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In agroecosystems, the structure and dynamics of taxonomic and functional
biodiversity differs significantly from the local intact identical standard types of
ecosystems and depends on the type and duration of management, the degree of
environmental friendliness of the applied technologies. Agroecosystems signifi-
cantly affect the biodiversity of the surrounding areas. To harmonize its preser-
vation in agricultural landscapes with the aim of optimizing agriculture, it is nec-
essary to improve the methods of its research. It is established that the choice of
methodological bases (principles, criteria and methods) of biodiversity research
depends on the purpose and hierarchical level of ecosystem analysis, scale of the
researched question, as each group of living organisms selected according to a
certain principle has its peculiarities, identification and characterization of which
requires appropriate methods, necessary knowledge, special equipment and other
resources of scientific research. It is advisable to apply a systematic approach,
biotic and / or ecological criteria and indices for assessing / analyzing the diversity
of biota, the ratio and characteristics of its ecological groups, indicator capacity
of species, multifunctional relationships (within and between taxa and their en-
vironment) and other ecological indicators describing the state of integrity of the
agroecosystem, its functional diversity and dynamics. Gradient analysis by chang-
ing the values of determining factors is appropriate for zoning the distribution
in space of different levels of agroecosystem transformation and its biodiversity.
Retrospective analysis makes it possible to identify the causes, characterize the
dynamics of changes in biodiversity in the past and future and justify the direc-
tions of its conservation.

Key words: diversity of living organisms, agriculture, research methods,
ecosystem, connections, ecological factors.

Problem statement and analysis of recent
research. Biodiversity is the totality of all life
forms in all its manifestations, i.e. the diversity of
species with their set of genes, their interactions
in communities with other species and interactions
between communities, the diversity of their func-
tions and relationships, and ecosystems [1-4]. For
people, biodiversity has economic, recreational,
cultural, environmental and other values [1, 2].
Therefore, it is an important component of a num-
ber of basic action plans of the UN and its inter-
national institutions, their environmental policies
and programs (IUCN, UNESCO, WWEF, GEF) to
implement the tasks of sustainable nature manage-
ment, including in the agricultural sector (Rio-92;
Sofia, 1995; Nagoya, 2010). International projects

related to biodiversity and ecosystem services are
being implemented — TEEB, ESMERALDA, IP-
BES, ORERAs, BDTF SEE. Ukraine is actively
participating in international cooperation on these
issues, ratifying the basic principles of the rela-
tionship to biotic and landscape diversity.

Biodiversity is considered at the genetic, spe-
cies and ecosystem levels. Genetic diversity de-
scribes the total number of genetic characteristics
that occur in a population or species. All the genet-
ic diversity of species, consisting of all genotypes
of populations, is united in the concept of the gene
pool of the planet [1, 5]. The set of gene pools and
genotypes of all populations and individuals that
are part of the ecosystems of a particular area, Gol-
ubets calls a genoplast [6, 7].
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Species diversity covers all species of living
organisms. The more species in the biocenosis,
the richer and more stable it is. Species diversity
of biocenoses depends on the diversity of habitats
and ecological niches in which different ecolog-
ical groups of species and their adaptations are
formed. Species and coenotic diversity of bio-
ta are closely related to the conservation of cer-
tain types of natural or semi-natural habitats [8].
Of particular importance are relict and endemic
species, as well as rare and endangered species,
which are included in the relevant lists of interna-
tional conventions, the Red Book of Ukraine and
other lists of regional and local levels. According
to the IUCN Red List [9], there are about 37,400
endangered species in the world.

The diversity of communities and ecosystems
includes phyto-, zoo-, microbiocenosis, as well as
their biotopes. In addition, ecosystems have differ-
ent sizes — micro-, meso-, macro-dimensions. The
more different ecological systems exist in a given
area, the less likely it is to disturb the balance in
nature, and the more valuable this area for humans
[10]. All components of the ecosystem support its
functioning, sustainability and direction of succes-
sion development. The existence of biota signifi-
cantly depends on environmental conditions (ec-
otope), while the biota of a particular ecosystem
affects the direction and intensity/speed of its devel-
opment. The current fragmentation of landscapes
by anthropogenically transformed areas, changes
in the habitats of flora and fauna causes significant
difficulties for their migration, which leads to the
extinction of some species and a sharp reduction
in others [11]. Ecosystems that contain communi-
ties, species or habitats listed in the Green Book of
Ukraine, in international conventions, agreements
(in particular, Bern, Bonn, Washington (CITES),
etc.) are especially valued [8].

According to Whittaker’s classification of
biodiversity, alpha, beta and gamma diversity
are distinguished. The fewer common species in
communities or at different points of the gradient,
the higher the beta diversity. Delta diversity is the
change in species diversity between landscapes,
mainly along large climatic and physical-geo-
graphical gradients [12—15].

