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Abstract

Populations of European ungulates have grown substantially over recent decades, resulting in considerable environmental and socio-e-
conomic impacts. Availability and quality of natural and supplemental food sources are among the main factors driving their population
dynamics. Detailed knowledge of food quality of management-targeted species is therefore of primary importance for their successful
management. The main aim of this study was to evaluate winter food quality and its variability for an important ungulate species in the
Czech Republic - i.e. red deer, using faecal indices (faecal nitrogen, faecal acid detergent fibre, faecal neutral detergent fibre) and near
infrared reflectance spectroscopy. We compared food quality for red deer and its possible differences between overwintering enclosures
(i.e. fenced areas where red deer spend harsh winter conditions) and neighbouring unfenced free-ranging areas within two study areas.
The results obtained showed that winter food quality and its variability for red deer are of different quality and variability in the overwin-
tering enclosure and neighbouring free-ranging area. The observed differences in concentrations and amounts of variation of faecal indi-
ces are most probably related to animal densities at individual study areas. Wildlife managers should therefore keep animals in overwin-
tering enclosures at moderate densities and to provide high quality forage to all individuals in order to balance nutrition of both the indi-
viduals inside and outside the enclosures. Nevertheless, further studies are needed in order to provide deeper knowledge on red deer food

quality and its variability in space and time.
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1. Introduction

Numbers of free-ranging ungulates have been recently incre-
asing throughout the whole Europe (Apollonio et al. 2010).
These overabundant ungulate populations may have signi-
ficantimpacts on the structure and functioning of their envi-
ronment, resulting in considerable economic losses in agri-
culture and forestry (Weisberg & Bugmann 2003; Coté
2004; Massei & Genov 2004). Food quality and availability
are among the main factors determining condition, survival
and reproductive success of free-ranging ungulates, as well
as one of the main driving forces influencing their distribu-
tion and habitat selection (Pettorelli et al. 2003; Parker et al.
2009; Van Beestetal. 2010). Accordingly, detailed informa-
tion on food quality for large ungulates is essential for their
efficient management.

Red deer (Cervus elaphus) feed opportunistically on
mixed diet of grass and concentrate food items such as
browse, forbs and fruits (e.g. Gebert & Verheyden-Tixier
2001; Krojerova-Prokesova et al. 2010). Food quality (i.e.
in terms of the content of nutrients, digestible energy and
digestibility-reducing compounds) is of particular impor-
tance to red deer (Robbins 1993; Van Soest 1994). They do
not simply consume any plant species they encounter, but
demonstrate preferences for plant species containing higher
amounts of nitrogen and digestible energy and lower amo-
unts of digestibility-reducing substances, such as fibre and
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secondary metabolites (e.g. Robbins 1993; Forsyth et al.
2005; Iason 2005).

Direct measurements of food quality for herbivorous
ungulates can be both time-consuming and expensive (Leslie
etal. 2008). An alternative approach is to measure a nutriti-
onal characteristics of faeces that bear a relationship to the
quality of ingested diet (Holechek et al. 1982a; Leslie & Star-
key 1985). Faecal material offers a convenient, non-invasive
method asitisreadily available and easy to obtain. There are
several faecal constituents demonstrating the relationship
with food quality of herbivorous ungulates (Belovsky 1981;
Robbins 1993). Among the most widely applied faecal indi-
ces of food quality are faecal nitrogen (FN), faccal acid deter-
gent fibre (FADF), and faecal neutral detergent fibre (FNDF;
Leslie et al. 2008; Dixon & Coates 2009). Despite its broad
application, the use of FN as an indicator of food quality for
ungulates remains controversial (see review by Leslie et al.
2008). The digestibility of the diet affects the FN levels as
the bacterial fermentation activity as well as turnover incre-
ases with higher digestibility (Robbins 1993). This results
ina positive linear relationship between digestibility and FN
(Holecheketal. 1982b). Since nitrogen content shows a posi-
tive linear relationship with digestibility in plants, FN also
correlates with dietary nitrogen, which is one of the most
important parameters of food quality for herbivorous ungu-
lates (e.g. Robbins 1993; Leslie & Starkey 1985; Hodgman et
al. 1996). However, woody plant species contain secondary
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metabolites which are known to bind with plant proteins and
gastrointestinal enzymes during chewing and digestive pro-
cesses. These complexes are not digestible at rumen pH and
are excreted in the faeces, thereby inflating concentrations
of FN (Robbins 1993; Palo & Robbins 1991). Nevertheless,
it has been suggested that under natural conditions, where
free-ranging herbivores can make their own choice of what
plant species they will consume, a relatively consistent corre-
lation exists between FN and dietary nitrogen (Palo & Rob-
bins 1991).

Regarding the fibre fractions in faeces, NDF consists pre-
dominantly of hemicellulose, cellulose and lignin (Van Soest
et al. 1991) and it has been demonstrated that increasing
levels of NDF in diet reduce voluntary food intake (Van Soest
1994). A subset of NDF is ADF, which represents lignin, cel-
lulose and cutin—i.e. the least digestible compounds for most
herbivores (Van Soestetal. 1991). As content of ADF in diet
increases, digestibility as well as available energy decreases
(Van Soest 1994). Red deer are known to show higher prefe-
rences for plant species containing lower levels of fibre (For-
syth et al. 2005). Adequate levels of fibre in diet are howe-
ver required to maintain normal rumen function (Van Soest
1994).

Plant nutrients and thus quality of food consumed by
herbivorous ungulates are highly variable in space and time
(e.g. Palo & Robbins 1991; Crawley 1997; Hola 2012). To
efficiently evaluate variation in food quality, however, requi-
res large number of samples and the wet-chemistry methods
used to measure FN, FADF, and FNDF in faeces frequently
become very time-consuming and expensive. Near infrared
reflectance spectroscopy (NIRS) provides a useful tool to
overcome these drawbacks since it allows rapid, low-cost,
chemical-free, and non-destructive analyses of alarge num-
ber of samples (Foleyet al. 1998). NIRS has been widely used
in wildlife nutrition research over the past four decades and
numerous studies have used NIRS to measure food quality
through faecal indices in herbivorous ungulates (Kamler et
al. 2004; Dixon & Coates 2009; Showers et al. 2006).

Inrecent decades, the use of fenced overwintering enclo-
sures for free-ranging ungulates is a common management
practice in many central European countries, including the
Czech Republic. The main purpose of these enclosures is to
reduce damage to forest stands and to assist animal survival
over harsh winter conditions. Enclosures are 10— 50 ha and
animals are usually kept inside for about a half-year (i.e. from
the beginning of December until the beginning of growing
season; Putman & Staines 2004; Pepin et al. 2006). Sup-
plementary feeding is a major food source for animals kept
inside the enclosures. Therefore, temporarily confining the
animalsinto arestricted fenced area may be reflected in their
feeding habits and quality of food consumed. Considering the
importance of food quality for herbivorous ungulates, it is
essential to evaluate the quality of foods consumed inside the
enclosures in comparison to foods consumed outside them.

Our purpose here was thus to evaluate winter food qua-
lity and its variability for red deer using faecal indices (i.e.
FN, FADF, FNDF) and NIRS. We compared food quality
for red deer and its possible differences between overwinte-
ring enclosures (i.e. fenced areas where red deer spend harsh
winter conditions) and neighbouring unfenced free-ranging
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areas within two study areas in the Czech Republic. We selec-
ted winter since this time period is of particular importance
forred deer. Plants available in winter are usually less diges-
tible and have lower amounts of necessary nutrients (Van
Soest 1994). Severe winter conditions and related reduction
in food quality are thus among the main factors influencing
survival and reproduction success of red deer populations
(Christianson & Creel 2007).

2. Materials and Methods
2.1. Study areas

Faecal samples of red deer were collected during winter 2013
in two study areas in the Czech Republic: (i) military train-
ing area Hradisté (Karlovy Vary region; hereinafter MTA
Hradiste), and (ii) military training area Boletice (South
Bohemia region; hereinafter MTA Boletice; Fig. 1). The cli-
matic conditions of study areas is describe in the Table 1.

50 km

Fig. 1. Location of the study areas (indicated by grey circles) with-
in Europe and the Czech Republic.

Table 1. Climatic conditions during winter 2013.

January February March April

o MTABoletice -4.2 =51 -39 42

MTADoupov 2.8 -3.5 -27 6.8
MTA Boletice 28 28 25 8
MTA Doupov 21 20 17 6

Average monthly temperature [

Duration of snow cower [day]

The MTA Hradisté (50°16" N, 13°7" E) is situated in
the Doupovské hory Mountains and has a total acreage of
331 km? Forests cover 41% of the area, agricultural land
8%, other land cover types 51%, and water surfaces 0.2%.
Deciduous forests with Norway spruce (Picea abies), Euro-
pean larch (Larix decidua), and pine (Pinus sylvestris, Pinus
nigra) cover 71%. Broad-leaved forests with beech (Fagus
sylvatica), sycamore maple (Acer pseudoplatanus), and ash
(Fraxinus excelsior) cover 29%. The predominant forest type
is herb-rich beech forest. The other forest types are ravine
forests, alluvial forests, oak-hornbeam forests, and thermo-
philous oak forests (Vojta & Kopecky 2006).

The MTA Boletice (48°49" N, 4°13" E) has a total acre-
age of 219 km?. Forests cover 60% of the area, agricultural
land 10%, and shrubs and natural open areas 30%. Spruce
forests with Norway spruce (Picea abies) and rowan (Sor-
bus aucuparia) are the dominating cover. Flowering beech
forests and acidophilus beech forest mostly with European
beech (Fagus sylvatica) and sycamore maple (Acer pseudo-
platanus), and fir forests with silver fir (Abies alba) are found

at altitudes between 600 and 1000 m a.s.l. Large complexes
of semi natural treeless areas occur at lower altitudes.
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Regarding the overwintering enclosures in our study
areasin 2013, the enclosure in the MTA Hradist¢ had a total
acreage of 12 ha with 280 individuals of red deer (90%), and
sika deer (10%; Cervus nippon), and the enclosure inthe MTA
Boletice had 8 hawith 35 individuals of red deer. Supplemen-
tal feed (i.e. corn and meadow hay) was regularly provided to
free-ranging ungulates, including red deer, in the overwinte-
ring enclosures and neighbouring free-ranging areas in both
study areas from November to May.

2.2. Sampling and chemical analyses

We randomly collected fresh red deer faeces from fenced
overwintering enclosures and neighbouring unfenced areas
within each study area during winter 2013 (n=149 in MTA
Hradisté, n=161in MTA Boletice). All faecal samples were
oven-dried to constant weight at 50 °C and subsequently
ground to pass 1 mm sieve.

A subset of faecal samples (i.e. calibration (n = 100),
further used for NIRS interpolation of chemical constitu-
entsin the remaining samples, was assayed by standard che-
mical methods to determine the exact concentrations of FN,
FADF, and FNDF. Total FN content was determined using
an automated C/N analyser TruSpec (LECO Corporation,
USA) after oxygen combustion in an oven at 950 °C. Total
FADF and FNDF concentrations were determined by stan-
dard methods of the Association of Official Analytical Che-
mists (AOAC 1984). The results of the chemical assays were
then used to calibrate NIRS as described by Foley (1998). All
faecal samples were scanned from1 100 to 2 500 nm using a
Thermo Nicolet NEXUS 670 scanning spectrophotometer
and an OMNIC 7.4 software (Thermo Scientific™, USA).
The spectrum of each sample was the average of 32 succes-
sive scans at aresolution of 4 cm™. Each spectrumwasrecor-
ded as the logarithm of the reciprocal of reflectance (log 1/R).

Prior to calibrations, the scatter correction of standard
normalvariate (SNV) and detrend was applied to the spectral
data, along with a number of possible combinations of deri-
vative (1,2), gap (4,10), and smoothing (4,10; Barnes et al.
1989). The calibrations were performed by partial least squ-
are (PLS) regressions with internal cross-validation (Shenk
& Westerhaus 1991). Outliers were detected by using the
residual sample variance plot after the PLS regression. The
predictive ability of the PLS equations was evaluated on
the basis of coefficient of determination (R?) of the linear
regression of predicted against measured values, the root
mean square errors of calibration (RMSEC), the root mean
square errors of cross-validation (RMSECV), and the ratio
of performance deviation (RPD), which is the ratio of the
standard deviation of the reference values and the root mean
square errors of prediction (RMSEP). Good predictions are
regarded as having an R?> (0.81 and an RPD > 2. Predicti-
ons having 0.66 <R2< (.80 and 1.5 < RPD < 2 are consi-
dered to be approximate and predictions having R? <0.65
and an RPD < 1.5 are considered to be poor (Shepherd &
Walsh 2007).

Statistical analysis

TheKendall'staut correlation coefficients were calculated in
order to evaluate whether there was any relationships among
FN, FADF, and FNDF in individual study areas.

The amounts of individual faecal indices of food quality
within and outside the overwintering enclosures inindividual
study areas were compared by Student’s t-tests or Wilco-
xon signed-rank test depending on the normality of the data.

To quantify the degree of variation in food quality in
overwintering enclosures and neighbouring free-ranging
areas, the coefficients of variation (i.e. CV, standard error
divided by mean) for concentrations of FN, FADF, and FNDF
were estimated. Significance was tested at oo =0.05 level. All
statistical analyses were performed with the R software, ver-
sion 3.1.1 (R Development Core Team, 2014).

3. Results

Overall, atotal of 310 red deer faecal samples, including 149
from the MTA Hradist€ and 161 from the MTA Boletice, was
analysed for concentrations of FN, FADF, and FNDF.

The developed calibration models (derived from the
absorbance spectra of faeces) confirmed the high poten-
tial of near infrared reflectance spectroscopy for analysing
a large number of samples and accurate determination of
major faecal indices of food quality for red deer (Table 2).

Table 2. Developed calibration models. Predictive power of par-
tial least square regression with cross-validation for modelling
the relationship between spectral characteristics of faecal sam-
ples of red deer and concentrations of faecal nitrogen (FN), fae-
cal acid detergent fibre (FADF), and faecal neutral detergent fibre

(FNDF).
Constituent N R RMSEC RMSECV RPD
N 100 0.99 0.03 0.18 2.8
ADF 100 0.98 1.21 4.42 29
NDF 100 0.99 0.58 3.55 24

Note: N =number of samples used for calibration; R?= the degree of correlation between the predicted
values and the actual measured values; RMSEC = root mean square error of calibration; RMSECV =
root mean square error of cross-validation; RPD = ratio of standard deviation of laboratory reference
values and the root mean square error of prediction; RPD > 2 indicates good models.

Concentrations of FN, FADF and FNDF showed the basic
values in red deer feaces collected within and outside the
overwintering enclosures in individual study areas (Table 3).

Table 3. Concentrations of FN, FADF, and FNDF in red deer fae-
ces. The mean (£SD), minimum, and maximum values of faecal
nitrogen (FN), faecal acid detergent fibre (FADF), and faecal
neutral detergent fibre (FNDF) in red deer faeces collected from
fenced overwintering enclosures and neighbouring unfenced ar-
eas within two study areas (MTA Hradisté and MTA Boletice) dur-
ing winter 2013.

enclosure

FN p+=SD n__ Min Max
MTAHradisté¢ 2.17+£0.34 107 1.50 2.88
MTABoletice  2.21+£0.31 79 1.66 3.04

FADF pESD n__ Min Max
MTA Hradist¢ 44.24+5.13 107 28.10 55.40
MTA Boletice 41.67+£4.02 79 33.70 52.30 45.78+3.15 82 36.20 55.00

FNDF pE=SD n__ Min Max pE=SD n_ Min Max
MTA Hradisté¢ 56.61+5.62 107 38.80 73.80 60.710+£3.76 42 52.40 68.00
MTA Boletice 61.48+7.67 79 48.10 75.00 60.80+4.50 82 51.20 71.30
Note: p — mean, SD - standard deviation; n — number of collected faeces. All values expressed as %
dry matter.

Free-ranging area
p=SD n__Min Max
1.88+0.19 42 134 228
2274031 82 1.75 3.26
p+SD n  Min Max
47.84+4.22 42 37.10 56.20
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The Kendall's tau t correlation coefficient showed signi-
ficant negative relationship between FN and FADF (t

MTAHRA-
st = —0-40,p<0.5; 7,0 b emee= —0-12,p<0.5), as well as
FNDF (TMTAHRADISTEz —0.65, p< 0.5 TMTABOLETICE —0.78, p

<0.5) in both study areas. The relationships between FADF
and FNDF were positive (t =0.67,p<0.5;1
BOLETICE 0.16,p<0.5).

Regarding the differences in individual faecal indices
between overwintering enclosure and outside it in the MTA
Hradisté, the FN contents were higher in the enclosure
compared to the neighbouring area (Wilcox.t.: Z=-4.582;
p<0.0001, Fig. 2). Thelevels of FADF and FNDF showed the
opposite trend, with higher levels found in the free-ranging
areas compared to the enclosure (ADF: Wilcox. t.: Z=4.040;
p<0.0001, Fig. 3; NDF: Student. t-test.: t=4.337; p<0.0001,
Fig. 4).

Turning now to the MTA Boletice, the amounts of FN
showed a different trend in comparison to MTA Hradiste¢.
The FN levels in the MTA Boletice were similar in the
overwintering enclosure and in neighbouring free-ranging
area (Wilcox. t.: Z =-0.955; p <0.3394, Fig. 5). Similarly

MTA HRADISTE MTA

MTA Hradisté

3.0
FAECAL NITROGEN
2.8

2.6

24
2.2
2.0

Free-ranging

N (%)

Overwintering
enclosure area

Fig. 2. Volume of nitrogen. Box and whisker plots showing the
median, minimum, maximum, upper and lower quartile for the
concentrations of faecal nitrogen in red deer faeces collected in the
overwintering fenced enclosures and neighbouring free-ranging
areas in the MTA Hradiste.

MTA Hradisté
75

70
65
60 T
55

50

NDF (%)

45
FAECAL NEUTRAL DETERGENT FIBRE

40

35
Overwintering Free-ranging
enclosure area

Fig. 4. Volume of NDE Box and whisker plots showing the me-
dian, minimum, maximum, upper and lower quartile for the con-
centrations of faecal neutral detergent fibre in red deer faeces col-
lected in the overwintering fenced enclosures and neighbouring
free-ranging areas in the MTA Hradiste.
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the concentrations of FADF and FNDF were comparable in
the overwintering enclosure and outside it (ADF: Wilcox. t.:
7.=-0.544;p<0.5861, Fig. 6; NDF: Wilcox.t.: Z=-0.8928;
p<0.3720, Fig. 7).

The amounts of variation in faecal indices of red deer food
quality showed interesting patterns in individual study areas.
In the MTA Hradisté, the amount of variation was higher
in the overwintering enclosure compared to free-ranging
area for all studied faecal indices. In the MTA Boletice, on
the other hand, the amounts of variation were comparable
between the overwintering enclosure and outside it (Table 4).

Table 4. The amounts of variation in faecal indices. Coefficients
of variation [%] for faecal indices of food quality for red deer in
overwintering enclosures and neighbouring free-ranging areas in
MTA Hradisté and MTA Boletice.

MTA Hradisté MTA Boletice
enclosure Free-ranging area enclosure  Free-ranging area
FN 16 10 14 14
FADF 12 9 7 6
FNDF 10 6 8 7

Coefficient of variation (%) was estimated as the ratio of the standard deviation to the mean.

MTA Hradisté

55
50

FAECAL ACID DETERGENT FIBRE

Overwintering Free-ranging
enclosure area

Fig. 3. Volume of ADE Box and whisker plots showing the me-
dian, minimum, maximum, upper and lower quartile for the
concentrations of faecal acid detergent fibre in red deer faeces col-
lected in the overwintering fenced enclosures and neighbouring
free-ranging areas in the MTA Hradisté.

MTA Boletice
34
3.2
FAECAL NITROGEN
3.0
238

2.6

N (%)

24

2.2
2.0
1.8
Overwintering Free-ranging
enclosure area

Fig. 5. Volume of nitrogen. Box and whisker plots showing the
median, minimum, maximum, upper and lower quartile for the
concentrations of faecal nitrogen in red deer faeces collected in the
overwintering fenced enclosures and neighbouring free-ranging
areas in the MTA Boletice.
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MTA Boletice

FAECAL ACID DETERGENT FIBRE
55

50

ADF (%)

=
1T

35

Overwintering Free-ranging
enclosure area

Fig. 6. Volume of ADE Box and whisker plots showing the me-
dian, minimum, maximum, upper and lower quartile for the
concentrations of faecal acid detergent fibre in red deer faeces col-
lected in the overwintering fenced enclosures and neighbouring
free-ranging areas in the MTA Boletice.

