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Abstract. The paper suggests a new approach to solving the problems of conservation biology. The design of
the approach was stimulated, on the one hand, by the absence of a system of theoretical concepts and adequate
methods for nature conservation and restoration and, on the other hand, by the need for adequate estimation of
nature preservation in the reserves. The paper analyzes classical ideas about potential vegetation and short com-
ings of this approach for evaluating the state of plant cover and predicting its development. On the basis of a syn-
thesis of modern concepts of synecology: hierarchical continuum, gap mosaic, mosaic cycle concept of ecosystem,
natural disturbance, keystone species, ecosystem engineer and population-demographic concept — new notions of
"potential ecosystem cover" and "potential ecosystem" are suggested. The paper demonstrates perspectives of
using the system of synecological concepts for development of ideas about successions and climax and for model
reconstruction of the potential ecosystem cover. General approaches and specifics of reconstructing the potential
ecosystem cover of forests and steppes are described.
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AHHOTaUMA. B cTaTbe npeg/ioxKeH HOBbIM MOAXOA, K peLLeHnto Npob/1em CoOXpaHeHusA npupogbl. HeobxoaumocTs B
CO3/,aHMU AAHHOrO nogxogaa Obl/a BbI3BaHa, C O4HOM CTOPOHbI, OTCYTCTBMEM CUCTEMbI TEOPETUHECKUIA KOHLeMNUUA 1
a/leKBaTHbIX METOA0B COXPAHEHUA U BOCCTAHOB/IEHUA NPUPOAbI U, C APYrOW CTOPOHbI, HEOBXOANMOCTBIO afeKBaTHOWM
OLIEHKM MepOTpUATUIA MO COXPAHEHUIO MPUPOAHOIO COCTOAHUA B 3anoBeAHUKax. B paboTe aHaimnsupyoTca Kaaccu-
YyecKkue npeAcTaB/IeHUs O NMOTEHLMA/IbHOW PacTUTE/IbHOCTU U HeAO0CTaTKU AAaHHOMO MOAXOAA A/1A OLEHKU COCTOAHUA
pacTUTe/IbHOrO MOKPOBA, @ TaKKe NPOrHO3bl ero pas3suTuA. OCHOBbLIBAACH HAa COBPEMEHHbIX MPUHLMMNAX CUHIKO/IOMMM:
MepapxXmn4ecKkmin KOHTUHYYM, MO3auMKa LLe/1el, KOHLLeMNUMA MO3auUYHOrO LMK/ SKOCUCTEMbI, MPUPOAHOE BO34eicTBUe,
K/I04EeBble BU/bl, SKOCUCTEMHAA UHXEHePUA U NMOMNy/AALMOHHO-AeMorpaduyeckas KoHuenums, 6bl1m npea/ioxeHbl HO-
Bble MOHATUA «MOTEHLMA/IbHOrO MOKPOBA 3KOCUCTEMbI» U «MOTEHLMA/IbHOW SKOCUCTEMbI». CTAaTbA OMMCbIBAET nep-
CreKTUBbI UCMO/Ib30BAHMA CUCTEMbl CUHIKO/IOTMHYECKMX KOHLUEMNUMi A/19 pasBUTUA MpecTaB/eHnt O CYKLLeCCUAX U
KAMMaKCe A8 MOAEe/IbHON PEKOHCTPYKLMM MOTEHLMA/IbHOrO MOKPOBA SKOCUCTEMBI. TaKKe paccMaTpUBAOTCA OCHOB-
Hble NMOAXOAbl U 0OCOBEHHOCTU PEKOHCTPYKLMU MOTEHLMA/IbHOrO MOKPOBA €KOCUCTEMBI /1€COB U CTEMe.

KatoueBble c/10Ba: MoTeHLUMa/IbHaA PacTUTE/IbHOCTb, MOTEHLMA/IbHBIA SKOCUCTEMHDIM MOKPOB, OCHOBHbIE KOH-
Lernuum CMH3KO/10rMK, MOMY/AALMOHHO-AeMOorpaduyeckas KOHLENLUsA, KIMMAKC, CyKLLeCccuu, oxXpaHa npupoasbl, 3a-
MOBEAHUKM.
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Formation and development
of views on potential vegetation

Today, the world community realizes the depth
and intensity of transformation of the biosphere,
which has negative consequences for both the
Earth biota and the development of the human civi-
lization [1-3]. What is necessary is the next step:
reorientation of nature management to solving not
only resource but also nature-protection problems.
Foundations for such a reorientation should be
provided by studies of ecosystems and their com-
plexes least transformed by the man and by model
reconstructions of natural ecosystems of various
climatic zones.

The modern synecology develops a new meth-
odology and methods of model reconstructions of
natural ecosystems. This methodology is based on
the potencies and positions of systems. Potencies
of a system are properties that manifest themselves
in full only at spontaneous (endogenously deter-
mined) development under optimal conditions. If
such a development is disturbed by external (exog-
enous in respect to the system) influences and/or
its development occurs under non-optimal condi-
tions, the system manifests a part of its properties,
which characterizes its positions under those cir-
cumstances.