Biodiversity is a guarantee of sustainability of
both individual ecosystems and the biosphere as a
whole [16]. The more the structure of biodiversity
of a certain ecosystem corresponds to the poten-
tial and diversity of ecological niches of a given
ecotope, the more stable this ecosystem is. This
system of mechanisms for maintaining balance is
formed during the evolution of ecosystems; it is
multidimensional and dynamic. However, as a re-
sult of long-term human use of nature, this formed
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correspondence of "biocenosis-ecotope" of natural
(indigenous) types of ecosystems is significantly
violated. Therefore, to maintain their sustainabili-
ty, productivity and sustainable development until
the target resource (yield or ecosystem service/
function) a person must contribute the necessary
energy in the form of various care systems for
cultural (target) species, communities and/or their
protection, etc. In this sense, agroecosystems de-
serve special attention, as they are a typical exam-
ple of replacing natural ecosystems with cultural
agrocenoses from bred new varieties/species, and
therefore are unstable, subsidized ecosystems. In
contrast to natural ecosystems, agrosystems are
characterized by low closedness of the cycle of
substances, constant extraction of organic anthro-
pogenic energy from the outside, short trophic
chains, strong soil erosion, insignificant biological
diversity, and as a consequence — instability [17],
loss of homeostasis and unbalancing the existing
links between the components of the agroecosys-
tem [18]. In addition, the traditionally complete
concentration of farmers on the crop, its harvest
causes their lack of attention to other species of
biota, which do not have a significant impact on
the productivity of this agroecosystem (the yield
of this crop).

Intensification of agriculture remains one of
the main causes of biodiversity loss and ecosys-
tem degradation not only in Ukraine but in Eu-
rope in general [10, 19]. Excessive or untimely
application of agrochemicals, non-compliance
with storage requirements, systematic use of high
doses of mineral fertilizers lead to contamination
of soils, reservoirs and other components of the
environment, to violation of homeostasis and sim-
plification/change of the ecosystem biodiversity
structure [1, 10, 20-23].

Over the long period of the paradigm of in-
tensive agriculture due to the use of pesticides for
agricultural plants protection, the chemistry of the
natural environment of agricultural and adjacent
landscapes and even remote areas, as well as the
structure and dynamics of their biodiversity sig-
nificantly changed. Modern agrolandscapes have
an anthropogenically transformed mosaic struc-
ture, where field protective and other forest belts,
other phytocenoses not involved in management
are elements of the ecological network. They pro-
vide some restoration of biota, animal migration,
serve as habitat for certain species of wildlife [16,
10]. Rich biodiversity in agricultural ecosystems
contributes to the sustainability and productivity
of agriculture [19]. However, the transformation
of natural complexes into artificial cultivation of
crops, change of plantations, use of pesticides, soil
degradation lead to the filling of new ecological
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niches with other types of biota. New species are
formed, populations of certain resistant species
(including pests) grow, and species more sensi-
tive to anthropogenic interference, on the con-
trary, reduce their numbers [25-28]. Many species
have disappeared at all or are on this border and
need protection. And the biota diversity of ag-
rolandscapes has acquired specific features that
are significantly different from the local standart
(undisturbed) identical types of ecosystems. It de-
pends on: the type and duration of management,
the technologies used, the degree of their environ-
mental friendliness (or the degree of compliance
with current environmental regulations).

The part of biodiversity that depends on ag-
riculture or is under its influence is considered to
be agrobiodiversity — the diversity of wild species
associated with agricultural ecosystems and the
diversity of economically feasible, domesticated
animals, plants [1, 29, 30], other biota, that sup-
ports the most important functions of agroeco-
systems. The condition for creating an effective
agroecosystem is the maintenance of a stable and
controlled agrobiocenosis. To do this, agroeco-
systems additionally receive extraneous energy
from machine fuel, organic and mineral fertilizers,
seeds, human and animal labor. The bioproduction
process in them is supported by man so as not only
to obtain but also to extract the maximum valuable
in economic terms biomass [30]. Stable, cost-ef-
fective and environmentally friendly development
of agroecosystems depends on the success of the
combination of ecological component (approach
to the natural ecosystem), economic (profit) and
social (level of consciousness [16]).

In Ukraine, biodiversity management is car-
ried out by the Ministry of Environmental Protec-
tion and Natural Resources. The main documents
dealing with the maintenance of biodiversity of
agricultural landscapes are the Law of Ukraine
"On Environmental Protection" [31], the Law of
Ukraine "On the Ecological Network of Ukraine"
[32] and the Order of the Ministry of Agrarian
Policy of Ukraine "On Approval of the Concept of
Sustainable Development in Ukraine for the peri-
od up to 2025 "[33]. One of the principles of envi-
ronmental protection is to preserve the spatial and
species diversity and integrity of natural objects
and complexes [31]. Moreover, the protection of
both individuals and ecosystems is provided [34].
It is recognized that threats to biodiversity are due
to landscape fragmentation and pollution caused
by agricultural production [35]. Therefore, the
preservation of biological and landscape diversity
is one of the priorities of the state environmental
policy of Ukraine until 2030 [36]. This is an im-
portant component of our country’s international

cooperation with the EU in the context of the Bio-
diversity Strategy until 2030 [37]. In the EU, it is
planned to reduce the use of pesticides by 2030 and
increase the degree of landscape diversity of agri-
cultural land by 10 %. This is expected to increase
the resilience of the agricultural sector to climate
change, environmental risks and socio-econom-
ic shocks. For this, 25 % of EU agricultural land
tends to be cultivated using organic technologies.
These and other environmental objectives are to
some extent reflected in the Sustainable Develop-
ment Goals of Ukraine for 2015-2030. There are
information centers: Internet resource Data Center
for Biodiversity of Ukraine [38], Global Biodiver-
sity Information Facility [39].