4. Discussion

Theuse of FN as a proxy for food quality of herbivorous ungu-
lates is based on the fact, that there is a positive relationship
betweendietary N and FN (e.g. Leslie & Starkey 1985; Hodg-
manetal. 1996). Nevertheless, it cannot always be assumed
that dietary N is directly reflected in the faeces, particularly
due to possible effects of secondary metabolites (e.g. Palo
& Robbins 1991; Leslie et al. 2008). Therefore, conclusions
based only on the FN levels should be strengthened by the
use of multiple nutritional indices, such as fibre fractions in
faeces (FADF and FNDF). These indices should be more
sensitive to fluctuations in food quality than FN, especially
when diets contain high amounts of secondary metabolites
such astannins (Hodgman et al. 1996; Leslie et al. 2008). As
expected, our results showed a strong negative relationships
between FN and FADF, as well as FNDF. This is due to the
FN levels being lower if the diet contains more indigestible
compounds, such as fibre components, since FN is associ-
ated with indigestible fibre (Van Soest 1994).

Our analyses showed that in the MTA Hradis$te, the FN
concentrations were higher in the overwintering enclosures
compared to neighbouring free-ranging areas. The FADF
and FNDF levels showed the opposite trends. On the other
hand, the food quality indices were similar in the overwinte-
ring enclosure and outside it in the MTA Boletice. The obser-
ved differences in concentrations of faecal indices at indivi-
dual study areas are most probably related to animal densi-
ties. The density of animals was significantly higher in the
overwintering enclosure in the MTA Hradisté (i.e. animal
density ranged from 22 to 24 individualsper ha) in compa-
rison to the enclosure in the MTA Boletice, where the animal
density was lower (i.e. 4 to 5 individuals per ha). Therefore,
at high densities, there may be less plant species of higher
quality for red deer as a consequence of over-browsing, thus
favouring the growth of woody plant species which are less
palatable for red deer (Suzuki et al. 2008). Such plant species
have higher concentrations of tannins which are able to bind
to plant proteins in the digestive tract of ruminants and thus
reduce the levels of digestible protein and increase the excre-

MTA Boletice

FAECAL NEUTRAL DETERGENT FIBRE
70

65

NDF (%)

60
55

50
Overwintering Free-ranging
enclosure area

Fig. 7. Volume of NDE Box and whisker plots showing the me-
dian, minimum, maximum, upper and lower quartile for the con-
centrations of faecal neutral detergent fibre in red deer faeces col-
lected in the overwintering fenced enclosures and neighbouring
free-ranging areas in the MTA Hradiste.

tion of FN (Palo & Robbins 1991; Robbins 1993). This could
explain the higher FN values observed in the overwintering
enclosure in the MTA Hradisté. Similarly Carpioetal. (2015)
have found the highest FN values in areas with the highest
red deer densities and tannin concentrations in faeces. On
the other hand, other studies focusing on ungulate diets have
observed a negative relationship between FN and popula-
tion density, for example Sams et al. (1998) for white-tailed
deer (Odocoileus virginianus), and Asada & Ochiai (1999)
for sika deer (Cervus nippon). These authors have argued that
as population density increases, competition for high qua-
lity plant species is higher and consequently the high quality
plant species are rapidly depleted and the consumed food is
of lower quality resulting in decreased FN levels (Sams et al.
1998; Asada & Ochiai 1999).

Another possible explanation for the observed trends
in faecal indices in the MTA Hradisté could be the fact that
the red deer in the overwintering enclosure were to a larger
extent dependent on supplemental foods provided by hun-
ters, which is of better nutritional value and more palatable
than winter plant species available outside the enclosure. As
reported by Carpio et al. (2015), a positive relationship was
found between FN and dietary N in plants on hunting esta-
teswith a supplemental food supply, whereas no relationship
was observed in the absence of supplementary feeding.

The different degrees of variation in food quality obser-
ved in this study may be again attributed to the differen-
ces in animal density. Increased population densities may
lead to intensified competition for food resources and thus
only highly socially ranked individuals are more successful
at obtaining foods of high quality (Clutton-Brock & Albon
1985; Putman & Staines 2004). The higher amounts of varia-
tioninfood quality observed in the enclosure inthe MTA Hra-
diste could hence be attributed to the differential access to
high quality foods related to social rank (e.g. Appleby 1980;
Thouless 1990). In the MTA Boletice, on the other hand, the
amounts of variation were similar in the enclosure and out-
side it, most probably due to adequate population densities
in the area and not intense competition for food resources.
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To sumup, the results obtained suggest that the red deer
foodis of different quality and variability in the overwintering
enclosure and neighbouring free-ranging areamost probably
due to high population density. Therefore, it is necessary to
keep animals in overwintering enclosures at moderate den-
sities and to provide high quality forage to all individuals in
order to balance nutrition of both the individuals inside and
outside the enclosures. Moreover, the analyses confirmed
the high potential of NIRS for analysing large numbers of
samples necessary for monitoring purposes of red deer diets.
However, further studies are needed in order to provide dee-
per knowledge on red deer food quality and its variability in
space and time. The further studies should aim to evaluate
the differences in each sex and age classes especially.
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Abstract

In the past few decades, ecological and environmental issues have dominated the forest industry worldwide, but economic aspects have
been much less studied in this dynamic period. However, a sustainable and efficient forest biomass supply is critical for socio-economic
development in many regions, particularly in rural areas. Nature protection efforts have contributed to reduced harvesting quotas, which
have resulted in an imbalance of the environmental functions of the forests and forest management, particularly wood supply.
Considering the size and distribution of forest production management units and the forest stands that compose those units, there is a
clear need for improved decision-making tools that help forest managers in planning harvest sequences. The optimization of harvest sche-
duling should consider economic and spatial factors, which may reduce production costs by increasing the logistic efficiency. Moreover,
incorporating maximum harvesting opening size constraints into planning can help preserve biodiversity.

This article presents a new spatial harvest scheduling model based on the integer programming method,; it was developed using real data
from a forest production unit located in the northern part of the southeast region of Brazil. The goal of the proposed scheduling appro-
ach is to maximize the net present value and concentrate the harvesting locations in each period. In spite of the fact that the object of the
study is plantation forest under management different to common conditions in Europe or North America, the model is flexible and can

be used in management of forest in Central Europe.

Keywords: Eucalyptus; plantation management; spatial harvest scheduling; harvest-flow constraints
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1. Introduction

The importance of exact mathematical methods in deci-
sion-making processes is indisputable, especially in forest
management, which is faced with very complex scenarios
due to the spatial and temporal aspects of decision models
with many sources of uncertainty. Furthermore, forest mana-
gers often have to find a balance between goals of multiple
participants (owner, public society, nature protection orga-
nizations, etc.) in most cases.

According to Baskent & Keles (2005), forest planning
can be defined as the organization of the various activities
to be undertaken over time in a forest to meet the objecti-
ves of the project, while also ensuring long-term sustaina-
bility of forest resources and the steady flow of wood pro-
ducts. Buongiorno & Gilles (2003) recognized that the stra-
tegic planning of wood production involves managing large
forested areas, and many operations and people; often dif-
ferent aspects of the production process compete for the
same resources, which makes the allocation of this resour-
ces a complex task. Thus, to achieve a satisfactory return on
investment, it is necessary to implement a detailed forest
management plan efficiently allocating production factors
to achieve the established objectives. According to Falcdo &
Borges (2003), management models that consider the geo-

graphical locations of forest activities contribute to avoid
segregation across levels of strategic and operational plan-
ning. They can also provide necessary information to address
problems related to the transport of forest products and / or
the spatial arrangement of cultural operations.

Akey aspect of spatial forest planning is the combination
of optimal harvest scheduling with the spatial dispersion of
harvesting units; variations in either of these factors involve
not only environmental impacts, but also consideration of
operational logistics. Scheduling of forest harvesting invol-
ves identifying a series of areas to be cut to ensure maximum
profit for the landowner and guarantee a balance in the har-
vested amount of wood or area over a defined period. Howe-
ver, more traditional forest planning methods did not consi-
der spatial dispersion of harvesting units, so it is difficult to
evaluate the tradeoffs of a harvest plan in terms of logistical
and environmental impacts versus financial goals.

By introducing spatial variables in forest planning prob-
lems, it is possible to find an optimal solution between econo-
mic, environmental, and logistical objectives within the con-
straints provided. According to Ohman & Eriksson (2010),
including spatial parameters in strategic planning of forest
harvesting increases its complexity. One reason for the incre-
ased complexity is that to represent the aggregation of mana-
gement units into the models, integer variables need to be
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introduced to specify the type of management regime that
will be applied to each unit; in addition, specific information
about adjacent units also needs to be considered, not solely
for each isolated harvest unit.

In traditional unit restriction models (URM), harvest
clusters are formed a priori by the forest planner (Murray
1999). This approach is often used in countries where laws
limit the size and/or shape of harvest units (Ka$par et al.
2016). Underestimation of objective function values is one of
the major disadvantages of URM (Richards & Gunn 2000).
However, Hokans (1983) and Lockwood & Moore (1993)
proposed a modelling approach to create harvest clusters
during the optimization process; this approach is referred as
the area restriction model (ARM). One of the possible exact
integer programming formulations is called the Path formu-
lation, originally proposed by McDill et al. (2002), which
is based on enumerating all feasible clusters that cannot be
harvested as a whole and which are minimal. Each of these
clusters is a continuous group of stands with total area exce-
eding the limit size and does not contain any cluster with
area exceeding the limit size. So, it is necessary to remove
only one of the stands, in such a cluster, before it becomes
feasible (Crowe et al. 2003), that is, if |C| ! is the cardinality
of cluster C then at most |C| — 1 of them can be harvested
simultaneously. We consider that two sands are adjacent if
the boundary that they share is not a discrete set of points.

Harvesting units sparsely dispersed in a forest manage-
ment area have lower environmental impacts because they
present fewer problems related to erosion after harvesting
and they promote wildlife protection. However, this disper-
sion may cause logistical problems in the harvesting and
transport of the timber, thus increasing production costs. So,
in reality, environmental and economic goals often conflict
with one another; we attempt to find a compromise between
them by using a maximum distance constraint and creating
clusters of harvest units.

The complexity of spatial forest planning requires mathe-
matical models and techniques within decision support sys-
tems that consider adjacency restrictions. The Decision sup-
port system (DSS) Optimal, developed for Central Europe
forest management conditions, has been presented in seve-
ral previous papers (Marusak & Kaspar 2015; Marusak et
al. 2015; Vopénkaet al. 2015). The DSS Optimal is a power-
ful tool used in the Czech Republic for harvest scheduling.
Because DSS Optimal uses Java SDK for ArcGIS desktop
extensions, it is easily modified to include different spatial
constraints.

The goal of this paper is to present a basic harvest sche-
duling model in the context of plantation management con-
ditions in Brazil. We also present results of analyses based
on alternative initial conditions. The model has been imple-
mented into an updated version of DSS Optimal tool applied
in countries of Central Europe. The newly developed DSS
tool was used to analyze the alternative harvest scheduling
scenarios.

2. Material and methods
2.1. Model

A very simple area restriction harvest scheduling binary
programing model was created for the purpose of our case
study. The model is presented in Equations 1-7:

N P
Maximize Z Z CipX,, [1]
=1 p=1
subject to:
P
D wp<t vimt [2]
p=1
Xip + x}'p - 2Zijp > 0 [3]

Maximum distance constraints:
dijzjp <DV zj (4]

Harvest volume-flow constraints:

N N
(1—0()2 ViXip-1) < T < (1+) z ViXip-1) VP =1,..,P [5]

i=1 i=1

Maximum opening size constraints:

inp$|C|—1VCES [6]
i€c
xp €{01}Vp=1,.,Pi=1,.,N

[7]

Zim €{0,1}Vp=1,..,P;i,j=1,..,N,i<]j

The objective function [1] maximizes the net present
value (NPV) from all harvested forest stands, i =1, ..., N,
and from all plannedyears,p=1, ..., P, while the ¢,, parame-
ter expresses the NPV from harvested wood in Euro (€), and
X, fori=1,...,Nandp=1,..., P,isthe decision variable that
takesvalue 1if stand isharvested in period p and 0 otherwise.
Thefirst constraint, equation 2, ensures that each unitis har-
vested only once during the planning horizon. Equations 3
and 4 ensure the distance between selected stands, d,-,-’ cal-
culated as a Euclidean distance between centroids of stands
i and j, is less than parameter D, the maximum distance
allowed between those stands. The Zy» forp=1,..,P;i,j
=1, ... N, i<J, are decision variables taking value 1 if both
standsiandj are harvested in period p and 0 otherwise. Equ-
ation 5 ensures an annual balanced harvest volume throu-
ghout the planning horizon. A harvest volume is allowed to
vary by oc(%) from one period to the next. The T'variableis a
new general variable that defines the potential harvest level
for eachyear, andv, is the absolute value of the wood volume
of stand i. The constraint (6) are known as the path constra-
ints, impose area limit in the opening areas. These constra-
ints prohibit to harvest too large clusters, that is, clusters
whose area exceed the imposed arealimit. The set I3 consists
of all possible minimal infeasible clusters, that is, all possible
clusters that cannot be harvested as a whole and are mini-

!|C| denotes the cardinality of set C, that is the number of elements of set C.
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mal. They assure that from each cluster Cin set Iwe can har-
vest at the same period at most |C|| — 1 stands, being |C| the
cardinality of set C, that s, it is necessary to remove only one
stand from the set C before it becomes feasible. Finally, the
constraints (7) impose that all variables are binary.

2.2. Case study

We used spatial and numerical data from a timber farm in
north of the southeast region of Brazil for this study. The farm
belongsto a private entity, thus we do not specify the location
or the name of the farm. The total area is 2412 hectares and
the number of forest stands is 105 (V) were their areas ran-
ging from 1.07 hectares to 24.50 hectares with average value
equal to 22.97 hectares. The location of this timber farm is
presented in Fig. 1. The timber farm is on the border of two
geographical regions - Cerrado and Mata Atlantica. There is
aprevailing tropical climate, which influence the eucalyptus
production of 30 — 40 m?/hectare/year.

A
%

Fig. 1. The location of the timber farm in Brazil.

Exlusively, Eucalyptus urophylla S.T. Blake, is planted at
the timber farm while the wood would be used for commer-
cial purposes, such as construction, power generation, fur-
niture making, charcoal, pulp and paper production. Stands
are harvested when the MAI (Mean Annual Increment) curve
crosses the CAI (Current Annual Increment) curve; for E.
urophylla, this occurs between 6 and 8 years of age. Stands
younger than 5 years old cannot be harvested, and stands
olderthan 8 years old are prioritized for harvesting. Age, site
index, and stand volume data for all stands in each year were
available.

We used several combinations of the following parame-
ters to conduct the analysis, including: D=2.5km, 5 km, and
10 km; oc = 5%, 10%, and 15%; and, C was tested at 25 ha,
50 ha, and 75 ha) were analyzed. The different combinati-
ons of these alternative parameters were compared against
theresults of anull scenario that used no maximum distance
between harvested stands in a given year (D), no limits on
the percentage of volume harvested from year-to-year (<),
and no opening size constraints (C)

The total NPV of the 5-year planning horizon (P) was cal-
culated for each scenario. The price of harvested wood, har-
vest costs, and silviculture costs are included in the NPV cal-
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culation; all monetary values are presented in Euro (€). The
real prices of wood at the timber farm as well asreal Brazil
interest rate of 14% were used for all analyses. The effects of
different management conditions and input parameters on
total NPV were evaluated.

3. Results

The final results of are presented in Tables 1 — 5. The objec-
tive function values (total NPV) of the different alternatives
are presented in Tables 1 — 4, which display scenarios with
no maximum opening constraints, 75-ha maximum opening
constraints; 50-ha maximum opening constraints, and 25-ha
maximum opening constraints. A comparison of the objec-
tive functions of all scenarios relative to the null scenario is
presented in Table 5.

The highest potential objective function value, €
21,783,770, was found in the no maximum opening size,
maximum distance, and harvest volume flow constraint sce-
nario (Table 1). All other alternatives” objective function
values were lower (Tables 1 —4), which simply means that
constraints on any of these factors limit the objective function
value.

Maximum opening constraints and harvest volume flow
constraints had the smallest effect on objective function
values; the maximum distance constraints had the greatest
impact on NPV. However, the constraints also displayed a
synergistic effect; the maximum distance constraints most
negatively decreased the objective function values when the
maximum opening constraint was 25 ha.

As it can be seen in tables 1 to 4, the objective function
value coincide without considering constraints about the
maximum distance and considering 10 km as the maxi-
mum distance. [t means that without constraint in the dis-
tance between the opening areas we get already a solution
where the distance between them are less or equal than
10 km. Furthermore, in that solution the distance between
some of the opening areas are greater than 5 km and so, with
D=5 km, the objective value decreases.

Table 1. NPVs (expressed in Euro) with no maximum opening
size constraints using alternative harvest volume flow and maxi-
mum distance constraints in an area restriction harvest schedul-
ing binary programing model.

Harvest volume-

Maximum distance constraints

flow constraints no D=10km D=5km D=25km
no €21,783,770 €21,783,770 €21,611,032 €20,312,147
oc=15% €21,709,180 €21,709,180 €21,524,723  €20,218,849
o =10% €21,688,842 €21,688,842 €21,495,634 €20,096,002
o« =5% €21,662,521 €21,662,521 €21,472,272 €19,997,284

Table 2. NPVs (expressed in Euro) with 75-ha maximum opening
size constraints using alternative harvest volume flow and maxi-
mum distance constraints in an area restriction harvest schedul-
ing binary programing model.

Harvest volume-

Maximum distance constraints

flow constraints no D=10km D=5km D=2.5km
no €21,775,739  €21,775,739 €21,333,623 €19,500,606

oc =15% €21,698,958 €21,698,958 €21,224,200 €19,230,089

oc =10% €21,674,122 €21,674,122 €21,190,465 €19,171,129

o« =5% €21,647,094 €21,647,094 €21,155,801 €18,934,139
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Table 3. NPVs (expressed in Euro) with 50-ha maximum opening
size constraints using alternative harvest volume flow and maxi-
mum distance constraints in an area restriction harvest schedul-

ing binary programing model.

Harvested volume-

Maximum distance constraints

flow constraints no D=10km D=5km D=2.5km
no €21,619,031 €21,619,031 €18,890,391 € 14,564,865
o =15% €21,570,390 €21,570,390 €18,882,110 € 14,557,164
o =10% €21,559,932 €21,559,932 €18,865,260 € 14,544,095
oc =5% €21,546,020 €21,546,123 €18,819,400 € 14,520,904

Table 4. NPVs (expressed in Euro) with 25-ha maximum opening
size constraints using alternative harvest volume flow and maxi-
mum distance constraints in an area restriction harvest schedul-
ing binary programing model.

Harvested volume-

Maximum distance constraints

flow constraints no D=10km D=5km D=2.5km
no €21,743,614 €21,466,606 €16,980,118 €12,539,383
o =15% €21,433,964 €21,433964 €16,934,360 €12,520,616
o =10% €21,421,127 €21,421,127 €16,907,691 €12,520,616
o =5% €21,405,127 €21,405,127 €16,819,627 € 12,480,796

The relative differences (%) in the NPV for all alternati-
ves compared to the scenario without a maximum opening
size, maximum distance constraint, and harvested volu-
me-flow constraint (€ 21,783,770) are presented in Table
5.Thevalues were divided into four groups to identify stron-
ger effects on NPV, which confirms the previously discus-
sed importance of each constraint. The range between 99%
—100% is green; 91% — 98% is yellow; 81% — 90% is orange
and less than 80% is red. Moreover, this type of results” pre-
sentation can be very helpful in decision process since the
simplicity of data presentation.

Table 5. The relative differences (%) in the objective functions
for all alternatives compared to the scenario without a maximum
opening size, maximum distance constraint, and harvested vol-
ume-flow constraint: A) no maximum opening size constraint;
B) 75-ha maximum opening size constraint; C) 50-ha maximum
opening size constraint and D) 25-ha maximum opening size con-
straint.