Describing ecosystem development in terms of
biota potencies, which are realized under certain
conditions, is a convenient model, a kind of
"etalon" for evaluating the extent of deviations of
ecosystems from their natural path and elucidating
the causes of these deviations.

The concept of potential (natural) vegetation
(potentielle naturliche Vegetation, PNV) was in-
troduced by R. Tuxen [4]. It was a natural devel-
opment of F. Clements’s ideas about succession as
the process of restoration of a disturbed communi-
ty and climax as the final stage of this process [5].
Following R. Tuxen, many authors gave their defi-
nitions to the notion of "potential vegetation". For
example, V. Westhoff and E. van der Maarel [6]
defined potential vegetation as "...vegetation that
would finally develop in a given habitat, if all hu-
man influences on the site and surroundings would
stop at once, and if the terminal successional stage
would be reached at once...". This definition was ac-
cepted by the scientific community, and it remains in
use so far. It is used when the maps of potential vege-
tation are drawn, when the problems of nature man-
agement are solved, when the historic habitats of
animals and plants are restored etc. [7—12].

An increased interest to the concept of "poten-
tial vegetation" at the end of the 20" — beginning
of the 21% century was caused by the necessity to
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make a more detailed representation of the etalon
object, which was needed for studying the structur-
al-functional organization and dynamics of the
plant cover and for solving the problems of preser-
vation and restoration of natural resources.

In parallel with the use of the term "potential
vegetation", researchers try to modify it. To char-
acterize natural objects in more detail and deal
with the problems of nature management, they
specify the notion with the parameters of soils, lo-
cal climate, fauna etc. [9, 10, 13—16]. These ef-
forts, however, turn out to be insufficient to solve
the problems that researchers face today. Studies
on the dynamics of plant cover and history of na-
ture management have shown a little use of the no-
tion for solving theoretical and practical problems
[17-20].

In the works on the analysis of PNV [16, 21-25],
the causes of low effectiveness or inexpediency of
using this notion were indicated as follows.

1. A lack of theoretical concepts that would al-
low one to make an objective decision about the
size of areas for PVN research.

2. Low effectiveness of J. Braun-Blanquet classi-
fication in evaluation of community dynamics.

3. Accumulation of data on community dynam-
ics that do not agree with the classical concept of
autogenous succession and climax by F. E. Clem-
ents and E. P. Odum; the concept that the views
about potential vegetation are based upon.

4. Underestimation of the role of animals and
representatives of other kingdoms in formation of
potential vegetation.

5. A lack of justification when the data on the
composition, structure and dynamics of vegetation
that were obtained for small areas are extrapolated to
large areas. This happens when maps of potential
vegetation are drawn and prognoses about vegetation
development induced by climate changes are given.

6. Fundamental discrepancies in paleorecon-
structions due to different theoretical premises and
data incompleteness.

7. Absence of accurately dated, solid and un-
ambiguous estimates of the role of nature man-
agement in changes of plant cover and fauna in
different periods of the humankind history.

8. Fundamental differences in assessment of
contributions of natural and anthropogenic factors
to the change of plant cover, soils, climate and hy-
drological regime at different times and on differ-
ent scales: from local to global.

Despite these shortcomings, the necessity of us-
ing the notion of PVN to solve problems of natural
conservation and management is actively discussed
[11, 16, 26-31]. Many papers point out that the no-
tion should be preserved as a basis, on which the

0. V. Smirnova, N. A. Toropova

Page 2 from 20



' RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

objects analyzed can be compared. This is clearly
stated in the critical review by I. Somodi et al.,
who wrote: "We propose to use the static PNV
concept as a baseline, a null model for landscape
assessment and in comparisons" [32, p. 590]. The
authors, who believe the notion is useful, stress
that model reconstructions differ in their likelihood
and one should constantly improve methods for
comparing the objects analyzed to the model image
of potential vegetation formed on the basis of stud-
ies of the least disturbed (according to historical
and contemporary data) communities.

Sharing the viewpoint of those authors on the
necessity to develop model conceptions of etalon
natural formations, we believe that further progress
in this direction is impeded by the following cir-
cumstances.

1. Application of the term "potential" towards
the plant cover only is ungrounded. Potential vege-
tation is a part of an integral formation — the poten-
tial ecosystem cover. It is impossible to assess the
correspondence of a community to its potential
state without evaluation of (a) availability of spe-
cies of other trophic levels and their effects on
vegetation and (b) stability of functioning of all the
ecosystem elements. Without studying the ecosys-
tems, one cannot depict a natural image of vegeta-
tion, which makes it impossible to solve the
problems of nature preservation at the level, ac-
ceptable for the humankind survival.

2. One cannot make well-founded prognoses for
long-term community dynamics to evaluate the ex-
tent of restoration of a disturbed natural (potential,
climax) state on the sole basis of Clements’ classi-
cal concepts [5], which were formulated within the
framework of the Clementsian organismic para-
digm [33].

According to this paradigm,

— plant cover is discrete; it consists of relatively
autonomous communities with distinct borders (an
analog of organism);

— succession is a determinate process, at differ-
ent stages of which different companies of depend-
ent plant species will concordantly and
sequentially replace each other following the alter-
ation of dominants or aedificators according
to J. Braun-Blauquet and J. Pavillard [34];

— the concept of climax and succession states is
developed only for the plant community; these
states are not considered as immanent ones for the
ecosystem as a whole.