It should be noted that there is a conflict be-
tween human interests, which is manifested in
the need to use the area for various purposes, raw
materials or food, and natural processes aimed at
preserving ecosystems and biodiversity, i.e. be-
tween pragmatic technocratic attitude to natural
resources and environmental goals [17, 40-42]. In
modern agricultural production, economic priori-
ties prevail over environmental ones. In Ukraine,
this is evidenced by the high percentage of plowed
land (57 % of the country), loss of soil fertility,
and violation of scientific crop rotations, the use
of intensive technologies, disregard for the basic
laws of agriculture and ecology [18].

The transition to artificial phytocenosis with
the cultivation of a number of agricultural plants
provokes the spread of certain weed species that
compete with cultivated plants for water, nutrients
and living space, contribute to pests and diseases,
complicate tillage, crop care and harvesting [22].
However, weeds are natural components of agro-
phytocenoses, a kind of indicator of biodiversity.
They play a significant role in stabilizing the soil,
preserving its moisture and preventing erosion,
they are often mycorrhizal, increase the activ-
ity of microorganisms, and are a source of nec-
tar and pollen for bees [22, 43]. This encourages
ecologists to consider wild plants as an important
component of agroecosystems, the protection of
the gene pool of which is an essential part of the
conservation of biological diversity on Earth [44].
They are certain analogues of phytocenoses at the
stages of secondary successions and due to their
explicit strategy, complete eradication of weeds
from agrophytocenoses is practically impossible
and ecologically impractical [22]. From the stand-
point of phytocenology, the complete destruction
of weeds can lead to the loss of many useful (or
potentially useful) species of plants, insects and
other organisms, is a threat to biodiversity. These
ideas are supported by biodynamic agriculture
[45]. In some countries of South America, the
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presence of a significant species diversity of weeds
contributes to the yield of cultivated plants [46,
47]. In order to reduce the risk of weeds, cultivat-
ed plants need to be controlled to minimize their
harmfulness. The use of herbicides in crop fields
significantly reduces their numbers, while natural
phytocenoses bordering the field are experiencing
significant expansion of these species [48]. Deple-
tion of species biodiversity creates conditions for
penetration of new species into the communities.
Such "enrichment" of flora or fauna is not always
useful for humans [2]. As for biota, it is consid-
ered biological pollution. Invasive species reduce
the biodiversity of agrophytocenosis by a gradient
of increasing the presence of this species, such as
ragweed (Ambrosia artemisiifolia L.) due to in-
creased antifungal activity and phytotoxicity [49].
More and more species are on the verge of extinc-
tion as a result of their displacement by invasive
alien plants [19], especially in those regions where
the natural vegetation is quite fragmented [50].
According to the Secretariat of the Convention on
Biological Diversity [19], by 2050 the projected
growth of international shipping will increase the
risk of invasions of alien species by 3-20 times
compared to the current level. To some extent, a
scientific structure of sown areas on the basis of
polyculture provides the preservation of biodiver-
sity in the system of agrobiocenosis [43].

For animals of most species, the best lands
are those that are most similar to natural indig-
enous ecosystems, provided that there is no fac-
tor of concern and the threat of direct destruction
of organisms [51]. Therefore, agroecosystems
should be formed as close as possible to natural
analogues, taking into account the current climate
change or other conditions [52, 53]. Organic farm-
ing provides significant prospects for preserving
biodiversity and improving the ecological safety
of products [16, 19, 54, 55]. Increasing the pro-
ductivity of modern agricultural is impossible
without the formation of sustainable agroecosys-
tems and the wider use of innovative agricultural
technologies based on ecological principles [18].
Farms with a greater variety of crops are always
more economically and environmentally stable.

In general, there is still no accepted systematic
approach to the selection of best methods for study-
ing the biodiversity of agroecosystems. It should
be recognized that most of the "white spots", un-
resolved issues still exist on the implementation
of the principles of ecologically and economically
balanced use of the biotic component of agroeco-
systems. In particular, the ecological potential of
"beneficial" organisms is still insufficiently taken
into account in the integrated management not
only of plant protection (with activation of biolog-
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ical methods), but also in general in the strategy of
transition to sustainable agricultural development,
which should ensure the systematic harmonization
of interests — social, economic and environmental
(especially — norms of ecological safety and na-
ture protection) [42, 55]. This is probably due to
the long-term dominance of applied research goals
in solving agricultural problems, the difficulties of
transition from intensive and conventional man-
agement principles to environmentally friendly
methods, as well as the frequent change of plant
crops in certain areas due to crop rotation and
other reasons. It is still unclear what ecological
role functional agrobiodiversity plays in the agro-
ecosystem, what and under what conditions it is
able to provide expected agroecosystem services,
etc. [56, 57]. It is difficult to assess biodiversity
in agroecosystems, as it is necessary to take into
account the type of agroecosystem (field, garden,
farm, greenhouse), changes in space and time,
biota structure and features of its constituent spe-
cies, respond to anthropogenic negative impacts,
micro- , mesoclimate, which is formed in different
subsystems, changes in the habitat of species by
phenological phases and more.