A) B)
Harvest Maximum distance constraints
volume-flow 10km Skm 2.5km no  10km Skm 2.5km
constraints
no 100% 100% 99%  93% 100% 100% 98%  90%
oc =15% 100% 100% 99% 93% 100% 100% 97%  88%
oc=10% 100% 100% 99% 92% 99% 9% 97%  88%
oc=5% 99% 99% 99% 92% 99% 9%  97%  87%
Q) D)
Harvest Maximum distance constraints
volume-flow 10km Skm 2.5km no  10km Skm 2.5km
constraints
no 99% 99% 87% 98%  99%
oc=15% 199% 99% 87% 98%  98%
c=10% 99% 99% 87% 98%  98%
c=5% 99% 99% 86% 98%  98%

The spatial distribution of harvested stands from the
scenario examining 25-ha maximum opening size constra-
int, 5% harvest volume flow constraint, and 2.5 km maxi-
mum distance constraintis displayed in Fig. 1. The harvested
stands within each year of the planning horizon are gene-
rally close to one other, which could potentially help mini-
mize transportation costs. The maximum opening constra-
int did not allow for harvested stands to occur in large con-

tiguous areas. In this case, as the area of forest stands are
big when compared with the maximum opening area, the
obtained opening areas doesn’t contain many forest stands.

The spatial distribution of harvested stands from the sce-
nario with no maximum opening size constraint, no harvest
volume flow constraint, and no maximum distance constra-
int is displayed in Fig. 3. Compared to Fig. 2, no maximum
opening size constraints and maximum distance constraints
created large contiguous harvested areasinyears 1 and 2, but
over the rest of the planning horizon the harvested stands
are more dispersed throughout the management area, which
would potentially result in much higher transportation costs.
In this solution all the forest is harvested during the plan-
ning horizon which could compromise the forest sustaina-
bility due the fact that the planning horizon has 5 years and
the species considered should be harvested around 7 years
of age. That situation doesn’t occurs in the solution presen-
ted in Fig. 2. Depending on the goal of the forest managers
they could follow one of the proposed planning management.
Refer that Table 5 is good to see the relations between per-
centages of harvest flow and maximum distance.

Legend

\:I not harvested

|:| harvested in 1st year
- harvested in 2nd year
- harvested in 3rd year
- harvested in 4th year
’7 harvested in 5th year

4 Kilometers

Fig. 2. The resulted spatial distribution of harvested stands by al-
ternative 25 hectares maximum opening constraints, 5% harvest-
ed volume-flow constraints and 2.5 kilometers maximum distance
constraints.

Legend

I:‘ not harvested

- harvested in Ist year
- harvested in 2nd year
- harvested in 3rd year
- harvested in 4th year
I: harvested in 5th year

A _—
| T 0 Y A Y |

4 Kilometers

Fig. 3. The resulted spatial distribution of harvested stands by
alternative without maximum opening constraints, harvested
volume-flow constraints and kilometers maximum distance con-
straints.
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4, Disccusion

This paper presents the effects of two different spatial con-
straint types, maximum distance and maximum opening size,
used in a harvest scheduling area restriction model. Maxi-
mum distance constraints encourage the creation of cluste-
red spatial harvest blocks, which helps minimize associated
transportation costs (economic aspect), and maximum ope-
ning size constraints limit the size of clear cuts (environmen-
tal aspect). The harvest volume flow constraints are inherent
parts of any harvest scheduling model and contribute to both
economic and environmental aspects of harvest planning.

Many researchers have examined the economic aspects
of different management approaches (for example, Tier-
nan & Nieuwenhuis 2005 or Emmingham et al. 2002). In
coincidence with other studies (see for example, Crowe et
al. 2003), positive influence of maximum opening size on
NPV was confirmed in our study. In addition to this, nega-
tive impact constraints on NPV is evident in this study, simi-
lar to the findings of Borges et al. (2015). The use of ARM in
managed forests of central Europe is problematic because of
the shape of harvest units” legaly limitations (Kaspar et al.
2016). However, as Richards & Gunn (2000) demonstra-
ted, URM are also subject to harvest units” legaly limitati-
ons, which could underestimate NPV. Murray & Weintraub
(2001) estimated the difference could be as high as 16.5%.
On the other hand, if NPV was the only constraint in the
planning process, clear cut sizes would likely present envi-
ronmental problems (e.g., erosion, wind damage). The size
and shape of clear cuts isimportant in managing risk of wind
damage (Zeng et al. 2004, 2009).

[tisrequired to include orientation of harvest unitsin the
model to reduce the effect of climatic conditions (wind) at the
edge of the stand (Konopka & Kondpka 2008). Many other
conditions should be incorporated into the model if it is to be
willingly adopted in Central Europe. For instance, the shel-
terwood management systemis an increasingly used silvicul-
tural prescription in Central Europe and there are few papers
that deal with spatial harvest scheduling under shelterwood
management systems (see for example Marusak & Kaspar
(2015)). Another important difference between plantation
and managed forests in Central Europe is the length of crop
rotation periods. The rotation of managed forests in Central
Europe is over 100 years in most cases, compared to only a
period of 6 to 8 years, as presented in this study. The longer
therotation period, managers will have to contend with grea-
terrisk and uncertainty related to forest growth and also con-
cerns about long-term health and stability of forest stands
(Pasalodos-Tato et al. 2013). Stand characteristics play an
importantrole inlowering the risk of windthrow events (Loh-
mander & Helles 1987). Nevertheless the principle of the
presented model is fully flexible to use in different spatial
conditions by slight modification, which take into account
specific management conditions. It makes the model utili-
zablein Central Europe region but also in other management
systemswhich are using optimization techniques. Following
thisthe model can be used to analyze the currently used clear
cutsize, shape, and adjacency constraints in managed forests
of Central Europe.
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The maximum distance constraints played an important
role in the economic aspects of the model. Unfortunately, this
approach did not consider forest roads and associated rou-
tes, so the creation of harvest blocks is only hypothetical and
does not include the high capital costs of forest road building
(Bruce et al. 2011). It would be necessary to use an exten-
ded type of model that includes minimizing transportation
infrastructure construction costs and more detailed infor-
mation about transportation costs (see for example Palma,
Nelson (2013)). Nevertheless, as a general rule, the total har-
vest costs increase and productivity decreases with increased
transportation distances (Spinelli et al. 2004). It is evident
that concentrating harvesting activities will produce lower
transportation infrastructure construction costs. However,
this method can offer a spatial analysis of alternative harvest
scenarios, or in areas without developed road networks, such
as the timber farm presented in this case study. Maximum
opening size had a lesser effect than the maximum distance
constraints on NPV. No maximum opening size constra-
ints produced similar NPV compared to the most restrictive
maximum opening size constraint (25 ha).

[tis necessary to mention that presented results are valid
for specific spatial configuration of these forest stands, the
assumed timber prices and interest rates, and the rapid
growth of E. urophylla. However, based on the previous
experience of the authors, one can assume that the general
trends of our results will be similar even if other input data
and proposed models were used in different management
conditions.

5. Conclusions

Our study examined the question of whether considering
different spatial aspects (economic and environmental) in
forest harvest scheduling would have a significant influence
on the total NPV of timber, one of the primary goals of every
forest manager.

We presented different alternative constraints and con-
cluded that including maximum opening size area limitation
(environmental aspect) will reduce total NPV, but not to the
same degree as the maximum distance limitation (economic
aspect). Nevertheless, it is evident that the greater number
of management goals included in harvest planning (presen-
ted as constraints), the more complex the harvest scheduling
problem becomes, and that exact mathematical methods and
computer tools are needed to find the optimum balance of
the desired goals.

Since the presented model is flexible, it could be used
also for plantation management in Central Europe. Itsimple-
mentation in a variety of managed forests is specifically
possible by the means of changed model’s parameters (len-
gth of period, tree species, growth function etc.). The resul-
ted values will be different in case of lower interest rate (0.5
—2% usually used in Central Europe), however, the general
relationships will remain the same.
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Abstract

The paper presents an application of structural analysis in search of key drivers and barriers of forest management in two Slovak regi-
ons: Podpolanie and Kysuce. A comparison with factors identified in selected European regions is also presented. First, various relevant
factors affecting forest management were selected for both regions. The selections draw on the pool of primary data (structured in-per-
son interviews) and secondary data (qualitative analysis of national and European documents). Second, factors were grouped accor-
ding to the STEEP categories (Society, Technology, Economy, Ecology, and Policy). Subsequently, factors were rigorously assessed by
the regional stakeholders in participatory workshops, and their answers were analysed by structural analysis with the help of Parmeni-
des EIDOS™ software. The results show that in both Slovak regions political, economic, and ecological factors dominated over social
and technological factors. The comparison with selected European regions revealed that in the Slovak and other European regions, the
Policy category dominated due to having the highest number of factors and their overall impact on forest management. In contrast, the
least important societal domain was Technology in both the Slovak and other European regions. However, while stakeholders across
the selected European regions perceived the Society domain as significant, stakeholders in both Slovak regions perceived the Economy
and Ecology domains as more significant.
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1. Introduction influence different forest management strategies, more
emphasis should be placed on local context next to national

To address the challenges of diverse demands for ecosys- and European levels (Sotirov et al. 2014; Sotirov & Deuffic
tem services in a future Europe requires a better knowledge 2015; Brodrechtova et al. 2016) ’

of the drivers and barriers that forest management faces
across various regions. These drivers and barriers influence
the decisions made by forest owners, managers, and other
stakeholders, which result in various approaches to forest
management and the allocation of various ecosystem serv-
ices (Brodrechtovaetal. 2016). Knowledge of key influences
and their interplay is crucial, as they play an important role
in establishing consistent narratives and models for future
developments in forest management in Europe (Sotirov et

Sofar, these challenges of various drivers and barriers of
forest management from the local perspective have not been
addressed in European research (Sotirov & Deuffic 2015).
The attempt has been done within aninterdisciplinary INTE-
GRAL project'. Drawing on various schools of thought (e.g.,
the Advocacy Coalition Framework adapted after Sabatier
& Weible 2007, the Policy Arrangement Approach adapted
after Arts et al. 2006) or on politicized Institutional Analysis
. . . ; and Development Framework (Ostrom 2005, 2007; Clement
al. 2014). For instance, while almost a quarter of its area is 2010) in the case of Slovakia (Brodrechtové et al. 2016), a
either ufr}der EU and/or nathnal Eature (?C{HS?I‘VEIUOH., M proadsetof ecological, social, economic, technological, and
terms. 0 prest r‘qanagerpent aims the provisioning serv1ce§ political factors across local, national, and European levels
remain still crucial (Sotirov & Deuffic 2015; Brodrechtova has been derived. Although all these factors might be impor-
etal. 2016). In th,ISlZCS[:jC(.Zt, a deegeg un.derstanc:lmlg oi'fmj- tant to forest management in the future, it has not been clear
est mar'lageme'nt § key rivers and barriers can nelp elimi-piep factors are the keydrivers and barriers to forest mana-
nate existing discrepancies be.tween social p.erspectlves and gement. The goal of this study is therefore twofold: first, to
d,e ma“‘,is thatare reﬂectgd in incoherent policy al}[]m’;ncol?' look at selected Slovak regions and to identify the key factors
sistent instruments, and management approaches for the 4 175 societal domains affecting forest management in

(li:onservatlon\z;nld Z%sggffc?le m(ag?; gement o(fjf;)(l)’gsgt.s::j:ross these regions; and second, to compare the results with factors
urope (e.g. Vol ;Adams & Jeanrenau »AAAMS 5 dentified in selected regions across Europe that are invol-

2009; Arnouts & Arts 2009; Winkel et al. 2009). Moreover,
as the implications of various drivers and barriers directly
'INTEGRAL project — Future oriented integrated management of Euro-
pean forest landscapes — FP-7 project.

*Corresponding author. Rudolf Navrdtil, e-mail: navratil@nlcsk.org, phone: +421 45 520 22 44
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ved in the INTEGRAL project. The selected European regi-
ons differ in their basic biophysical conditions and socio-e-
conomic circumstances related to forest management and
conservation (Table 1).

The views of forest managers, owners, and other stake-
holders from each region in Slovakia as well as across Europe
are grasped via participatory workshops and with the use of
the future-oriented research method called structural ana-
lysis. The workshops are used as they enable to test scien-
tific knowledge against the practical knowledge of forest
managers, owners, and other stakeholders. Moreover, pub-
lic participation in sustainable forestry may help to develop
better informed and more widely accepted forest manage-
ment outcomes (Sarvasova 2014). The structural analysis is
method that can be applied within participatory workshops
as it produces visible results in a time-span of a few hours.
This method simulates the decision processes of policyma-
kers, other actors, or consumers in choosing among alterna-
tives. It allows studying relationships in order to identify the
influential and dependent domain drivers, and it also enables

Table 1. INTEGRAL study regions (Betuch et al. 2015).

domain participants to find a method to share ideas, and to
express their views and thinking about a specific problem
(Glenn & Gordon 2005).

In this study, the systematic analysis is demonstrated in
the Slovak regions of Podpolanie and Kysuce. The results
are compared with factors identified in other European regi-
ons (Table 1). The differences and similarities found in the
social, cultural, economic, and ecological contexts of forest
management in Europe can generally support development
of coherent policy, economic frameworks, and consistent
policy instruments.

2. Material and Methods

2.1. Characteristics of INTEGRAL regions

The INTEGRAL project study was conducted in 20 regions
in 10 European countries (Table 1). Diversity among all the
concerned areas derives not only from differences among

Basic characteristics

Mountainous rural area with predominance of beech forests. Dispersed rural settlements and traditional land use. Issues: wood

Wooded landscape with 90 % forest cover, managed by University of Forestry in Sofia. Rich physiographic and biological diversity,

Important rural landscape with 66% forest cover primarily of maritime pine. One of the largest cultivated and privately owned
(92%) region in Europe. Issues: wood production, water regulation, biodiversity, recreation, hunting.

City-near forest landscape with 72% forest cover. Urban conurbation with a high economic, ecologic and recreational value. Im-
portant recreational area for urban population. Traditional forest use is in conflict with strong demand for recreational services as

Rural area with 53% forest cover. Predominance of small private forest owner (60%) and state of Bavaria (26%). Arising conflicts of
the “new” forest biomass utilisation (mostly energy) with traditional forest products and conservation issues.
Rural, agricultural area with 17% forest cover. State forests predominance. Conflicting objectives of timber production and biodi-

Areas of peatlands, afforested in 1950s-1960s, many considered to be ‘in the wrong place’ with wrong objectives and
High share of public (municipal) property. Asiago Plateau is a well-known tourist destination. Issues: wood production, recrea-

North-western area of Mount Etna with 20% forest cover. High fragmentation of forest ownership. Active forest management is
marginal and related mainly to public forests. Biodiversity conservation and recreation are of primary concern within the Natural

Mountain region with forest and rural environment. About 40% of state forests, the remaining forests are private with high frag-
mentation problems. Biodiversity is not considered in active forest management. Issues: wood production, non-wood forest prod-

Region with coniferous-deciduous forests. State forests predominance. Commercial use of forests dominates with only small por-

Medium productive mixed spruce forests on relatively unproductive agricultural land, abandoned agricultural lands, could be af-
forested. Predominance of private forests. Management restrictions due to the presence of National park.

Conservation of natural and cultural history is the main objective while timber production is important especially for the
estates. The high recreational pressure and the effects of (over) grazing are the main management concerns currently.

The rural region with forests and scrublands. The main species are cork oak, eucalyptus and pines. Issues: sustainable product

Region with high productive potential for Eucalyptus globulus and Pinus pinaster. Irregular topography, high number of small
private owners with forest estates about 1.5 ha. Issues: sustainable timber supply and revenues, wildfires, collaborative forest man-

The region with largest and oldest national forests representing the state forest management system. Targeted mostly for timber
production and conservation or recreation. Issues: sustainable timber supply, wind protection and recreation.

Agricultural-woodland highland territory. High fragmented forest ownership structure with large proportion of non-state owners
and unsettled ownership. Coniferous spruce forests affected by intensive and widespread necrosis accompanied by an incidental

Agricultural-forest highland landscape with varying land-uses. Dispersed rural settlements and traditional land use. A large part of
the region under the nature protection. Very productive forests and rich biodiversity. State forests predominance.
Heavily forested region with private ownership predomination. Conflicting interests: timber production and biodiversity conserva-

. Acreage
No. Region Country (1000 ha)
=
I Teteven g 70 production, biodiversity, clean water, tourism and recreation.
2 Yundola 2 5 . - L
broad spectrum of vegetation and natural sightseeing, richness of mushrooms and herbs.
8
3 Pontenx g 102
(=
4 Munich South g 60
% well as drinking water protection.
5 Upper Palatinate < 300
6 Newmarket E » versity conservation. Issues: wood, fuelwood, biodiversity, clean water, soil erosion.
7 Western Peatlands B 2 systems. Important in terms of water quality, biodiversity and landscapes.
8 Asiago 4 tional activities, biodiversity.
9 Etna = 25
= Park area.
10 Molise 42
ucts.
1 Sualkija s 66 tion of protected areas.
; =
12 Zemaitija 3 38
5
s
13 South-EastVeluwe 5 8
2
14 Chamusca » supply, wildfires, certification, collaboration, climate change (drought).
S
15 Valedo Sousa 2 16
< agement.
16 Leiria National 1
Forest
17 Kysuce g 98
ig felling.
w2
18  Podpolanie 21
19 Helged -&3 152 tion, rural development and urbanization.
20 Vilhelmina & 850

Rural area with a low population density. Boreal forest is to a great extend used for timber, bio-fuel and reindeer herding. Conflict-
ing interests: timber production and biodiversity conservation, timber production and reindeer herding.
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countries, but also within national conditions. Applying a
uniform methodology in different regions of Europe allowed
us to capture differences or similarities in the social, cultural,
economic and environmental contexts of an integrated forest
management in Europe.

2.2. Characteristics of Podpolanie and Kysuce
regions

The Podpolanie and Kysuce regions are agricultural-wood-
land landscapes with more than 50% of forest cover and
typical for their long tradition of agricultural and forestry
use. Despite these similarities, the ownership structure and
current state of the forests are remarkably different in these
two areas. While in Podpolanie state forest ownership domi-
nates, a very fragmented ownership structure is typical for
Kysuce, with the ownership of large acreages of forested land
unsettled due to an unfinished restitution process. Besides
this, the forest stands in Podpolanie are relatively stable, pro-
ductive, and healthy, while the health of spruce forests in
Kysucein thelast decades has declined (e.g. Konopka 2004;
Kulla2009; Hlasnyetal. 2010), resulting in a high proportion
of incidental felling.

Podpolanie region

The Podpolanie region is located in the central part of Slo-
vakia, within Banska Bystrica Region and District Detva.
The area is agricultural-forest land, with forests in the north
and mainly agricultural areas in the south. Beech, fir-beech,
and spruce forests are typical for the very productive upper
part of the forest area, in contrast to the lower part where
the Carpathian oak-hornbeam forests prevail. The northern
part of the region is predominantly under nature protection,
belonging to the Polana Protected Landscape Area. The area
is dominated by the massif of Polana Mt., which is the high-
est extinct volcano in Central Europe; the entire mountain is
part of the Carpathian arc. In arelatively small area mountain
thermophile species of plants and animals also are present;
thus, the region is known for its diversity and richness of
flora and fauna. Moreover, the Podpolanie region has a
specific cultural landscape characterized by dispersed rural
settlements and traditional land use by small private owners
(Mojses & Petrovic 2013; Bezak & Mitchley 2014). Owner-
ship of the forest land is split between the state (84.7%) and
non-state entities (e.g. communal, private, and church own-
ers), so State Enterprise Forests of the Slovak Republicis the
strongest forestry subject in the region (Tucek et al. 2015).