During the early periods of the PNV concept
development, potential vegetation was believed to
be fully reflected by the climax communities char-
acteristic for the final stage of autogenic succes-
sions [35, 36]. However, following the organismic
paradigm in the studies of plant community dy-
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namics resulted in paradoxic (and erroneous) con-
clusions. For example, considered as climax were
forest communities of initial-intermediate succes-
sion stages, when a dense (shadow) crown layer
was only at the beginning of its formation by the
first generation of late-succession tree species
(there was still no stable succession of genera-
tions). Such an image of a climax community was
shaped on the basis of descriptions of the most
well-preserved fragments of Eurasian and North
American forests. The documented information
about the history of their exploitation has shown,
however, that they were formed as a result of cen-
turies-old anthropogenic interventions: burning,
cutting, pasturing, litter gathering in forest etc.
[20, 37—40]. The discrepancy between the histori-
cal data and the image of a climax community in
the organismic paradigm led to rejection of classi-
cal views on succession and climax and appear-
ance of versatile studies and various models of
community dynamics [17-19].

3. A lack of understanding that one should re-
construct the history of nature management of eve-
ry analyzed territory at all the stages of
anthropogenesis, during which human activity be-
came a factor determining the composition, struc-
ture and dynamics of ecosystems and their
complexes of different size.

Seclusion of specialists in different areas of
science makes it difficult to solve the problems
of model reconstruction of natural features of re-
gions at different stages of anthropogenesis on
the basis of coordinated botanical, zoological,
soil science, paleontological, archeological and
historical-archive studies, accompanied by radi-
ocarbon and another kind of dating. This ex-
plains the existence — up to now — of paradoxic
views on formation of European "climax" forests
without involvement of key animal species — de-
spite the fact that paleontological and historical
materials indicate their presence everywhere
[20, 38, 41-43].

Formation and development of views
on the potential ecosystem cover

As researchers realize the importance of the
new discipline, historical ecology, and begin to ap-
ply its concepts for development of synecology
[39, 44], new terms of "potential ecosystem" and
"potential ecosystem cover" come into use.

In the light of the ideas of R. Tuxen [4], we pro-
pose to enter into scientific use the concept of "po-
tential ecosystem cover" as a complex of "potential
ecosystems" which can appear and persist within the
boundaries of the territory analyzed under the mod-
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ern climatic conditions — given that anthropogenical
influence is stopped and populations of all the key-
stone and dependent species are restored.

In this definition, an ecosystem is a structural-
functional element of the biosphere, which is re-
garded as a unity of the living and nonliving [45].
The ecosystem consists of the biota and the biota-
transformed ecotope [36], with the notion of eco-
tope including local climate, hydrological regime,
type of substrate, relief specifics etc.

The size of a potential ecosystem can be deter-
mined on the basis of estimation of the area of el-
ementary population of the most important
keystone species. On the territory of Northern Eur-
asia, these keystone species were large gregarious
herbivores. The boundaries of potential ecosystems
can be discerned by the change in composition of
the keystone species represented. The sizes of real
modern ecosystems and their boundaries depend
on the land-use activity.

A distinction between the potential and the real
ecosystem cover can be drawn starting from the
times when humans began actively changing the
biota of the Earth. In Northern Eurasia, this is the
end of the paleolith — when the man started to ac-
tively hunt giant phytophages of the mammoth
complex [46-50].

Under the modern conditions, when the majori-
ty of keystone animal and plant species is extinct
or preserved in a small number of refugia, only
model reconstruction is possible on most of the ter-
ritories. It is a necessary tool for revealing the
causes, underlying the reduction of species diversi-
ty in reserves, and for suggesting a complex of
measures to solve the problem. The study of key
species in the ecosystem refuges revealed a group
of dependent species, whose life is caused by, or
otherwise converted among key species. We see
them as "indicator species". It was established that
the indicator species, sustained by the environ-
ment-transforming activity of keystone species
(first of all, large animal herbivores), were pre-
served in anthropogenically transformed ecosys-
tems, provided the land-use activity on those
territories partially imitated the influence of the
keystone species. For example, pasturing livestock
in forest and steppe sustained a great variety of
light-demanding herbs and insect pollinators,
which completely disappeared after introduction of
the preservation regime and formation of dense
forests and bushes [51-55].

