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Abstract

Recent studies suggest that climate change will lead to the local extinction of many tree species from large areas during this century,
affecting the functioning and ecosystem services of many forests. This study reports on projected carbon losses due to the assumed local
climate change-driven extinction of European beech (Fagus sylvatica L.) from Zala County, South-Western Hungary, where the species
grows at the xeric limit of its distribution. The losses were calculated as a difference between carbon stocks in climate change scenarios
assuming an exponentially increasing forest decline over time, and those in a baseline scenario assuming no climate change. In the climate
change scenarios, three different sets of forest management adaptation measures were studied: (1) only harvesting damaged stands, (2)
additionally salvaging dead trees that died due to climate change, and (3) replacing, at an increasing rate over time, beech with sessile oak
(Quercus petraea Matt. Lieb.) after final harvest. Projections were made using the open access carbon accounting model CASMOFOR
based on modeling or assuming effects of climate change on mortality, tree growth, root-to-shoot ratio and decomposition rates. Results
demonstrate that, if beech disappears from the region as projected by the end of the century, over 80% of above-ground biomass carbon,
and over 60% of the carbon stocks of all pools (excluding soils) of the forests will be lost by 2100. Such emission rates on large areas may
have a discernible positive feedback on climate change, and can only partially be offset by the forest management adaptation measures.
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Introduction

Climate change has been repeatedly shown to be unequivo-
cal, and it continues globally at unprecedented rates and
with already observed widespread and consequential effects
(IPCC 2013, 2014a). Evidence on observed impacts as well
as projections of potential effects of climate change on ter-
restrial ecosystems are mounting (e.g., Allen et al. 2010;
Lindner et al. 2010; Vayreda et al. 2012; IPCC 2014a; Lind-
ner et al. 2014) suggesting significant vulnerability of forest
ecosystems.

The effects of climate change at the species level are
closely related to the fact that, compared with herbs and
animals, the maximum speed of trees to move in order to fol-
low climatic changes is much lower than the average climate
change velocity (IPCC 2014a). Over time, this may lead to
large-scale dieback (Thuiller et al. 2011; Hanewinkel 2012),
and even species displacement (Millennium Ecosystem
Assessment 2005). While changes in regional temperature
and precipitation patterns may also create better growing
conditions for forest ecosystems in large areas (Lindner et
al. 2010, 2014), the local extinction of certain species from
severely affected areas maylead to large losses of carbon and
associated emissions of CO,.

The issue of large-scale displacement of habitat suitabil-
ity was recently analyzed by studies showing that climate
change sensitivity of 38 European tree species in Europe is
rather complex and has significantly different patterns over
climatic (temperature and precipitation), geographic and

temporal (e.g. winter vs summer) dimensions (Zimmer-
mannetal. 2013a). The range of species such as beech (Fagus
sylvatica L..) and Norway spruce (Picea abies L.) is likely to
shrink, sometimes dramatically. More drought-tolerant
species such as Sessile oak (Quercus petraea (Matt.) Liebl)
can, however, be expected to become more abundant (at
least at lower altitudes, Zimmermann et al. 2013b). Species
displacement and local extinction may also depend on pre-
climate change conditions, weather extremes and anincrease
in climate variability, resulting in even more severe extremes
(Zimmermann et al. 2009). Such extremes have also been
shown to affect the health status of forests (e.g. Jung 2009).

One of the countries of Europe where local extinction
might become a serious problem is Hungary where, until
recently, the mean annual temperature was about 10 —
11 °C and the mean annual precipitation was about 500 —
750 mmwhich already represented a limiting factor for many
tree species. These species, including beech and sessile oak,
occur atthexericlimit of their distribution (Matyasetal. 2010;
Czucz et al. 2011). Additional climatic vulnerability due to
climate change is expected to be more expressed in Hungary
thanin many parts of Europe as the increase of regional mean
temperature is projected to be 1.4 °C relative to each 1 °C of
global temperature increase, whereas precipitation is pro-
jected to considerably decrease in summer and increase in
winter (Bartholy et al. 2007,2014). The level of tree mortality
has so far been low, mainly expressed by a density-related
self-thinning, and extreme weather events such asice-breaks,
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snow-breaks and windbreaks (Hirka 2013) and droughts
(Jung 2009) were small scale only.

This situation may, however, be dramatically changed
under recent assumptions concerning possible rates of global
and regional warming. The results of the REMO regional
climate model simulations (Jacob et al. 2007) suggest that
mean temperature will increase by 3.7 °C by 2100 relative to
the average of 1961-1990. If this temperature increase will
take place, trees will have to stand repeated and increasing
drought and heat stress. Beyond certain levels of warming,
however, an increasingly occurring tree mortality, referred
to below as extinction mortality, may affect the Hungarian
forests, potentially leading to the extinction of several or
many species from certain sites. Czacz (2011), Moéricz et al.
(2013), Rasztovics (2014) and others have recently projected
that beech forests will almost entirely disappear from Hun-
gary by the end of the century, whereas sessile oak will only
be found along the southwest border of the country and in
higher mountain regions.

Extinction mortality may lead to carbon-dioxide emis-
sions first from the biomass, and later also from other pools
of the affected forests. Such large emissions due to various
disturbances have already been shown to be a serious prob-
lems if it occurs on a large scale (e.g., Kurz et al. 2008; Seidl
etal. 2014).This study is an attempt to project forest carbon
stock changes due to climate change-induced mass mortal-
ity of trees. Based on the projected forest decline by 2100 by
Moriczetal. (2013), extinction mortality, the expected main
driver of future carbon emissions, was assumed to increase
exponentially for the beech forests of the Zala County, South-
Western Hungary, for the period from 2015 to 2100. Using
models or assumptions, the effects of climate changes on tree
growth, root-to-shoot ratio, and decay rates were estimated,

too. Finally, the effect of forest management options such as
species replacement and harvesting was also estimated in
forest management adaptation scenarios. The projections
were developed using the open access carbon accounting
model CASMOFOR.

2. Methods

2.1. Study area

Withits forest area of 114,602 ha, the hilly (200—400 ma.s.l)
ZalaCountylocated in south-western Hungary (Fig. 1) hasthe
highest forest cover (32%) in the country. The native beech is
well adapted to both local pre-climate change site conditions
(Table 1) and predominantly deep forest soils. However, con-
sidering the climate envelope of beech in Europe using long
term (1950—-2000) climatic average of annual precipitation
and mean July temperature (Matyas et al. 2010), this spe-
cies is close to its xeric limits in the Zala County. The mass
mortality event of 2003—2004 which followed the drought
period from 2000 to 2004 in the region was also taken as an
indication of the existence of these limits (Lakatos & Molnéar
2009; Matyas et al. 2010). Nevertheless, similar symptoms
were also recorded in the eastern part of the Carpathian basin
in the 1880s (Lakatos & Molnar 2009).

The area of all 6406 pure and beech dominated forest
stands in the County, identified by the nation-wide stand-
wise continuous forest inventory, shows relatively large
uneven distributions by both age and yield class (Fig. 2).
Theyield class of a stand was taken from standard local yield
tables (Mendlik 1983) based on the age and the measured
mean stand height of the stands. These yield tables employ
six yield classes of equal height differences where class 1 is

Table 1. Ranges of key climatic data in the Zala county (mean values for 1981-2010 based on data

of the Hungarian Met. Office, Galos & Vigh 2014).

Climate characteristics

Value for months

[-XII I IV-IX VI X-II
Mean temperature [°C] 9.8-11.0 -0.9-0.2 16.2-17.6 19.6-21.2 34-45
Total precipitation [mm)] 611-770 27-34 363-472 75-94 248-301
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Fig. 1. The forests of Zala County as situated in the county map of Hungary (Source: National Forestry Database).
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Fig. 2. The area of beech forests in the Zala County in 2012 in 10-year age classes and six yield classes. Yield class, shown on the right,
ranges from 1 for the fastest growing stands to 6 for the slowest growing stands. (Source: National Forestry Database by the Forestry

Directorate of the National Food Chain Safety Office, Budapest.)

assigned to the fastest and class 6 is assigned to the slow-
est growing stands, respectively. All forests in both the Zala
County and the entire country have been rather intensively
managed for several centuries.

2.2. Modelling framework

This study estimates using model CASMOFOR (see below)
how much the carbon storage will change in the study area
(i.e., the entire area that was covered by beech in Zala County
in 2012) due to forest decline and other effects of climate
change. Annual changes of carbon stocks were calculated as

differences between carbon stocks projected for a baseline
(BL) scenario assuming a stable climate (left box in Fig. 3)
and those projected for climate change scenarios (right box
in Fig. 3, see also below). For all climate change scenarios,
extinction mortality rates based on the projection of Moéricz
et al. (2013) were used. The differences were calculated for
the period 2015-2100.

Carbon stocks in each scenario were estimated using the
open access forest carbon accounting model CASMOFOR
(Somogyi 2010, www.scientia.hu/casmofor). This model is
an MS Excel based system of carbon accounting functions
which was mainly designed to estimate, by yield class and
species, carbon stocks in annual steps as a function of forest
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Fig. 3. The scheme of estimating changes of carbon stocks due to climate change as the difference between projected carbon stocks of
beech in a baseline scenario (left box) and those of beech and oak in a climate change scenario (right box) for the area that was covered
by beech in Zala County in 2012. “Parameters” are those applied in model CASMOFOR (see below).
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area and age class structure. Estimates are developed for the
forest carbon pools defined by IPCC (2006) based on their
respective dynamics. For biomass, the gain-loss method by
IPCC (2006) is used. Tree growth is modelled using standard
yield tables, whereas thinning and density-dependent mor-
tality (i.e., self-thinning) are modelled using country-level sil-
vicultural models. The dead organic pools are modelled using
exponential decay functions. The harvested wood products
(HWP) pool is modeled based on the latest methodologi-
cal guidance by IPCC (2014b). Soils are excluded from this
analysis due to knowledge gaps. The model, together with
its accounting functions (accessible at http://www.scientia.
hu/casmofor/equationsE.php) aswell asthe parametersused
for 19 species of the country (mainly age-dependent data
in yield tables and silvicultural models, http://www.sci-
entia.hu/casmofor/creditsE.php, and age-independent
ones, (http://www.scientia.hu/casmofor/parametersE.
php#flowchart), are described in detail at www.scientia.hu/
casmofor.

2.3. Extinction mortality

Mortality (both density-dependent and density-indepen-
dent) under the current (“no climate change”) site conditions
is included in the silvicultural models. To develop rates for
the expected extinction mortality, the rather strong correla-
tion between the current distribution of the tree species and
climatic factors was considered. This correlation is modelled
in the forestry practice in Hungary by applying four forest
climatic types (Borhidi 1960; Jaré 1966; Matyas & Czim-
ber 2004) that were identified by the dominant occurrence
of respective indicator species. These climate types can also
be characterized by historical temperature and precipitation
data (Table 2), but the occurrence of climate types is also
affected by local site factors such as soil type, aspect, hydro-
logical conditions and others.

The above system of climate types indicates that, in gen-
eral, and subject to variability due to other factors mentioned
above, mean annual temperature differences of about 1 °C
together with differences of precipitation of about 50 mm are
enough in the long term for different tree species to become
dominant in the different climate types and disappear from
others. As the projected warming of the mean July tempera-
ture of about 3.7 °C during this century (Jacobs et al. 2007

is several times the difference between adjacent climate
types, itis reasonable to expect this warming to cause a shift
in the bioclimatic niche. This shift, in terms of temperature,
from the current Beech climate type to the Turkey oak or

Forest steppe type may even lead to the local extinction of
beech from the Zala County especially if also reduced sum-
mer precipitation is considered.

Extinction mortality can take many forms and can occur
either directly due to droughts or other weather-related
effects such as extreme winds, floods etc., or indirectly due
to exacerbating biotic agents, forest fires (due to mortality-
driven fuel accumulation) and others. Currently, itis not pos-
sible to model these events, only assume the final outcome.
Czuczetal. (2011) projected that, as early as 2050, 56 —99%
of present-day beech forests might be outside their present
bioclimatic niche, whereas Méricz et al. (2013) projected
that most sites will become intolerable for beech by 2100.
These projections were based on the results of the REMO
regional climate model simulations by Jacob et al. (2001)
andJacobetal. (2007) assuming the A1B IPCC-SRES emis-
sion scenario.

Based on these projections, the main assumptions of this
study are that (1) extinction mortality of beech will increas-
ingly appear, (2) all beech stands will disappear from Zala
country by around the end of the century, and (3) mortal-
ity starts and terminates earlier on sites of yield class 6, and
later on sites of yield class 1 that have more potentials to
support the trees with water. It was also assumed that, at
lower intensities, extinction mortality only affects individual
trees. This effect could be seen equivalent to a self-thinning so
that, up to a certain level, dead trees can be harvested as part
of regular thinnings. Stands affected this way do not need
to be regenerated, and the remaining trees of these stands
continue to grow at least until more severe mortality ensues.
This mortality is referred to below as individual tree mortality.
In contrast, higher rates of mortality that will result in the
dieback of entire stands or their part(s) so that they need to
be harvested and regenerated (if that is possible at all), will
bereferred to below as stand mortality. The occurrence of this
mortality triggers CASMOFOR to simulate the harvesting
and regenerating of the area.

Considering all the above, the rate of extinction mortality
over time was modelled to increase along yield class-specific
exponential curves for both individual mortality (Fig. 4a) and
stand mortality (Fig. 4b). Extinction mortality is simulated
to occur in each stand each year, irrespectively of the age
of the stand, assuming that the causes of mortality may be
mostly age-independent. For individual tree-level mortality,
it is further assumed that, beyond a threshold of a cumula-
tive mortality of 0.5 relative to the standing volume, indi-
vidual tree mortality rate is not increased, and any mortality
becomes part of stand mortality.

Table 2. Main characteristics of the forest climate types applied in Hungary based on data of the Hungarian Meteorological Office and
the forest climatic types as defined by Borhidi (1960), Jaré (1966) and Matyas & Czimber (2004).

1961-1990 mean annual 1961-1990 mean annual

Forest climate type Indicator species Occurrence of beech temperature [°C] precipitation [mm]
Beech European beech Dominant 6.5-8 >700
Oak-hornbeam Sessile oak and Hornbeam (Carpinus betulus L.) Mixing 8-9 650-700
Turkey oak Turkey oak (Quercus cerris L.) Rare 9-10 600-650
Forest steppe None Practically extinct 10-11 <600
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Fig. 4. Assumed (a) annual individual tree and (b) cumulative
stand mortality rates in beech stands by yield class (1 is best, 6 is
poorest).

2.4. Tree growth, root-to-shoot ratio, and decay
of wood and litter

In the baseline scenario, the growth of beech was modelled
using the area and yield class of the beech stands as estimated
by the National Forest Database for 2012.

In order to estimate volume growth as accurately as
possible, the country-level yield tables for beech (by Mend-
lik 1983) were adjusted by Veperdi (2013) using the local
height growth curves over age that were developed from the
most recent statistical forest inventory data. First, yield data
of Mendlik (1983) was adjusted for each yield class using
height values from these local height growth curves and the
strong relationship between height and yield as represented
in the country-level yield tables. Then, volume growth rates
were calculated from the adjusted yield curves. Growth rates
forages not covered by the yield table (i.e., 1 — 10 years) were
developed by linear interpolation.

Forthe estimation of annual volume growth over age, the
annual height growth rate was used which was assumed to
change over time due to climate change. The expected change
was modelled using the evidence by Somogyi (2008a) who
showed that, for sites of the same characteristics except for
climate type, the mean height of beech stands in the “Beech”
and “Turkey oak” climate types at the age of §0 years amounts

to25mand 18 m (i.e.,0.31and 0.23 myr™), respectively. The
difference, i.e., 7 m, is attributed to differences between the
mean annual temperature of the two above climate types,
whichisabout 2 °C. If such atemperatureis to occur by 2100,
it might induce a reduction of mean tree height (at the age
of 80 years) of a bit over 0.1 m per year. The expected rate
of temperature increase will be larger, however, a shift from
the Beech climate type to the Turkey oak climate type would
also involve a reduction of the annual precipitation of about
100 mm. Considering that no decrease of the total annual
precipitation is projected (although summer precipitation
is projected to decrease), a slower linear decrease of growth
of 0.05 m per year was assumed.

For sessile oak, the country-level yield table by Béky
(1981) was used for the entire projection period, assuming
that the sites will not deteriorate for this species. As only
the yield class of beech is known for forests currently under
predominantly beech cover, the yield class of sessile oak
(YC,,) had to be estimated from the current yield class of
beech (YC,). This was done using the following regression
equation:

YC,,=p,+p,x YC, [1]

N

The parameters of the equation were estimated using
data of stands with each species having a species ratio of
atleast 33%.

Consistent with empirical studies (e.g., Usoltsev 2001),
root-to-shoot ratios in CASMOFOR are larger by 50% for
yield classes 5 and 6 than for yield classes 1 and 2 in the base-
line scenario. In the climate change scenario, this relation-
ship was used to gradually increase the root-to-shoot ratio of
beech under the changing climate scenario as the yield class
changes due to growth decline. For oak, consistent with the
assumption that its growth will not decline, the ratio was
kept constant.

For decay rates for both beech and sessile oak, it is
assumed based on available (unpublished) local evidence
that they will first gradually increase due to warming (until
the middle of the century, by maximum 1.4 times relative to
current rates), then gradually decrease by the same rate due
to dry conditions.

2.5. Regeneration, preventive species
replacement and forest area

Sustainable forest management requires that forest areas are
maintained as far as possible by regenerating all areas that
have lost their forest cover due to either harvest or natural
disturbances. In Hungary and elsewhere in Europe, it has
been a general practice for a long time to regenerate stands
of indigenous species using the species of the mature stand
that are adapted to local conditions. The expected large-scale
dieback of beech may require to change this practice, and
to use more drought-tolerant species (even despite some
adverse implications like higher costs) to avoid climate
change induced mortality in the regenerated beech stands.
Therefore, as a preventive measure in the “maximum adapta-
tion” climate change scenario (see below), beech is assumed
tobe graduallyregenerated with sessile oak. The replacement
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was assumed to occur in the first few years if a stand is dis-
turbed and must be harvested. Later, however, replacement
isprojected to increasingly become a practice at regular final
harvests (Fig. 5). [t was additionally assumed that sessile oak
may not only be able to regenerate but also survive until 2100.
Also assuming no afforestations in the region, the total area
of all forests will thus assumed to remain constant during
the simulations.
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Fig. 5. The assumed fraction of beech that may be replaced by ses-
sile oak in preventive regenerations (applied in the “maximum ad-
aptation” scenario, see below) at the time of final harvest by yield
class (1 is best, 6 is poorest).

2.6. Silviculture

For the mostly pure stands of the country, CASMOFOR ‘s
built in silvicultural model assumes a species-specific and
yield-class dependent system of timing and intensity of thin-
nings (3 — 5 times over the rotation period, depending on
yield class) and final harvest (at the age of 120 years). This
silvicultural system, which is used in the baseline scenario
without modification, assumes that density-dependent self-
thinning may also occur but only at very low rates in the year
before thinnings.

For the climate change scenarios that involve salvage
cutting (see below), it is assumed that additional thinnings
will be necessary between or in the years of standard thin-
nings whenever the rate of mortality exceeds the level of a
light thinning, i.e., 15% of standing volume. One reason to
conduct salvage cuttings is to avoid subsequent disturbances
such as fire due to fuel accumulation. Small trees (i.e., those
below 5 cm of DBH) and trees in stands with a mortality rate
below the above threshold are, however, assumed to be left
in the forest so that their dead organic matter decomposes.

When stand mortality occurs (at any age), allwood in the
stand is harvested, and then the stand is artificially regener-
ated. Wood utilization rates (i.e., the amount of timber uti-
lized in thinnings and final harvests relative to the amount
of wood harvested) as setin CASMOFOR are assumed to be
constant over time, and are age-dependent.

Finally, the age of final harvesting may be reduced in
practice, for example in order to avoid mortality and any loss
of valuable timber in the future. However, for practical mod-
eling reasons, such reduction is not modelled in this study,
and the same rotation period (i.e., 120 years) is used in both
the baseline scenario and in the climate change scenarios
unless stand mortality occurs and harvest and regeneration
need to be applied.

2.7. Summary of forest management adaptation
scenarios

Inthe baseline scenario (“BL”), CASMOFOR was run using
the time-independent default parameter set of the model.
This includes parameters of the standard silvicultural model,
the assumptions that all stands are harvested at the age of
120 years, and that harvested stands are regenerated with
beech. In the climate change scenarios, model parameters
of individual and stand mortality, growth rate, root-to-shoot
ratio and decay rates were modified by climate change as
described above. To compare the effect of possible forest
managementadaptation measures, three management adap-
tation scenarios were identified. In the non-action (“NA”)
scenario, which is unlikely to happen, it was assumed that
thinnings are done according to the standard model, but
climate change affects the natural processes, final cuttings
are done at standard rotation age or when stand mortal-
ity makes it necessary, and regenerations are only done
using beech. In the “salvage cutting” scenario (“SC”) the
dead wood that appears due to the extinction mortality, is
assumed to be salvaged in additional thinnings. Finally, the
maximum adaptation scenario (“MA”), which is expected to
be the best approximation of what is going to take place in
practice, involves salvage cutting but also assumes that the
preventive replacement of beech with sessile oak will also
take place as described above (Table 3).

3. Results

The adjustments of the standard country-level beech yield
tables to the conditions of Zala County resulted in an increase
of the yield of about 18 — 20%, depending on yield class.

Table 3. Parameters of biophysical processes and forest management adaptation measures used in the various scenarios.
Abbreviations: BL — baseline scenario, NA — no-action scenario, SC — salvage cutting scenario, MA — maximum adaptation scenario.

Tree growth, root-to-shoot ratio,

Scenario decay of wood and ltter Thinnings Age of final harvest Preventive species replacement
BL Standard Standard 120 years No
NA Modified by Standard 120 years or whenever No
SC climate Salvage necessary due No
MA change cutting is enabled to stand mortality Yes
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The estimated parameters of the Equation 1 were p, =
1.2418 and p,=0.4155 with statistics R>=0.2037, N =394,
p <<0.05. As a consequence, replacing beech with oak, and
considering differences in their growth, yield and wood
density, will affect the area-specific mean annual biomass
carbon increment at age 80 years: it will decrease by about
1.77 tCha'yr! (from 7.6 tCha'yr™) in beech yield class 1
and increase by about 1.77 tCha™yr™! (from 2.3 tChayr?)
in beech yield class 6.

The total carbon stocks projected for BL demonstrate
variation over time around a long-term average (Fig. 6a).
Thevariation is due to the combined effect of the age-specific
yield and harvest dynamics and the dynamics of the distribu-
tion of the area of the individual stands by yield class. Because
all model parameters have fixed values and the length of the
rotation period is the same (i.e., 120 years) for each yield
class, the total carbon stocks vary in a cycle whose length is
equal to that of the rotation period.

Relative to the BL, significant differences are projected
inthe “MA” scenario in areas that remain occupied by beech
(Fig. 6b): the biomass and the litter pools are projected to lose
86% (Fig. 7a) and 70% of their carbon stock, respectively,
whereas the deadwood pool is projected to gain 58% carbon
by 2100. In total, the forest carbon pools (excluding soils,
and again, relative to the baseline) are projected to lose 64%
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of their carbon stocks (Fig. 6b). In areas where sessile oak is
expected to replace beech, all pools are projected to slowly
but steadily increase after regeneration (Fig. 6¢). Note that
Figures 6b and 6¢c demonstrate annual changes in carbon
stocks due to both changes in area covered by the respective
species and specific processes (i.e., mortality, tree growth,
harvest etc.) in any given year in the areas covered by these
species.

Concerning the effect natural processes (i.e., the “NA”
scenario) on the carbon balance (relative to the BL scenario,
Fig. 7a—b), individual tree mortality seems to have a very
small effect. The changes of root-to-shoot ratio and decay
rates first have a slightly increasing combined effect, but then
lead to a small carbon loss. The decline of volume growth is
more expressed and leads to steadily increasing losses. Stand
mortality is not a concern for decades, but then becomes by
far the most important factor leading to large carbon losses.
The effect of all natural processes and harvest (i.e., the “SC”
scenario) was also found to be very small (to the point that it
was not practical to include it in the figures). A replacement
of beech with sessile oak (i.e., the “MA” scenario), however,
moderately improved the situation concerning the total car-
bon stocks (Fig. 7a) and offset a bit more than the half of the
loss from the above-ground biomass (Fig. 7b).
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ral and/or human-induced effects under climate change.

4. Discussion

Forest carbon balance has so far been projected under rather
different conditions: mainly without assuming climate
change (e.g., Zang & Xu2003; Schmid et al. 2006; Chen et al.
2010;Krankinaetal. 2012; Pillietal. 2013); only considering
some biophysical effects (such as change of growth rate) of
climate change but excluding possible mass mortality (e.g.,
Matala et al. 2005; Morales et al. 2007; Eggers et al. 2008;
Janssonetal. 2008; Rotzer et al. 2009; Tatarinov & Cienciala
2009; Wamelink et al. 2009; Hurteau et al. 2014; Smyth et
al. 2014), assuming a low level tree mortality (Hlasny et al.
2014a), and/or the possible and necessary forestry mea-
sures (e.g., Birdsey et al. 1993). Also, projections differ with
respect to scale from the stand level (Hlasny et al. 2014a) to
large areas (Kurz et al. 2008).

This study reports on acomprehensive integrated assess-
ment of the impact of some major possible effects of climate
change, including an assumed mass mortality, for a large
forest area. The assessment includes effects on tree growth,
root-to-shoot ratio and decomposition rate, but excludes
the effects of CO, fertilization and N-deposition. Non-CO,
emissions are not considered, either. The results show that,
if tree mortality will take place as projected, rather high CO,
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emissions from forests can be expected due tolosses of forest
carbon stocks. If upscaled to the countrylevel using a simple
ratio of total forest area in the country (1,933,604 ha) and
the beech forest area in Zala County in 2012 (i.e., assuming
the same average rate of forest decline all over the country,
subjecttolargeregional variation), these emissions mayreach
a level in the second half of the century that is about 50%
of the current (2012) total emissions of the country (i.e.,
57.6 million tCO, equivalent, NIR Hungary, 2014). These
emissions might offset a significant portion or even all of the
positive effect of future mitigation efforts, thus risking a posi-
tive discernible climatic feedback.

Therefore, it is important to analyses to what extent, if
at all, forestry can prevent or mitigate these emissions. Of
all theoretical (Yousefpour et al. 2013) and more realistic
(Susaeta et al. 2014; Nabuurs et al. 2013; Smyth et al. 2014)
forest management options, this study focuses on two practi-
cal ones.

Concerning salvage cutting, the results of the study dem-
onstrate that it may have rather small effects on net emis-
sions. This result confirms the conclusions by Nabuurs et al.
(2007) and Smyth et al. (2014) that the forest management
strategy with the largest sustained mitigation benefit is the
one that maintains or increases forest carbon stocks.

A much more promising adaptation measure (Koltsrom
et al. 2011), although with slow long-term effects, is to sig-
nificantly speed up artificial species replacement where nec-
essary. Species replacement has been suggested as a poten-
tially successful adaptation measure (e.g., Lindneretal. 2010,
2014; Hlasny et al. 2014b). It has been proven to be possible
in Zala County and elsewhere in Hungary at small scales for
decades with the aim to improve stand quality in many dam-
aged or degraded forests (Koloszar 2010). Replacing beech
with oak can successfully be achieved through the promotion
of natural regeneration of oak in mixed stands, or seeding or
planting oak seedlings to replace pure beech stands. Favoring
oak over beech during thinnings might also be used to replace
beech with oak.

However, the availability of propagation material, and
competition between tree species and even between trees,
herbs and bushes might make such replacements difficult in
some places. Also, large areas of the Forest Steppe climate
type, or even the Turkey oak climate type in Hungary may
become completely unsuitable to support trees as early as the
end of this century. The amount of carbon fixed by any forest-
replacing ecosystem will likely be very small in any event, only
offsetting a fraction of the likely emissions. Finally, although
artificial species replacements with the above techniques have
been successfully conducted in Hungary from both domestic
forestry budget and subsidies from the European Union, such
interventions may be prohibitively costly if conducted on large
scales (Lindner et al. 2010).

Because all of the above, the assumption that all beech
stands will be replaced with oak by 2100 can be considered
a “technical potential” scenario. More analysis is needed to
explore the optimal speed, method and extent of re-structur-
ing forests at reasonable costs to avoid forest loss as much as
possible. Future analyses should also explore more accurate
ways to estimate the effects of climate change and the vari-
ous forest management options. This study was conducted
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using an open source model with a fully described meth-
odology and database which ensures that calculations can
be checked, and that the simulations can be reproduced for
any tree species with appropriate data. CASMOFOR ranked
highest in a recent comparison of carbon accounting mod-
els as it produced the smallest mean square error of biomass
estimates among the models compared (Ndalowa 2014).
CASMOFOR’s prediction of average net annual biomass car-
bon removals in 2008—2012 by afforestations 1990-2012 of
1.1 MtCO,yr" (Somogyi 2006) was also validated by the
1.2 MtCO,yr" estimate in 2014 (NIR Hungary, 2014).

Nevertheless, the results of the modelling are subject to
uncertainties due to a number of factors. The parameters
of the model that can be used under constant environmen-
tal conditions have moderate uncertainties, some of which
were used as part of a Monte Carlo uncertainty analysis of
the model (see NIR Hungary, 2012). Parameters to estimate
the effect of climate change (e.g., the change of height growth
rate) have higher uncertainties which, in general, could not
be estimated. Finally, the results may also be sensitive to the
assumptions used.

The single mostimportant assumptions with high uncer-
tainties concern the rate and timing of beech mortality. Pro-
jecting future forest decline is rather challenging (Rasztovics
etal. 2012). Asthe findings of both this and several other stu-
dies (e.g., Crookston et al. 2010; Hlasny et al. 2014a) con-
firm, the modeling results are much more sensitive to pro-
jections of mortality than to those of tree growth, and that
emissions from mass mortality can indeed be large (Kurz
et al. 2008).

The assumed mortality in this study is based on climate
change scenarios that are consistent with those of IPCC
(2013a). However, the projected increase of the tempera-
ture by the end of the century (3.7 °C) is much more than
the current temperature range in the Zala county (1.5 °C)
or the difference between the various adjacent climate types
applied in Hungary (about 1 °C), butisby 0.3 —1—7 °Clower
than what Bartholy et al. (2014) predicted. Also, European
beech is a species favoring cool and humid Atlantic climate
(Fang 2006; Matyas et al. 2010) and extreme droughts may
be anincreasingly serious limiting factor due to high summer
temperature and low precipitation (Rasztovics et al. 2014).
Recentbeech decline events in the region (Lakatos & Molnar
2009; Matyas et al. 2010) and other projections (Czucz et al.
2011) also suggest possible large beech decline in the future.

This possibility is further supported by the fact that the
projected decline of the amount of water available for the
trees during the growing season can be very significant in
the light of evidence by Elkin et al. (2013) that a signifi-
cant decline of forest biomass may occur even due to relati-
vely small climatic shifts at initially warm-dry lower elevati-
ons due to the limitation of growth by precipitation, which
is clearly the case in Zala County. Crookston et al. (2010)
also concur that if climatic shifts go beyond the current cli-
matic range for areas where a species occurs currently, then
mortality rates will increase, eventually resulting in the local
extinction of the species. The above evidence and assumpti-
ons are also in line with the assumption applied in develo-
ping the mortality scenarios that mortality will first happen
on the poorer sites and start later on better sites.

Animportant limitation of the assumed mortality scena-
rios is that, because of their rare and unpredictable nature
and the many knowledge gaps reported by Sommers et al.
(2014) and others recently, the effects of extreme natural
disturbances such asforest fires, droughts, insects and others
that produce non-CO, emissions could not be fully, and sepa-
rately, modelled. Also, the rate of disturbances may be ove-
restimated as the current range limits are not always con-
strained by climate (Lindner et al. 2014).

Considering all the above, the dramatic forest decline
assumptions that were developed based on Moricz et al.
(2013) and Zimmermann et al. (2013a) and that were the
basis for the emission estimation in this study, should be
taken as a serious possibility.

Contrary to assumptions in this study, tree growth
might, at least in the short run, increase due to increasing
temperature (Crookston et al. 2010). However, a tempera-
ture increase of only 2 °C was assumed, and the calculated
growth reduction rate was further decreased to be conserva-
tive, i.e., to underestimate potential emissions. BoSel’a et al.
(2014) found that the growth of trees was positively affec-
ted at higher altitudes where low temperature is the limi-
ting factor, but it was negatively affected by summer tem-
peratures at lower altitudes where precipitation is the limi-
ting factor. The Zala County is such a low-elevation area for
which the above findings are consistent with the assumpti-
ons of this study. Hlasny et al. (2011) also reported a drop
of about 30% in the growth of beech at elevations similar to
those in the Zala Country.

Carbon sequestration may also change after mortality or
mortality-induced harvest due to the increased available light
through the canopy. However, the average annual rate of eco-
system carbon sequestration over a longer period may not
change much, and it was indeed found to be similar in har-
vested and un-harvested forests (Davis et al. 2009). Battles
etal. (2008) reported that tree growth declined under all cli-
mate scenarios and management regimes under the condi-
tions of their analysis.

