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Abstract: The forest dynamics of the Ore Mountains (Kru$né hory), Czech Republic, reveal a historical decline of natu-
ral mixed forests, especially those dominated by the Hercynian mixture and European beech (Fagus sylvatica L.), due
to the expansion of metallurgy and glassmaking in the 15" century. This led to large-scale reforestation with Norway
spruce [Picea abies (L.) Karst.], resulting in single-layered monocultures. Although these monocultures provided valu-
able timber, they proved highly susceptible to both biotic and abiotic stressors. Throughout the 20™ century, the stability
of these forests further deteriorated due to air pollution (notably SO, emissions), the unsuitable selection of substitute
species, and the proliferation of pathogens. The cumulative impact of these disturbances caused soil acidification, deg-
radation, and weed encroachment, severely limiting the regenerative capacity of forest ecosystems in this region. This
article presents model examples of species composition shifts, spatial structure changes, and evolving management
practices in the Ore Mountains. It discusses strategies for establishing diverse and resilient stands that align with long-
term forest planning goals. These approaches aim to maintain both productive and ecological functions of forests under
changing environmental conditions while minimising restoration costs. Importantly, forest management and conver-
sion strategies must also account for economic optimisation, ensuring that ecological goals are met in a financially
viable manner. The strategies and case studies presented here offer promising, albeit preliminary, directions for future
forest management. Their broader application will require further refinement and long-term experimental validation
to ensure sustainability in both ecological and economic terms.
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The expansion of coal mining and industry
in northern Bohemia led to severe degradation
of ecosystems in the Ore Mountains (Kru$né
hory), resulting in the large-scale collapse of for-
est stands. This process caused significant acidi-
fication of habitats, including water sources, and
in some areas, secondary waterlogging of ex-
tensive clearings (Podrazsky, Ulbrichova 2004;
Sramek et al. 2008). Various regeneration methods
were tested to prevent further damage, focusing
on chemical and mechanical-biological ameliora-
tion (Balcar et al. 2007). During a transitional peri-
od, it was necessary to use non-native tree species,
such as controversial blue spruce (Picea pungens
Engelm.), until site conditions improved enough
to allow silviculture of target native tree spe-
cies, particularly Norway spruce [Picea abies (L.)
Karst.], European beech (Fagus sylvatica L.), silver
fir (Abies alba Mill.), and sycamore maple (Acer
pseudoplatanus 1.) (Vacek et al. 2003). While
blue spruce helped stabilise forest stands tempo-
rarily, it was shown to have generally degrading
effects in polluted areas, especially regarding soil-
forming and soil-protecting functions (Podrazsky
et al. 2005a).

The year 1994 marked a turning point in pollution
levels, as industrial desulphurisation led to a signif-
icant reduction in atmospheric pollutants. How-
ever, improved air quality in subsequent years was
counterbalanced by a new stress factor — the spread
of fungal pathogens, such as bud blight (Gem-
mamyces piceae), which significantly affected for-
est health (Materna 1999; Cern}'l et al. 2016; Samek
et al. 2022). In the second half of the 20 century,
the forests of the Ore Mountains underwent exten-
sive breakdown due to air pollution and bark bee-
tle outbreaks (Kubelka 1992; Slodic¢ak et al. 2008b;
Podrazsky 2014). This process nearly destroyed the
mature Norway spruce stands which were subse-
quently replaced by substitute tree species (STS)
with a pioneer strategy, mainly silver birch (Betula
pendula Roth), rowan (Sorbus aucuparia L.), Eu-
ropean larch (Larix decidua Mill.), with grey al-
der [Alnus incana (L.) Moench] and black alder
[Alnus glutinosa (L.) Gaertn.] used locally (Balcar,
Navratil 2006; Novak, Slodicak 2006; Podrazsky
et al. 2006; Balcar et al. 2008). The goal of this sub-
stitution was to maintain forest continuity and en-
hance ameliorative functions. Over the past thirty
years, intensive efforts have been made to convert
these STS into stable stands composed of target na-
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tive tree species, increasingly using close-to-nature
forest management approaches (Balcar et al. 2007;
Poleno et al. 2009; Cack4, Skéla 2016). The conver-
sion of STS into natural forest ecosystems requires
time, purposeful planning, and implementation,
as it is essential for ensuring the long-term stability
of regional forests (Vacek, Balcar 2002, 2004).