Complex studies within the framework of his-
torical ecology and ecology of ecosystems (syne-
cology), which accumulated views of new
paradigms, can become a necessary basis for novel
approaches to the study and model reconstruction
of the potential ecosystem cover.
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Grounding of the notions of "potential ecosystem
cover" and "potential ecosystem" becomes possible
as a result of recognition of a new scientific disci-
pline: historical ecology — and use of its concepts
for development of synecology [39, 40, 44]. By
now, researchers have amassed a great body of in-
formation within the frameworks of the continual,
systemic and population-demographic paradigms,
which replaced the paradigm of organism. This in-
formation made it possible to formulate new con-
cepts, which changed the fundamental views on the
structural-functional organization and dynamics of
plant communities and ecosystems:

— "hierarchical continuum concept", which im-
plies continuity of the vegetation cover at different
levels of organization [S6—62];

—"gap mosaic concept", which considers gaps
in the forest canopy. These gaps appear as a result
of death of old trees and the subsequent filling of
the gaps with trees of a new generation, which also
grow, die and fall [63-70];

—"mosaic cycle concept of ecosystem", which
studies emergence, development and disappear-
ance of mosaics in the ecosystems formed by rep-
resentatives of different trophic groups of species:
plants, animals, fungi etc. — in the course of their
life and death [71-74];

—"natural disturbance concept", which investi-
gates natural disturbances due to the life activities
of all the ecosystem species of all the trophic
groups [61, 75-77];

— concept of powerful transformer of ecosys-
tems ("aedificator, keystone species, ecosystem en-
gineer concept"), studying species that are
powerful transformers of communities and ecosys-
tems [34, 78-80];

— "population-demographic concept", according
to which an ecosystem can be considered as a mul-
titude of interrelated flows of generations in the el-
ementary populations of all the species, which are
integrated and controlled by the population life
of powerful transformers of ecosystems ("aedifica-
tor or keystone species, or ecosystem engineer spe-
cies") in the process of their interaction with the
environment, its exploitation and transformation
[81-89].

These concepts provided a basis for the shift
from the organismic to ecosystem way of thinking.
They allowed researchers to describe a great varie-
ty of structures and processes at different levels of
organization of the ecosystem cover, which is nec-
essary for model reconstructions of the potential
ecosystem cover. The "hierarchical continuum
concept" was first applied to the plant cover as a
convenient model object. Further studies, which
analyzed distribution of species of different trophic
groups in the space of ecological factors, made

0. V. Smirnova, N. A. Toropova

Page 4 from 20



' RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

grounds for the concept of continuous living cover
of land surface at various hierarchical levels: from
microsites and communities to the vegetation cover
of climatic zones etc. Distinct boundaries between
the elements of this cover only result from the
physical obstacles of natural (rivers, rocky grounds
without vegetation etc.) or anthropogenic (cuttings,
arable lands, plantations etc.) character. Develop-
ment of the concept of continuality led to the view
that the cover is multi-layered: it includes not only
above-ground, but under-ground layers as well.
Each layer has its own mosaics (clusters of indi-
viduals of one or different species), which can be
distinguished by one or another criterion and differ
in their sizes and structural-functional types [62,
90-92].

Application of the concept of hierarchically
subordinated continuum showed that, depending
on the research objectives and resources, the plant
and, then, all biotic cover can be divided into ele-
ments differently [92]. This made it difficult to
choose the elements of the cover (plant communi-
ties and ecosystems), investigation of which would
allow one to characterize the direction and rates of
their dynamics after disturbances — and, corre-
spondingly, their natural image. An approach to
solution of this problem was suggested within the
frameworks of the population-demographic con-
cept [89].

The "gap mosaic concept", "mosaic cycle con-
cept of ecosystem" and "natural disturbance con-
cept" consider the permanent appearance,
development and succession of structures of differ-
ent kinds and lifespan within ecosystems, describ-
ing them at different angles. These structures are
formed by the populations of species of different
trophic groups, systematic positions and roles in
the ecosystem. Each of these concepts describes
and explains the mechanisms of formation of hier-
archical space-time continuum already at the level
of ecosystem cover [62].

The most known and popular among these con-
cepts is the "gap mosaic concept", which made it
possible to describe forest communities as a mosa-
ic of constantly emerging gaps in the crown layer
of the forest as a result of death of a few trees be-
cause of old age. Within these gaps, groups of
young trees of one or several species grow; they
mature, produce offsprings and — in their turn — die
at the end of their ontogenesis [38, 63, 65, 68, 73].
The substantial differences in the sizes of adult
plants and undergrowth determine physiognomi-
cally distinct elements of the "gap" mosaic (or spa-
tial-temporal mosaics of patches, according to Putz
et al. [93]), which were called "ontogenetic
parcels" in Russian literature [37]. The use of the
ontogenetic stage (instead of absolute age) of
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groups of trees allowed one to standardize the
stages of elements of the "gap" mosaic — irrelative-
ly of the duration of those stages [85].

In the forests with distinct "gap mosaic", one
can clearly see the environment-transforming ef-
fects of trees [65, 74, 77]. They manifest them-
selves:

— in adult trees creating a sub-crown space with
specific ecological characteristics of the environ-
ment (illumination, moisture, chemical composi-
tion of soils etc.) and specific inhabitants from
different trophic groups [94, 95];

—in formation of uprooting and snapping com-
plexes of trees, which appear as a result of death of
trees because of old age [93].

Transformations of the environment in the pro-
cess of life and death of single trees and their
groups, as well as corresponding transformations
of the soil cover result in the heterogenous mosai-
city of forest ecosystems [96].

A wide spread of the concept of "gap mosaic"
allowed researchers to standardize the analysis of
succession processes in the forest ecosystems, de-
scribing them in the terms of this concept. At the
early stages of restoration of forest vegetation after
its complete destruction, there are still no elements
of the "gap" mosaic. At the middle stages, ele-
ments of the "gap mosaic" begin to form, and the
diversity of their types increases. At the final stag-
es of succession, there are all the elements of the
gap mosaic [97].