Kysuce region

The Kysuce region is located in north-western Slovakia,
bordering the Czech Republic in the west and Poland in the
north. It belongs to the Zilina Region and completely covers
two districts: Cadca and Kysucké Nové Mesto. The region is
agricultural, with forests in the north and at higher altitudes
(about 56%), and agricultural land mostly in the lower hollow
basin and furrows separated by hills. Forest land ownership
inthe Kysuceregionis characterized by very high fragmenta-
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tion: state forest owners (19.5%), disputed ownership man-
aged by state forest enterprise (33.9%), and non-state forest
ownersincluding private, communal, municipal, and church
owners (46.3%) (Tucek et al. 2015). Almost half of the case
study area is part of the Kysuce Protected Landscape Area
covering the northeast and northwest parts of the territory.
Tree species composition in the region has been significantly
changed from the past. Spruce was previously considered a
very economical fast-growing tree species; therefore, spruce
monocultures have been commonly established in the region.
In recent years, however, the region has been affected by
intensive and widespread necrosis of spruce stands (Sitkova
etal.2010; Boselaetal. 2014), which also interferes with pro-
tected and valuable ecosystems within the Kysuce Protected
Landscape Area. The cause of mortality is the critical health
condition of spruce stands, caused by complex of abiotic,
anthropogenic, and biotic harmful factors with the dominant
effect of honey fungus (Armillaria) and an aggressive spe-
cies of bark beetles (Hlasny & Sitkova 2010). These factors
are the cause of frequent calamities, so the Kysuce region
belongs to the regions with the highest volume of incidental
felling in Slovakia (e.g. in 2010 incidental felling represented
97% of total felling in Cadca District and 100% in Kysucké
Nové Mesto District) (Vakula 2011).

2.3. Data collection

2.3.1 Primary and secondary data collection

Within the INTEGRAL project the various drivers and bar-
riers were analysed at (i) local level of study regions, (ii)
national and (iii) European level. Identification of various
determinants of forest management in different regions was
based on primary data (structured in-person interviews) and
secondary data (output of qualitative analysis of national and
European documents).

In Slovakia primary data were obtained via 50 in-person
interviews with forest owners, managers from the Podpo-
lanie and Kysuce regions, and other relevant actors at the
sub-national and national levels (Brodrechtova et al. 2016).
The output of this research phase was the identification of
subset of 22 drivers and barriers of forest management deci-
sion-making on regional level. More precisely, biophysical
conditions and attributes of the community, including the
politico-economic context, institutions, and discourses, were
among the significant drivers affecting forest owners and
managers, and their interactions and decisions concerning
forest management in the Podpolanie and Kysuce regions.

Analysis of secondary data in the form of desktop rese-
arch was conducted parallel to the primary data collection.
First, an extensive review of existing national documents
(e.g. strategic and prognostic documents related to fore-
stry, nature protection, and the rural economy) was conduc-
ted. This resulted in the isolation of subset of 28 drivers and
barriers, including bio-physical conditions and attributes of
the community, politico-economic contexts, and institutions
that can potentially determine decisions concerning forest
management in Slovakia. Second, European Union (EU)
documents (e.g. regulations and directives concerning fore-
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stry, nature protection, and energy) were subsequently sys-
tematically scrutinized, which resulted in the identification
of subset of 35 potential drivers and barriers of forest mana-
gement (Riemer, 2013). These factors concerning attribu-
tes of the community, including demographic and techno-
logy development, politico-economic context, institutions,
and discourses provided a wide overview of possible barriers
and drivers of forest management in Europe.

2.3.2 Selection of relevant factors

The total set of 85 local, national, and EU drivers and bar-
riers of forest management decision making as an outcome
of broad diagnostic analysis represented a base for further
investigation. More detailed analysis of the forest manage-
ment factors with the help of structural analysis resulted in a
required reductionto 15 —25 relevant factors for each region
(Schull 2013).

Reduction to 15— 25 relevant factors was completed at a
workshop attended by 10 experts from Technical University
and National Forest Centre, both in Zvolen, Slovakia. From
the list of 85 factors, every expert chose 20 factors conside-
red relevant for the further development of forest manage-
ment decision making in the Podpolanie and Kysuce regi-
ons. Subsequently, the experts ranked every chosen factor
from most important to least important. Finally, the factors
were evaluated by the frequency analysis, taking into account
the frequency and ranking of the factors. The findings of the
analysis were set at 20 relevant factors for each region. The
factors were afterwards thematically grouped according to
the STEEP categories (Table 2). STEEP is an acronym for
societal fields ‘society’, ‘technology’, ‘economy’, ‘ecology’
and ‘politics’. The allocation of factors to these categories
helped to identify a possibly unbalanced selection.

2.4. Data analysis
2.4.1 Participatory workshops

To determine key drivers and barriers to future forest man-
agement, a structural analysis was applied. The basic idea
behind the analysis was to isolate and assess the relative
mutual influences of the key factors affecting forest man-
agement. Each factor was assessed according to its influ-
ence on the other factors included in the analysis and also
according to how strongly it was affected by the other fac-
tors (Glenn & Gordon 2009). In order to grasp the view of
regional stakeholders in Podpolanie and Kysuce, and to
decrease subjectivity in factors assessment, the structural
analysis was carried out via participatory workshops. In each
region, seven regional stakeholders participated (from 15
invited in Podpolanie and from 11 invited in Kysuce) at a
half-day workshop (Table 3).

2.4.2 Conducting structural analysis

The task of the workshop participants was to assess the
relationship among 20 relevant factors that will significantly
influence forest management in their regions. First, these
factors were structured into STEEP categories and explained
to participants. Each factor was introduced individually,
with discussion about why it was considered a factor that
will influence future forest management. Second, each par-
ticipant received the structural analysis matrix worksheet
printed in A3 format (Fig. 1). This matrix consisted of 20
relevant factors listed in columns and rows. Finally, the par-
ticipants answered two questions for each pair of factors: (1)
How strongly does one factor affect the other one? and (2) To
what extent can the development of one factor be explained

Table 2. 20 relevant drivers and barriers of forest management for Podpolanie and Kysuce regions.

Level of evaluation

Macro level Meso level Micro level
STEEP category
Society SOC1 Demography development SOC2 Qualified workforce
SOC3 Public opinion SOC4 Codes of conduct
Technology TEC1 Innovation and technology
TEC2 Wood processing industry
Economy ECN2 Tl'mber market ECN4 Tourism ECN1 Forest owners economic situation
ECN3 Bioenergy market ECN5 Forest management Costs
ECO1 State and structure of forest
Ecology ECO3 Climate change ECO2 Abiotic and biotic harmful factors
ECO4 Non-wood ecosystem Services
POL1 Environmental policy and legislation
Politics POL2 Forest policy and legislation POLS5 Subsidies and compensations POLA4 Forest ownership Structure

POL3 Rural Development policy

Table 3. Basic characteristics of workshop participants in Podpolanie and Kysuce regions.

Podpolanie region Kysuce region
Position Education Age Position Education Age
. + + + . + + +
£ D M H $ ¢ & g% D M H S 2 2 <
< <
State forest managers 1 1 1 1 1 1 1 1
Private forest owners 1 1 1 1 2 2 1 1 2
District government 1 1 1 1 2 1 1 2 1 1
State nature protection 1 1 1 1 —
National Forest Centre 1 1 1 1 1 1 1 1
Slovak association of wood processors 1 1 1 1 —
Non-state forest owner association 1 1 1 1 1 1 1 1
Total 7 7

Abreviations: D - Director/Chairman; M — Manager; H - Higher; S — Secondary.
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by the development of the other factor? (Schiill, 2013). In
order to avoid a negative group effect, everyone filled out
the printed structural analysis matrix worksheet individu-
ally. The participants were given sufficient time to carefully
consider their responses.

Anevaluation of individual factors’ influence in the struc-
tural matrix was measured on a Likert scale where 0 = no
influence, 1 =weak influence, 2 = medium influence, and 3
=strong influence. Subsequently, an arithmetical average of
values for each matrix cell was calculated. While the resul-
ting structural analysis matrix reflected the view of all par-
ticipants, the opinion of each participant was weighted equ-
ally and not influenced by collective thought. Furthermore,
the sums of rows and columns in the structural analysis mat-
rix represented metrics for the level of mutual relationships
among the considered factors. While the “row sum” repre-
sented the Active value (AV) of a factor and indicated how
strongly that factor affects other factors, the “column sum”
of afactor represented the Passive value (PV) of a factor and
indicated how strongly that factor is influenced by other fac-
tors. In this way, every factor was evaluated according to the
relationship between its Active and its Passive values (Fig. 1).

2.4.3 Conducting structural analysis with the help
of Parmenides EIDOS™

The structural analysis applied via participatory workshops
was carried out with the help of the program Parmenides
EIDOS™ software, which is usually used in decision-making
processes and strategic decisions. Its analytical and visuali-
zation functions help experts to identify key elements, espe-
cially in complicated and complex processes that require a
multidisciplinary approach (Navratil etal. 2014). Moreover,
the Active and Passive values of the factors could be displayed
by means of the Active/Passive Map. More precisely, the
Parmenides EIDOS™’s program module Situation Analy-
sis allows all assessed factors to be displayed in coordinate
axes using the individual Active and Passive values as their
x- and y-coordinates (Fig. 2). In the map four groups of fac-
tors are distinguished (Schiill 2013): (i) active or influent
factors (with high AV and low PV) located in the upper left
quadrant, (i) dynamic or critical factors (with high AV and
high PV) located in the upper right quadrant, (iii) excluded
orlazyfactors (withlowboth AV and PV) located in the lower
left quadrant, and (iv) passive or depending factors (with
low AV and high PV) located in the lower right quadrant.

Demography development
Qualified workforce

Public opinion

Innovation and technology
Wood processing industry

Forest owners econ. situation

Forest management costs
Non-wood ecosystem services
Environ. policy and legislation
Forest policy and legislation
Rural Development policy
Forest ownership structure

Bioenergy market

Climate change

Abiotic & biotic harmful factors
Codes of conduct

Subsidies and compensations
State and structure of forest

Timber market

AV

How strongly factor A affects factor B ? =
.
A 1|2 |3 4|5 |6 |7 |8 |9 |1w|11|12]13|14|15]|16]| 17|18 |19 |20

Demography development 1
Qualified workforce 2
Public opinion 3
Innovation and technology 4
Wood processing industry 5
Forest owners economic situation 3
Timber market 7
Bioenergy market 8
Tourism 9

Subsidies and compensations 10

Forest management costs 11

State and structure of forest 12

Abiotic & biotic harmful factors 13

Climate change 14

Non-wood ecosystem services 15

Environmental policy and legislation 16

Forest policy and legislation 17

Rural Development policy 18

Forest ownership structure 19

Codes of conduct 20

Fig. 1. Structural analysis matrix with 20 relevant factors used in participatory workshops.
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For instance, active factors influence future forest deve-
lopment more than they are influenced by other factors (i.e.,
they are very influential and have a low dependency). These
factors are hard to steer and control given their low PV.
Dynamic factors are very influential and at the same time
very dependent; thus, any action on them has consequences
on the other assessed factors. Since excluded factors have
little influence and, at the same time, little dependence, they
are rather isolated from the rest of the assessed factors. Pas-
sive factors are influenced more strongly than they influence
other factors. They are also sensitive to the development of
other especially dynamic factors. In summary, the higher
the position of a factor on the map, the stronger it affects
the other factors. In contrast, the right-most position means
that the factor is heavily affected by the other factors. Con-
sequently, factors with high AV are factors of special impor-
tance. While the active factors can probably serve as major
key drivers or barriers for the future development of forest
management, dynamic factors should receive special atten-
tion, because they are more likely to change and more likely
to be changed (Schiill 2013).

2.4.4 Selection of key factors

The results of the structural analysis realized within the
participatory workshops were twofold: (i) key factors were
isolated according to Active and Passive values, and (ii) key
factors wereisolated according to Active/Passive maps. The
Active and Passive values were used to compare key fac-
tors from Slovak regions with factors in other INTEGRAL
regions. However, the final selection of key factors in the
Podpolanie and Kysuce regions was based on Active/Pas-
sive maps and subsequent discussion with stakeholders in
participatoryworkshops. Distribution of factorsin individual
quadrants of maps was presented to stakeholders at the end
of the workshops. The following discussions resulted in final
identification of key drivers and barriers for forest manage-
ment in the Podpolanie and Kysuce regions.

AV | @ @

Active/Influent factors
(high AV, low PV)

Dynamic/Critical factors
(high AV, high PV)

Excluded/Lazy factors
(low AV, low PV)

Passive/Depending factors
(low AV, high PV)

@ @ | rv

Fig 2. Distribution of factors in Active/Passive map.

2.4.5 Comparison of results within project
INTEGRAL

Resulting Active and Passive values of factors from the
Podpolanie and Kysuce regions were compared with Active
and Passive values of factors identified in other INTEGRAL
regions. In order to ensure the comparability of results, Active
and Passive values from the Podpolanie and Kysuce regions
were modified. First, as not all regions used the same Likert
scale for their structural analysis (some used 0 — 3; some
used 0 — 10), the results were adjusted to a consistent scale
ranging from 0 to 10. Second, since the structural analysis
across the INTEGRAL regions also differed by the number
of involved factors, adjusted active and passive values of each
factor were calculated using the following formulas:

AVad ?AV 10
= X
“=lo-n
Z{‘PV
PVad = 10
a [(n_1> x

(Av_,—adjusted Active value and PV ,— adjusted Passive
value). The range of the scale used and the number of factors
involved across INTEGRAL regions ensured comparability
of the results (Hinterseer et al. 2014).

2.4.6 Analysis of factors according to STEEP
categories

The factors were also assessed by their frequencies within
the STEEP categories. This gave a picture of the importance
of individual societal domains for the development of for-
est management. However, the frequencies do not give any
information about the overall influence of each STEEP cat-
egory. Therefore, inboth the Podpolanie and Kysuce regions,
the Global Active values for each STEEP category were cal-
culated by adding the Active values of the individual factors.
Subsequently, the results of Slovak regions were compared
with the factorsisolated in other INTEGRAL regions. Again,
the adjusted Active values were used to ensure comparability.

3. Results and discussion

3.1. Active and Passive values — Podpolanie
and Kysuce regions

Inthe Podpolanie region (Table 4), the highest Active values
were assigned to two policy factors (Subsidies and compensa-
tions, Forest policy and legislation), followed by the economic
factor (Forest owners’ economic situation). The factors with
the highest Passive values, and therefore the factors most
affected by other assessed factors, were Forest owners’ eco-
nomic situation, State and structure of forest, and Forest
management costs.

Inthe Kysuce region (Table 5), the regional stakeholders
assigned the highest Active values to ecological factors (Cli-
mate change, Abiotic and biotic harmful factors, State and
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structure of forest) and economic factors (Subsidies and com-
pensations). The factor that had the highest Passive value
was Forest owners’ economic situation followed by the Forest
management costs and Timber market.

While the most influential factors with high Active values
inthe Podpolanie region were mainly political, in the Kysuce

region, the most influential factors with high Active values
were mainly ecological. This could be attributed to the regi-
onal stakeholders’ perception of unfavourable health condi-
tions of the Kysuce forests. Additionally, in both regions the
factors Subsidies and compensations and Forest policy and
legislation were among the top-ranked influential factors.

Table 4. Active and passive values of factors in Podpolanie region.

Podpolanie region
Rank Code Factor Total AV Rank Code Factor Total PV
1 POL5  Subsidies and compensations 6.32 1 ECN1  Forest owners’ economic situation 6.95
2 POL2  Forest policy and legislation 6.23 2 ECO1  Stateand structure of forest 6.60
3 ECN1  Forest owners’ econ. situation 5.95 3 ECN5  Forest management costs 6.49
4 POL4  Forest ownership structure 5.88 4 ECN3  Bioenergy market 6.09
5 POL3  Rural Development policy 5.75 5 ECN2  Timber market 5.88
6 ECN2  Timber market 5.63 6 POL5  Subsidies and compensations 5.77
7 ECO1  State and structure of forest 5.51 7 TEC2  Wood processing industry 572
8 SOC4  Codes of conduct 5.49 8 ECO4  Non-wood ecosystem services 5.58
9 ECN5  Forest management costs 5.47 9 POL3  Rural Development policy 5.49
10 ECN3  Bioenergy market 5.23 10 TEC1  Innovation and technology 5.32
11 ECO3  Climate change 5.19 11 POL2  Forest policy and legislation 5.19
12 ECO2  Abiotic and biotic harmful factors 5.11 12 ECN4  Tourism 5.04
13 ECO4  Non-wood ecosystem services 4.74 13 SOC3  Public opinion 4.74
14 TEC1  Innovation and technology 4.58 14 POL1  Environ. policy and legislation 4.74
15 POL1  Environ. policy and legislation 4.54 15 ECO2  Abiotic and biotic harmful factors 4.51
16 TEC2  Wood processing industry 4.28 16 SOC4  Codes of conduct 4.37
17 SOC1  Demography development 3.81 17 SOC2  Qualified workforce 3.46
18 ECN4  Tourism 3.68 18 POL4  Forest ownership structure 3.35
19 SOC2  Qualified workforce 3.67 19 ECO3  Climate change 2.60
20 SOC3 __ Public opinion 2.89 20 SOC1 _ Demography development 2.14
Table 5. Active and passive values of factors in Kysuce region.
Kysuce case region
Rank Code Factor Total AV Rank Code Factor Total PV
1 ECO3  Climate change 6.32 1 ECN1  Forest owners’ economic situation 7.37
2 ECO2  Abiotic and biotic harmful factors 6.18 2 ECN5  Forest management costs 6.91
3 POL5  Subsidies and compensations 6.11 3 ECN2  Timber market 6.63
4 ECO1  State and structure of forest 6.11 4 ECO1  State and structure of forest 6.14
5 POL2  Forest policy and legislation 5.86 5 ECN3  Bioenergy market 5.96
6 ECN5  Forest management costs 5.75 6 TEC1  Innovation and technology 5.89
7 SOC2  Qualified workforce 5.75 7 POL3  Rural Development policy 5.79
8 ECN1  Forest owners’ econ. situation 5.65 8 POL5  Subsidies and compensations 5.72
9 ECN2  Timber market 5.54 9 TEC2  Wood processing industry 5.72
10 POL1  Environ. policy and legislation 5.54 10 POL2  Forest policy and legislation 5.51
11 POL4  Forest ownership structure 547 11 SOC2  Qualified workforce 5.47
12 TEC1  Innovation and technology 5.44 12 ECN4  Tourism 5.40
13 TEC2  Wood processing industry 5.26 13 SOC3  Public opinion 533
14 POL3  Rural Development policy 5.19 14 POL1  Environ. policy and legislation 5.09
15 SOC1  Demography development 5.02 15 ECO2  Abiotic and biotic harmful factors 5.05
16 SOC3  Public opinion 4.67 16 ECO4  Non-wood ecosystem services 4.91
17 ECN3  Bioenergy market 4.53 17 POL4  Forest ownership structure 4.81
18 ECN4  Tourism 4.42 18 SOC4  Codes of conduct 4.21
19 ECO4  Non-wood ecosystem services 4.35 19 ECO3  Climate change 291
20 SOC4  Codes of conduct 421 20 SOC1  Demography development 2.53

Table 6. Active and passive values of factors from other INTEGRAL regions (Hinterseer et al. 2014).

INTEGRAL regions
Rank Factor Total AV Rank Factor Total PV
1 Policies, laws and regulations 104.42 1 Policies, laws and regulations 91.17
2 Ownership structure 88.24 2 Timber market 73.23
3 Timber market 79.16 3 Ownership structure 68.70
4 Population 60.48 4 Bioenergy market 53.91
5 Bioenergy market 55.03 5 Subsidies 49.96
6 Climate change 54.27 6 Owner's norms, values & objectives 49.72
7 Subsidies 48.51 7 Management plans 48.77
8 Non-wood ecosystem services 48.50 8 Non-wood ecosystem services 44.12
9 Management plans 46.88 9 Owner's economic situation 4412
10 Owner's norms, values & objectives 40.96 10 Population 42.07
11 Owner's economic situation 38.38 11 Public opinion 40.16
12 Forest calamities 36.31 12 Timber processing industry 39.21
13 Public opinion 36.14 13 Forest structure 38.72
14 Timber processing industry 35.34 14 Climate change 36.33
15 Forest structure 34.26 15 Rural Development (Plans/Activities) 36.31
16 Rural Development (Plans/Activities) 34.11 16 Technology 34.24
17 Technology 31.34 17 Forest road network 32.59
18 Forest services and functions 29.06 18 Type of silviculture 3111
19 Forestry paradigms 27.43 19 Forest services and functions 29.91
20 Certification 25.79 20 Management costs 26.70
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Comparison of the Passive values in Podpolanie and Kysuce
revealed that the top five influenced factors (Forest owners’
economic situation, Forest management costs, State and
structure of forest, Timber market, and Bioenergy market)
were similar. According to their Active and Passive values,
six factors (Forest owners’economic situation, Subsidies and
compensations, State and structure of forest, Forest mana-
gement costs, Timber market, and Forest policy and legisla-
tion) were therefore identified as key factors for future forest
management of both the Podpolanie and Kysuce regions.

