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Systems analysis of biological phenomenon of succession has been carried out. The history of
the subject and the current state of art are considered. Classification of both succession process as a
whole and separate succession stages are proposed. Interaction between two main gears of succession —
competition between plant species and their interaction with abiotic part of the biogeocoenose — are
considered. Extreme nature of succession process and polygenetic structure of biogeocoenose, as a
result of succession, are demonstrated.
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HEJITHIMHA TEOPISI CYKLIECIA JIICHUX BIOTEOIIEHO3IB: MATEMATHYHI ACITEKTH
IIpoBeneno cucreMHuit aHamni3 OiosoriyHOro ¢QeHomeHy cykuecid. PosrisHyTo icTOpiro
npobneMu Ta ii cygacHuit cran. HaBeneHi okpeMi xiiacudikamiifHi cXeMH 1 JUIsl CyKIecii, K IporeciB
y LUIOMYy, 1 ISl OKPEMHUX CYKIIEeCIHUX cTajaiid. Po3rissHyTa B3aeMolisi JBOX OCHOBHHX MEXaHI3MiB
CYKIeCil — KOHKYpEHIIi MK HpPOJyLUEHTAMH Ta iXHS B3a€MOMiS 3 a0iOTHYHUMH KOMIIOHCHTaMHU
OioreomeHo3y. [lokazaHO eKCTpeMaIbHUN XapaKTep MPOIEeCy CyKIecii Ta MONMIreHeTHYHHN XapaKTep
0ioreoneHo3y SK pe3yJbTaT CyKLecii.
Knrouoei cnosa: 6iozeoyenos, cykyecis, CUCeMHUL AHALI3, TiCU, MAMEeMAMUYHa MOOeb.
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HEJIMHEMHA S TEOPUS CYKIECCUI JIECHBIX BUOI'EOLIEHO30B:
MATEMATHUYECKUE ACITEKTEI

BrimosiHeH cucTeMHBIN aHanu3 6uojorudeckoro ¢peHoMeHa cykueccuil. PaccmoTpena ucropus
npoOsieMbl H COBpEMEHHOE cocTtosiHue. IIpencraBieHbl OTACIbHBIE KIaCCH(UKALHMOHHBIE CXEMbI U
UL CYKILIECCHi, KaK MpOLECCOB B LEJIOM, TaKk M A8 OTACNBHBIX CYKLIECCHOHHBIX CTaIHi.
PaccmoTpeHo B3amMmopeiicTBHE OBYX OCHOBHBIX MEXAHH3MOB CYKLIECCHH — KOHKYPEHLHH MEXIY
NPOAYLEHTaMH M UX B3aUMOJICHCTBHE ¢ abHOTHYECKHMH KOMIOHEHTaMH OuoreoreHo3a. IlokazaH
IKCTpEeMaJbHBIIl XapakTep Mpolecca CyKIEeCCHH M MOJIUTeHETHYEeCKH XapakTep OHOreoreHo3a Kak
pe3yJIbTaT CYKIECCHH.

Knmiouesvie cnosa: 6uoceoyenos, cykyeccus, CUCTEMHbIL AHATU3, Tecd, MAMEMAmuiecKkas Mooeib.

Consider issues related to biological gears of successions understanding of which is
necessary for adequate mathematical models of ecosystem dynamics construction. We shall
examine successions in land (uppermost forest) biogeocoenoses. Succession biological
specificity issue is closely connected with emergency of succession ecological system
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problem (Vasilevich, 1983; Peregudov, Tarasenko, 1989; Gorelov, 1998), whereas they
could be examined as specific peculiarities display of synecological systems or as simple
step-by-step substitution of one plants by the others not obeying certain special laws. We
shall hold to the first approach and show that succession may be examined like nontrivial
process of homeostasis and ecosystem self-organization (Kolesov, Majorov, 1986; Armand,
1988; Chernyshenko S.V.,1995). Meanwhile, emergent properties of successions are, from
our point of view, based on two quite clear ecological processes:

- dialectical interaction of biota and stagnant environment (against the background of
evolutional fitness of species to certain ecological characteristics);

- interspecific competition for ecological resources (phased-array, biogenic elements,
water, etc.).