An integral part of the measures aimed at stabi-
lising forest ecosystems in polluted areas has also
included interventions to improve forest soil prop-
erties and stand health through chemical treat-
ments (Bortivka et al. 2005; Vacek et al. 2009).
Long-term liming was carried out to raise soil pH
and neutralise acidification caused by air pollution,
thereby stabilising the chemical properties of forest
sites (Jirgle 1986; Lochman 1986; Vacek et al. 2019;
Gallo et al. 2021). In addition to liming, experiments
were conducted in the Ore Mountains with the ap-
plication of magnesium fertilisers (e.g. SILVAMIX)
to improve the nutrition and health of spruce stands
(Podrazsky et al. 2005b). These interventions were
complemented by a range of other studies focused
on restoring soil fertility, nutrient dynamics, pol-
lution impacts, and the responses of individual
tree species to altered site conditions (Podrazsky
et al. 2003a; Podrazsky 2008; Kapicka et al. 2010).

Nowadays, climate change poses an additional
major threat to forest ecosystems, including those
in the Ore Mountains. Recently, significant chang-
es have been observed, such as more unevenly
distributed precipitation, rising air temperatures,
and increased frequency of extreme weather
events (Gallo et al. 2014; Novotny et al. 2023;
Vacek et al. 2023). These events are often ac-
companied by extended drought periods, more
frequent episodes of windthrow, and a longer veg-
etation period with higher evapotranspiration de-
mands (Romeiro et al. 2022; Altman et al. 2024).
This has led to more frequent bark beetle out-
breaks, and devastating spruce stands (MoA 2023;
Simtnek et al. 2024). The rapid dieback of these
forests caused by climate change further increas-
es the risk of biodiversity loss and ecosystem
instability, which are threatened by various an-
thropogenic pressures (Visconti et al. 2015; John-
son et al. 2017). The main anthropogenic driver
is climate change, which reduces forest species
diversity and significantly influences their adap-
tive capacities (Pacifici et al. 2015; Urban 2015).
More frequent heatwaves, droughts, and storms,
along with increased pathogen attacks, are be-
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coming increasingly important abiotic and biotic
stressors for forest ecosystems (Bolte et al. 2009).
These factors disrupt tree phenology, physiology,
community structure and ecosystem functions,
underscoring the need for flexible management
practices that promote ecosystem resilience (Bel-
lard et al. 2012; Vacek et al. 2023).

Given these threats, increasing emphasis is be-
ing placed on adapting forest management and
silvicultural methods to new climatic conditions
(Keenan 2015; Vacek et al. 2020a). Adaptive forest-
ry provides a framework that allows for site-specific
decision-making, ongoing integrated monitoring,
and adjustments based on environmental feedback
(Roshani et al. 2022). This approach promotes the
use of mixed-species stands, changes in rotation
period and tree density, supports natural regenera-
tion processes, and favours the introduction of tree
species better suited to future conditions (Jandl
et al. 2019; Vacek et al. 2021, 2023). Incorporating
microhabitat diversity, creating structurally hetero-
geneous stands, and ensuring functional redundan-
cy among species are crucial strategies to maintain
essential ecosystem services and reduce the risk
of forest degradation (Bolte et al. 2009).

This review article, based on 100 sources, ad-
dresses the degradation of STS and their conversion
into stable forest stands composed of target na-
tive species under the influence of climate change.
Its main objective is to present the most suit-
able conversion approaches that consider local
site conditions and enable the rapid establishment
of functional and climate-resilient stands. The in-
tended outcome is forests with greater resistance
to current biotic and abiotic stressors and the ca-
pacity to withstand future climate change impacts.