In the process of development of the "gap mo-
saic" concept, researchers turned their attention to
formation of the mosaics generated during the life
and death of plants, animals and fungi and other
creatures. The results of studies of structure and
dynamics of the mosaic elements, formed by the
species of different trophic groups and roles in the
ecosystem, provided a basis for the "mosaic cycle
concept of ecosystem" [71].

The last concept from this group — the "natural
disturbance concept" — is essentially the same as
the "mosaic cycle concept of ecosystem". It de-
scribes various types of endogenous disturbances —
1.e., disturbances which result from life and death
of all inhabitants of the ecosystem: vertebrate and
invertebrate animals, plants, fungi etc.

Summarizing these concepts, we come to a quite
evident conclusion that every species, inhabiting an
ecosystem, changes the environment in the process
of life and death of its individuals, and the species
can be ranked by the potency of one or another ef-
fect on the environment, with the analysis of differ-
ent effects yielding different ascending series.

Differences in the manner and intensity of envi-
ronment transformation by different species were
obvious even without quantitative characteristics
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of their effects. That is why already at the begin-
ning of study of natural communities, some spe-
cies, whose environment-transforming potency
was the highest, were singled out and united into
special groups. They were called "aedificators"
(according to Braun-Blauquet, Pavillard [34]),
1.e., builders of communities. This notion was
widely used in Russian literature [78, 98—100].

Later, environment transformers, which were
identified in various animal groups, were called
"keystone species" [101-103] or "ecosystem engi-
neers" [104—106]. Currently, there is a large body
of literature devoted to these types of environment
transformers. As follows from this literature, such
species have a common feature, which is inde-
pendent of the size of individuals, their trophic
groups, specifics of their biology and ecology etc.:
all those species possess a potent ability to trans-
form environment in different ways, creating con-
ditions for sustainable inhabitation of large,
biologically and ecologically diverse groups of ac-
companying (dependent) species. As a result of
these effects, the role of competitive relationships
in the ecosystem decreases, whereas the role of
complementary and mutualistic relationships rises
[36, 107-110].

On the basis of this common trait — a powerful
transformation of habitat — we consider these three
terms as synonyms, and use the term "keystone
species", as researchers use it in relation to the
species of different trophic groups.

As the studies expand and more information is
collected, the ranked series of environment trans-
formers are gradually filled with the species of in-
termediate ranks. Ranking of species by the extent
of their environment-transforming potency allows
one to reach a deeper comprehension of the struc-
tural-functional organization of natural ecosystems
and, at the same time, it is another manifestation of
continuality of the living cover of the Earth: the
existence of practically continuous series of spe-
cies ranked by the intensity of environment-
transforming effects.

Understanding the necessity to investigate biol-
ogy and ecology of every species in the analyzed
ecosystems, we believe that the study of the key-
stone species, preserved up to now, and modeling
of their historic areals becomes especially im-
portant regarding formation of views on the poten-
tial ecosystem cover.

A synthesis of the concept of population-
demographic organization of communities (or eco-
systems) and the concept of keystone species
allows one to solve a complex problem of synecol-
ogy: determination of minimal areas in order to re-
veal potential ecosystems. To solve this problem,
a notion of elementary population (elementary de-
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mographic unit) was formulated. Elementary popu-
lation is the multitude of individuals of a single
species that is necessary and sufficient to support
stable alternation of generations in the least possi-
ble territory [89]. This notion is analogous to the
notion of "minimal viability of a population",
which was introduced earlier on the basis of zoo-
logical data [111].

Since we consider an ecosystem as a totality of
generation flows in the elementary populations of
species, interacting with the environment and unit-
ed (controlled) by the population life of potent en-
vironment transformers, determination of the
minimal area of the ecosystem will be based on de-
termination of the total area occupied by the ele-
mentary populations of the keystone species. In the
process of restoration of a disturbed ecosystem, el-
ementary populations of keystone species will pass
developmental stages from the invasive to the
normal state [112]. It is this state that is character-
ized by a stable flow of generations. It was shown
that on areas sufficient for stable flows of elemen-
tary populations of keystone species, dependent
species were also able to form sustainable elemen-
tary populations. It should also be noted that the area
inhabited by an elementary population of one key-
stone species can contain several elementary popula-
tions of a certain dependent species [37, 88—89].

The concepts described above allow one to ap-
proach the classical ideas of F. Clements [5] and
E. Odum [36] about successions and climax on a
new basis, with autogenic successions being re-
garded as a path to restoration of the potential eco-
system cover and climax as the achievement of its
steady state.

The notions of "succession" and "climax" are
basic — both in development of theoretical prob-
lems of synecology and in making responsible de-
cisions in the process of nature management and
conservation biology. These notions have a long
history of their formation and development, and
yet the modern ecology lacks a clearly defined sys-
tem of concepts, necessary for the study of these
complex processes [80].

The main propositions of such a system can be
formulated on the basis of a synthesis of the con-
cepts reviewed above.

