians, 
the percentage content contains the most calcium, which 
in the presence of lagochirzin fully implements the process 
of plasma hemostasis.

The next, necessary stage of the study of this plant spe-
cies is the study of its distribution area, as well as the study 
of its biological composition.

2. Objects and methods

For the research, the flowers and leaves of Lagochilus setu-
losus were collected during the mass flowering period in 
July. To do this, the tops of the stems of plants 20-30 cm 
long were cut off, leaving 1-2 plants per 1m2 for seed-
ing and population renewal. Drying was carried out in the 
shade in a well-ventilated room, laying it out in a thin layer 
on a tarpaulin. Then, after drying, the stems were threshed 
with a wooden stick, separated and discarded. Then the 
yellowed and browned parts were removed and the raw 
materials were crushed in a mechanical shredder. Thus, 
the finished raw material contained flowers and leaves that 
retained their natural color.

Qualitative determination of the content of the main 
groups of biologically active substances in the phytomass 
of Lagochilus setulosus was performed according to the 
following methods:

1) �The presence of diterpenes was determined by paper 
chromatography (Belenkij et al., 1983).

2) �The presence of tannins was determined by a specif-
ic gelatin deposition reaction (Sumina et al., 2006).

3) �The presence of essential oil was determined by the 
method described in State Pharmacopeia X (State 
Pharmacopoeia of USSR, 1968).

4) �The presence of cardiac glycosides was determined 
by Keller-Kiliani Reaction (Syvkinet al., 1999).

5) �The presence of saponins was determined by the 
reaction to foaming (Ladygina et al., 1983).

6) �The presence of phenolglycosides was determined 
as follows (Petrov, 1978).

7) �The presence of iridoids was determined by the 
method described in State Pharmacopeia XI (State 
Pharmacopoeia of USSR, 1989).

8) �The presence of flavonoids was determined by cya-
nidin sample (Bandyukova, 1965).

9) �The presence of coumarins was determined as fol-
lows: for the preparation of extraction from veg-
etable raw materials 2 g of crushed raw materials 
(crushed flowers and leaves of plants), 20 ml of 
ethyl alcohol was poured and boiled for 15 min-
utes with a reflux. After cooling, filtered. To 3-5 
ml of alcoholic extract was added 10 drops of 10% 
KOH in methanol and heated for 5 min in a water 
bath (solution turned yellow), then added 5 drops of 
freshly prepared diazo reagent of Pauli Kutochku. 
Further, the solution acquired a cherry color, which 
indicates the presence of coumarins.

10) �The presence of anthracene derivatives was de-
termined by the following method (Kurkin et  al., 
2016).

11) �The presence of sugars was determined by the meth-
od (Fialkov, 1946).

12) �The presence of alkaloids was determined by the 
method (Ladygina, 1983).

13) �The presence of resinous substances was deter-
mined by the decrease in the mass of the sample 
after exhaustive extraction in the soxlet apparatus 
with a capacity of 1 l for 20 h and subsequent dry-
ing to a constant weight at a temperature of 105°C. 
Further, the method of fractionation using chloro-
form and acetone solvents was used to separate res-
inous substances (Kuznetsov et al., 2004).

Quantitative determination of the content of the main 
groups of biologically active substances of Lagochilus 
setulosus performed according to the following methods:
1) �essential oil by the method of (State Pharmacopoeia of 

the USSR, 1968).
2) �resinous substances by the method: the leaves and flow-

ers of Lagochilus setulosus crushed to a particle size of 
1-2 mm and subjected to extraction of non-polar sol-
vent, hexanal to conventional Soxhlet extractions for 
the separation of resinous substances. The yield of res-
inous substances depending on the terms of raw mate-
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rial preparation and storage was 6-9% of the weight of 
the absolutely dry residue.

3) �diterpene lagochilin according to the method: 10 g of 
finely powdered raw material (flowers and leaves of 
Lagochilus setulosus was placed in a 250 ml flask and 
100 ml chloroform was poured. The flask with the con-
tents was attached to the reflux and heated in a water 
bath for 1 hour. The extract was then cooled and fil-
tered. In the same way chloroform extraction was re-
peated 5-6 times (from one raw material). Chloroform 
extracts were combined and chloroform distilled to pro-
duce a dry residue. 10 ml of distilled water was added 
to the dry residue and heated (5 min) in a water bath, 
adding 15 ml of 10% NaOH and heated in a water bath 
for 30 min. The water-alkaline mixture, after cooling, 
was repeatedly treated with ethyl ether (5-6 times). The 
combined essential extracts were concentrated to 10 
ml and left for the crystallization of lagochilin, which 
was separated by filtration through a suspended filter, 
dried and weighed. Lagochilin recrystallization was per-
formed with acetone.

4) �diterpene lagochirzin by the method of water-alkaline 
solution, after removal of lagochilin neutralized with 
20% H2SO4 solution until slightly acid reaction (pH=5) 
and the mixture was repeatedly treated with chloroform 
(5-6 times). Chloroform extract was combined, concen-
trated and chloroform had tetroxide in distilled. The dry 
residue was obtained in an amount of 0.22 g. It  was 
passed through a column with 10 g of silica gel (column 
diameter 2 cm, height 20 cm) and eluted with a mixture 
of ethyl ether and petroleum ether (40:1). A total of 20 
fractions (5 ml) were obtained; 5-12 fractions contain-
ing lagochirzin (chromatography on plates “Sorbfil”) 
were combined, evaporated, the dry residue was dried 
and weighed.