Assuming acclimation to CO, effects, Reyeretal. (2013)
also estimated lower net primary productivity for the Zala
region. However, Reyer et al. (2013) also estimated higher
net primary productivity for the Zala region and elsewhere
with persistent CO, effects. Inlack of proper data, the effects
of CO, or nitrogen fertilization on tree growth could not be
included in our analysis. Also, only unverified data and expert
judgment could be applied to model changes in less impor-
tant parameters such as root-to-shoot ratio and decay rates.
The allocation of NPP to slow and fast-turnover biomass
pools can differ significantly in stands of different species
(Kondpka et al., 2013), which indicates that this allocation
may change as climate changes. However, for reasons men-
tioned above, uncertainties in the non-biomass estimation
modules are of limited importance with respect to the con-
clusions of the study.

The modeling of the HWP stocks currently involves fixed
parameters, ignoring their sensitivity to climate change or
socio-economic processes. Thus, the HWP stock estimates
are only indicative. The combination of the assumed half-
life time of the various wood products (that are the same as
the default values in [IPCC 2014b) with their (fixed) utiliza-
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tion rates results in a combined half-life time for the HWP
pool that is roughly equal to that applied for the dead wood
pool. This implies that salvaging of trees that died due to
extinction mortality has only an insignificant effect on redu-
cing net carbon losses.

The current silvicultural model reflects historical practi-
ces at the country-level, but such practices will most probably
change under increasing rates of mortality. This is partly
modelled by including new thinnings and final harvests that
become necessary above a given threshold of extinction mor-
tality. However, reducing the age of final harvesting can have
alarger effect and should be modeled in more details in future
studies.

Finally, the uncertainty analysis shows that estimates of
carbon stock changes involve significantly larger uncertain-
ties than those of carbon stocks, especially for the deadwood
pool. Clearly, additional evidence is needed to better model
the effects of climate change on relevant natural processes
(also considering that the effect of the various processes may
be different if simulated in isolation or in combination with
other processes). In conclusion, none of these uncertain-
ties invalidate the conclusion of the analysis, which is thata
discernible positive feedback from very large net emissions
might occur from the forests of the Zala County, and maybe
also from other forests, in case large-scale mortality occurs
as suggested by recent studies.
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Abstract

The number of Ips typographus generations developed in a year might be indicative of its population size and of risk to Norway spruce
forests. Warm weather and unremoved fallen trees after natural disturbances are thought of as key factors initiating large population
increase. We studied I. typographus development in a spruce forest of the Tatra National Park, which was heavily affected by large-scale
disturbances in the last decade. Repeated windthrows and consequent bark beetle outbreaks have damaged almost 20,000 hectares of
mature Norway spruce forests, what is a half of the National Park forest area. Current /. typographus population size and its response to
the environment and to forestry defense measures attract attention of all stakeholders involved in natural resource management, including
public. In this paper we analyse the potential /. typographus population size in two consecutive years 2014 and 2015, which represented
a climatologically normal year and an extremely hot year, respectively. We used bark temperature and phenology models to estimate the
number of generations developed in each year. In 2014, the average bark temperature of standing living trees at study sites was 14.5 °C,
in 2015 it increased to 15.7 °C. The bark temperature of fallen logs was 17.7 °C in 2014, and 19.5 °C in 2015. The bark temperature of
standing living trees allowed to develop one and two generations in 2014 and 2015, respectively. The elevated bark temperature of fallen
logs allowed to develop two generations in 2014 and three generations in 2015. The good match between the predicted and observed tim-
ing of each generation emergence as well as the large increase in the number of catches in pheromone traps in 2015 indicated a dramatic

increase of the 1. typographus population in the extremely warm year, especially at the unmanaged windthrown site.

Key words: Norway spruce stands; European bark beetle, bark temperature; PHENIPS, disturbances

Editor: Tomas Hlasny

Introduction

The European spruce bark beetle Ips typographus is natural
component of Norway spruce forest in Europe. It plays an
importantrole in natural forest cycle by decomposing wood,
sustaining nutrient availability and production capacity in
long term (Christiansen et al. 1987). On the other hand 1.
typographus is also one of the most important forest pests in
Europe (Wermelinger 2004; Blackwell et al. 2013; Schelhaas
etal. 2003). I. typographus prefers to reproduce in breeding
material with non-existing or weak defence such as wind-
felled or otherwise damaged trees (Schroeder & Lindelow
2002). Blow down of entire stands usually provide an excess
supply of nutrition and breeding substrate which is a main
trigger of mass bark beetle outbreaks (Wermelinger 2004;
Netherer & Nopp-Mayer 2005; Faccoli 2009). Mass attack
is the strategy of I. typographus to overcome the defence
mechanism of the trees (Christiansen et al. 1987; Raffaetal.
2008). Large populationis able to kill also apparently healthy
trees inlarge numbers. Large-scale windthrows with surplus
of food, breeding material and limited defence allow easier
colonisation with less dense population. Lower intraspecific
competition and consequently stronger and bigger progeny

in broken trees stimulates a mass attack on the surrounding
healthy trees. To prevent such population increase, removal
of wind-felled spruce trees after storm disturbances hasbeen
the long practice whenever possible.

Bark beetles are ectothermic organisms, their body tem-
perature depends on the surrounding environmental con-
ditions. Ambient temperature practically controls course of
development stages (egg, larvae, pupae, imago), as well as
the spring swarming, and population size (Wermelinger &
Seifert 1998). Under warmer conditions /. typographus is
a multivoltin organism. Two generation could emerged in
central, or even three, in southern Europe, while in Scandi-
navia, and mountainous regions, one generation is the most
common (Lange at al. 2006). Understanding of I. typogra-
phus phenology helps to estimate its population size. Close
relation between temperature and insect development is a
base of phenological models. Baier et al. (2007) developed
PHENIPS, model for monitoring generation development
and phenology of I. typographus. Number of generations per
year is one of the key factors for potential tree attack, ranging
from tree-wise up to stand or even region-wise (Netherer &
Nopp-Mayr 2005). Large I. typographus outbreaks in recent
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decade in central Europe (Wermelinger 2004; Berec et al.
2013) and in Scandinavia (Jonsson 2009) attracted broad
attention to this bark beetle by analysing and modelling the
impact of climate change, stand predisposition, role of natu-
ral enemies in population dynamic, winter mortality, popu-
lation size and other factors controlling the I. typographus
populations (Hlasny & Turc¢ani 2009). Warm and dry sea-
sons become more frequent and long elsewhere in mountain-
ousregions due to changing climate and very likely stimulate
bark beetle population growth.

Forest in Tatra National Park is naturally dominated by
Norway spruce with frequent large-scale wind distubances.
During last 10 years the region has been strongly affected by
several extraordinary weather events. Windstorm in 2004
flattened 12 000 hectares of spruce forest (30% of total forest
cover in National Park) mostly in lower altitudes. Windstorm
in 2014 damaged roughly 2500 ha, mostly stands in higher
elevations, close to the timber line. According to long-term
meteorological observation in the Tatra Mts. region summer
temperature is increasing. Eight out of ten last years were
warmer than long-term average. The 2015 summer was the
warmest in the last 100 years.

Bark beetle outbreaks have always occurred in the Tatra
Mts forest, esp. when wind damage coincided with warm
anddry seasons. To prevent mass outbreaks sanitary cutting
hasbeen used as the standard forest management method for
decades in the Tatra National Park. Recently this prevention
measure was restricted and allowed only outside the core
zone of the National Park. Prognosis for possible forest dam-
agebybarkbeetle after large-scale disturbances were contro-
versial, spreading from no damage to the total destruction.
In reality, since 2007 bark beetle killed more than 7 000 ha
of mature spruce forest. Fragmented spruce stands became
more sensitive especially to wind disturbances and almost
every year several hundreds of ha of mature forest have been
fallen. Due to nature conservation rules and partly remote-
ness of affected sites large areas were left without any con-
trolling measures against bark beetle outbreaks.

Ouraimwas to describe bionomy of I. typographus under
normal and extreme weather in the Tatra Mts. The objec-
tive was also to estimate potential I. typographus popula-
tion according to contrast post-disturbance management
(removedvs. unremoved fallen trees). In this paper we inter-
pret number of generation as an indicator of population size
and thus potential risk of bark beetle attack on surrounding
healthy forest. Specific aim was to estimate phenological
development according to directly measured bark temperate
and compare it with the model PHENIPS (Baieretal. 2007).

Table 1. Location and characteristic of study sites.

2. Material and methods

2.1. Study site

We studied the I. typographus population dynamic on two
localities in Tatra National Park, which are part of the inter-
nationallong-term ecological monitoring and research proj-
ects (ILTER, EXPEER). The study sites Vy$né Hagy (VH)
and Tatranska Lomnica (TL) are located on the edge of the
2004 windthrow and at present are affected by bark beetle
outbreaks. Before the disturbances mature seminatural and
natural Norway spruce stands dominated on study sites. The
sites are fully equipped for continuous measurement of envi-
ronmental parameters (Fleischer 2008). Terrain on both of
thelocalities is relatively flat, well exposed to incoming solar
radiation, with no obstacles from peaks. On the VH site few
tall trees remained. Description of the study sitesisin Table 1.

We compared I. typographus development under con-
trast weather conditions in 2014 and 2015. The 2014 repre-
sents normal temperature and high precipitation, while the
2015 was extremely warm and dry. According to the Slovak
Hydrometeorological Institute the 2015 summer in Tatran-
ska Lomnica (830 m a.s.l.) was the warmest since 1898.
Average air temperature during growing season (April 1¢
to August 31%) in 2015 was 15.4 °C what was 1.9 °C above
the 1930-1960 average (13.5 °C). In 2014, the average air
temperature (13.7 °C) was nearly equal to the long-term nor-
mal. Precipitationin 2014 was 572 mm which was 38% above
and in 2015 the precipitation sum was 40% below normal
(415 mm) and was the second driest in history.

2.2. Phenology of Ips typographus

Phenology models describe the beetle”s development stages
(egg, larvae, pupae, adult) according to the ambient tempera-
ture. We have used threshold values and sum of temperature
(so called degree-days, DD) as suggested by Wermelinger &
Seifert (1998), shown in Table 2. Phenological development
allows to estimate potential number of generations what is
crucial for estimation of I. typographus population size a
thus potential risk for forest. By calculation of DD required
for individual stage development we could estimate time of
spring swarming, the onset of infestation, the re-emergence
of parental beetles, and the number and emergence time of
the regular and sister brood as proposed in the PHENIPS
model by Baieretal. (2007). Detailed phenological develop-
ment is needed for estimation of development completeness
inlate autumn. Since only young adults can successfully sur-
vive winter hibernation late autumn developmental stage is
crucial for next year population size (Facoli 2002; Netherer
2003). PHENIPS allows to estimate maximum number of

Alt WGS Slope

Site name [ma.sl] EN %] Orientation Specific description
o 11 X 20°06° 30" Managed zone of NP, in May 2014 50 ha windthrow in vicinity,
VySné Hagy - VH 1200 49°07° 30" 0-5 S partly hit the site, fallen wood removed in summer of 2015
. . 20°14° 50" Border between managed and unmanaged zone of NP, continuous IT
Tatranska Lomnica -TL- 1150 49°10" 45" 10-15 S outbreaks in the site vicinity
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generations on regional scale as well as actual state of the
bark beetle development on a specific tree level.

Table 2. The lower threshold value and the number of degree-
days to complete the development of each developmental stage
of I. typographus (Wermelinger & Seifert 1998).

Phase Tresh(()‘ld value ET sum (DD)
C °C
Egg 10,6 51,8
Larvae 8,2 204,2
Pupae 9,9 57,2
Adult 3,2 245

For sister generation development we add regeneration
period defined by 8.3 °Cas the threshold and 278 DD as effec-
tive temperature sum proposed by Wermelineger & Seifert
(1998).

While the phenology modelis an estimation of I. typogra-
phusbionomy, catches in pheromone traps mirror real popu-
lation dynamic (onset of spring swarming, development of
the filial generation and the establishment of sister broods).
Every year we have installed 25 traps in the vicinity of each
study site. Catches in the traps were sampled every 10 days
by local foresters.

2.3. Climate data and bark temperature

Phloem (bark) temperature depends on direct solar radia-
tion and ambient air temperature. Average 60 min radiation
and temperature were recorded using a sensor EMS11 (EMS
Brno, CZ). Bark temperature was measured with a resistance
thermometer Pt1000 (10/1 mm) and recorded by MicroLog
SP3 (EMS Brno, CZ) as 60 min average. We drilled 1 mm
diameter holes and inserted probes directly into /. typogra-
phus galleries. We equally sampled both sun exposed and
shaded sites of standing live trees as well as fallen logs and
for further calculations used average values. The bark tem-
perature was measured in mature trees of representative size
for the study sites. For measurement in fallen trees we chose
stumps fallen in the previous year (2013 at TL, and 2014 at
VH respectively).

Bark temperature is rarely measured in field. Baier et al.
(2007) constructed a regression between ambient environ-
mental factors (air temperature and solar radiation) and bark
temperature as a part of the PHENIPS model:

BT =a+b*SR+c*AT [1]

avg mean

Where BT, is diurnal average bark temperature, SR is the
daily sum of the incoming solar radiation (Wh m™), AT
is the daily average air temperature (°C).

3. Results

In phenological models bark temperature serves for calcula-
tion of thermal sum needed for completion of developmental
stages and estimation of number of generations. Beside cli-
mate we found tree health status as another prominent factor
controlling bark temperature.

3.1. Air temperature and solar radiation

We measured climate parameters from April 1% to mid-
September, a period usually favourable for 1. typographus
development, on study sites in two consecutive, but meteoro-
logically contrast years. In 2015 the average air temperature
was higher by +0.8 °C than in 2014 (12.1 °C in 2014 and
12.9°Cin2015atTLand 11.1°Cand 11.9°C at VH, respec-
tively). Sum of solar radiation was higher in 2015 on both
study sites (1.15at TL and 1.43 fold at the VH site). Increase
of solar radiation at VH was caused by a windthrow in May
2014 and consequent dieback of individual shading trees at
the study site. Diurnal air temperature and solar radiation
sum (kWh) for TL and VH sites are shown in Fig. 1.
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Fig. 1. Average diurnal air temperature (°C) and cumulative solar
radiation sum (kWh) in 2014 (dark) and 2015 (light) at (a) Ta-
transka Lomnica and (b) Vy$né Hagy study sites.

3.2. Bark temperature

Bark temperature was directly measured in phloem of the
fallen trees in 2014 at TL (n = 3) and both live (n = 3) and
fallen trees (n=>5) at VH in 2015. Missing data for compari-
son between the years and tree status (live vs fallen) were
derived from regression with the air temperature and solar
radiation, as proposed by the PHENIPS model. We derived
the parameters for equation [1] by the use of multiple linear
regression with ordinary least square estimation (Statistica
v.7, StatSoft, Inc.) on directly measured bark temperature
on both live and fallen trees. In Table 3 we present regres-
sion parameters (a, b, ¢), regression coefficients (R?) and
mean square errors (MSE). For comparison we show also
parameters proposed by Baier et al. (2007) and PHENIPS
performance with standing live trees at our study sites.
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Table 3. Regression parameters for estimation of bark temperature
using equation [1].

Model/parameter a b c R2 MSE Notes
PHENIPS -0,173 0,0008518 1,054 959 2,41 Baieretal.(2007)
Standinglive trees  —0,567  0,0002550 1,031 97,2 0,82

Fallen trees -1,811  0,00151 1,079 91,9 1,51

In Table 4 we show average bark temperature directly
measured and modelled at the study sites in 2014 and 2015.
Measured data are labelled with an asterix.

Table 4. Bark temperature in °C (L — live, F —fallen trees) at the VH
and TL site in 2014 and 2015, * indicates directly measured data.

TL VH
L F L F
2014 13,9 18,6* 15,0 16,8
2015 15,6 20,7 15,8% 18,3*

Seasonal course of average diurnal bark temperature in
live and fallen trees at study sites in 2014 and 2015 is shown
in Fig. 2a and 2b.

In 60% of all diurnal averages, the fallen logs were
warmer by 2 +4 °Cthan standing living trees. The maximum
difference in the daily average was 8.7 °C. The maximum
hourly values occasionally exceeded 40 °C in logs and 25 °C
in living trees.

3.3. Phenology and number of generations

Spring swarming was estimated from the maximum diurnal
air temperature. According to Zumr (1982), and confirmed
by previous field observations (Tatra National Park forestry
evidence, internal data), we used threshold value of 7 °C and
145 °C sum of effective temperature for estimation of first
flights. Real flights started after completeness of required
sum, in sunny days when daily temperature in three consecu-
tive days exceeded 16 °C.

Differences in bark temperatures between the observed
years as well as differences between forest statuses (stand-
ing live versus fallen trees) caused remarkably different
phenological development. To demonstrate the influence of
exceptionally warm weather in 2015 we compare . typogra-
phus phenological developmentinliving trees with the 2014
development on both the study sites (Fig. 3). To illustrate
the influence of tree status (live versus fallen) we compared

phenological development in live and fallen trees in 2014 at
TL and in 2015 at VH (Fig. 4).

Atthe TLsite bark temperature in 2014 (Fig. 3a) allowed
to emerge one generation and allowed one sister generation
to develop up toimmature adult stage. In 2015 warmer envi-
ronment allowed to emerge one parental and one sister gen-
eration. First filial generation also fully developed (Fig. 3b),
but did not emerge due to the daylight length limit August.
Daylight below 14.5 h (Dolezal & Sehnal 2007) eliminates
1. typograhus emergence. At the study sites a critical day is
on August 20,

At the VH site in 2014 also one generation emerged, but
sister generation developed only up to the stage of earlyimma-
ture adult (Fig. 3¢). In 2015 sister generation fully developed
and probably successfully overwintered. The first filial gen-
eration developed up to the stage of pupae and chance for
successful overwintering was questionable (Fig. 3d).

Contrary to live trees in 2014 at TL bark temperature
in fallen trees allowed to emerge also the sister generation.
Filial generation reached the stage of immature adult with
high chance for successful overwintering. Second sister gen-
eration reached the stage of pupae (Fig. 4a). In 2015 under
extremely warm weather bark temperature in fallen trees at
the VH site allowed 3 generation development. Also 1% and
2" sister generation fully developed, as well as 1% sister filial
generation (Fig. 4b).

3.4. Catches in pheromone traps

Average numbers of I. typographus catches by pheromone
traps in the vicinity of the study sites in 2014 and 2015 is
shown in Fig.5. While in 2014, the catches on the study
sites were rather similar, in 2015 the numbers of the insect
increased, esp. on TL site, almost two-fold. Remarkable was
the increase of late summer catches on both localities.

4. Discussion

Enhanced summer temperature is the driving forces for the
spread of bark beetles into higher altitudes and latitudes
(Jonsson et al. 2011). Recent warm summers and repeated
windthrows stimulated large I. typographus populations
and vast tree dieback in mountainous Norway spruce forest
across the entire Slovakia (Kunca et al. 2015; Vakula et al.

a) b)

35 a5

- —LVE —FALLEN —LIVE ——FALLEN

25

20 jf\ﬂ A ll.

U5 "\::/

g 1

o W WY N J
5 |

u*.v,'-f.mmm.wr‘-.ﬁﬂﬂemc! ~ o8 00
-Erggﬂagmmﬁmgwg g w g g

Fig. 2. Average diurnal bark temperature (°C) in live and fallen trees (a) TL 2014, (b) VH 2015.
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Fig. 3. Comparison in phenology and number of I. typographus generations (a) TL 2014, (b) TL 2015, (c) VH 2014, (d) VH 2015 on live

trees.
a) b)
122 i0C
F __ imature _
2 % adult 8l
i
0o "
T 8 B
= upae
£ pup .
T oan 4L
£  larvae
£ "
%*g &
- i
o egg 4 o - /
o+ o o W W m @ - o TNl L T T T T I
S EEEEEEN sl T EEZSELTgOENR

Legend: blue line: main parental, 1% and 2 filial generation, red line: 1% and 2 sister, dotted line: 1¢ sister filial.

Fig. 4. Potential temporal development and number of generations of I. typographus fallen trees, (a) Tatranska Lomnica 2014 (b) Vy$né

Hagy 2015.

2015; Bucha & Hlasny 2015). In the Tatra Mts. region the
2014 summer was climatologically normal, while 2015 was
extremely warm. The average air temperature in Tatranska
Lomnica (830 m a.s.l.) was the highest since the regular
observationin 1898 started. Study sites established to analyse
1. typographus development under different environmental
and management conditions were located in higher altitude
(1,200 ma.s.l.). Naturally, at this height the air temperature
was not so high and also the difference between 2014 and
2015, was not as evident as in lower elevations.

We used bark temperature as a predictor for I. typogra-
phus development. This method based on Baier et al. (2007)
PHENIPS model for estimation of potential numbers of gen-
erations and thus impact on surrounding forest has been suc-
cessfully used in the Alps (Blackwell et al. 2013), Bohemian
forests (Berecetal. 2013). The PHENIPS model was built for

standing trees inside forest stand, where solar radiation was
strongly reduced by canopy. Solitaire trees on our study sites
were fully exposed to direct radiation. Under these conditions
PHENIPS overestimated bark temperature when compared
with directly measured in standing live trees (MSE=2.41).
Overestimation was also reported Berec et al. (2013). Apply-
ing site specific parameters for live and fallen trees improved
estimation of bark temperature (MSE=0.82 forliveand 1.51
for fallen trees).

In 2014 under normal weather conditions the univoltine
L. typographus development happened. Second generation
was established, but could reach the stage of larvae only.
Elevated air temperature in combination with enhanced solar
radiation in 2015 allowed one more I. typographus genera-
tion (filial) to fully develop at the TL site, or to reach the stage
of immature adult at the VH site when compared with the
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2014.Inthewarmer 2015 year also 1% sister generation could
fully develop and emerge. In the previous year the sister gen-
eration reached immature stage only. Fully developed adult
beetles have much higher chance to successfully overwinter
than earlier developmental stages. Critical stage is “pupae”,
below this stage (marked by red line in phenological graphs),
the chance to survive winter is very low (Faccoli 2009). The
bigger the population size in next spring the more extended
damage on forest. Large I. typographus infestations due to
elevated air temperature were recently reported from the
Alps (Stadelmann et al. 2013). The temperature was a driv-
ing factor also for the damage of more than 14 mil ha of Pinus
concorta in Canada (Safranyik et al. 2010).

Bark temperature in fallen trees was higher than in stand-
ing live trees by 1.8 — 4.9 °C (span of seasonal averages on
all sites and years). Such bark temperature increase caused
almost bivoltine development in 2014 (first filial generation
reached the stage of mid immature adult and sister genera-
tion fully developed). In 2015 two main generation fully
developed and 3" reached 90% of full stage. Warm autumn
2015 very likely allowed complete development before win-
ter. Beside two sister also 1*sister filial generation could fully
develop.

Unremoved fallen logs after large-scale disturbance are
generally thought of as the key risk factor for infestation of
theremaining forest (Wermelinger 2004; Wichman & Ravn,
2001). Schroeder & Lindelow (2002) reported twice as many
trees killed by I. typographus in southern Sweden after the
1995 windstorm in unmanaged rather than managed stands.
Stadelmann et al. (2013) confirmed the importance of sal-
vage logging for reducing I. typographus infestation after the
large-scale Lothar wind disturbance in Switzerland.

To prevent I. typographus population increase, removal
of wind-felled spruce trees after storm disturbances hasbeen
the long practice also in the Tatra National Park whenever
possible. Forest in central part of the Tatra National Park is
naturally dominated by Norway spruce. High frequency of
severewind disturbances (Zielonka et al. 2009) prevent forest
to became more structurally diversified. Relatively homoge-
nous spruce stands are prone to bark beetle outbreaks, which
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regularly occur after wind disturbances. Current enormous
bark beetle outbreak started 3 years after the 2004 large-scale
windthrow (12 000 ha) and so far have destroyed 7 000 ha of
mature spruce stands. Majority of remaining mature stands
arelocated in strictly protected zone of the National Park with
no control measures against bark beetle outbreaks. Strongly
fragmented stands become more susceptible to biotic and
abiotic agents. Climate change scenarios expect more wind
disturbances in future. As the area of low forestry manage-
ment approach increases, future forest status becomes very
challenging. In theliterature, the potential for bark beetle out-
breaks from unmanaged windthrow is explained by luxuri-
ousfood and breeding possibilities in defence-limited and less
competitive intraspecific environment (Wermelinger 2004).

Estimated number of I. typographus generations is theo-
retical maximum under existing weather conditions. Despite
key role of generation numbers for population size, in real-
ity population might be influenced by numerous external
and internal factors and differ significantly from modelling.
Comparison of predicted bark beetle emergency dates with
catches in pheromone traps confirmed good performance
of prediction and usefulness of predicted data for resources
managers. Although, the accuracy estimation is difficult
due to 10-day collection of catches in pheromone traps and
differences among some generation emergence days were
sometimes only few days as shown on Fig. 4 and 5.

We found bark temperature on fallen trees to play
crucial role in population development. Only little can be
found in the literature about fallen tree’s bark temperature
and population size. One of the reason could be the general
opinion about fast drying-out of fallen logs. Dry phloem
is no more suitable for establishment and development of
new insect populations. Observation from the 2004 unman-
aged windthrow confirmed the existence of living uprooted
trees even four years after the event. Stadelman et al. (2013)
found three years after disturbance as still suitable time for
1. typographus colonisation in higher altitudes. Higher tem-
perature in fallen logs should be explained by a missing tran-
spiration flux. Also, the reduction of ground level wind speed
by surrounding structures might increase the temperature.
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Fig. 5. Number of I. typographus individuals in pheromone traps (means and standard errors) in 2014 (blue) and 2015 (red) at (a)
Tatranska Lomnica, (b) Vysné Hagy. Dots represent calculated date of individual generation emergence presented in Fig. 3 and 4: blue
circle-emergence from live trees 2014, blue dot-emergence from fallen trees 2014, red circle-emergence from live trees 2015, and red

dot-emergence from fallen trees 2015.
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5. Conclusion

We analysed the development of I. typographus in Norway
spruce forestin Tatra National Park affected by strong distur-
bances, weather extremes and different post-disturbance for-
est management in recent years. We chose two years repre-
senting normal (2014) and elevated air temperature (2015).
On two study localities we estimated I. typographus devel-
opment in standing and fallen trees, representing contrast
management methods (fallen trees removed vs. left on site).
We used effective heat sum to estimate the I. typographus
phenology, potential number of generations and thus pos-
sible risk for the remaining mountainous spruce forest. Heat
sumswere derived from directly measured and modelled bark
temperature. Elevated air temperature increased also tem-
perature in phloem of standing live trees and allowed one
more generation to develop. Bark temperature in one year
old fallen logs was warmer than bark in standing trees and
allowed two generations to develop in climatologically nor-
mal and even three main generations in extremely warm year.
Catches in pheromone traps confirmed realistic estimation
of I. typographus generation numbers and their emergence
time by phenological models. Accordingly we can conclude
that majority of the I. typographus population in study sites
developed in fallen trees.

The results showed the importance of increasing air tem-
perature on I. typographus population. Current extremely
high summer temperatures are likely to persist in the future,
and bivoltine bark beetle populations might affect adversely
also mountainous spruce forests. Our finding on elevated
temperature in fallen trees stimulating at least one more
generation could explain reasons for enormous bark beetle
outbreak 2 — 3 years after the 2004 large-scale windthrow
and also might influence further decisions about post-dis-
turbance management in protected area. The results hope-
fully might attract more attention to study very complex bark
beetle population dynamic after natural disturbances and
under changing environmental conditions.
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Abstract

Forestry machine traffic causes a number of changes that are not immediately reflected in morphological changes of surface soil. These
changes are physical and chemical in nature. The change in subsurface soil CO, concentration was one of the parameters of interest. The
critical CO, concentration is thought to fluctuate around 0.6%. The primary objective of this paper was to determine the impact of forestry
machine traffic on subsurface soil CO, concentration. We measured CO, concentration in the areas undisturbed by machinery and in the
rutsin skid trails in eight forest stands. The measurements were performed using a Vaisala MI 70 meter. The results confirmed significant
differences in gas concentrations between the individual measurement sites. In the ruts of the skid trails, CO, concentrations fluctuated in
arange of 0.5 to 2.81% and significantly exceeded the critical concentration. Moisture content and bulk density had a significant impact
on the change in gas concentration beneath the surface, which was confirmed by multivariate analysis of variance that revealed that the

values of the coefficient of correlation fluctuated in a range of 0.39 to 0.74

Key words: CO, concentration; soil disturbance; cut-to-length machines; skidders
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Introduction

Soilrespiration is one of the most important elements of car-
bon circulation in forest ecosystems (Hashimoto et al. 2004).
Measurements of CO, concentrations have been used as
proxy for root and microbial activity in soil (Nay et al. 1994).
Soil respiration is the result of microbial respiration and the
release of CO, through plant roots, which may account for
20 - 50% of all CO, released from the soil (Bouwmann &
Germon 1998). Exact quantification of CO, content in soil is
problematic, as it is one of the most variable soil parameters;
the coefficient of variation may fluctuate between 30— 150%
(Stoyan 2000).

CO, released from the soil exhibits daily and seasonal
fluctuations and is affected to a significant degree by envi-
ronmental factors, such as soil moisture content and tem-
perature (Davidson et al. 1998; Howard et al. 1993; Xu &
Qi 2001). This effect varies depending on the type of ecosys-
tem. Soil temperature is the primary and decisive factor in
respiration in Boreal forests, while instantaneous moisture
content only has a minimal effect (Schlentner & van Cleve
1984; Goulden et al. 1998; Rayment & Jarvis 2000; Morén
& Lindroth 2000).

Temperature and humidity significantly influence soil
respiration in forests of the temperate zone. Soil respiration
stops, oris reduced, in the winter months, when temperature
decreases and increases when temperature increases during
summer (Dong et al. 1998; Fang et al. 1998; Londo et al.
1999; Ohashi et al. 1999). Soil type also significantly affects
soil respiration. Large differences exist between fine grained
and coarse grained soils and wet or dry soils (Schatschabel et

al. 1984).CO, concentration in soil reflects biological activity
because high concentrations of this gas negatively influence
plant growth (Burton et al. 1997). Soil respiration is a major
source of CO, in terrestrial ecosystems (Schimel 1995).

Soil organisms play a very important role in circulating
substances, including CO,, interrestrial ecosystems (Paul &
Clark 1989; Killham 1994; Roy et al. 1996; Sanders 1996).

Many studies, focused on CO, concentration in soil sur-
face layers, are insufficient in terms of providing a correct
explanation for CO, production in the soil, as the concentra-
tion of this gas differs in particular layers as a result of dif-
ferent physical, chemical and biological conditions (Hirano
& Kim 2003).

Soil compaction changes the porous system in soil by
reducing macro pores. Changes in porosity significantly
influence air and water balance in soil, critical for plant
growth (Gebauer et al. 2012). Air is a gaseous component
of the soil and exists in pores that are not filled with water.
It contains less oxygen and more CO, (from 0.5 — 5% and
higher) compared to atmospheric air (Hillel 1998). Increased
levels of CO, can be attributed to the root system respiration
and the decomposition of organic material in soil. Soils with
high CO, content and low oxygen content are poorly aerated,
which may cause anaerobic conditions to occur (Hillel 1998).

Forest harvesting leads to compaction of surface soil
layers, closure of the porous space and a decrease in the
exchange of gases between the soil and the atmosphere.
Forestry machine traffic may result in a decrease in avail-
able freely circulating substances (O,) or their accumulation
(CO,) in the long term. Root growth may halt as a result of
aeration problems. This condition intensifies in soils with
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higher clay content. Thislead to greater focus on the s0il CO,
content caused by machine traffic and subsequent effect of
forestry machine traffic on the root systems of trees. The use
and practicability of this method was described by Neruda et
al. (2010) and Skoupy (2011) for example. If CO, concentra-
tionreaches 0.6%, root growth in soil is significantly affected
(Glildner 2002; Gebauer et al. 2012). Other authors, such as
Erler and Giildner (2002) state that 1% is the threshold for
normal soil recovery. If this threshold is breached, micro-
bial activity is severely constrained and biological recovery
takes longer. When CO, reaches 2%, all biological activity is
halted and soil recovery happens only after physical agents
are involved.

Our objective is to identify whether passages of forest
harvesting machines cause a build-up of CO, in forest soils
so severe that microbial activity or root growth is affected in
the vicinity of skid trails. Our hypothesis is that CO, levels in
the disturbed areas are higher than in the undisturbed areas
of forest stands. Knowing that CO, content in soil air is a
highly variable characteristic, we also set a hypothesis that
moisture content and bulk density significantly affect CO,
concentration in soil.

2. Materials and Methods

Measurements were conducted in eight forest stands. Stands
n. 2027,2051, 2052, 187C20, 188, 588, and 574B11 were
located in Slovakia and stand n. 805J13 was located in the
Czech Republic. Forest stands were different in tree species
mix, soil conditions, and various types of harvests were car-
ried out in them by different types of machines (cut-to-length
machines — CTL, and skidders). Detailed characteristics of
these stands are shown in Table 1. Measurements were con-
ducted from July 2012 to August 2013.

Vaisala MI 70 device was used to measure the CO, con-
tent in soil. The device was equipped with two Carbocap
GMP-70 probes with a measurement range of 0 — 5% CO,
concentration. Vaisala HMP75B probe with measurement
range for relative humidity of 0 to100% and temperatures of
-20 to +60 °C was used to measure current air temperature

and relative humidity in soil. Measured data was recorded
directly onto the device’s memory, from which the data was
imported into a computer using the Vaisala MI 70 software.