1. Ecosystem is a multitude of populations of
species of different trophic groups (which together
make the biota of the ecosystem) in the process of
interaction with each other and transformation of
abiotic components of the environment in a certain
ecotope.

2. Succession is a process of formation (prima-
ry succession) or restoration (secondary succes-
sion) of flows of generations in the populations of
all the species of the biota of the ecosystem, which
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is aimed at full realization of their potential in a
certain ecotope.

3. Climax is a process of maintenance of stable
flows of generations in the populations of all the
biota species, whose ecological needs are fully re-
alized when the ecosystem reaches a dynamically
steady state in a certain ecotope.

4. Autogenic time of succession is an interval
from the beginning of the ecosystem development
to the moment of its transition to the climax state.
Autogenic time of succession can only be deter-
mined under the condition of its undisturbed exist-
ence, i.e., if the ecosystem develops spontaneously.
Such a type of ecosystem development was de-
fined as "autogenic succession" [35].

5. Autogenic space of an ecosystem is formed
in the course of autogenic succession and is fully
realized in the climax state. Autogenic space of an
ecosystem is a result of formation and interaction
of the population mosaics of keystone and depend-
ent species in the course of autogenic succession
from the initial to the climax state.

6. A relative autonomy of the biota of a climax
ecosystem from the environment and its environ-
ment-transforming function is achieved as a result
of activation of the structural-dynamic and matter-
energy processes in the course of autogenic suc-
cessions.

7. The driving force of autogenic succession is
the environment-transforming activity of the popu-
lations of keystone species, which leads to for-
mation of a biotically determined heterogenecous
environment of the ecosystem. As a result, the eco-
logical capacity of the ecosystem constantly en-
hances, and the ecological and taxonomic diversity
increases. The growth of heterogeneity of the eco-
system environment from the initial stages of suc-
cession to the final stages and climax reduces the
significance of competitive relationships in the or-
ganization of the ecosystem, while making com-
plementary and mutualistic relationships more
important.

Thus, the following conclusions can be made in
view of the main concepts of synecology.

1. The sizes (linear sizes, area and volume),
composition and structure of climax ecosystems
can be determined on the basis of field studies
and/or reconstructions of the population mosaics of
the most powerful keystone species and their rela-
tionships with the dependent species.

2. The simultaneous presence of keystone spe-
cies with different sizes of their population mosa-
ics in a climax ecosystem determines their mosaic-
hierarchical structure.

3. The boundaries of climax ecosystems are
determined or reconstructed by the change of sets
of the most powerful keystone species.
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4. The sizes, composition and structure of suc-
cessive ecosystems at every stage of their devel-
opment are a result of interaction of exogenous and
endogenous factors: dominating at the initial stages —
the former, and at the final stages — the latter.

5. It is expedient to specify if an ecosystem is
climax or successive, since at the beginning of its
formation, all the main parameters (sizes, composi-
tion, structure, rates of development) are primarily
determined by the environment (successive ecosys-
tem), and at the end, by the biota (climax ecosystem).

The theses formulated above were tested on the
materials of the field research [38]. This allowed
us to suggest a new model of autogenic succession,
which we called a saturation model. The essence
of the model is the following: each new species (or
a new group of species), introducing into an eco-
system, transforms the ecosystem environment in
the process of its population life, making it more
heterogenic. Thereby, coexistence of both preced-
ing and successive species companies iS main-
tained. In the process of ecosystem development
according to the saturation model, the environ-
ment-transforming functions of the biota are en-
hanced, its production grows and the ecological
capacity of the ecotope increases. These processes
are accompanied by the growth of the structural
and taxonomic diversity of the ecosystem [80].

A saturation model type of ecosystem devel-
opment can only occur, when there are no obsta-
cles for introduction of seeds and survival of all the
potential inhabitants of the ecosystem. Difficult or
even impossible as it is to be found in nature, such
a model of autogenic succession is a very handy
research tool. It enables one to reveal ecosystem
potencies in a certain climatic situation, and it can
be considered a standard for evaluation of the ex-
tent of deviation of natural ecosystems from the
optimal path of their development. This procedure
is a necessary step to the model reconstructions of
the potential ecosystem cover.

Attempts to reconstruct the potential ecosystem
cover on the basis of the analysis of areals of key-
stone and dependent species are rare [38, 42, 113].
At the same time, grounds for such constructions
have already been created. On the one hand, they
include studies of population biology of keystone and
dependent plant species [37, 38, 72, 82-86, 114];
on the other hand, studies of keystone animal spe-
cies [72, 94, 115-122]. Together, these studies
have covered a great variety of species of different
life forms, ecological groups, types of strategy and
specifics of environment transformation.

The use of the population-demographic concept
of organization of ecosystems enables one to re-
view the problem of successions and climax at a
new level of knowledge [80].
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To resolve this problem within the framework

of the population-demographic concept one needs
the following:

1. Analyzing objects in hierarchical series, one
should abide by the principle of emergence: an
ecosystem should not be viewed as a multitude of
interacting individuals [99], but considered as a
multitude of interrelated elementary populations
with all their intrinsic properties.