5) �flavonoids by the following technique: the optical den-
sity of eluates was measured on a spectrophotometer 
in a cuvette with a layer thickness of 1 cm at a wave-
length of 363 nm against the background of the eluate 
of the idle experiment. The percentage of routine in raw 
materials in terms of absolutely dry raw materials was 
calculated by the formula:
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For isolating diterpene lagochirzin of phytomass 
Lagochilus setulosus we used the following method: 10 g 
of finely ground raw materials (flowers and leaves of 
Lagochilus setulosus) was placed in a 250 ml flask and 
100 ml chloroform was poured. The flask with the contents 
was attached to the reflux and heated in a water bath for 1 

hour. The extract was then cooled and filtered. In the same 
way chloroform extraction was repeated 5-6 times (from 
one raw material). Chloroform extracts were combined and 
chloroform distilled to produce a dry residue.

To the dry residue, 10 ml of distilled water was added 
and heated (5 min) in a water bath, then 15 ml of 10% 
NaOH was added and heated in a water bath for 30 min. 
The water-alkaline mixture, after cooling, was repeated-
ly treated with ethyl ether (5-6 times). The combined es-
sential extracts were concentrated to 10 ml and left for 
the crystallization of lagochilin, which was separated by 
filtration through a suspended filter, dried and weighed. 
Lagochilin recrystallization was performed with acetone. 
The aqueous-alkaline solution, after removal of lagochi-
lin was neutralized with 20% H2SO4 solution to a slightly 
acidic reaction (pH=5) and the mixture was repeatedly 
treated with chloroform (5-6 times). Chloroform extract 
was combined, concentrated and chloroform had tetroxide 
in distilled. The dry residue was obtained in an amount of 
0.22 g. the Dry residue was passed through a column with 
10 g of silica gel (column diameter 2 cm, height 20 cm) 
and eluted with a mixture of ethyl ether-petroleum ether 
(40:1); 20 fractions (5 ml) were obtained. 5-12 fractions 
contained lagochirzin (chromatography on plates “Sorb-
fil”), which were combined, evaporated, the dry residue 
was dried and weighed.

3. Results and discussion

The results of the taxonomic analysis established the dis-
tribution areas of plants of the genus Lagochilus in three 
floristic regions of the Turkestan region (Aimenova et al., 
2015b).

At the same time, Lagochilus setulosus grows in the 
soil and climatic conditions of the foothill zone of the 
western Tien Shan, which is characterized by a moder-
ate temperature regime, moisture availability and typical  
serozem.

Morphological features of Lagochilus setulosus are as-
sociated with the conditions of the place of growth of this 
species, which determines its characteristic macro- and 
micromorphological features. These features include the 
modification of the young leaves of the plant into spines, 
a reduction in the size of the leaves, the growth of sharp 
spines at the end of the leaves and sepals. The leaf epider-
mis is covered with a thick layer of cuticle, the mesophyll 
consists of 4 compressed layers of palisade tissue. The veg-
etative and generative organs are covered with glandular 
trichomes that produce a specific sticky substance around 
the seeds that keeps them moist.

Lagochilus setulosus is a semi-shrub, reaching a height 
of 20-60 cm. The root of the plant stem, the stems at the 
base stiffening, thin, glabrous or sparsely and protruding 
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bristly, later white, shiny, 30-80 cm tall; leaves rhombic in 
outline, broadly ovate.

We found four populations of Lagochilus setulosus in 
the Kazygurt district (Turkistan Region in Southern Ka-
zakhstan, whose administrative center is the village of Ka-
zygurt). The patches of plants vary from 1.3 to 4.5 ha. 
However, the density of plants in the area (coordinates 
41.759°N 69.41°E) is not high and it  does not exceed 
1.2±0.1 plants per m2 (Fig. 1).

The projective cover of the soil with vegetation is no 
more than 15.3±1.3%. Plants are found in individual speci-
mens, bushy shape, height 35-40±1.7 cm in accordance 
with Figure 2 A, B.

The results of qualitative analyses of biological active 
substances presence are given in Table 2.

As it  can be seen from Table 2, in the phytomass of 
Lagochilus setulosus were identified 9 specific qualitative 
reactions to the presence of biologically active substances, 
which are important organic compounds used in pharma-
ceuticals, perfumery and medicine. However, among these 
substances we have not found tannins, anthracenes, sapo-
nins and cardiac glycosides. Qualitative reactions to these 
compounds showed negative results.