Given that multiple variables concerning soil distur-
bance and the damage to the parent stand were observed
simultaneously, the data were collected using sample plots
evenly distributed across the entire stands (Fig. 1a). Dimen-
sions of the sample plots were 20 x 20 m in stands where
CTL machines operated (stands n. 2052, 2027, 188, and
187C20), or 20 x 40 m where skidders operated (stands n.
2051, and 588). Square sample plots were chosen for stands
where cut-to-length machines operated, because the reach
of the harvester’s boom enables efficient work up to 10 m
to each side. Rectangle sample plots were chosen in stands
where skidders operated, because the reach of the winching
cable was approximately 20 m to each side. Luka¢ (2005)
stated that the size of the statistical sample should be suf-
ficient when the sample plots cover 10% of the total area of
the stand in stands up to 50,000 m? and 5% of the total stand
area in stands larger than 50,000 m2. Within each sample
plot we measured soil disturbance on two opposing sides in
the direction of skidding.

Stands n. 574B11 and 805J13 were clear-cut, so there
was no need to establish sample plots. In these stands
we employed the measurement site sampling method as
described by Schiirger (2012). The measurement sites were
located on skid trails with spacing of 5 m (Fig. 1b).

Measurements in the individual stands were conducted
throughout the whole day. A total of 256 measurements were
performed in all stands. CO, concentrations were measured
using two Carbocap GMP-70 probes at the same time in:
(i) rut of the skid trails; (ii) the undisturbed stand (control
measurements). Soil air temperature and relative humidity
in soil were entered into the meter before CO, was measured
in order to regard for changing ambient conditions during
the day. CO, concentration was measured in the surface soil
layer in maximum 10 cm depth. The measurement procedure
consisted of multiple steps that were conducted in sequence
in order to maximize the accuracy of the CO, readings. First,
approximately 12 cm deep openings with 2 cm diameter were

Table 1. Basic information on the forest stands where measurements were conducted.

Number of meas-

Volume of harvest

Stand GPS urements Stand size [ha] Machine [m] Type of harvest Soil type
2052 ‘l‘ggoﬁzgsEN 40 79 IDH: +JDF* 265.87 T>50° uvisol
2027 ‘1‘2‘5”3;91‘9‘8;\] 40 8.58 JDH? +JDF? 232.62 T>50 633/St1;‘g"r'lso°slol
2051 ‘1‘21153%5 20 16.7 ZTR® 95.4 T>50° luvisol
187C20 igzgg:?sig% 24 5.89 NSS!+ NVT 90 T<50 rendzic leptosol
188 ‘1‘2223:;45451;% 44 12.52 NSS¢+NVT 190 T<500 rendzic leptosol
574B11 ‘Igzsﬁség“EN 44 1.59 HSM! 4113 cc 955//61‘:‘]‘;'3’;?"1
588 ‘1‘334129732;\] 24 412 HSM! 215.24 POR' 4%;?;3:’5'2;’1
805113 49°49'59.69"N 20 272 PSHz+ PSF" 96.6 ock modal cambisol

14°46’25.71”E

¢JDH - John Deere 1070D; °JDF - John Deere 810D; “ZTR — Zetor 7245;“NSS — Neusson 132 HVT, NVT - Novotny LVS5; ' HSM — Hohenloher Spezial-Maschinenbau 805HD; ¢PSH - Ponsse Ergo 6W;
"PSF - Ponsse Buffalo; 'T>50 — thinning over 50 years of age; 'T<50 - thinning under 50 years of age; *CC - clear-cut; 'POR — partial overstory removal.
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Fig. 1. Layout of the sample plot method of data collection (a) and the measurement site data collection method (b); L — length of the
sample plot (20 m); W — width of the sample plot (20 m for cut-to-length machines, 40 m for skidders); S — spacing between two neigh-

boring measurement sites (5 m).

drilled into the soil, then the probes were inserted into the
opening so that the top part of the probes with diameter
of 2.6 cmwould seal the opening. After this, the probes were
left in the soil for approximately three to five minutes without
recording data into the device’s memory so that the ambient
air in soil would settle into its original composition (Vaisala
2012a,b). After the interval, the readings were recorded into
the device’s memory and the probes were taken out of the
pre-drilled openings.

Along with CO,, bulk density and soil moisture content
were measured on nearby spots (cca five to ten centime-
tres away from the CO, measurement location) through
gravimetric sampling. Soil samples were collected using
a set of Eijkelkamp sealable sampling cylinders (volume
100 cm?, length 50 mm, outer diameter 53 mm). The cylinder
was inserted into the soil until it was completely filled with
soil, removed from the soil, soil overhanging the cylinder was
cut off, and the cylinder was sealed to avoid loss of moisture.
Samples were then weighed in laboratory conditions on cali-
brated laboratory scales with an accuracy of 0.1 gand dried at
a temperature of 105 °C for 24 hours, in order to determine
the mass of the dry samples. Moisture content at the time
of measurement was calculated according to Hrasko et al.
(1962):

w %:u*mo [1]
m

]

w% - relative soil moisture content [%],
m,  —weightof the raw soil sample [g],
m_ —weight of the dried soil sample [g].

Bulk density and moisture content were used to deter-
mine the strength of the relationship between them and the
CO, concentration.

Before the statistical evaluation we sorted the data
according to the forest stands from which they originated.
The number of valid cases (number of measurements) ineach
stand depended on the total area of the stand (Table 1). First,
we checked the normality of data through Shapiro-Wilk’s

test. Subsequently we proceeded to evaluate whether dif-
ferences between CO, content in soil, bulk density of soil,
and moisture content in the ruts of the skid trails and the
control measurements in the undisturbed stand were statisti-
cally significant. We also tested the statistical significance
of differences between data from particular stands. Data
were evaluated through multivariate analysis of variance
(MANOVA) for each stand individually. After testing the
significance of differences between the data from individual
locations and stands, we tested the relationship between CO,
content (dependent variable) and bulk density of soil and
moisture content (independent variables) through multi-
variate regression and correlation analysis separately for
each forest stand. In this case we also tested the normality
of residuals from the model through Shapiro-Wilk’s test.

3. Results

Results of this study showed that CO, concentration in soil
was considerably higher in areas disturbed by machine traffic
(i.e.ruts) (Table 2). Fig. 2 illustrates this fact as it depicts the
average CO, concentration in undisturbed stand soil and in
soil from the ruts created by forestry machines. The figure
depicts that compressed soil was unable to release excessive
CO, through its surface into the atmosphere, which lead to
the accumulation of CO, in the soil. The fluctuations in CO,
concentrations in ruts indicate that soil compaction and soil
moisture content as variables influencing the CO, accumu-
lation were not homogenous and varied from one measure-
ment site to another. CO, concentrations in ruts exceeded the
concentrations from the reference measurement locations,
i.e. the undisturbed stand, in all cases.

The overall mean difference in CO, concentration
between the undisturbed stand and the skid trail rut loca-
tions was 0.91% (a relatively large difference). The smallest
difference between locations was 0.28% CO, content while
the largest was 2.22% CO, content. The minimum gas con-
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Table 2. Changes in CO, concentration, bulk density and moisture content in individual stands and in the undisturbed stand and ruts of

the skid trail measurement locations.

Stand 2052 2027 805J13 187C20 188 2051 574B11 588
CO, concentration [%] stand 0.59 0.72 0.34 0.24 0.28 0.58 0.59 0.30
CO, concentration [%] rut 2.81 1.84 0.74 0.52 1.51 1.19 1.73 0.57
Difference in CO,[%] 222 1.12 0.4 0.28 1.23 0.61 1.14 0.27
Bulk density g cm™ stand 1.21 1.09 1.32 1.05 1.07 0.95 1.43 1.16
Bulk density g cm™ rut 1.64 1.71 1.54 1.34 1.52 1.24 1.79 1.56
Difference in bulk density g cm™ 0.43 0.62 0.22 0.29 0.45 0.29 0.36 0.40
Moisture % stand 25.94 23.04 13.20 28.2 204 20.18 39.2 20.41
Moisture % rut 25.48 26.36 11.17 31.5 324 18.60 33.6 20.92
10
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Fig. 2. CO, concentrations for each measurement in the undisturbed stand location and skid trail rut location; data from all measure-

ments; vertical lines connect relevant data pairs.

centration in the undisturbed stand was 0.24% CO, while
the maximumwas 0.72% CO,. Elevated concentrations were
noted in the skid trail ruts in all cases, with a minimum value
0f0.52% CO,and amaximum of 2.81% CO,. Theresults from
the ruts showed that the critical gas concentration level of
0.6% was exceeded in seven out of eight forest stands. Con-
centrations inindividual stands fluctuated significantly (Fig.
3), which was caused partially by the change of temperature
at the time of measurement and partially by the change in
natural conditions of the stands. Multiple regression and cor-
relation analysis was used to study the relationship between
CO, concentration (dependent variable), bulk density of soil,
and soil moisture content (independent variables) at the
place of CO, measurements.

Multiple regression and correlation analysis was con-
ducted for the individual stands given that MANOVA con-
firmed significant differences between individual stands
(F=5.26; p=0.00) and measurement locations (stand, rut)
(F=32.11;p=0.00). The value of the correlation coefficient
fluctuated in a range of 0.39 — 0.74 (Table 3), which was a
moderately strong relationship. Soil bulk density exhibited
a significant impact on the change in CO, concentration in
five forest stands and instantaneous soil moisture content
exhibited a significant influence only in one case. The data
from all stands were merged into a single database in order to
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increase the size of the statistical sample; this data was then
analysed in the same manner, but separately for the stand

and the rut locations.
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Fig. 3. Mean CO, concentration in individual stands for the un-
disturbed stand and ruts of the skid trails locations; vertical lines

indicate 95% confidence intervals.

The results of multiple regression and correlation anal-
ysis measured between CO, concentration, bulk density of
soil, and moisture content of soil in the undisturbed stand
location (Table 4) showed aweak relationship with multiple
R 0.30; R20,09; p<0.003, caused mainly by the variability
of natural conditions. Soil moisture content influenced the
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Table 3. Results of multiple regression and correlation analysis between CO, concentration, moisture content and soil bulk density in

individual stands; Significance of variable: + yes, x no.

Stand 2052 2027 2051 187C20 188 574B11 588 805113
Correlation coefficient 0.53 0.69 0.74 0.39 0.64 0.50 0.41 0.68
Moisture content X X X X + X X X
Bulk density + + + X X + X +

Table 4. Multiple regression and correlation analysis between the CO, concentration (dependent variable) bulk density of soil, and soil
moisture content (independent variables), statistically significant values are marked bold; US — undisturbed stand location, STR — skid

trail rut location.
N=125 b* Std. error b Std. error (122) prvalue
of b* ofb
Abs. term 0.130443 0.125308 1.040982 0.299942
Bulk density us 0.121540 0.088211 0.001399 0.001015 1.377821 0.170781
Moisture us 0247732 0.088211 0.007027 0.002502 2.808386 0.005800
Abs. term -0.983991 0.940082 -1.04671 0.297303
Bulk density str 0233303 0.088154 0.013894 0.005250 264652 0.009205
Moisture str 0.079206 0.088154 0.011587 0.012896 0.89849 0.370694

CO, concentration significantly in the undisturbed stand.
Soil bulk density did not exhibit a statistically significant
influence on changes in CO, concentration.

Multiple regression and correlation analysis of the values
from the skid trail ruts showed a similarly weak relationship,
with multiple R 0.24; R20.06; p<0.03 (Table 4). An impor-
tant finding in this case is that soil bulk density exhibited a
statistically significant effect on changes in CO, concentra-
tion in soil. Moisture content in this case did not exhibit a
significant influence.

4. Discussion

The results of our measurements confirmed that CO, con-
centrations in compacted soil are higher than in undisturbed
soil and that the critical gas concentration value of 0.6% was
exceeded in practically all stands in skid trail ruts. The gas
concentration fluctuated in a range of 0.28 — 0.72% in the
undisturbed stand, compared to 0.52 — 2.81% in the ruts of
the skid trail. Gebauer et al. (2012) reached similar conclu-
sions in their work stating that the critical value is exceeded
in nearly all skid trails exposed to forestry machine traffic a
number of times over (1.2—3.4% CO, in CTL ruts compared
t0 0.4 -0.5% CO, in the undisturbed stand).

Kuzyakov (2006) measured CO, content with soils com-
pacted to three different densities, specifically: 1.1 g cm™,
1.3gcm3,and 1.5 gecm 3. Dryand wet conditions were exam-
ined for precipitation durations of 30 and 90 minutes. The
results show a significant correlation between precipitation
duration and CO, concentration in soil. According to his
findings, CO, concentration is 42% higher with precipitation
lasting 30 minutes and up to 53% higher with precipitation
lasing 90 minutes. He found a significant correlation between
soil compactionand CO,. Soil compacted to 1.5 gcm™retains
32% more CO, compared to soil compacted to 1.1 g cm™.

CO, concentration measurements in soil confirm the
increase in the content of CO, in the soil air as a result of

disturbance caused by the heavy forestry machine traffic
along skid lines, even if the effects of such forestry machine
traffic are not visually apparent (Skoupy 2011). Neruda et
al. (2010) confirm a distinct increase in CO, concentration
on skid trails as a result of a single movement of such forestry
machines.

5. Conclusion

One of the drawbacks of measuring CO, content in the soil
is that it does not provide objective information on to the
actual extent of disturbance caused by forestry machine traf-
fic over the soil surface and the fact that CO,,concentration is
unstable and changes depending on natural conditions (time
of year, temperature and, as statistically confirmed in our
case, humidity and bulk density).

The results of our measurements and the measurements
of many foreign authors confirm the hypothesis that forestry
machine traffic creates less permeable layers in top soil lay-
ers, which hinders gas exchange between the soil and the
atmosphere. This was confirmed by the results of our mea-
surements, which correspond to the conclusions of other
authors. Changes in gas concentrations are visible after the
first passage of forestry machines over soil surface and their
negative impact on tree root systems is proven.

Based on these facts, a number of basic recommenda-
tions can be determined for forest operations. The most
important of these is that the forest managers should restrict
movements of the forestry machines to skid trails and prevent
any uncontrolled traffic through the stand itself.
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Abstract

Professional literature and practice started to focus intensively on the field of talent management. A lack of talented individuals occurred
inall sectors worldwide. The war for talents has not faded out, on the contrary, it has been intensifying. The aim of the paper is therefore to
analyse the perception of opportunities for development and management of talents in forestry and to specify characteristics of employee/
talent support perception in surveyed companies. The analysis is based on a primary survey conducted in 101 forestry companies. The
data were obtained through surveys in which one manager and one employee represented a single company. One-dimensional and multi-
dimensional statistics were used to evaluate the data. The results showed that employees perceived developmental conditions in companies
more positively than what was stated by managers and company representatives. The average difference in the perception was 8.5%;
employees perceived the conditions better than company representatives. When negative phenomena were analysed, the perception was
quite opposite. The average difference was 9.5%. The limit of the paper is the narrow focus on primary sector companies. The results may
help surveyed companies in the primary sector to encourage managers and employees to participate in developmental programmes as
their own initiative and willingness to take part in education and developmental activities was found.

Key words: Development; perception; employee; forestry; education
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Introduction

The main source to increase productivity in forestry is par-
ticularly the intensification of economic activities as far as
qualitatively intensive inputs are concerned, as well as ensur-
ing competent employees and managers of forestry compa-
nies (Ministry of Agriculture, 2015; Agriculture Union of
the Czech Republic, 2014, Czech Statistical Office, 2014).
Therefore research focusing on strategies of human resource
management and specifically talent management was made
in this paper in order to fill the gap of missing information
concerning strategic work with employees in forestry.

Greater attention has been devoted to talent management
issuesinrecent years. Experts in the field of human resource
management are of the opinion that in contemporary compa-
nies’ talent management represents a fundamental and abso-
lutely key element that is able to affect positively the long-
term survival of the companies across sectors. A number of
factors may be included among these issues, such as demo-
graphic changes associated with the general ageing of the
population, increased employee mobility, or globalisation,
for example (Tarique & Schuler 2010; Beechler & Wood-
ward 2009). According to Schuler & Jackson & Tarique
(2011), the success of modern companies is dependent on
their ability to identify and manage the up and coming chal-
lengesin the area of talent management and to adapt to these

challenges. Yapp (2009) adds that companies that practice
effective talent management may obtain quite a significant
competitive advantage. This topic has also become the sub-
ject of a wide range of expert studies and analyses. And yet
it still cannot be said that theoretical perspectives on talent
management have been sufficiently researched.

Talent may be one of the factors leading to company
competitiveness. Therefore this paper focuses on investi-
gating the approaches to the talent management in forestry
companies by managers and employees and compare those
two views. The paper based upon a primary survey aims to
develop a deeper understanding of the support of talents in
surveyed companies and to provide underpinning of the area
of company’s approaches to talent: namely talent support
and possibility of development.

The aim of the paper is based on analysis of the percep-
tion of opportunities of development and management of
talents in forestry to define characteristics of employee/tal-
ent support perception in surveyed companies. The first part
of the article presents theoretical background of the paper
originating from scientific journals. The chapter Results and
Discussion includes an analysis and synthesis of the survey
targeted at talent management and employees development
in forestry companies in the Czech Republic. A comparison
of results with results of similar surveys and draft recom-
mendations are also included in last chapter.

*Corresponding author. Lucie Vnouckovd, e-mail: lucie.vnouckova@vsem.cz, phone: +420 245 001 488
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1.1. Theoretical background

Sullivan (2004) defines talent management (TM) as “the
integrated process of ensuring that an organisation has a con-
tinuous supply of highly productive individuals in the right
job, at the right time”. Collings & Mellahi (2009) define
TM as activities and processes that involve the systematic
identification of key positions that differentially contribute
tothe organisation’s sustainable competitive advantage, the
development of a talent pool of high-potential and high-per-
forming incumbents to fill these roles, and the development
of a differentiated human resource architecture to facilitate
filling these positions with competent incumbents, and to
ensure their continued commitment to the organisation. This
isin agreement with results of Collings (2014) and Claussen
et al. (2014) which state that TM is a critical driving force
in corporate competitiveness and performance. Other defi-
nition according to Oosthuizen & Nienaber (2010) states,
talent management is an integrated system of recruitment,
development and retention of the required human capital at
all organisational levels. If organisations refer to talents, they
have in mind mostly young people at the beginning of their
professional career. Another commonly mentioned group
includes employees who have been working for the organisa-
tion for some time; their superiors favour them because of
their existing performance in order to encourage their further
professional growth and promote them to more responsible
managerial positions. In conclusion, TM theories have been
driven by the assumption that maximizing the talents of
employees is a source of sustained competitive advantage
(Scullion et al. 2010; Al Ariss et al. 2014). It has resulted in
TM becoming extensively linked to human resource manage-
ment (HRM) practices in organisations (Farndale, Scullion,
Sparrow, 2010).

Pascal (2004) specifies the basic definition of talent in
the HR field as the capital. Hronik (2007) defines talent itself
from the company point of view and this based on two char-
acteristics — performance and respect. If a person features
these two characteristics, such a person may be identified as
atalented employee according to the author. Waheed, Halim
Zalim (2015) state that employees who had high perfor-
mance and high qualification scores were classified as “stars”
in organizations and constituted the talent pool. Employees
inother segments needed performance development, qualifi-
cation development, or both. The employee’s perspective as
to development of his or her performance represents another
precondition according to Hronik (2007). Similarly, Berger
& Berger (2004) believe that a person achieving excellent
results is a talented employee. Furthermore, the authors
underline the negative consequences of departure of such
talented individuals, which specifically means the limited
availability of persons with equal qualities which fact makes
their substitution even harder and may have negative impacts
on the overall results of the company.

Berger & Berger (2004), Lockwood (2006) adds that
at the beginning compensation and benefits may attract
employees but as the time goes, the top management must
start focusing on the development and retention of talented
employees. Attention should be paid to the fact that the per-
manent increase in organizations’ demand for talented indi-
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viduals is logically accompanied by a decrease in their offer.

Srivastava & Bhatnagar (2010) the results of which show

that the demand for talented and qualified persons greatly

exceeds available resources. The war for highly talented
employees thus reached all levels of companies and sectors

(Frank & Taylor 2004).

Zikova (2010) defines two basic forms of understand-
ing of talent management — narrower and wider. Within the
narrower definition, the company focuses primarily on the
employees occupying key positions or the employees featur-
ing high potential. It mostly means managerial positions or
those filled by experts. The wider definition promotes, on the
contrary, the philosophy saying that practically all employ-
ees have certain talent and it is up to superiors to discover,
develop, deploy it suitably, and last but not least, to be able
to make use of such talent.

Iles, Chuai and Preece (2010) identified in more detail
four basic perspectives of talent management strategies: the
inclusive-people approach (talent = all employees) and the
exclusive-people approach (talent = only a specific group of
employees). The third perspective focuses on abilities and
skills of employees in general (social capital) and the fourth
approach deals with specific work positions (exclusive - posi-
tion). These approaches have been characterized similarly
also in the report entitled Asset Skills (2012) which specifies
the following five strategies:

1. The inclusive approach — all employees are subject to
talent management programs, as it is already mentioned
above.

2. Theexclusive approach—makes use of the talent pool and
the company focuses on managers within talent manage-
ment.

3. The future-leader approach — all employees throughout
the entire company, in whom the potential for manage-
rial positions as been identified, are worked with within
talent management.

4. The planned succession approach — key roles are iden-
tified and subsequently the employees possessing the
required abilities and skills, who are able to fill vacancies
when necessary, are identified.

5. The combined approach that makes use of several
approaches identified above.

Ready (2009) is of the opinion that if companies are to face
the challenges brought up by the 21st century, they should
opt for the inclusive approach involving emancipation and
development of talents of all employees across the company.

Cannon, McGee (2007) claim that a specific talent man-
agement strategy should be always based on the general strat-
egyimplemented by the company. Rathod (2014) agrees with
that and adds that defining of uniform management criteria
inall areas and specifying of specific employee competencies
are of equalimportance. There are three major objectives of a
talent management strategy (Berger & Berger 2004):

— toidentify, select, and develop the employees delivering
above-average performance and those who inspire other
employees in a similar manner;

— to find and correctly appoint highly qualified substitute
employees to key positions;

— toallocate resources efficiently (compensation, trainings,
work position, couching, etc.).
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Already in 2004 the Deloitte company had its own talent
management model called Deploy-Develop-Connect Man-
agement (Deloitte 2007). Classical linear models focus only
on the area of recruitment and retention of employees (Hor-
vathova 2011), but the Deloitte company’s model includes
also development of employee abilities, use of talented indi-
viduals within various positions in the company, and inter-
connection with other employees and the entire company,
resulting in better communication, cooperation, and higher
motivation (Deloitte 2007). According to the results (Siahaan
etal. 2016), Waheed & Halim Zalim (2015) it can be sum-
marized that talent attraction and retention to be highly asso-
ciated with the extent to which the organization is perceived
to have a change-, quality-, and technology-driven culture,
and characterized by support for creativity, open communica-
tions, effective knowledge management, and the core values
of respect and integrity.

Hitka et al. (2015) add that continuous monitoring of
work performance of employees represents one of funda-
mental preconditions. Continuing efforts to harmonize the
attributes motivating talented employees and the company’s
demands and its visions form the basis. According to Siahaan
et al. (2016) employees> career development has been well
characterized by the presence of career planning and career
management provided by the company for the benefit of
employees and the organisations.

Similarly important it is to mention the term “employee
engagement” that is frequently mentioned jointly with tal-
ent management. Robinson et al. (2004) and Stachové et al.
(2015) defineitasa positive attitude of employees towards the
company and values that the company adheres to. According
to Falcone (2006), an engaged employee simply shows a high
level of engagement and enthusiasm for his/herjob. Gibbons
(2006) views these issues similarly and according to him it
means an increased emotional and intellectual interconnec-
tion that involves work performance, company, managers,
and co-workers. Robinson et al. (2004) add that the company
should develop and foster such engagement and this requires
a bilaterally functioning relationship between the employer
and the employee.

Schramm (2006) understands retention of talented
employees as a strategic opportunity to maintain efficient and
competitive labour. In this connection it is equally important
to specify the reasons due to which employees leave com-
panies. Kaliprasad (2006) characterizes those reasons as
an unsuitable situation as to both tangible (compensation,
benefits) and intangible elements such as relationships, the
balance between work and personal life, career growth oppor-
tunities, trust or the job content itself where the employee
believes that those aspects of his/her job may be at a higher
level in another company.

Branham (2009) and Buchtova (2002) state that as much
as 90% of managers incorrectly believe that the primary rea-
son for departure of employees is the financial remuneration
or a better work offer but in fact 80 — 90% of employees leave
companies due to various internal factors. Moreover, those
factors canbe often influenced by the company management.
Vronsky (2012) includes among those other factors also an
offer of better working conditions, dissatisfaction with the
overall level of work, and personal reasons. Branham (2004)

has already elaborated these issues more specifically and
defined the following fluctuation reasons: already mentioned
dissatisfactory working conditions, bad relationships with
co-workers or superiors, a lack of opportunities to develop
talent, absence of the feeling that the job is important for the
entire company, or lack of recognition and acknowledgment.

Sousa-Poza & Hennenberg (2004) have worked with
slightly different categories of departure reasons within their
research, i.e. demographic (sex, age, marital status, educa-
tion), working (working time, membership with trade unions,
income amount, benefits, trainings, size of the company), and
subjective (satisfaction, security, promotion, labour market
opportunities, the company’s pride).

Kreckova-Kroupova (2008) specified four basic draw-
backs of current talent management concepts. Forinstance, it
means also search for talents in the same and already explored
areas and a failure to make use of the opportunities to con-
tact and support talented individuals already during univer-
sity studies. Furthermore, it includes a lack of willingness to
employ older employees or those who want to work part-time.
Last but not least, it is important to offer such employees not
only good wage but also interesting and demanding work,
mutual efficient and open communication, and opportunities
for further development and growth.

Rothwell & Kazanas (2003) characterize talent devel-
opment as changes involving the company, employees, and
individual interest groups, while applying both planned and
unplanned learning, which may generate, as a consequence,
the competitive advantage that has already been mentioned
several times. As concerns specific development strategies,
Rothwell (2001), for instance, defined the following five basic
strategies that are applied especially in respect of leading posi-
tions: couching, special work assignment, action learning (a
learning process making use of finding solutions to actual
issuesin orderto extend knowledge), work rotation, and vari-
ous university programs.

Also Armstrong (2006) understands such programs as
substantial elements of the entire process of talent develop-
ment. In his opinion it is possible to secure through such
programs acquisition, improvement or extension of usable
abilities, knowledge, and skills. Such educational and
development activities may play a vital role when increas-
ing engagement and commitment of talented individuals.
Luna-Arocas & Morley (2015) added that job satisfaction as
amainunderlying contributor to job performance, but rather
that if we develop and institutionalise a comprehensive talent
system, this can affect both job satisfaction (directly) and job
performance (indirectly).

Brewster et al. (2005); Dell & Hickey (2002) or Deb
(2006) emphasize the interconnections between talent man-
agement and building of the employer’s strong and positive
image thanks to which talented individuals may be attracted
andretained. According to Chapman et al. (2005) the concept
of employer image building depends directly on talent man-
agement because it represents a combination of various HR
approaches influencing the future reputation of the company
asan employer. Building of the employer image may thus help
resolve the worldwide lack of talented individuals (Jiang &
Iles 2011).
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Asmentionedintheoretical background, there are several
studies made focusing on approaches to talent management,
respectively work with talents, however its measurement,
significance and impact on talent management was not yet
analyzed. Therefore this paper focuses on identification of
approaches to talent management by employees and com-
pany representatives; and on their superordinate factors to
support work with talents in forestry.

2. Methodology

The paper focuses on a more in depth discussion of the con-
cept of talent management, as well as investigating the main
approaches taken by the participating companies to agendas
related to talent management and perception of its use. In
addition, the differences between the results of similar stud-
ies are discussed.

The article has been based on the analysis of second-
ary sources, the outcome synthesis and the evaluation of
the results of the primary research. The data were mainly
extracted from secondary sources and the analysis and dis-
cussion is linked to outcome synthesis and the evaluation of
international research results. In order to capture all relevant
studies, a variety of keywords for talent management was
used. The research is descriptive and empirical in nature
because the primary data were collected using the survey
method through fact finding techniques such as question-
naire and interview.

2.1. Operationalization of variables

The second part of this article analyses and evaluates the
results of primary survey. The data for the evaluation of cur-
rent approaches and perception of talent management, talent
developmentand possibilities for talents (i.e. talent programs)
in surveyed forestry companies has been collected in primary
quantitative survey by means of questionnaire investigation.
The questionnaire had 10 questions on approaches to talent
management and 3 identification questions (size, owner and
location). The survey did not contain questions regarding
respondent’s gender, age etc., because the questions focused
onorganisational approach towards talent management. The
body of the questionnaire contained mostly questions with
one possible answer. Only the first question asking on the
job positions used for identification of talents and question
asking about effects of use of talent management used pos-
sible multiple choice of answers. In such cases, respondents
could mark maximum 4 answers related to their practices in
company in talent management. One question in the ques-
tionnaire focused on preferred competencies of talents and
used semantic differential (scale 0 — 4, where 0 = not pos-
sible to answer, 1 = totally disagree, 2 = partly disagree, 3 =
partly agree, 4 =totally agree) to gain respondent’s nuances
in answer.

All questions used in the results of the paper were only
with one possible answer per respondent (one manager and
one employee per company). On behalf of the organisation,
the questionnaire was completed by a respondent who holds
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a managerial position (has at least one direct subordinate).
To obtain the results form employees, always one employee
without subordinates was contacted to provide a view from
employee’s perspective. The two perspectives were used to
be able to compare the perception of the situation regard-
ing talent identification and development by employees and
company representatives. Each respondent had to choose
only one answer which characterized actual situation in the
company the most.

2.2. Sample

The sample of companies in forestry was carried out in the
Czech Republic as arandom sample of companies. The total
number of Czech forestry companies on 31 December 2014
was 12,647 according to the Czech Statistical Office. For the
purposes of this research presented in the paper, our own
database of forestry companies was made based on quota
sampling. The quotas used to create the database were
specified based on data and sampling of the Czech Statisti-
cal Office. The sampling used size of company, number of
employees, type of a company (all types were used for the
sampling — corporates, cooperatives, state farms and fam-
ily farms) address and district of the farm or company in
the Czech Republic. The database respects the proportion
of size and type of companies in the Czech Republic. The
database created for the purposes of this survey consists
of 680 companies. The companies selected for the survey
were contacted based on their registration in the database
of forestry companies operating in the Czech Republic. The
overall questionnaire return was 14.8%, i.e. 101 companies
completed and returned the questionnaire.
Table 1 bellow shows size of surveyed companies.

Table 1. Geographical location of the forestry companies in-
cluded in the survey.

Size of a company Relative frequency
large companies (>250 employees) 6.9%
medium sized (50 - 250 employees) 32.7%
small-sized (<50 employees) 60.4%

Source: own survey

2.3. Data Processing

The datawas collected by means of using an electronic ques-
tionnaire which automatically recorded and pre-categorised
respondents’ answers (CAWI method — 85 respondents).
The telephonic interview [CATI] method was also used with
16 respondents. The sample selection took into account the
size of the company (small companies of up to 50 employees;
medium-sized companies employing between 51 and 249
people and large companies with more than 250 employees).
Onlyrespondents from upper or top management (HR man-
agers were excluded) answered the questionnaire as man-
ager and one employee. This part of the survey took place at
the beginning of 2015 (January — March).

All the primary data were evaluated using descriptive
statistics. Within the frame of descriptive statistics, the fol-
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lowing tools were employed: absolute and relative frequency,
the analysis of correlation and association. In addition,
dependence among qualitative characteristics was tested
for verification of the data which was obtained and their
further analyses (Pecakova 2011). To evaluate the data, the
IBM SPSS Statistic 22 and MS Excel 2007 were used.

During the research the procedures followed were in
accordance with ethical standards and Czech law relating
to the use of sensitive information.

3. Results

The chapter presents results of an analysis of the perception
of opportunities of development and management of talents
in forestry companies included in the survey. The objective
of this chapter is to evaluate the results obtained in the pri-
mary questionnaires. The results of the quantitative research
have been statistically evaluated and outputs have been for-
mulated. The chapter ends with a discussion of results and
comparison with other studies that have been undertaken.

3.1. Approaches to the human resources agenda
in forestry companies

Theresearch project is dedicated on the approach of forestry
companies to human resources and talent management. As
the companies both need to manage talents and to create
an environment supporting their potential activities and
development, the following chapter deals with support of
the development of talents in companies, both by representa-
tives (managers) and employees.

Based on the results of the survey, 50 per cent of surveyed
companies in forestry are focused on development of their
employees. The outputs also show orientation of surveyed
organisations on development of their employees; 64% of
respondents are being regularly developed on their job posi-
tion and 12% are being developed for their future position
or position on which they aspire. Total 54% of surveyed
employees aspire on higher position (managerial or special-
ist). The impulse to development is mostly own ambition of
each employee (58%).

The results presented in Table 2 show characteristics of
the forestry companies participating in the survey and their
approach to human resources management. The companies
hire new employees (54.5%), but unfortunately invest into
their development only if the budget permits so (21.8%);
however, 16.8% of them have a good reputation and people
are interested in working for them.

