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ABSTRACT: Search for ecological criteria for decisions on forests to be left to spontaneous development in specially protected
areas is based on the knowledge of regularities of autochthonous or natural forests. They are mainly relative constancy of the species
composition of communities, relative all-agedness, relative equability of growing stock and relatively small areas of the particular
developmental phases and stages. They will lead to the maintenance of ecological autonomy and equability of natural forest; their
basic condition is to determine a minimum range (area) of forest stand when the populations are still maintained by autoregulation.
The output of this study is applicable methodology and tests of its applicability in 36 localities in spruce woods, beech woods, mi-
xed stands, scree forests, oak woods, floodplain forests and pine woods [in Sumava National Park (SNP), Krkonose National Park
(KNP), Protected Landscape Area (PLA) Broumovsko, PLA Cesky kras, PLA Jizerské hory Mts., in nature reserves at the foothills
of the Orlické hory Mts. and in Polabi Lowland]. The objective was to define minimum ranges for natural environmental conditions

and for two situations under the existing air pollution environmental conditions.
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Search for ecological criteria for decisions on forests
to be left to spontaneous development in specially pro-
tected areas is based on the knowledge of regularities
of autochthonous or natural forests, particularly on the
evaluation of their basic traits and characteristics. They
involve relative constancy of the species composition of
communities, relative all-agedness, relative equability
of growing stock and relatively small areas of particular
developmental phases and stages.

Their result will be the maintenance of ecological au-
tonomy and equability. In our climatic conditions a forest
is the only plant formation that is able to sustain itself
by its internal forces and life processes provided that the
site and stand conditions do not change substantially (cf.
JENIK 1979; KORPEL 1989; VACEK 2003). Autochthonous
and natural forests are model objects for research on eco-
logical autonomy and equability. In the conditions of this
country these are national nature preserves (NNP), nature
reserves (NR), zones I of national parks (NP) and pro-
tected landscape areas (PLA). Especially autochthonous
forests maintain their dynamic equilibrium through their
species composition, specific spatial and age structure.
Natural forest communities as the complexes of living
organisms on the highest hierarchic level of open sys-
tems markedly tend towards homeostasis (JENIK 1979;
ZLATNIK 1970; REIMANEK 1979; PRUSA 1985). This
state readily responds to disturbing environmental fac-
tors by the specific constellation of conditions, traits and
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components that guarantee a further existence of autoch-
thonous forest continually following with the present state
of ecosystems (VACEK 2000).

Ecologically based decisions on the methods of differ-
entiated management in specially protected areas (SPA)
aimed to ensure their ecological stability and biodiversity,
i.e. ecological persistence, are a very complicated task. To
achieve the maximum possible level of objectification of
this process it is necessary to parametrize or to quantify
many partial ecological and economic criteria.

Sometimes near-natural management or measures in
SPA can bring higher costs or some restrictions for own-
ers. Therefore a multi-criterion analysis should be carried
out before decisions on forests to be left to spontaneous
processes in SPA. Determination of so called minimum
range, i.e. minimum area and shape of a forest ecosystem
capable of autoregulation, is the most important of the
ecological criteria. In economic terms, it is a minimum
area of forest stands where potential restrictions will be
imposed on the owner.

Determination of ecological criteria for decisions on
forests to be left to spontaneous development in SPA was
focused on selected national nature preserves, nature
reserves, zones [ of NP and PLA in different ecological
conditions of the CR.

The objective of this paper was to develop applicable
methodology for the determination of minimum ranges of
forest ecosystems capable of spontaneous development in
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selected SPA and to test its applicability in relation to dif-
ferent plant formations, sites and stand conditions.

PROBLEM ANALYSIS
Developmental regularities of natural forests

As an autochthonous biocenosis natural forest is the
culmination of natural ecosystem whose components
influence each other through metabolic processes in a
very long term. It is a typically complex system with all
distinctive traits. In the given area it is the most advanced
and complicated ecosystem that can ever originate and
sustain itself there. But it is not the termination of forest
development, it is its permanent continuation on the basis
of internal and external antagonisms resulting in general
regularities.

From the aspect of theory of cognition natural forest
is an important notional group because the planned and
purpose-oriented regulation and use of forest are based on
reliable knowledge of tree species characteristics, natural
dynamics of a structure, regularities of the growth and
development of forest communities in different site
conditions. To respect a scientific approach, biology and
silviculture, which are the basic effective tools of wood
production and ecological and environmental functions
of forest, must employ the knowledge of the regularities
of natural forest growth, development and regeneration in
the given area (PRUSA 1985; KORPEL 1989; JAWORSKI
1998). This general statement is basically applicable in the
areas with increased interest in nature conservation.

Climax tree species are determinative for the structure
and dynamics of changes in natural forest. The persist-
ence of species composition and site conditions deter-
mine dynamic changes in the other traits of the structure
[maintenance of ecological autonomy and equability,
all-agedness, spatial structure, persistence of growing
stock, tolerance (stability)], growth (zero increment) and
development processes (natural regeneration), of which
production and regeneration abilities are most important
(cf. KORPEL 1989; POZNANSKI, JAWORSKI 2002).

Within the study of the persistence of communities,
stand climate and soil conditions KORPEL (1989) dem-
onstrated that the area of natural forest is a very important
trait. Most authors (e.g. GROSSER et al. 1967; ZLATNIK
1970; SEIBERT, HAGEN 1974; KORPEL 1989) consider
10-50 ha of approximately square or circular shape as the
minimum size of the area for undisturbed development of
natural forest community.