In the next stage of our research, the presence of previ-
ously identified biologically active substances in the phy-
tomass of plants was tested in experiments with thin-layer 
paper chromatography. As studies have shown, all qualita-
tive reactions were reliable, all of the biologically active 
substances listed in table 3 were identified by comparing 
the standard samples – «witnesses».
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Table 2. �Results of preliminary phytochemical screen-
ing of flowers and leaves of Lagochilus setu-
losus

Number Biologically active substance Qualitative 
reaction

1 tannins not identified

2 phenolic glycosides Identified

3 anthracenediones not identified

4 sugars Identified

5 saponines not identified

6 essential oil Identified

7 cardiac glycosides not identified

8 flavonoids Identified

9 coumarins Identified

10 resinous substance Identified

11 diterpenes Identified

12 iridoids Identified

13 alkaloids identified

As shown by the results of quantitative studies in the 
phytomass of plants Lagochilus setulosus maximum meas-
ure have sugar (of 8.81%), resinous substances (of 8.45%), 
phenolic glycosides (2.75%) and diterpenes (2.43%). The 
content of the remaining compounds is below one percent 
– 0.11-0.81% (Table 3).

The established quantitative indicators of biologically 
active substances characterize the high pharmaceutical val-
ue of raw materials of plants of this species. Since these 
substances are usually synthesized in plants in small quan-
tities, although they play a very important role in the me-
tabolism of the body. The obtained quantitative indicators 
of biological active substances in plants of Lagochilus set-
ulosus consistent with the results of other authors’ research.

In the article of Akramov et al. (2019) is shown com-
parative study on the chemical composition and biological 
activities of the essential oils of three Lagochilus species 
collected from Uzbekistan. There are L. gypsaceus, L. ine-
brians and L. setulosus. L. gypsaceus was chosen by him to 
the study its phytochemical composition, which should be 
related to its most relevant biological properties. Studies of 
L. gypsaceus have revealed iridoid glycosides, diterpenes, 
flavonoids and sterols. Regarding diterpenoids – which, ac-
cording to the conducted studies, determine the hemostatic 
function of plants of the genus Lagoсhilus, in L. gypsaceus 
only the diterpene lagochilin was found, while lagochirzin 
in its pure form is present in L. setulosus which grows 
in the territory of South Kazakhstan. Lagochirzin, which 

was previously synthesized from lagochilin as a result of 
multi-stage reactions, was performed by Zainutdinov on  
L. inebrians. L. setulosus is one of the rare plant species of 
this genus that contains lagochirzin in its pure form. This 
fact suggests a higher hemostatic activity of L. setulosus in 
comparison with L. gypsaceus (Zainutdinov, 1993).

Table 3. �Results of the study of the quantitative content of the 
main groups of biologically active substances in the 
biomass of leaves and flowers of Lagochilus setulosus 
plants

Number Biologically active 
substance

Quantitative content in % 
to weight of sample

1 Essential oil 0.12 ± 0.004

2 Resinous 
substances 8.45 ± 0.250

3
Diterpenes
Lagochilin
Lagochirzin

0.75 ± 0.005
1.68 ± 0.023

4 Flavonoids 0.35 ± 0.002

5 Iridoids 0.81± 0.014

6 Coumarins 0.11± 0.001

7 Phenolic glycosides 2.75±0.011

8 Alkaloids 0.70±0.002

9 Sugars (in total) 8.81± 0.044

Phenolic glycosides, which were also found in L. setu-
losus, suggest the antioxidant activity of this plant. Since 
the literature data provides a clear link between the strong 
correlation between the total phenol content and the anti-
oxidant (DPPH, CUPRAC, and FRAP) properties of the 
plant of the genus Lagochilus (Akramov et al., 2019).

In the study of Ebrahimi et al. (2020) also were inves-
tigated the total of 17 medicinal plants with hemostatic 
activity. The most frequently studied plant families were 
Compositae, Lamiaceae, Fabaceae, and Asteraceae. The 
majority of the plants were prepared in the form of aqueous 
or organic extracts of leaf, rhizome, flower, bark, pollen 
or the whole plant, and for some plants the active com-
ponents were isolated. As a result, it was shown that the 
hemostatic activity of plant extracts is mainly attributed 
to several mechanisms, including coagulation stimulation 
via increasing the factor XII activity and plasma fibrino-
gen levels, the fibrinolysis inhibition, vascular or smooth 
muscle constriction and platelet aggregation. Ageratum co-
nyzoides and Typha latifolia are the plants with the most 
in vivo and in vitro evidence of hemostatic activity. It  is 
propounded that the bioactive compounds which are often 
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involved in the bleeding control are categorized as tan-
nins, saponins, glycosides and other phenolics. Moreo-
ver, the anti-fibrinolytic effect of browplasminin (tannin), 
8-O-acetyl shanzhiside methylester (iridoid glycoside) and 
lignin were confirmed. Other isolated hemostatic com-
pounds include glycoconjugate from Lythrum salicaria, 
saponins from Panax notoginseng, and Gallic acid, vanil-
lic acid and luteolin from Sedum aizoon.