3.2. Active and passive values — other
INTEGRAL regions

Comparison across INTEGRAL regions (Table 6) revealed
that Policies; laws and regulations; Timber market; Owner-
ship structure; Bioenergy market; Subsidies; and Owner’s
norms, values, and objectives were important for future for-
est management. Moreover, the first three factors have both
the highest active and passive values, considerably higher
than other factors. Accordingly, based on the perception of
regional stakeholders across Europe, the Policies, laws and
regulations, Timber market, and Ownership structure factors
were crucial for future forest management in Europe.

If compared to the Slovak regions, the Policies, laws and
regulations, Timber market, and Subsidies factors were uni-
versal for both Slovak and other European regions. Howe-
ver, for stakeholders from the Podpolanie and Kysuce regi-
ons, State and structure of forest, Forest management costs,
and Forest owners’ economic situation were also important
factors.

3.3. Evaluation of factors according to STEEP
categories

In terms of frequency of factors within STEEP categories
in the Podpolanie and Kysuce regions, the Policy category
had the highest number of factors (Table 7). Comparison
across INTEGRAL regions showed similar results. There
was a considerable gap between Policy and other categories
such as Economy, Society and Ecology. Across all INTEGRAL
regions, the Technology category was far behind all other cat-
egories.

Table 7. Frequency of factors grouped by STEEP categories.

Frequency
STEEP category Podpolanie and Kysuce regions INTEGRAL regions
Society 4 85
Technology 2 46
Economy 4 88
Ecology 4 71
Policy 5 102

In both Slovak regions, the ranking of STEEP categories
according to Global Active values showed similar findings
in the number of factors in each category (Table 8). Specifi-
cally, in Podpolanie and Kysuce, the Policy category had not
only the highest frequency of identified key factors, but it also
had the highest overall impact. The Global Active values of
the Economy, Ecology, and Society categories indicated dif-
ferences in their relevance despite the same number of fac-
tors. In both regions, the Technology category had the least

impact, with a huge gap between it and other categories in
ranking. In sum, according to the Global Active values the
STEEP categories Policy, Economy, and Ecology were consid-
ered societal domains with the highest importance for future
forest managementin the regions of Podpolanie and Kysuce.

From the European perspective, the comparison of
STEEP categories by Global Active values revealed both
similarities and differences with the Slovak regions. The
Policy category was ranked the highest, whereas Technology
had the lowest ranking (Table 8). In contrast, in the Slovak
regions the Economy category was the second most impor-
tant; in INTEGRAL regions the second most important cate-
gory was Society. Thus, there were apparent dissimilarities
between stakeholders’ perceptions of societal factors in Slo-
vak and in other European regions involved in INTEGRAL.

Table 8. STEEP categories and their Global Active values.

Podpolanie region Kysuce region *INTEGRAL regions
Rank STEEP  Global Rank STEEP  Global Rank STEEP  Global
an Category AV an Category AV an category AV
1. Policy 28.72 | 1. Policy 28.18 | 1. Policy 426.86
2. Economy 2596 | 2. Economy 25.89 | 2. Society 344.72
3. Ecology 20.54 | 3. Ecology  22.95| 3. Economy 319.28
4, Society 15.86 | 4. Society 19.65 | 4. Ecology  241.95
5. Technology  8.86 5.  Technology 10.7 | 5. Technology 163.29

* Hinterseer et al. 2014.

3.4. Active/Passive maps — Podpolanie
and Kysuce

Active/Passive Maps were used for easier and transparent
visualization of the results during participatory workshops
and subsequent discussion of findings with regional stake-
holders. The resulting distribution of factors in maps showed
ata glance how strongly each factor acted on all other factors
and how strongly it was affected by other factors (Fig. 3).

InPodpolanie the distribution of factors and their concen-
tration in the right upper quadrant demonstrates their dyna-
mics as well as their strong connection among each other.
Policy factors Subsidies and compensations (POLS), Forest
policy and legislation (POL2), and Rural development policy
(POL3) clearly formed the group of most dynamic factors.
Similarly, the majority of economic and ecological factors
were dynamic factors. Factors located in the upper left cor-
ner, Ownership structure (POL1), Climate change (ECO3),
and Demography development (SOC15), were determined
to be active; thus, they were very influential and uncontrol-
lable factors. Public opinion (SOC3) fell into the lower right
quadrant as the only passive factor. No one factor was deter-
mined to be an excluded factor.

The factors in Kysuce were more dispersed. The cur-
rent unfavourable state of forests in the region was reflec-
ted in the highest positions of the ecological factors Climate
change (ECO3), State and structure of forest (ECO1), and
Abiotic and biotic harmful factors (ECO2). The latter two fac-
tors formed the group of dynamic factors along with Sub-
sidies and compensations (POLS), Forest policy and legis-
lation (POL2), Forest management costs (ECNS5), Qua-
lified workforce (SOC2), Forest owners’ economic situa-
tion (ECN1), and Timber market (ECN2). Climate change
(ECO3) and Forest ownership structure (SOC4) were deter-
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Passive

Passive

Fig 3. Active/Passive Maps for Podpolanie and Kysuce regions (Society — yellow, Technology — grey, Economy —red, Ecol-

ogy — green, Policy — orange).

mined to be active factors. The lower left quadrant contained
the passive factors Public opinion (SOC3), Bioenergy mar-
ket (ECN3), Tourism (ECN4), and Non-wood ecosystem ser-
vices (ECO4). Two societal factors, Demography development
(SOC1) and Codes of conduct (SOC4), formed the group of
excluded factors.

3.5. Selection of key factors according to Active/
Passive maps and discussion in participatory
workshops

The visualization of results via the Active/Passive maps
(Fig. 3) supported discussion with workshops participants,
who helped to detect the subtle differences between the
Podpolanie and Kysuce regions, which in turn aided the
final selection of key factors for future forest management
in both regions.

Comparison of the Active/Passive maps of Podpolanie
and Kysucerevealed apparent dissimilarities as well as com-
monalities between the regions. The most dynamic factors
in Podpolanie were political and in Kysuce were ecological.
In other words, in Kysuce the position of factors State and
structure of forest (ECO1), and Abiotic and biotic harmful
factors (ECO2), mirrored the current poor health of forest
stands and excessive incidental felling, which was confirmed
by Kysuce’s stakeholders in the workshop discussion.

Looking at the distribution of policy factors (Fig. 3), itis
evident that in both regions all factors are in the right upper
quadrantoronitsborder. While the Rural development policy
(POL3) was classified by stakeholders in Podpolanie as a
clearly dynamic factor, in Kysuce it was located on the bor-
der of passive factors. Inboth maps, the leftmost policy factor
Forest ownership structure (POL4) influenced the remaining
factors much more strongly than it was influenced. Despite
the diametrically different situation in the ownership struc-
ture between these two regions (state ownership predomi-
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nance in Podpolanie; highly fragmented ownership structure
in Kysuce), stakeholders in both regions expressed the opi-
nion that forest ownership significantly affects forest mana-
gement, butitishardto controlits arrangement. Thus, Forest
ownership structure was regarded by stakeholders as a stable
factor, although stakeholders from Kysuce especially stres-
sed the need for an adjustment of fragmented ownership
structure.

With the exception of Tourism (ECN4) and Bioenergy
market (ECN3, in Kysuce), in both maps all other economic
factors were very influential and at the same time very depen-
dent. The dynamic factors Forest owners’economic situation
(ECN1), Timber market (ECN2), and Forest management
costs (ECN5) were in close proximity, situated furthest to the
right of all factors. This illustrates the stakeholders’ percep-
tion that those factors significantly affect forest management
intheirregionsbut, at the same time, could be seriously influ-
enced by other factors. Thus, stakeholders from both regions
stated during discussions that these factors might be classi-
fied as crucial factors. While the Bioenergy market (ECN3)
factor was classified as dynamic factors in Podpolanie, sur-
prisingly, it was classified as a passive factor in Kysuce. Sta-
keholders from Kysuce have mentioned that they still consi-
der the Timber market factor more important than the Bio-
energy market factor.

In both regions, the factor Non-wood ecosystem services
(ECO4) had the least importance of all ecological factors
that were considered; even in Kysuce the factor was located
on the boundary between excluded and passive factors. In
both maps, the most affected (rightmost) ecological factor
was State and structure of forest (ECO1). Contrariwise, the
leftmost ecological factor Climate change (ECO3) illustra-
tes the stakeholders’ perception that one of the major eco-
logical drivers can be influenced very little.

The distribution of societal factors in both maps showed
thatin eachregionjust one factor was determined to be dyna-
mic. While in Podpolanie the Codes of conduct (SOC4) was
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rated as very influential and at the same time a very depen-
dent social factor, conversely, in Kysuce this factor was
determined to be the least influential factor of all 20 asses-
sed factors. It seems that in Podpolanie stakeholders perce-
ived the significance of informal institutions, while stake-
holders in Kysuce were more worried about different prob-
lematic issues. In subsequent discussions, stakeholders in
Podpolanie confirmed the impact of informal institutions
(e.g., clientelism, lobbying, and networking) and expres-
sed their concerns about the influence of political or finan-
cial groups. Although stakeholders in Kysuce also percei-
ved these types of influences, they did not consider it as
serious a problem. Kysuce’s stakeholders considered frag-
mented ownership structure the main problem. As the size of
state owned forests in Kysuce (19.5%) is smaller than that of
Podpolanie (84.7%), the influence of the political and finan-
cial groups is less pronounced. On the other hand, the lack
of skilled labour in Kysuce was reflected in the position of
Qualified workforce (SOC2), which was classified as a dyna-
mic factor. Stakeholders in Kysuce confirmed in discussion
the concerns about shortages of skilled workers in the near
future. Public opinion (SOC3) was placed in both maps more
among passive factors than active ones. Even in Podpolanie,
this factor received the lowest active sum of all the asses-
sed factors; thus, according to stakeholders, it was influen-
ced more strongly by other factors than it acted on them. In
both cases, the leftmost factor was clearly Demography deve-
lopment (SOC1). Despite its higher active value compared
to other social factors, Public opinion, Qualified workforce
(in Podpolanie), and Codes of conduct (in Kysuce), stakehol-
ders perceived this social factor in both case study areas as a
societal driver that was influenced very little by other factors.

In both maps, the technological factors Innovation and
technology (TEC1) and Wood processing industry (TEC2)
were in close proximity to each other. Although they were
in the upper right quadrant, their position near the boun-
dary of passive factors indicates that they had less influence
because they were affected by other factors. Subsequent
discussions confirmed stakeholders’ perception that inno-
vations and the renewal of vehicle fleet are influenced mainly
by availability of finances.

Table 9. Key strategic drivers and barriers of forest management
in Podpolanie and Kysuce regions.

Podpolanie region Kysuce region
Rank Isolated key factor Rank Isolated key factor
1 POLS - Subsidies and 1 ECO1 - State and structure of
’ compensations ’ forest
) POL2 - Forest policy and ) ECO2 - Abiotic and biotic harmful
’ legislation ’ factors
3 ECN1 - Forest owners’ economic 3 POLS - Subsidies and
situation ’ compensations
4, POL3-Rural development policy | 4. POL2 Forg st POllcy and
legislation
5. ECN2-Timber market 5. ECNS5 - Forest management costs
6 ECO1 - State and structure of 6 ECN1 - Forest owners’ economic
’ forest ’ situation
7. ECNS5 - Forest managementcosts | 7. SOC2- Qualified workforce
8. ECN3 - Bioenergy market 8. ECN2-Timber market
9. SOC4 - Codes of conduct

In summary, according to the Active/Passive map and
discussion with stakeholders, in the Podpolanie region the
set of nine key drivers and barriers to forest management was

finally isolated (Table 9). The highest ranked were policy fac-
tors (Subsidies and compensations, Forest policy and legis-
lation, and Rural development policy) and the economic fac-
tor Forest owners’ economic situation. Ecological and socie-
tal factors were represented by State and structure of forest
and Codes of conduct. In the Kysuce region eight key factors
were selected that will affect forest management in the future
(Table 9). The most important were two ecological factors
(State and structure of forest, Abiotic and biotic harmful fac-
tors), followed by policy, economic factors, and the societal
factor Qualified workforce.

4. Conclusions

Findings of structural analysis showed similarities as well
as differences between the Podpolanie and Kysuce regions.
Although in both regions, political factors were among the
dominantfactors, stakeholders in the Kysuce region also very
strongly perceived the adverse impact of harmful factors on
the current state of their forests, and thus on the entire for-
est management in Kysuce. Results in Podpolanie indicated
that if the forests are relatively healthy and in good condi-
tion, the main societal domains driving forest management
are Policy and Economy. The Active/Passive maps which
resulted and subsequent discussions during workshops also
revealed a slightly different perception of societal factors in
both regions. In Podpolanie, the prevalence of state owned
forests is an obvious influence of the informal institution of
forest management. In contrast, in Kysuce, with its highly
fragmented ownership structure and prevalence of non-state
owners, this impact is not so significant.

Commonalities and dissimilarities were also revealed
between Slovak and other European regions involved in the
INTEGRAL project. The STEEP category Policy seems to be
the main societal domain affecting forestry and forest mana-
gement across Europe. In Slovak and INTEGRAL regions,
the Policy category dominated by influencing a number of
factors and also through its overall impact. In general, forest,
environmental or rural development policies, and laws and
regulations were perceived by stakeholders from other Euro-
pean regions as the factors with the highest importance for
forest management. Additionally, the technological factors
were considered to follow forest development rather than
driveit. Differences in results concerned perception of social
factors. While the STEEP category Society was ranked high
in INTEGRAL regions, stakeholders in Slovak regions pre-
ferred economic and ecological factors.

This study’s contribution was on a theoretical level as well
as on a methodological level. The future research method
of structural analysis proved to be a suitable instrument for
comparing a mixture of qualitative and quantitative factors
influencing forest management. Since the analysis compa-
res the relevant factors based on their mutual influence, it is
essential to properly select the relevant factors to be analy-
sed. It is important to include all relevant factors that affect
the analysed system, whichin this case is forest management.
As the structural analysis allows comparison at first glance
of seemingly incomparable qualitative (e.g., climate change)
and quantitative (e.g., timber market) factors, it appears to
be a suitable method of application in forestry.
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Using Active/Passive values was particularly appropriate
forevaluation of the overallimpact of individual STEEP cate-
gories. Active/Passive maps allowed more detailed compa-
rison of the various factors that were considered. The Par-
menides Eidos™ analytical tool allowed visualization of the
individual stakeholder’s perception of a factor’s importance.
Distribution of factors in the map’s quadrants is much more
readable and transparent as simply Active or Passive values.

The application of the structural analysis in participatory
manner proved to be very suitable for identification of drivers
and barriers to forest management. For correctimplementa-
tion of the method it was necessary that the workshop parti-
cipants represented different interest groups of regional sta-
keholders. Our results confirmed other researches that sta-
keholder’s participation in forestry decision-making might
provide regional expertise, increase the legitimacy of final
outcome (e.g. Beckley et al. 2005) and strength the involve-
ment of local stakeholders in policy-making processes (e.g.
SarvaSova 2014; Marzano et al. 2015; Sarvasova 2016).
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Abstract

The experiment evaluate the possibility of using non-destructive measure techniques of the mechanical properties of wood using ultra-
sonic to determine the initial stages of degradation by biotic and abiotic factors in the outdoors without ground contact. Nine tree spe-
cies were tested: spruce, pine, Douglas fir, larch, oak, black locust, maple, poplar and alder. Test specimens were exposed to the exterior
according to EN 927-3, Prague-Suchdol in the Czech Republic. Measuring changes in velocity of ultrasonic using the apparatus Ultraso-
nic Timer and moisture content change were measured after 1, 2, 3,4 and 6 months. Certain ways of detecting the initial stages of damage
have been demonstrated to trees oak, larch and spruce. The initial stages of damage by molds at non-durable maple, alder and poplar had
not a clear impact on the decrease in the speed of ultrasonic, as well as hairline surface cracks at the Douglas fir.

Key words: wood; exterior; biotic and abiotic degradation; detection; ultrasonic velocity
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1. Introduction

Exterior wood applications are widely used in building indus-
try, in the garden architecture and for outdoor mobiliar, but
also in various wood structures such as fences, wooden
houses, bridges, etc. (Stefko & Reinprecht 2004). The advan-
tages of wood as renewable raw material can be sorted by
excellent workability, strength and structural characteristics
in comparison with steel, ceramic and silicates (Pozgaj et al.
1993). The downside is, particularly for non-durable wood
species, the possibility of damage to the timber by biotic and
abiotic factors. Especially fungi and insects are able to com-
pletely disrupt the static function of the timber element or
the whole building in arelatively short period of several years
(Schmidt 2006; Reinprecht 2008). Abiotic degradation, par-
ticularly atmospheric degradation is also not negligible detri-
mental factor for the function of wood in construction. First
cause esthetic color changes (Evans 2008), but thereisalso a
significant formation of cracks that allow deeper penetration
of water into the timber. This creates better conditions for
the subsequent attack by decay fungi, which are tied up with
wood moisture above 20%. For proper function of wooden
buildings and structuresis required regular maintenance and
inspection status. To determine the degree of damage to the
timber is possible to use a variety of diagnostic procedures
(Koiber & Drdacky 2015). The simplest is a visual assess-
ment, which is necessarily subjective, so it is advisable to
use instrumentation and technical methods. These methods
canbe destructive —based on assessment of mechanical tests
and as well as non-destructive techniques nowadays used
in industrial practice (Rohanova 2013). Besides the use of
sound (Bucur 2006), optical methods, including the use of

*Corresponding author. Milo$ Pdnek, e-mail: panekmilos@fld.czu.cz

microscopy and SEM (Panek et al. 2009), of using radiog-
raphy (Gardner et al. 1980) is available the use of ultrasonic.
Measurement of ultrasonic speed is suitable for determi-
ning the mechanical properties of wood and damage of the
elements (Bucur 2006; Tippner et al. 2016). Relatively well-
researched areas is detection of damage by wood-destroying
fungi (Wilcox 1988; Reinprecht & Hybky 2011), or wood-
destroying insects (Reinprecht & Panek 2013).
Non-destructive testing using ultrasonic would allow
quick and efficient detection of incipient damage and predict
the next stage of serious action of atmospheric factors cau-
sing cracks (Raczkowski 1980) and wood-destroying fungi
causing white or brown rot (Wilcox 1988). Less explored
area is the ability to detect damage to the timber at the initial
stage of exposure outdoors (Raczkowski et al. 1999; Ober-
hofnerovaetal. 2016). Raczkowskietal. (1999) have demon-
strated that even at low mass loss <1% due to the decay can
be used detection method combining acoustic emission per-
pendicular with the grain test compression in radial direc-
tion. Research Oberhofnerova et al. (2016) focused on tes-
ting spruce and oak exposed to weathering for four months.
A trend of the decline in the velocity of propagation of ultra-
sonic was observed but was not statistically significant.
For the detection of damage of the timber by waves of
ultrasonic are used mainly anatomical measurements of the
transverse directions (Kloiber & Drdacky 2015). It comes
both from the possibility of access to most of the built-in ele-
ments in wooden structures such as bridges, timber beams,
poles etc. The cellular elements forming in transverse direc-
tions with more interconnections as it is known from wood
anatomy (Wagenfiihr 2002),brings further advantage of this
detection method. Higher amount of damaged cell walls, or
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cracks which arise mainly in the longitudinal direction may
indicate attenuation of the ultrasonic velocity.

The aim of this experiment was to explore the possibi-
lity of using ultrasonic velocity in the radial direction for the
determination of the early stages of degradation of wood in
the exterior without contact with the ground (use class 3
according to EN 335-2013) with nine tree species: spruce,
pine, Douglas fir, larch, oak, black locust, maple, poplar and
alder.

2. Material and Methods

Samples of nine tree species (Table 1) with dimensions of 375
x 78 x 20 mm (L x R X T) with the initial moisture content of
12% were exposed to the exterior without contact with the
groundinarackat45 degrees south according to EN 927-3
(2006). Exposure place was Prague-Suchdol time from 15%
December 2014 to 15% June 2015 and the climatic conditi-
ons during the experiment are shown in Table 2.

Measurement of ultrasonic velocity (v) with number of 12
measurements for each tree species was performed initially
and after 1, 2, 3, 4, 6 months of exposure using the appara-
tus Fakopp Ultrasonic Timer in the radial direction (Fig. 1)
and for the calculation was used equation (Eq. 1):

_size (mm)

V= time (us) 10% [ms71] (1

Size is 78 mm in this experiment.

