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Conservation of biodiversity of terrestrial ecosystems should be based on obtaining objective information

about the state of biota and creating a network of key biological territories. It is proposed to create a system
of key mycological territories based on a system for assessing the stability of fungal communities, which
includes a number of indicators: stability of dominant complexes; constancy of participation in the community
of determinant species; the presence of a certain community cenotic reserve; preservation of the ratio of
stenotrophic and eurythrophic species in the community; preservation of the ratio of biotrophic and
saprotrophic species; functional stability of communities; typicality of the communities under consideration
for the region; successional status of the community.

1 INTRODUCTION

The study and conservation of the biodiversity of
terrestrial ecosystems is one of the priorities of the
concept of sustainable development (Bilgen,
Sarikaya, 2015; Jabareen, 2008). Important factors
for the success of work in this direction are the choice
of effective methods for identifying the biodiversity
of various components of ecosystems, allowing to
obtain the most complete information about the biota
of a certain territory, as well as the use of objective
approaches in assessing environmental factors that
can cause a decrease in the number of threatened
species or generally disrupt the stability of
ecosystems. Based on the fact that most of the natural
ecosystems have been transformed to one degree or
another by anthropogenic means, along with rare
species and communities, reference communities that
provide the functions of maintaining the constancy of
the environment deserve great attention.

One of the ways to solve this problem is to create
key biological territories, the main task of which is to
find and protect the most important sites and habitats
of especially valuable species. Currently, there is a
European program for the creation of key botanical
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territories, which has become widespread in Europe,
and has also spread to some regions and regions of
Russia (Gorbunov et al., 2010).

In 2001, at the 3rd Planta Europa Conference, held
in the Czech Republic, the first guide on key botanical
territories (KBT) was proposed, the purpose of which
was to stop the decline of plant diversity in Europe,
organize appropriate protection and monitoring for
them (Laguna, Ballester, Deltoro, 2013). The main
criteria for the allocation of KBT:

Criterion A: the site has a large population of one
or more plant species of great value on a global or
European scale;

Criterion B: The site is characterized by flora
unusually rich for its biogeographic zone on a
European scale;

Criterion C: The site is a unique example of a
habitat type of value on a European or global scale.

This program, with all its positive aspects, have
some drawbacks. First of all, the European concept
does not fulfill the function of preserving the integral
biotic diversity of the territory, since the objects of
this program are plants (to which the authors of the
program did not quite correctly attribute mushrooms).
As if "separately" from the system of botanical



territories in Europe and Russia, there is a system of
key ornithological territories, the creation of which
initiated the activity of European botanists in a similar
direction. However, many specific groups of
organisms remain not covered — fish, insects,
amphibians, reptiles, mammals.

As one of the promising ways to solve this
problem, we proposed (Safonov, Keen, 2004) the
creation of a key biological sites (KBS) system.

KBS are territories created for the purpose of
preserving rare and typical species of fungi, plants
and animals in their natural habitats.

KBS functions:

- preservation of rare and typical species of flora,
fauna, mycobiota of the region in their natural habitat;

- preservation of the reference communities of the
region;

- monitoring of biodiversity of the main functional
groups of organisms in the region;

- creation of a biodiversity bank of the region in
the form of artificial refugiums;

- promotion of local environmental knowledge;

- the use of KBS as testing ground for the
management of biodiversity and ecosystem functions
of separate components of biogeocenoses.

2 MATERIALS AND METHODS

The purpose of our research is to study the prospects
of creating a regional network of key mycological
territories as an important element of the KBU
system.

The discovery of a rare species population in a
certain habitat is not in itself a sufficient reason to
give this territory a particular conservation status. The
main goal of any type of specially protected natural
territories (SPNT) is to create conditions for the
preservation of the object of protection, ensuring the
preservation of the landscape as a whole for a long
time. Thus, the characteristics of the object should be
relatively constant and minimally dependent on
possible changes in environmental conditions.

In the existing SPNT system, such constancy is
not always achieved. Even in SPNT, covering large
territories and relatively isolated from anthropogenic
pressure, there is a decrease in the number of rare
species (Higgs, 1981; Tishkov, 2012). This is quite a
natural process due to the dynamic properties of
biosystems. When the anthropogenic factor is
eliminated in the protected area, the process of
development of individual communities and the
ecosystem as a whole does not stop, but only changes
its characteristics (its orientation and intensity

change). Thus, the successful performance of the
function of preserving biodiversity (especially
populations of rare species) is possible only within a
small number of protected areas, the dynamics of
which is quite predictable and is not aimed at
reducing the number of protected species. Based on
this, the prospects for the allocation of such protected
areas should be based on the assessment of the
sustainability of populations, communities and
biogeocenoses located in the protected area.