4. Conclusion

Thus, the distribution areas of plants of the genus Lagochi-
lus were established in three floristic regions of the Turke-
stan region. Qualitative and quantitative analyses of the 
given biomass were carried out. The established composi-
tion of substances characterizes this type of plant as prom-
ising for use in pharmaceutical biotechnology in the crea-
tion of a biological drug with a hemostatic effect based on 
Lagochilus setulosus.
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Abstract. It was evaluated the antibiofilm-forming properties of NUChC C1 and NUChC C2b isolates (from the collection of the De-
partment of Biology of the T.H. Shevchenko National University “Chernihiv Colehium”) against the sulfate-reducing bacteria biofilms 
on the poly(ethylene terephthalate) surface. NUChC C1 and NUChC C2b isolates were isolated by classical microbiology methods 
on Postgate’s “B” medium and their cultural-morphological, some physiological-biochemical properties and molecular-genetic char-
acteristics were investigated. To identify bacteria the sequencing and analysis of the 16S rRNA gene were carried out. The bacteria 
were identified as Bacillus velezensis. Based on PCR-ISSR analysis, it was found that the studied bacteria belong to different strains. 
The 16S rRNA gene sequences were submitted in GenBank as MN508954.1 (NUChC C1), MN749356.1 and MN749357.1 (NUChC 
C2b). In the genome of B. velezensis the presence and transcriptional activity of the genes for the synthesis of bacillibactin (dhbC, 
dhbF), fengycin (fenA) and polyglutamic acid (epsK) were studied. Among these only genes belonging to bacillibactin synthesis op-
eron were detected and only they demonstrated activity. The observed mode of dhbC and dhbF genes expression during 144 hours of 
cultivation differed between two B. velezensis strains: gradually increasing in NUChC C1 and sharply increased after 24 hours with 
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MPB 	 – meat-peptone broth
PET 	 – poly(ethylene terephthalate)
SRB 	 – sulfate-reducing bacteria
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1. Introduction

Bacteria on surfaces grow in the form of a biofilm (Bhinu, 
2005). Due to the high biochemical activity and the ability 
to form biofilms, bacteria are actively involved in the 
degradation of polymeric materials (Saveliev et al., 2011; 
Rogers et  al., 2020). A significant amount of polymeric 
materials is represented by poly(ethylene terephthalate) 
(PET), the production of which is growing every year: 2 
million tons/year in 2007 and 10 million tons/year in 2012 
(Andrushkiv et al., 2012). 

Plastic PET bottles are the most common type for pack-
aging soft drinks and water (Filella, 2020). In Ukraine 
in 2018, out of 203.7 thousand tons of PET bottles that 
became waste, only 50 thousand tons ended up in waste 
processing plants (about 25%), the other 75% were buried 
in landfills (Burak & Kyrychenko, 2020). In addition, due 
to the low level of environmental awareness and education 
of the population, a significant part of the used PET-bottles 
does not end up in landfills, but in natural ecosystems (Lu-
kash, 2015).

The linear structure of PET and the high proportion 
of aromatic components are chemically inert and increase 
the strength of the polymer, making it  very resistant to 
degradation by microorganisms (Yoshida et al., 2016). The 
ability to biodegrade PET is inherent in a small number of 
species of microorganisms (Yoshida et  al., 2016; Vague 
et al., 2019; Chen et  al., 2020; Shulga et  al., 2020). The 
accumulation of PET in the environment creates a global 
environmental problem (Chen et al., 2020). Among the mi-
croorganisms isolated from the plastic surface, there are 
representatives of sulfate-reducing bacteria (Rogers et al., 
2020). Previously, sulfate-reducing bacteria (SRB) Desul-
fovibrio oryzae were identified as participants in the dam-
age of the metal construction in the soil (Tkachuk et al., 
2020). 

A number of researchers point out that Fe3+ plays an 
important role in the formation of microbial biofilms, 
and the depletion of iron in the environment can slow its 
formation (Pelchovich et  al., 2013; Ali & Wakte, 2016). 
Siderophores are low molecular weight compounds that 
chelate Fe3+ ions, converting iron bound to proteins or 
water-insoluble compounds into the ionic form of Fe3+ 
available to microorganisms (Leonov et al., 2016). Many 
aerobic and facultative anaerobic microorganisms are able 
to synthesize siderophores, the presence of which changes 
the structure of the microbial community (Saha et  al., 
2016).

However, at the moment there are no studies of the 
processes of SRB biofilms formation on the poly(ethylene 
terephthalate) surface under the influence of siderophore-
producing strains, therefore, that was an aim of this inves-
tigation.

2. Material and methods

2.1. Microorganisms and growing conditions

Five-day pure cultures of SRB Desulfovibrio oryzae 
strains NUChC SRB1 and NUChC SRB2, previously iso-
lated from the sulfidogenic community isolated from the 
soil ferrosphere were used (Tkachuk et  al., 2020). The 
nucleotide sequences were deposited in the GenBank 
with accession numbers MT102713.1 and MT102714.1  
respectively.

To prepare the initial amount of bacteria, they were 
grown in Postgate’s “C” liquid medium (without adding Fe 
(II) salt) under anaerobic conditions, which were created 
by pouring the medium to the edges of the tubes and clos-
ing them with rubber stoppers. Suspensions with an optical 
density of 0.5 McFarland were prepared from cultures of 
the studied strains in sterile isotonic sodium chloride solu-
tion. Further we used Postgate’s “C” agar or liquid medium 
with adding Fe (II) salt.