Ecological phenomenon of successions

Succession changes have been being at the centre of attention of biogeocenologists
for more than century and have been staying one of the most urgent problems of ecology.
There is a huge number of publications, dealing with this subject. Short review Russian-
language publications is given in the volumes (Krivolutsky, Pokarzhevsky, 1990;
Berezovskaya and others, 1991; Gorelov,1998), and foreign publications (Pianka, 1994;
Krebs, 1994). But until now these processes have not been interpreted and generally
accepted for their complexity, diversity and long-term character. There are no integrated
approaches to their practical research (Austin, 1977).

Probably the term “succession” was first used in the paper “Disappearance of pine
wood of south breeds as an argument of production change tendency on the same soil
existence in nature” published by American forester J.Edlam in 1806. In 1863 the other
American scientist G.D.Toro used the notion “forest succession” for characterization of
substitution of pine by deciduous breeds in New England. In XIX century the conception of
forest succession was developed in works of T.Duglas and G.Sernander (the Ilatter
suggested the theory about dynamics of plant “formations”). Finally in 1899 American
botanist G.K.Karaulz published the results of classical research of successions on sand
dunes of Lake Michigan, which has not lose its urgency yet and has been examined in
majority of ecology textbooks (Spurr, Barnes, 1984).

F.Klements philosophically (now we could say “systemically”) generalized the results
of predecessors. His theory became a remarkable phenomenon in theoretical ecology
development. It had global character, the author tried to construct on the base of quite simple
and clear assumptions logically proportioned model, globally explaining the diversity of
observed phenomena. From this point of view the idea of self-organization of biogeocenose is
quite organic in his theory. Really at succession lightening each stage of succession prepares
own changing itself, as a result of such step-by-step self-development process, more
determined, biogeocenose returns to its optimal for the climatic zone form — “climax”.

Construction of similar global theories has become the principle direction of physical
science development in the last three hundred years, has changed the period of empirical data
accumulation and first shy generalizations in the time of Newton. But even at comparative
simplicity of physical phenomena (as compared to biological) the theories value not always
seemed evident for practice. High abstractness giving the theory depth and generality creates
inevitably certain problems with its application to real, far from being abstract objects.

Studying extremely complicated, multiple-factor biological processes such problems
appear particularly sharp. Refined theoretical constructions of F. Klements and his
followers are checking up with difficulty in practice. For instance reveal of factors
furthering the development of the following stage, or, on the opposite side, their absence
conclusion is a very complicated task methodologically. Besides, any biological theory, in
contrast to physical, wittingly does not describe the whole diversity of possible phenomena.
Intention to describe maximum large quantity of real situations made Klements
considerably complicate his theory, add there large quantity of complementary terms, why
the theory had lost its orderliness and seemingly increase its practical value insignificantly.

Works of V.N.Sukachev and L.G.Remensky played a remarkable role in succession
studying in domestic biogeocenology. A separate chapter (written by V.N.Sukachev)
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formed a part of the major work on forest biogeocenology, monograph (The basis of
forest...,1964). The chapter deals with dynamical processes in BGC and contains a number
of important theoretical generalizations. V.N.Sukachev regarded successions as many-sided
notion, covering a wide range of dynamical processes, progressing in biogeocenoses.
Following this approach, it could be considered, that fundamental forms of global dynamics
of BGC, starting with seasonal fluctuations and finishing with phylocoenogenesis, have in
their character many common features and could be united under the general term of
successions. Nowadays such approach is supported by the majority of world ecologists
(different points of view on this question could be found for instance in (Ehrlich,
Roughgarden, 1987)).

Succession is a display of two the most important properties of biogeocenoses — to
homeostasis and to self-development (though sometimes it is said about “conditionality” of
ecosystems’ self-regulation (Danilov, 1978), but it is difficult to agree with such opinion). Self-
development processes (evolutional successions, phitocenogenesis) are caused by inner reasons
— micro- and macroevolutional processes, progressing in the components of biogeocenose
populations — and become the display of general tendency of matter to self-development.

Homeostatic and adaptation processes are activated by violation in the structure of
BGC occurrence or by environmental condition change. Violation degree of equilibrium in
BGC is defined by succession complexity and duration. Succession ability is a display of
homeostatic and adaptation properties of biosphere, which strives for its viability
preservation mutating environmental conditions. Homeostasis and successions relationship
is evident; and examination of homeostasis on the ecosystem level without mentioning of
successions (as it sometimes occurs (Golubets, 1982)) is presented incompletely. As
[.G.Emelyanov pointed, environmental mutation “cause adequate reorganization in
structure of species populations, communities, biotas” (Emelyanov, 1992). Successions are
exactly these reorganizations on the level of biogeocenoses.