In natural forest its particular components adapt
themselves to the environment according to the internal
regularities, they change qualitatively and quantitatively
in shorter or longer time segments, come into existence,
grow, develop and decline. Growth, stage, ecological and
cenotic differentiation take place that seems to be random
at a glance but when the individuals are studied and ana-
lyzed in detail as the components of a whole, it is obvious
that it takes place as a part of continuous development. It

350

is the integrated cyclic development within which a series
of interconnected cycles can be identified: at first nutrient
cycle and water cycle that are connected with the mass
conservation cycle and energy flow, etc. The equability
of these relations enables the natural forest to exist even
on very poor mountain soils.

The present identification of developmental stages of
natural forests is mostly based on the classification ac-
cording to LEIBUNDGUT (1959). These are growing-up,
optimum and disintegration stages. In the framework of
these developmental stages some authors (ZUKRIGEL et
al. 1963; MAYER 1972; KORPEL 1989; JAWORSKI 1998,
etc.) distinguish another two phases — e.g. initial phase of
disintegration, advanced phase of disintegration, etc.

Air pollution environmental stresses with their immense
negative influence and subsequent insect outbreaks mainly
in mountain forests are a serious hazard for the conserva-
tion of natural forests in the CR. These negative air pol-
lution environmental impacts evoke several times higher
requirements e.g. for the size of the forest ecosystem
capable of spontaneous development. Therefore the eco-
logical stability of forest ecosystem should be understood
as the ability to persist in a given state for a concrete stress
period and, after a divergence from the equilibrium, to
return to this state again. So it is necessary to distinguish
three types of ecological stability at least (cf. REIMANEK
1979): resistance (tolerance, ability to resist stress), resil-
ience (elasticity, the ability to recover after divergence)
and persistence (the ability of the system to persist in the
beforehand defined limits for a stress period).

Minimum size of forest ecosystem capable
of spontaneous development

Examinations of the constancy of communities, forest
stand meso- and microclimate and soil conditions have
indicated that the surface area and shape of natural forest
are crucial factors for its further development. The eco-
logical and developmental autonomy of forest ecosystem
including the fulfillment of forest functions is guaranteed
by at least the limit values of its minimum area.

It follows not only from empirical findings but also
from the common knowledge of island biogeography.
A decrease in the island size below a definite limit must
lead to a reduction in the species number as a result of
imbalance between their extinction and immigration.
Provided that other factors are balanced, larger islands
have a higher number of plant and animal species than
smaller islands in the same conditions. There is an obvious
analogy of “island” ecosystems on the land surrounded by
“a sea” of intensively used forest ecosystems where their
biota does not have suitable conditions for its existence.
If the area decreases below a definite critical limit and if
a definite distance to the nearest natural forest ecosystem
is exceeded, it must lead to a reduction in species diversity,
to its gradual diminution and finally to the extinction of
natural ecosystem and its replacement by another, usually
less stable ecosystem.
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Minimum areas of forest ecosystem vary markedly in
relation to the geographic area, type of natural forest and
environmental stress (KORPEL 1989). A too small area of
these stands implies a great potential risk of its further re-
striction by an increasing negative impact of the environs
with changed site and stand conditions. A change in the
climate usually has the greatest impacts especially if ex-
tensive clearcuts have originated in the environs of small
SPA. Area-restricted fragments of natural forests in small
SPA in the complex of commercial forests also gradually
undergo different degradation stages that are manifested
by quantitative and qualitative changes in vegetation and
finally in the soil environment. ZLATNIK (1968) believed
that sooner or later the development of small residues of
natural forests must proceed to a change in the original
climax community.

To maintain its developmental autonomy and dynamic
equilibrium of vegetation and soil processes the natural
forest must have such an area that its internal dialectic
conditionality of both the components and phenomena,
or of its natural energy, will be larger than the impact of
the anthropically influenced environment. To determine
ecological criteria for decisions on forests left to spon-
taneous processes in SPA the adjacent forest stands were
investigated and classified to several groups (according to
degrees of damage and rate of divergence from the natural
species and spatial composition). On the contrary, if the
area of natural forests left to spontaneous development
e.g. in NNP is large, they can tend towards their gradual
expansion by autoregulation (cf. KORPEL 1989).

According to ZLATNIK (1968), if the area of forest
reserve is chosen, a minimum range for the main sy-
nusia of tree species should be determined because the
autochthonous forest on a smaller area cannot ensure its
persistence nor can it meet the requirements for research
on forest biocenosis. If possible, it is advisable to include
self-contained segments of biocenosis in the reserve.
Therefore the choice of the location and area of forest
reserves should not represent only one typological unit
but their complex, i.e. biocenological complex. From this
aspect a smaller number of larger forest reserves is recom-
mendable (ZLATNIK 1968).

The minimum size of forest ecosystem capable of spon-
taneous development should not form only an island seg-

Table 1. Minimum ranges of particular types of fauna

ment of forests in the geobiocenosis but it must preserve
a specific forest phytoclimate on which forest plants and
animals are fully dependent. On the segment edges there
will arise a zone of edge communities (ecotone) with
their own characteristic species that do not have suitable
conditions for their existence in the forest phytoclimate.
In the beginnings, the ecotone environment temporarily
provides for the relatively great species richness of small
forest segments. But too small or too narrow segments are
reduced to ecotones and the forest communities of plants
and animals cannot persist there for a long time.