Also in the study NUChC C1 and NUChC C2b iso-
lates from the collection of the Department of Biology of 
the T.H. Shevchenko National University “Chernihiv Cole-
hium” were used. Isolation of pure cultures of NUChC C1 
and NUChC C2b was performed by the depleting stroke 
method on Postgate’s “B” agar medium. Incubation was 
carried out under aerobic conditions and a temperature  
of 29 ± 2 °C for 48 hours. The material of the two isolated 
colonies (NUChC C1 and NUChC C2b isolates) was re-
seeded into Postgate’s “B” liquid medium and incubated 
under aerobic conditions. After five passages on Postgate’s 
“B” medium, NUChC C1 and NUChC C2b isolates were 
obtained and used in further studies. The purity of the cul-
tures was checked by microscopy. Bacteria were cultured 
on meat-peptone agar or meat-peptone broth for 24 hours, 
120 hours and 144 hours (specified in each study respec-
tively) aerobically at 29 ± 2 ºC.

2.2. Detection of bacillibactin (dhbC, dhbF), fengycin 
(fenA) and polyglutamic acid (epsK) synthesis genes  

in the genome of NUChC C1 and NUChC C2b isolates

Genomic DNA from 24-hour cell cultures of NUChC C1 
and NUChC C2b was isolated with GeneJet Genomic DNA 
Purification Kit (ThermoScientific) according to manufac-
turer’s protocol. The 20 μl of PCR reaction mixture con-
tained 10 μl of 2x DreamTaq PCR Master Mix (Thermo-
Scientific), 30 pmol of each primer, and 50 ng of DNA. 
Amplification was performed at the following temperature: 
initial denaturation – 5  min, 95 ºC; 30 cycles  – 10 sec, 
95 ºC; 20 sec, 57 ºC; 35 sec, 72  °C; final elongation  –  
7 min, 72 ºС. PCR was performed on Mastercycler Personal 
5332 (Eppendorf, Germany). PCR products were checked 
by separating in 1.7 % agarose gel with ethidium bromide.
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Nucleotide sequences of primers for amplification of 
dhbC, dhbF, epsK and fenA genes fragments were selected 
using MEGA6 (Tamura et al., 2013) and Primer3 programs 
based on known sequences of these genes in representa-
tives of Bacillus subtilis group (Table 1).

Table 1. The oligonucleotides used in the study

Primer Sequence, 5’ – 3’ Reference

dhbC1
dhbC2

Ggaacaccgactgatcttgc
cacaacggatggtcacgatc This study

dhbF1
dhbF2

ACCCAGCTGCAAAATCAAGG
TCGCCGCTTCAAAATCTAGC This study

fenA1
fenA2

GACAGGGGCTGTCTCTGAAG
TGCATCCCTGATAAAAAGGC

(Grabova et al., 
2016)

epsK1
epsK2

CATGGTTTACGTTCCGGGTG
AGCGGAAACTGAATGATCGC This study

2.3. Analysis of dhbC and dhbF genes expression 
and determining the number of catecholate-type 

siderophores in supernatant from MPB cultures of 
NUChC C1 and NUChC C2b

To analyze gene expression bacterial cells of two strains 
were cultivated for 144 hours in MPB at 29 ± 2 ºC. Samples 
for the analysis were taken after 24 hours and 144 hours of 
cultivation. RNA was isolated using TRIzol Reagent (In-
vitrogen) according to the manufacturer’ protocol and fol-
lowed by DNaseI treatment. cDNA was synthesized from 
1 μg of RNA using random hexanucleotide primers and 
M-MLV reverse transcriptase. The total volume of qPCR 
reaction mix was 10 μl and contained 5 μl of PowerUp™ 
SYBR™ Green Master Mix (Applied Biosystems™),  
20 pmol of each primer and 2 μl of cDNA template. qPCR 
was performed with QuantStudio™ 3 Real-Time PCR Sys-
tem (Applied Biosystems) under temperature conditions 
recommended by the manufacturer. 16S rRNA gene was 
considered as endogenous reference (Zelena et al., 2014). 
No template control and duplicate samples for each gene 
(16S rRNA, dhbC and dhbF) were included in the run. 
Relative genes expression level was calculated with 2-ΔΔСt 
method (Livak & Schmittgen, 2001) with QuantStudio™ 
Real-Time PCR software program (Applied Biosystems). 
The statistical significance of gene expression between 
samples was calculated using t-test. The primer specific-
ity and dimer formation were checked with melting curve 
analysis.

Neilands spectrophotometric testing was used to de-
termine the content of siderophores of the catecholate 
type (which includes bacillibactin) (Sujatha & Ammani, 
2013). We measured the absorbance at 490 nm, consistent 
with the data from Sujatha & Ammani (2013), that at this 

wavelength the absorption maximum indicates the presence 
of catecholate siderophores.

2.4. Determination of antagonistic properties  
of NUChC C1 and NUChC C2b isolates against 

sulfate-reducing bacteria

The method of filling bacterial colonies of NUChC C1 and 
NUChC C2b isolates with agar medium containing the test 
organisms (D. oryzae NUChC SRB1 and NUChC SRB2) 
was used (Egorov, 1965). For this purpose, daily cul-
tures of NUChC C1 and NUChC C2b isolates were sown 
with a Drygalski spatula on the surface of meat-peptone 
agar in Petri dishes to obtain separate colonies. After the 
colonies of microorganisms were well developed (growing 
in a thermostat for 120 hours at a temperature of 29 ± 2 
°C), around the colonies that were grown, Postgate’s “C” 
agar medium was poured with added test-organisms – SRB 
D. oryzae strains NUChC SRB1 and NUChC SRB2 (106 
cells/ml medium).