Fig. 1. Scheme of measurements and used testing equipment Fa-
kopp Ultrasonic Timer.

To determine changes in velocity of ultrasonic in the
experiment was used equation (Eq. 2):

Vi—="Vp

Av= +100 [%] 2]

Vo
where subscript v, denotes the ultrasonic velocity values
before exposure and v, denotes the values after exposure.

During the experiment was before each measurement
determined moisture content of wood, which is an impor-
tant factor affecting the speed of ultrasonic (Mishiro 1995).
Moisture content was calculated by weight method accor-
ding to the equation (Eq. 3):

my, - my
MC=———-100 [%] [3]
mo
where m_is the weight of wet wood and m, is the weight of
absolutely dry wood.
Furtherwas conducted avisual monitoring of evidence of
cracks, molds and other damages with tenfold magnification.
For evaluation of the data with basic statistical charac-
teristics, correlation tests and Duncan‘s test was used soft-
ware Excell and Statistica.

3. Results

Results of the measurement of ultrasonic velocity changes
are shown in Fig. 2 and 3. Moisture content changes during
exposure, affecting the measurement results are shown in
Fig.4.The correlation between moisture content, occurrence
of initial timber damage and the drop velocity of ultrasonic
is analyzed in Fig. 5 and Table 3.

Figures 2 and 3 indicates for hardwoods and softwoods
some similarities and differences. For all tested tree species,
there werevarious Avduring exposure, therefore it is obvious
that the decisive factors in addition to the length of exposure
and the variation of moisture content (Fig. 3), or other fac-
tors that are further analyzed in Figs. 5 and Table 3. Overall,
it can be deducted that for softwoods was a great variance of
measured values (Fig. 2), making difficult correct interpre-
tation of the results. By contrast for hardwoods were mea-
sured values Av relatively low and the variability of the ave-

Table 1. Tested wood species and their initial characteristics (initial value of ultrasonic velocity in radial direction, density and natural

durability against fungi).

Natural durability against fungi

. . . . O . ,3
Wood species Latin name Ultrasonic velocity [m s™'] Density [kg m] (EN 350-2015)

Norway spruce Picea abies L. Karst 858.75 (60.60) 533 4

Scots Pine Pinus sylvestris L. 1095.47 (223.42) 698 3-4
Douglasce fir Pseudotsuga menziesii (Mirb.) Franco 925.65 (29.03) 605 3

European larch Larix decidua[Mill.] 854.06 (38.89) 559 3-4

English oak Quercus roburL. 1451.34(59.23) 710 2

Black locust Robinia pseudoacaciaL. 1367.57 (53.03) 827 1-2

Poplar Populus sp. 1016.57 (20.77) 413 5

Sycamore maple Acer pseudoplatanus L. 1183.61 (53.00) 599 5

Black alder Alnus glutinosa (L.) Gaertn 1258.83 (203.05) 534 5

Note: Numbers in parentheses are standard deviations.
Table 2. An overview of climatic conditions during 12 months of natural weathering.

Variable/month 0-1 1-2 2-3 3-4 4-5 5-6

Average temperature [°C] 3.2 0.7 34 7.0 12.3 15.9
Average max. temperature [°C] 5.5 3.1 7.8 12.5 17.9 21.3
Average min. temperature [°C] -0.3 -1.8 -11 1.5 6.4 10.7
Average RH [%] 76.1 78.4 70.7 63.5 60.7 62.2
Total precipitation [mm] 21.9 9.1 11.8 26.3 39.9 323
Average global solar rad. [kJ/m?] 2086 3405 7453 12567 18164 19039
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rage values of the individual exposure times was not as great
as for most softwoods (Fig. 3).

Changes of ultrasonic velocity during exterior exposure
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Fig. 2. Two sides confidence intervals of Av in softwood species
during exterior exposure.

Changes of ultrasonic velocity during exterior exposure
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Fig. 3. Two sides confidence intervals of Av in hardwood species
during exterior exposure.

Moisture content of samples decreases mostly during
exposure and naturally follows the effects of climate factors
shown in the Table 2.

Visual evaluation of samples revealed the presence of
molds or wood-stain fungi on non-durable hardwood spe-
cies, maple, alder and poplar 3 months after exposure and
gradually grew up. For Douglas fir wood occurred hairline
surface cracks and the other woody species including the
above mentioned there were changes of color, graying, which
is on a wood exposed outdoors well known (Evans 2008).

Linear relationship between AV and MCfor all of the trees
isrelativelylow (R?=0.11), what makes the assumption that
changes in the velocity of propagation of ultrasonic to test
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tree species were affected mainly by other factors. Mainly
by incipient degradation caused by atmospheric agents and
biodegradation (Fig. 5).

25

B 1month M 2months M 3 months
B 4 months M 6 months

Wood specie

Fig. 4. Changes of moisture content (MC) of wooden samples dur-
ing exterior exposition.
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Fig. 5. Correlation between Av and MC for all tested wood.

Separate analyses of each tested trees were conducted in
next step (Table 3).

Table 3. Linear correlation between Av and MC for each kind
of wood and Duncan’s test for Av changes after 1, 2, 3, 4 and 6
month of weathering.

Coeficient
Kind Linear correlation O.f . Duncan test*
of wood determination
[R7]
Spruce  Av=-2605+176*MC 056 ¢ (only6monthsversus
others c)
Pine Av=0.24+0.43*MC 0.07 d (for all cases)
Douglasfir Av=13.26-0.98*MC 0.67 —
Larch Av=-1463+109°Mc 030 9 (only6monthsversus
1and 3 months c)
d (only 1 months versus 2 and 3
Oak Av=—-4.67+0.11*MC 0.06 monts ¢ and versus 4 months b;
4 months versus 6 months c)
Blacklocust Av=0.79-0.22*MC 0.12 —
Maple Av=9.89-1.06*MC 0.62 —
Poplar Av=17.21-0.71*MC 0.77 —
Alder Av=4.10-0.65*MC 0.79 —

Note: Duncan’s tests for each kind of wood and months of exposition was done for wood species,
which did not confirm decrease of ultrasonic velocity with increase of moisture content in range 0 -Fi-
bre saturation point (FSP): 99.9% significance level (a); 99% significance level (b); 95% significance
level (c); and less as 95% significance level at p * 0.05 (d).

“—*“:wood species, which confirmed decrease of ultrasonic velocity with increase of moisture content
in range 0 — Fibre saturation point (FSP).
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InTable 3 is analysed decreasing of ultrasonic velocity in
dependence on the increase in moisture content. For wood
maple, poplar, alder, blacklocust and Douglas fir, this depen-
dence is confirmed (in addition to the black locust with high
coefficient of determination), and therefore we can assume
that it was the most important factor causing attenuation of
ultrasonic. On the contrary, trees oak, spruce, pine and larch
doesn’t confirm this trend, which makes the assumption of
superiority of other influences caused by the degradation of
wood. Therefore, their significance was further analysed for
each tree species separately using Duncan’s test for different
levels of significance (Table 3). For oak and pine was corre-
lative dependence relatively low (see Coefficient of determi-
nation in Table 3), but for oak were found statistically signi-
ficant decreases of ultrasonic velocity at lower moisture con-
tent after 6 months of exposure. The same results were also
observed with spruce and larch, where have been recorded
even higher coefficient of determination (Table 3).

4. Discussion

For wood we can assume that with a decrease in moisture
content within 0 - FSP will increase the speed of ultrasonic
(Mishiro 1995; Montero et al. 2015), what was confirmed for
Douglas fir, black locust, maple, poplar and alder. Thus, for
these kinds of wood, the ultrasonic cannot clearly detect the
initial stages of damage. This was reflected mainly in non-
durable trees maple, poplar and alder, which was visible
mold or wood-stain fungi damaged, but did not show what
is expected to drop of ultrasonic velocity. Conversely, sim-
ply copying the changes in humidity (Table 3). In Wilcox
(1988) and a depth of Reinprecht (2011) was observed to
reduce the speed of sound, but only at higher mass loss as
5—10% (Wilcox 1988). Such abig massloss cannot be assu-
med after just short-term exposure and as effects of wood
coloring fungus (Fojutowski 2004). Conversely Raczkowski
etal. (1999) demonstrated the sensitivity of ultrasonic detec-
tion of damage to the timber by fungi already when the mass
loss is less than 1%, but in combination with perpendicular
to grain compression test in radial direction.

Forwoods spruce, pine, larch and oak cannot be assumed
that the drop in moisture content led to an increase in velo-
city of ultrasonic (see linear correlation in Table 3). Interes-
ting result is the significant decrease in velocity of ultrasonic
in spruce after 6 months of exposure that may relate to the
fact that out of the softwoods has the lowest natural durabi-
lity (Table 1). Although there was not found the evidence of
fungus infestation, spruce belongs to the class of durability
4 (EN 350). Exposure of spruce to outdoor applications - the
use of class 3 (EN 335) —without a barrier or chemical pro-
tection is not recommended (EN 460). Ultrasonic propa-
gation velocity changes in pine were not statistically signifi-
cant for any of the tested months. Forlarch, like oak it is inte-
resting to note that despite the low moisture content after 6
months of exterior exposure the velocity of ultrasonic in the
radial direction was the lowest in several cases even signifi-
cantly compared to the other values (Fig. 2—4 and Table 3).
[tisaninteresting result because they are wood species with
arelatively high natural durability (EN 350), which are often

used in outdoor applications and they can withstand long
term exposure of biotic factors (Reinprecht 2008). Expla-
nation is possible by a high content of extractive substan-
ces in these woods, if larch arabinogalactans and in case of
oak tannins (Bucko & Suty 1988) which, after leaching from
the cell walls caused the reduction of the velocity. This effect
was confirmed also in work Farvardin et al. (2015) for per-
sian silk wood. The effect of extractive substances leaching
from sometree species has to be calculated using ultrasound
as detection method in practice.

Oberhofnerova et al. (2016) investigated the effect of
the exterior load of spruce and oak wood in outdoor areas
without ground contact. There was observed a decrease in
velocity of ultrasonic in native wood, but statistical signifi-
cance was not demonstrated. It could be caused on the one
hand by a shorter exposure time - only 4 months, on the other
hand, the measurement in the longitudinal direction not so
sensitively detects a beginning damage wood, due to fewer
connection of cellular elements.

In contrast, the pine and Douglas fir resins and black
locust extracts appearing to have stabilizing effect on the
weather. On the basis of these results look out these extracts
more stable as oak tannins.

Black locust belongs to a class of 1 — 2 natural durability
(EN 350), and in pine wood is known relatively high con-
tent of water resistant resins (Bucko & Suty 1988), which
also provide some hydrophobic protecting (Oberhofnerova
& Panek 2016). Douglas fir also contains extractive sub-
stances based resins but also biflavonoids dihydroquerce-
tin, which causes a relatively high natural durability (Tay-
lor et al. 2003).

From these results it is clear that the mere use of ultra-
sonic does not provide sufficiently accurate information
about initial wood damage by biotic and abiotic factors. It is
mainly due sensitivity of the method, which is probably bet-
ter suited to the detection of more serious damage of struc-
tural timber, where the results are conclusive (Wilcox 1988).
Initial stages are better diagnosed by the direct assessment of
microscopic analyzes, which are visible hyphae infiltrating
of cellular structure of wood (Panek et al. 2009), or micro-
ruptures caused by the abiotic degradation (Masarykova
et al. 2010). More sensitive detection method seems to be
the use of destructive testing - impact strength in bending
(Sonderegger et al. 2015). This sensitively respond even to
wood-staining fungi that still does not significantly deform
cell walls of wood (Fojutowski 2004).

The disadvantage of both methods is the need to remove
test samples from the tested structure and their subsequent
analysis in the laboratory. By this method can be created
reliable overview of the state of the structure, but more pre-
cise and intensive measurements have to be done.

5. Conclusion

From the above experimental results, it is possible to provide
the following conclusions:

1. The speed of ultrasonic in wood is affected during the ini-
tial stages of degradation of wood exposed outdoors without
ground contact without shelter, although the changes are
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relatively low. Statistically significant decrease was obser-
ved in some kinds of tested woods: spruce, larch and oak,
especially after 6 months of exposure.

2. Considerable influence as a degradation of biotic and abi-
otic agents is in the early stages of exposure for most kinds
of wood tested, has especially fluctuations in wood moisture
content due to the local climatic conditions. Therefore, this
factor has to be calculated at any non-destructive testing of
structures using the ultrasonic.

3. There was not confirmed the possibility of using ultrasonic
to determine the initial stages of fungal damages (Mainly by
the molds or the wood-staining fungi) in non-durable woody
species tested: maple, poplar and alder.

4.Based on these results it can be stated that the mere use of
ultrasonic as a screening method of initial stages of timber
damage is inadequate and does not provide a perfect idea of
their range in wood. Analysis can be refined using microsco-
pic analysis and SEM analysis of damage. Another option is
providing of destructive analysis where, for example, impact
strength in bending sensitively detects the already emerging
bioticdamage. The disadvantage of both is the higher effort,
the need for the sampling and subsequent laboratory eva-
luation.
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Abstract

Northern red oak (Quercus rubra L.) is one of the most important introduced tree species in the Czech Republic, occupying about
6,000 ha with ca. 900,000 m? of the standing volume. The presented study aims to evaluate its soil forming effects on natural oak sites.
Soil chemistry of the upper soil layers (F+H, A, , B horizons) was studied in three pairs of stands of both species. In each stand, four
bulk samples were taken separately for particular horizons, each consisting of 5 soil-borer cores. The soil characteristics analysed were:
pH (active and potential), soil adsorption complex characteristics (content of bases, exchangeable cation capacity, base saturation),
exchangeable acidity (exchangeable Al and H), total carbon and nitrogen content, and plant available nutrients content (P, K, Ca, Mg).
Total macronutrient content (P, K, Ca, Mg) was analysed only in holorganic horizons. Results confirmed acidification effects of red oak
on the upper forest soil layers such as decreased pH, base content, base saturation, all nutrient contents in total as well as plant-available
form and increased soil exchangeable acidity (exchangeable Al) in comparison to the sessile oak stands, especially in holorganic horizons
and in the uppermost mineral layer (A, horizon). Northern red oak can be considered as a slightly site-soil degrading species in the studied

sites and environmental conditions in comparison to native oak species.
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1. Introduction

Northern red oak (Quercus rubra L.) is one of the most
important introduced tree species in many European coun-
tries, including the Czech Republic. It was planted for gar-
dening purposes and especially for timber production on less
favourable and degraded soils. Nowadays, it isrecognized as
aninvasive alien plant very often and its valuation changed to
negative one (Oosterbaan & Olsthorn 2005; Chmura 2013).
Its stand area is about 6,000 ha with the growing stock of
900,000 m? in the Czech Republic according to summary
forest management plans. The red oak area is like that of
Douglas-fir even the latter species has higher growing stock
(about 1,250,000 m?) having lower mean age (Kouba &
Zahradnik 2011). It should be stressed that Douglas fir is
the most productive species of all introduced species with
site improving effects in the stands of domestic coniferous
species (Podrazsky et al. 2013, 2014; Kubecek et al. 2014;
Pulkrab et al. 2014, 2015). On the other hand, northern red
oakisaspecies quite common in parks and it is used for resto-
ration of spoil banks. It is not understood as a species impor-
tant for its production capacity only. The other interesting
aspect is its resistance to tracheomycosis which is higher
than of domestic oaks (Burkovsky 1985; Gubka & Spisak
2010; Stefanéik & Strmen 2011). Dressel and Jiger (2002)
recommend rather dry and acid sites as suitable or tolerable
for northern red oak. Quite rare studies demonstrate higher
wood production of red oak when compared to domestic oaks
(Seidel & Kenk 2003; Kouba & Zahradnik 2011). There is
very limited evidence on the soil forming effects of this spe-

cies comparing to native trees. The partial studies indicate no
site improvement effects in European conditions, even slight
soil degrading effects comparing to native broad-leaved spe-
cies (Kantor 1989; Podrazsky & Stépanik 2002; Jonczak et
al. 2015; Bonifacio et al. 2015). On the contrary, Northern
red oak can significantly contribute to the afforestation of
agricultural lands (Vopravil et al. 2015) due to its character
of pioneer species.

The aim of the presented study is to evaluate the Northern
red oak effects on the upper layers of forest soils in the stands
of native Sessile oak (Quercus petraea (Mattusch.) Liebl.)
and partly mitigate the lack of information on the effects of
this species in the forest environment.

2. Material and methods

The study was performed in oak stands in the North-West-
ern Bohemia. The area is a West part of the Natural Forest
Area PLO 17 Polabi Lowland. Location of plots is given in
the Table 1. The altitude of all plots varied between 220 —
330 m a.s.l. The investigated stands grow on comparable
forest type: acid to medium rich oak and oak-beech sites
(Viewegh 2003). Mean annual temperature of the area is
9 °C and mean annual precipitation 520 mm. The soil form-
ing substrate is represented prevailingly by deep blown
sands; this soil types of Arenic Cambisol (with gleying indi-
ces) developed prevailingly on this substrate (Némecek et
al.2011).
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There were three pairs of stands (red oak and sessile oak).
In each stand, four bulk samples (distance ca. 50 m) were
taken from particular horizons F+H, A , B. Each bulk sample
consisted of 5 individual sampling cores (distance ca. 5 m)
taken by soil borer of 6.5 cm diameter, separated for given
horizons. Individual bulk samples were dried and analysed
inthe Laboratory Tomas, Opo¢no, by standard methods (see
e.g. Zbiral 2001; Spulak et al. 2016):

— Active and potential pH in H,O and KCl respectively by
potentiometric method,

— exchangeable acidity, content of exchangeable alumin-
ium and hydrogen,

— sorption complex characteristics by Kappen (1929): S
— base content, CEC — cation exchange capacity, BS —
saturation of sorption complex by bases),

— content of total nutrients in holorganic horizons (N, P,
K, Ca, Mg) after digestion with sulphuric acid and with
selenium as a catalyst (Zbiral 2001),

— content of combustible matters, percentage of total oxi-
dizable carbon (humus) and nitrogen was determined
according to Kjeldahl methods, the combustible matter
and Cox according to Springer-Klee method (e.g. Cia-
vatta et al. 1989; Kirk 1950),

— content of available nutrients (P, K, Ca, Mg) by Mehlich
[1I method.

In each sampled stand, abulk sample of the litter from the
soil surface was collected, a part of it from particular cored
points. Only content of total nutrients was determined for
this material.

One way analysis of variance (ANOVA using software
Statistica 12.1) was used after checking the normality of the
data for soil analysis evaluation followed by post-hoc Tukey
tests where corresponding horizons were compared on the
usual level of significance (p <0.05).

Table 1. Basic data on research plots of Northern red oak and ses-
sile oak stands.

Elevation

Species  Age[years]  Forest type asl. [m] Latitude Longitude
49 186 276 50°21,575"  14°19,288’

Red oak 50 1K1 276 50°21,737  14°19,398’
103 186 300 50°22,172"  13°59,071

73 1S6 275 50°21,721°  14°19,964

Sessile oak 111 1S6 280 50°22,228"  14°20,978’
159 1C2 329 50°21,855"  13°58,966’

Notes: Forest types — 1 — oak vegetation altitudinal zone, 2 — beech-oak vegetation altitudinal zone,
K- acid sites, S —medium rich sites, C - drying sensitive; third digit indicates more detailed forest type.

3. Results

There were documented differences between different soil
horizons (F+H, A,, B), in both set of stands, which is typical
for the dynamics of forest soils. Differences in the studied
characteristics between both species for the same soil layer
were much less distinct. The pH/H,0 and pH/KCl in upper
humus horizonsandin horizons A, Bunderboth species are
given in Table 2. The pH/H,O in humus layers under both
species did not differ significantly; however, pH/KCl under
red oak stand is significantly lower than under sessile oak
in holorganic layer. There is a tendency of higher values of
pH in F+H and A, horizons while the values were practically
identical in the B horizons.
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Table 2. Soil reaction in particular horizons under red oak and ses-
sile oak stands.

Horizon pH/H,0 pH/KCI
Red oak Sessile oak Red oak Sessile oak
F+H 447a 4.73a 353a 394b
A, 4.18a 4.25a 3.38a 347a
B 4.33a 4.31a 3.75a 3.69a

Note: The values with the same letter indicate no significant differences on the level (p <0.05).