HISTORICAL DEVELOPMENT
AND AIR POLLUTION CALAMITY

The historical development of forest ecosystems
in the Ore Mountains (Kru$né hory) indicates the
predominance of stands composed of the Her-
cynian mixture — forest communities consisting
predominantly of Norway spruce and European
beech, accompanied by silver fir on wetter and
more fertile sites, and occasionally also sycamore
maple and European larch (Kubelka 1992; Vacek
et al. 2003; Ekoles-Projekt 2021; UHUL 2021).
There is currently no unified opinion on the origi-
nal occurrence of larch in these forests. Although

historical sources state that the trade in larch tim-
ber in the area dates back to the 16" century, part
of the professional community still considers larch
to be an introduced species. Da Ronch et al. (2016)
refer to larch as native to the Jeseniky Mountains
and eastern Bohemia. However, recent palaeobo-
tanical research in the Czech Republic indicates
a significantly wider natural distribution area, in-
cluding several locations in northern Bohemia
(Pokorny et al. 2023).

Many original beech and spruce-beech stands
were logged during the 15™ century due to the ex-
pansion of medieval glass production (UHUL 1969;
Vacek et al. 2003). Beechwood was extensively used
as a source of energy, and potash (K,CO,) was ob-
tained from its ash (Cilova, Woitsch 2012). Ap-
proximately 1 t of beech wood (1 m?®) was required
to produce 1kg of potash (Cernd, Fryda 2010).
The harvested areas were gradually reforested
and transformed into monocultural spruce stands
(Oulehle et al. 2007). The demand for spruce tim-
ber, particularly for mining purposes, remained
a priority for at least the next 400 years. This high
demand for mining and construction-grade tim-
ber led to forest management practices focused
on producing desirable assortments at minimal
cost (Reinhardt-Imjela et al. 2018). As a result,
single-layered spruce stands became widespread
(Prasa 2001; Kriegel 2002). Although these stands
yielded high proportions of technically usable tim-
ber, they also formed extensive and vulnerable
monocultures (Slodi¢dk et al. 2008b). Subsequent
episodes triggered by biotic or abiotic factors led
to widespread forest decline (Materna 1999).

In recent decades, the forest ecosystems of the
Ore Mountains have undergone further dramat-
ic transformations. Before 1989, large quantities
of sulphur were deposited in the mountain region
through acid rain, resulting from heavy air pollu-
tion emitted by industrial centres in Saxony, north-
ern Bohemia, and Silesia — an area historically
referred to as the 'Black Triangle' (Scheithauer,
Grunewald 2007; Kupkova et al. 2018). The most
significant of these episodes was the calamitous
dieback of the entire plateau of the Ore Moun-
tains during the 1960s through the 1980s (Kubel-
ka 1992; Materna 1999; Slodicdk et al. 2008b),
similar to events in other parts of the Sudetes (Kral
et al. 2015; Putalovi et al. 2019; Vacek et al. 2020b).
This phenomenon was primarily a result of brown
coal mining and burning in the Podkru$nohorska
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Basin, leading to an air pollution crisis (Sramek
et al. 2008). Complete forest dieback was accom-
panied by soil acidification (pH 2.1-3.0), weed
invasion (mainly Calamagrostis spp.), complete de-
pletion of raw humus, and soil degradation, often
associated with secondary waterlogging of harvest-
ed areas (Podrazsky, Ulbrichova 2004). In the 1980s,
sulphate ion deposition on the ridges of the Ore
Mountains reached levels up to 150 kg-ha™! per
year (SMUL 2004; Suker et al. 2010). Spruce mono-
cultures rapidly died due to SO, acid deposition,
with significant disruption of soil biogeochemi-
cal processes (Grunewald, Bastian 2015). By the
1990s, large areas of the Ore Mountains, particu-
larly in the eastern part, were deforested (Vacek
et al. 2003). Since then, emission sources have been
gradually eliminated, mainly through the closure
and desulphurisation of brown coal power plants
(Vacek, Balcar 2002). From the late 1980s onwards,
atmospheric deposition markedly decreased
(Scheithauer, Grunewald 2007), leading to the
gradual revitalisation of forest ecosystems.