Area requirements of the particular species of forest
fauna are differentiated according to the size categories
of organisms (HEYDEMANN 1981) while the viability of
minimum populations on the given areas cannot be gua-
ranteed in the case of permanent isolation. Table 1 shows
minimum ranges for the particular types of fauna.

If forests in SPA were to ensure the living conditions for
the complete species spectrum of animals including large
birds and mammals, the area of minimum range would
be very large. But it is not possible in the conditions of
Central Europe both for economic and ecological reasons.
First of all, so extensive areas of natural forests do not
exist in these conditions.

The complete species combination of higher plants is
clearly differentiated according to forest vegetation zones
(FVZ) and ecological series (AMBROS 1988). The number
of taxa in the units defined in this way ranges from a mini-
mum of 36 taxa (of them 5-7 tree species) in the oligotroph-
ic series of the 2"-4" FVZ to a maximum of 160 species
(of them 34-37 tree species) in the basiphilic series of
the 1** FVZ with a high proportion of steppe species. The
above-mentioned total numbers need not be filled in small
segments of natural forests isolated for a long-time. If
a characteristic species combination of higher plants in the
geobiocenosis of the given type is disturbed, a judgement
on its anthropogenic vegetation dynamics will be appli-
cable, particularly if its number of species decreases. The
evaluation of territorial conditions of cenotic equability
of the tree species component of natural forests should
consider not only their area but also the state of their sur-
roundings.

Although many researches have been carried out, the
requirements for a minimum and optimum size of SPA on

Type of organism

Subgroup

Minimum range (ha)

Microfauna (< 0.3 mm)

1

Mesofauna (0.3—10 mm) 1-5
Macrofauna (10-50 mm) Sedentary species 5-10
Migratory species 10-20
Flying species 50-100
Megafauna Small mammals 10-20
Reptiles, amphibians, small birds 20-100
Large reptiles and mammals 100-10,000
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forest lands have not been unified yet, either from the as-
pect of natural creative forces or from the aspect of natural
objects for the monitoring of undisturbed development of
forest communities. Some authors consider 10-20 ha as
a sufficiently large area of primeval forest reserve (NIE-
MENN 1968; ZLATNIK 1968; SEIBERT, HAGEN 1974).
ZLATNIK was convinced that 10 ha were a sufficient area
only if a large complex of natural forests was preserved
that maintained similar site and stand conditions in the
surroundings like in the reserve itself. Others considered
20-30 ha as a satisfactory area (SCAMONI 1953; GROSSER
et al. 1967).

Some authors gave 5 ha as a minimum size of the
reserve area provided that the locality had homogene-
ous site conditions and typologically homogeneous
communities (GROSSER et al. 1967; NIEMANN 1968;
SEIBERT, HAGEN 1974). LEIBUNDGUT (1970) reported
that many times forest reserves of smaller area (2—4 ha)
were a good substitute for primeval forests not existing
any longer. ZLATNIK (1968) admitted the existence of
a biocenological reserve smaller than 5 ha only if the last
fragments of the community were preserved with adjacent
markedly changed forests in the given region. If the area of
the preserved community is larger, we cannot be satisfied
with such a small area.

KORPEL (1989) considered as a sufficient area of prime-
val forest reserve the area on which the respective commu-
nity of natural forest can be taken as a biologically (in terms
of growth and development) autonomous, permanently dy-
namically balanced unit of autochthonous primeval forest.
The area proportion of basic developmental stages, aver-
age growing stock and current increment are approximately
identical with this area for a long time. A permanent nutrient
cycle is guaranteed there while the essence and the form
of primeval forest are roughly identical. In the course of
40-years’ research on primeval forests in Slovakia Korpel
drew a conclusion that more than 30 ha are a sufficiently
large area for developmental autonomy and guaranteed per-
sistence in natural environmental conditions. He considered
the area above 50 ha as optimum for the development and
persistence of primeval forest (KORPEL 1989). Similar
conclusions were also drawn by JAWORSKI (1998); but he
stated that this area should be increased several times in the
anthropogenic environmental conditions, especially under
a marked influence of air pollution.

SINDELAR (1984) claimed that the minimum area of
gene-pool reserves of forest tree species should be 100 ha
at least because in forest parts of smaller area there is
a risk of the origination of new partial populations of
intraspecific hybrids by pollination of the tree species of
autochthonous ecotypes with adjacent often genetically
unsuitable forest stands. Gene-pool reserves are often the
elements of small SPA; outside them they can also pro-
tect forest stands and the whole geobiocenoses. So they
become more efficient tools of the protection of autoch-
thonous species compared to vary small reserves.

MACKU and MiCHAL (1990) reported in their paper that
the minimum area of biological centers of regional and
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higher importance was between 7 and 70 ha in relation
to different input assumptions, particularly to the natural
species composition corresponding to the site and whether
it was a commercial or special-purpose forest. Their rec-
ommendations concerning the framework minimum areas
of biological centers of regional importance: 30 = 10 ha
in the 1** and 2™ FVZ (oak and oak with beech FVZ),
20 + 5 ha in the 3" and 4% FVZ (oak with beech and beech
FVZ), 25 + 5 ha in the 5%, 6" and 7" FVZ (beech with
fir, beech with spruce and spruce with beech FVZ) and
40 £ 10 ha in the 8" FVZ (spruce FVZ). If the preserved
stand complexes are situated in several forest vegetation
zones, it is necessary to sum the minimum areas for FVZ
to determine the area of one regionally important biologi-
cal center. These authors considered a nucleus territory
of SPA surrounded by a special-purpose forest having the
status of a tree species gene-pool reserve of the area 100 ha
at least as the optimum spatial organization of biological
centers of regional and higher importance.