The assessment of the stability of biological
objects or systems requires an accurate determination
of the understanding of stability in each case. Long-
term discussions about the essence of sustainability
have led to the emergence of a large number of
diverse approaches and, as a result, the lack of a
unified view of the nature of this phenomenon
(Cumming, 2011; Gunderson, 2000; Holling, 1973).
Currently, each study adopts the interpretation of
sustainability that best corresponds to the goals and
objectives of this study.

When assessing biological objects, the concept of
"stability" is often used, which can be interpreted as a
special case of resilience, or rather as dimensional
stability (i.e., the constancy over time of some
indicators of the object, relatively easily measurable
by the researcher) (Safonov, 2003). In contrast to
resilience, stability is much easier to assess, since the
choice of measured characteristics is the prerogative
of the researcher and is determined not only by the
specifics of the object, but also by the possibility of
obtaining accurate data about certain of its
characteristics.

However, sustainability is not synonymous with
stability — it is a broader concept that includes the
ability of an object to maintain the trajectory of the
object's development in the ecological factor space.
This implies that the object or system in question is
dynamic, but predictable. The dynamics of all
elements of the system is coordinated and aimed at
maintaining the existence of the system, its relative
isolation, integrity and focused on the implementation
of integral system functions (White, Jentsch, 2001).

The assessment of stability is a rather difficult
task, and should include both the measurement of
dimensional stability and the assessment of trends in
the characteristics of the system.

The object of our study were the communities of
xylotrophic fungi of the forests of the Southern Urals
within the Orenburg region. As a result of long-term
monitoring  studies, material was collected
characterizing various structural characteristics of
fungal communities and their dynamics (Safonov,
2003). The accumulated data allowed us to come



close to the problem of preserving the diversity of the
mycobiota of the region through the isolation of rare
species of fungi and the creation of specialized forms
of biodiversity conservation — key mycological
territories (Safonov, Safonova, 2010).

3 RESULTS AND DISCUSSIONS

A fairly small number of studies have been devoted
to the problems of the stability and stability of fungal
communities. In most cases, the stability of fungal
communities is considered as secondary to the
stability of phytocenoses (Storogenko, 1997).
V.A.Mukhin (Mukhin, 1998) considers stability as a
result of the realization of the adaptive potential of
mycobiota. In his opinion, the adaptive potential of
mycobiota includes three important components:

- ecological plasticity of dominants;

- biological diversity of mycobiota;

- the rate of speciation.

The first component is responsible for the
adaptation of mycocenoses to actual changes in
environmental conditions, i.e. determines their
operational stability. The second ensures the stability
of the mycobiota under vectorized changes in
environmental conditions on a historical time scale
(tactical stability). Tactical stability is largely ensured
by the presence of a biota cenotic reserve consisting
of small, rare species. The third component
determines the resistance of mycobiota to
environmental changes on the scale of geological
time (strategic stability).

To assess the prospects of assigning certain sites
to the category of key mycological territories, we
have developed a system for assessing the stability of
fungal communities, which includes a number of
indicators that allow taking into account their
dynamic characteristics.

Among such indicators we propose to include:

* stability of dominant complexes;

* persistence of participation in the community of
determinant species;

* the presence of a certain fungal community
cenotic reserve;

* preservation of the ratio of stenotrophic and
eurythrophic species in the community;

 preservation of the ratio of biotrophic and
saprotrophic species;

« functional sustainability of communities;

* the typicality of the communities under
consideration for the region;

« the successional status of the community.

The relative constancy of the dominant complex

of species (dominant and codominant species) is
closely interrelated with the preservation of the
functional structure of communities over time. It is
these species that determine the functional "face" of
the community, being the main implementers of the
process of destruction of the woody substrate in a
particular forest biocenosis. Often these species are
highly specialized in relation to the generic affiliation
of the substrate, and in this case their role in the
decomposition of detritus becomes extremely
important, since they ensure the destruction of the
substrate prevailing in this type of forest. It is quite
natural that changes in the dominant complex indicate
a change in the state and a decrease in the stability of
fungal community and phytocenosis itself, since the
performance of its ecosystem functions by
mycocenosis is disrupted.