After solidification of the medium with test-cultures 
anaerobic conditions were created by the method of Sh-
turm L.D. in the modification of Duda V.I. (Zvyagintsev 
et al., 2005). Petri dishes were placed at 29 ± 2 °C for 5 
days. The development of bacterial test-cultures was visu-
ally observed.

2.5. A biofilm assay

To study the intensity of biofilm formation on the PET 
surface, 10×10 mm samples of PET were cultured in Post-
gate’s “C” liquid medium (76% of the volume) with the ad-
dition of meat-peptone broth (MPB) or a supernatant from 
MPB cultures of NUChC C1 isolate (or NUChC C2b iso-
late) obtained after centrifugation for 10 min at 10,000 rpm 
(22% of the volume) and a culture of D. oryzae NUChC 
SRB1 (2% of the volume) during 50 days.

A biofilm assay (indirect measurement of bacterial 
biofilm biomass by crystal violet adsorption/desorption) 
was used (Stepanović et  al., 2000). The strains were 
classified into adhesion categories as was described by 
Stepanović et al. (2000). Statistical analysis of the obtained 
results was performed using the statistical module of Mi-
crosoft Office Excel 2010.

2.6. Identification of NUChC C1  
and NUChC C2b isolates

Investigation of cultural-morphological and some physi-
ological-biochemical properties of isolates. Light micros-
copy (Delta Optical Genetic Pro microscope) at magnifica-
tion (×400 and ×1000) and electron microscopy (BS-540 
electron microscope) (Tesla, Czechoslovakia) at ×16000 
magnification were used to study the morphology of NU-
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ChC C1 and NUChC C2b bacteria. Preparations of micro-
bial cells were Gram-stained in the Kalina’s modification 
to determine gram affiliation by Hansen’s method for stain-
ing spores (Dikiy et al., 2002). The strains were grown on 
Postgate’s “B” medium, meat-peptone broth (MPB) and 
meat-peptone agar (MPA). Morphological analysis of colo-
nies was performed according to the conventional scheme. 
Studies of the presence of catalase and oxidase were per-
formed by conventional methods (Dikiy et al., 2002).

Molecular-genetic analysis of isolated strains. To iden-
tify bacteria the sequencing and analysis of 16S rRNA gene 
were carried out. DNA isolation, amplification with 27F 
and 1492r primers, sequencing of 16S rDNA in both di-
rections, phylogenetic analysis procedures were performed 
as described in (Tkachuk et al., 2017). The nucleotide se-
quences were deposited in GenBank as Bacillus velezen-
sis with accession numbers MN508954.1 (NUChC С1), 
MN749356.1 and MN749357.1 (NUChC C2b). The ba-
sic sequence statistics of 16S rDNA, including conserved 
sites, variable sites, parsimony informative sites, singleton 
sites and calculation of pairwise distances were analyzed 
with MEGA6 software (Tamura et al., 2013).

Genome variability and strain differentiation were ana-
lyzed by ISSR-PCR (Inter-simple sequence repeat poly-
merase chain reaction) (Tkachuk et al., 2020).

3. Results and discussion

3.1. Microbiological characteristics of NUChC C1  
and NUChC C2b isolates

Colonies of NUChC C1 isolate when cultured on Post-
gate’s “B” agar medium under aerobic conditions were 
superficial, of grayish-beige color, irregular shape, solid 

consistency, size 3-4 mm. The edges of the colonies were 
wavy, the structure is fine-grained, the center of the colo-
nies was darker than the edges.

	 On the MPA, the colonies of NUChC C1 and NU-
ChC C2b isolates had a diameter of 3 and 1 mm, respec-
tively, were of beige color, round (NUChC C1) or irregular 
shape (NUChC C2b) (Fig. 1). The profile of the colonies 
is flattened, the surface is shiny, smooth, the structure is 
fine-grained. The edges of the colonies are uneven, wavy. 
The consistency is soft. Bacteria are gram-positive motile 
rods with rounded ends, peritrichous, 8.0 ± 0.9 μm long 
(NUChC C1) and 7.0 ± 0.5 μm (NUChC C2b), single, in 
pairs or chains (4 or more cells), form endospores (Fig. 1).

Both isolates are catalase-positive and oxidase-nega-
tive. 

Therefore, microbiological characteristics according 
to Bergey’s Manual of Systematic Bacteriology (De Vos 
et al., 2009) prove that the isolated bacteria can belong to 
the Bacillus genus.

3.2. Genome variability of the new isolates

The results of PCR-ISSR analysis are presented in Figure 
2. The comparison of the sets of amplification fragments 
obtained (in number and size) between isolates showed the 
presence of common and unique for each sample ampli-
cons. The size of PCR products ranged from 600 to 3000 
bp ((GA)9C) and from 300 to 2000 bp ((GA)8T). The total 
spectrum of amplification products with primer ((GA)9C) 
consisted of 7 fragments, 3 of which were polymorphic. 
The percentage of polymorphic loci using primer (GA)8T 
was 62.5%, 5 of 8 amplicons. Thus, the bacteria NUChC 
C1 and NUChC C2b do belong to different strains.
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Figure 1. Test isolates (colonies on MPA (24 hours) and microphotographs of the cells (electron 
microscopy, ×16000): a - NUChC C1; b - NUChC C2b (scale bar: 5 μm) 
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3.3. The presence and activity of bacillibactin, 
fengycin and polyglutamic acid synthesis genes  