It is also possible to mention low overall planning in
the area of human resources and employee development.
Minimum of surveyed companies have specified budget
for research and development, the area is usually managed
operatively. Research focused on effects of talent manage-
ment, as attraction of a company for external workers and
talents, recruitment of such new employees and creation of
innovations. Results in the Table 1 and also Table 2 show

partial interest of surveyed companies in this area. On the
other hand, employees perceive searched conditions better
and show interest in this area.

Table 2. Support of the development of human resources by the
forestry companies included in the survey.

Effect Relative
frequencies

Recruitment of new employees 54.5%
External workers are interested in working in company 16.8%
Company is attractive for talents 9.9%
New employees are rarely recruited 36.6%
Company lowers its staff 5.0%
Research and development has own budget — past few years grows 5.9%
Research and development has own budget — past few years stagnates 5.9%
Research and development has own budget — past few years drops 1.0%
Research and development has no budget — it is managed operatively 21.8%
Research and development has no budget — there is no investment 13.9%
Research and development has own budget — past few years grows 14.9%
Innovations are created but not used in praxis 3.0%

Source: own Survey.

Responses of employees did not dramatically differ
from those of representatives of the companies; however,
some differences in perception can be identified in them.
The employees participating in the survey stated that their
company was hiring new employees (63%) and also that it
is producing innovations which were subsequently imple-
mented and utilized. The employees feel that people from
outside are interested in working for the company (21%).
Detailed results are presented in Table 3.

Table 3. Support of the development of human resources by the
forestry companies from the viewpoint of employees.

Effect Relativg
frequencies
Recruitment of new employees 63%
External workers are interested in working in company 21%
Company is attractive for talents 18%
Research and development has own budget — past few years grows 27%
Research and development has own budget — past few years stagnates 10%
Research and development has own budget — past few years drops 20%
Research and development has no budget — it is managed operatively 7%
Research and development has own budget — past few years drops 1%
Research and development has no budget — it is managed operatively 12%
Research and development has no budget — there is no investment 5%

27%
Innovations are created but not used in praxis 6%

Innovations are created and implemented

Source: own survey.

As shown in the Table 3, employees perceive almost all
the areas under examination more positively than represen-
tatives (managers) of the companies. They view positively
the number of newly hired employees, interest of people
from outside in being employed by the company, attraction
of the company for talents, investments into education and
development, production and implementation of innova-
tions. On the average, the perception of these phenomena
by employees is 8.5% higher than that of managers, as indi-
cated in Fig. 1 below.
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Fig. 1. Comparison of the perception of the development of human resources in the companies included in the survey.

Moreover, Fig. 1 indicates that, insofar as negative phe-
nomena (stagnating number of employees, dropping educa-
tion/research budgets, inability to produce innovations) are
concerned, the difference is reversed — a higher percentage
of managers’ state that these negative phenomena do occur,
while employees do not perceive them as such. The difference
in this case is 9.5%. It is possible to notice that employees
tend to anticipate better conditions, by 9% on the average,
with peak differences being up to 14%.

Employeeswere asked about specific development oppor-
tunities in their companies. It is possible to conclude that
most employees of the companies participating in the survey
are supported in this respect. These employees stated that
their development was focused on the know-how, capabili-
ties and skills they needed in their current positions (64%).
12% of the employees feel the development of competencies
will help them improve their current work position. Only 8%
of the employees neglect their development (see Table 4).

As shown in Table 4, 6% of employees are formally
forced to participate in educational/training programmes
and courses. The results indicate that most employees
actively educate themselves. Only a negligible percentage
of the respondents participate only formally or are without
any interest in education. It is obvious that employees them-
selves are aware of the necessity of development and actively
participate in it.

34

Table 4. Development of individual employees in the companies
included in the survey.

Possibilities Relative frequencies
Development on current job position 64%
Development on aspiring position 12%
Development outside the area of my current job position 22%
Not included in development programme 8%
Development is only formal — necessity in company 6%
Other 7%

Source: own survey.

If results of Tables 2, 3 and 4 are compared, it is pos-
sible to see a gap between budget for development and actual
development of employees. Almost all searched employees
stated they are being educated and/or developed on their
current position or on position on which they aspire. There-
fore development of employees is particularly managed and
organized without any specified conditions, plans, budgets.
In some cases employees are even developed by acompany’s
rule. That means there are internal development programs or
courses in surveyed forestry companies. It refers to exclusive
approach to talent management in searched area. Compa-
nies focus on development of special employees, but there are
not specified plans for all staff. This statement is supported
by statement of respondents who are developed on aspiring
position or outside the area of current job position.
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Employees were also asked about reasons of the devel-
opment in the context of development opportunities. They
stated that they themselves wanted to develop (58%), while
only 3% of them replied that they were forced to take part in
educational/training programmes by the management of the
company (Table 5).

Table 5. Development stimuli of individual employees.

Possibilities Relative frequencies
Personal ambition 58%
Company’s rule 3%
Both 27%
Nothing forces me to development 12%

Source: own survey.

The outputsreferred to above support the previous result
presented in Table 3. The respondents are aware of the neces-
sity of development, and they actively look for development
opportunities to fulfil their own ambitions. The positive
approach of employees to education and development should
therefore make the implementation of educational/training
programmes by companies easier.

In order to find overall approach towards employee
development in forestry companies, a correlation analysis
was used. Those responses of respondents were tested, who
stated they apply talent management in their company. Bel-
low Table 6 shows results of the analysis. Only statistically
significant hypotheses are presented in the table.

Table 6. Correlation analysis of approaches to talent management
[TM].

. Pearson’s
Hypothesis correlation p-value

Use of TM - interest of workers to work in company 0.344 0.000
Use of TM - list of key talents in company (specialists.

monagers) y pany (specialists, 0341 0.000
Use of TM - development of talents has budget 0.283 0.000
Use of TM - formulated specific development plans 0.292 0.000
Use of TM - TM is part of strategy 0.420 0.000

Source: own survey.

Surveyed companies which use talent management are
usually (according to the results of correlation analysis)
interesting for workers outside the company and have no
problems to hire new staff. This is positive impact of talent
management implementation.

Use of talent management concept also correlates with
thefact, thattalent managementis part of company’s strategy
andthereis alist of key talents in company. Those companies
knows their key employees and their strategic importance.
And they know it is necessary to further develop them. For
this reason there is also a specific budget for talent develop-
ment of key employees and specific plans are created.

Therefore it is possible to group the results into focus on
exclusive talents (exclusive approach) in surveyed compa-
nies. Talent management focus on specific and defined key
employees, mostly specialists and managers.

As it is possible to see in the Table 6, correlations show
that organisations with focus on talents have also unified

approach to talent management and clearly defined talent
management strategy which is integrated with the strategic
goals of the organisation.

Searched companies use some of practices of talent
management. The approach is not usually systematic, but
necessary development and education of staff were found. As
managers of respondent companies stated, they have some-
times problems even to find employees interested to work
in forestry and thus they try to retain them and train them,
focusing mainly on specialists. The companies surveyed
often mentioned necessity to keep quality employees in the
future. The main problem in retaining talents is seen in hard
seasonal work, low salaries and rewards and challenging
work (outside; all kind of weather). Respondent companies
try to search for talents between specialists and all employ-
ees. Onthe other hand, the positive impact of talent manage-
ment is seen by respondents in continuous functionality and
development of the whole company, continuity of outputs,
improvement of company climate and professional team,
stable performance of employees and quality relationships.

4, Discussion

The paper focus attention on talent management practices
in forestry companies. The results of the paper indicate
there are specific areas of talent management used, but lack
of holistic concept was found. Surveyed companies focus
mainly on exclusive perspective of talent management (only
managers are considered as talents), as it was identified
and defined by Iles & Chuai & Preece (2010). Based on this
result, it is possible to summarize that forestry companies
use mainly exclusive approach to talent management. It is
more common approach according to literature and other
similar researches. On the other hand, there may be some
talents missing when company focus only on development
of managers.

On the other hand, most of surveyed employees stated
they are part of education and/or development courses or
programs. This is in accordance with Ready (2009). Author
is of the opinion that companies should opt for the inclusive
approach involving emancipation and development of tal-
ents of all employees across the company. It is very important
to highlight the trend reflected in the results, namely focus
on working with strategic talent management, which is a
conduit of development and competitive advantage. Overall,
half of the sample of companies studied in the given sector
isengaged in these areas.

Numerous of authors also mention necessity of employee
engagement, which is necessary for successful talent man-
agement (i.e. Robinson et al. 2004). In the research con-
ducted it was found that employees are internally motivated
for education and development, they knows the need for
development and are participating development programs
or courses. The positive attitude of employees towards the
company and values that the company adheres leads to ten-
dency of employees to stay and grow inside the company.
According to Falcone (2006), an engaged employee simply
shows ahigh level of engagement and enthusiasm on the job.
Both those findings are supported by the theory.
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Gibbons (2006) specified also positive outputs of talent
management. According to himitisincreased emotional and
intellectual interconnection that involves work performance,
company, managers, and co-workers. This assumptionisin
accordance with the results of the survey. Surveyed manag-
ers mentioned continuous functionality and development of
the whole company, continuity of outputs, improvement of
company climate and professional team, stable performance
of employees and quality relationships.

Based on gain results, it is possible to agree with Rob-
inson et al. (2004) and Schramm (2006) that the company
should develop and foster such engagement and require a
bilaterally functioning relationship between the employer
and the employee to reach positive impacts of implementing
talent management and its practices.

Thus, to retain quality and talented employees, it is pos-
sible to recommend the following based on the searched
theory and results of the paper:

[t is necessary to engage employees/talents in the com-
pany. As Kaliprasad (2006) and Branham (2009) states, it
isneeded to focus on both tangible (compensation, benefits)
and intangible elements such as relationships, the balance
between work and personal life, career growth opportuni-
ties, trust or the job content itself. Additionally, as Buchtova
(2002), Branham (2009), Vronsky (2012) and Vnouckova
(2013) state that as much as 90% of managers incorrectly
believe that the primary reason for disaffection of employees
and talents is the financial remuneration or a better work
offer but in fact 80 — 90% of employees leave companies due
to various internal factors, which can be often influenced by
the company management. This gap was found also in the
presented paper. Searched employees perceive work condi-
tions differently than managers. Luckily, employees perceive
conditions better than managers. Companies have thus more
possibilities to attract employees and retain them.

To gain new talented employees, Kieckova-Kroupova
(2008) suggest to search for talents not in the same and
already explored areas but to use new opportunities, i.e.
to contact and support talented individuals already during
their studies (on high school or university), or as respon-
dents mentioned to search between foreigners and also older
workers. It includes willingness to employ younger or older
employees or those who want to work part-time. Last but not
least, it is important to offer such employees interesting and
demanding work, mutual efficient and open communication,
and opportunities for further development and growth. But
as the results of the paper state, employees perceive positive
work and development conditions in companies and there-
fore it is easier to recruit them and subsequently work on
their development and retention. Especially it is necessary to
work and manage development and retention of those who
are key employees and talents.

5. Conclusion

The paper points attention to human resource management
and talent management in forestry companies. The research
presented in the paper focused on perception of human
resource practices by employees and also by company rep-
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resentatives to reveal current situation in this specific com-
panies and to formulate suggestions to practical use of this
concept in forestry.

Talent management may be considered a systematic
approach to acquiring the right people for the right posi-
tions at the right time. The results of the paper show there
is lack of specific budget for development of employees in
forestry. Employees are being developed, but it does not
always correlates with the set budget for development in
the searched company (only 13% of surveyed companies
have budget for development, other use random financing
or there is no investment in this area). Employees included
in the survey are mostly developed without specific budget
created specifically for research and development purpose.
The development of talents is usually random or when it is
needed (without specific plans or programs).

Almost all searched employees stated they are being
developed on their current job position or on position on
which they aspire. Therefore development of employees
is particularly managed and organized without any speci-
fied conditions, plans or budgets in studied companies. On
the other hand it is possible to find some companies where
employees are even developed by a company’s rule. That
means internal development programs in surveyed forestry
companies are being used.

As talent management is implemented in half of studied
companies, there are still blind spots in the implementation
of the process. Talent management may be seen based on
the results of the study as exclusive, because mainly special-
ists and managers are being developed and are part of talent
programs. This statement is supported by responses (both
by employees and managers) analysed in the research and
correlation analysis. Additionally, the exclusive approach of
talent management is supported by the result that surveyed
companies develop specific employees on aspiring position
or outside the area of current job position.

Another important finding established among the com-
panies and respondents participating in the survey are their
own initiative and willingness to take part in education and
development programs. The employees themselves are active
in the area of development, look for education and training
opportunities, and are aware of their importance. The posi-
tive and active approach of employees to development there-
fore makes the implementation of development programs by
companies easier.

As arule, employees perceive opportunities for and con-
ditions of development more positively than managers. Posi-
tively are viewed: number of newly hired employees, interest
of people from outside in being employed by the company,
attraction of the company for talents, investments into edu-
cation and development, production and implementation of
innovations. On the average, the perception of these phe-
nomena by employees is 8.5% better than that of manag-
ers. Insofar as negative phenomena (stagnating number of
employees, dropping education/research budgets, inabil-
ity to produce innovations) are concerned, the difference
is reversed — a higher percentage of managers’ state that
these negative phenomena do occur, while employees do
not perceive them as such. The average difference in this
caseis 9.5%.
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The relatively narrow focus solely on a primary sector,
the forestry industry may be considered a limitation of this
article. This sector was nonetheless selected for analysis
in view of the conclusions of the National Training Fund
(2014), according to which agriculture and forestry ranks
in the Czech economy among the industries with not only a
higher average agebutit also has a great shortage of talented,
predominantly young employees, compared to more promis-
ing areas, e.g. services. The results and recommendationsin
this article may assist those companies which were included
in the study, in establishing workflows for talent manage-
ment and employee development.
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Abstract

Even if stand inventories based on growth tables have been widely discussed over the last years, this method of forest mensuration is still
widely applied due to favourable ratio between costs and achievable precision of stand growing stock estimation. The aim of the study was
to verify the potential of airborne laser scanning data (ALS) for direct estimation of mean stand height and mean stand density (stocking)
as fundamental inputs for forest mensuration based on yield tables. The material from two reference plots with substantially different
stand structure was processed by REFLEX software, and confronted with the results of the precise terrestrial inventory. The number of
detected tree tops decreased from 100% in the case of super-dominant trees to 30% and 5% in the case of supressed trees at the homoge-
neous and heterogeneous plot, respectively. The correlation of ALS heights with terrestrially measured heights was R =0.88 at the homo-
genous plot, and R =0.77 at the heterogeneous plot. The tendency to underestimate dominant and to overestimate suppressed trees was
revealed at both plots, but was more pronounced at the heterogeneous one. Nevertheless we justified that the mean ALS height calcula-
ted from the heights of the detected trees represented the biometric mean stand height linked to the stem with the mean basal area quite
well. The stocking estimated by REFLEX software according to delineated crowns” area was also closer to the real value of stocking than
the one obtained by the routine mensuration procedure. The results indicate promising potential of the ALS data processed by REFLEX

software to rationalise forest mensuration based on yield tables in even-aged forest structures.

Key words: lidar; stand height; stand density; forest mensuration

Editor: Bohdan Kondpka

Introduction

Yield tables have been developed for anumber of tree species
andregions across Europe promoting traditional even-aged
forest management (Wiedemann 1949;, Assmann & Franz
1963; Bradley et al. 1966; Marschall 1975, etc). Depending
on site conditions, such tables forecast mean stand develop-
ment (mean diameter at breast height — dbh, mean height)
and stocking (basal area, volume and stem number) per hec-
tare for pure even-aged forests. Yield tables operate at a stand
level, and therefore only stand level estimation is relevant
for simple even-aged forests. Due to the change in silvicul-
ture from clear-cuts to an uneven-aged, mixed, small-scale
and/or individual tree selective management system, exist-
ing yield tables will become increasingly unreliable as the
main forest management tool (Hasenauer 2006). However,
traditional stand-wise forest mensuration based on yield
tables is still widely applied because the costs are substan-
tially lower compared to other inventory methods. Despite
the fact that according to the results of the national forest
inventory (NFI) more than a half of all forests in Slovakia
are more or less uneven-aged, stand inventory using growth
tablesis currently applied at 88% of the forested area. In Slo-
vakia the national yield tables are used (the last edition by
Halaj & Petras 1998). The required inputs for these growth
tables, representing also the subject of stand inventories are:
stand age, stand height, site index, stocking, and tree species
composition. The accuracy of the growing stock estimation

is £20% at 95% confidence level, and strongly depends on
the precision of the determination of input values. Currently
the underestimation of the growing stock — 23% obtained by
forest mensuration compared to NFI in Slovakia 2005-2006
is under discussion (Smelko et al. 2008; in the same source
Austria —40%, Czech Republic — 33%).

Remote sensing (RS) is considered one of the promising
ways to refine and streamline the acquisition of data on the
forests. Especially airborne laser scanning (ALS), which can
be combined with aerial photography can provide large amo-
unts of fairly accurate characteristics of the three dimensio-
nal structure of a forest in a relatively short time, from which
it is possible to derive tree or stand characteristics. Existing
practices can be summarised into two categories: individu-
al-tree detection approaches (ITD), and area-based appro-
aches (ABA). Within the first group, tree height is the best
directly detectable dendrometric parameter, and the accu-
racy of its detectionis £9—33% (Packalén et al. 2007; Akkay
etal. 2009). The resulting growing stock is calculated as the
sum of individual trees volumes, using additional inputs deri-
ved directly (number of trees) or indirectly (tree diameters)
from RS data with lower accuracy than tree height, there-
fore its detection accuracy is only 10 —42% (Rossman et al.
2007; Heurich 2008; Maltamo et al. 2009). In the second
group of methods, timber stock is estimated using the regres-
sion equation between a dendrometric parameter measured
in the field, and a specific ALS parameter (e.g. point clouds
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density). The accuracy of growing stock estimates by this

approaches reaches +£20 — 33% (Maltamo et al. 2006; Vas-

taranata et al. 2011).

In this study we applied ITD approach to analyse ALS
data by REFLEX software, and subsequently we used the
results for the calculation of mean stand values for the pur-
pose of yield estimations on the stand level by yield tables.
The aims of the study were:

1) To verify the accuracy of direct determination of mean
stand height and mean stand density (stocking) by our
own newly developed algorithms of ALS data processing.

2) Toassess the usability of ALS data processed in this way
for the estimation of the growing stock using domestic
yield tables in two different stand structures.

2. Material and methods

2.1. Terrestrial data

Data from two reference plots established in similar geo-
morphological and growth conditions of Central Slovakia,
but with substantially different stand structure and tree spe-
cies composition were used (48°37’N, 19°04’E). While plot
Awithanareaof 0.95 harepresents asimpler stand structure
of atypical even-aged forest, plot Bwith an area of 0.65 hais
an example of a complex uneven-aged stand structure (Fig.
1). Onboth plots, full terrestrial inventory was performed by

Plot A

Field-Map technology (IFER 2012). Tree species detection,
diameter at breast height (dbh), tree height, and tree position
were measured for each tree. Consequently, the volume of
each tree was calculated using volume equations (Petras &
Pajtik 1991). These data were taken as a maximally achiev-
able precise base to assess the accuracy of growing stock
estimations by yield tables.

2.2. Remote sensing data

Data of aerial photography and airborne laser scanning
(ALS) were obtained for each plot. For technical details see
Table 1. The data of aerial photography were used for tree
species detection, and pairwise individual tree identification
after the overlap with outputs of terrestrial measurements
and ALS data manually processed by an operator. REFLEX
Software (Sackov 2014a, b) which is being developed by the
National Forest Centre was used to analyse ALS data.

2.3. REFLEX software principles

In the first step the initial procedures are applied to transform
the point cloud to aregular mesh and to reduce the number of
points in the input file. Thus, a point cloud is produced that
is further used for an iterative search for treetops detection
and tree crowns delineation. A moving-window analysis is

Plot B

=3pruce

—oak
fir hornbecam
beech =others

Fig. 1. Sample plots with crown projections of trees derived from ALS data with marked real stem positions according to terrestrial
measurements, and circular ten-tree sample subplots for simulated mensuration estimations.

Table 1. Technical description of utilised remote sensing data.

Aerial photography

Airborne laser scanning

Date 18.04.2012
Used aircraft Cessna 206G
Imaging camera UltraCamXp
Mean height of flight [m] 2000

Overlay (H/V) [%] 80/60

GSD (max) 10 cm (7,2 pm)
Format * tiff

Date 16.04.2012
Used aircraft Cessna 206G
Scanning camera Riegl LMS-Q680i
Mean height of flight [m] ~ 700

Scan angle (DEG) 60

Point density 20

Format * las
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applied to search iteratively for the local maxima. Because
there are some reasons to assume that a part of the local
maxima identified in the previous operation may not be
indicative of real treetops, an additional geo-dendrometric
test is applied. The geo-dendrometric test consists of two
steps. At first, height differences between the local maxima
located in the testing area (radius that represents the mean
defined crown semi-diameter) are evaluated. At second, hori-
zontal and vertical distances between all local maxima are
evaluated. The horizontal distance is tested to eliminate false
treetops situated in the crowns of neighbouring trees. The
vertical distance is tested to capture the trees situated under
the canopy. Finally, all tested local maxima are classified as
true treetops or false treetops. The following procedures are
applied to delineate tree crowns. At first, each true treetop
was assigned its main crown segment. Then, the peripheral
crown segments are repeatedly assigned to the main crown
segment. Finally, all crown segments assigned to the true
treetop are merged to create a single crown object, and the
borderline of such an object is smoothed to create a realistic
crown shape. When the treetops identification and crown
delineation phase is completed, tree heights are recorded
and crown coverage is calculated. Finally, the outputs of all
procedures are exported to the point and polygon outputs
in ESRI format.

2.4. Determination of stand height

The first step was the pairwise identification of individual
trees using the overlap of terrestrially measured positions of
trees with the treetops and crown projections derived from
ALS data. The orthophotomap and the data on tree height
were additionally used for unique detection of the trees. Only
the data pairs with no doubt about the identity of the tree
were considered as identified. Using these pairs, the corre-
lation between the terrestrially measured heights and hei-
ghts derived from ALS data was analysed, and the systema-
tic error (BIAS) was examined by t-test. Consequently, the
ALS average height (2 , ) was computed from z-coordinates
(heights) of treetops derived from ALS data, and was com-
pared with different types of mean stand height derived from
terrestrial measurements. These types of stand height were
compared: mean height (k, ) computed as a simple arithme-
ticmean of heights obtained from terrestrial measurements,
Lorey’sheight (k,) computed as aweighted mean of measu-
red heights with basal area used as the weight [Eq. 1], and
the upper height (2 ,,%) computed as a mean height of 10%
of thickest trees in the examined set of trees.

zhigi
hy =1

=1L (1]
zgi
i=1

Where his the height of tree i, g, is basal area of tree i, and n

is number of trees in the examined set.

To simulate real forest mensuration procedures (Bavlsik

et al. 2009), virtual sample subplots each comprising 10

trees were selected within the reference plots (Fig. 1). This

approach enabled us to reproduce the variability within the

plots forthe purpose of the statistical comparison, and it was
applied generally for all calculations. Nine subplots were
established in the relatively homogenous plot A, and twelve
in the heterogeneous plot B.

2.5. Determination of stand density

Stand density (stocking) was estimated from ALS data (st ,)
as aratio of the cumulated area of crown projections deline-
ated by REFLEX software to the whole investigated area (in
our case to the area of circular subplots) after dissolving of
tree crown overlaps. This stocking was compared with the
stocking obtained by traditional procedure of forest men-
suration based on the estimation of the potential number
of missing trees (s¢, ) [Eq. 2], as well as with the precise
value of stocking calculated as a ratio of real stand basal area
derived from the inventory to the potential maximal basal
area according to yield tables (s, ).
n

St,m =
= 2]

Where n is number of trees in the examined set (in our case
always 10), and m is estimated number of missing trees
which would be needed to cover empty space in the set of
assessed trees (in our case a circular subplot).

2.6. Growing stock estimation

Finally, the deviations of growing stock estimated by yield
tables using either remote sensing (V) or simulated ter-
restrial mensuration data (V) from the accurate growing
stock based on full inventory of all trees on the plots (V, )
were assessed. The accurate growing stock represents the
sum of individual tree volumes calculated using the set of
volume equationsv=f(dbh, h) derived for individual tree spe-
cies, and applied in the National Forest Inventory of Slovakia
(Petras & Pajtik 1991).

The standard national 2-parameter yield tables (Halaj &
Petras 1998) were used for the estimation of growing stock
byyield tables. The procedure applied to obtaining two from
five necessary inputs for the tables (stand height and stoc-
king) is described above. Regarding the other inputs, the age
was taken from the forest management plan, the site index
was determined as a function of the age and the stand height,
and tree species composition was assessed by visual inter-
pretation of aerial photographs (orthophotomap) in the case
of V ,inthecaseof V  itwas calculated from the number
of trees, and in the case of V, it was a relative proportion
of a tree species from the basal area of the virtual subplots.

3. Results

3.1. Accuracy of ALS detection of individual
tree heights

The pairwise analysis of tree height detection was performed
only foridentified trees. The proportion of the identified tree
crown peaks with the real terrestrially recorded and meas-
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ured positions of trees strongly depends on the social status
ofthe tree (Fig. 2), and varies from 100% in the case of super-
dominant trees to 5 — 35% for supressed trees. The propor-
tion of unrecognised under-storey trees is even more pro-
nounced in the multi-layered plot B (Fig. 3). The two factors:
the type of stand structure (single- or multi-layered), and the
tree species were examined by the analysis of variance, and
none of them could be proved to be statistically significant by
F-test. The correlation of ALS heights with terrestrial heights
was higher at the more homogenous plot A (R = 0.88) than
atthe heterogeneous plot B (R=0.77). Atendency to under-
estimate dominant and to overestimate suppressed trees was
observed at both plots, but was more apparent at plot B. This
tendency is expressed by the deviation of the dotted line with
the intercept equal to zero from the solid line representing
the linear regression that fitted the data best (Fig. 4). The
distribution of the differences with the results of the test on
BIAS is shown in Fig. 5. The values of broadleaved tree spe-
cies and from the more complex stand structure were more
sensitive to BIAS. Generally, dominant trees tended to be
underestimated while suppressed ones were significantly
overestimated. The positive systematic error (BIAS) of A,

Plat & - one aye-ad

{ 1
i
L
= 08 08
LN
.13 a5 08
k=
£ 0 0,4
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=
=3 J
Z 0.z 0.2

a 0

Demirant | Codamn, Subdomin Supressad
Social status

inthe case of dominant coniferoustrees detected at both plots
(A+0.4 m, B+0.9m) is difficult to explain.

3.2. ALS stand height versus mean heights
applied in forest mensuration

The stand height computed as the mean from all treetops
identified by REFLEX software in ALS data generally best
responded to terrestrially measured Lorey’s height (Fig. 6).
This tendency was even more pronounced in single-layered
structure at plot A. The differences between the various types
of terrestrially measured stand height were clearly visible.
Their values decreased in the following order: top height —
Lorey’s height — mean height. The only exception was horn-
beam at plot B, where Lorey’s height was the lowest due to
the strongly left-skewed diameter distribution of under-story
hornbeam population, and ALS height was even higher than
the top height because of the overestimation of suppressed
tree heights by ALS method as stated before. The variability
of terrestrial heights at plot B with the multi-layered stand
structure was two to three times higher than at the sinle-
layered plot A.

Plot B - more layered

Fig. 2. Proportion of ALS identified trees from all terrestrially recorded trees.
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Fig. 3. Height distribution of all ALS identified and terrestrially measured trees fitted with normal distribution.
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Fig. 4. Pairwise correlation of tree height derived from ALS data and tree height measured terrestrially for identified trees.
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Fig. 5. Distribution of pairwise differences of ALS tree heights from terrestrially measured tree heights of identified trees (standard
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3.3. ALS stocking versus stocking detected
by conventional methods

The stocking value assessed from ALS data as a proportion of
canopy built from crown projections delineated by REFLEX
software was between the values of the other two examined
methods at both plots (Fig. 7). We found an interesting
(though not statistically significant) tendency to underesti-
mate stocking by nearly 5% using the traditional procedure

Stocking

1.0

0.8 =

06 mst_als
rst_num
Est_ba

0.4

0.2

0.0

Plat /A Plot B

Fig. 7. Comparison of mean stand density (stocking) derived from
ALS data with stand densities computed by different ways from
terrestrial data (with standard errors at 95% confidence level).

based on the number of missing trees, when compared with
the exact value of stocking calculated from basal area. The
variability was highest in the case of stocking calculated from
basal area.

3.4. Impact of remote sensing inputs on growing
stock estimation

The results of comparison of remote sensing supported
with traditional terrestrially supported estimation of grow-
ing stock by yield tables are summarised in Table 2. Finally,
confrontation of both methods based on theyield tables with
exactly determined growing stock by field measurements of
all trees is given. The observed differences are presented in
Fig. 8. The results showed good conformity between the esti-
mates of the total growing stock by all examined methods,
what is surprising especially in the case of the multi-layered
plot B. The differences in the growing stock were -3% and
—-2% for terrestrially, and +7% and +9% for ALS supported
yield table estimates at plots A and B, respectively. Much
higher differences (about +40%) were observed in the case
of individual tree species growing stock estimates. Here
partial errors of such inputs as the tree species proportion
and the tree species mean height played a more pronounced
role. Generally, the error of tree species proportion and the
error of stocking affect the growing stock estimated by yield
tables linearly as a multiplier, while the error of mean height
influences the estimated growing stock indirectly through

Table 2. Estimates of stand growing stock based on yield tables derived from remote sensing inputs and from conventional terrestrial

inputs, and from fully measured terrestrial data.

Tree Proportion Mean height Stocking Age Site index Volume
Method Stand species [ratio] [m] [ratio] [years] [m] [m®ha™]
h 0.16 254 28 8.8
beec 5 0,85 g5 5
plotA spruce 0.84 30.3 32 479.1
total 5379
beech 0.38 25.7 26 155.1
Yield tables — remote sensing inputs fir 0.15 354 34 111.3
oak 0.38 26.9 0.87 105 26 131.9
plotB
spruce 0.02 42.0 42 19.2
hornbeam 0.07 20.6 20 22.5
total 440.0
beech 0.24 24.8 28 81.1
cec 0.79 85
plotA spruce 0.76 30.5 34 419.8
total 500.9
beech 0.27 24.6 24 100.8
Yield tables - terrestrial inputs fir 0.16 33.4 32 104.2
oak 0.46 28.7 0.83 105 28 162.1
plotB
spruce 0.03 29.2 28 17.7
hornbeam 0.07 16.7 16 17.5
total 402.3
beech 0.19 234 0.88 — 95.4
plotA spruce 0.81 29.2 ’ - 415.5
total 510.9
beech 0.21 20.0 — 108.6
Terrestrial measurements of all trees fir 0.20 33.5 — 104.6
oak 0.31 28.3 0.91 — — 157.6
plotB
spruce 0.04 28.2 — 20.5
hornbeam 0.03 16.4 — 171
total 408.4
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Fig. 8. Differences of stand growing stock estimated by yield tables using remote sensing inputs (rs) and terrestrial inputs (ter), from the

real growing stock obtained by full measurement of all trees.

the classification in site index class with a span of 2 m. Hence,
a small change of height might sometimes cause relatively
substantial differences in the estimated growing stock.

4. Discussion

According to numerous studies focused on individual tree
detection using the ALS data it can be stated that in single-
layered forest stands individual tree detection results are bet-
ter than in multi-layered ones. When testing different detec-
tion methods in the area of Berner Jura, Eysn et al. (2015)
obtained best results in old forest stands with high trees and
no understory vegetation. The lowest detection result was
obtained in a multi-layered forest with a high amount of trees
indifferent heightlayers. Only 15% of trees smaller than 10 m
could be correctly extracted by the best performing method.
Vegaetal. (2014) reported an overall performance of 58 % for
mixed multi-layered mountainous forests in the French Alps,
with a75% detection rate in the dominant tree layer. Between
the single-layered coniferous and mixed class, aconsiderable
difference in the matching rates as well as in the commis-
sionratesis noticeable (Vauhkonenetal. 2011). Higher com-
mission rates for multi-layered mixed forests can be linked
to more complex crowns of broadleaved trees that can have
several possible treetops, which results in over performing
detection results, while coniferous trees have, in most cases,
a clearly defined tree crown shape, and the tree top appears
as a clear peak in the canopy height model.

In our study, the detection of 71% of all trees was obtai-
ned within the single-layered forest stand, while in the mul-
ti-layered stand structure it was only 52%. In both cases, the
detection of dominant trees exceeded 80%, and the detection
of supressed trees continually decreased with the decreasing
relative tree height. Only 6% of trees with their relative hei-
ghtbelow 1/2 of the main canopy height was detected within
the multi-layered structure. No problem with the overesti-
mation of broadleaved crown tops was detected, what might
indicate good ability of REFLEX software to delineate also
problematic crowns of deciduous trees.

It should be noted that LiDAR studies, similar to other
remote sensing studies of individual tree properties, are sen-
sitive to the positional error of both field data and remote
sensed data. Potential sources of errors derived from ground-
based survey measurements, scanning configuration, posi-
tion of the tree within the canopy, ground slope effects and
crown shape and spacing might affect the predictors extrac-
ted from LiDAR, e.g. height (Saremi et al. 2014). Some of
these facts might have been reasons for the unexplainable
positive BIAS of dominant trees” heights derived from ALS
data when compared with precise terrestrial measurements
in our study. Generally, negative BIAS has been documen-
ted for ALS height of dominant trees, and positive bias for
suppressed trees (Hollaus et al. 2006). Our approach tries
to avoid these biometric complications related to individual
tree detection method (ITD) by deriving mean stand parame-
ters — mean height, mean stocking directly from ALS data,
and using them for growing stock estimations by yield tables
at a stand level.