Successions are defined by non-linear character and come to step-by-step change of
several succession stages — several dominating vegetational associations. In the paper
(Chernyshenko, 1997) for such associations the term “cenoma” was suggested, meanwhile
the view on the succession stage in the capacity of biogenic elements cycle will be
developed. But in many cases more simple approach could be used, considering that for
succession stage description it is sufficient to examine the vegetational association
dynamics (and even — the dynamics of edificators’ populations of these assosiations).

We should note the important relations of successions and spatial heterogeneity of
biogeocenoses. The both phenomena could be connected with external against the biota
factors. Vegetational associations (which could be naturally named “parcels” here) reflect
heterogeneity of phytocenosis in the area, and successions reflect the same but through the
time. G.Valter, for instance, wrote about similarity of temporal and spatial aspects of
biogeocenoses mutability. He suggested to fix for spatial analogs of successional stages a
well-known name “ecological range” (Valter, 1982).

Vegetational associations (ecological ranges) change each other in the area by the
gradient of natural factors. Successional stages also change each other during the gradual
mutability of one or several natural factors, but this mutability occurs not in the area but in
the time. Endogenous successions deals with environment-forming properties of
successional stages, which create the gradient of factors in the time.

Steppe dendrology gives illustrative examples of spatial changes, reflecting temporal
changes. The boundary between steppe and forest areas are often characterized by
intermediate conditions zone existence, where the ecological ranges could be observed (for
example “squawbush forests — blackthorn — elm-black-maple oak-forests — elm-ash oak
forests — lime-ash oak forests — lime oak forests” (Belgard, 1950)). In the conditions of
restless age-old successions ecological ranges shift (to steppe or forest areas), so in every
spot the successional changes of applicable vegetational associations occur.

Succession classification multistage processes

In the classification of V.N.Sucachev (The basis of forest..., 1964) the dynamics of
biogeocenoses is devided into two large forms: cyclic (periodical) processes and
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successions. The dynamics of BGC relating with diurnal and annual rhythms (generally too
significant) does not really deal with its development direction, global trend, which is the
basic observable phenomenon in succession theory. A.L.Belgard calls the first form of
dynamics “dynamics of phytocenosis” and the second — “dynamics of vegetational cover”
(Belgard, 1950).

But to connect periodicity and reversibility directly (as well as aperiodicity and
irreversibility), as it was done in mentioned definition of B.M.Mirkin and G.C.Rozenberg,
to our point of view, is not quite reasonable. As V.N.Sukachev mentioned (The basis of
forest..., 1964), successions, induced by external action on BGC, could be reversible, when
periodical external actions could not lead to reversibility in BGC dynamics. There are
forms of dynamics, when demutation (by G.N.Vygotsky, 1950) do not occur, i.e. when
restoration of external ecological parameters does not lead to BGC restoration (Rabotnov,
1983). In system theory such phenomena, on the ground of physical analogies, are called
hysteresis.

Phenomenon, which is similar to periodic dynamics by several features, is so-called
fluctuations of vegetation (Rabotnov, 1974). Fundamental joint feature of these two types
of dynamics is conservation of the main features of vegetational community in their
progress. In systems approach it is more preferable to use the interpretation of vegetational
grouping, changing each other in the progress of fluctuations, as different display forms of
integrated plant association. The majority of phytocenologists hold this definition
(Nitsenko, 1971; Rabotnov, 1974; Mirkin, 1974) and do not consider that in the case of
fluctuation of environmental parameters the reversible change of plant association occurs
(Vasilevich, 1983). Fluctuation and periodical dynamics, as well as succession, is a
homeostatic process, but in contrast to successions at relative transience and moderate
character of environmental mutability of association adaptation is reached not by radical
reconstruction of system (replacement of elements and change of relationship between
them), as it occurs at succession, and by condition of elements change of existing system
without structure change.