2. It is necessary to distinguish between dy-
namic processes at different levels of organization
of an ecosystem cover: intra-ecosystem, €cosys-
tem and complexes of ecosystems. The term "suc-
cession" should only be applied to ecosystems
themselves in the dynamic disturbance-to-
restoration series.

3. Model succession series of ecosystems
should be based on the stages of development (in-
vasive, normal, regressive) of the populations of
keystone species [123].

4. The minimal area that potential ecosystems
are to be revealed upon should be determined on
the basis of the total area requiring maintenance of
stable flows of generations of plant and animal
keystone species.

5. It is necessary to consider autogenic succes-
sion as a process of formation of intra-ecosystem
mosaics of various types, sizes and lifetimes — a
process which is directed and regulated by the
flows of generations of the elementary populations
of keystone species.

6. For prognoses of the structural-functional
organization and a level of biological diversity of
potential ecosystems of different types, it would be
appropriate to use a saturation model [80].
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The synecological concepts discussed above
provided a basis for the model reconstructions of
the modern potential forest cover of European
Russia [38, 113].

The first step along this road was made during
the study of elementary populations of various tree
species in the forests of Eastern Europe. Using the
method of increasing areas in the forest communi-
ties with stable flow of generations, the minimal and
total elementary-population areas were determined
for various tree species [37, 72, 88, 89, 124-126].
Then, historic areals of the preserved keystone spe-
cies from different functional groups (various tree
species, aurochs and other large gregarious herbi-
vores, beavers and some dependent species from
different Holocene periods) were reconstructed
[38, 43, 127].

On the basis of literature and our own data, we
developed a system of measures aimed at creation
and support of the elementary populations of key-
stone species of different functional groups. We al-
so determined sizes of their areas, as well as types
and sizes of the intra-population mosaics (specific
ecotopes), formed in the process of environment-
transforming activity by keystone species of differ-
ent functional groups.

Comparison of the data obtained shows that the
difference in the size of the areas, on which a flow
of generations of elementary populations of key-
stone species of different functional groups is real-
ized, amounts to four orders of magnitude. In these
flows of generations, various intra-population mo-
saics are formed; they differ in their types and siz-
es and are most diverse in the animal keystone
species, especially beavers (Table 1, Fig. 1-3).

Table 1

The hierarchical system of sites of key species of different functional groups

Microsites:
m? — tens m>

Mezosites:
dozens m” — hundreds m?

Macrosites:
tens of thousands m? —
hundreds of thousands m?

Megasites:
tens km? — hundreds km?

Functional group — trees of different species

Pits, mounds (Fig. 1,4),
fallen logs (Fig. 1,B),
stumps, area under the
tree’s crown, the area
between the tree’s crown

Ontogenetic «parcels» —
different elements
of gap-mosaic (Fig. 1,C)

Collection of all types
of sites in the area

of elementary tree
population

Functional group — beaver

(Fig. 2,B), channels

Burrows, settlement (Fig. 2,4), trails,
stumps with cuts beavers, dams

mires

Glades (Fig. 2,C), ponds ((Fig. 2,D),
swamp forests (Fig. 2,F) and meadows,

Collection of all types of sites
in the area of elementary
beaver population

Functional group — large gregarious herbivorous — bison

Resting, dug and ride
places

Collective trails, parking
small groups Fig. 3,4

Watering and meadow
glades, light forests Fig. 3,B

Collection of all types of sites
in the area of elementary bison
population Fig. 3,C
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Fig. 1. Intra-population mosaics:

A - pit and mound in the boreal forest of the Pechora-llych Biosphere Reserve, Komi Republic,
Russia (Photo A. Aleynikov); B — small fern (Gymnocarpium dryopteris) on fallen logs (deadwood)
in the boreal forest of the Pechora-llych Biosphere Reserve, Komi Republic Russia
(Photo A. Aleynikov); C — young lindens in the gap created after death of old fir-trees
in the hemiboreal forest of the Sabarsky wildlife area, Central Ural Mountains (Photo M. Barinova)

Constructing a system of habitats, which is cre-
ated and supported by the elementary populations
of keystone species of different functional groups,
is of principal importance regarding formation of
approaches allowing one to reconstruct the poten-
tial ecosystem cover. Such a system:

1) makes it possible to estimate the areas for
identification of the pre-historic forest ecosystems
with representatives of all the functional groups of
keystone species;

2) makes it clear that the minimal area of their
identification covers all the series of habitats, from
automorphic to hydromorphic, within the basin of
a small river;

3) demonstrates that the largest diversity of
habitats of forest ecosystems was formed in the
process of population life of large gregarious her-
bivores and beavers;

4) indicates that the represented pre-historic forest
landscapes united detrital-pasture formations, whereas
the modern distinction of isolated detrital and pasture

ecosystems in the forest cover is a result of anthropo-
genic transformation of the united forest cover;

5) suggests that the so-called ecosystems of
watershed forests, valley forests, aurochs clearings,
beaver meadows, swamps and ponds, which are
clearly distinguishable now, are fragments (shards)
of a potential forest ecosystem — the potential for-
est landscape;

6) leads one to a conclusion that at the current
level of anthropogenic transformation of ecosys-
tem cover, the notions of "potential ecosystem
cover" and "climax state of ecosystem" should on-
ly be used as model ones.