Stand growth tables utilise different types of stand hei-
ghts to determine site index. Slovak yield tables are based
on the mean stand height representing the height of a mean
stem, or top height representing the mean height of 10% of
the thickest trees in the stand (Halaj & Petras 1998). The best
mean stand height used for this purpose is the height of the
stem with mean diameter, mean basal area, or Lorey’s hei-
ght. These heights are very similar, and are all consistent with
the so called Weise’s height widely applied in forest mensu-
ration (for the description of Weise’s rule see Sedmak et al.
2015). Inthe case of most frequent left-skewed diameter dis-
tributionin even-aged stands, they are always higher than the
simple arithmetic mean height (Smelko 2007). Our results
showed good consistency of ALS height with Lorey’s hei-
ght. The decreasing ability of ALS to detect the tops of lower
trees has been compensated by the fact that the “mensura-
tion” mean stand height does not represent the arithmetic
mean of all heights in the stand, but it is linked to the mean,
i.e. a thicker stem.
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Numerous automatic algorithms for detecting and deli-
neating individual tree crowns from ALS data are routinely
presented with improving performance and computational
efficiencies (e.g. Liet al. 2012; Kania et al. 2014; Strimbu et
al. 2015). As we documented in our previous studies (Sa¢-
kov 2014a, b), the ratio of crown projections delineated by
REFLEX software, dissolved, aggregated and related to the
whole stand area differed from routine stocking estimates
applied in forest mensuration by +6% on average. The results
presented in this study are in accordance with previous fin-
dings. At both plots, ALS stocking was higher than the stoc-
king obtained by the traditional procedure of forest mensu-
ration, but was lower than the exact value of stocking calcu-
lated as aratio of real stand basal area to potential basal area
from yield tables. The recorded tendency to underestimate
stocking by routine practice of forest mensuration could be
one of the reasons of underestimation of growing stock esti-
mates when compared with forest inventory results.

Stand inventories based on growth tables have been
widely discussed over the last years. Nevertheless, this
method is still commonly applied not only in Central-Eas-
tern Europe, but also in countries with developed forestry.
The main reasonis the ratio between the costs and the achie-
vable precision regarding uncertainty (Haara 2005). Amean
error of £20% is declared for stand growing stock estimates
by yield tables. A mean error of +5% is achievable when all
trees are measured and individual tree volume functions are
applied (Smelko 2007). Our growing stock estimates obtai-
ned from yield tables using remote sensing inputs met the
declared accuracy for the whole stand, but not for indivi-
dual tree species. At plot A, the main reason was the overes-
timation of the proportion of the dominant spruce and the
underestimation of the proportion of the supressed/shaded
beech from aerial photographs. At plot B, the overestima-
tion of height and consequently of site index of mostly sup-
ressed beech and hornbeam populations were the main rea-
sons of the observed deviations. The uncertainty of broadle-
aved tree species detection from aerial photographs, resul-
ting to mutual shifts in oak, hornbeam and beech propor-
tions might be the next reason. The alternative of estima-
tion supported by terrestrial measurements produced very
good results, which indicates good accuracy of the yield table
model if correct inputs are used.

5. Conclusions

Our study confirmed the existing knowledge about the limi-
ted ability of ALS data-processing tools to detect individual
treetops of under-storey trees. Hence, individual tree detec-
tion (ITD) becomes problematic in more complex, uneve-
n-aged and multi-layered forest structures, and it is neces-
sary to look for other approaches of using ALS data for bio-
metric purposes in such stands.

The tested REFLEX software showed good ability to
detect treetops as well as crown shapes of dominant trees in
the stand. Although not all trees were identified, we proved
that the mean height calculated from the heights of detec-
ted trees represented the biometric stand height, linked to
the stem with the mean basal area quite well. This height is
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used in the calculations of site index, thus ALS average hei-
ght could be directly utilisable instead of terrestrially measu-
red mean height for forest mensuration based onyield tables.
Also the stocking estimated according to REFLEX software
delineated crown area of the identified trees was closer to the
real value of stocking than that obtained by routine mensura-
tion assessment. Since the study was conducted only at two
sample plots, the results cannot be generalised, and should be
verified on larger data sets. However, they indicate the poten-
tial of the ALS data processed by REFLEX software to ratio-
nalise forest mensuration based on yield tables in even-aged
forest structures. The risk of possible systematic error (BIAS)
can be eliminated by checking field measurements and sub-
sequent correction of the results according to the principles
of the two-phase survey.

When using ALS and remote sensing data for stand-wise
forestinventories it remains challenging: 1) to determine the
proportion of individual tree species in the stand, and 2) to
estimate the distribution of trees to diameter classes in mul-
ti-layered close-to-nature forests.
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Abstract

The article analyzes the development of voluntary forest certification by the Forest Stewardship Council (FSC) system in Russia. The
article isbased on the review of diverse information sources, analysis of the reports of timber processing enterprises, personal observations
during certification audits, discussions in workgroups, and information collected at training courses. We evaluated the present state of
voluntary forest certification in Russia, analyzed non-compliances of the activity of Russian wood processing enterprises with the national
standard FSC-STD-RUS-V6-1-2012 and indicated possible reasons for non-fulfillment of the requirements. We also presented problems
in the development of forest certification in Russia and possible ways for its further development.

By the end of 2015, about 40 million hectares were certified, approximately 160 certificates were issued on forest management and 440
certificates on chain of custody. The 6th principle of the national forest management standard is the most problematic for logging enter-
prises. The principle concerns the requirements on the evaluation of impact of enterprise’s activity on the environment. About 40% of
non-compliances identified by auditors referred to the indicators of the 6" principle.

We argue that the main problems of forest certification development in Russia are contradictions between the principles and the criteria
of FSC and the requirements of Russian forest legislation, retention of biodiversity and high conservation value forests, lack of economic
incentives for introduction and implementation of certification requirements, and high cost of audits. Despite the existing problems, the
certification remains one of the most important instruments for achieving sustainable forest management in Russia.

Keywords: Forest Stewardship Council; non-compliances with the standard requirements; FSC principles and criteria; sustainable forestry.

Editor: Tomas Hlasny

of Forests in Europe (MCPFE) and the Food and Agriculture
Organization (FAO) defined sustainable forest management
as “the stewardship and use of forests and forest lands in a
way, and at a rate, that maintains their biodiversity, produc-
tivity, regeneration capacity, vitality and their potential to
fulfill, now and in the future, relevant ecological, economic
and social functions, atlocal, national, and global levels, and
that does not cause damage to other ecosystems” (MCPFE,
2009).

The conferences and negotiations (Simula & Nussbaum
2005) resulted in the definition of international principles and
criteria, observance of which would facilitate development of

Introduction

Forestry must be based on the principles of sustainable for-
est management. Depletion of natural resources, including
forests, during human history has caused crises in many
countries and influenced settlement of people, agriculture,
industry and international trade, etc.

One of the first notes on the term “sustainability” con-
cerning forest management can be found in a book by Hans
Carlvon Carlowitz (Carlowitz 1713), who urged land owners
tokeep and grow forest to provide long-term and inexhaust-
ible use of its resources and asked them not to cut trees every
year, so that trees have enough time to grow.

The term “sustainable forest management” began to be
widely used in 1992 after the United Nations Conference on
Environment and Development (UNCED). The following
documents were published based on the results of the confer-
ence: “Non-legally binding authoritative statement of princi-
plesfora global consensus on the management, conservation
and sustainable development of all types of forests” (General
Assembly, 1992) and “Agenda21” (Agenda 21, 1992). These
documents specified the foundations of sustainable forest
management. Then Ministerial Conference on the Protection

sustainable forest management. According to the principles
of sustainable forest management, we should strive for such
a way of conducting forestry in which a forest owner would
not only earn an income but would also create conditions
for maintenance of social sphere (hunting, fishing, gather-
ing, tourism, employment of population) and would keep
ecological values of forest areas. An important condition of
sustainability is continuity of forestry processesinalong-term
perspective that ensures the next generation to be able to use
resources at a forest territory.

Abbreviations: FM — forest management; CoC — chain of custody; PEFC — The Programme for the Endorsement of Forest Certification;
FSC - Forest Stewardship Council; SFI — Sustainable Forestry Initiative; CSA — Canadian Standard Association; ATFS — American Tree
Farm System; CertFlor — Certification Florestal; EIA— Environmental Impact Assessment, HCVF — high conservation value forests, IFL.—
intact forestlandscapes; SMF—sustainable forest management; CARs—corrective action requests; NGO —non-governmental organization.

*Corresponding author. Victor Lukashevich, e-mail: vm-dov@mail.ru
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Forest certification is one of instruments that facilitates
practicalimplementation of sustainable forest management
(EEM, 2007; Marx & Cuypers 2011). It began to be broadly
recognized at the beginning of 1990s. Introduction of forest
certification systems was conductive to a new type of sus-
tainable development institutions that differ from traditional
processes of implementing policy (Cashore et al. 2004). The
authors also reckon that forest certification is “one of the
most innovative and startling institutional designs of the past
50years”. It helps to achieve the goals of protecting and man-
aging biodiversity, fighting illegal harvesting and supporting
monitoring and certification of carbon absorption in future
(EEA, 2008).

Forest certification is a procedure which evaluates the
quality of forest exploitation according to the criteria of the
standard. If the quality corresponds to the standard, an orga-
nization managing forests might receive a certificate proving
this. The certification usually focuses on a system of forest
management at a certain forest area (FM, forest manage-
ment) and a chain of custody of forest products to consumers
(CoC, chain of custody).

Voluntary forest certification systems started to be
developed both at international (FSC (Forest Stewardship
Council), PEFC (The Programme for the Endorsement of
Forest Certification) and national levels: SFI (Sustainable
Forestry Initiative), CSA (Canadian Standard Association),
ATFS (American Tree Farm System), CertFlor (Certification
Florestal), etc. (Rupert 2000; Simula & Nussbaum 2005).
Clark & Kozar (2011) compare three different certification
systems (FSC, CSA and SFI) to determine which system
meets the goals of sustainable forest management most effec-
tively. They analyzed the literature sources and extracted the
indicators required to meet the criteria of sustainable forest
management (SFM). The authors came to the conclusion
that the FSC certified forests achieve higher level of sustain-
able forest management than the CSA or SFI. However, they
stress that field studies are necessary to collect social and
ecological empirical data to check whether the conclusion is
true. Rupert (2000) developed a matrix that included about
50 certification schemes and evaluated the credibility of these
schemes with respect to various criteria and indicators. The
criteria and indicators are based on those agreed by the CEPI
Forestry Committee for assessing the credibility of different
certification schemes (Rupert 2000). The characteristic fea-
ture of the FSC certification is that it is a multi-stakeholder
third-party certification system, while other certification
systems employ a form of self-regulation (Abbott & Snidal
2009). At present, the most widespread certification stan-
dards are PEFC (The Programme for the Endorsement of
Forest Certification) and FSC (Forest Stewardship Council),
which are compared in Table 1.

The area of forests certified by PEFC makes 268 mil-
lion hectares in 34 countries, from which Canada, the USA,
and Finland are leaders. The number of certificates on FM
issued by PEFC system in the world as of November 2015
was 1,260. CoCby PEFC covers 65 countries (theleaders are
France, Germany, and Great Britain) and about 10 thousand
certificates were issued.

The area of forests certified by the FSC covers about 184
million hectaresin 80 countries, from which Canadaisin the
first position, Russia has the second highest area certified by
FSC, andthe USAisin the third position. About 1,200 certifi-
cates on forest management were issued by the FSC system
in the world as of November 2015. About 29,000 certificates
were issued on CoC in 112 countries (the leaders are China,
the USA, and Great Britain).

Both certification systems (PEFC and FSC) are used in
Russia. As of November 2015, the area of forests certified
by the PEFCwas about 580,000 hectares (3 certificates) and
14 certificates were issued on CoC. At the same time about
40 million hectares in Russia were certified by the FSC sys-
tem (about 113 certificates for 160 companies) and about
360 certificates were issued on CoC (for 440 companies).

Inresponse to the acceleration of certification by the FSC
system in Russia, our goal is to identify problems, which for-
est enterprises face in their effort to fulfill the requirements
of the standard. We set out to address the following tasks:
— To investigate the development of the FSC certification

in Russia and to identify the regions with the highest rate

of certificates acquisition;

— To analyze the reports from certification bodies and to
reveal the indicators, which are most difficult tobe imple-
mented in forest enterprises;

— To identify the main problems of certification develop-
ment in Russia.

Such a research is expected to show the development of
the FSC in Russia, to analyze the market of certified timber,
and to point out at the problematic indicators while prepar-
ing for certification.

2. Material and methods

To study the certification development in Russiawe reviewed
a number of information sources. We studied the certifica-
tion development since the beginning of its appearance in
Russia from the view of the area of certified forests, the num-
ber of issued certificates on FM and CoC, and the number of
suspended certificates.

The total area of forests in Russia is about 750 million
hectares. The whole territory is divided into 83 regions with
regional forest administration bodies. To evaluate the state
of certification in the regions, we analyzed documents on

Table 1. Comparison of two international certification systems — PEFC and FSC.

Indicators as of November 2015

Certification on forest management (FM)

Certification on chain of custody (CoC)

PEFC FSC PEFC FSC
Number of issued certificates 1257 1357 10625 29522
Number of countries with certification 34 80 65 112
Area of certified forests, million hectares 268 184 — —

Three leader countries Canada, USA, Finland

Canada, Russia, USA,

France, Germany, Great Britain China, USA, Great Britain
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forest planning of each region, which contained forest plans,
forestryregulations, state reports, etc. We gathered the infor-
mation on the total area of forests in a region, rented area of
forests and certified area. This information allows identifying
the leading regions of Russia with a perspective on further
development of certification.

Investigation of non-compliances with the standard,
which were identified by auditors during the evaluation of
forest enterprises on the system of FM, was based on the
analysis of the reports of certification bodies collected in the
period from 2008 to 2015.

There is anational standard FSC-STD-RUS-V6-1-2012
in Russia (Standard, 2012). In 2013, more than 50 amend-
ments were included into the standard. A number of indica-
tors was excluded from the standard (version of 2012) and
one new indicator (4.2.12) on the assessment of living and
nutritional conditions of workers at forest logging works
according to the requirements of instruction, was added
(ILO, 1998). In addition, new guidelines on the use of radio-
active wood and prohibition of certification of timber lands
that are being used by correctional labor colonies were pub-
lished. This information is available at the web site of the
certification body “Forest certification” Limited Liability
Company (LLC) (www.fcert.ru). Thelast version of the stan-
dard includes 10 principles, 56 criteria and 300 indicators.
Auditors evaluate each indicator and reveal non-compliance
in case of its non-fulfillment. The results of audits are publicly
available at http://info.fsc.org.

Weanalyzed 135 certified companies, which represented
447 reports. Data were compiled in aform of a table with the
enterprise name, location of forests, area of forests, date of
an audit, type of an audit, certification body and identified
non-compliances. This information was used to detect the
indicators with the highest number of non-compliances with
the FSC standard:

— review of literature on development of certification in the
world and in Russia (about 130 sources);

— discussions with concerned parties, which contained 4
non-governmental organizations, about 50 representa-
tives of forest administration bodies, about 70 repre-
sentatives of the indigenous population, and about 200
specialists employed in forest enterprises;

— personal observations during field inspections of timber
companies (personal participation in 57 audits on FM);

— discussions in working groups and seminars;

— information received at four training courses.

3. Results

Currently, 27 bodies of the FSC certification are accredited in
the world, of which 16 bodies are active in the Russian Fed-
eration. The most active are “NEPCon, LLC”, “Forest certifi-
cation, LLC”, and GFA Consulting GmbH. “NEPCon, LLC”
is a representative of the US company Rainforest Alliance,
and it manages more than 40% of certificates of Russian for-
est management enterprises. “Forest certification, LLC” isa
domestic certification body (28 % of certificates were issued).
The third most important body is a German company called
the GFA, which issued about 11% of certificates. About 70
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auditors are involved in the certification bodies. The choice
of a certification body depends on the cost of rendered ser-
vices in the first place. However, as a matter of practice, the
prestige of a certification body is also considered. Everyyear
ASI (Accreditation Services International —a company that
is in charge of accreditation of auditing companies in the
FSC system) evaluates certification bodies on the quality
of conducted audits and if there are any non-compliances,
accreditation of the respective body can be suspended.

Note: For instance, in 2015 by the decision of ASI an auditing
company Bureau Veritas was deprived of the right to sign new con-
tracts on conducting certification, initial certification audits and to
issue new FSC FM certificates (certificates on forest management)
in Russia. Suspension of the rights of Bureau Veritas was caused
by the fact that the company could not correct the most important
non-compliances with the standards of accreditation in FSC system,
revealed earlier (Report, 2014).

First, we present a graph of certification development of
FM and CoC (Fig. 1), a summary table of the state of certi-
fication by regions of Russia (Table 2), a summary table of
non-compliances revealed by auditors for each principle of
the standard (Table 3) and a list of problems in certification
development. As canbe seen, the first FSC certificate in Rus-
sia on FM was granted in 2000.
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Fig. 1. Development of certification according to the FSC system
in the Russian Federation.

The graph shows that an average growth rate of the
certification of forest lands is 2 — 3 million hectares a year.
The biggest rise was in 2013, when 8 million hectares were
certified (25 certificates were issued on FM and about 80
certificates on CoC).

Theterritory of Russiais divided into 83 constituent terri-
tories with the total forest area of about 750 million hectares.
The distribution of certification development over the Rus-
sian Federation shows that the certification of FM is present
in 25 constituent territories and of CoCin 43 constituent ter-
ritories (Table 2).

Table 2 shows that most certified forest areas are in the
Irkutsk Region, the Arkhangelsk Region, and the Repub-
lic of Karelia. However, if we consider the ratio of certified
forests to the total area of forest land (column F Table 2),
the rank of regions will change — the first three places are
occupied by the Republic of Karelia, the Primorye territory
and the Vologda region. Leased forests are certified in the
first place in Russia. Therefore, if we evaluate the relation-
ship between the area of certified and non-certified rented
forest lands (column G Table 2), then the Republic of Komi
(more than 50% of rented lands), the Vologda region (48%)
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Table 2. Analysis of forest management certification in the Russian regions (as of 2015).

No. Region of Russia A.£1.*, mln. hectares A ren;.e’;;;lsé)susand A cerl:.e’;,t;?:su.]sand AAcc;rlt/ IZ cr:ltt/
A B C D E F G
1 Irkutsk region 69.40 19163 7040" 10.1 36.7
2 Arkhangelsk region 29.10 14513 6447 22.2 44.4
3 Republic of Karelia 14.50 8646 408¢° 28.1 47.2
4 Khabarovsk Territory 73.70 15560 3309 4.5 21.3
5 Komi republic 36.26 6094 3243 8.9 53.2
6 Primorye Territory 11.83 8133 2878 24.3 354
7 Krasnoyarsk Territory 87.60 16644 2691 31 16.2
8 Vologda Region 11.48 5540 2668 233 48.2
9 Leningrad Region 5.68 5300 1245 21.9 23.5
10 Perm Territory 11.98 6501 1006 8.4 15.5
11 Kirov Region 8.10 5824 569 7.0 9.8
12 Tver Region 4.88 2691 429 8.8 16.0
13 Tomsk Region 28.60 4093 363 1.3 8.9
14 Kostroma Region 4.60 1983 312 6.8 15.8
15 Republic of Buryatia 29.63 2730 252 0.8 9.2
16 Novgorod Region 3.90 922 240 6.2 26.0
17 Sverdlovsk Region 15.22 4774 162 1.1 34
18 Amur Region 30.52 4204 120 0.4 2.9
19 Omsk Region 5.92 375 77 1.3 20.6
20 Yaroslavl Region 1.52 1077 68 44 6.3
21 Ulyanovsk Region 1.03 771 58 5.6 75
22 Ryazan Region 0.88 738 56 6.4 75
23 Nizhni Novgorod Region 3.81 2509 37 1.0 1.5
24 Udmurt Republic 2.03 496 29 14 59
25 Vladimir Region 1.46 680 7 0.5 1.1

*A. f.1. — area of forest land; A. rent. — area of rented lands; A. cert. — area of certified forests;

123_indices point out top the three leaders by the corresponding indicators.

Table 3. Non-compliances with the requirements of the certification criteria.

Characteristics of principles Number of non-compliances Problem indicators
No. Numbe.r Number Total Per cent of thg total Code" Numbef
of criteria of indicators number of indicators of non-compliances
A B C D F G H
1 6 20 544 27.2 1.6.6 124
2 3 9 149 16.5 2.1.2 48
3 4 22 6 0.3 311 6
4.2.10 122
4 5 32 921 28.8 4211 135
5.6.5 108
5 6 27 480 17.8 563 49
6.7.1 97
6.3.7 89
6 10 82 2747 33.5 6.2.12 88
6.7.5 83
741 138
7 4 28 655 234 711 65
8.5.1 155
8 5 28 930 332 8.2.7 130
8.2.8 122
9.2.1 72
9 4 25 746 29.8 9.4.1 70
9.3.13 67
10 9 27 0 0 0 0
Total 56 300 7178 23.9

* See the description in Appendix.

and the Republic of Karelia (47%) occupy first positions. The ~ 40%) were detected for principle 6. The three leaders (col-
geographical position of certified forests can be found atthe =~ umn F Table 3) are principles 6, 8, and 9. The description

official website of the Forest Stewardship Council

of problematic indicators (i.e. those for which most non-

Next, we present our findings of non-compliances with ~ compliances were revealed) is in Appendix.
the standard (Table 3). Most non-compliances (more than
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In the first principle “Compliance with laws and FSC
principles”, most discrepancies were detected for indicator
1.6.6 (23% of the total amount of non-compliances for the
indicators of the first principle). The requirement of the indi-
catoris connected with teaching the workers of an enterprise
therequirements for voluntary forest certification. . This indi-
cator is often fulfilled only formally, i.e., training programs
are developed, a report is made, signatures of participants
are available, etc. However, a sample interview with the
employees and inspection of work in the forest often reveal
that required actions were not really taken, and the employ-
ees are not aware of the certification requirements.

In the second principle “Tenure and use rights and
responsibilities”, most non-compliances were detected for
indicator 2.1.2 (32% of the total number of non-compliances
for the indicators of the second principle). The standard
requires that the borders of atimberland are marked in carto-
graphic documents and in forestland. Forest inventory maps
and maps describing planned forest management activities
are the main cartographic documents of forest harvesting
enterprises (Lukashevich & Shegelman 2012). In Russian
forestry, timber land of a forest owner is divided into com-
partments. Borders of compartments must be cleared of veg-
etation and there must be posts at the corners of the compart-
ments. While these requirements are typically fulfilled by the
Russian lumbermen, a big number of non-compliances for
this indicator are connected with the requirement to place
banners with an enterprise contact information. This allows
local population to contact an enterprise to inform about
fires, illegal cutting, poaching, etc.

The third principle is connected with the evaluation of
interaction of an enterprise with indigenous people. Most
comments of auditors were onindicator 3.1.1 (3% of the total
amount of revealed non-compliances for the indicators of
the third principle). This indicator requires to identify the
indigenous peopleliving in a certified territory. The analysis
of auditors’ comments showed that enterprises do not iden-
tify indigenous people sufficiently. For instance, there are no
meetings with stakeholders.

The highest number of non-compliances in the fourth
principle “Community relations and worker‘s rights” was
found for indicators 4.2.10 and 4.2.11 (13% and 15%,
respectively, of the whole number of non-compliances for
theindicators of the fourth principle). According to indicator
4.2.10, an employer must provide the employees with work-
ing clothes and individual protective equipment (IPE), which
must satisfy the requirements of the Instruction of the Inter-
national Labor Organization (ILO, 1998). Besides, workers
are obliged to use the equipment in a proper way (indicator
4.2.11). The auditors identified a lot of non-compliances in
connection with the absence of first aid kits and fire extin-
guishers at working places, or with their expired period of
validity. A number of non-compliances concerns the fact
that many enterprises use outsourcing of forest harvesting
works. In such cases, implementing the required criteria is
even more difficult as contractors or certificate holders are
responsible for the compliance with the standard.

Most non-compliances in the fifth principle (“Benefits
from the forest™) were revealed for indicators 5.6.5 and
5.6.3 (23% and 10%, respectively, of the whole amount of
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non-compliances for the principle). Indicator 5.6.5 requires
additional information for a technological map such as key
habitats, measures for forest conservation and protection
and the terms of their implementation, parking area for
machinery, area for warehousing of industrial and domes-
tic waste, activities for disposal and recycling of waste. As
the analysis of reports showed, this requirement is often not
implemented.

In the fifth principle, the noteworthy indicators are 5.6.2
and 5.6.3 that specify the annual harvest level to ensure sus-
tainable use of forests in the long term. An enterprise works
in the framework of a lease contract of a forest area and a
forest development plan, in which the annual harvest level
is given. However, this information is often overestimated
during forest planning as there is no up-to-date information
on forests in Russia (forest inventoryis 15— 20 years out-of-
date). Besides, the established method of annual harvest level
calculation does not consider losses of merchantable tim-
ber due to fires, forest diseases, outbreaks of phytophagous
invertebrates and mass windfalls. An auditor must evaluate
how an enterprise considers these factors in its activity.

The highest number of non-compliances was detected for
principle 6 (“Environmental impact™), which requires that a
certified enterprise has developed and introduced the system
of Environmental Impact Assessment (EIA). An enterprise
must identify the objects which are important from the point
of ecology and which might be influenced by the activity of
the enterprise. The extent of the possible impact and recom-
mendations onits reduction must be indicated as well. About
2,800 non-compliances with the standard accounted for the
sixth principle (35% of all the detected non-compliances).

Indicators 6.7.1,6.7.5 are the most problematic (4% and
3%, respectively, of the whole amount of non-compliances
for the indicators of the sixth principle). These indicators
are connected with the breach of instructions on keep-
ing combustive and lubricating materials and recycling of
industrial and domestic waste. Many non-compliances were
detected also for indicator 6.2.12 (3% of the whole amount
of non-compliances for the indicators of the sixth principle),
connected with the training of enterprise employees on the
introduced EIA system.

The seventh principle of the standard is connected with
the content of a forest management plan of an enterprise.
Most non-compliances were identified for indicator 7.4.1
(21% of allnon-compliances detected for the principle). The
indicator demands that a summary of forest management
plan without any confidential information must be acces-
sible to the public (available on the Internet, at administra-
tion bodies, sent to the stakeholders, etc.).

A forest management certificate holder must conduct
monitoring of his activity based on the indicators that are
listed in the standard (principle 8). The organization should
have a documented monitoring program, which describes
parameters to be monitored (13 indicators are monitored).
This information along with the forest management plan
must be accessible to the public, which is rarely realized at
domestic wood enterprises, and therefore non-compliances
are detected forindicator 8.5.1 (17% of the whole amount of
non-compliances for the indicators of the eighth principle).



V. Lukashevich et al. / Lesn. Cas. For. J. 62 (2016) 48-55

In principle 8, two indicators on monitoring 8.2.7 and
8.2.8 need to be commented as these indicators were found
quite problematic for the leaseholders (14% and 13%,
respectively, of the whole amount of non-compliances for
the indicators of the eighth principle). The indicators imply
thatan enterprise must collect and analyze basic information
on population dynamics of main species of plants, animals
and mushrooms that are present at a certified territory. The
information on the dynamics of change in the quantity of
protected species also needs to be collected and analyzed.

The mainnon-compliances in the ninth principle (“Main-
tenance of high conservation value forests”) concerned the
fact that an enterprise does not consult detection, conserva-
tion and management of HCVF (indicator 9.2.1) with stake-
holders; it does not include the information on the extent to
which HCVF are protected within the network of representa-
tive samples of existing ecosystems (indicator 9.3.13); and
it does not conduct annual monitoring of HCVF (indicator
9.4.1) (10%, 9% and 9%, respectively, of all non-compliances
detected for the principle).

Over the recent ten years the certification by the FSC
system has been developing quickly and relatively evenly in
Russia. Data analysis shows rapid growth of certification
development in Russia. The increase in the certified area
presented in this study is likely to be related to the effect of
the EU regulations No. 995/2010 and the Revised Lacey Act
that putliabilities on importers of forest goods to the markets
of the USA and the EU for proving the legal origin of wood
products. Importers (operators) are obliged to demand docu-
mentary proofs from suppliers that the bought products do
not contain wood harvested with violations of the laws of the
country from which the wood is exported.

Russia is in the second position in the world by the area
of the forests certified by the FSC system. However, a ratio of
the certified forest area to the area of managed timber lands
provides a different perspective. For Russia the value of this
indicator is 5.3, while, for example, for Canada it is 17, for
the USA 4.3, for Sweden 39, etc.

Asimilar situation can also be seen inside Russia. In abso-
lute numbers, the leading regions are the Irkutsk Region, the
Arkhangelsk Region and the Republic of Karelia. In the rela-
tive terms, the Republic of Komi, the Vologda region and the
Republic of Karelia occupy the first positions. Besides the area
of certified forests, evaluation by the number of leaseholders
is also demonstrative. About 13,000 lease contracts are for
harvestingwood, while only 5 —6% of them are certified. Prac-
tically all big enterprises have already certified their rented
forests, whereas small and medium-sized enterprises are
not interested in the certification procedures. This situation
resultsin an obviouslack of the FSC certified wood in Russia.

Despite Russia’s leading positions in certification on
FM, the development of CoC is progressing slowly. Russia
takes the 19th place by the number of CoC certificates. If we
consider the ratio of the number of certificates on CoC to the
area of certified forests, the position of Russia decreases to 33.

Since the FSC certification continues developing in
Russia, there is a demand for auditors, and their number is
expected to grow. Higher educational institutions introduced
asubject that teaches the specific requirements of voluntary
forest certification. Students get acquainted with certifica-

tion procedures and can be involved in the work of forest
management enterprises as both certification auditors and
trainees at audits.

We found that the majority of problems concerned the
detection of HCVF, development of EIA, detection of key
habitats, and detection and conservation of representative
samples of existing ecosystems within the landscape.

The most problematic HCVF for certified lumbermen
are intact forest landscapes (Greenpeace, 2014). This type
of forests is not considered in the system of Russian forestry
and is leased out for harvesting. To fulfill the requirements
of the FSC standard, certified leaseholders must voluntarily
resign their exploitation of such forests. In fact, forest own-
erswho excluded the HCVF from their management are less
competitive than forest owners who did not do this. At the
same time, there is no compensation mechanism supporting
forest owners to treat HCVF in line with the standard.

Environmental impact assessment is a new and a diffi-
cult task for most of leaseholders. This requirement is not
included in the Russian forest legislation and lumbermen
typically need to consult experts about how to comply with
the standard’s requirements.

The organization is expected to establish a network of
representative samples of existing eco-systems within the
forestareato be certified, which can provide the preservation
of the diversity of landscapes, ecosystems, habitat types and
local flora and fauna, what also requires experts’ support.

Identification and conservation of key habitats is another
problem for forest users, mainly because of contradictions
between the FSC standard and the Russian forest legislation.
Specifically, abandonment of key habitats during clear-cut
harvesting is a violation of wood harvesting rules in Russia.

The costs of fulfillment implementation of the FSC stan-
dard also hamper the voluntary forest certification. Practi-
cally all big timber processing companies of Russia certified
their forests, however, for other lumbermen the procedure of
certification still remains expensive, and this can drive small
enterprises out of the market. This problem can be faced via
group certification that unites small leaseholders.

Not onlyleaseholders of forest areas but also forest own-
ers must participate in the development of certification. A
Part of the certification requirements, especially those on
the detection of HCVF or the analysis of representativeness
of rare eco-systems in a forest area, could be carried out at
the expense of the state. This would reduce the expenses
on certification, which could be supportive mainly to small
enterprises.

There is also a problem with increasing shortage of tim-
ber for certified products. In order to raise economic security
of aregion, itis necessary to analyze the perspectives of devel-
opment of certification within the region from the following
viewpoints: the area of certified forests and volumes of their
harvesting, the area of non-rented areas and areas that pro-
vide opportunities for harvesting, list of timber processing
enterprises, and review of existing and potential consumers.
This information will allow to evaluate the progress of certi-
fied production in the regions; it will also allow improving
economic security of the region by developing recommenda-
tions on optimization of supplies between manufacturers and
consumers of certified products.
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4. Conclusions

Despite the existing problems of development of certifica-
tion in Russia, certification remains one of the instruments
for achieving sustainable forest management, which means
carrying out forestry activities with minimization of environ-
mental impact, keeping an opportunity to use all the good that
the forests provide to the present-day generations for future
generations.

On the one hand, voluntary forest certification favors the
growth of ecological (conservation of biodiversity, rational
use of forest resources, etc.) and social responsibility of for-
est users (preservation and security of traditional rights of
population). At the same time, certification also supports
the economic efficiency. Year by year the demand on certi-
fied productsisincreasing, especially at ecologically-sensitive
markets of the USA and Europe. As a result of the survey of
the certified companies, the following positive moments of
having a certificate were noted: improvement of company’s
reputation, access to new clients and markets, rise in sale to
existing clients, and retention of the market share.