The exchangeable titration acidity was significantly
higher in holorganic horizon under red oak as well as in
organo-mineral horizon A, (Table 3). The similar results
show the AI** content. On the other hand, hydrogen content
did not show significant differences under both species. The
results suggest less favorable status of soils and tendency to
acidification under red oak compared with sessile oak.

Table 3. Exchangeable acidity, hydrogen content and aluminium
in particular horizons under red oak and sessile oak stands.

Acidity H* AP*
Horizon [meqkg™]
Redoak  Sessileoak Redoak Sessileoak Redoak Sessile oak
F+H 4466a  2426b 9.70a 8.69a 3496 a 15.57b
A 6231a 4757b 2.20a 2.75a 6011a  4482b
B 49.78a  41.42a 1.20a 1.07a 48.58a  40.35a

Note: The values with the same letter indicate no significant differences on the level (p <0.05).

Base content and base saturation are significantly higher
in the holorganic horizons in the sessile oak stands. The
same tendency was observed also in the organomineral A,
horizons; however, the differences were not significant. The
significant differences were not pronounced in lower hori-
zons (Table 4).

Table 4. Soil adsorption complex characteristics of the soil hori-
zons under red oak and sessile oak stands.
S CEC BS

[meqkg™] (%]
Redoak  Sessileoak Redoak  Sessileoak Redoak Sessile oak

Horizon

F+H 27.39a 41.79b 72.15a 78.88a 37.35a 52.53b
1.60a 3.84a 18.23a 23.77a 8.56a 14.28 a
B 0.97a 0.83a 6.96a 7.20a 13.11a 9.96a

Note: The values with the same letter indicate no significant differences on the level (p <0.05).

The content of combustible substances is lower under
red oak but not significantly (Table 5). The same dynamics
showed the total nitrogen and carbon content in the whole
studied profile, the significant difference was documented
for carbon in the Ah horizon while for nitrogen for both
horizons A, and B. This results in less favourable C/N ratio
in the stands of red oak in all horizons (Table 5), even the
differences were not significant.

Table 5. Total carbon and nitrogen content, its C/N ration and

combustible substances in upper soil horizons under red oak and

sessile oak.
Total C ox

Total N Combustible
[%] oN substances [%]
Red Sessile Red Sessile Red Sessile Red  Sessile
oak oak oak oak oak oak oak oak

Horizon

F+H 30.33a 29.34a 1.78a 1.87a 17.07a 15.69a 78.62a 74.49a
646a 864b 040a 0.60b 1838a 14.96a 18.62a 24.85a
B 131a 1.77a 009a 014b 13.01a 12.43a 4.54a 5.40a

Note: The values with the same letter indicate no significant differences on the level (p <0.05).
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Plant available nutrient content is higher in the soil hori-
zons under sessile oak in general (Table 6). For available
phosphorus, statistically significant differences were found
in the horizons F+H and A, for available potassium in the
layers A, and B, for available calcium and magnesium for
F+Hand A, again.

Table 6. Plant available nutrient contents in particular horizons
under red oak and sessile oak stands.

P K Ca Mg
. [meqkg™']
Horizon Red  Sessile  Red Sessile  Red  Sessile  Red  Sessile
oak oak oak oak oak oak oak oak
F+H 29a 59b  744a  1032a 2453a 3964b 443a  652b
A 3a 13b 108a 201b 280a 527b 80a 127b
B 3a 2a 2a 71b 263a  280a 9a 67a

Note: The values with the same letter indicate no significant differences on the level (p <0.05).

The content of total nutrients was significantly higher
in the horizon L under sessile oak with exception of calcium
and magnesium (Table 7). The same trend was documented
for F+H horizon for Pand K, the differences were significant
while the differences for N, Ca and Mg were not.

Table 7. Total nutrient content in the litter and F+H horizons un-
der red oak and sessile oak.

N P K Ca Mg
Horizon - - %] - - -
Red Sessile Red Sessile Red Sessile Red Sessile Red Sessile
oak oak oak oak oak oak oak oak oak oak
L 0.59a 080b 001a 003b 030a 043b 1.15a 1.24a 0.15a 0.16a

F+H 1.70a 1.80a 005a 007b 015a 021b 0.19a 0.38a 0.05a 0.06a
Note: The values with the same letter indicate no significant differences on the level (p <0.05).

4. Discussion and conclusion

Data concerning the effects of Northern red oak on forest soil
are very limited. The data show distinct differences among
the horizons which document the transformation of organic
matter and changes of pedochemical soil characteristics typi-
calfor Cambisols (Némeceketal. 2011). Kantor (1989) com-
pared thelitter quality in the stands of different tree species in
the Trutnov region. In contrast to other broadleaved species,
especially to birch and alder, the litter quality of the red oak
was not so high. This author groups red oak together with
Scots pine as a species without site improving effects com-
paring to other broadleaved species (aspen, willow, beech,
birch, alder). As the site degrading species were evaluated
spruce species and Eastern white pine (Pinus strobus L.),
which consists with our findings. Podrazsky & Stépanik
(2002) studied the effects of particular tree species on affor-
ested agricultural soils in the region of Cesky Rudolec. They
compared the humus forms in the stands of red oak, birch,
Norway spruce and European larch. Red oak did show more
favorable effects on the new upper soil formation compar-
ing to conifers (pH, soil adsorption complex characteristics,
nutrient content), but less when compare to birch. The data
suggests the red oak is more nutrient demanding, leading to
decrease of nitrogen content under this species.

Also Bonifacio et al. (2015) documented slower litter
decomposition and worsened nutrient dynamics under red
oak stands. They demonstrated the accumulation of more
extreme humus form (Mor instead of Dysmull-Hemimoder),

slower litter decomposition and worsened phosphorus and
calcium availability on natural site of English oak and well
developed less fertile soils. Jonczak et al. (2015) studied the
decomposition intensity of litter of different tree species
(alder, beech, red oak, maple) using litter bags method. Alder
produced leaf litter with the fastest decomposition, acceler-
ating profoundly the nutrient dynamics, other broadleaves
had very similar character of these processes. Comparing to
our results, it can be concluded, that prominent site improv-
ing effects of the red oak on broadleaved species sites are
not realistic. On the contrary, slight acidification effects can
be expected comparing to native oaks. But red oak can play
considerable stand forming and site improving role due to its
resistance to extreme site conditions on degraded and dev-
astated sites (Dimitrovsky 1999, 2001; Kupka et al. 2007;
Dimitrovsky et al. 2008). Good growth of this species was
confirmed also on abandoned agricultural lands, but protec-
tion against browsing is necessary in this case (Tuzinsky et
al.2015). These areas arerelatively large throughout Europe,
including the Czech Republic (Vopravil et al. 2015) and
therefore the introduced species can play important role in
this process (Podrazsky et al. 2015,2016). The evaluation of
their effects on the soil ecosystem compartment can prevent
many mistakes (Ehrenfeld 2003).

Significant effects of the red oak can be detected also on
under storey vegetation. Its dynamic indicates more acid and
nutrient poor sites with limited abundance of the nitrophilous
vegetation. Also Kantor (1989) confirmed similar results for
this species together with Scots pine. Straigyte et al. (2012)
and Chmura (2013) described consistently the influences on
the ground vegetation tending to more acid and nutrient poor
sites. It is emphasized especially for lower nitrogen content
in the soil, which is clearly indicated by the ground vegeta-
tion. They documented very good natural regeneration of the
red oak, it can be considered as invasive one in many cases
(Major et al. 2013).

Results confirmed visible negative effects of the North-
ern red oak on the sites, corresponding to the native sessile
oak ecosystems. Higher acidity, lower soil reaction as well
as bases and nutrient contents were documented in the hol-
organic and upper mineral soil horizons. In contrast to dev-
astated soil remedial, this species can be considered as site
degrading to some extent
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Abstract

Forest mortality critically affects stand structure and the quality of ecosystem services provided by forests. Spruce bark beetle (Ips
typographus) generates rather complex infestation and mortality patterns, and implementation of such patterns in forest models is chal-
lenging. We present here the procedure, which allows to simulate the bark beetle-related tree mortality in the forest dynamics model
Sibyla. We explored how sensitive various production and stand structure indicators are to tree mortality patterns, which can be gener-
ated by bark beetles. We compared the simulation outputs for three unmanaged forest stands with 40, 70 and 100% proportion of spruce
as affected by the disturbance-related mortality that occurred in a random pattern and in a patchy pattern. The used tree species and age
class-specific mortality rates were derived from the disturbance-related mortality records from Slovakia. The proposed algorithm was
developed in the SQLite using the Python language, and the algorithm allowed us to define the degree of spatial clustering of dead trees
ranging from a random distribution to a completely clustered distribution; a number of trees that died in either mode is set to remain
equal. We found significant differences between the long-term developments of the three investigated forest stands, but we found very
little effect of the tested mortality modes on stand increment, tree species composition and diversity, and tree size diversity. Hence, our
hypothesis that the different pattern of dead trees emergence should affect the competitive interactions between trees and regeneration,

and thus affect selected productivity and stand structure indicators was not confirmed.
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1. Introduction

Models of forest dynamics have become important tools that
supported forest management and increased our under-
standing of forest development under diverse management
and natural conditions. Because forest damage is among the
most important drivers of forest development with effect on
the quality of ecosystems services provided by forests (Thom
& Seidl 2015; Thom et al. 2016), a great deal of attention
has been paid to the implementation of forest mortality pro-
cesses into models (Pietsch & Hasenauer 2006; Merganicova
& Merganic 2014; Seidl & Rammer 2016). At the same time,
models were found highly sensitive to the mortality assump-
tionsadopted (Bircheretal. 2015; Hlasnyetal. 2014), which
highlights the importance of proper implementation of
algorithms driving the mortality-related processes. Despite
these efforts and increasing complexity of models, Keane
et al. (2001) and Bircher et al. (2015) argue that mortality
algorithms implemented in models are generally based on
simple assumptions and insufficient data.

Bark beetles of the genus Ips, and particularly the spruce
bark beetle Ips typographus (L., 1758) (Curculionidae: Sco-
lytinae), are the most damaging biotic agents in central
European forest (e.g. Berec et al. 2013). Bark beetle-related
tree mortality is a highly complex process that is driven by
both the host susceptibility, bark beetle population size and
diverse environmental perturbations (Wermelinger 2004;
Hlasny & Turéani 2013). Interactions between the host

*Corresponding author. Jiri Trombik, e-mail: trombik@fld.czu.cz

tree distribution, tree susceptibility and density-dependent
bark beetle dispersal capacity, generate specific patterns of
infested trees. Such patterns might range from the scattered
occurrence of infested trees, which is typical of small beetle
densities, to patchy and even a large scale infestations that
typically occur when the populations are in the outbreak
phase (Hlasny & Turcani 2013). Because tree mortality
patterns might affect stand structure and the quality of eco-
system services in the period following the infestation, it is
desired to include suchinformation into forest models, which
operate at a scale of trees.

Among such models, the forest model Sibyla (Fabrika &
Dursky 2005) has received an increased recognition in recent
years (e.g. Vaceketal. 2013; Hlasnyet al. 2011, 2014, 2016;
Ambroz et al. 2015; Hértl et al. 2016). The model simulates
mortality at a scale of trees and considers both the inherent
tree mortality (Durskyetal. 1996,1997) and mortality related
todisturbances (Fabrika & Vacul¢iak 2009). Particularly the
disturbance-related mortality shows significant differences
between tree species, depending on tree species vulnerability
to various disturbances. Hlasny et al. (2016) developed an
application that simulates the disturbance-related mortality
in the model Sibyla based on the species and age-specific
mortality rates derived from the 10-year records on forest
damage in Slovakia; this is the algorithm we use and evalu-
ate in this study.
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Because the used mortality rates contain the cumulative
effect of all damage agents (biotic and abiotic), each of them
generating a specific pattern of tree mortality, the preference
of any specific tree mortality pattern might be irrelevant.
However, such an approach might generate biased outputs
for regions, where mortality with patchy pattern, such as that
related to bark beetle infestation, prevails. It is, however, not
clear whether and how the consideration of such a mortality
pattern might affect stand development in the period follow-
ing the infestation.

To shed alight on this issue, we present a modelling exer-
cise that evaluates in several virtual Norway spruce-domi-
nated stands how biomass production, tree species and stand
structure diversity can develop under the random and clus-
tered mortality modes. We hypothesize that the appearance
of clearings in response to the clustered emergence of dead
trees could induce regeneration processes different from
those induced by the random emergence of dead trees, and
thus, in the long-run, affect tree species composition of the
stands. Further, we hypothesize that the different patterns
of dead tree emergence will affect the competition between
trees and tree increment, and that such a difference will be
translated from the tree scale to the stand scale. Finally, we
hypothesize that mainly stand structure diversity will be
affected by the tested mortality modes, while effect on bio-
mass production will be less pronounced. Such aresearch is
intended to contribute to mortality parameterization in tree-
based forest models and to improve the reliability of forest
development simulations.

2. Data and methods

2.1. Used model and simulation design

We used here the forest model Sibyla developed by Fabrika
& Dursky (2005) (available at http://sibyla.tuzvo.sk) and
repeatedly used for research, for example, by Hlasny et al.
(2011, 2014, 2016), Hartl et al. (2016) and others. Sibyla is
empirical single-tree oriented climate sensitive forest model
with a one-year simulation step, and the core components
of the model are based on the Silva model (Pretzsch et al.
2002). A detailed description of the model can be found in
the studies we referred to earlier.

We used three virtual forest stands with identical site
conditions to secure the comparability of simulation out-
puts (Table 1). The used stand parameters represent the
conditions in which spruce typically grows in Slovakia. The
three stands were with a different share of Norway spruce
(Picea abies L. Karst.). (Stand code: S100 — 100%; S70 —
70%;and S40—40%) and with a different admixture of other
species (Table 2). The admixed species were European beech
(Fagus sylvatica L.), silver fir (Abies alba Mill.), and Scots
pine (Pinus sylvestris L.).

The inherent tree mortality (i.e. mortality related to com-
petition) is implemented according to Dursky et al. (1996)
and Dursky (1997). The disturbance module that is inher-
entlyimplemented in the model (Fabrika & Vacul¢iak 2006)
was not used in this study, and we used an external module
developed by Hlasny et al. (2016) instead. The latter module
was developed in the Python and SQL languages, and the
module allows flexible adjustments of a number of mortal-
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ity settings. The disturbance mortality rates used here were
specificto tree species and age class, and were parameterized
based on the forest disturbance records for the period 1998—
2009 using the data from the whole of Slovakia (Hlasny et
al. 2016) (Table 3).

Table 1. Stand and site condition of the three simulated forest
stands.

Stand and site parameters Value
Elevation [ma.s.l.] 982
Soil type Cambisol
Stand density 0.95
Initial age [years] 40
Mean air temperature during vegetation season [°C] 12.5
Precipitation totals during vegetation season [mm] 727

Table 2. Types of tree species composition in the three simulated
forest stands.

Stand / species proportion [%]  Spruce Fir Beech Pine
S100 100 0 0 0
S70 70 15 15 0
S40 40 25 25 10

Such initial rates were modified to consider the reduced
susceptibility to infestation for stands with the admixture of
non-spruce species based on Griess et al. (2012). The cor-
rection accounted for 3% for stands with spruce up to 80%
and 15% with spruce below 60%.

Development of each stand was evaluated during a
200-year period, because the divergence of the tested stand
development indicator is likely to occur in longer runs only.
The simulations were run with the natural regeneration
module activated (Mergani¢ & Fabrika 2011). No manage-
ment operations except for the removal of dead trees were
applied. Each simulation was run ten-times to consider the
variability related to the differences in the initial tree posi-
tions and stochasticity related to tree mortality and other
model parameters.

Table 3. Tree species- and age class-specific mortality rates used
to drive the forest mortality in the current study.
Tree species- and age class-specific mortality rates

Spruce proportion in a stand [%] Beech Fir Pine

Age class >80 60-80 <60
<30 0.10 0.10 0.08 0.01 0.08 0.05
31-40 0.11 0.11 0.10 0.01 0.05 0.04
41-50 0.13 0.12 0.11 0.01 0.03 0.02
51-60 0.15 0.14 0.13 0.01 0.03 0.02
61-70 0.16 0.16 0.14 0.01 0.02 0.02
71-80 0.19 0.18 0.16 0.01 0.03 0.02
81-90 0.20 0.19 0.17 0.02 0.03 0.03
91-100 0.20 0.20 0.17 0.02 0.03 0.03
101-110 0.20 0.19 0.17 0.02 0.03 0.03
111-120 0.20 0.19 0.17 0.02 0.03 0.02
121-130 0.20 0.19 0.17 0.01 0.04 0.02
131-140 0.21 0.20 0.18 0.01 0.04 0.02
141-150 0.20 0.19 0.17 0.01 0.04 0.01
>150 0.17 0.16 0.14 0.01 0.03 0.00

2.2. Tested mortality patterns

Two mortality set-ups were tested —a random occurrence of
dead trees driven by species- and age class-specific mortal-
ity only (Table 3, mode RAN) and a clustered occurrence of
dead trees (mode CLUST), where mortality is also driven by
the proximity of an evaluated tree to the trees that died in the
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previous period. Hence, the CLUST mode generates the dead
trees in a patchy pattern typical of bark beetle infestation in
the epidemic phase.

In case for the RAN mode, a specific mortality rate from
Table 3 is assigned to each tree in a stand based on the species
and age class. Then, a real number in the 0 — 1 interval with
the uniform distribution is generated for each tree to specify
athreshold to which a mortality rate is compared. In case the
threshold is exceeded a tree survives, otherwise a tree dies.
Such a procedure is applied with a 10-year step.

In case for the CLUST mode, the procedure described
above is modified based on the proximity of each tree to the
trees which had died in the former simulation step. The lit-
erature review indicated that under high beetle densities (epi-
demic phase) most of beetles disperse over short distances
(up to 100 m), and the dispersal (or the appearance of new
infestation spots) disappears within 500 — 1,000 m from
old infestations (Wichman & Ravn 2001; Kautz et al. 2011,
Hlasny & Turcani 2013; Stadelmann et al. 2014). There-
fore, we modified the RUN algorithms so as we define the
affinity of the newly infested trees to the trees infested in the
previous period. The affinity with magnitude 1 causes that
all new infestations might occur in trees adjacent to the old
infestations, and the age effect does not apply in this case;
however, the age threshold of 50 years is applied to avoid the
infestation of trees, which are very unlikely to be infested.
The 50-year age limit was applied though spruce bark beetle
is thought to infest trees older than 70 years (Wermelinger
2004), but much younger stands have been recently found
tobeinfested, for example, in the Czech Republic (J. Holusa,
pers. comm.).

The affinity with the magnitude of 0 indicates no cluster-
ingeffectsand CLUST isequal to RUN. The transient affinity
values can be applied to model various bark beetle dispersal
patterns. The algorithm was developed in the SQLite using
the Python language.

2.3. Evaluated stand development indicators

We evaluated effect of the two mortality setting on several
production and stand diversity indicators. We evaluated
the effect on volume increment of a stand (m? ha™! year™);
species-specific relative standing volume (% of the total stand
volume), which s indicative of tree species composition; vol-
ume of dead wood (m?); tree species and tree size diversity.
The true diversity index (Jost 2006), which is the exponential
form of the Shannons diversity index, is used as the indicator
of tree species diversity; species-specific basal area is used
as aweight. Tree size diversity index (H), which aggregates
the diversity of tree heights and diameters (Staudhammer
& LeMay 2001), is used as the indicator of stand structure
diversity.

3. Results

3.1. Volume increment

Different species compositions and related mortality rates
caused the mean stand volume increment (m?ha!year™) to
differ significantly between the simulated stands. While in

S40 the increment culminated at ca 90™ year of the simula-
tion (stand age 130) at 27 m3 ha™! year™, the increment was
steadily declining during the whole simulation period in the
two remaining stands (§70 and S100). Such a decline was
primarily related to the progressive mortality of the dominat-
ing spruce trees, while such an effect was less pronounced
in S40 and S70.

Although we assumed that the two tested mortality
modes will affect the stand density differently, and this effect
will result in a differential response of stand increment, our
simulations showed almost no difference between the RUN
and CLUST mortality modes during the whole simulation
period; minor deviations of the two curves in Fig. 1 were in
the range of the respective error bars.
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Fig. 1. Development of mean stand volume increment simulated
with the random (RAN) and clustered (CLUST) occurrence of
dead trees in three forests stands. Stand codes are explained in Ta-
ble 2. The error bars show the 95% interval calculated based on 10
repeated simulation runs.