Subsequent large investments in liming and fertili-
sation to STS were intended to mitigate ongoing soil
degradation until air pollution levels could be re-
duced to acceptable thresholds (Balcar et al. 2007).
The key year for emission reduction (particular-
ly SO,) was 1994 and the years that followed. How-
ever, after 1996, there was a widespread decline
of STS stands triggered by fungal pathogens and
the unsuitability of some introduced tree species
(Cern)'r 1995; Vacek et al. 2003; Shetti et al. 2024).

The restoration of these large-scale calamity are-
as has since been carried out using site-appropriate
target tree species, in accordance with current leg-
islation (Slodi¢dk et al. 2008a). However, in addi-
tion to very high costs (approx. EUR 16 000 per ha
for conversion — information obtained in 2023
from the Litvinov Forest District through oral
communication), the long-term viability of these
new stands must be considered. For instance,
Pulkrab (2008) reported direct costs ranging from
EUR 9 000 to EUR 10 760 per ha, which, adjusted
for 2023 inflation (3.31%), equates to EUR 14 680
to EUR 17 520.

The most vulnerable aspect of newly established
stands appears to be their even-aged structure
across large areas, with a lack of additional verti-
cal layers (Kubelka 1992; Balcar et al. 2007; Balcar,
Slodi¢dk 2008). Although composed of multiple
target tree species, these forests will likely once
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again become large, even-aged monocultures, pro-
vided they reach maturity — requiring simultane-
ous regeneration across extensive areas, with a high
harvesting percentage over a short regeneration pe-
riod. These risks can be partially mitigated through
appropriate spatial arrangement of tree species,
intensive tending, and the use of classical stand-re-
inforcing elements such as gaps, buffer zones, and
barriers (Lokvenc 1988; Vacek et al. 1994b; Poleno
et al. 2009). Nonetheless, even if these stands reach
physical maturity, they remain highly susceptible
to premature disintegration (Ekoles-Projekt 2021).
Forest management on the plateau of the Ore
Mountains during the air pollution calamity ini-
tially proceeded unsystematically, based primarily
on practical experience. However, over time, it be-
came increasingly systematic as scientific knowledge
of the ecological integrity of local forest ecosystems
advanced (Miiller 2013; Grunewald, Bastian 2014).

SILVICULTURAL MEASURES
FOR REGENERATION

For this article, the selected area was the plateau
of the Ore Mountains (Krusné hory) in the vicini-
ty of the Fl3je reservoir, which includes forest man-
agement units (FMUs) predominantly of type 73
(management of acidic sites in mountain altitudes),
and to a lesser extent FMUs 79 (management of wa-
terlogged sites in mountain altitudes), 77 (manage-
ment of gleyed sites in mountain altitudes), and 71
(management of exposed sites in mountain alti-
tudes). Marginally represented are also FMUs 53
(acidic sites in higher altitudes), 59 (waterlogged
sites in higher and mid altitudes), 57 (gleyed sites
in higher altitudes), 51 (exposed sites in higher al-
titudes), and 55 (nutrient-rich sites in higher alti-
tudes). The most widespread FMU 73 in the area
is characterised by the following forest site types
(FST): 7K (acidic spruce-beech forest), 7M (poor
spruce-beech forest), and 7N (stony acidic spruce-
beech forest; Viewegh et al. 2003).

Due to acid rain, the soil in the area has under-
gone acidification and partial degradation. Large-
scale deforestation led to secondary waterlogging
(Podrazsky, Ulbrichova 2004). During the extensive
regeneration aimed at mitigating secondary wa-
terlogging, suppressing the herbaceous layer, and
enabling mechanised slash removal, large-scale soil
preparation was carried out, including heavy ma-
chinery use (Podrazsky et al. 2003b). This caused
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secondary site degradation due to soil horizon dis-
placement. These issues were further exacerbated
by the absence of microclimate, resulting from the
lack of vegetation cover, which hindered the use
of climax tree species in the initial regeneration
phase due to their ecological requirements.