Thus, voluntary forest certification became a quite impor-
tant factor, defining economic stability of forest exploita-
tion of the country’s timber processing regions. In order to
increase economic security of a region against the problems
with export of forest production it is necessary to develop
voluntary forest certification by means of a closer interaction
in the field of forest exploitation among the state, business
organizations and the public.
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Appendix
The most problematic indicators of the FSC national standard in Russia
Problematic indicator Number of r.evealed Percent qf all
non-compliances non-compliances

1.6.6. The requirements of the Russian National FSC Standard shall be explained to staff. 124 23

2.1.2. The boundaries of the area shall be mapped and can be identified on site. 43 32

4.2.10. Forest workers shall be provided with personal protective equipment. 122 13

4.2.11. The requi.rements of health and sa.fety regulations, including the use of relevant tools and machines and 135 15

work clothing and personal protective equipment shall be adhered to by the staff.
5.6.3. The annual harvest level shall ensure the sustainable use in the long-term. 49 10

5.6.5. The technological map shall contain at least the following information: location, including district forest
management unit, forest group, numbers of blocks, sections, harvest areas; type of management operation
(use); type and technique of harvesting or type of resource harvested; grade of harvested timber; size of
harvest area; pre-harvest stand composition; area at which young growth shall be retained; AAC for the
leased area in terms of timber and/or other forest resources; indication which trees shall and shall not be 108 23
harvested; timelines for timber harvesting and removal from forest; non-exploitable areas, other retention
stands/stand elements; forest protection measures and their timelines; method for clearing the harvest
area; peculiarities of harvesting techniques; forest regeneration activities; bays, industrial and household
waste disposal sites; waste removal/disposal operations.

6.2.12. The staff shall be aware of materials about rare, threatened and endangered species of plants, animals and
fungi and the list of game species occurring within the certified forest area, their typical key habitats as well 88 3
as measures for protecting these species.

6.7.1. Chemicals, their containers, liquid and solid nonorganic wastes, including fuel, oil and highly inflammable

liquids shall be stored and managed in line with applicable administrative rules and regulations. 7 4
6.7.5. Industrial and household waste shall be managed in consistency with applicable regulations. 83 3
7.4.1.The Primary elements of the forest management plan except confidential information shall be available to 138 21
public.
8.2.7. Information permitting to assess the composition of flora and fauna and its changes in relation with the
forest management shall be collected and analyzed. 130 14
8.2.8. Information on changes in the populations of rare, threatened and endangered species of plants, animals
and fungi shall be collected and analyzed. 122 B
85.1.A summary of the monitoring results of parameters, except confidential information, shall be available to 155 17
the public.
9.2.1. The organization shall conduct consultations with a wide range of stakeholders to identify, protect and 7 10
manage HCVE
9.3.13. The Public Summary of‘the forest management p[an.shall contain infqrrpation of the extent to which 67 9
HCVF are protected within the network of representative samples of existing ecosystems.
9.4.1. The effectiveness of the measures employed to maintain or enhance the characteristics of HCVF shall be 70 9

determined on the basis of findings of annual monitoring.
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Abstract

Non-forest woody vegetation represents an important component of green infrastructure in the agricultural landscape, where natural and
semi-natural forest cover has only a low land use proportion. This paper focuses on linear woody vegetation structures along roads in the
agricultural landscape and analyses them in three study areas in the Nitra Region, Slovakia. We evaluate species composition and diver-
sity, species occurrence frequency or spatial distribution, their structure according to relatively achievable age and origin. For the evalu-
ation of occurrence frequency, a Frequency Factor was proposed and applied. This factor allows a better comparison of different study
areas and results in more representative findings. The study areas were divided into sectors based on visual landscape features, which are
easily identifiable in the field, such as intersections and curves in roads, and intersections of roads with other features, such as cadastral
or land boundaries, watercourses, etc. Based on the species abundance, woody plants present within the sectors were categorised into 1)
predominant, 2) complementary and 3) mixed-in species; and with regard to their origin into 1) autochthonous and 2) allochthonous.
Further, trees were categorised into 1) long-lived, 2) medium-lived and 3) short-lived tree species. The main finding is that among trees,
mainly allochthonous species dominated. Robinia pseudoacacia L. was the predominant tree species in all three study areas. It was up to
4 times more frequent than other predominant tree species. Introduced tree species prevailed also among complementary and mixed-in
species. Among shrubs, mainly native species dominated, while non-native species had a significantly lower proportion and spatial dis-
tribution. Based on these findings, several measures have been proposed to improve the overall ecological stability, the proportion and
spatial distribution of native woody plant species. The recommendations and measures aim at enhancement of native species biodiver-
sity, landscape identity and character, in order to meet the main landscape and biodiversity challenges identified in key biodiversity and
landscape policies of Europe.

Key words: biodiversity; climate change; cultural landscape; green infrastructure; landscape architecture
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woody vegetation formations are purposefully designed
elements in cultural landscapes, which have been created
in order to support optimal and efficient land use (Kurz et
al. 2011; Supuka et al. 2013; Demkova & Mida 2014), they
have an indispensable position in our landscape, since they
participate in the comprehensive formation of the landscape
character, especially in scarcely forested flatlands with domi-
nance of light and dry soils. Furthermore, they protect the
landscape against erosion; function as bio-corridors and
linkages between landscape sections; regulate the climate,
including wind movement; prevent expansion of dust and
noise and affect the radiation, temperature and moisture
regimes of air and soil (Lampartova et al. 2015).

Introduction

Non-forest woody vegetation structures represent impor-
tant compositional elements and green infrastructure
components in current rural agricultural landscapes. They
significantly form the visual and perceptual quality of cur-
rent landscapes, their structure and character. They make
landscapes more diverse and consequently more variable
in spatial patterns and mosaics (R6zova 2004; Bell 2005;
Demkova & Lipsky 2013). Current landscape structures can
be considered contingent outcomes of past and present land
uses, socio-economic and ecological processes and decisions
that have shaped land use transitions (Supuka & Stépankova
2006; Rounsevell et al. 2012). Creation of woodland struc-

tures is considered as an important landscape design tool
for planning and creating agricultural areas. Planting of
new woodlands on farmland changes land use patterns and
enhances the appearance of the landscape (Insley et al. 1988;
Salagova & Stépan 2007). The woody component along field
edges often provides the only permanent elements of struc-
tural and biological diversity in landscapes that have lost
much of their naturalness in the process of urbanisation and
intensification of agriculture (Sitzia et al. 2013). Non-forest

It is obvious that non-forest woody vegetation has many
functions and provides a wide range of ecosystem services
as mentioned above. It fulfils the main principle of sustai-
nable and resilient landscapes, which according to Kondpka
(2010) consists in their multifunctionality. According to
Schaefer (1991) and Kuhnetal. (1991), trees are essential in
sustainable agricultural systems to provide continuous and
long-term crop and resource protection and a wide range
of valuable benefits. Our landscapes are exposed to conti-
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nuously increasing effects of the changing climate (Brandle
et al. 2004), including drought risk that threatens not only
forests (Hlasny et al. 2014) but also agricultural landscapes
(Supuka et al. 2013). Melo et al. (2013) state that climate
has become warmer and more arid in the adjacent lowlands
of Slovak Carpathians, e.g. in the Danube Lowland, where
all the three study areas presented in this paper are situated.
Hlasny et al. (2014) expect substantial drying of climate in
southern Slovakia, which will require a change in species
composition towards a higher proportion of drought tole-
rant species. The composition and diversity of woody plant
species are also tackled by the EU Biodiversity Strategy to
2020 (European Commission 2011), which aims at conser-
vation and protection of Europe’s biodiversity, including
native woody plants, which are often displaced or out-com-
peted by alien species. Native species represent according to
the EU Biodiversity Strategy the core of the common Euro-
pean natural capital and heritage and their higher propor-
tionin the landscape would significantly contribute to biodi-
versity enhancement. The literature review has shown that
there are many studies on the function and importance of
non-forest woody vegetation, however there is alack of pro-
found knowledge of their current species composition and
diversity. The goal of this paper is therefore to assess spe-
cies composition and diversity of woody plants accompany-
ing roads in the agricultural landscape. The field research
has been conducted in three study areas, which are repre-
sented by cadastral territories of three rural municipalities
in the Nitra Region - Tvrdo$ovce, Dvory nad Zitavou and
Kolinany. The aims of this study are: 1) to evaluate species
composition and diversity of woody plants; 2) to evaluate the
ratio of autochthonous to allochthonous woody plant spe-
cies; and 3) to evaluate the proportion of long-lived, mediu-
m-lived and short-lived woody plant species. Based on these
findings, specific objectives will be defined, with the aim to
increase the existing proportion of native and gradually lower
the proportion of non-native woody plant species. This mea-
sure aims atimprovement of the overall native biodiversity in
woodland structures in the agricultural landscape, which at

the same time helps to mitigate the impact of the changing
climate and to overcome potential drought risks in the future.

2. Material and methods

The study has been conducted in three study areas (cadas-
tral territories of three rural municipalities) — TvrdoSovce,
Dvory nad Zitavou and Kolinany, all located in the Nitra
Region, in south-western Slovakia. The three study areas
have been chosen based on comparable predominant land
use (agriculture), geographical, geomorphological, climate,
mean annual precipitation and potential natural vegetation
characteristics. The study areas have an area of 55.56 km?
(Tvrdo$ovce), 63.85 km? (Dvory nad Zitavou) and 12.50 km?
(Kolinany). TvrdoSovce islocated approximately 30 km from
Nitra to south-west, Dvory nad Zitavou approximately 45 km
from Nitra to south-east and Kolinany approximately 10 km
from Nitra to north-east.

Tvrdosovce and Dvory nad Zitavou are located in a typi-
cal agricultural landscape of the Danube Lowland, with an
average altitude of 120 m a.s.1., while Kolinany is located in
a rather hilly upland landscape, with an average altitude of
199 m a.s.l. The woodland cover ranges from 0.04% (Dvory
nad Zitavou), through 0.07% (Kolifany), up to 1.00% (Tvr-
dosovce). In all three study areas, productive agricultural
land (mainly arable land, with a low proportion of orchards
and vineyards) has a high land use proportion ranging from
75.30% (Kolinany), through 82.00% TvrdoSovce, up to
87.58% (Dvory nad Zitavou).

Within each study area, the mapping of non-forest
woody vegetation was carried out. In TvrdoSovce, the map-
ping has been focused on accompanying woody vegetation
of side roads in the open landscape connecting the municipa-
lity and the surrounding settlements. The mapping in Dvory
nad Zitavou has been conducted in the south-eastern (S/E)
and north-western (N/W) parts of the study area. The S/E
part is mainly covered by agricultural land use, with scatte-
red woodland spots. The N/W part is also covered mainly

PL

1 TvrdoSovce
2 Dvory nad Zitavou
3 Kolifany

Fig. 1. Location of the three study areas in the Nitra Region and Slovakia.
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by arable land, orchards and vineyards. In Kolinany, the
emphasis was on linear non-forest woody vegetation ele-
ments within the entire study area. The same methodology
of data collection has been applied in all three study areas.
Non-forest woodlands have been studied along field roads,
since these represent a very significant proportion of wood-
lands in areas where agriculture is the predominantland use.

Woody plant species have been studied along roads in
the agricultural landscape in study areas of the three rural
municipalities. Tree and shrub species have been analysed
and evaluated separately. The linear non-forest woody vege-
tation structures have been divided into separately asses-
sed sectors — TvrdoSovce (31 evaluated sectors), Dvory nad
Zitavou (31 evaluated sectors). Kolinany (21 evaluated sec-
tors). The sectors have been established based on identifiable
physical structures and features in the landscape, such as
land, land use, built-up-area or administrative boundaries,
intersections of roads or other patterns such as watercour-
ses, railways, changes in direction of roads. The aim of this
method was to have easily identifiable and observable phy-
sical structures to be mapped and documented in the field.
The length of the sectors does not have a significant impact
onthe presence, distribution and density of non-forest woody
vegetation and its species composition and diversity, since
the distribution of vegetation is very variable — from sec-
tions without woody plants, through sections with indivi-
dual woody plants or small groups of woody plants, up to
semi-dense and dense linear woodland structures. There-
fore, division into sectors of the same length would compli-
cate an accurate identification of sectors in the field and lead
to unrepresentative results, i.e. the sectors would not have
been comparable in terms of vegetation cover. Therefore, the

studied sectors could not be of same length. For each sec-
tor, the abundance of woody species was visually estimated
using three categories: predominant, complementary and
mixed-in, described in detail in Table 1.

Table 1. Categories used for the abundance estimation of woody
plant species.
Role in species composition

Description

Predominant species the most frequent species in the assessed sector of
non-forest woody vegetation structure, total proportion
ranging from 51 to 100%

Complementary species frequent species, complementing the predominant spe-
cies, total proportion ranging from 11 to 50%

Mixed-in species minor or rare species, usually small groups or individual

admixture, total proportion up to 10%

Based on the Decree No. 24 of the Ministry of Environ-
ment of the Slovak Republic from January 9 2003, which
implements the national Act No. 543/2002 on Nature and
Landscape Protection, the species were distinguished with
respect to their origin and relatively achievable age. For
species origin two categories were used, autochthonous
and allochthonous. Relatively achievable age was classified
within three categories (Table 2).

Table 2. Categories of relatively achievable age of woody plant
species.

Relatively achievable age Description

Long-lived species high or significantly high relative age, i.e. 200 - 500 or
more than 500 years

Medium-lived species medium age, 100 — 200 years
very low or low age, up to 50 years or between 50 and 100

Short-lived species years; includes all shrub species

Fig. 2. Division of linear woody vegetation structures into sectors, example from the study area TvrdoSovce.
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The frequency of occurrence of species has been evalua-

ted within each study area, based on the following formula:
S

F,=—

S

t

Where (F) is the Frequency Factor of occurrence of the spe-
cies as predominant/complementary/mixed-in species; (S )
is the number of sectors, where the species has been identi-
fied as predominant/complementary/mixed-in species and
(S) is the total amount of assessed sectors in the study area.

The Frequency Factor has been developed by the authors
to enable a better comparability of species composition and
diversity between the different study areas. The proposed
methodology aims to fill the methodological gap in asses-
sing woody plant species composition and diversity in linear
woodlands along roads, since currently there is no particu-
lar methodology tackling this issue.

The recommendations and measures on species compo-
sition enhancement proposed in the results are mainly based
on Slovak and European legal political or strategic docu-
ments: the Slovak National Act No. 543/2002 on Nature
and Landscape Protection, the EU Biodiversity Strategy to
2020 and the European Landscape Convention (Council of
Europe 2000).

3. Results

The complete overview of documented tree and shrub species
in the three study areas is elaborated in the Appendix 1-3.

3.1. Predominant tree species

Among the predominant tree species (in total 19 species),
only Robinia pseudoacacia L., Populus alba L., Salix alba L.
and Populus nigra L. are classified as predominant within
each study area. The highest Frequency Factor in all three

study areas has Robinia pseudoacacia L. (TvrdoSovce 0.52;
Dvory nad Zitavou 0.45 and Kolitiany 0.24), while for other
species it is much lower, ranging from 0.19 to 0.03. This
clearly shows how widely distributed is this allochthonous
medium-lived species.

Predominant tree species occurring in two of the three
study areas are: Fraxinus excelsior L. (F < 0.19); Prunus
domestica L. (F < 0.19); Negundo aceroides Moench (F_ <
0.07); Juglans regia L. (F,=0.03).

Predominant tree species occurring in one of the three
study areas are: Prunus cerasifera Ehrh. (F, = 0.13); Acer
platanoides L. (F, = 0.07); Fraxinus angustifolia Vahl (F =
0.07); Gleditsiatriacanthos L. (F,=0.07) and other tree spe-

cies with a Frequency Factor of 0.03 (Acer saccharinum L.;
Ailanthus altissima (Mill.) Swingle; Fraxinus ornus L.; Morus
alba L.; Morus nigra L.; Populus x canadensis Moench; Tilia
platyphyllos Scop.).

Concerning tree species origin, 58 % of species are alloch-
thonousand42% autochthonous. The most frequent predom-
inant tree species, Robinia pseudoacacia L. is allochthonous.
The most frequent autochthonous tree species are Populus
alba L. and Salix alba L., followed by Populus nigra L. and
Fraxinus excelsior L. (0.13 <F <0.19). The most frequent
allochthonous tree species (excluding Robinia pseudoacacia
L.) are Prunus domestica L.; Negundo aceroides Moench;
Juglans regia L.; Prunus cerasifera Ehrh. and Gleditsia tria-
canthos L., descending respectively (0.03 <F <0.19).

Concerning the relatively achievable age, most of the
predominant tree species are medium-lived, represen-
ting 58% (F < 0.52), followed by short-lived tree species
(31.5%; F < 0.19) and long-lived tree species (10.5%;
F <0.07).

Abbreviations used in the figure 3: Robinia pseudoacacia
(RP), Populus nigra (PN), Salix alba (SA), Prunus cerasifera
(PC), Fraxinus angustifolia (FA), Gleditsia triacanthos (GT),
Fraxinus excelsior (FE), Prunus domestica (PD), Negundo
aceroides (NA), Juglans regia (JR).

0.6
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047 B Studyarea 1
o Study area 2
m Study area 3

0.3

0.2 1 — —

0.1 I
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RP PN SA PC FA
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Fig. 3. Overview of the most important predominant tree species in the three study areas based on their Frequency Factor (F ).
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Fig. 4. Overview of the most important predominant tree species in the three study areas based on their origin weighted by their Fre-
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Fig. 5. Overview of the most important predominant tree species based on their relatively achievable age weighted by their Frequency

Factor (F))

3.2. Complementary tree species

The most frequent complementary tree species (from 22
species in total) are Prunus cerasifera Ehrh. (F = 0.32) and
Juglans regia L. (F < 0.26), both allochthonous fruit tree
species.

Complementary tree species occurring in two of the three
study areas are: Juglans regia L. (0.07 <F_<0.26); Robinia
pseudoacacia L. (0.07 <F_<0.16); Malus domestica Borkh.
(0.07 <F <0.14); Prunus domestica L. (0.03 <F_<0.10);
Fraxinus excelsior L. (0.05 < F_<0.07); Populus alba L.
(F,=0.07).

Complementary tree species occurring in one of the three
study areas are: Prunus cerasifera Ehrh. (F = 0.32); Fraxi-
nus angustifolia Vahl (F = 0.16); Fraxinus ornus L. (F =
0.13); Populus x canadensis Moench (F = 0.13); Ailanthus
altissima (Mill.) Swingle (F = 0.10); Salix fragilis L. (F, =
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0.10) and other tree species with a Frequency Factor rang-
ing from 0.07 to 0.03 (Acer campestre L.; Cerasus avium
(L.) Moench; Negundo aceroides Moench; Populus nigra
L.; Salix alba L.; Acer platanoides L.; Acer pseudoplatanus
L.; Pyrus communis L. emend. Burgsd.; Sorbus aucuparia L.
and Ulmus minor Mill.).

Concerning origin, 41% of the documented tree species
are allochthonous and 59% autochthonous. The most fre-
quent autochthonous tree species are Fraxinus excelsior L.;
Populus alba L.; Fraxinus angustifolia Vahl; Fraxinus ornus
L. and Salix fragilis L., descending respectively (0.07 <F_<
0.16). The most frequent allochthonous tree species are
Prunus cerasifera Ehrh.; Juglans regia L.; Robinia pseudo-
acacia L.; Malus domestica Borkh. and Populus x canadensis
Moench, descending respectively (0.07 <F <0.32).

Concerning the relatively achievable age, most of the
complementary tree species are short-lived, representing
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50% (F ,<0.32), followed by medium-lived tree species (36%;
F <0.26) and long-lived tree species (14%; F_<0.07).

3.3. Mixed-in tree species

The most frequent mixed-in tree species (from 37 species in
total) are Prunus cerasifera Ehrh. (F = 0.42); Juglans regia
L. (0.10<F <0.29) and Ailanthus altissima (Mill.) Swingle
(F,=0.29), all three of them allochthonous species.

Mixed-in tree species occurring in all three study areas
are: Juglans regia L. (0.10 <F, <0.29) and Populus nigra L.
(0.03<F, <0.19).

Mixed-in tree species occurring in two of the three study
areas are: Cerasus avium (L.) Moench (0.14 <F <0.19);
Salixalba L. (0.03<F <0.16); Populus alba L. (0.13<F <
0.16); Prunus domestica L. (0.07 <F_<0.10) and other tree
species with a Frequency Factor ranging from 0.07 to 0.03
(Acerplatanoides L.; Robinia pseudoacacia L..; Acer sacchari-
num L. and Populus tremula L.).

Mixed-in tree species occurring in one of the three study
areas are: Prunus cerasifera Ehrh. (F, = 0.42); Ailanthus
altissima (Mill.) Swingle (F =0.29); Malus domestica Borkh.
(F,=0.16); Morus alba L. (F, = 0.13); Negundo aceroides
Moench (F,=0.13); Aesculus hippocastanum L. (F = 0.10);
Fraxinus excelsior L. (F,=0.10); Morus nigra L. (F,=0.10);
Pyrus communis L. emend. Burgsd. (F =0.10) and other tree
species with a Frequency Factor ranging from 0.07 to 0.03
(Catalpa bignonioides Walt.; Fraxinus ornus L.; Populus x
canadensis Moench; Pyrus pyraster (L.) Burgsd.; Quercus
robur L.; Ulmus minor Mill.; Acer pseudoplatanus L.; Carpi-
nus betulus L.; Celtis occidentalis L.; Gleditsia triacanthos L.;
Platycladus orientalis (L.) Franco; Populus simonii Carriére;
Tilia platyphyllos Scop.; Ulmus glabra Huds.; Ulmus laevis
Pall.; Pinus sylvestris L.; Betula pendula L.; Picea abies L.

Concerning origin, 49% of the documented mixed-in
tree species are allochthonous and 51% autochthonous.
The most frequent autochthonous tree species are Populus
nigra L.; Cerasus avium (L.) Moench; Salix alba L.; Populus

alba L. and Fraxinus excelsior L., descending respectively
(0.03<F <0.19). The most frequent allochthonous tree spe-
cies are Prunus cerasifera Ehrh.; Juglans regia L.; Ailanthus
altissima (Mill.) Swingle; Malus domestica Borkh.; Morus
alba L. and Negundo aceroides Moench, descending respec-
tively (0.10<F <0.42).

Concerning the relatively achievable age, most of the
mixed-in tree species are medium-lived, representing 43%
(F,<0.29), followed by short-lived tree species (38%; F <
0.42) and long-lived tree species (19%; F < 0.07).

3.4. Predominant shrub species

Among the predominant shrub species (in total 8 species),
Sambucus nigra L. is the only one occurring in all three study
areas (0.14<F <0.65).Theother predominant shrub species
reach a Frequency Factor of maximum 0.29, whichillustrates
very well the wide distribution of this autochthonous species.

Predominant shrub species occurring in two of the three
study areas are: Rosa canina L. (0.24 <F_<0.29); Salix
caprea L. (0.07<F_<0.19).

Predominant shrub species occurring in one of the three
study areas are: Prunus spinosa L. (F = 0.23); Rhus typhina
L. (F,=0.14) and other species, such as Euonymus europaeus
L.; Lycium barbarum L. and Syringa vulgaris L. (0.03<F <
0.07).

Concerning origin, 37.5 % of the documented shrub spe-
ciesare allochthonousand 62.5 % autochthonous. The most
frequent predominant shrub species, Sambucus nigra L. (F,
<0.65), is autochthonous. The most frequent shrub species
are autochthonous (0.07 <F_<0.65), while allochthonous
species have only a low frequency and special distribution
(0.03<F, <0.14).

Abbreviations used in the figure : Sambucus nigra (SN),
Rosa canina (RC), Salix caprea (SC), Prunus spinosa (PS),
Rhus typhina (RT), Euonymus europaeus (EE), Lycium bar-
barum (LB), Syringa vulgaris (SV).

0.7
0.6 m Studyarea 1
o Study area 2
0.5 m Studyarea 3
0.4 -
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0.2 —
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SN RC PS SC RT EE Other
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Fig. 6. Overview of the most important predominant shrub species in the three study areas based on their Frequency Factor (F).
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3.5. Complementary shrub species

Among the complementary shrub species (in total 10 spe-
cies), Prunus spinosa L. is the only one occurring in all three
study areas (0.07 <F_<0.13).

Complementary shrub species occurring in two of the
three study areas are: Rosa canina L. (0.10 <F <0.39) and
Sambucus nigra L. (F =0.19).

Complementary shrub species occurring in one of the
three study areas are: Hippophae rhamnoides L. (F = 0.14);
Euonymus europaeus L. (F = 0.13); Swida sanguinea (L.)
Opiz (F = 0.13); Lycium barbarum L. (F = 0.10) and other
species, such as Ligustrum vulgare L.; Rubus fruticosus L.
agg. and Tamarix tetrandra Pall. (0.03 <F_<0.05).

Concerning origin, 30% of the documented shrub spe-
cies are allochthonous and 70% autochthonous. The most
frequent complementary shrub species are all native. Alloch-
thonous species have only alow frequency of occurrence and
spatial distribution (0.03 <F <0.14).

3.6. Mixed-in shrub species

Among the mixed-in shrub species (in total 12 species),
RosacaninaL. (0.13<F_<0.26) and Prunus spinosa L. (0.10
<F,<0.16) are the only species occurring in all three study
areas.

Mixed-in shrub species occurring in two of the three
study areas are: Sambucus nigra L. (0.13 <F <0.26) and
Ligustrumvulgare L. (0.03 <F_<0.07).

Mixed-in shrub species occurring in one of the three study
areas are: Swida sanguinea (L.) Opiz (F = 0.19); Euonymus
europaeus L. (F = 0.13); Crataegus monogyna Jacq. (F =
0.10); Elaeagnus angustifolia L. (F = 0.10) and other spe-
cies, such as Syringavulgaris L.; Lycium barbarum L.; Rham-
nus catharticus L. and Mahonia aquifolium (Purch) Nutt.
(0.03<F, <0.07).

Concerning origin, 33% of the documented shrub spe-
cies are allochthonous and 67% autochthonous. The most
frequent mixed-in shrub species are all native. Allochthonous
species have only a low frequency of occurrence and spatial
distribution (0.03 <F_<0.10).

3.7. Species composition and diversity —
proposed measures and changes

Considering the relatively achievable age, the propor-
tion of long-lived tree species is significantly lower compa-
red to medium-lived and short-lived species and the species
diversity is also very low — only two long-lived autochtho-
nous tree species occur, with a very low distribution or frequ-
ency. In complementary tree species, the diversity of native
speciesis higher than the diversity of allochthonous species;
however native tree species have amuch lower spatial distri-
bution and quantitative proportion. Considering the relati-
vely achievable age, the proportion of long-lived trees is very
low compared to medium-lived and short-lived species, while
the species diversity is also very low — only three long-lived
autochthonous tree species occur among complementary
species, with a very low distribution.
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Based on the findings of the field research and according
to several national and international policy documents - the
Slovak National Act No. 543/2002 on Nature and Landscape
Protection, the EU Biodiversity Strategy to 2020, the Euro-
pean Landscape Convention and authors Kurzet al. (2011),
Sitziaetal. (2013), Supukaetal. (2013), itis necessary, that
native plant species are enhanced in the landscape, since they
significantly impact the regional and local landscape iden-
tity, character and visual design. It is therefore highly recom-
mended that regionally suitable native woody plant species
are preferred to non-native woody plant species, as required
by the Slovak National Act No. 543/2002. However, in our
literature review, we have not found any recommendations
on exact numbers, percentage or proportion of native and
non-native woody plant species. We recommend therefore
50% as the minimum proportion of native woody plant spe-
cies in the landscape, in order to avoid dominance of alien
woody plant species. This results in the following measures
and recommendations:

1) To continuously increase the current proportion of
native tree species, suitable for the specific area based on
the potential natural vegetation (this means an increase by at
least 8% for predominant species from 42% to at least 50%).
Complementary (59%) and mixed-in native species (51%)
have a higher proportion than non-native species; it is the-
refore recommended to sustain and ideally increase this pro-
portion by future plantings. The aim of this proposal is to
have as high proportion of regionally suitable native species
aspossible, but atleast more than the half of the species - this
measure would enhance not only the native biodiversity as
proclaimed in the EU Biodiversity Strategy to 2020, but also
theidentity of the locallandscapes as proclaimed by the Euro-
pean Landscape Convention.

Native shrub species prevail in all study areas and in all
abundance categories (for categories see Table 1) — as in
terms of species diversity, as well as in terms of spatial dis-
tribution and frequency of occurrence. It is therefore propo-
sed to sustain and ideally increase the proportion of native
shrub species, suitable for the specific area based on the
potential natural vegetation. This would mean a preference
of regionally suitable native species to alien species as requi-
red by the Slovak National Act No. 543/2002 on Nature and
Landscape Protection.

2) It is recommended to have a proportion of at least
30 % of long-lived regionally suitable native tree species in
non-forest woodland structures in the agricultural landscape
(Supuka 1992; Supuka et al. 2013). It is therefore recom-
mended to continuously increase the proportion of long-lived
regionally suitable native tree species to at least 30% (from
the current 10.5% in predominant species; 14% in comple-
mentary species and 19% in mixed-in species). The aim of
this measure is to enhance long lasting natural features in
the landscape, which is important for landscape perception
proclaimed in the European Landscape Convention.

3) To continuously increase the spatial distribution (F )
of long-lived native tree species to atleast 0.30 (from the cur-
rent 0.07 in predominant, complementary and mixed-in spe-
cies), in order to achieve a balanced vegetation structure in
the landscape as suggested by Supuka (1992) and Supuka
etal. (2013).
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4) To continuously increase the spatial distribution (F )
of native tree species to at least 0.50 (from the current maxi-
mum of 0.16 in complementary species and 0.19 in mixed-in
species)

5) To continuously increase the proportion and spatial
distribution (F ) of traditional native fruit tree species to at
least 0.30 (from the current maximum of 0.07 in comple-
mentary species and 0.19 in mixed-in species). The legal tool
to change species composition of non-forest woody vegeta-
tion in Slovakia is the Slovak National Act No. 543/2002 on
Nature and Landscape Protection, which requires plantati-
ons of regionally suitable native woody plant species based
on the potential natural vegetation. The practical imple-
mentation consists mainly in local actions by the municipal
authorities, more precisely their environmental commissi-
ons, which have the legal power to implement the proposed
measures, i.e. mainly to plant regionally specific native spe-
cies and where necessary to reduce the spreading of invasive
non-native species. The local municipal authority defines the
species composition of new or compensatory plantings, thus
ithasthelegal power and the practical implementation tools.

4, Discussion

We found out that Robinia pseudoacacia L. dominates in all
three study areas. This non-native species has been identified
as the main tree species in bio-corridors in south-western
Slovakia by Baranec et al. (2015), as well as by Supuka
(1992) and Supuka et al. (2013). There is thus a clear evi-
dence of a significantly wide distribution of this species in
agricultural landscapes of Slovakia. This is partly the result
of inappropriate tree plantings mainly in the previous century
and partly also due to vital or in some cases even invasive
distribution of this species (Gojdi¢ova et al. 2002).
Baranecetal. (2015) have evaluated also Populus x cana-
densis, which is not of such significance in areas assessed
in this paper. This is likely the reason of different manage-
ment interventions in past decades, where the planting of
fast growing tree species in the agricultural landscape was
common. They also documented populations of Prunetalia
spinosae, mainly hybrids of Prunus spinosa (Prunus x fru-
ticans and Prunus x fetchneri), which was found to occur
as one of the most frequent complementary shrub species.
This justifies a wide distribution of Prunus spinosa in agri-
cultural landscapes of south-western Slovakia. Baranec et
al. (2015) also identified the problem of superseding native
Prunus spinosa by hybrids of Prunus x fruticans. Similarly
to our results, the latter authors found a frequent occur-
rence of Populus alba, Populus tremula and Salix fragilis in
Velké Ulany and Cechynce. This can be explained by com-
parable potential natural vegetation. Similarly to Supuka et
al. (2013), we found valuable old tree species along roads
in the study areas of rural agricultural landscape, such as
Quercus robur (stem diameter in breast height d, , = 1.61
m; stem circumference in breast height ¢, ,=5.05m), Pyrus
pyraster (d, ,=0.86 m; ¢, ,=2.70 m) or Morus nigra (d, ,=
0.65 m; ¢, ,=2.03 m) in the study area of TvrdoSovce. These
trees are very significant in terms of natural and cultural heri-
tage as well as gene pool and biodiversity. Similarly to Kurz

et al. (2011) and Supuka et al. (2013), we have documen-
ted the occurrence of traditional fruit tree species such as
Prunus sp., Cerasus avium, Juglans regia, Malus domestica,
Pyrus sp. and Sorbus aucuparia, but in contrast to Kurz et
al. (2011), we have not documented a significant proportion
of Acer sp. and other long-lived native tree species, which is
aresult of different management approaches in past deca-
des and can indicate pathways for improvements and biodi-
versity enhancement in the study areas. In line with Supuka
(1992) and Supuka et al. (2013), we have also documented
a high proportion and spatial distribution of shrub species
Rosa canina, Sambucus nigra, Prunus spinosa, Lycium bar-
barum and tree species Cerasus avium, Fraxinus excelsior,
Juglans regia, Malus domestica, Populus nigra, Prunus cera-
sifera, Prunus domestica, Salix alba, Salix caprea and Salix
fragilis. Contrary to Supuka (1992), there is a less significant
proportion and spatial distribution of Populus x canaden-
sis, Acer campestre, Carpinus betulus, Crataegus laevigata,
Quercus robur, Tilia cordata and a much higher proportion
and distribution of Populus alba and Salix alba.