The aim of the research is to generalize the
tested methods of biodiversity research, to justify
their choice for use in agroecosystems, taking into
account the identified methodological problems.

Material and methods of research are theo-
retical methods of system and comparative analy-
sis, interdisciplinary, ecosystem approaches.

Research results and discussion. It is ad-
visable to start the analysis with the levels of the
hierarchy of the living organization. Genetic di-
versity is necessary for any species to maintain
reproductive activity, resistance to disease, the
ability to adapt to changing conditions. Genetic
variability can be manifested both at the level of
the species and at the level of varieties or local
populations. To identify genetic differences be-
tween individuals, populations and species there
are methods: studying the sequence of nucleotides
in DNA, RNA; determining the sequence of ami-
noacids in proteins; immunological and electro-
phoretic comparisons of proteins and others [1].
To maintain diversity in agroecosystems, an in situ
approach is used, comparing the results with iden-
tical natural standart systems (as a control) or with
ex situ (gene banks). To preserve agrobiodiversi-
ty, genetic banks of agricultural crops have been
established, in particular the National Center for
Plant Genetic Resources of the Institute of Plant
Breeding named after Yuriev (Kharkiv, Ukraine).
These methodological approaches allow using
modern experimental approaches, such as meth-
ods of plant biotechnology [5, 40, 58].
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Species diversity is characterized by species
richness and species evenness [59]. It is well
known that the main object of biodiversity is the
population of living organisms. As the population
structure of most species is insufficiently studied,
at the present stage florists and faunists assess bio-
diversity mainly at the species level. All species in
agrolandscapes are of some importance for the sta-
ble functioning of agroecosystems and the main-
tenance of their balance. However, the difficulty
of determining the diversity of living organisms
and their role in the agroecosystem is the constant
change of animals groups (insects, birds, rodents),
plants (vegetative reproduction of perennials),
fungi and microorganisms (spread of diseases at a
certain stage of development) depending on veg-
etation. Therefore, it is desirable to assess biodi-
versity in the dynamics, taking into account the
peculiarities of distribution and activity of each
species. Changes in plant phenophase, weather
conditions, and the presence of predators/prey de-
termine the quantitative and qualitative change in
the species composition of biota. In addition, as a
result of crop rotation, systemic links between the
phytocenosis subsystem of a particular crop and
the soil subsystem, especially its biotic compo-
nent, are often interrupted and mostly re-formed
annually. To some extent, this restructuring is like-
ly to affect the links between the subsystems of
all levels of the hierarchy in the agroecosystem,
in general — its structural and functional organi-
zation. Currently, there are proven methods for
studying species diversity in the field of biology.

At the level of communities, selected by bio-
logical and ecological features and functional role
in the agroecosystem, their spatial location, there
is a wide arsenal of methods. The integrity of the
ecosystem significantly depends on the links (tro-
phic, foric, topic, fabric and others) between these
groups of organisms in the biocenosis. It is known
that these issues are much less covered.

Quantitative, comparative and comprehen-
sive assessment of biodiversity is widespread in
research. For quantitatively assessment the num-
ber of species (or other taxa) for a given sample
is used; and biodiversity is characterized at the
appropriate level. Menhinick’s index, Margalef’s
index, Berger-Parker dominance index, Shan-
non-Wiener’s index and others are used to calcu-
late diversity [60, 61]. However, they do not allow
establishing the dependence of diversity on the
functional purpose, productivity and sustainability
of ecosystems on the organization of communities
of living organisms [60]. Therefore, it is advisable
to detail the information to the level of ecological
groups, taking into account the limiting factors of
the agroecosystem. For example, the distribution

for the entomocomplex should be characterized by
food specialization (entomophages, phytophages,
predators, parasites, and saprophages) [55, 62].

Comparative assessment of biodiversity is
based on the study of the dynamics of indicators,
which gives an idea about changes in ecosys-
tems, allows you to partially predict their further
development [60]. That is why it is desirable to
compare agroecosystems that differ in a certain
determining factor (or several factors) of impact
on biota. Thus, it is possible to identify the effect
of new technology or substance, the location of
the agroecosystem in the agro-landscape on the
diversity of living organisms. Elements of crop
technology (selection of predecessor, timing and
type of measures, norms of chemicals application,
etc.), distance from adjacent ecosystems and their
characteristics (forest, field, road, and city), relief,
soil and climatic conditions and other factors af-
fect B-diversity. The most informative results are
given by a comparative assessment on the gradient
of change of determining factors (on the ecotone,
ecoprofile, transect). In particular, the structur-
al and functional biodiversity in agroecosystems
changes with the abandonment of chemical plant
protection products. In organic agriculture, the
number of families of plants, insects, and birds is
growing, and the ratio of functional groups of or-
ganisms is changing [62—-64].