For the successful regeneration and tending
of young forest stands on sites in higher and moun-
tain altitudes, the following principles are essential:

Regeneration methods

— Maximise the use of existing microclimatic con-
ditions. Whenever possible, promote natural
regeneration, paying attention to species diver-
sity and vertical structure. Stands may be sup-
plemented over a decade or longer, which helps
achieve height differentiation and consequently
improves resistance to adverse climatic condi-
tions (Poleno et al. 2009; Vacek et al. 2023).

— Ensure the genetic appropriateness and ecophys-
iological condition of planting stock (Ratnam
et al. 2014).

— When using containerised seedlings, pay close
attention to planting methods and use certi-
fied containers that prevent root deformation,
thereby improving the mechanical stability
of young stands against abiotic stressors (Landis
et al. 1990).

— Respect the ecological requirements of tree spe-
cies concerning the site conditions.

— Where site conditions allow, initiate refor-
estation immediately after felling to prevent
the development of competing vegetation and
take full advantage of the raw humus layer. This
is only feasible on sites with remaining stocking
above 0.7.

— Design regeneration layouts to minimise wind
flow, with emphasis on the width and length
of the regeneration patches. Favour shelterwood
systems and retain up to 10% of the stand for nat-
ural development and decay, especially to sup-
port biodiversity.

— Ensure high-quality soil preparation (Poleno
et al. 2009).

— Always establish a layout network in young
stands to guide future tending and access (Leug-
ner et al. 2023).

Tending methods
— Prioritise individual tending over schematic thin-
ning, even in naturally regenerated stands. Apply

positive selection for promising and target trees
while retaining the lower layer as much as pos-
sible. In the 6™ and 7t forest vegetation zone
(FVZ), focus tending on strengthening the stand
against abiotic impacts.

— Maintain long crowns and low centres of gravity
in target trees, following the principles of Bohda-
necky thinning (Bohdanecky 1890).

— In age- or height-differentiated stands, treat
stand segments individually (Schédelin's method;
Schidelin 1942).

— Always consider the ecological requirements
of each tree species concerning the specific site
conditions (Tesar et al. 2011).

Adaptive management options

— Adaptive forest management aims to maintain
and enhance forest functionality as a prerequi-
site for fulfilling future demands for ecosystem
services (Wagner 2004).

— It is a dynamic management approach, in which
silvicultural practices and decisions are continu-
ously monitored and revised based on research
findings, ensuring the fulfilment of both wood-
producing and non-producing functions (Millar
et al. 2007).

— Among the aforementioned regeneration and
tending practices, adaptive strategies are best im-
plemented through changes in tree species com-
position and stand structure, adapted to specific
site and stand conditions using close-to-nature
methods (Vacek et al. 2023).

— Forest responses and adaptation depend on spe-
cies phenology, autecology, provenance, age,
intra- and interspecific competition, and stand
structure (Reyer et al. 2009).

— At the local scale, tree species differ in their
capacity to cope with environmental changes,
which must always be considered.

— Selecting appropriate tree populations is essen-
tial, as trees must cope with varying growing con-
ditions depending on their vertical structure and
vitality, while withstanding extremes. This also
affects species synecology by altering competi-
tive interactions (Pretzsch, Dursk;’r 2002; Wagner,
Fischer 2007).

— Adaptive management should support the resil-
ience of forest ecosystems to stress and damage,
and their capacity to dynamically respond to en-
vironmental changes, particularly those related
to climate change (Vacek et al. 2023).
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EXAMPLES

The provided facts indicate the necessi-
ty of modifying the forest regeneration strat-
egy of STS, including management methods.
If a large clear-cut area is already created, the need
for reforestation — whether through suitable plant-
ing or seeding — is undeniable. However, regen-
eration methods can be combined, considering the
requirements of individual tree species, their physi-
ological capabilities, and, ultimately, their econom-
ic utilisation. The reconstruction of these stands
on the plateau is, however, essential, as confirmed
by several studies (e.g. Balcar et al. 2007; Slodicak
et al. 2008b). Possible management directions
for these stands are outlined in the following two
examples:

Example 1: Large clear-cut area

— After proper soil preparation, the large clear-
cut is regenerated by sowing a pioneer species,
such as silver birch or downy birch (Betula pube-
scens Ehrh.) (costs approximately 800 EUR-ha’l,
as communicated by the Litvinov Forest District).