Classification of successional processes (including several stages - from the
beginning to the "climax") is usually based on an analysis of two indicators - the causes of
succession and its duration. Such approach has certainly justified itself, especially in
solving practical problems of ecology. At the same time in the theoretical study of the
succession there is a necessity to develop the classification of successions by the nature of
internal processes in BGC in the succession progress, which are connected with two
mentioned parameters, but not one-to-one correspondence. Consider possible causes and
duration of successions from the position of system analysis, using the obtained results in
this area (Aleksandrova, 1964; Vasilevich, 1983), and then discuss a possible interpretation
of the systemic nature of different successional processes.

We begin by considering the possible causes of succession. Following the common
practice of dividing the succession to the endogenous (autogenic) and exogenous
(allogenic), it should be noted that at the end, almost all successions are caused by external
factors. An exception could be considered phylocenogenetic processes (which are also
stimulated by instability of the environment) related to the global process of self-
development of matter and micro-evolutionary population processes.

By the interpretation of V.N.Sukachev we should refer phylocenogenesis to
endogenous succession processes. In this case, we should refer to successions only
"coherent" phases of phylogenesis (Zherikhin, 1987), which occur under conditions of
relative stability of native environment. Abrupt and global climate changes (or other
catastrophic events) can destroy biogeocenosis, after that a mass extinction of the old and
the intensive formation of new species occurs (Zherikhin, 1987) - a process that can also be
refered to adaptation, but which by its nature has few common features with classic
succession.

Exogenous successions are divided into two categories (according to the character of
causing them external influences):

- autonomous succession, if the influence was nonrecurrent and relatively short-term
(the appearance of island on the river sediments, BGC destruction by fire, etc.);
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- non-autonomous succession, in the case of a constant destabilizing external influences
(global climate change, industrial pollution, moderate economic use of man, etc.)

Notion of "autonomous " and "non-autonomous" system are widely used in system
theory (Kalman and others, 1971; Mesarovich, Takahara, 1978; Van-Gig, 1981).
Autonomous call system, impact of the environment on which does not change through the
time (or changes spontaneously, at random), and non-autonomous - a system the dynamics
description of which requires taking into account the parameters of the environment
depending on the time. Applying these terms to the dynamics of biogeocoenoses, we can
unite under the term "autonomous succession" the types of succession, the course of which
is determined by internal processes in BGC, with no significant effect of changes in
external to BGC environment. These are primary successions, syngenesis, €xogenous
catastrophical (by V.D.Aleksandrova, 1964 - '"postcatastrophical) successions.
V.1 Vasilevich (1983) proposes to unite all the successions of this kind under the notion
postcatastrophical, however, the term " autonomous successions" seems to us more
appropriate, firstly because the beginning of such successions do not always associated
with catastrophic events (for example, in the case of syngenesis), and secondly, following
the common terminology of systems theory makes this term more transparent for
specialists-systemologists.

For successions, caused by permanent and having a tendency to change in the
external environment, V.I.Vasilevich uses the term "permanent" or "continuous"
succession. Concepts of continuity and permanence in mathematical systems theory have
somewhat different shades of meaning. We suggest, in consideration of unsettled character
of terminology, to call such succession with term understood in the framework of systems
analysis - "non-autonomous" succession.

To the reasons causing the non-autonomous succession we can refer solar variability,
which have periodicity, but to which there are no special adaptive devices in biogecenosis
(the mentioned restriction of T.A.Rabotnov is connected with taking into account the
possibility of such factors on a long period of "periodic" processes).

Thus, on the basis of their causes, we can divide the successions into three categories:
- phylocenogenesis (the only in the full sense of the endogenous process);

- autonomous successions - caused by a nonrecurrent and short-term external influence (by
this feature - exogenous), but then progressing under the influence of internal biogeocenotic
processes (in this sense - endogenous);

- non-autonomous successions - caused by constantly progressing changes in the external
environment (in the full sense of an exogenous process).

For autonomous successions it is naturally to define three main types of violation,
"launching" the succession (they can be often combined):

- the environmental parameters change (for example, change in water regime as a result of a
reservoir creation);

- the change of the number biocoenosis species - a violation of equilibrium, a balance of
species (for example, the destruction of undergrowth and most of the plants of the lower
tiers as a result of ground fire);

- changes in species composition of biogeocenosis as a result of extinction or introduction
of species (for example, delivery of rabbits in Australia).