In the current anthropogenic environmental conditions
of Central-European landscape the sufficient area of
natural forests capable of spontaneous development in
small SPA is crucially dependent on the type and state
of stands in the reserve and adjacent stands, on air pol-
lution stress and geographic conditions. If the primeval
forest reserve is surrounded by stands with natural species
composition that are managed under a selection system,
the area of the reserve left to spontaneous development
can be considerably smaller compared to the reserve sur-
rounded by markedly changed and damaged stands with
a high proportion of allochthonous species. If the reserve is
situated on lands exposed to heavy air pollution, either its
area should be increased or a sufficiently wide protection
belt should be established (KORPEL 1989). But the arecas
of primeval forest reserves cannot be increased without
grounds beyond the limit of their minimum to optimum
because it would bring a marked restriction of ownership
rights and a reduction in the area of forests used for the
production of ecologically friendly raw material.

The above overview obviously indicates the theoretical
and practical importance of critical quantitative or semi-
quantitative determination of a minimum range of natural
forests capable of autoregulation in SPA. It is important
for management planning in SPA forests. The interests
of forest protection, management of tree species gene
resources and species protection of phyto- and zooce-
nosis, interests of the protection of natural ecosystems
and landscape management meet at this point, sometimes
overlapping each other; so they should result in the adop-
tion of a coordinated joint approach aimed at the landscape
ecological stability and biodiversity.

METHOD
Methodical background

The problem was solved in representative forest ecosys-
tems (of the first and/or second degree of naturalness of
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forest stands) in different natural and regional conditions
of national nature preserves taking up 26,435 ha in the CR,
nature reserves (25,675 ha) and zones I of national parks
(16,610 ha), namely in the Krkonose, Sumava, Jizerské
hory and Orlické hory Mts., in Sudetské mezihoti Hills,
at the foothills of the Orlické hory Mts., in Polabi lowland
and in the Cesky kras Hills (KOS, MARSAKOVA 1997).

In the course of the analysis of ecological criteria for
decisions on forests to be left to spontaneous processes
the knowledge of the parameters of natural forest ecosys-
tems that maintain or can maintain time unlimited viability
under definite conditions was acquired. Our attention was
focused on the eco-stabilization function of forest ecosys-
tems that consists in their ability to resist to the effects of
harmful factors, to reduce the effects of harmful factors in
their environs and to balance potential ecological distur-
bances. The eco-stabilization effects of forest ecosystems
are based on the completeness, integrity and size of forest
ecosystems, i.e. on the species, ecotype, age and spatial
composition and area of the given type of forest ecosystem
in relation to its adjacent environs.

To solve the problem we applied general findings of
island biogeography and exact data on the minimum size,
structure and development of natural forest ecosystems
capable of autoregulation.

Research in stands

A dendroecological analysis was carried out to acquire
the knowledge of the state of selected forest ecosystems
in SPA, of natural processes taking place in them or of
disturbances and changes in the relationships inside the
tree species component of the ecosystem, on which it
is based. Many of these relationships are not defined
analytically in a satisfactory way for natural spruce
stands that develop without external disturbing influ-
ences. Though of basic importance, such investigations
are marginal with respect to the paper subject, and
frequently unfeasible. Due to the excessive time con-
sumption quantitative criteria often had to be replaced
by semi-quantitative ones that describe the reactions
between the individuals in the populations.

Field analyses were aimed at dendroecological reactions
of the particular tree species within the stand texture. In
the course of basic dendrometric analyses these traits
were measured in all tree species individuals in selected
localities: stem diameter at breast height of 1.3 m in two
radii perpendicular to each other, to the nearest 1 mm;
tree height was measured with hypsometer to the nearest
0.5 m (only in the individuals selected according to tree
classes). Mean diameter and length were measured on
lying dead trees using the same procedure. To study the
age structure Pressler’s auger was used to take increment
cores in selected trees. Increment cores were analyzed on
an annual ring analyzer.

Basic methodology of semi-quantitative evaluation of
other structural and morphological traits (cenotic posi-
tion, foliage, degree of crown liberation, parameters
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of regeneration, etc.) relied on the perfection of their
estimation.

For the purposes of plot differentiation forest site type,
degree of forest stand naturalness and degree of stand
damage were evaluated.

Methods of determination of a minimum range
of natural forests

The minimum size of forest ecosystem capable of spon-
taneous development was derived and verified on the basis
of these methods:

— zero increment,

— developmental stages,

— indexes of tree species layer diversity,

— maximum age of tree species survival,

— considerably prolonged rotation in the forest with nor-
mal age classes.

Zero increment method is based on the fact that biomass
increment in natural forests with autoregulation develop-
ment approximately equals the amount of dead wood.
Standard control methods were used to determine wood
biomass. The increment was calculated as final living
standing volume — initial living standing volume — dead
wood (V' = Vi=V.=V). If the area of stands is sufficiently
large and if dead wood is not removed, the increment
should be “zero”.

Developmental stage method assumes that all develop-
mental stages (growing-up, optimum, decline) should be
represented in natural forests with autoregulation develop-
ment. According to the empirical findings of Prof. Jawor-
ski (oral commun. 1999) the Carpathian natural forests
have the ability of spontaneous development when the
particular developmental stages are represented minimally
20 times there (optimally 30 times).