The second aspect of measuring the sustainability
of fungal communities is taking into account the
persistence of participation in the community over a
long time of key species — determinants of
communities. They are not always included in the
complex of dominant species, but their presence
reflects the specifics of the habitat of fungal
community. In case of habitat disturbance, the
proportion of these species in the community either
increases greatly (provided that a large amount of a
specific substrate enters the system), or decreases (in
this case they are replaced by widespread, little
specialized species). In any case, a change in the
participation of these species in fungal communities
indicates a violation of its stable state. It should be
noted that the significant participation of
determinants in fungal communities in itself is not
evidence of the stability or stability of this community
or the biocenosis as a whole. As our research shows,
some fungal communities of oak forests under
conditions of increased anthropogenic load
(recreation, grazing) are characterized by a high
proportion of determinant species (Safonov, 2003).
At the same time, the participation of such species in
non-exploited forests is often low. Sometimes there is
an inverse relationship between the level of
ecosystem disturbance and the proportion of specific
species in the fungal communities. Thus, it should be
borne in mind that a single study of the species
composition of fungal communities and an
assessment of the participation of determinants in
them does not reflect the level of stability, but the
specifics of the community, due to the peculiarities of
the environment and the history of the community.
Only long-term studies can provide an objective
picture.

The third measurable indicator of sustainability is



the presence of a certain fungal community cenotic
reserve, i.e. a certain number of species in a
community that can act as functional counterparts of
codominants when their numbers decrease. Speaking
about the value of the presence of a number of non-
specialized species in the fungal community we do
not mean cosmopolitan species such as Fomes
fomentarius (L.) Fr., Cerrena unicolor (Bull.) Murill.,
Stereum subtomentosum Pouzar, but small species
whose presence is mainly due to the genesis of the
biota of the territory (relicts) or other factors (rare
species in the broad sense). The presence of these
species in fungal communities is the key to the
variability of the structural characteristics of
communities, ensuring their tactical stability. The
participation of a certain number of these species in
fungal communities makes it possible, when
environmental conditions change, to carry out
structural and functional rearrangements by changing
the positions of these species in the system. However,
these rearrangements are possible only up to a certain
level of variation in the action of environmental
factors, beyond which the extinction of species
occurs, the reduction of the price reserve. Thus, the
presence of such species in a community is in itself
an indicator of its stability and stability of living
conditions. In the forests of the Southern Urals,
Favolus pseudobetulinus (Murashk. ex Pilat) Sotome
& T. Hatt, Metuloidea murashkinskii (Burt)
Miettinen & Spirin, Pilatotrama lyubarsky (Pilat)
Zmitrivich can be attributed to relict forests; the
presence of species located in the region at the border
of the range should also be taken into account:
Cellulariella warnieri (Durieu & Mont.) Zmitr. &
Malysheva, Phellinus rimosus (Berk) Pilat, Polyporus
tuberaster (Jacl. ex Pers.) Fr. and others (Safonov,
Safonova, 2010).

The fourth aspect of the sustainability assessment
is the preservation of the ratio of steno— and
eurythrophic species in the fungal communities for a
certain time. The formation of this ratio is due to the
peculiarities of trophic resources existing in the
ecosystem, and is aimed at optimizing the processes
of destruction. By itself, a large proportion of
eurythrophic species in the mycocenosis is not
evidence of its unstable state, just as their absence
does not guarantee stability. The balance of the
number of species with different substrate
specialization in the community is a reflection of
environmental conditions, the peculiarities of the
process of substrate intake, changes in its quantitative
and qualitative characteristics. ~With  sharp
(catastrophic) changes in forest phytocenoses, the
characteristics of detritus also change, which will

determine the change in the characteristics of fungal
communities of xylotrophic fungi. Accordingly, the
detection of changes in the ratio of steno- and
eurythrophic species in mycocenosis during long-
term monitoring can be interpreted as evidence of
some loss of stability. In most cases, the community
is able to quickly transition to a new stable state.
However, if the proportion of stenotrophic species
decreases very significantly, it can be assumed that
mycocenosis has become unstable, as the complex of
specific species changes, its "core" is lost.

The fifth indicator of sustainability is the
preservation of the ratio of bio- and saprotrophic
species. A sharp increase in the number of biotrophic
fungi in the community is perhaps one of the most
striking evidence of violations of the forest
phytocenosis, since the reason for their active
settlement is the presence of multiple damage to trees,
which become "gates of infection". For example, in
floodplain old-age poplar forests in the vicinity of
Orenburg, the proportion of biotrophic fungi in
communities is significantly higher than in
communities of xylotrophic fungi of poplar forests 50
km or more away from the city (24.3 and 11.6% of
the total number of detected samples, respectively).
At the same time, there are not only differences in the
number of biotrophic species, but also in the
qualitative composition of biotrophs.