— The stand regenerates without significant addi-
tional costs for protection against weed species
(under normal conditions, no protection against
game), as suggested by Vacek et al. (1987, 1994a).

— A suitable ecotype of pioneer birch does
not require substantial tending, as the fo-
cus is not on production quality (Vacek
et al. 1994a, 2007b). However, tending operations
in these sites can improve production quality
(Slodicak et al. 2008b), albeit with corresponding
silvicultural costs (Pulkrab 2008). The intensity
and strength of tending in birch stands on acidic
sites (FVZ 6-7) will be lower compared to nutri-
ent-rich sites at mid-elevations.

— At 40 years, the birch stand should be thinned
in small patches (about 20-30% of the area),
with wood production consisting of 15-20% pulp-
wood and the remainder being chips (according
to the Litvinov Forest District). This is followed
by the introduction of suitable climax tree spe-
cies through artificial regeneration, differentiated
according to the FST, reflecting the improved
air quality and climate conditions that facilitate
the revitalisation of target species and, locally,
natural regeneration (Balcar et al. 2007; Slodicak
et al. 2008a). After the regeneration of target tree
species, the site is enriched, especially with the
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leaf litter of these species (Kulhavy et al. 2008;
Podrazsky et al. 2010).

— After securing the target tree species' seedlings,
further regeneration components are added.
By the time the stand reaches 50—60 years, regen-
eration should cover 80% of the area. The produc-
tion consists of 50-60% pulpwood and 40-50%
chips (based on oral communication with the Lit-
vinov Forest District). Regeneration focuses
on the main target tree species, differentiated
according to specific site and stand conditions
(cf. Mauer, Tesar 2005; Balcar et al. 2007).

— Stand closure should be optimally achieved
in stands aged 70-80 years. The production
composition consists of 60—80% pulpwood and
20-40% chips (according to the Litvinov Forest
District). The stand can be supplemented with
other resistant target tree species (e.g. beech,
hornbeam, elm, alder) to increase species di-
versity and the stability of the new mixed stand
(Pretzsch et al. 2017). Natural regeneration
of the original birch, including regeneration from
the first regeneration components, can be uti-
lised (almost at no cost). At the beginning of the
regeneration cycle, it is essential to create a prop-
er segmentation network to aid in orientation
within the forest stands (Bystricky 2020).

— The stand is regenerated at acceptable costs, be-
ing species-diverse, age-differentiated, and spa-
tially structured. Natural regeneration allows
for the development of the lower strata, and the
stand reaches a deep vertical canopy closure.
This type of stand is prepared to resist a wide
range of biotic and abiotic adverse factors.
The segmentation network facilitates access
to the stand, reduces the cost of future tending
interventions, and, with its edge trees, strength-
ens the stand structure, especially against abi-
otic factors (Chroust 1997). In such a stand,
the transition to a richly structured forest, us-
ing selection principles, can be initiated (Vacek
et al. 2007a, 2022).

Example 2: Management of retained stands

of predominantly original target tree species

— Although the occurrence of these stands is less
frequent than in Example 1, they are genetically
valuable, and therefore, proper silvicultural care
must be provided.

— After confirming the genetic suitability of the
retained stand for establishing a new generation
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of forest in the given locality, site-inappropriate
native and introduced tree species are removed,
as they negatively affect the site conditions
(cf. Vacek et al. 2007b).

— Selected parts of the forest stand (or the entire
residual stand) should be thinned according
to the tree species, site, and hydrological condi-
tions, aiming for a stocking of 0.6 to 0.7, leaving
all interspersed trees.