Comprehensive assessment (landscape-eco-
logical approach) allows understanding the degree
of ecosystem resilience, the level of anthropo-
genic action and response of the ecosystem to it,
the role and place of rare and vulnerable species
of plants and animals in this ecosystem, allows
approaching the problems of biodiversity con-
servation [24, 65]. In our opinion, compared to
comprehensive (complex) or other approaches,
the system approach more adequately reflects the
structure and dynamics of biodiversity, as it takes
into account the hierarchy of ecosystems, stages
of development and life cycles of biota, features of
each cluster (group) of living organisms and their
contribution to the overall agroecosystem. Sys-
tematic, especially synecological analysis of the
ecological situation in the agro-landscape allows
adequately identify the sources of the main factors
influencing agroecosystems and their biodiversity,
to characterize the mechanisms and assess the con-
sequences of their action in space and time. In par-
ticular, on the ecotone of different ecosystems of
the landscape it is possible to detect unidirectional
and multidirectional migrations of certain species,
features of the dynamics of taxon biodiversity, as
well as their ecological functions. This contributes
to a deeper understanding of the anthropogenic
transformation of the structural and functional
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organization of the agro-landscape, assessing the
quantity and quality of ecosystem services of cer-
tain diversity taxa (food chains, network/diversity
of habitats and statios, interspecific relationships,
crop pollination, etc.). These data are needed to
determine ways to optimize management on the
basis of integrated management, harmonization of
economic and environmental goals [42, 55, 66].

It is expedient to monitor the state of biodi-
versity in the following stages: preliminary cam-
eral stage (identification of objects, research areas,
expedition routes); reconnaissance — selection of
areas/sites for field research (determination of re-
search areas in nature); detailed route (conducting
descriptions of certain research areas, selection
of material, recording the main indicators of the
diversity spread in the research areas); the final
stage of the processing (analysis and generaliza-
tion of the results) [48]. Species composition can
be detected by expedition-route method. However,
in species diversity it is important to: (i) take into
account the regularity of the species presence or
life stage in the habitat; (ii) to determine whether
it is involved in the metabolism of the ecosystem,
as the number of members of the group is limited
and not all species living in the region belong to
the same group. The elementary mechanisms of
the evolution of the biocenosis, the restructuring
of existing and the formation of new relationships
between species and their functional blocks, the
evolution of the community start from this [21].
The relationship between ecosystem state and bio-
diversity can be explored through biophysical as-
sessment of ecosystem services. Remote sensing
data of the Earth make it possible to track changes
in the parameters of the natural environment and
the state of ecosystems [67].

There are inventory (diversity within the bio-
system, assessment of the diversity of ecosystems
of different scales as a whole, description of cer-
tain fauna and communities) and differential diver-
sity (detection and evaluation of spatial changes of
the group (diversity trends) along the gradient of
ecological conditions) [14, 15]. Tsaryk et al. [25]
found that an integrated approach (detection of all
the diversity of living things in a given area) can
be problematic for a number of reasons — succes-
sive changes in groups, imperfections in research
methods, significant financial and scientific costs,
and so on. Researchers consider a differential ap-
proach to be more accepted, which includes sev-
eral methodological approaches, among them the
study of key species — environmental, conserva-
tion, economic, social. Konishchuk [40] empha-
sizes the ecocentric approach to the formation of
the geoverse, in contrast to the paradigms of an-
thropo- and biocentrism, as well as the integrated
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approach (landscape protection, bio- and geodi-
versity conservation) in contrast to the differenti-
ated (monitoring of soil, water, air) sanitary and
hygienic control, radiation monitoring, etc.).

Spatial trends in biodiversity are studied on
different scales: global, regional, local and bio-
geocenotic. There are two scientific approaches
to the study of these issues: individualistic and
typological [68]. The first is used in the study of
flora and fauna (biota), and the second — biomes,
ecosystems and communities. Accordingly, zonal,
specific and coenotic fauna are a component of
zonal and local biota and communities within the
biogeocenosis [12].

Both research and ways to conserve biodiversi-
ty are based on different approaches: conservation
of nature standards in general; preservation of the
dynamics of natural phenomena, processes, chang-
es; conservation of biodiversity in quasi-natural
ecosystems (ponds, recreational lakes, regulated
meadows, protective forest belts, etc.) [69]. Cri-
teria for determining the value of biodiversity are
divided into groups: biotic, social, environmental,
economic [1]. By Tailor et al. [70], biodiversity
assessment can be based on economic, ecologi-
cal-economic and biological criteria. The first is a
system of cost indicators that characterize the eco-
nomic results caused by changes in biodiversity.
The economic assessment is complicated by the
impossibility of covering the whole set of inter-
connected living organisms in a given area. Physi-
ological, social, economic, ecological functions of
biodiversity are most fully characterized by ecolog-
ical-economic indicators. Biological assessment is
specific and most inherent to biodiversity.