Method of indexes of tree species layer diversity em-
ploys the knowledge that the structure of serally developed
forest depends on the light requirements of tree species
participating in its specific structure. It is reflected in:

— structural diversity of stand (in the number of layers
and individuals in particular layers),

— species diversity of stand (in the number of tree species
permanently participating in the stand structure).

The viable population of a tree species needs a larger
area if:

— the number of layers in the stand is higher (with the
identical light requirements of tree species the number
of individuals in each layer necessarily decreases),

— the number of tree species is higher (the number of
individuals of each species in a mixed stand per unit
area decreases).

A shade-bearing tree species forming pure multi-lay-
ered stands will have minimum area requirements for the
population viability.

maximum number of storeys

Structural diversity, ISD =
mean height of main tree spe-
cies at the age of 100 years
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number of tree species

Species diversity, ISpD =
stem number per 1 ha at the
end of optimum stage

These values are used as a comparative basis to calcu-
late the minimum range of forest ecosystem capable of
autoregulation.

Method of maximum age of tree species survival as-
sumes that by its representation of developmental stages
the minimum range of uneven-aged natural forest should
be an analogy to the normal shelterwood management
group of forest with “cutting age” corresponding to the
maximum average age of survival of the main tree spe-
cies. A condition must be fulfilled that the particular stages
of the stand participate in the reserve structure by areas
proportional to their duration in the whole developmental
cycle of the main tree species.

Calculation of the theoretical minimum range with rep-
resentation of all age classes: the area taken up by 100 to
300 trees at the end of optimum stage (i.e. ca. maximum
area of disintegration stage) is multiplied by the assumed
number of age classes of the complete developmental
cycle (the resultant value multiplied by 1-3 in relation to
environmental conditions).

Method of considerably prolonged rotation in a for-
est with normal distribution of age classes is based on
the idea that the areas of the minimum range capable of

spontancous development can be derived for forest site

type groups or for forest site types of normal forest as the

sum of tree species areas of natural composition (PRUSA

1986):

— tree species area = number of age classes x group size x
tree species representation in tenths of the area propor-
tion,

— area of minimum range = sum of tree species areas in
a forest with natural composition.

The application of one method did not often give a real
result due to the specific conditions in forests of SPA in
this country, so it was necessary to use various combina-
tions of the above methods.

Optimization of structural parameters
of natural forest ecosystems

Standard methods were used to solve the problem of
optimization of structural parameters of forest ecosys-
tems that should have the ability of spontanecous devel-
opment. The natural species composition was evaluated
according to PRUSA (1986); current knowledge of forest
typology and historical survey were applied for its po-
tential specification within natural forest areas (NFA).
Stand texture was evaluated by aggregation coefficients
(CLARK, EVANS 1954) and by texture criteria described
by MAYER (1976).

Table 2. Derived areas of minimum range for the particular types of forest ecosystems

Minimum range (ha)*

Number . Air pollution environmental conditions
. Natural environmental : : :
Plant formation of conditions functional stands in SPA  nonfunctional stands
localities environs in SPA environs
limits average limits average limits average

ﬁi‘l’tw upper forest 2 29-62 46 58-124 91 88-185 137
Spruce woods )

atextremely 37-44 41 73-87 82 110-131 122

unfavorable sites
Mixed spruce- acidophilic 1 28 28 56 56 84 84
beech stands herb-rich 1 28 28 56 56 85 85
Mixed fir-beech  acidophilic 4 30-32 31 59-64 62 89-96 94
stands herb-rich 2 25-27 26 51-56 54 76-83 80

acidophilic 4 23-46 32 47-92 65 70-138 97
Beech woods )

herb-rich 5 12-20 17 24-40 33 36-60 50
Scree forests 3 19-27 24 39-54 48 58-80 71

acidophilic 1 10 10 21 21 31 31
Oak woods )

pine 1 19 19 38 38 58 58
Alder wood with oak 1 16 16 33 33 49 49
Oak wood with hornbeam 2 12-20 16 24-40 32 37-59 48
Floodplain forests 3 14-20 17 29-39 34 43-59 51
Relict pine ravine 2 22-48 35 44-96 70 60144 105
woods

*Minimum ranges were derived for areas with approx. circle, square and oblong shapes. Minimum range for the oblong-shape areas with side share
approx. 1:4 should be multiplied by 1.5, for the oblong-shape areas with side share approx. 1:7 should be multiplied by 2. Oblong-shape areas with
side share more than 1:10 are not suitable leaving to spontaneous development because of ecotone effect
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RESULTS

The extensive field surveys in Sumava National Park,
KrkonoSe National Park, PLA Broumovsko, PLA Jizerské
hory, PLA Orlické hory, PLA Cesky kras, at the foothills
of the Orlické hory Mts. and in Polabi lowland indicated
that none of the above described methods was applicable
in its original version for many reasons in the conditions
of the present state of protected areas. These methods
were elaborated for forest ecosystems in natural environ-
mental conditions or for primeval forests (especially in
the Carpathians), some of them were not experimentally
tested in practice, so they provided inadequate results.
The application of these methods is problematic due to
the insufficient size of a majority of the existing SPA with
more or less marked divergences from their natural spe-
cies, age and spatial composition, due to the decreased
resistance potential of these stands and inappropriate
management methods (long-time disturbance of sponta-
neous processes).