The model reconstructions performed remove
discrepancies between the paleobotanics data on co-
habitation of light-demanding and shade-tolerant tree
species within prehistoric forests and the contempo-
rary species composition of shadow forests [20, 37,
38]. In addition, the causes of the drop in species di-
versity of photophilous flora, which is registered in
forest reserves, are revealed [126, 128, 129].
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Fig. 2. Intra-population mosaics:

A - beaver settlement in the valley Skutyanka, the "Bryansk Forest" reserve, the European part of Russia
(Photo A. Aleynikov); B - beaver damb in the valley Skutyanka, the "Bryansk Forest" reserve, the European part
of Russia (Photo A. Aleynikov); C - cutting area made by beaver ("beaver glades") in the valley Skutyanka,
the "Bryansk Forest" reserve, the European part of Russia (Photo A. Aleynikov); D — beaver pond in the valley
Skutyanka, the "Bryansk Forest" reserve, the European part of Russia (Photo A. Aleynikov); E — peat bog
on the site overgrown beaver pond in the valley Skutyanka, the "Bryansk Forest" reserve, the European part
of Russia (Photo A. Aleynikov)

The model reconstruction demonstrates utmost
importance of those forest reserve territories, where
historic areals of keystone animal species are being
restored — spontaneously or with the help of the
man. Such territories are natural laboratories, where
restoration of the populations of keystone animal
species can be accompanied by restoration of light-
demanding species of trees, shrubs and herbs, as
well as representatives of other trophic groups — as a
result of spontaneous dissemination of diaspores or
human-assisted reintroduction.

There is no doubt that, as natural biodiversity
on those territories is restored, their hydrological
regime, local climate, productivity and other eco-
system functions will change, allowing one to
gather more detailed data on the ecosystem cover

of those local territories. Combining data from dif-
ferent regions will make it possible to theoretically
reconstruct the ecosystem cover of larger territorial
divisions.

Speaking about possibilities of theoretical re-
construction of the potential ecosystem cover,
one should note that there are essential differ-
ences between such reconstructions in respect to
forests and steppes of European Russia. A histor-
ical analysis shows that steppe and forest-steppe
territories were formed in the late Holocene as a
result of anthropogenic aridization of plant cover
and replacement of wild keystone steppe and
forest-steppe species (wild horses, aurochs, tar-
pans, koulans, saigas, dzerens) with domestic an-
imals [37, 38].
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Long-term observations of dynamics of ecosys-
tems in steppe and forest-steppe reserves of Euro-
pean Russia showed that gradual replacement of
wild ungulates with domestic animals preserved a
part of dependent species of plants, animals and
representatives of other kingdoms. For example,
breeding horses at the stud farms, practicing mod-
erate pasturing, preserved colorful meadow steppes

Vol. 1(1), 2016

of the Central-Chernozem Reserve up to the be-
ginning of their reservation. At the same time, in-
troduction of the regime of total reservation on this
and similar territories resulted (and continues to re-
sult) in a catastrophic drop in species diversity.
The colorful meadow and true steppes began and
continue to turn into species-poor tree-shrub com-
munities [52-55, 130-132].

Fig. 3. Intra-population mosaics:

A - naked soil on a bison herd stand in the gemiboreal forest of the "Bialowieza Forest" reserve,
Belarus (Photo V. Korotkov); B — young aspen, damaged by bisons on forest glades in the "Kaluga
zaseki" reserve, the European part of Russia (Photo M. Bobrowski); C - complex of forest
and meadow landscapes of the elementary population of bisons in "the Teberdinsky reserve",
the Northwest Caucasus (Photo N. Shevchenko)

In spite of incompleteness of model reconstruc-
tions of the potential ecosystem cover, they are nec-
essary to prevent or lower the risks of reservation
[133, 134]. A vast body of experience on spontane-
ous and/or regulated restoration of biological diversi-
ty in reserves of various types should become the
basis for such reconstructions. Analysis and summa-
tion of this experience will make it possible to devel-
op series of programs oriented towards the maximal
possible restoration of natural diversity. The ideas
discussed above can be realized under the condition
of complex research in reserves, representing a part

of the preserved keystone and dependent species or
practicing their active invasion.

Conclusion

The analysis of modern literature on synecolo-
gy and historical ecology enabled us to breathe
new life into the classical idea of R. Tuxen about
"potential vegetation". Appearance and develop-
ment of fundamentally new synecological con-
cepts, resulting from the change of paradigms in
biology, make it possible to advance a new meth-
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odology and methods of analysis of not a mere
plant one, but the entire ecosystem cover. At the
same time, formation of a system of synecological
concepts stimulated a review of F. Clements’s
classical ideas about successions and climax in re-
spect to the ecosystem as a whole. On the basis of
this approach, a new understanding of climax as a
state of ecosystems, in which their potencies are
fully realized, was formulated. We consider model
reconstructions of the potential ecosystem cover as

Vol. 1(1), 2016

a necessary basis for assessment of the modern
state of reserves and their prospects of conserva-
tion and/or restoration of natural biodiversity.
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