Specifics of the microorganism’s diversity
study. Identification of microorganisms requires
special equipment, they are difficult to identify
and display in all their completeness [51]. At the
same time, using classical methods of soil mi-
crobiology, it is possible to take into account no
more than 10% of soil microorganisms [20]. The
endogenous heterotrophic succession first increas-
es the diversity of soil microorganisms, then the
phylogenetic diversity decreases and almost does
not change. Regarding exogenous heterotrophic
successions, the phylogenetic diversity of micro-
organisms increases in the middle and late stages
[71]. An informative way to study soil microor-
ganisms is to apply a set of molecular methods
using molecular-genetic indicators, which can
be used to obtain the most complete knowledge
about the diversity, condition and activity of mi-
crobial communities [72]. Important indicators of
the state of soil microbiocenosis are the ratio of
the number of certain ecological-trophic groups of
microorganisms, which reflect the direction of mi-



agrobiologiya.btsau.edu.ua

Arpob6iosnoris, 2021, Ne 2

crobiological processes. Species diversity of mi-
crobial communities is assessed using ecological
indices. The ability of an ecosystem to maintain a
state of dynamic equilibrium depends on the com-
plexity of multifunctional relationships and spe-
cies diversity of soil microorganisms [73].

Specifics of the plants’ diversity study. It is
informative to find out the dynamics of the hor-
izontal and vertical structure of the vegetation of
the agrolandscape cover under the influence of
certain factors. In modern phytocenology there
are two approaches to the classification of vege-
tation: ecological-phytocenotic (dominant) and
ecological-floristic (Brown-Blanke method). In
the first one community is considered as a synusia
of the phytocenosis (an element of its horizontal
structure), named after the dominant species and
determined by the same or similar life forms. In
the second approach, communities are considered
both as components of phytocenoses and as inde-
pendent objects. The criterion for establishing a
community is a group of common species (floral
nucleus), which are called diagnostic [74].

Assessment of phytobiota of agrocenoses is
mainly carried out by indicators: species richness,
frequency of occurrence, abundance (according
to Whittaker). Taxonomic and typological ana-
lyzes of phytobiota of agrocenoses are carried
out, which makes it possible to predict changes
in it and propose the necessary measures for their
control [44]. According to the tiers of vegetation,
it is necessary to establish a change in the ratio
of ecological groups, biomorphs, ecomorphs and
life forms in the phytocenosis. Life forms are de-
termined by the method of Raunkiaer [75], bio-
morphological structure — by Serebryakov [76],
ecomorphic analysis — by the method of Tarasova
[77]. Changes in ecological conditions should be
detected by the ecological structure of the grass
tier, using the appropriate scales [78]. To charac-
terize the condition, indication the factors of im-
pact and forecast the dynamics of the phytoceno-
sis, it is advisible to analyze its structure according
to the ecological strategies of plants (competitors
(violets, C-strategists), ruderals (experts, R-strate-
gists), stress tolerants (patients, S-strategists)) by
method of Ramensky-Grime [79, 80]. The degree
of adventization of the grass cover should be deter-
mined by Burda [81]. To identify mechanisms for
regulating the penetration and spread of unwanted
plants, the characteristics of the phytocenosis by
ecological valence of species and tolerance index
are promising [82].

Weeds in agrophytocenoses are distinguished
by botanical grouping (division into springs dicot-
yledonous, wintering dicotyledonous, perennials
dicotyledonous, annuals), other biological groups

(annual and biennial — ephemeral, spring late and
early, wintering, winter, biennial; perennial — rhi-
zome-root, rhizomatous and so on), by economic
use (medicinal, fodder, honey, ornamental, food
and others) and by the way of feeding (parasites,
semi-parasites, non-parasites). Depending on the
place of growth, weeds are divided into groups
(segetal, ruderal, meadow and their variations).
They are usually determined by quantitative,
weight or quantitative-weight methods.

Specifics of the animals’ diversity study. The
structure of the species, genetic composition of an-
imal complexes, as well as their diversity depends
on the dominance of producers [83], the determi-
nants of consortium relations. The consequences
of anthropogenic intervention in agroecosystems
should be assessed by the ornitho-, entomo-, ther-
iofauna of agro-landscapes. To study the diversity
within these groups, the degree of dominance of
certain taxa (eudominants, dominants, subdom-
inants, recedents, subrecedents) is determined
by the share of species. The most common field
methods of studying animals in agroecosystems
are trapping (insects, arachnids, and rodents),
analysis of pellets (birds), and trap lines (small
mammals). The sex and age structure of animal
populations, as well as the features and causes of
the distribution of species in the area, frequency
and number of finds are found out. Set the total
number, the proportions of species in the sample,
the abundance score are established. In addition,
it is advisable to identify species that are subject
to protection in accordance with the lists of inter-
national conventions, the Red Book of Ukraine,
regional and local lists, as well as the share and
origin of alien (invasive) species. The diversity of
animal groups is determined by the relevant eco-
logical groups.

Mammals, in particular, are classified ac-
cording to the level of their adaptation to an-
thropogenic transformation of the environment
[84]: anthropophobes, synanthropes (semi-syn-
anthropes, synanthropes, and supersynanthropes),
urbophiles (semi-urbophiles, urbophiles, and su-
perurbophiles), and anthropophiles. The distribu-
tion of life forms into different groups: terrestrial
overground, constant-water (marine), waterfowl,
flying, underground — geobionts, digging, burrow-
ing mammals. In entomocomplex, diversity is de-
termined separately by the life forms of insects:
geophiles — geobionts and herpetobionts (inhabit
the soil and its surface) and phytophiles — horto-
bionts and dendrobionts (inhabit the grass cover,
trees and shrubs) [85]. The diversity of avifauna
is characterized by the share of ecological guilds
of the community depending on the microstatios
occupied by them for the arrangement of the nest.
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That is, the methodological emphasis of biodi-
versity research depends on the goal and hierarchi-
cal level of ecosystems analyzes, spatial measure-
ments of the research question, as well as selected
criteria for determining the values of biodiversity
(biotic, social, environmental or economic). Each
group of living groups has its own characteristics,
the identification of which requires appropriate
methods, necessary knowledge, special equipment
or other resources, etc.