Therefore we tried to find procedures how to tackle this
methodically difficult task of determining the minimum
range of forest ecosystems. After many consultations with
prominent experts in the structure and development of
natural forest ecosystems (particularly with Prof. Korpel
and Prof. Jaworski) a method based on the representa-
tion of age classes was chosen. This consideration was
applied:

— area of minimum range = sum of the areas of the par-
ticular tree species of natural composition,

— tree species area = number of age classes X optimum
(the largest if possible) size of a group in the age class
(reduced by the representation of a given tree species) x
necessary number of replications to provide ecological
stability (3% replication was chosen by field testing for
degree 1 of forest stand naturalness, 4% replication for
degree 2).

The number of replications of developmental stages or
phases that will provide for functional equability and eco-
logical stability was determined from the results of testing
the resistance potential in the given site and stand condi-
tions, especially from the level of anthropogenic load.

The area of minimum range is markedly different for
natural environmental conditions and for various air pol-
lution environmental and stand conditions. In Table 2 it
is given for:

— natural environmental conditions,

— existing air pollution environmental conditions with
relatively functional stands in the environs of evaluated
SPA that are not a serious hazard for them (the area
of minimum range = the area of minimum range for
natural conditions multiplied by 2),

— existing air pollution environmental conditions with
minimally ecologically functional stands in the envi-
rons of evaluated SPA, e.g. as a result of: high occur-
rence of clearcuts, expansion of insect pests, etc. (the
area of minimum range = the area of minimum range
for the existing air pollution environmental conditions
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with relatively functional stands in the environs of
evaluated SPA multiplied by 1.5).

Table 2 shows the areas of minimum ranges calculated
on the basis of field surveys for NP, PLA and NFA and
plant formations.

Minimum ranges were derived for lands of approxi-
mately circular, square and rectangular shape (side ratio
max. 1:3). The area of minimum range for the given envi-
ronmental conditions should be enlarged in a band-shaped
territory (ca. 1.5 times at a side ratio 1:4-6; ca. twice at
aratio 1:7-10; the shapes with side ratio higher than 1:10
are not suitable for forests left to spontancous develop-
ment due to great ecotonal effects).

CONCLUSION

The proposed method of determining a minimum range
of forest stands capable of spontaneous development, which
was verified in selected stands of SPA within research,
seems to be one of the possible methodical approaches to
solve this methodically difficult task. In relatively natural
conditions minimum ranges for SPA of compact shapes are
from 10 to 62 ha, in the existing environmental conditions
with relatively functional stands in the environs of evalu-
ated SPA from 21 to 124 ha and in the existing air pollution
environmental conditions with relatively non-functional
stands in the environs of studied SPA from 31 to 185 ha.
In spruce woods the areas of minimum ranges in relation
to the environmental conditions are on average between
41 and 137 ha, in mixed spruce-beech and fir-beech stands
between 28 and 94 ha, in beech woods between 17 and
97 ha, in oak woods 10-58 ha, in oak woods with hornbeam
16—48 ha, in floodplain forests between 17 and 51 ha and in
relict pine woods 35 — 105 ha. The framework results of the
derived minimum ranges from 36 localities, differentiated
according to plant formations, site and stand conditions of
the environment, should be verified and extended in a larger
spectrum of SPA in different NFA.
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Minimalni vyméra lesii v chranénych tizemich pro ponechani samovolnému vyvoji

S. VACEK

Vyzkumny tistav lesniho hospoddistvi a myslivosti, Vyzkumnda stanice Opocno, Ceskd republika

ABSTRAKT: Regeni problematiky ekologickych kritérii pro rozhodovani o ponechéni lesti ve zvlasté chranénych tzemich
spontannim procestm vychazi z poznani ptirodnich zékonitosti pivodnich ¢i pfirodnich lesu. Jedna se pfedevsim o relativni
stalost druhového slozeni spolecenstev, relativni riiznovékost, relativni vyrovnanost dievni zasoby a relativni maloplo$nost
jednotlivych vyvojovych fazi a stadii. Jejich vysledkem je udrzeni ekologické samostatnosti a vyrovnanosti ptirodniho lesa,
pro néz je zakladni podminkou stanoveni minimalniho aredlu (vyméry) porostu, pii které se populace jesté udrzuji autoregulaci.
Vlastnim vystupem prace bylo vytvofeni aplikovatelné metodiky a provéfeni jeji pouzitelnosti na 36 lokalitach ve smr¢inach,
buginach, smi§enych porostech, sutovych lesich, doubravach, luznich lesich a borech (v NPS, KRNAP, CHKO Broumovsko,
CHKO Cesky kras, CHKO Jizerské hory, v piirodnich rezervacich v Podorlicku a Polabf). Jednalo se pfitom zejména o tvorbu
minimdalnich areali pro ptirozené podminky prostiedi a pro dv¢ situace v soucasnych imisn¢ ekologickych pomérech.