Autonomous succession caused by the first type of violations, wesuggest to call
autonomous parametric, the second - autonomous balanced, the third - syngenesis (in
accordance to the established terminology). To call the dynamic process, caused by any of
the mentioned reason, a succession (in accordance with the definition of the latter), changes
in BGC must be radical enough. The violation must be in such degree that the return of
biogeocenosis in the initial state could not be possible within the existing structure, and
requires step-by-stepits modification. Maintaining and restoring the balance processes
without structural rearrangements progress constantly in BGC and can also be reffered to
the forms of dynamics. They can be reffered to the mentioned fluctuation dynamics (if we
understand the fluctuations in extended sense).

Now we shall consider the issues related to the duration of succession. The division of
the succession into short-term and age-old reflects the nature of the processes within an
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ecosystem in a less degree, as related primarily to the characteristics of the external factors
causing succession or ecological features of the dominant species in BGC.
Apparently, autonomous successions are always relatively short, but even they, if

among the edificators of successional stages long-lived tree species are presented, could last
for centuries. At the literal meaning of the term we could refeer such succession to "age-old",
but now the scale of age-old succession is considered to be of thousands or millions of years.

Duration of non-autonomous succession depends primarily on the duration of the
external factors causing them. Non-autonomous successions reflect BGC tendency to adapt
to changing environmental conditions, so the usual succession of this kind may be called
adaptive. Among the non-autonomous successions are usually distinguished hologenesis —
an age-old succession, which is caused by global climate change, “development of river
valleys, epeirogenetic fluctuations of land and the evolution of soil types” (Belgard, 1950).
To our point of view, age-old successions of this kind do not differ fundamentally from
other non-autonomous successions, as based on the same mechanisms of homeostasis of
biogeocenosis. The exception is the micro-and macroevolutional BGC processes, which in
the case of hologenesis may complement a more adaptive processes. In this case, we
believe that parallel to hologenesis the other process progresses, which is also commonly
referred to age-old successions - phylocoenogenesis.

Microevolution, which is manifested in a change of some population characteristics of
the species-edificators, can occur at fairly short intervals of time and play an important role
during the succession (Becking, 1968). Microevolutional component in phylocoenogenesis
is relatively short, while a more global macroevolutional process on its own time scale even
greater than that which is usually attributed to age-old succession.

As stated in the book (Gorelov, 1998), "one of the major achievements of ecology
was the discovery that not only the organisms and species develop, but also ecosystems
do." Between the evolution of individual species and biogeocenosis generally there are
dialectical relationships. On the one hand, natural selection carries out on cenotic level, and
in this sense biogeocoenosis "controls" evolution. On the other hand - the emergence of
BGC of new life forms (species, subspecies, races - have arisen on-site or migrated from
the outside) can cause rearrangements in BGC ("flashes", by V.D.Fedorov (1970)), which
are also agreed to classify as successions. If we exclude the introduction or accidental entry
of new species by man (unfortunately, getting a colossal scale in the last century) - these
phenomena we refer to the reasons of syngenesis - processes of self-development of BGC
progress very slow, even compared to other types of successions that are traditionally
related to the age-old ones. For suth successions we suggest the term “evolutionary
successions”, which underlines their difference from short-term and age-old ones as in the
time and the inner nature (the system not only keeps or restores its structure, but changes,
“improves” it).

The proposed classification of dynamic processes in forest biogeocenoses is
presented in the table.

The proposed classification is convenient for system analysis and succession
modeling. Selection of phylocoenogenesis in a separate category is justified, since the
processes of self-organization (Levitin, 1975), consisting of the fact that the system can
themselves change their structure, represent a special category of systems theory yet not
well studied models. As a simple example of this approach in the article (Chernyshenko,
1996) a model of successional shifts based on the hypercycle model of M. Eigen is
considered, in which biogeocoenosis itself "chooses" the level of its complexity.

Non-autonomous successions compose a special group in the analysis of dynamic
processes. Non-autonomous (or nonstationary) models with time-dependent coefficients
correspond to these successions. If the time variable tends to infinity, these coefficients do
not tend to some constant values, the ecosystem is also not likely to move in a certain state,
and its dynamics will be determined, ultimately, the dynamics of the coefficients. To study
such systems there are not developed universal methods, although some of their properties
(for instanse, sensitivity, and inertia with respect to a change in the coefficients) can be
investigated.