Conclusions. To study the agroecosystem
and their biodiversity, it is advisable to use a sys-
tematic approach, as it more accurately and ful-
ly reflects the nature, structure and dynamics of
the ecosystem. In ecological studies, biotic and/or
ecological classes are adequate for biodiversity as-
sessment. The most complete information on bio-
diversity, status and dynamics can be maintained
using complex of methods, diversity indices, data
on the ratio of certain ecological groups of bio-
ta and their characteristics (number, abundance,
occurrence, density, mass, etc.), indicator capac-
ity and other environmental indices. The state of
agroecosystem integrity and functional diversity
in it should be reflected through multifunctional
connections (inside taxa and between them, as
well as with the environment). For zoning of dif-
ferent levels of agroecosystem transformation and
its biodiversity distribution in space, it is informa-
tive to use gradient analysis on change of values
of the certain factors. The retrospective provides
answers to the reasons and dynamics in the time
of the detectioned changes and the basis for fore-
casting their development taking into account the
current situation.
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MeTtononoriyni minxoau y mociaigxenHi 6iopizHoma-
HITTA B arpoeKocucTeMax

JlaBpos B.B., I'padoBcska T.O.

B arpoekocucremax cTpyKTypa i JUHaMika TaKCOHOMiU-
HOTO 1 (yHKI[IOHAJBHOrO OIOPi3HOMAHITTS 3HA4YHO BiJpi3-
HSIOTBCS Bil MICIIEBUX HENOPYNICHHX iJEHTHYHUX €TaJOH-
HUX THIIIB €KOCHUCTEM Ta 3alle)KaTh BiJ THITYy i TPUBAJIOCTI
TOCIIO/IAPIOBAHHSI, CTYIICHS EKOJIOTTYHOCTI 3aCTOCOBaHMX
TEXHOJIOTil. ATPOEKOCHCTEMH iCTOTHO BIUIMBAKOTH Ha 0io-
PI3HOMaHITTS HABKOJMIIHIX TepuTopiid. st rapmonizamii
Hioro 30epekeHHs B arpojiaHamadrax 3 METO ONTHMI3allil
CUTBCBKOTO TOCIIOAAPCTBA HEOOXiHE YIOCKOHAJIEHHS METO-
IiB jgociikeHHs. BcraHoBieHO, mo BHOIp METOLONOTIY-
HUX OCHOB (TIPMHLUIIIB, KPUTEPIiB i METOMIB) JOCIiIKEHHS
010pi3HOMAHITTS 3aJICKUTH BiJA METH Ta 1€EPAPXIYHOTO PiBHS
aHaJi3y eKOCHCTeMH, MacIuTaly IOCHiIKyBaHOTO MUTaHHS,
OCKIJIBKM KOKHA BUJIiJICHA 32 IEBHUM NPHHIUIIOM TPYTIa XKH-
BUX OpPraHi3MiB Ma€ CBOi OCOOINBOCTI, BUSIBICHHSI 1 XapakKTe-
pUCTHKA SIKHX TOTpeOye BiMNOBITHUX METOIIB, HEOOXITHUX
3HaHb, CIIELIAIFHOTO 00JIaIHAHHS Ta 1HIINX PECypCiB HAYKO-
BOTO HOIIYKY. JIOIIBHO 3aCTOCOBYBaTH CHUCTEMHHUH MiAXis,
6ioTHYHI Ta/ab0 eKONIOTiUHI KpUTepil i IHACKCH OIliHFOBaHHS/
aHaJTi3y pi3HOMaHITHOCTI 0i0TH, CIIBBIHOIICHHS 1 XapaKTe-
PHCTHKH 11 €KOJOTIYHHX TPYI, IHIUKATOPHOI 3[aTHOCTI BH-
IiB, TIOJi(YHKI[IOHATBFHAUX 3B’S3KiB (BCEpEIMHI TAKCOHIB Ta

MK HUMH, a TAKOX 3 iX CEpelOBHIIEM) Ta 1HIII EKOJIOTIUHI
MOKa3HKKH, 1[0 OIHCYIOTh CTaH LiTiCHOCTI arpOSKOCHCTEMH,
11 QyHKIIOHAIBHOTO Pi3HOMAHITTS i AMHaMiku. ['pagieHTHMI
aHaJi3 3a 3MIHOIO 3HAUeHb BU3HAYAJILHUX YMHHUKIB JOLLIb-
HUH 1711 30HyBaHHS PO3IOAITY Y IPOCTOpi pi3HHUX pIBHIB
TpaHcopMallii arpoekocucTeMu Ta ii Giopi3HOMaHITTA. Pe-
TPOCIEKTUBHUN aHAIi3 Ja€ 3MOTy BUSBUTH INPHYHHH, OXa-
pakTepu3yBaTH JUHAMIKY 3MiH O10pi3HOMaHITTS Y MUHYJIOMY
i MalilOyTHEOMY Ta OOTPYHTYBaTH HAaNPsIMHU HOT0 30€peKeHHSI.