Kli¢ova slova: chranéna uzemi; ptirodni lesy; spontanni procesy; autoregulace; minimalni areal

Regeni problematiky ekologickych kritérii pro rozho-
dovani o ponechani lesti ve zvlasté chranénych tizemich
spontannim procesim vychazi z poznani zakonitosti
ptvodnich ¢i ptirodnich lest, zejména pak z posouzeni
jejich zakladnich znakt a vlastnosti. Jedna se predevsim
o relativni stalost druhového sloZeni spoleéenstev, relativ-
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ni riznovékost, relativni vyrovnanost dievni zasoby a rela-
tivni maloplo$nost jednotlivych vyvojovych fazi a stadii.
Jejich vyslednici je udrzeni ekologické samostatnosti
a vyrovnanosti. Les je totiz v naSich klimatickych pod-
minkach v podstaté jedinou vegetacni formaci, ktera je
schopna trvale se udrzet svymi vnitinimi silami a zivot-
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nimi procesy za predpokladu, ze se vyrazné¢ nezméni
stanovistni a porostni podminky (JENiK 1979; KORPEL
1989; VACEK 2003). Modelovym objektem pro vyzkum
ekologické samostatnosti a vyrovnanosti jsou ptvodni
a prirodni lesy. V nasich podminkach se jedna predevsim
o NPR, PR, I. zébny NP a CHKO. Zejména pivodni lesy
se v dynamické rovnovaze udrzuji svym druhovym slo-
zenim, specifickou prostorovou a veékovou strukturou.
Ptirodni lesni spolecenstva jako uceleny komplex zivych
organismi na nejvyssi hierarchické urovni otevienych
systémi maji totiz vyraznou tendenci k homeostazi
(JENIK 1979; ZLATNIK 1970; REIMANEK 1979; PRUSA
1985). Ta pomérné pohotové reaguje na rusivé vlivy
prostiedi vytvofenim specifické konstelace podminek,
znakd a slozek, které jsou zarukou dalsi existence pi-
vodniho lesa, kontinualné navazujiciho na soucasny stav
ekosystému (VACEK 2000).

Piirodé blizké zptisoby managementu & péée o ZCHU
v nékterych ptipadech mohou znamenat vyssi naklady
¢i urcité omezeni vlastnika. Proto pfi rozhodovani o po-
nechéani lesti ve ZCHU spontdnnim procestim je tieba
vychazet z vicekriterialni analyzy. Z ekologickych krité-
rii je pfitom nejvyznamngj$i stanoveni tzv. minimalniho
arealu, tj. minimalni vyméry a tvaru lesniho ekosystému
schopného autoregulace. Z ekonomického hlediska se
jednd o minimalni vyméru lesnich porostt, kde bude
vlastnik potencialné¢ omezovan.

Cilem prace bylo vytvofeni aplikovatelné metodiky
pro stanoveni minimalnich areald lesnich ekosystému
schopnych samovolného vyvoje ve vybranych ZCHU
a ovéteni jeji pouzitelnosti diferencované podle rostlin-
nych formaci a stanoviStnich a porostnich podminek.

Reseni bylo zaméfeno zejména na reprezentativni lesni
ekosystémy (prvniho, popf. i druhého stupné piirozenos-
ti lesnich porostll) v riznych ptirodnich a regionalnich
podminkach narodnich pfirodnich rezervaci, zaujimaji-
cich v CR 26 435 ha, piirodnich rezervaci (25 675 ha)
a [. zon narodnich parkt (16 610 ha), a to zejména v Kr-
konosich, na Sumavé, v Jizerskych horach, v Orlickych
horach, v Sudetském mezihoti, v predhoii Orlickych hor,
v Polabi a v Ceském krasu.

Pii analyze ekologickych kritérii pro rozhodovani
o ponechani lesti spontannim procesiim byly ziskavany
poznatky o parametrech pfirozenych lesnich ekosys-
tému, které si udrzuji nebo si za uréitych podminek
mohou udrzovat ¢asové neomezenou zivotaschopnost.
V centru nasi pozornosti bylo zejména ekostabilizaéni
pusobeni lesnich ekosystému, jez spociva i v jejich
schopnosti odolavat uc¢inkim skodlivych ¢initeld, tlu-
mit vlivy skodlivych ¢initeld ve svém okoli a vyrovna-
vat vzniklé ekologické poruchy. Ekostabilizacni u¢inky
lesnich ekosystémi jsou dany piedevsim uplnosti, nena-
ruSenosti a velikosti lesnich ekosystémd, tj. druhovou,
ekotypovou, vékovou a prostorovou skladbou i plochou
daného typu lesniho systému v zavislosti na jeho okol-
nim prostfedi.

Terénni analyzy vychazely z dendroekologickych re-
akci jednotlivych druhi dfevin v ramci textury porostil.
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V ramci zékladnich dendrometrickych rozbori na vy-
branych plochach byly u vsech individui dfevin méfeny:
tloustka kment ve vysi 1,3 m, ve dvou polomérech na
sebe kolmych s piesnosti na 1 mm, vyska stromd vys-
komérem s presnosti 0,5 m (pouze u vybranych jedinci
podle stromovych tfid). U lezicich odumielych stromi
byla podle stejnych zasad méfena jejich sttedni tloustka

a délka. Pro studium vékové struktury byly u vybranych

jedincl odebrany vyvrty Presslerovym nebozezem. Vy-

vrty byly analyzovany na letokruhovém analyzatoru.

Zasadni metodicky zplsob semikvantitativniho hodno-
ceni dalSich strukturnich a morfologickych znakt (ceno-
tické postaventi, olisténi, stupent uvolnéni koruny, paramet-
ry zmlazeni apod.) spocival v dokonalosti jejich odhadu.

Pro vlastni diferenciaci ploch byl dale posouzen lesni
typ, stupen piirozenosti lesnich porostl a stupen posko-
zeni porostu.