Classification of dynamical processes in forest BGC
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Type of External . .
ype ¢ . Type of succession Duration
dynamics influances
evolutional
. "age-old"
Endogenous — . succession
. phylocoenogenesis m m
successions . . age-old",
microevolution .
medium
. hologenesis "age-old"
E constant, with non-autonomous £ sgmall
X n . . .
ogenous certain tendency successions adaptation L
successios medium
autonomous parametric
. small,
nonrecurrent (postcatastrophic) balanced .
. - medium
successions syngenesis
Periodic constant periodic
. . . small
dynamics with small period
constant with
Fluctuation accidental small
dispersion

In the case of autonomous successions for the mathematical description of the process
the nature of the initial disturbance is significant. In the case of changes in the number of
species (balance autonomous succession) the disturbance of the system state (with no
change in itself) occurs. In this case, the stability of the system "in the initial conditions” is
interesting, the qualitative behavior of the system can be studied on the basis of the theory
of Lyapunov (Liapunov, 1950; Bautin, Leontovich, 1990).

At the system parameters change (parametric autonomous succession) the system in
terms of systems analysis, changes its properties. The "structural stability" of the system
should be researched, and as a well-developed mathematical apparatus the bifurcation
theory may be used (Yoss, Joseph, 1983).

The case of changing the structure of the system (syngenesis) is the most difficult
methodologically because it is difficult to describe quantitatively the relationship between a
system, in which there are new elements or old disappeared, and the initial system. The
study of the structural stability of this kind is naturally carried, bringing this case to the
previous. For example, when modeling the appearance of a new type of model introduced a
new element with some weighting factors that define the extent of its connection with other
species, which then can be changed from zero to determine the critical values associated
with qualitative changes in the dynamics of the system.

Volterra systems (Volterra, 1976; Maynard Smith, 1974; Svirezhev, 1983) provide a
convenient way to reduce the latter case is not to the more complicated the second, and the
first case. These models have the property that the population with a zero number can not
be developed, so simply "zeroing" population size, we exclude it from BGC. Similarly,
when the introduction we "includes" the species at BGC just giving it the number of non-
zero value. Below at the modeling of successions, we shall use this technique.

When balanced autonomous successions change population size is not going beyond
the boundary of the attraction of the current equilibrium point corresponds to the
fluctuation dynamics. We can talk about succession, if the violations are so large that they
lead to a change in the equilibrium position (structure of BGC changes and the succession
process begins).

When parametric autonomous successions we are dealing with fluctuations, until the
change of parameters does not lead to a bifurcation (a catastrophe). Bifurcation, meaning a
radical change in the dynamic properties of the system, means the beginning of a new
successional stage.

If we consider the model of not only the biotic part of BGC, but also include in it
biostagnant parts and the part of stagnant components, changes in the environment, which
is an essential part of succession, is expressed by the change of the system, rather than its
external parameters. Those effects, that were associated with bifurcations of the system,
become the result of "internal bifurcation" (Chernyshenko, 1995a). So restructuring of the
system is the result of its internal development, rather than external influences. Not all the
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abiotic factors may be included in such a way to the model of BGC (for example, in the
constructions of F.Clements BGC detects even a relief, but beyond its borders of BGC
climatic conditions still remain), but some of them - such as the parameters of soil, litter,
the nature of wetting etc. should preferably not be seen as external, but as internal
parameters of BGC.

Finally, we should note the importance of the territorial aspects of succession.
Succession in the ecosystem do not and can not progress regardless of ecosystems,
surrounding it. Except start-up island in the ocean, the relationship of primary succession in
which other ecosystems are mediated (but which exists, and without which these successions
are impossible! "); the actual succession passes in the territory, surrounded by other
biogeocenoses, and in most cases - in which can be considered as part of some of the existing
ecosystem. A classic example of a primary succession - the formation of a new
biogeocoenose on the river flats - can be interpreted (perhaps more correctly) and as an
extension of the territory of the existing floodplain BGC. Destruction of forest BGC in a fire
can be considered not starting the process of syngenesis on the affected area, which
disappeared most of the species, but the beginning of the balanced autonomous succession in
BGC, in which the density distribution of many species turned into zero. Restoring of an
ecosystem will be progress not only by successional processes in the territory, violated by
fire, but also by the diffusion occupation of it from the surrounding undisturbed parts of BGC.