in the genome of NUChC C1 and NUChC C2b strains

Bacillus bacteria are known to be widespread in the en-
vironment, including soil, and are able to produce a vari-
ety of important natural substances (Saxena et al., 2020). 
They are used to improve plant growth and development 
and as biocontrol agents, due to their ability to synthe-
size substances with antifungal, antibacterial and nemato-
cidal activity (Mongkolthanaruk, 2012; Ramlucken et al., 
2020; Saxena et al., 2020). Such substances include cyclic 
lipopeptide fengycin, siderophore bacillibactin (Mong-
kolthanaruk, 2012) and polyglutamic acid (Hsueh et  al., 
2017).
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Figure 2. �The electrophoregram of amplification products with 
primers to short nucleotide repeats: М – DNA ladder 
(ThermoScientific); 1, 3 – NUChC C1; 2, 4 –NUChC 
C2b

The study of the presence of genes for the synthesis of 
bacillibactin (dhbC, dhbF), fengycin (fenA) and polyglu-
tamic acid (epsK) in the genome of isolates showed that the 
studied strains have only the gene for the synthesis of ba-
cillibactin (Fig. 3). Bacillibactin biosynthesis relies on the 
dhbA-F operon encoding enzymes that carry out four se-
quential reactions converting 3-chorismate to bacillibactin 
(Abe et al., 2019; Qin et al., 2019). Comparative analysis 
of dhbC and dhbF genes expression revealed differences 
in mRNA abundance between two strains. NUChC C2b 
strain demonstrated the higher transcriptional activity after 
24 hours of cultivation compared to NUChC C1 strain but 
the level of dhbC and dhbF expression was decreasing on 
144th hour in NUChC C2b strain while it was still increas-
ing in NUChC C1 strain (Fig. 4).
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The results of the investigation of the number of si-
derophores of the catecholate type in the culture fluid of 
the studied strains are shown in Table 2.

Table 2. �Optical density (OD490) of the supernatant of the 
studied NUChC C1 and NUChC C2b strains by 
spectrophotometric testing of Neilands

A variant of the experiment
OD490

24 hours 144 hours

MPB (without bacteria) 0.045 0.050

Supernatant from MPB culture 
of NUChC C1 0.050 0.055

Supernatant from MPB culture 
of NUChC C2b 0.064 0.063

It was found that optical density of the supernatant from 
MPB culture of NUChC C2b strain is 15-28% higher than 
NUChC C1 strain (Table 2). This indicates a higher number 
of catecholate-type siderophores in NUChC C2b strain 
culture at both the 24th and 144th hours of cultivation.

3.4. The intensity of biofilm-formation and growth  
of D. oryzae under the influence of NUChC C1 

and NUChC C2b strains

A number of researchers point to the fact that bacteria of the 
genus Bacillus are able to inhibit the development of mi-
croorganisms that actively biodegrade materials and their 
formation of biofilms (Jayaraman et al., 1999a; Jayaraman 
et al., 1999b; Ornek et al., 2002; Korenblum et al., 2008; 
Bano & Qazі, 2011; Korenblum et  al., 2012; Du et  al., 
2014; Aїmeur et al., 2015; Wadood et al., 2015).

Therefore, we investigated the intensity of SRB biofilm 
formation on the surface of PET samples in the presence 
of a supernatant from MPB cultures of NUChC C1 and 

NUChC C2b, which contained siderophore bacillibactin. 
The results are presented in Figure 5 and 6.

It was found that the supernatant of the studied NUChC 
C1 and NUChC C2b strains significantly inhibits (2 times) 
the formation of a biofilm on the surface of PET bacteria 
D. oryzae NUChC SRB1 (Fig. 6). It should be noted that 
the inhibition of SRB biofilm formation on PET by the 
supernatant of both strains was the same, despite the ob-
served different level of expression of bacillibactin sidero-
phore synthesis genes and the difference in the number of 
catecholate-type siderophores (Fig. 4, Table 2). Thus, a su-
pernatant from MPB cultures of NUChC C1 and NUChC 
C2b strains inhibits the formation of SRB biofilm on the 
poly(ethylene terephthalate) surface.

Therefore, we further investigated the antagonistic 
properties of our isolates against SRB D. oryzae. The ex-
periment was performed by filling the antagonist colonies 
with Postgate’s “C” agar medium containing test-organ-
isms. It  was found that SRB D. oryzae strains NUChC 
SRB1 and NUChC SRB2 develop around colonies of iso-
lates – sterile areas are absent. Therefore, the antagonis-
tic properties of the studied isolates against SRB were not 
observed.