Minimalni velikost lesniho ekosystému schopného
samovolného vyvoje byla odvozovana a ovéfovana na
zéklad¢ nasledujicich metod:

— nulového pfirGstu,

— vyvojovych stadii,

— indexu diverzity dievinného patra,

— maximalniho véku doziti dfevin,

— znacné prodlouzené¢ho obmyti v lese normalnich
vekovych stupnd.

Pti rozsahlych terénnich Setfenich bylo zji§téno,
ze zadna z popsanych metodik neni z mnoha pfi¢in
v podminkach soucasného stavu naSich chranénych
uzemi v pivodni verzi pouzitelna. Tyto metodiky byly
vypracovany zejména pro lesni ekosystémy v pfiroze-
nych podminkach prostiedi, resp. pro pralesy (zejména
v Karpatech), nékteré z nich nebyly experimentalné
ovéieny v praxi a tedy poskytovaly neadekvatni vy-
sledky. Problematickd pouzitelnost téchto metodik je
dana zejména nedostatecnou velikosti vétSiny stava-
jicich ZCHU s viceméné vyraznymi odchylkami od
jejich piirozené druhové, veékové i prostorové skladby,
snizenym odolnostnim potencialem téchto porostt a ne-
pfiméfenymi zpusoby obhospodatfovani v nich (Casto se
jedna ¢i jednalo i o dlouhodobé narusovani spontannich
procesit).

Proto byly hledany postupy, jak zajistit tento meto-
dicky velmi naro¢ny tkol stanoveni minimalniho arealu
lesnich ekosystému. Po konzultacich s prednimi odbor-
niky na strukturu a vyvoj pfirodnich lesnich ekosystému
(zejména pak s prof. Korpel'em a prof. Jaworskym) byla
zvolena metodika vychazejici ze zastoupeni vékovych
stupnii. Vychazela z nasledujici Givahy:

— plocha minimalniho arealu = suma ploch jednotlivych
dtevin prirozené skladby,

— plocha dfeviny = pocet vékovych stupnti x optimalni
(viceméné nejvétsi) velikost skupiny ve vékovém stup-
ni (redukovana zastoupenim dané dieviny) X nezbytny
pocet opakovani pro zajisténi ekologické stability (pro
nase podminky bylo doporuceno 3-5, v této praci pro
stupen piirozenosti lesnich porosti 1 zvolena 3 a pro
2. stupen 4).
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Plocha minimalniho arealu se zna¢né 1isi pro pfirozené
podminky prostfedi a pro riizné imisné ekologické a po-
rostni podminky. V tab. 2 je proto uvedena pro:

— prirozené podminky prostedi,

— soucasné imisné¢ ekologické podminky prostredi
s relativné funk¢énimi porosty v okoli posuzovaného
ZCHU, které neposkytuji vazné riziko jejich ohrozeni
(plocha minimalniho arealu se v tomto ptipadé = plose
minimalniho arealu pro ptirozené podminky prostredi
x2),

— soucasné imisné¢ ekologické podminky prostredi
s minimalné ekologicky funkénimi porosty v okoli
posuzovaného ZCHU, a to napt. z ditvodu: znaéného
vyskytu holin, expanze hmyzich sktidct apod. (plocha
minimalniho arealu se v tomto pfipadé = plose mi-
nimalniho arealu pro stavajici imisn¢ ekologické pod-
minky prostfedi s relativné funkénimi porosty v okoli
posuzovaného ZCHU x 1,5).

Minimalni arealy byly odvozeny pro plochy s pfi-
blizn¢ kruhovym, ¢tvercovym a obdélnikovym (pomér
stran max. 1 : 3) tvarem. U uzemi s charakterem pruhu
je tieba plochu minimalniho arealu pro dané podmin-
ky prostiedi dale zvétsit (pii poméru stran 1 : 4-6 ca
1,5krat; pfi poméru 1 : 7-10 ca 2krat; tvary s pomérem
stran vy$$im nez 1 : 10 nejsou vhodné pro ponechani

lest samovolnému vyvoji z divodu zna¢ného podilu
ckotonalnich efektd).

Navrzend a vyzkumné ve vybranych porostech
ZCHU ovéfovand metodika stanoveni minimélniho
arealu porosti schopnych samovolného vyvoje se jevi
jednim z moznych metodickych pfistupti k feSeni to-
hoto metodicky velmi narocného tkolu. Pro relativné
pfirozené podminky prostfedi se minimalni arealy pro
ZCHU semknutych tvart pohybuji v rozmezi 10-62 ha,
pro soucasné ckologické podminky prostiedi s relativné
funké&nimi porosty v okoli posuzovanych ZCHU v roz-
mezi 21-124 ha a pro dosavadni imisné ekologické pod-
minky prostfedi s relativné nefunkénimi porosty v okoli
studovanych ZCHU v rozmezi 31-185 ha. Ve smréinach
se plochy minimalnich areald v zavislosti na podmin-
kach prostedi pohybuji v priméru mezi 41-137 ha, ve
smiSenych smrkobukovych a jedlobukovych porostech
mezi 28-94 ha, v bué¢inach mezi 17-97 ha, v doubravach
mezi 10-58 ha, v habrovych doubravach mezi 16 az
48 ha, v luznich lesich mezi 17-51 ha a v reliktnich
borech mezi 35-105 ha. Ziskané ramcové vysledky od-
vozenych minimalnich areald z 36 lokalit, diferencované
podle rostlinnych formaci, stanoviStnich a porostnich
podminek prostiedi, je potiebné dale ovéfit a doplnit na
vétsim spektru ZCHU v rtiznych PLO.
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