KorouoBi cjoBa: pi3sHOMAHITTS JKMBHX OpTraHi3MiB,
CLIBCBKE TOCIIOAAPCTBO, METOAN JOCHIIKEHHS, eKOCHCTEMA,
3B’SI3KH, €KOJIOT1YHI YNHHHKH.

MeTononornyeckue noaxoabl B HCCAeJOBAHUM OMO-
pazHO0Opa3us B arpo3dKocHcTEMax

JlaBpos B.B., I'paGoBckas T.A.

B arposxocucremMax CTpyKTypa H JUHAMHAKa TAKCOHOMH-
YEeCKOro U (pyHKIHOHAIEHOTO OHOpPa3HOOOpa3us 3HAYUTENb-
HO OTIMYAIOTCS OT MECTHBIX HEHAPYIIEHHBIX HACHTUYHBIX
OTAJIOHHBIX THUIIOB DKOCHUCTEM U 3aBHUCAT OT THIIA U IIPOIAOJI-
JKUTEIIBHOCTH XO3SIMCTBOBAHMS, CTENCHH AKOJIOTUYHOCTU
MIPUMEHSIEMBIX TEXHOJIOTHH. ATPOIKOCHUCTEMEI CYIIIECTBEHHO
BIMSIIOT Ha OMOpa3HOOOpa3me OKpPYyXAIOIIUX TEPPUTOPHH.
Jnst TapMOHM3aIMM €ro COXpaHeHWs B arponaHgmadrax
C IIENbI0 ONTUMM3AIMHU CENbCKOTO XO3s5IHCTBa HEOOXOANMO
YCOBEpIICHCTBOBAHHE METOIOB HCCIIE[OBAaHUS. YCTaHOB-
JIEHO, 4TO BEIOOP METOHOJOTMYECKHX OCHOB (TIPUHIUIIOB,
KPUTEPHEB M METOIOB) HCCIIENOBAaHMS OMOpazHOOOpa3us
3aBUCHUT OT IETH U HEePapXUIECKOTO YPOBHS aHAIN3a SKOCH-
CTEMBI, MacIITaba N3y4aeMoro BOIPOCa, MOCKOIBKY KaXkaas
BBIJIETICHHAS 110 ONPEEIEHHOMY NPUHIUITY TPYMIa >KUBBIX
OpPraHN3MOB MMEET CBOU OCOOEHHOCTH, BBISIBICHUE U XapaK-
TEPUCTHKA KOTOPBIX TPeOyeT COOTBETCTBYIOIIMX METOJOB,
HEOOXOMMBIX 3HaHUH, CIIEIIHAIILHOTO 000pYIOBaHHS U JIPy-
THX peCypcoB Hay4HOro noucka. LienecoobpaszHo mpuMeHsTh
CHCTEMHBIH IOAXON, OMOTHYECKHE H/WIM 3KOJOTHYECKHE
KPUTEPHH ¥ HHACKCHI OIICHKH/aHajI13a pa3HooOpa3us OHOTHI,
COOTHOILICHUE ¥ XaPaKTEPUCTHKH €€ SKOJIOTMYECKUX IPYIII,
HHJINKaTOPHOU CIIOCOOHOCTH BHIOB, MONU(YHKIIHOHAIBHBIX
cBsI3el (BHYTPH TaKCOHOB M MEXJLy HUMH, a TAKXKe C UX Cpe-
J0H) M Ipyrue 3KONOTHYECKUE ITOKA3aTelH, OMUCHIBAIONINE
COCTOSIHUE LEMOCTHOCTH arpo3KOCUCTEMBI, €€ (QyHKIHO-
HAJIBHOT'O Pa3sHOOOpa3us U AMHAMUKU. [ paueHTHbIN aHaIu3
110 M3MEHEHMSIM 3HAYEHHH ONpeAeTommX (HaKTopoB Iese-
coo0pa3eH Ul 30HHPOBAHUS PACIPENENICHUS B MPOCTPaH-
CTBE Pa3JIMYHBIX yPOBHEH TpaHC(HOPMALUH arpo3KOCHCTEMBI
1 ee OMopa3HooOpa3ms. PeTpocneKTHBHBIN aHaIHU3 MTO3BOJIS-
€T BBISIBUTD IPUUUHBI, 0XapaKTePU30BaTh AMHAMUKY H3MEHE-
HUI Gopa3HOo00pa3yst B POILIOM U OynyIieM 1 000CHOBaTh
HAaIpaBJICHUS €r0 COXPAHCHNSI.

KoroueBsie c10Ba: MHOTOOOpa3ne KHUBBIX OPTaHU3MOB,
CeIIbCKOE XO3SIHCTBO, METOABI HCCIENOBAHUS, YKOCHCTEMA,
CBSI3H, SKOJIOTHYECKHE (haKTOPBI.
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