It can be predicted that in a few years the
biotrophs will exhaust their trophic resource (lead to
the death of the trees they inhabit), and another
restructuring of the mycocenosis structure will occur
— the relative proportion of saprotrophic fungi will
increase. It should be emphasized that it is the relative
proportions of biotrophs and saprotrophs that change,
which can occur due to changes in any of the groups
of species. Thus, it is the stability of the ratio of the
proportions of biotrophic and saprotrophic fungi in
mycocenoses that should be considered as an
indicator of stability.

Another way to measure the stability of fungal
communities is the asses of functional stability. We
emphasize the special place of functional
sustainability in the overall sustainability of the
community and the ecosystem as a whole.
V.N.Novoseltsev (Novoseltcev, 1978, p. 60) pointed
out: "the preservation of the species composition and
the number of individual populations is advisable
only insofar as it contributes to the fulfillment of the
highest goals — maintaining the maximum flow of
energy through the system." Thus, the presence of
functional stability is the most important indicator of
assessing the current state and forecasting the
development of ecosystems. However, functional



stability can be assessed only with long-term
monitoring data. The overall functional stability
consists of the stability of two components — i.e. the
relative constancy of the rate of destruction of wood
and biomass production, which are the main
ecosystem functions of communities of xylotrophic
fungi.

The uniformity and predictability of these
processes ensures the predictability of the circulation
of substances in the ecosystem and is the basis for the
uniform development of forest phytocenosis.

In practice, the assessment of functional stability
can be carried out by monitoring the qualitative and
quantitative characteristics of detritus. Provided that
the existence of the forest phytocenosis itself is
relatively stable, the amount of detritus entering the
environment for certain periods is relatively constant.
If the system of reducers and its most important
component - mycocenosis - function stable, then the
ratio between the amount of incoming and
destructured detritus should also be relatively
constant.

The seventh aspect of assessing the sustainability
of fungal communities is the typicality of the
communities under consideration for the region. This
indicator is a prerequisite for extrapolating data and
conducting a comparative analysis of the
sustainability of forest ecosystems in the region. The
premise of such an assessment is the statement that
the most frequently observed phenomena in time and
space can be considered the most stable. Therefore, if
the fungal community under consideration is typical
for the forests of the Southern Urals in many respects,
it can be considered stable. This allows any fungal
communities, which differ in characteristics from
mycocenoses typical of a certain formation
mycobiota of the region, to be defined as unstable, in
a state of transition to another level.

The last indicator of sustainability is the
successional status of the community. As mentioned
above, communities are characterized by a certain
dynamics of structural parameters depending on their
position in a series of communities on the way to
climax. Many types of structures with active external
influence are very mobile and this turns out to be a
significant obstacle in assessing the potential of
communities and predicting their resource potential.
In order for a community to be considered stable, it
must have not so much the constancy of species
composition and other qualitative and quantitative
characteristics, as the constancy of trends in their
changes (constancy of direction and speed of change)
(Safonov, 2018). Only in this case the result of
community development becomes predictable. The

constancy of properties is most fully expressed in
communities that have stopped intensive
transformation as a result of achieving a certain
compliance with environmental conditions, i.e. in
sub-climax and climax communities. The closer a
community is to the climax state, the slower the
processes of restructuring its structural characteristics
are, the more stable it is in the manifestations of its
features and in the performance of functions in the
ecosystem.

4  SUMMARY

Since the development of fungal communities in most
cases is directly dependent on the state and
development of forest phytocenoses, the most stable
communities of wood-destroying fungi exist in little
disturbed, indigenous forests. This greatly simplifies
the process of identifying resistant fungal
communities, but does not reduce the need to take
into account other indicators of resistance, since they
allow for a comparative assessment of resistance.
Our proposed approach to assessing the stability
of fungal communities will allow us to draw
reasonable conclusions about the expediency of
allocating certain key mycological territories in the
Southern Urals, since only having a reliable tool for
measuring structurality and stability, we can proceed
to forecasting the development of fungal
communities and the entire system of forest
ecosystem reducers. The next stage should be the
development of techniques to control and manage the
fungal component of forest ecosystems. Successful
management of such a complex multi-species
complex can be carried out only on the basis of
objective knowledge about the role of different types
of structures in maintaining a stable state of
communities, about the mechanisms that ensure the
adaptation of fungal communities to specific
environmental conditions and their changes.
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