— Soil preparation should be carried out, typically
based on the mass seed year. This preparation can
be combined with different methods depending
on the type of weeds and the site (e.g. chemi-
cal preparation twice or a combination of me-
chanical preparation with chemical treatment,
or various types of mechanical soil preparation
like milling or mini-excavator). Attention must
be paid to soil preparation. If the seed year is un-
successful (e.g. late frost), mechanical or chemi-
cal preparation must be repeated. Mechanical
soil preparation should be done at least four
months in advance (excluding winter periods —
air temperatures above 10 °C). Caution is need-
ed when sowing seeds on freshly prepared soil,
as seeds can be buried too deeply, allowing weeds
to gain an advantage. For this reason, it is recom-
mended to lightly cover the seeds with soil (Pole-
no et al. 2009).

— After successful regeneration, i.e. with secured
growth, the area should gradually be sheltered.

— During the first tending intervention, selected
individuals in regeneration groups should be re-
leased (1-2 individuals per 1-5 m?2, depending
on the species and site). Some of the regeneration
will eventually die due to natural processes, while
others will create multiple lower layers, so-called
replacement trees. This will result in deep verti-
cal closure and future mechanical stabilisation
of the stand with reduced tending costs. Howev-
er, attention must be paid to stand segmentation
(Poleno et al. 2009; Dobrovolny 2014; according
to the Litvinov Forest District).

— The retained forest stand should be fully stocked
(selected individuals may be left for the next
rotation period). Tending measures continue,
including thinning/cutting (only promising and
target trees are released by removing direct
competitors). The material from tending op-
erations is generally left in the stand, especially
at higher elevations, as it is not economical-
ly viable to process and remove it (information

obtained personally from the Litvinov Forest
District). The height of the upper managed layer
fluctuates around +1/4 of the height of the re-
maining mature stand. Height differentiation
should be maintained throughout the stand's
existence (Poleno et al. 2009).

— When harvesting the selected target trees in the
upper layer, considering future regeneration,
the forest manager enters the phase of applying
management principles for a richly structured
forest (Vacek et al. 2007a). In these conditions,
this is a long-term process, with a horizon
of up to 60 years.

— If possible, managed elements created from the
residual population of the current stands can
be incorporated into reinforcing regeneration
bands during large-scale regeneration on calam-
ity areas (Vacek et al. 2007b).

— During this process, which lasts up to 60 years,
additional suitable tree species, including climax
species, can be introduced into the stand, as rec-
ommended by Balcar et al. (1999, 2007).

RECOMMENDATION

In the assessment of forest regeneration methods
in the 6™ and 7t FVZ of the studied area, natural
regeneration of autochthonous tree species proves
to be an effective and ecologically suitable meth-
od for ensuring the long-term mechanical stabil-
ity of forest ecosystems. Forest stands established
through natural regeneration not only have sig-
nificantly lower initial costs, but also exhibit faster
early growth, often without the need for weeding,
chemical or mechanical protection against game.
The high stand density enables the removal — re-
peatedly if needed — of malformed or game-dam-
aged individuals. It has been observed that on all
monitored sites in the 6" and 7" FVZ, damage
caused by ungulates is lower — whether browsing,
bark stripping, or debarking. Monitoring the ef-
fects of abiotic factors, especially rime and glaze
ice, revealed that stands in the initial development
stage (before the first pre-commercial thinning)
show comparable resistance. A clear exception
is seen in stands regenerated under the remnants
of the parent stand, where damage is consistently
lower due to the protective cover. In stands origi-
nating from natural regeneration, significantly low-
er damage by rodents — especially voles — was also
recorded.
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Artificially established stands, in addition
to higher establishment costs, tend to suffer — par-
ticularly on poor or exposed sites — from drought
stress, biotic damage (voles), shorter shoot leader
growth, and repeated demands for weed and game
protection. Reduced shoot elongation is natu-
rally associated with a longer time to secure the
stand and thus with increased costs. An evident
advantage is the possibility of spatially arrang-
ing individual tree species on the site according
to regeneration objectives. However, this is closely
linked to the ecological requirements of individual
tree species based on the forest site types. Climax
species cannot be introduced safely except under
the shelter of an existing stand or later under the
protection of a developing young stand.