Mechanisms of succession. The role of competition of populations
of producers-edificators and their interactions with the abiotic environment

As mentioned at the beginning of this article, the change of the dominant association
in succession process occurs under the influence of two driving mechanisms: interspecific
competition between plants-edificators and their dialectical interaction with the stagnant
environment.

Consider in the beginning the first process - the competition of the associations for
the major environmental resources, which has a number of specific features (such as forest
successions its course is largely determined by the properties of the soil block — as
L.O.Karpachevsky  writes (1995) "Soil is the Dbasis of competition").

The role of competition in the successions was highlighted by many researchers. So,
in a monograph (Fundamentals of forest ..., 1964), which gives a classic description of the
forest biogeocenology, appears the following statement. "In development of the forest
biogeocenotic cover the main role played by successions of phytocenosises; mechanism of
any phytocenosises change, and the change biogeocenoses in general is the displacement of
some other species in the process of inter-species fighting for survival and competition. ...
In the process of ecosystem change of one another ... the main leadership role played by
inter-species relationships." Around this the same idea is expressed in the monograph
devoted to the cybernetic analysis of biological systems. "Succession ... is ... the process of
logical sequential change of competing with each other ... communities." (Biological
Cybernetics, 1977).

Competition between species-producers (edificators of plant associations, relevant
successional stages) is the main (or, if you ignore the minor details - the only) mechanism
for actuating the succession of inhibition and tolerance. However, in the case of "relief”
when the previous cenoma in a sense, "promotes" the development of the next, there is
always competition between edificators for resources, i.c. observed the effect of
"inhibition". As noted by the TA Rabotnov, "should not be forgotten ... that the change
occurs phytocenosises while continuing influence of plants on each other, primarily
because of competitive interactions (Rabotnov, 1983).

The fact that competition plays an important role in the functioning of biological
communities, is a universally recognized fact. The interest in the competition, especially
increased after the triumph of the ideas of Darwin, in which "the struggle for existence" is
considered as the main driving force behind the evolutionary process. Numerous studies
have demonstrated the fruitfulness of this approach, particularly when considering the
dynamic processes in Biogeocenoses (Budyko, 1977; Basics forest ..., 1964; Gall, 1976;
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Gilyarov, 1990; Holubec, 1982; Dylis, 1973; Krivolutsky, Pokarzhevsky, 1990 ;
Nomokanov, 1989; Rabotnov, 1983; spurrite, Barnes, 1984).

The most important stage in the development of competition began in the early
twentieth century work of Lotka (Lotka, 1925) and Volterra (Volterra, 1931; Volterra,
1976), containing the fundamental mathematical description of the competition. Using
these models, G. Gause based on extensive experimental material has formulated a well-
known principle of competitive exclusion - "the principle of Gause» (Gause, 1934). The
latter is sometimes considered very broadly, assuming that it operates at different levels of
ecological systems, up to the scale of the noosphere (Gorelov, 1998) (although sometimes
its universality is questioned, even for phytocenosises (Bigon et al, 1989)).

The interest to the problem is not reduced nowadays. On the one hand, reached ever
deeper understanding of the internal mechanisms of competition, but on the other hand, all
the more deeply we study the role of competition in real ecosystems, Biogeocenoses. In
particular, many studies have been devoted to constructing models of competition for forest
BGTS (Rosenberg, 1984, Berezovsky and others, 1991). Many works are devoted to
studying the role of competition in the formation of plant associations in successional
processes (Biological Mechanisms of ..., 1964). A significant development was the doctrine
of life forms and environmental policies as a result of competitive interactions of different
types (Forest Principles ..., 1964; MacArthur, Wilson, 1967; Pianka, 1994).

Regarding the second mechanism - the interaction of populations of producers with
inert environment and their mutual influence - note that it plays an important role when
these two components BGTS not balanced (or, in other words, when there existed a
dialectical contradiction.) This contradiction is resolved by changes in both components,
which changes the biogeocoenosis, leading to the formation of a new successional stage.
Previous stage is not "programmed" to self-depression or training environment for the next
stage. A process of harmonization of biotic and abiotic components BGTS, resulting in
biocaenosis changes its structure - replacing one plant association comes another. It is in
this sense (in his non-compliance with the inert medium), one prepares the next stage of
succession, "facilitates" its development.