The proposed measures aiming toincrease the proportion
of native woody plants agree with the approach of Insley et al.
(1988), who state that when planning new farm woodlands,
the first thing to consider is the existing landscape charac-
ter and identity of the area, which is partly formed by native
woodland species. The main features to consider are the lan-
dform, existing vegetation patterns (especially semi-natural
vegetation), land use patterns (in particular the prominence
of hedgerows and hedgerow tree patterns), and the charac-
ter of the landscape. Based on this statement, an increase of
endemic woody plant species has been proposed, since these
enhance the identity and character of current landscapes as
proclaimed by the European Landscape Convention. Besides
landscape character and identity aspects, also the biodiver-
sity plays akeyrole in the proposed measures, whichisinline
with Rey Benayas & Bullock (2015), who propose a wides-
pread strategic re-vegetation to enhance wildlife in European
agriculturallandscapes by planting woodland islets and hed-
gerows for ecological restoration in extensive agricultural
landscapes. This approach allows wildlife enhancement, pro-
vision of arange of ecosystem services, maintenance of farm-
land production, and conservation of values linked to cultu-
ral landscapes. Our approach not only maintains the farm-
land production, but also supports a multifunctional and
efficient land use, since we propose mainly linear woodland
structures. Strategic re-vegetation in actively farmed fields
can include planting woodland islets, hedgerows and isola-
ted trees. These woodland structures have the potential to
enhance wildlife, agricultural production, and other services
at the field and landscape scales since they hardly compete
for farmland use. In this study and particularly in the propo-
sed measures, a preference has been given to native species,
since woodland structures in the agricultural landscape sho-
uld be only planted by a variety of native shrub and tree spe-
cies (Thompson et al. 2009; Rey Benayas & Bullock 2015).
This agrees with the approach of Cramer et al. (2015), who
state that when restoring woodlands in extensive agricultu-
ral landscapes, the emphasis should be placed on the deve-
lopment of self-sustaining ecosystems, protecting native bio-
diversity and according to Cunningham et al. (2015), plan-
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ting a mixture of native trees and shrubs is best for biodiver-
sity. Thus a significant enhancement of native woody plant
speciesand an active restoration of agricultural landscapes is
needed in the study areas, which according to Rey Benayas et
al. (2008) should involve large-scale plantings of native trees
and tree growth management. The technicalimplementation
of the proposed measures means mainly planting a mixture
of native trees and shrubs, which according to Barrett et al.
(2008), has become a cornerstone strategy for natural reso-
urce management in agricultural landscapes. For the tech-
nicalimplementation of this measure, active planting seems
to be the most efficient tool, since many native plant species
need to be actively planted, due to alack of local seed sources
(Flinn & Vellend 2005). Planting of native woody plant spe-
ciesin openlandscape (non-built-up or non-urbanised areas)
isalso required by the Slovak National Act No. 543/2002 on
Nature and Landscape Protection as well as by the EU Bio-
diversity Strategy to 2020.

Planting native woody plant species in the agricultural
landscape not only enhances biodiversity as argued above,
but also provides landscape planning and landscape mana-
gement with a strategic tool for climate change mitigation
and drought risk management. According to Cunningham
etal. (2015), in low-rainfall areas (<800 mm year™), native
species are likely to be less vulnerable to drought and climate
change and provide higher biodiversity benefits to native
wildlife species (Lindenmayer et al. 2003).

The results can be generalised for rural agricultural
landscapes inlowlands and slightly hilly upland areas of Slo-
vakia and other Central European countries. A comparison
of different case studies from Central European countries
would be valuable to compare the current situation and work
on collaborative measures at the European or bilateral level.

5. Conclusion

The presented results extend the existing knowledge on spe-
cies composition, diversity and spatial distribution of non-
forest woody vegetation in the agricultural landscape, with
a particular focus on trees and shrubs growing along roads
in the open landscape. It has been found that among trees,
allochthonous (introduced) species dominate, while among
shrubs autochthonous (native) species prevail. Moreover a
low proportion and distribution of long-lived tree species has
been documented. Based on these findings, several meas-
ures have been proposed, in order to improve the existing
situation of native species diversity, spatial distribution and
ecological resilience of rural landscapes. The results can
be applied mainly at the local level, in municipal decision
making and governance, but it can be a useful tool also in
policy making at the regional, national or EU level, since the
assessment methodology is in line with the national nature
and landscape protection policy. Further research and veri-
fication of the applied methodology could help in creating
and transferring knowledge on woody plant species in rural
agricultural landscapes, their composition, diversity, rela-
tively achievable age and origin.
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Appendix 1: Woody plant species composition in non-forest woody vegetation structures along roads in the agricultural landscape,
locality: study area TvrdoSovce.

Growth characteristic Predominant species Complementary species Mixed-in species
Prunus cerasifera Ehrh. (13); Ailanthus
altissima (Mill.) Swingle (9); Juglans regia L.
(7); Cerasus avium (L.) Moench (6); Populus
nigra L. (6); Malus domestica Borkh. (5); Salix
Prunus cerasifera Ehrh. (10); Juglans regia | albaL. (5); Morus alba L. (4); Negundo aceroides
Robinia pseudoacacia L. (16); Populus nigra | L. (8); Fraxinus angustifoliaVahl (5); Robinia | Moench (4); Populus alba L. (4); Aesculus
L. (4); Prunus cerasifera Ehrh. (4); Fraxinus pseudoacaciaL. (5); Fraxinus ornusL. (4); hippocastanum L. (3); Fraxinus excelsior L. (3);
angustifoliaVahl (2); Gleditsia triacanthosL. (2); | Populus x canadensis Moench (4); Ailanthus Morus nigraL. (3); Pyrus communis L. emend.
Acer saccharinum L.; Ailanthus altissima (Mill.) | altissima (Mill.) Swingle (3); Acer campestreL. | Burgsd. (3); Acer platanoides L. (2); Catalpa
Tree species Swingle; Fraxinus excelsior L.; Fraxinus ornus (2); Cerasus avium (L.) Moench (2); Fraxinus bignonioides Walt. (2); Fraxinus ornus L. (2);
L.; Juglans regiaL.; Morus alba L.; Morus nigra | excelsiorL. (2); Malus domestica Borkh. (2); Populusx canadensis Moench (2); Prunus
L.; Negundo aceroides Moench; Populus albaL.; | Negundo aceroides Moench (2); Populus alba domestica L. (2); Pyrus pyraster (L.) Burgsd. (2);
Populusx canadensis Moench; Prunus domestica | L. (2); Salix alba L. (2); Acer pseudoplatanusL.; | Quercus roburL. (2); Robinia pseudoacacia L.
L.; Salix alba L. Prunus domestica L.; Pyrus communis L. emend. | (2); Ulmus minor Mill. (2); Acer pseudoplatanus
Burgsd.; Sorbus aucuparia L.; Ulmus minorMill. | L.; Acer saccharinum L.; Carpinus betulus L.;
Celtis occidentalis L.; Gleditsia triacanthos L.,
Platycladus orientalis (L.) Franco; Populus simo-
nii Carriére; Populus tremula L.; Tilia platyphyllos
Scop.; Ulmus glabraHuds.; Ulmus laevis Pall.
Rosa canina L. (12); Sambucus nigra L. (6); Su.rnda sanguinea (L) Opiz (6); Prunus
. . ) ; spinosa L. (5); Euonymus europaeus L. (4); Rosa
Sambucus nigraL. (20); Rosa caninaL. (9); | Euonymus europaeusL. (4); Swida sanguinea . ) . .
Shrub species Prunus spinosa L. (7); Euonymus europaeus L. | (L.) Opiz (4); Prunus spinosaL. (4); Lycium bar- caninal.. (4); Samb.ucus nigraL. (4); C.”’?eg us
(2); Lycium barbarum L. barumL. (3); Rubus fruticosus L. agg.; Tamarix fmonogyna Jacq. (3)’ Elacag nus angustifolia L.
tetrandraPall. 3); .Syrmga vulgaris L. (2); Ligustrum v'ulgare L.;
’ Lycium barbarum L.; Rhamnus catharticus L.

Explanatory note: If the amount of sectors of occurrence (S ) is higher than 1, it is stated in brackets following the species name. The total amount of assessed sectors is 31. If the (S ) is 5 or more, the species is

bolded.

Appendix 2: Woody plant species composition in non-forest woody vegetation structures along roads in the agricultural landscape,
locality: study area Dvory nad Zitavou.

Growth characteristic Predominant species Complementary species Mixed-in species
Robinia pseudoacacia L. (14); Populus alba Populus albaL. (5); Juglans regia L. (3); Pinus
(4); Acer platanoides L. (2); Negundo aceroides | Juglans regiaL. (2); Populus alba L. (2); Robinia | sylvestrisL. (2); Acer platanoidesL.; Acer sac-
Tree species Moench. (2); Juglans regia L., Populus nigra pseudoacacia L. (2); Acer platanoides L.; Populus | charinum L.; Betula pendulaL.; Picea abies L.;
“ltalica” L.; Tilia platyphyllos Scop.; Salix alba nigraL. Populus nigraL.; Populus tremula L.; Robinia
"Tristis” L. pseudoacacia L.; Salix alba “Tristis” L.
. - . . . . . Rosa caninaL. (8); Sambucus nigraL. (8);
Shrub species gaf;:zc:s;]gg;? II: - (4); Salix caprealL. (2); ;Z:ZZ::L:;:S":'T ;‘2')(6)’ Rosacaninal. (3); Prunus spinosaL. (4); Ligustrum vulgare L. (2);
JHNgE VUIEAIS L. P ) Mahonia aquifolium (Purch) Nutt.

Explanatory note: If the amount of sectors of occurrence (So) is higher than 1, it is stated in brackets following the species name. The total amount of assessed sectors is 31. If the (So) is 5 or more, the species is

bolded.

Appendix 3: Woody plant species composition in non-forest woody vegetation structures along roads in the agricultural landscape,
locality: study area Kolinany.

Growth characteristic Predominant species Complementary species Mixed-in species
. Robinia p,seUdoacacm L (.5); Prunus d omestica Malus domestica Borkh. (3); Prunus domesticaL. | Juglans regiaL. (6); Cerasus avium (L.) Moench
Tree species L. (4); Salixalba.. (4); Fraxinus excelsior L. (4); (2); Salix fragilis L. (2); Fraxinus excelsior L. (3); Prunus domestica L. (2); Populus nigraL.. (2)
Populus nigraL.; Populus alba L. ’ Slis L. (2); ’ ’ (£, Fop g1 L
. Rosa caninaL. (5); Salix caprea L. (4); Rhus Hippophae rhamnoides L. (3); Ligustrum vulgare . .
Shrub species typhinaL. (3); Sambucus nigraL. (3) L.; Prunus spinosaL. Rosa caninaL..(3), Prunus spinosal.. (2

Explanatory note: If the amount of sectors of occurrence (So) is higher than 1, it is stated in brackets following the species name. The total amount of assessed sectors is 21. If the (So) is 5 or more, the species is

bolded.
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REPORTS

http://www.nlesk.sk/fj/

V Prahe sa uskutoc¢nilo zasadanie redakénej rady ¢asopisu

Redak¢né rada Lesnickeho ¢asopisu — Forestry Journal
vstucasnom zloZenizacala ¢innostvjanuari 2014. Vzhladom
k tomu, Ze je priblizne v polovici svojho funkéného obdobia,
hlavny redaktor doc. Bohdan Kondpka zvolal na 4. 2. 2016
jejzasadanie. Zasadanie sa uskutoénilo na Ceské zemédélské
univerzite (CZU) v Prahe, Fakulte lesnické a dievaiské
(FLD), konkrétne v novootvorenych priestoroch drevar-
skeho pavilénu. Okrem Sestnastich ¢lenov redakénej rady
(Sest ¢lenov sa ospravedlnilo) sazasadania zacastnil aj dekan
FLD prof. Marek Turc¢ani.

Clenov redakénej rady privital prodekan FLD prof.
Robert Marusak. Podakoval hlavnému redaktorovi a clenom
redakénej rady za predoS$lu pracu. Nasledne, riaditel Les-
nickeho vyskumného tstavu vo Zvolene (LVU) Dr. Tomas
Bucha potvrdil spravnost fuzie dvoch organizacii pri vyda-
vani ¢asopisu. Veduci dradu Central-East and South-East
European Regional Office of the European Forest Institute
(EFICEEC-EFISEE EFT) Dr. Bernard Wolfslehner pochva-
lil ambicie ¢asopisu tykajuce sa medzinarodnej spoluprace,
hlavne kooperaciu medzi Ceskom a Slovenskom. Zdoraznil,
Ze bude potrebné postupne sa dostat aj mimo ¢eskosloven-
ského priestoru, k comu moze prispiet aj potencialna spolu-
praca casopisu s EFI.

Doc. Martin Lukac z Readinskej univerzity vo svojej
prednaske zhrnul niektoré aspekty nevyhnutné pre tispesné
napredovanie vedeckych ¢asopisov: zameranie (¢o publiko-
vat), skupina ¢itatelov (kto bude ¢itat a citovat), vedecka kva-
lita ¢lankov a aktualnost tém. Predstavil $tatistiku niektorych
lesnicky orientovanych vedeckych ¢asopisov—pocet lankov
acitacii. Vtejto skupine ¢asopisov sa pocet prispevkov velmi
nemenil, av§ak pocet citacii exponencialne rastol. Pre dalSie
zvySovanie kvality casopisu je podla doc. Lukaca ddlezité mat
jasné zaradenie a tcel. Taktiez treba podporovat pripravu
kvalitnych ¢lankov a orientovat sa na zvySovanie citovanosti.

Hlavny redaktor ¢asopisu doc. Bohdan Kondpka predsta-
vil historiu ¢asopisu a hlavné body, ktoré sariesilina zasadani
redakénej rady v roku 2014. Pripomenul zmeny v ¢asopise
pocas ostatnych rokov a zdoraznil prinos spoluprace NLC
-LVU s CZU - FLD. Predstavil tiez $trukttru a fungovanie
¢asopisu po¢asrokov 2014 a2015 (Tabulka 1 a 2). Pripome-
nul kratkodobé ciele definované na prvom zasadani redak¢-
nej rady a zhodnotil ich realne naplnenie. Informoval, Ze od
roku 2013 sua vSetky ,,velké“ ¢lanky (t. j. povodné vedecké
prace a referaty) zobrazené v databaze SCOPUS. Potesu-

Tabulka 1. Pocet ¢lankov v kategdrii pévodna vedecka praca,
referat, spréva, recenzia a kronika publikovanych v Lesnickom
Casopise - Forestry Journal v rokoch 2014 a 2015

Ro¢nik Povodndpraca  Referat Spréava Recenzia  Kronika
2014 23 4 9 1 6
2015 21 7 5 4 8

Tabulka 2. Prehlad poctu ¢lankov v kategorii povodna vedecka
préca a referat podla jazyka v rokoch 2014 a 2015
Roénik Anglictina Cestina Slovencina
2014 18 4 5
2015 19 4 5

juce je, Ze sa pocas dvoch rokov v ¢asopise objavili aj ¢lanky
z Nemecka, Raktska, Ruska a Ukrajiny.

Vykonny redaktor doc. Tomas Hlasny vysvetlil niektoré
okolnosti tykajuce sa systému ,,Emerging sources citation
index“, do ktorého sme podali Ziadost o zaradenie ¢aso-
pisu. Predstavil kritéria pre prijatie do databazy Thomson
Reuters a pre ziskanie impakt faktoru. Okrem inych pod-
mienok bude potrebné sa zamerat aj na tieto aspekty: mat
naplnené pocty ¢lankov asponi dvoch ¢isel dopredu, posil-
nit redakéna radu o novych ¢lenov — uznavanych vedcov,
zddraznit regionalny charakter ¢asopisu, zvysit viditelnost
pomocou EFI a zlepSovat kvalitu ¢lankov. V dal$ej ¢asti
doc. Hlasny predstavil navrh §tatutu Lesnickeho ¢asopisu
- Forestry Journal. Stattit by mal vytvorit jasné ramce pre
menovanie hlavného redaktora a ¢lenov redakénej rady,
ich funkéné obdobie, kompetencie a povinnosti. Dalej sa
definuju kategorie ¢lankov a cielové vedecké oblasti vhodné
pre Lesnicky ¢asopis - Forestry Journal. Taktiez sa vysvetluje
spOsob spracovania a zasielania ¢lankov, recenzny proces
a formy financovania ¢asopisu.

K prednesenym informéciam a hlavne k predloZzenému
Statatu Lesnickeho ¢asopisu - Forestry Journal prebehla dis-
kusia. Tykala sa aj spolutcasti EFICEEC-EFISEE na jeho
vydévani (i§lo by konkrétne o propaga¢nu ¢innost). Dalej
sa diskusia zamerala na pripadni zmenu nazvu ¢asopisu.
Clenovia redakénej rady sa dohodli, Ze kone&né znenie Sta-
tatu, forma spoluprace s EFICEEC-EFISEE, ako aj zmena
nazvu ¢asopisu sa doriesia v priebehu najbliz§ich mesiacov.
O tychto zalezitostiach sa bude hlasovat formou per rollam
prostrednictvom e-mailov.

Nasledne hlavny redaktor doc. Bohdan Konodpka infor-
moval o edi¢nom pléane pre rok 2016 a predstavil stredno-
dobu viziu zlepSovania vedeckej irovne ¢asopisu. Hlavnou
zmenou je, Ze pocas roka 2016 kategoriu ¢lankov ,,Referaty
(Discussion papers)“ nahradi kategoria ,,Prehladové prace
(Review papers)“. Zaroven povodné vedecké prace a prehla-
dové prace budua do ¢asopisu akceptované vyluéne v anglic-
komjazyku. Kategdrie ¢lankov ,,Spravy“, ,Recenzia“a,,Kro-
nika“ mdzu byt napisané jednym z tychto jazykov: anglic-
tina, slovencina alebo ¢estina. Hlavny redaktor navrhol, aby
sa upustilo od vypractvania slovenskej (resp. ¢eskej) verzie
nazvu ¢lanku, abstraktu a klacovych slovvkategorii povodné
vedecké prace a prehladové prace. Tato zmenu v hlasovani
podporila viésina ¢lenov redakénej rady. Hlavny redaktor
vysvetlil dalSie postupné kroky zvySovania kvality ¢asopisu
najmé prostrednictvom prace redakénej rady, recenznej
prace, webovej stranky ¢asopisu, dal§imi formami zviditel-
novania ¢asopisu na internete (napr. cez stranku Research-
Gate) a pod. Klucovy strednodoby ciel pre ¢asopis je ziskat
impakt faktor. Uskuto¢nilo sa hlasovanie tykajice sa uva-
dzania mena tematického editora na prvej strane kazdého
¢lankuvkategorii pdvodné vedecké prace a prehladové prace.
Navrh redakéna rada jednohlasne odsuhlasila.



Obr. 1. Pohlad na rokujicich ¢lenov redakénej rady Lesnickeho
Casopisu - Forestry Journal. S diskusnym prispevkom vystupil
prodekan FLD prof. Robert Marusak

Dalej vystupil vykonny redaktor ¢asopisu prof. Jaroslav
HolusSa. Predstavil plan pripravy $pecidlneho ¢isla Lesnic-
keho ¢asopisu - Forestry Journal v roku 2016. Prof. HoluSa
bude zaroven pre toto ¢islo zodpovednym editorom. Predpo-
klada sa, ze pojde o ¢islo 4. Vykonny redaktor uviedol pred-
bezny zoznam ¢lankov do tohto ¢isla, ako aj moznosti pri-
pravy ,,nosného ¢lanku“, ktory by mal zostavit medzina-
rodny kolektiv.

Nakoniec sa uskutoénila zavere¢na diskusia ¢lenov
redakénej rady. Tykala sa hlavne navrhov na zlepSovanie

Sprava z odborného seminara

Obr. 2. Clenovia redakénej rady, zlava: R. Marusak, T. Hlasny, M.
Barna, M. Bosela, J. Fojt, M. Tu¢ani (hostitel zasadania), I. Ste-
fanc¢ik, T. Bucha, J. Socha, B. Kondpka, B. Wolfslehner, J. Holusa,
J. Konopka, J. Novak, M. Lstibtrek, M. Lukac

odbornej kvality ¢asopisu a spdsobov rozsirovania zakladne
prispievatelov, recenzentov a Citatelov. Sekretar ¢asopisu
Dr. Michal Bosela upozornil na niektoré chyby tematickych
editorov, recenzentov a autorov pri praci v online systéme
¢asopisu (Editorial Manager). Hlavny redaktor doc. Bohdan
Kondpka podakoval ¢lenom redakénej rady za aktivnu Gcast
nazasadani. Navrhol, aby sa dalSie zasadanie redakénej rady
konalo zagiatkom roka 2018 v Banskej Stiavnici. Zaroven
to bude v ¢ase konciaceho sa funkéného obdobia sicasného
hlavného redaktora a ¢lenov redakénej rady.

Bohdan Konépka, Michal Bosela

Ndrodné lesnicke centrum- Lesnicky vyskumny tstav Zvolen,
T. G. Masaryka 2175/22, SK — 960 92 Zvolen,

Slovenskd republika, e-mail: bkonopka@nlcsk.org

Aktualne otazky ekonomiky a politiky lesného hospodarstva SR 2015

Dnia 10. decembra 2015 sa vo Zvolene, v Narodnom les-
nickom centre - Lesnickom vyskumnom ustave, konal pod
zastitou Ministerstva pddohospodarstva a rozvoja vidieka
SR a Slovenskejlesnickej spolo¢nosti, odborny seminar pod
nazvom , Aktudline otdzky ekonomiky a politiky lesného hospo-
ddrstva SR 2015“. Tento seminar patri k najvyznamnej$im
odbornym podujatiam, ktoré NLC-LVU kazdoroé¢ne orga-
nizuje. Zorganizovali ho rieSitelia projektu APVV-0057-11
VYNALES — Vyskum vplyvu nestdtneho viastnictva lesov na
politiky suvisiace s lesnictvom s podporou Agentury na pod-
poru vyskumu a vyvoja.

Vyznam a tradiciu seminéra potvrdzuje nielen pravi-
delnost konania, aktualne islo o 14. ro¢nik, ale najma pod-
netnost prispevkov a ich popularizacia v praxi prostrednic-
tvom zbornika a webovych stranok. Prostrednictvom odbe-
ratelov vyskumu projektu VYNALES sa prednesené mys-
lienky dostavaju do verejného priestoru, aj mimo vlastni-
kov a obhospodarovatelov lesa. Rozhodujuci pre organiza-
torovjezaujem z praxe, doloZeny hojnou ucastou, ktora bola

68

tentokrat na hranici priestorovej kapacity usporiadatelov. Z
celkovo 61 ucastnikov tvorili polovicu zastupcovia nestat-
neho sektora, vysoké ucast bola aj z radov zastupcov MPRV
SR a §tatnej spravy.

Zamerom organizatorov bolo koncipovat program tak,
aby priblizil nové poznatky a rieSenia problémov, ktorymi
zZijelesné hospodarstvo na Slovensku. Cielom seminara bolo
prerokovat aktudlnu ekonomick situaciu a politické prob-
1émy lesného hospodarstva a lesnictva SR. Osobitna cast
programu sa venovala workshopu v rdmci projektu VYNA-
LES, zameraného na odporucania pre nestatny sektor, maji-
telov lesa a ich zdruzZenia.

V Gvodnej ¢asti odzneli referaty z oblasti ekonomiky
LH, vplyvu dani a odvodov na hospodarenie lesnych podni-
kov, informacia o vysledkoch 7. ministerskej konferencie o
ochrane lesov v Eurépe, konanej v Madride a postupe vy¢is-
lenia ekonomickych dopadov uplatnenia osobitného rezimu
hospodarenia v lesoch. Program pokracoval workshopom
o faktoroch ovplyviiujucich politicktt moc zdruZeni nestat-
nych vlastnikov lesa na Slovensku.
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Obr. 1. Ing. Milan Dolnan prezentoval na workshope stanovisko
Rady zdruZeni nestatnych vlastnikov lesov

Seminar otvoril riaditel Narodného lesnickeho centra -
Lesnickeho vyskumného tstavu Dr. Ing. Toma$ Bucha, dis-
kusiu usmernovala a workshop viedla Ing. Zuzana Sarva-
Sova, PhD.

Prvy tvodny referat namestnika generalneho riaditela
Narodného lesnickeho centra Ing. Miroslava Koval¢ika, PhD.
odznel pod nazvom Ekonomické vysledky lesného hospoddr-
stva SR v roku 2014. Okrem ekonomickych vysledkov LH za
rok 2014 predstavil aj vyvoj vybranych ekonomickych ukazo-
vatelov za obdobie rokov 2005-2014. Ekonomické vysledky
LH SR vroku 2014 boli poznacené najma vysSou tazbou suro-
véhodrevao priblizne 1 mil. m3, ¢o zlepsilo vietky ekonomické
ukazovatele. Celkové trzby LH dosiahli v roku 2014 hodnotu
532,9 mil. € a oproti minulému roku vzrastli o 13,2 %. Hod-
nota dodavok sortimentov surového dreva vzrastlao 11,5 %.
Najvyraznejsie sa to prejavilo pri piliarskych gulatinovych
sortimentoch dreva, kde bol narast az o 14 %. Pri vlaknino-
vych sortimentoch hodnota dodavok vzrastla 0 9,6%. Naproti
tomu, hodnota dodavok palivového dreva klesla o0 —14,8%.
Vroku 2014 dodali subjekty obhospodarujice lesy na Sloven-
skunatrh 9 168 tis. m® dreva a medziro¢ne vzrastli dodavky
dreva o 13,7 %. V porovnani s rokom 2013 boli dodavky
dreva na domaci trh o 1 133 tis. m?® vyssie. Lesné podniky
vyviezli priamo 432 tis. m® surového drevav celkovej hodnote
25 mil. €. Priemerné spenaZenie dreva v LH SR v roku 2014
bolo vo vyske 47,44 €/m3. Vysledky kapitalového étu pou-
kazuju stale na nedostato¢né zdroje na obnovu investi¢ného
majetku, hlavne mechanizaénych prostriedkov, ktoré obme-
dzujurealizaciu nevyhnutnych technicko-ekonomickych, ale
aj ekologickych opatrenia nésledne ovplyviiuju nakladovost
vyrobného procesu. V lesnom hospodarstve posobi aj silna
podnikatelska sféra, ktora poskytuje sluzby pre obhospo-
darovatelov lesa. Ich hodnota dosiahla v roku 2014 vysku
210 mil. €. Lesnicko-drevarsky komplex dosahuje ro¢ne
trzby zhruba 3,5 mld. €, zamestnava 40 tis. pracovnikov
atvori 2,2 az 2,3 % HDP SR.

Obr. 2. Diskutuje riaditel odboru lesnickych stratégii, ekonomiky
lesného hospodarstva a spracovania dreva SLSD MPRV SR,
Ing. Ivan Wolf

Od roku 2016 prebera Slovenska republika od Spa-
nielskeho kréalovstva na najblizsie Styri roky predsednic-
tvo FOREST EUROPE, ktoré je najvy$sim politickym gré-
miom eurépskych ministrov zodpovednych za lesné hospo-
darstvo. Na Narodnom lesnickom centre vo Zvolene bude
koordina¢n4 jednotka procesu — Liaison unit Bratislava.
Aké su ulohy Laison unit Bratislava (LUB) a ¢o vyplynulo
zo 7. ministerskej konferencie v Madride, ktora sa konala
v oktdbri referovala Ing. Lucia Ambrusova, PhD. Cielom
FOREST EUROPE je vytvorit paneurdpsku platformu
na formulaciu spolo¢nych stratégii k aktualnym problé-
mom lesnictva a ochrany lesov v Eurdpe v zdujme zabezpe-
¢enia trvalo udrzatelného obhospodarovania lesnych zdro-
jov regionu a ich dalSieho rozvoja. Hlavnymi ulohami LUB
bude organizacia oficidlnych zasadnuti procesu FOREST
EUROPE, spravovanie agendy, priprava dokumentéacie
natieto zasadnutia, navrh zadavacich podmienok pre ¢innost
$pecializovanych pracovnych skupin pdsobiacich v ramci
procesu, komunikaéné a propagacné aktivity a zabezpece-
nie tzv. sty¢ného bodu pri komunikacii medzi zainteresova-
nymi stranami procesu. Predsednictvo v procese FOREST
EUROPE, ktoré Slovenska republika prevzala na obdobie
rokov 2014-2021, m4 pre Slovensk republiku vyznamny
propagacno-prezentacny potencial a to nielen v ramci eurdp-
skeho geopolitického regionu, ale aj v medzinarodnych insti-
taciach a procesoch s globalnou pdsobnostou. Na zaklade
doterajsich skusenostije mozné uviest, Ze v ¢ase umiestnenia
koordina¢nej jednotky v meste predsedajicej krajiny, je toto
mesto povazované medzinarodnou lesnickou verejnostou
za ,hlavné mesto eurdpskeholesnictva“. Pre SR je preto pred-
sednictvo prilezitostou na zviditelnenie sa v celkovom medzi-
narodnom kontexte. Navnutro§tatnej drovni ma predsednic-
tvo vyznamny potencidl pri zvySovani povedomia verejnosti
o lesoch a lesnictve, ako aj vyzname medzinarodnej spolu-
prace v lesnictve a prinose medzinarodnych lesnickych poli-
tik pre trvalo udrzatelné obhospodarovanie lesov.
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Zatial' poslednd, siedma konferencia ministrov o ochrane
lesovv Eurépe sakonalavMadride vdiioch 20.—21. oktébra
2015. Spolupredsedami konferencie boli Isabel Garcia Teje-
rina, ministerka polnohospodarstva, vyzivy a zivotného
prostredia Spanielskeho kralovstva, a Lubomir Jahnatek,
minister pddohospodarstva a rozvoja vidieka Slovenskej
republiky. Na konferencii sa zt¢astnilo priblizne 220 téast-
nikov vratane ministrov zodpovednych za lesy a dalSich
veducich predstavitelov 39 eur6pskych krajin a Europskej
Unie, ktoré su signatarskymi stranami procesu, a 18 orga-
nizacii, ktoré maju Statat pozorovatela v procese FOREST
EUROPE. Predstavitelia signatarskych krajin prijali a pod-
pisali 1 deklaraciu ministrov, 2 rezolicie ministrov a 1 roz-
hodnutie ministrov.

Deklardcia ministrov z Madridu: 25 rokov spolocnej pod-
pory trvalo udrzatelného obhospodarovania lesov v Eurdpe.
Madridskéa deklaracia zavazuje signatarske strany procesu
FORESTEUROPE posiltiovat ilohulesovaich trvalo udrza-
telné obhospodarovanie pririeSeni globalnych vyziev, akymi
su agenda trvalo udrzatelného rozvoja po roku 2015 vratane
rozvojovych cielov, boj protizmene klimy, ochranabiodiver-
zity a boj proti dezertifikacii. Zaroven deklaracia zavézuje
signatarske strany monitorovat a podavat spravy o pokroku
priimplementcii strategickych cielov a cielov pre eurdpske
lesy do roku 2020.

Rezoliicia ministrov z Madridu 1: Lesnicky sektor v cen-
tre zelenej ekonomiky zavazuje signatarske strany k dalSiemu
posilneniu tlohy lesného hospodarstva a priemyslu spraco-
vania dreva pri prechode spolo¢nosti na tzv. zelené hospo-
darstvo, dalSiemu posilneniu socidlnych aspektov trvalo udr-
zatelného obhospodarovania lesov podporou zelenych pra-
covnych miest, vzdelavania a socialnej inkltizie a rodovej rov-
nostivlesnictve. Rezolucia dalej zavézuje k zacleneniu hod-
noty lesnych ekosystémov do zelenej ekonomiky podporou
vymeny skdsenosti a informéacii o metodikach v oblasti oce-
novania a platieb za lesné ekosystémové sluzby, podporou
politickych pristupov na tieto t¢ely, ako aj zvySovanim usi-
lia k lepSiemu zohladnovaniu hodnoty vSetkych sluzieb les-
nych ekosystémov, v ramci politik relevantnych pre lesnic-
tvo a ich nastrojov, vratane narodnych lesnickych progra-
mov, trhovych néstrojov a platieb za ekosystémové sluzby.

Rezolicia ministrov z Madridu 2: Ochrana lesovv menia-
com sa prostredi zaviazuje k implementéacii opatreni zame-
ranych na zlepSenie ochrany lesov pri zohladneni menia-
cich sa podmienok prostredia. Zavazky adresuja vyvoj celo-
eurdpskych pristupov v ochrane lesa, zvySovanie povedo-
mia verejnosti o Zivotne ddlezitej tlohe trvalo udrzatelného
obhospodarovania ochrannych lesov a pokracovanie adap-
tacie lesov na meniacu sa klimu. Na posilnenie spoluprace
v celoeurdpskom regione sa signatarske strany zaviazali
pokracovat v spolupraci v oblasti lesnych genetickych zdro-
jov prostrednictvom Eurépskeho programu pre lesné gene-
tické zdroje (EUFORGEN). Stcastou tohto ramcaje aj zavé-
zok na vymenu odbornych znalosti a posilnenie spoluprace
v oblasti prevencie proti prirodnym rizikdm vratane lesnych
poziarov, zaplav, invazivnych druhov a dezertifikacie.