Tending of artificially established stands can
be assessed primarily in terms of cost, future re-
sistance to abiotic factors, or game damage. Due
to the low density of planted individuals per ha,
it is essential to minimise errors in both the selec-
tion and execution of silvicultural interventions,
which must always be thoroughly and profes-
sionally planned. The stand's framework should
be shaped by a maximum of two interventions
using positive selection aimed at releasing prom-
ising or target individuals. A higher number of in-
terventions increases the risk of reduced stand
stability due to damage from wet snow, as canopy
closure often drops below 80%. When applying
thinning, it is essential to consider the tree spe-
cies, its age, horizontal and vertical structure, and
site conditions.

Tending should begin no later than the growth
phase of individuals between a height of > 1.3 m
and with a diameter at breast height up to 5 cm.
In these altitudes, it is appropriate to carry out
two low-intensity interventions within a single
decade (a silvicultural interval of 5 years). If not
established during regeneration, a segmentation
network should be introduced into the forest stand.
In naturally regenerated stands, tending should al-
ways focus only on releasing promising individu-
als in the upper canopy layer. The lower storey
should only be modified in exceptional cases, for
future development or for improving stand acces-
sibility. Over time, damaged target individuals can
be easily replaced. Height differentiation created
by staggered establishment is always advantageous
and should be maintained in small groups to sup-
port the formation of mosaic-like stands, especially
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on the most climatically extreme sites. Generally,
tending through individual selection places high
demands on the professional competence of both
technical and manual personnel.

CONCLUSION

In close-to-nature forest management, the em-
phasis is always placed on the question of how
a natural forest stand would look on a given site
and within a specific FVZ, in the absence of hu-
man intervention. During the successional devel-
opment of ecosystems on a particular site, nature
often operates through processes that can be char-
acterised as naturally occurring monocultural ar-
rangements. While in the 4" FVZ, monospecific
beech stands are considered a natural and stable
community, in the 7" and 8" FVZ, the presence
of spruce monocultures is often misinterpreted.
Many experts consider the 'monospecific spruce
stand' to be a permanently disturbed, artificially
created ecosystem, which contradicts the natu-
ral development of vegetation in the region. Even
natural spruce stands on suitable sites can, under
certain conditions, represent the most stable and
vigorous form of high forest. For example, Vacek
et al. (2007b) reported that a richly structured au-
tochthonous spruce stand was up to four times
more resistant to pollution stress than an alloch-
thonous, uniform spruce stand.

What has placed pure spruce stands among the
so-called unsuitable cultures is not their low spe-
cies diversity, but rather structural uniformity
and inappropriate management practices applied
to these sites in the past. Setting aside the suit-
ability of the species and the site, we arrive at the
real issue — the forest management method ap-
plied in the locality. Due to inappropriate tend-
ing practices, naturally regenerated stands fail
to develop into age-, height-, and diameter-differ-
entiated stands capable of withstanding both bi-
otic and abiotic stressors. Therefore, it is essential
to abandon ecologically unjustified silvicultural
interventions that result in unnatural, unstable,
species-poor, dense, single-layered, and even-
aged monocultures.

For these reasons, adaptive management must
be an integral part of the overall forest manage-
ment strategy for the plateau region of the Ore
Mountains. The adaptive strategies presented here
focus on the development of forests that are suited
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to future climate scenarios and can be combined
with general risk minimisation concepts through
the blending of suitable tree species, preferably
of autochthonous provenance. Therefore, contin-
ued research and development of these strategies
remains essential. It is also crucial to demonstrate
to society the benefits derived from forest ecosys-
tems, as this is the only way to achieve sustainable
forest management that emphasises adaptability
in the face of future challenges.
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