Famous examples of chemical "self-depression" of explerents at early successional
stages (Whitteker, 1981) can hardly be regarded as genetically programmed "facilitation" of
succession, as a manifestation of overorganism regulating its flow. Correct to speak about
genetically fixed "doom" of these species in competition with the energetically more
powerful species. Their strategy is to generate 1-2 produce sufficient for the survival of a
population of seeds. Energy as the cost of establishing and supporting the physiological
mechanisms (or a service population of the consorts, decomposers), aimed at the possibility
of long-term coexistence with the products of its own metabolism, are presented in this
meaningless. Another possible explanation "samougneteniya" contained in the paper
(Rabotnov, 1983).

Successions of facilitation play a major role in the early stages of primary succession,
where the discrepancy of biota and environment is particularly high. To some extent the
effects of "harmonizing with the environmental conditions" must be manifested at all stages
of succession, but in the latter stages of their influence in comparison with the competition
is much weaker.

To account for the effect of facilitation it should be entered into the model the
dynamics of abiotic factors, which significantly complicates the construction of a
methodological part. Sometimes this can be avoided by introducing a special nonlinear
relationships between the populations of plant-edificators that allow implicitly consider the
impact of the effects of facilitation on interpopulation interactions.

BGC as polygenetic system. Biogeocenosis compatibility of associations

Conventional progressive succession are a gradual change in the dominant
populations edificators - from simpler to more specialized species with more power. In this
case, the fate of the previous stage may be different. There are two main possibilities.

The first of them occurs when the previous dominant completely disappears as a
structural whole, after the environmental conditions become favorable for the development
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of the next stage of succession. Most of its constituent species fall out of the forming of
ecosystem (as a result of changing environmental conditions of habitat and / or interspecific
competition with species belonging to the new stage) and turn into a "virtual" form. They
are stored in a seed bank as a result of the influx of seeds and / or individuals from
neighboring biogeocoenoses, in the form of relict groups tied to specific areas of relief, etc.
If conditions change, they tend to be fast enough to return to biogeocoenosis, and create a
certain "energy pressure" on the dominant association, forcing it to expend energy on a
constant struggle with the return. At the same time they play a minor role in the
transformation of matter and energy prevailing of BGC. An example of this kind of stage
can serve as a grouping ruderants arising on post-fire known as the temporal association,
which does not leave a noticeable trace in the emerging after it biogeocenoses.

In the second case, the earlier association, albeit in a modified standing, becomes a
part of a new stage of BGC, and species, its components, occupy a position in consorts of
the new dominant. In this case we can speak of "biogeocenosis compatibility" of the two
associations. Such an outcome is very real, especially in the later stages of succession.
Types of previous stages may be presented in BGC long enough, and some of them
(especially soil decomposers) can even play an important role in the functioning of new
communities. Real BGC is always a combination of several associations. This is especially
true for amphicenoses (Belgard, 1950) - biogeocenoses in border environmental conditions.

The number of associations, "overlapping" one by one in the progress of succession
(or, equivalently, the amount passed successional stages) we shall call the dimension of
BGC. Of course, this conditional value largely depends on the subjective understanding of
what should be counted as successional stage, and what - intermediate amphicenose
(Belgard, 1950). However, with the same approach to multiple BGC, the dimension may be
used to estimate the relative complexity of these ecosystems.

More favorable conditions (in terms of the number of available for the photo-
synthetic assimilation of energy) create preconditions for more successional stages
changing each other, and thus for higher dimension (and complexity) level of climax
community. In severe conditions the flow of available energy does not allow BGC pass
more than a few initial steps of succession.

Overlapping of successional stages is one of the factors promoting the biodiversity
enrichment in biogeocenoses. The relationship between biodiversity and informational and
entropic indices is universally recognized. We emphasize that a certain degree of
conditionality of biodiversity level by evolutional effects (Emelyanov, 1992) is associated
with progressive evolution of the energy-producing capabilities of producers-edificators.
The latter is a result of competition and pressure of the populations of heterotrophs
(Chernyshenko, 1997a). The expanding power base creates the conditions for
"proliferation” of ecological niches at all levels of the trophic net.
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