Rozhodnutie ministrov z Madridu: Budiice smerovanie
FOREST EUROPE potvrdilo postavenie a tilohu FOREST
EUROPE ako dobrovolného politického procesu na naj-
vys$8ej trovni pre dialdg a spolupracu o politikach v oblasti
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lesovv Eurépe. Rozhodnutie zdoraznuje potrebu prehodno-
tit proces FOREST EUROPE s cielom reagovat na suc¢asné
i nové vyzvy a prilezitosti, zachovat a posilnit jeho prispe-
vok k trvalo udrzatelnému hospodareniu v lesoch v Eurépe.
Signatarske strany sa dohodli preskiimat $truktaru procesu
FOREST EUROPE, postupy a pracovné modality s cielom
jeho zefektivnenia a zlepSenia podmienok pre ti¢ast vSetkych
relevantnych stran v fiom.

Dane — téma, aktualna nielen v roku 2015. Prezentaciu
Dariovo-odvodové zmeny a ich vplyv na vysledok hospoddre-
nia lesnych podnikov mala kolegyna z Lesnickej fakulty TU
vo Zvolene, Ing. Blanka Giertliova, PhD. Darova sastava
Slovenskej republiky je v neustalom vyvoji, ¢oho dékazom
je aj rozsiahly pocet noviel dotykajtcich sa zakonov v dario-
vej a odvodovej oblasti. Rok 2015 bol vyznamnym z hla-
diska viacerych legislativnych zmien v oblasti dani z prijmu
fyzickych i pravnickych osob. Po prvykrat sa uhradzala tzv.
danova licencia pre pravnické osoby, zmenil sa systém odvo-
dov, doslo kzmene a sprisneniu uplatiiovania viacerych sku-
pin danovo uznatelnych vydavkov. Vac¢Sina uvedenych sku-
to¢nosti sa dotkla i podnikatelskych subjektov z oblasti les-
ného hospodarstva. Vyznamné zmeny nastali v postupoch
odpisovania majetku. Doslo k zmenam poctu odpisovych
skupin, a tym aj k preklasifikovaniu dlhodobého majetku pre
tieto ucely, zaroven sa obmedzila moznost vyuZitia zrychle-
nych odpisov. Nastali vyznamné zmeny aj pri dani z motoro-
vych vozidiel. V¥nos z dane nebude prijmom VUC, ale stava
sa prijmom $tatneho rozpoc¢tu. Zmeny realizované v daro-
vej oblasti mozno z hladiska potreby konsolidacie verejnych
financii, ako aj z hladiska zlepSenia vyberu dani povazovat
za pozitivne. Na zaklade vysledkov analyzy mozno konsta-
tovat, Ze realizované opatrenia mali v prevaznej miere nega-
tivny dopad na vySku danovych povinnosti analyzovanych
subjektovv LH, ateda ajna objemich disponibilnych zdrojov
tvorenych z vysledku hospodarenia. Tato situdciaméz dlho-
dobého hladiska negativny dopad na kreaciu vlastnych zdro-
jov financovania na rozvoj, ¢i na financovanie ekosystémo-
vych sluzieb.

Otazku, akd je cena osobitného rezimu hospoddrenia
vlesoch, otvoril Ing. Ladislav Kulla, PhD. V zakone 326/2005
Z. 7. 0 lesoch je osobitny rezim hospodarenia zadefinovany
nepriamo v § 14 ods. 1: Lesy osobitného urc¢enia su lesy,
ktoré boli za také vyhlasené a ktorych tcelom je zabezpe-
¢ovanie Specifickych potrieb spolo¢nosti, pravnickych osob
alebo fyzickych osob, na ktorych zabezpecenie sa vyznamne
zmeni spdsob hospodarenia oproti beznému hospodareniu.
Ak navrh na vyhlasenie lesov osobitného urcenia predklada
ina osoba ako vlastnik lesa, musi tento obsahovat aj stthlas
vlastnika alebo spravcu s vyhlasenim lesov osobitného urce-
nia a dohodu o uréeni vysky a spdsobe poskytnutia ndhrady
za obmedzenie vlastnickych prav v dosledku osobitného
rezimu hospodarenia. Nahrada za obmedzenie vlastnic-
kych prav sa poskytuje na zaklade dohody o uréeni vysky a
sposobe jej poskytnutia. VSeobecne uznavana metdda eko-
nomického hodnotenia v lesnictve je metdda Cistej sucas-
nej hodnoty. Na jej zaklade a s vyuzitim principu fazovych
vyrobkov bol s pomocou vyuzitia aplikacie modelu SIBYLA
predstaveny postup ekonomického hodnotenia alterna-
tiv hospodarenia. Navrhnuty postup sa odski$al na mode-
lovom tzemi uceleného komplexu 27 lesnych porastov na



Vyskumno-demonstraénom objekte Kysuce. Vysledky pilot-
ného overenia metodiky zaloZenej na ¢istej sic¢asnej hodnote
lesa pri zapocitani pestovnych nakladov spojenych so zakla-
danim naslednych porastov naznacuju riziko podhodnotenia
dopadov osobitného rezimu pri nedostatocne dlhom obdobi
hodnotenia, a to najmi v rubne zrelych porastoch vstupu-
jucich do obnovy. Pre krat$ie dohody navrhuja autori vyu-
zit zjednodusent metodu vyéislenia dopadov, zaloZend na
Cistej sacasnej hodnote existujuceho porastu, nezohladiu-
jucu operacie spojené so zakladanim naslednych porastov,
aaniich hodnotu do celkovej finan¢nej hodnoty lesa. Takyto
postup je lahSie prakticky zvladnutelny, a aj menej ¢asovo
a finan¢ne naroc¢ny. Jeho vysledky v8ak prestavaju byt rele-
vantné pre obdobia dlhsie ako 50 rokov, ked nasledné porasty
zacnl vyznamne ovplyviiovat hodnotu lesa.

V programe sa pokracovalo workshopom projektu VYNA-
LES a format stretnutia sa zmenil. Na zaciatku predstavil
doc. Dr. Jaroslav Salka vysledky vyskumu, ktoré viedli k
identifikacii faktorov ovplyviujacich politicki moc zdruZeni
nestatnych vlastnikov lesov. Tieto vysledky spolu s tedriami
slizia k ndvrhu procesného modelu a formulacii odporucani
pre organizicie nestatnych vlastnikov lesov a §tatnu spravu
na aseku lesného hospodarstva. V snahe zvysit relevantnost
vystupov a zaverov projektu VYNALES rieSitelia pripravili
priestor pre hodnotenie jednotlivych faktorov pomocou hla-
sovania. Pritomni boli rozdeleni do troch skupin na zaklade
prislusnosti k sektoru: nestatni majiteliaa obhospodarovate-
lialesov, reprezentanti §tatnej spravy a ostatni experti. Z refe-
ratu vyplynulo, Ze poZiadavky ¢lenov zdruZeni a nazory ich
vykonnych predstavitelov sa neodli$uju v otazkach povin-
nosti ¢lenstva (ktoré odmietajt1), poziadavkach na podporu

zo strany $tatu (ktort o¢akavaju) a nejasnostivrieSeni finan-
cii (nemaju vlastné zdroje a cudzie st limitované). Zavazné
rozdiely nie st medzi §tatnou spravou a predstavitelmi
nestatnych vlastnikov lesov v otazkach potreby spolupréace.
T4 je hodnoten4 ako potrebna a nedostato¢na, tak v ramci
lesnickeho sektora ako takého, ako aj vo vnutri neStatneho
sektora LH SR. Praca sverejnostou, vyuzivanie natlakovych
aktivit a lobovanie bolo hodnotené ako potrebné, ale okra-
jové celou vzorkou pritomnych.

V néslednej diskusii odzneli nazory a odportc¢ania pre
zlepSenie fungovania zdruzeni vlastnikov lesov a pre §tatnu
spravu v suvislosti s podporou spoluprace s nestatnym sek-
torom. Vysledky workshopu sa vyhodnotili a st stcastou
oponovanej zavere¢nej spravy projektu VYNALES. Spétna
vézba zo strany odberatelov vyskumu je nesmierne dolezita
a posuva lesnicky vyskum aj v oblasti ekonomiky a politiky
blizsie k poziadavkam praxe.

V3etky prezentacie zo seminara, ako aj dalsie suvisiace
publikacie projektu VYNALES st k dispozicii na webovej
stranke www.ipoles.sk a plné znenia prispevkov sa publi-
kované v zborniku Aktudlne otdzky ekonomiky a politiky les-
ného hospoddrstva Slovenskej republiky 2015.

Podakovanie
Tdto sprdva bola podporovand Agentirou na podporu vyskumu

avyvoja na zdklade zmluvy ¢. APVV-0057-11.

Zuzana SarvaSova
Ndrodné lesnicke centrum - Lesnicky vyskumny ustav Zvolen,
T. G. Masaryka 2175/22, SK — 960 92 Zvolen,

Slovenskd republika, e-mail: sarvasova@nlcsk.org
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Stefanéik, Igor: Rast, $truktura a produkcia bukovych porastov s rozdielnym rezimom vychovy —
Growth, structure and production of beech stands with different thinning regimes

The National Forest Cen-
tre - Forest Research Insti-
tute in cooperation with
the Agency for support of
research and development
bytheend of 2015 published
ascientificmonograph writ-
ten by Igor Stefan¢ik named
“Growth, structure and pro-
duction of beech stands with
different thinning regimes”
in the extent of 148 pages.
Graphic design of the
monograph, accompanied
with illustrative color and
black and white 81 images
and 68 well-arranged tables
successfully carried out L.
Piln4 and L. Fri¢ in the Publishing of the National Forestry
Centre Zvolen in the edition of 100 copies (ISBN 978-80-
8093-202-2). The monograph is dedicated to the memory of
Prof. Ing. Ladislav Stefan¢ik, DrSc. (*4.4.1929 —+ 23.11.
2002), who was the initiator and leading personality in the
research of thinning in beech stands not only in the Slovak
Republic and the former Czechoslovakia, but also in Central
Europe. He is the author of the original thinning methods —
the free crown thinning from above according to Stefan¢ik,
whichisalsoincluded in all modern silviculture textbooks. In
addition, this thinning method is already applied in forestry
practice for along time.

This complex scientific monograph is the work of Doc.
Ing. Igor Stefanéik, CSc., who in the thinning of beech
stands follows on the long-term research efforts of Prof. Ing.
Ladislav Stefanéik, DrSc., which dates back to the 50s of the
20th century. The monograph contains 11 main chapters and
alist of references, an English summary and annexes (color
photos of the monitored research plots), as is evident from
the content: 1. Introduction, 2. Starting points, 3. Objectives
of research, 4. Material and Methods, 5. Results, 6. Effect of
thinning on quantitative production, 7. Effect of thinning on
qualitative production, 8. Discussion, 9. Summary of results
of research, 10. Recommendation for forestry practice and
11. Conclusion.

In the Introduction it is emphasized that changing
natural conditions in the recent decades gave rise to new
(innovative) approaches of the forest management. Formu-
lation of their principles is possible thanks to the research
on long-term permanent research plots (PRPs) that are an
irreplaceable naturallaboratory for the management of forest
ecosystem based on exact measurements.

In the chapter Starting points are presented com-
plex aspects of thinning of forest stands, especially beech
stands, which are crucial for their development. This chap-
ter is accentuating that in the thinning of beech stands it is
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not only important the methodology of applied treatment,
but also the age when it is best to start with thinning, with
regard to the habitat and stands conditions. More detailed is
presented the already mentioned free crown thinning from
above according to Stefan¢ik, which was developed in the
50s of the 20th century.

The aim of the study was to evaluate the long-term deve-
lopment of beech stands on the basis of scientific analysis
and synthesis of 8 series of PRPs and a total of 28 sub-PRPs
with adifferent thinning regimes based on: diameter and hei-
ght structures, the number of trees, the basal area and the
volume of timber, selected quantitative parameters of pro-
duction and the total volume of production, the develop-
ment of superior quality trees (promising and target trees),
growing quality of the stem and crown of trees of the main
stand, the quality of the main stand and the overall quality
of production. The main aim of all attempts were in addition
to compare the results of three different thinning methods
(the heavy thinning from below — C grade according to the
German forest research institutes from 1902, the free crown
thinning from above according to Stefanéik and area without
thinning regimes), as well as evaluation of development of
trees with selection quality by the methods of promising, res-
pectively target trees.

In the chapter Materials and Methods it is stated that
the base material for the writing of this publication was
data from PRPs established between 1958—-1984 by Prof.
Ing. Ladislav Stefanéik, DrSc., in naturally regenerated
homogenous beech in Slovakia. All investigated stands were
at the time of the experiment establishment in the growth
phases of small pole stage to pole stage. Up to the establish-
ment of the series of PRPs, the stands were with almost any
planned systematic thinning. Each PRP consists of three to
five sub-PRPs which are arranged side by side (along level
line) and separates them from each other always at least
15 mwide insulating belt of trees. The area of each sub-PRPs
is 0.25 ha (50 x 50 m). On all sub-PRPs all living trees with
diameter at breast height 3.6 cm and larger were numbered,
measured and classified in terms of the standard parameters
of growth, structure and quantitative and qualitative produc-
tion growth. Within each of PRP is always one sub-PRP left
without intervention (control). On other areas within each
series effects of various thinning methods are monitored and
compared. The results were processed using standard tech-
niques of mathematical and statistical methods.

Crucial chapter the Results covers 8 series of PRPs:
Konusg, Jalna, Kalsa, Stagiar, Zalobin, Zlat4 Idka, Lukov and
Ciganka. There the results are given more than 50 years of
research experiments based on the years 1958—1984, which
contain anywhere up to 12 regular repeated complete bio-
metric measurements and evaluations.

Based on a detailed analysis of partial results from indi-
vidual series PRPs and sub-PRPs were formulated following
key results:



After repeated tending, the thickest individuals (with
the highest mean diameter d ) were on PRPs with the
heavy thinning from below and the free crown thinning
from above according to Stefanéik and thinnest (with the
smallest d ) on the control PRPs.

The sub-PRPs tended by the free crown thinning accord-
ing to Stefan¢ik showed the best diameter structure with
the highest values of diameter differentiation indices
(TM, > 0.5) indicated even high differentiation. The
worst diameter structure with the lowest values (TM
<0.3) characterized by small differentiation were found
on sub-PRPs managed by heavy thinning from below.
The highest values of the mean height (hg) were found on
sub-PRPswith heavy thinning from below and the lowest
on all sub-PRPs with the free crown thinning according
to Stefanéik and control sub-PRPs (without tending).
Thehighest values of height differentiation indices (TM, )
were found always on sub-PRPswith the free crown thin-
ning according to Stefan¢ik (medium to high differentia-
tion) and the lowest on all sub-PRPs managed by heavy
thinning from below (small differentiation).

After repeated tending, the lowest number of trees (N)
was found on sub-PRPs with heavy thinning from below
(224 to 464 trees ha™') at stand age from 83 to 105 years
(except for PRP Zalobin). On the contrary, the highest
N (435t0 1,012 trees ha'), as well as basal area (G) was
found on control sub-PRPs (42.7 — 48.0 m?ha'). The
sub-PRPs tended by the free crown thinning according
to Stefanéik showed the lowest G (30.5 — 39.7 m?ha™).
Merchantable volume was found the lowest on sub-PRPs
with the free crown thinning according to Stefanéik (468
—614 m*ha) and the highest on both control sub-PRPs
(582 — 846 m* ha™') and sub-PRPs with heavy thinning
from below (609 — 779 m3 ha™).

Total mean annual merchantable volume increment was
found the highest on 4 PRPs with heavy thinning from
below (10.3 to 10.9 m® ha™! year™) and the lowest on 5
control sub-PRPs (6.8 to 10.2 m*® ha™ year™). Sub-PRP
managed by the quality group selection thinning was
characterized by the value of 9.8 m* ha™! year™, but on
PRPs Stagiar it was ranged from 7.1t0 8.1 m*ha'year'.
The highest number of target (crop) trees was regis-
tered on all sub-PRPs managed by the free crown thin-
ning according to Stefanéik (68 to 184 trees ha™) and
the lowest on most of control sub-PRPs . It was 190 trees
per hectare on the sub-PRP with the quality group selec-
tion thinning. On PRP Stagiar it ranged from 156 to 200
trees ha™! at stand age of 68 years.

— The quantitative parameters of target trees (basal area,
merchantable volume, current annual periodical diam-
eter increment) achieved the highest values on sub-
PRPs managed by the free crown thinning according
to Stefanéik, with the proportion from 37 to 75% out of
basal area of the main stand and/or 39 to 77% out of the
merchantable volume of the main stand. On sub-PRPs
managed by the quality group selection thinning it was
92% and 93% and/or on PRP Stagiar ranged from 26 to
35% and 29 to 39%, respectively.

— Thesilvicultural quality of trees at crown level of the stand
(1st and 2nd growth class) was found always better in
comparison to suppressed level of the stand (3rd to Sth
growth class). The worst silvicultural quality of stem was
registered on control sub-PRPs (without tending), con-
trary to sub-PRPs managed by the free crown thinning
according to Stefanéik and the quality group selection
thinning, where the best quality was registered.

Based on a synthesis of acquired knowledge from long-
term monitoring and evaluation of PRPs, guiding principles
of thinning in beech stands were developed and recommen-
dations generalized for their use in forestry practice, which
certainly contribute not only to an increase in the quantity of
timber production, but especially the quality of production.

Inthe Conclusion of the monographit is stated that after
more than 50-years of systematic research, heavy thinning
from below still comes slightly better (stand age 83—105
years) with respect to total volume production compared to
the free crown thinning from above according to Stefanéik.
However, effective near-natural silviculture of beech stands
should be aimed at the quality of production and in this the
free crown thinning from above according to Stefanéik is the
best suited thinning treatment in the conditions of pure beech
stands in Slovakia.

This monograph, which summarizes quite exceptional
long-term (over 50 years) experimental material, will cer-
tainly well serve to managers and employees in forest man-
agement, dealing with issues of silviculture. It will also be
an inspiration and a repository of knowledge for scientists,
whose research addresses various aspects of thinning. How-
ever, it will also be used as a teaching tool to forestry facul-
ties in the field of silviculture. Thanks and appreciation for
this monograph belong not only to the author Doc. Ing. Igor
Stefanéik, CSc. and his father Prof. Ing. Ladislav Stefanéik,
DrSc., but also to the publisher - National Forestry Centre
Zvolen and the sponsor — Agency to support research and
development.
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Spomienka na FrantiSka J. Turé¢eka — 100 rokov od jeho narodenia

FrantiSek Jozef Turcéek sa na rodil 3.
12. 1915 v Badiciach pri Nitre v uci-
telskej rodine. Po skonc¢eni ludovej
Skoly $tudoval na gymnaziu v Nitre.
Gymnazium nedokon¢il, pokracoval
v §tudiu v U¢itelskom ustave v Pre-
Sove. Porokuzacal pracovat v Lesnej
sprave v Kamenici nad Hronom ako
lesny praktikant (1934) a potom dva
roky ako lesny adjunkt na Kysuciach
(1935-1937).Poukoncenizakladnej
vojenskej sluzby sa v roku 1942 vratil do zamestnania ako
revirnik komposesoratnych lesov v Nitre. Dalej bol lesnym
spravcom na sukromnom majetku v Kovarciach pri Topol¢a-
noch (1944-1946). Nazaklade toho, Ze uz od roku 1941 pub-
likoval odborno-popularne prace v polovnickych ¢asopisoch
vznikol o neho zaujem v Ustave pre pestovanie lesov a lesnti
biologiuv Banskej Stiavnici. Sem nastupil do zamestnania 1.
oktobra 1946, ako pomocna vedecka sila. V dal§ich rokoch,
poviacerych organiza¢nych zmenach tohto pracoviska poso-
bil v Ustave pre polovnictvo a najdlhsie v Ustave ochrany
lesov, resp. v oddeleni ochrany lesov vo Vyskumnom tstave
lesného hospodarstva v Banskej Stiavnici. V roku 1964 pre-
Siel pracovat do Ustavu biologie krajiny Slovenskej akadémie
vied, kde pdsobil az do svojej smrtivroku 1977. Ako z uvede-
ného velmi strué¢ného Zivotopisu vyplynulo FrantiSek J. Tur-
¢ek najdlhsie (18 rokov) pracoval vo Vyskumnom tstave les-
ného hospodérstva v Banskej Stiavnici (teraz Narodné les-
nicke centrum - Lesnicky vyskumny ustav Zvolen).

Pri prileZitosti 100 rokov od narodenia Frantiska J. Tur-
¢eka sa konali v roku 2015 viaceré spomienkové podujatia,
najmiv Ustave ekoldgie lesa SAV. Okrem iného pri tejto pri-
lezitosti mu odhalili aj pamatna tabulu. Taktiez, ¢i uZ v tlaci
ako aj masmédiach sa ¢innosti a dielu FrantiSka J. Turéeka
venovala znac¢né pozornost. V3etkym tym, ktori sa na tomto
podielali patri srde¢né podakovanie. Opravnene sa tu vyzdvi-
hovala zasluzna ¢innost, ako ekol6ga, zooléga a polovnika.
Preto aj v nasom Lesnickom ¢asopise chceme pri prileZi-
tosti 100 rokov od jeho narodenia pripoment najma mlad-
$ej generécii jeho ¢innost a dielo, hlavne pre rozvoj lesnickej
vedy, lesného hospodarstva, zvlast v odbore ochrany lesov.

Dosiahnuté vysledky mozno najlepsie ilustrovat uverej-
nenymi pracami, ktoré napisal v slovenskom, nemeckom,
anglickom a madarskom jazyku. Ide o desiatku kniznych
publikacii a 400 pévodnych a odbornych prac. Ako sme uz
uviedli zaoberal sa Sirokou problematikou patriacej do via-
cerych vednych odborov. Vynechdme problematiku zool6-
gie, ekologie lesa a polovnictva, pretoZe jeho prinos v tychto
oblastiach sa uZ uviedol v ramci konanych podujati v roku
2015, zameriame sa len na ochranu lesov. Aj tu ide o Siroku
problematiku tykajucu sa hmyzich §kodcov, zveri, drobnych
hlodavcov, vtakov, poziarov a dal$ich Skodlivych ¢initelov.
Pozornost venoval taktiez kontrole vyskytu jednotlivych
Skodcov a progndze ich §irenia, ako aj moznostiam vyuzitia

jednotlivych metdd ochrany a obrany proti $kodcom, vra-
tane biologickej ochrany.

Z hmyzich §kodcov sa venoval najmi mniSke velkohlavej
(LymantriadisparL.),jej premnoZeniu a vplyvu nalesnt bio-
cendzu. Dalej hromadnému vyskytu chrasta a opatreniam na
ochranu pred spriadkova¢om (priastevnikom) americkym.
ESte aj v suc¢asnosti sa v zmysle vyhlasky ¢. 453/2006 Z. z.
o hospodarskej tiprave lesov a o ochrane lesa ohrozenie les-
nych porastov mniskou velkohlavou posudzuje ,, Turéekovou
metddou“ (cit. : Kontrola. Vo zvySenom stave , ked pocet-
nost samcov v lapacoch presiahne 70 ks, sa za¢ina s kontro-
lou pocetnosti pomocou Turéekovej metddy. Zazvyseny stav
treba povazovat pocetnost 0,3 — 2 znasky na strom. V ¢ase
kalamitného vyskytu sa pouziva na zistovanie $kodcu Tur-
¢ekova metdda. Za kalamitny stav sa povaZuje pocetnost 2
aviac znaSok na kmen).

Pomerne vela prac publikoval o ochrane lesnych poras-
tov pred poSkodzovanim zverou. I§lo najmi o lesné kultury,
kde riesil ich ochranu pred ohryzom zverou. Dalej proble-
matiku zodierania kory drevin srncami pri ,,vytikani“ paro-
hov. Problematikou poskodzovania lesnych kultur sazaobe-
ral komplexne, Cize riesil ich ochranu takmer proti vSetkymi
najvyznamnej$imi Skodlivym ¢initelom. Osobitt pozornost
venoval ochrane lesnych kultir na nelesnych pédach. Sem
priradime aj problematiku ochrany lesnych semien, siatby
a sejby pred §kodcami, najmé vtakmi a hlodavcami. Spome-
nut treba taktiez ochranu lesnych porastov pred poziarmi.
Participoval narieSeni ochrany lesnych porastov proti hubo-
vym chorobam, napr. topolov.

Podielal sa taktieZ na spracovani sprav o vyskyte les-
nych §kodcov na Slovensku, napriklad v rokoch 1947, 1948.
Zaoberal sa prognostikou a jej vyznamom v ochrane lesov.
Vypracoval prognézu vyskytu drobnych hlodavcov v lese pre
potreby ochrany lesov. Zaoberal sa vyuzitim insekticidov,
fungicidov, herbicidov v ochrane lesa, ¢o riesil aj vo vztahu
k ochrane prirody. Osobitu pozornost venoval i¢asti vtakov
v biolégii lesa. Dalej vyuzitiu mravcov v biologickej ochrane
lesa.

Tym, Ze sme dielo Frantiska J. Turéeka zdZili len na vyber
niektorych prac z ochrany lesov neznamena to, Ze aj ostatné
prace tykajuce sa biologickych vied, najma zoologie, polov-
nictva ¢i ekoldgie neboli vyznamné z hladiska lesnickeho
vyskumu. Tvorili velmi dobré vychodisko pre rieSenie tloh
v aplikovanom lesnickom vyskume, kde nasli mnohé z nich
velmi dobré vyuZitie.

K doposial uvedenému treba dodat, Ze Frantisek J. Tur-
¢ek bol mimoriadnou osobnostou, s vynikajacimi tvorivymi
schopnostami. Ako samouk sa stal vyznamnym odbornikom,
vyskumnym ¢i vedeckym pracovnikom v Sirokej $kale ved-
nych odborov. Ovladal tri svetové jazyky. Dokézal v prob-
lematike, ktoru riesil nalezite uplatiovat a vyuzivat Statis-
tické metody. Bol ¢lenom viacerych zahrani¢nych spolo¢-
nosti. Zrejme aj preto, ¢i pre nekomfortné postoje k vlad-
nucim §trukttram ho po roku 1958 sluZobne degradovali.



Nakoniec v roku 1964 odisiel z Vyskumného astavu les-
ného hospodarstva v Banskej Stiavnici pracovat do Ustavu
bioldgie krajiny Slovenskej akadémie vied. Treba uviest, Ze
napriek tymto zivotnym peripetiam zostal vzdy skromnym
¢lovekom, ktory aj pri podlomenom zdravi nachadzal zmy-
sel svojho zivota v praci.
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K nedozitym 90. narodeninam prof. Ing. Dr.h.c. Stefana Korpela, DrSc.

Zaciatkom roka 2016 sme si pripomenuli 90 rokov od naro-
denia vyznamnej osobnosti slovenskej lesnickej vedy, vyso-
koskolského pedagéga a vynikajaceho ¢loveka prof. Ing.
Dr.h.c. Stefana Korpela, DrSc., ktory bol zaroven dlhoro¢-
nym ¢lenom redakénej rady Lesnickeho ¢asopisu - Forestry
Journal.

Prof. Korpel sa narodil 8. 2. 1926 v Pohronskej Polhore.
Uz po skonéeni meStianskej Skoly v Brezne sa zameral na
lesnictvo, ktorému ostal verny pocas celého svojho plod-
ného Zzivota. V roku 1945 zmaturoval na Stétnej vyssej les-
nickej $kole v Banskej Stiavnici. Potom $tudoval lesnicke
inZinierstvo na Vysokej $kole technickej v Bratislave, resp.
Vysokej Skole polnohospodarskeho a lesnickeho inZinier-
stva (VSPLI) v Kosiciach, kde bol v roku 1951 promovany
nalesného inZiniera. Po absolvovani spominanej §koly zacal
pracovat ako asistent vo vtedajsom Ustave pestovania lesa
Lesnickej fakulty (LF) VSPLI v Kosiciach. Po prestahovani
Lesnickej fakulty do Zvolena v roku 1952 v ramci novozria-
denej Vysokej Skoly lesnickej a drevérskej (VSLD) posobil
na jej Katedre pestovania lesa takmer 50 rokov, kde presiel
vSetkymi ucitelskymi funkciami od asistenta aZ po vysoko-
Skolského profesora. Pritom v rokoch 1975-1991 zastéval
funkciu vedticeho Katedry pestovania lesa LF VSLD, resp.
Technickej univerzity (TU) vo Zvolene. Na sklonku Zivota
posobil kratky ¢as aj v Ustave ekologie lesa SAV vo Zvolene.

V rokoch 1956-1961 absolvoval externt vedecku aspi-
ranttiru na Vysokej Skole zeméd¢lskej v Brne a ziskal vedecka
hodnost kandidata polnohospodarsko-lesnickych vied
(CSc.). Vroku 1967 ho po obhajobe habilitacnej prace vyme-
novali docentom pre vedny odbor pestovanie lesa. V roku
1984 obhajil doktorsku dizerta¢ntl pracu na tému ,,Dyna-
mika prirodnych lesov Slovenska“ a ziskal vedeckt hodnost
doktora polnohospodarsko-lesnickych vied (DrSc.). V rov-
nakom roku ho prezident republiky vymenoval za profesora
pre vedny odbor pestovanie lesa.

Profesor Korpel venoval prakticky vSetok pracovny
i volny Cas lesnickej vede, ktora mu bola zaroven aj ,,.konic-
kom“. Aj pretobolajeho pedagogicka a vedecka ¢innost neu-
veritelne Siroka a bohata. Bol vedacim kolektivu autorov,

resp. spoluautorom Siestich celostatnych vysokoskolskych
ucebnic pestovania lesa. Vychoval nespo¢etné mnozstvo
diplomantov a pod jeho vedenim ukon¢ilo vedeckt vychovu
viacero na$ich i zahrani¢nych a$pirantov (v si¢asnom poni-
mani doktorandov). Prednasal ako hostujaci profesor aj na
inych univerzitach, napr. Aas v Norsku (1984), v Ziirichu
vo Svajciarsku (1992), v Tharandte a Géttingene v Nemecku
(1992, 1994).

Velmi intenzivne boli aj jeho vztahy s lesnickou praxou,
a to formou exkurzii a §koleni v teréne, kde bol vyhladava-
nou a uznavanou autoritou. Bol autorom, resp. spoluauto-
rom roznych smernic a koncepénych materialov zamera-
nych na obhospodarovanie lesov. Vyznamne sa podielal aj
nausmernovani pestovnej ¢innostiv Skolskom lesnom pod-
niku TU Zvolen.

V ramci vedeckovyskumnej ¢innosti riesil prakticky celt
rozsiahlu problematiku pestovania lesov od zakladania, cez
vychovu aZ po obnovu, pricom zahriiovala vietky hlavné dre-
viny a ich zmie$aniny. Okrem toho svoju pozornost upria-
mil aj na vzacnu a raritnt drevinu slovenskych lesov — tis
obyc¢ajny (Taxus baccata L.), spracovanim jedine¢nej §tu-
die ,,Vyznam tisu v lesnych ekosystémoch Slovenska a moz-
nosti zlepseniajeho stavu® (1995). Osobitnt pozornost veno-
val biologickej racionalizacii naSich listnatych azmieSanych
lesov. Dokazom je aj jeho originalna koncepcia tzv. racio-
naliza¢nej trovnovej prebierky, ktord umoziuje technicky
a ekonomicky zracionalizovat vychovu porastov, ktora vse-
obecne patri medzi vysoko nakladové ¢innosti v ramci exis-
tencie lesného porastu. Taziskovou a priekopnickou oblas-
tou jeho vyskumu, kde dosiahol aj medzinarodné uznanie
bola Struktara a vyvoj regenera¢nych procesov prirodnych
lesov. Vysledky 45-ro¢ného vyskumu z 25 pralesovitych
rezervacii Slovenska spracoval v kniznej publikacii ,,Pra-
lesy Slovenska“(1989), ktora mala velky ohlas nielen doma,
ale aj v zahranici, pri¢om vySla aj v Nemecku v inovovanej
verzii ,,Die Urwdlder der Westkarpaten® (1995) vo vydava-
telstve Verlag Fischer, Stuttgart-Jena-New York v rozsahu
310 stran. Vysledky svojej bohatej experimentalnej ¢innosti
vyhodnotil v 24 zavere¢nych spravach a 148 vedeckych pra-
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cach a pocetnych odborno-popularnych ¢lankoch. Velmi
aktivne sa angazoval v rdmci Medzinarodného spolku les-
nickych vyskumnych tistavov (IUFRO), osobitne v pracov-
nej skupine ,,Prirodnych lesov®.

Za jeho mimoriadne vyznamny prinos v oblasti lesnic-
kych vied mu udelili éestny doktorat (Dr.h.c.) na Svajéiar-
skej technickej univerzite (ETH) v Ziirichu (1992), v Les-
nickom vyskumnom ustave vo Zvolene najvysSie uznanie
slovenského lesnictva ,,Medailu Jozefa Dekreta Matejovie
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(1993) av Nemecku cenu Wilhelma-Leopolda Pfeila (1997).
Ako jednému z mala lesnickych osobnosti mu nakamennom
balvane v azemi Vysokoskolského lesného podniku TU Zvo-
len na lokalite Poruba umiestnili pamatnik.

Prof. Ing. Dr.h.c. Stefan Korpel, DrSc. patril k naj-
vyznamnej$im osobnostiam v odbore pestovania lesa uzna-
vanych vo vedeckych kruhoch doma i v zahraniéi. Vysled-
kami svojej prace sa nezmazatelne zapisal do histdrie slo-
venskej lesnickej vedy a praxe.
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