3.5. Identification of isolates by 16S rRNA gene 
sequence analysis

As a result of molecular-genetic analysis of isolates, 
fragments of the 16S rRNA gene with a size of 567 bp 
(NUChC C1), 665 and 179 bp (NUChC C2b) were se-
quenced. The initial comparison of the obtained sequences 
using the BLAST program showed 99 % similarity with 
different members of the genus Bacillus: B. methylotrophi-
cus, B.  amyloliquefaciens subsp. plantarum, B.  velezen-
sis. Based on the nucleotide sequences of the 16S rRNA 
gene of type strains of the most similar species and stud-
ied isolates using the Neighbor-Joining algorithm and the 
two-parameter Kimura’s model, a dendrogram of genetic 
similarity was constructed (Fig. 7).
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All these species of the genus Bacillus combined into 
one cluster. As can be seen from Figure 7, isolates of 
NUChC C1 and NUChC C2b were included in one sub-
cluster with the species Bacillus velezensis, which con-
firms their belonging to this species. It  should be noted 
that today the species names of B.  amyloliquefaciens 
subsp. plantarum, B. methylotrophicus, “B.  oryzicola”, 
B. methylotrophicus subsp. plantarum are accepted as het-
erotypic synonyms of B. velezensis (Dunlap et al., 2016; 
NCBI, 2019).

Therefore, NUChC C1 and NUChC C2b isolates have 
been identified as Bacillus velezensis for a number of mi-
crobiological and genetic characteristics.

Antibiofilming and antifouling properties of  
B. velezensis bacteria have been noted in the works of 
a number of researchers (Khan et al., 2016; Wang et al., 
2019; Yoo et al., 2019). In particular, B. velezensis WY 
has the ability to quench the quorum sensing due to the 
significant activity of degradation of acylhomoserinlac-
tone – a kind of signaling molecule required for the devel-
opment of biofilm (Khan et al., 2016). It is possible that 
our B. velezensis NUChC C1 and NUChC C2b strains also 
have the ability to quench the quorum sensing, because, 
despite the antibiofilm-forming properties of SRB bio-
films, their antagonistic properties against these bacteria 
have not been noted.

In addition, representatives of B. velezensis are produc-
ers of bacillibactin (Rabbee et al., 2019) – a siderophore 
of the catecholate type (Hertlein et al., 2014). The ability 
to form bacillibactin is also the characteristic of our stud-
ied strains of B. velezensis NUChC C1 and NUChC C2b. 
Siderophores are low molecular weight compounds that 
chelate Fe3+ ions, convert iron bound to proteins or water-
insoluble compounds into an ionic form of Fe3+ available 
to microorganisms (Leonov et al., 2016).

A number of researchers point to the fact that iron 
(III) plays an important role in the formation of micro-
bial biofilms, and the depletion of iron in the environ-
ment can slow down the formation of biofilms (Harrison 
& Buckling, 2009; Cai et  al., 2010; Glick et  al., 2010; 
Pelchovich et al., 2013; Ali & Wakte, 2016). Analyzing 
recent publications, Rizzi et al. (Rizzi et al., 2019) con-
clude that biofilm formation and Fe uptake are closely 
related, and that biofilm formation may play an impor-
tant mechanistic role in Fe uptake by siderophore in bi-
ofilm-forming bacteria. Harrison and Buckling showed 
(Harrison & Buckling, 2009) that clones of Pseudomonas 
aeruginosa which were defected from cooperative pro-
duction of iron-scavenging siderophores were deficient in 
biofilm formation. The presence of such clones in mixed 
biofilms with a wild-type clone led to reduced biofilm 
mass (Harrison & Buckling, 2009). Researchers noted 
(Ali & Wakte, 2016) that the supply of sufficient iron 
by siderophore insists the strain to form strong biofilm. 

While the strain produce low to moderate amount of si-
derophore shown weak biofilm formation. This reveals 
that low amount of siderophore insufficient to transport 
optimum iron for growth and biofilm development under 
iron restricted condition (Ali & Wakte, 2016). Along with 
this it is noted that the biofilm formation and development 
are strongly dependent on iron availability, and, for this 
reason, iron chelation may be an encouraging and novel 
approach to control biofilm (Ribeiro & Simões, 2019). 
The antibacterial activity may be achieved by the ability 
of non-metabolizable iron chelators to diminish iron that 
could otherwise be used for bacterial replication. Very ef-
fective chelators may deprive pathogenic microorganisms 
of the iron essential for growth. Thus, iron chelators can 
be used as therapeutic compounds (Ribeiro & Simões, 
2019).

4. Conclusions

NUChC C1 and NUChC C2b isolates from the collection 
of the Department of Biology of the T.H. Shevchenko 
National University “Chernihiv Colehium” belong to dif-
ferent strains, have the presence and different transcrip-
tional activity of genes of bacillibactin synthesis operon, 
and, accordingly, different production of siderophore ba-
cillibactin. According to the complex of microbiological 
and genetic traits, the studied bacteria were identified as 
Bacillus velezensis. The siderophore-producing Bacillus 
velesensis strains inhibit the formation of sulfate-reducing 
bacteria biofilms on the polymeric material poly(ethylene 
terephthalate) with its long-term exposure (50 days) in 
a culture of bacteria under conditions of sufficient iron 
supply. Antagonistic properties of the studied strains 
against sulfate-reducing bacteria D. oryzae NUChC SRB1 
and D. oryzae NUChC SRB2 were not observed.

Bacillibactin-producing strains prevent the devel-
opment of bacterial biofilms on the poly(ethylene tere-
phthalate) surface. This is one of the reasons for the pro-
longation of the process of poly(ethylene terephthalate) 
biodegradation in natural ecosystems.
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