3.2. Relative standing volume

Relative standing volume was investigated as an indicator
of the change in tree species composition. The simulations
shows that fir was performing best and its volume was
steadily growing during the simulation period (Fig. 2). The
decrease of spruce was related to high mortality rates, while
the decrease of beech was related to the unfavorable condi-
tion forbeech growthin the elevation of 1,000 ma.s.l., where
beech production and ability to compete with other species
were not sufficient to persist.

As in the case of mean stand volume increment, the two
tested mortality modes did not affect the per-species volume
significantly during the whole simulation period.

3.3. Dead wood volume

Dead wood volume generated for each year of the simula-
tion period directly reflects the species- and age-class specific
mortality rates indicated in Table 3. Development of dead
wood volume in all three stands shows the presence of dam-
age culmination phase, where the proportion of spruce and/
or other overmatured trees reached maximum (Fig. 3). In
5S40 the damage culmination occurred ca in year 70 of the
simulation period, and then the damage decrease because
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Fig. 2. Species specific standing volume calculated as the per cent
of the total standing volume simulated with the random (RAN)
and clustered (CLUST) occurrence of dead trees. Stand codes are
explained in Table 2. Stand S100 was not presented because of the
persisting dominance of spruce.

of the increase abundance of younger and less vulnerable
spruce trees. In S40 and S70 the damage peaked in ca year
170 of the simulation period, though the peak in S40 was not
as sharp as in the previous stands.

Because of the stochasticity in the algorithm, which is
applied to evaluate whether or not a tree dies, the inter-sim-
ulation variability is largest of the all investigated indicators.
Asinthepreviousindicators, there was no difference between
the RAN and CLUST modes. In case of this indicator, how-
ever, such an output could have been expected, because the
used algorithm was designated so as it affects the distribu-
tion of dead trees in a stand, while the total number of dead
trees remains equal.
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Fig. 3. Dead wood volume simulated with the random (RAN) and
clustered (CLUST) occurrence of dead trees. Stand codes are ex-
plained in Table 2.

3.4. Tree species and tree size diversity

Tree species diversity was evaluated for stands S40 and S70
but not for S100, where only spruce could regenerate and
thus the stand remained monospecific during the whole of
the simulation period. In S40 the initial value of the used
diversity index was significantly higher than in S70 because
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of more equal proportions of tree species (Fig. 4). The diver-
sity, however, sharply decreased as fir become to dominate
in the stand.

Tree size diversity was increasing in all simulated stands,
though the increase was rather erratic in S40. The increase
was related to the occurrence of large overmatured trees,
which have not died despite their high mortality rates (Table
1), as well as to the occurrence of smaller trees appearing in
the new generation of the forest.

Tree species diversity shows minor differences between
the development driven by CLUST and RAN mortality
modes, the differences are, however, in the range of the
variability related to the ten simulation runs. The difference
between the mortality modes as well as the inter-run vari-
ability of the tree size diversity significantly increased after
ca 150 year of simulation in S40, such a pattern, however,
lacks interpretation.
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Fig. 4. Tree species (D) and tree size diversity index (H) simulated
with the random (RAN) and clustered (CLUST) occurrence of
dead trees. Stand codes are explained in Table 2.

4. Discussion

The model Sibyla represents a well-established forest model,
which hasbeenrepeatedly usedintheresearch of forest devel-
opment driven by various management types, disturbances
orby climate change (Hlasnyetal. 2011, 2014, 2016; Vacek
et al. 2013; Ambroz et al. 2015; Hértl et al. 2016). That the
model operates at a scale of trees facilitated analyses that uti-
lize tree positions, including the assessment of stand struc-
ture indicators or change in tree species composition. Still,
there are limits in the understanding of model's behavior,
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which should be explored to use the model more efficiently
and support the properinterpretations of simulation outputs.
We explored here how the spatially clustered occurrence
of dead trees, which generates mortality patterns similar to
those generated by spruce bark beetle, might affect selected
stand structure and productivity indicators. Such aresearch
might inform whether it is worth to consider the spatial dis-
tribution of dead trees in tree-based forest models, and how
the selected indicators are sensitive to differences in the pat-
tern of dead trees emergence.

We focused on three forest stands with different per-
centage of Norway spruce, which typically occur in central
Europe. We found significant differences between the long-
term developments of the three investigated forest stands,
but we found very little effect of the tested mortality modes
on stand increment, tree species composition and diver-
sity, and tree size diversity. This was despite the pattern of
dead trees distribution and the overall stand structure was
rather different between the simulations driven by the two
mortality modes (Appendix A). Hence, our hypothesis that
the different pattern of dead trees emergence should affect
the competitive interactions between trees and thus affect
selected productivity and stand structure indicators was not
confirmed.

Therefore, we suggest that different patterns of dead
tree emergence might not be considered in tree-based forest
model, when basic growth, yield and stand structure indi-
cators are to be evaluated. Still, effect on specific indices of
horizontal stands structure (e.g. Clark & Evans 1954, Stoyan
& Stoyan 1992), which might be more sensitive to the modi-
fied distribution of trees, need to be explored.

There are some limits of the interpretation of our find-
ings related to the used experimental design. We assumed
that the prescribed degree of spatial clustering of dead trees
remains constant during the whole simulation period. This
is, however, not arealistic assumption because various tran-
sitions between random and patchy tree mortality patterns
are typical of bark beetle population dynamics. Typically,
small populations generate a scattered pattern because the
beetles search for suitable hosts, while beetles inlarge popu-
lations tend to infest the trees in a closer vicinity (Kausrud et
al. 2011; Hlasny & Turcani 2013). Large populations might
tend to collapse after a several-year period of the outbreak
culmination because of the effect of diverse density depend-
ent regulation mechanisms (Raffa et al. 2008). Therefore,
the coefficient of affinity we used in the current study should
change in time depending on a number of factors (e.g. stand
age structure) to mimic the real bark beetle dynamics more
reliably. We, however, argue that such a complex processes
can be better addressed by models that specifically explore
bark beetle dynamics (e.g. Netherer & Nopp-Mayr 2005;
Jonsson et al. 2012) or process-based forest models (e.g.
Seidletal. 2012), while empirical growth and yield-oriented
models, such as that used in the current study, might prefer
a simplified design such as that we described here.
Another limitation relates to the technical implementation
of our module in the model Sibyla. Because the source code
of the model is not publicly available, the disturbance mor-
tality module (including tree species- and age class-specific
mortality probabilities described in the text, and the dead
tree clustering module) were developed as an independent

application in the Python language. The application inter-
rupts the forest development simulation, identifies the trees
to die, and retrieves the output set-up to the model. Such
an implementation is not that optimal, and it remarkably
increases the computational time.

5. Conclusions

We presented here the testing of algorithm, which allowed
to simulate various distributions of dead trees, which emerge
during the development of spruce stands in the forest model
Sibyla. Our study showed that the tested indicators of forest
development were not sensitive to the altered distribution of
dead trees in the stand and that the hypotheses on the effect
of such an alteration on regeneration and increment were
not confirmed.

Although the presented findings indicated that tree-
based forest models might not consider specific patterns of
dead trees emergence in forest stands, there are several limits
related to the experimental design used in the current study,
whichrequire further investigation. These limits include, for
example, the unknown sensitivity of the natural regeneration
inthe model to the modified stand density induced by the two
tested mortality modes. Moreover, there are specific stand
structure indicators, which can be more sensitive to tree dis-
tribution in a stand than the indicators evaluated here; the
sensitivity of such indicators needs to be explored. Still, our
study provided a new insight on the development of spruce
forest stands in the forests model Sibyla and thus can support
the optimized use of the model.
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Appendix A: Differences in the development of Norway spruce stand in the forest model Sibylawith the random and clustered
occurrence of dead trees

Year 10

Year 50

Year 100

Year 150

.
@ ’ﬂ'_',o.‘i
i... @ - ..oqh '.-' .:707
3 .‘.‘ 0‘... .
..-n. ’.:. ";
‘9. &

Fig. A1. Example of the development of spruce stand with the random occurrence of dead trees.
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Fig. A2. Example of the development of spruce stand with the clustered occurrence of dead trees.
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Abstract

Study of the effects of climate change on upper tree limit has mainly focused on the diversity of tree species as a result of the ability of spe-
cies to tolerate temperature and moisture changes as well as some effects of disturbance regime changes. The tree species diversity chan-
ges due to climate change has been analysed via gap model and biodiversity indices. Gap models are individually based on simulations of
establishment, growth, and mortality of each tree on the forest plot. Input ecological data for model calculations have been taken from the
permanent research plots located in primeval forests in mountainous regions in Slovakia. The results of regional scenarios of the clima-
tic change for the territory of Slovakia have been used, from which the values according to the CGCM3.1 (global) model, KNMI and MPI
(regional) models. Model results for conditions of the climate change scenarios suggest a shift of the upper forest limit to the region of the
present subalpine zone, in supramontane zone. The most significant tree species diversity changes have been identified for the upper tree
line and current belt of dwarf pine (Pinus mugo) occurrence. Hill’s index of biodiversity in the upper forest line increased by 30 — 35% for
horizon of 2050, resp. by 45 — 50% modeled for the horizon of 2075. Calculated values of Shannon’s index show an even higher increase
due to climate change. For horizon 2050 is a roughly of three fold increase and horizon for 2075 by almost fivefold increase in the value
of the index. Results from the gap model indicate the increase of tree species diversity 2 — 2,5 times.

Key words: tree species diversity; climatic factors; upper tree line; forest management, Slovakia

Editor: Bohdan Kondpka

1. Introduction The high altitude limit of forests, commonly referred to as
tree line, timber line or forest line represents one of the most
obvious vegetation ecotones. Most authors define tree line
asthe connecting line between the uppermost forest patches
inanarea, with trees upright, growing in groups, and at least
3minheight (Svajda 2008). The upper limit of timber line is
conditional on the cumulative effects of several factors. The
factor that primarily determines timber line can be used to
define types of timber line. Plesnik (1971) recognized four
types of upper timber line: climatic, orographic, avalanche
and edaphic. More recently, Jodtowski (ex Svajda 2008) has
distinguished five boundary types using the example of dwarf
pine (Pinus mugo). These include: orographic, morphologi-
cal, edaphic, mechanicallylowered and anthropogenic dwarf
pine line. An orographic timber line is located in the valley
bottoms or on the watershed ridges and is controlled by cli-
matic factors (e.g. solar radiation, and wind). An edaphic
timber line results from lack of soil cover on talus slopes
with block covers. A morphological line corresponds with
slope-breaks or footsteps of rockfaces. A mechanically low-
ered timber line is controlled by avalanches or debris flows.
Finally, an anthropogenic timber line exists where sites with
intensive mountain-pine reconstruction have moved trees

Understanding how species and ecosystems respond to cli-
mate change has become a major focus of ecology and con-
servation biology. Modelling approaches provide important
tools for making future projections, but current models of
the climate-biosphere interface remain overly simplistic,
undermining the credibility of projections (McMahon et al.
2011). Global circulation models of climate change predict
an increase in mean annual temperature between 2.1 and
4.6 °C by 2080 in the northern temperate zone. The associ-
ated changes in the ratio of extinctions and colonizations at
the boundaries of species ranges are expected to result in
northward range shifts for alot of species. However, net spe-
cies colonization at northern boundary ranges, necessary for
a northward shift and for range conservation, may be ham-
pered because of habitat fragmentation (Honnay et al. 2002).
Climate change can also affect forests and their diversity
through disturbances. Disturbances are a natural and inte-
gral part of forest ecosystems, and climate change would alter
these natural interactions. When disturbances exceed their
natural range of variation, the change in forest structure and
function may be extreme. Each disturbance affects forests

differently. Some disturbances have tight interactions with .0y g0 0o upslope and there is an abrupt tran-

the species and forest communities which can be disrupted sition between mountain-pine thickets and alpine meadows
by climate change (Dalea et al. 2000; Mezei et al. 2014). ($vajda 2008)

*Corresponding author. Jozef Mindds, e-mail: j.mindas@sevs.sk, phone: +421 911 444 543
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The aim of this work is to analyze possible changes in the
biodiversity of the upper forest line due to climate change
through a range of methodological approaches. Potential
changes of selected indices of biodiversity (Hill index, Shan-
non index) was assessed on the basis of current knowledge
derived from actual diversity of trees in mountain forests and
the forest line and their relation to climatic parameters (air
temperature). Rating changes in tree species composition by
Forest Gap Model to add information about changes in the
potential range of species diversity, with special emphasis
on woody component of ecosystems.

2. Material and methods

2.1. Biodiversity indices

Biodiversity analysis was performed based on model calcu-
lations for two diversity indices: Shannon’s index and Hill
index, which proved to be the most appropriate for assessing
the diversity of mountain forests in Slovakia (see work of
Mindas et al. 2000 for more details).

Shannon index is defined as follows

n [1]

H =—z x; * log,x;

i=1
where:

n —number of species identified on site,
X, —ecological importance of species identified on site.

On the other hand, Hill index is defined as follows:
where:

3 r, x)? (2]
- i1 xiz

N,

n —number of species identified on site,
x —ecological importance of species identified on site.

Both indices can be calculated separately for tree species,
shrub species, and herb species located at the explored plots.

2.2. Forest Gap Model

Forest gap models are included into a group of dynamic mod-
elswhichare able to calculate various characteristics of forest
treesin time series. Gap models are individually based in that
they simulate establishment, growth, and mortality of each
tree on the forest plot. The response of an individual tree to
ecological conditions on the plot are defined by a number of
environmental response functions, generally expressed as a
portion of optimal growth, ranging from 0.0 to 1.0. These
environmental response functions have been defined by
using various methods. The model requires the following
input data for individual trees: maximum tree age, maximum
diameter, maximum height, and maximum yearly seedling
establishment scaled to plot. This model contains several
»response functions® including light, water balance, and
climate responses of individual trees, which are described
in Mind3s et al. (2000).
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2.3. Climate change scenarios for Slovakia

Four general circulation models of the atmosphere (GCMs),
two of which are global (Canadian CGCM3.1, German
ECHAMS) and two regional (KNMI Dutch and German
MPI) have been used for the analyses. All models feature the
outcomes of the daily values of a number of meteorological
variables from 1951 to 2100. These modelsbelong to the new-
estcategory of linked atmospheric-oceanic models with more
than 10 atmospheric height levels and more than 20 oceanic
depths calculating variables in the network nodes. CGCM3.1
model is close to Slovakia 9 nodes, a model ECHAMS near
Slovakia 12 square grid nodes (about 200 % 200 km) in pro-
portion to smoothed orography. Regional models KNMI and
MPI are more detailed integration of dynamic equations of
atmospheric and oceanic circulation in the network nodes at
a distance of 25 x 25 km, and boundary conditions solving
equations taken from the global model outputs ECHAMS. In
the area of Slovakia have models KNMI and MPI to 19 x 10
nodes (190) and of real orography with well defined all the
mountains with a larger horizontal dimension than 25 km.

Table 1. Rise of mean annual air temperature according to the
selected climate change models — Central Slovakia.

Climate Change scenario (SRES) 2050* 2075%*
KNMI (A1B) +1.65 +2.62
MPI (A1B) +1.69 +2.58
CGCM3.1 (A2) +2.1 +3.29

*Mean value from the period 2025-2075.
** Mean value from the period 2050-2100.

The main outputs from these scenarios are as follows
(Table 1):

1) Average air temperature should be gradually increased
by 2 — 4 °C compared with the average period from 1961 to
1990, while maintaining the same annual and inter seasonal
temporal variability. The scenarios do not foresee significant
changes in the annual running of air temperature in the
autumn months, but would be smaller than the temperature
rise in the rest of the year.

2) Annual precipitation should not change significantly,
but rather assumes a slight increase (about 10%), mainly
in the north of Slovakia. Major changes should occur in the
annual running and temporal modes of precipitation. In
the summer, it is widely expected slight decrease in rainfall
(especially in southern Slovakia) and in the rest of the year,
mild to moderate increase in rainfall (especially in winter
and in northern Slovakia). In the warm part of the year it
is expected to increase the variability of rainfall, probably
will be extended and more frequent drought periods on the
one hand and more intensive rainfalls on the other. Snow
coverislikely tobe higher on average only amounting to over
1200 m a.s.l., but these locations covered in Slovakia less
than 5% of the area, which cannot significantly affect drain-
age conditions. Detailed description of climate change sce-
narios for Slovakia can be found in the paper of Lapin & Melo
(2004).
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3. Results

3.1. Influence of climatic factors on biodiversity

Globally, climate factors are crucial for the diversity of the
world’sbiomes (Holdridge 1967), therefore, as afirst step in
the analysis of the relationship between species diversity and
climate change, we performed an analysis of the frequency
dependence of indigenous trees in the central region of Slo-
vakia (Fig. 1) from the mean annual air temperature. We
got out while data on natural extension of woody species in
Slovakia (Mind4s 1998) and vertical change in mean annual
air temperature. Maximum abundance of woody species
is achieved at a mean annual temperature of around 7 °C
from this value drops gradually (inflection point is reached
at around 3 degrees, which is about the limit of the 6 alti-
tudinal forest zone) and drops to zero in negative values of
mean annual air temperature.

35
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Fig. 1. Frequency changes of original tree species in the central
part of Slovakia in relation to mean annual temperature.

Based on knowledge of the vertical distribution of tree
species according to the mean annual air temperature and
selected climate change scenarios we have implemented the
model calculations to changes in the frequency potential of
tree species in terms of climate change for the time horizon
of 2075 (average period 2050—-2100). The results are pre-
sented in Fig. 2. For the area of the upper limit of the forest,
we can state a significant increase in the potential range of
woody plants in the conditions of climate change, and the
order of 400 —500%. The truth must not forget that this bio-
climatic potential occurrence of these species may not (and
can not be) fulfilled by a number of reasons. In particular,
the actual prevalence of trees in a circle from which these
plants can spread in a natural way to the forest line. Other
limiting factors may be the current protection system, actual
management of forests at the upper limit of the forest, the
occurrence of natural disturbancies, etc. Nevertheless, the
results clearly indicate the growth potential of the diversity
of tree species due to climate change within the area of cur-
rent upper forest line.
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Fig. 2. Changes of original tree species occurrence in the central
part of Slovakia in relation to the mean annual temperature for
current climate and climate change scenarios.

3.2. Changes of biodiversity indices

As partof research on biodiversity of forest ecosystems were
analyzed depending on selected indices of biodiversity and
climatic parameters for the model area of the Low Tatras
(Mindasetal. 2000). Thus derived regression dependence of
the two indices (Shannon, Hill) diversity of plant species we
have used to calculate possible changes in those biodiversity
indices for the selected scenarios of climate change.

Hill’sindex of biodiversity in the upper forest line increa-
sed by 30—35% for horizon of 2050, resp. by 45 —50% mode-
led for the horizon of 2075 (Fig. 3). As regards the derived
regression of the realistic assessment of forest ecosystems
in this area, we can expect a real increase in the level of bio-
diversity in the forest line in the Low Tatras in the range of
30-50%.

Calculated values of Shannon’s index show an even
higher increase due to climate change. For horizon 2050 is a
roughly of three fold increase and horizon for 2075 by almost
fivefold increase in the value of the index. It should be noted
that in the case of Shannon diversity index is a component
of woody species of forest ecosystems.
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Fig. 3. Results of the calculation of Hill biodiversity index for up-

per tree line in Low Tatras region for current climate conditions
and climate change scenarios.
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Fig. 4. Results of the calculation of Shannon (tree) biodiversity
index for upper tree line in Low Tatras region for current climate
conditions and climate change scenarios.

3.3. Forest Gap model

The consequences of climate change on forest ecosystems
by Forest Gap model were analyzed for a number of forest
ecosystems in Slovakia. For the purposes of this paper, we
focused on the issue of changes in abundance (species diver-
sity) of the occurrence of forest trees in the current upper
forest limit. Model calculations were carried out for four
locations in Slovakia with the appearance of the upper limit
of the forest. The results are summarized in Table 2 and we
could see from the results presented in each case increase
in the number of species of tree to approximately double,
being the plants with the occurrence of 5% (within the model
calculations). Lower percentage of occurrence in the model
does not guarantee real incidence of tree species in the unit.
The highest potential increase in the number of trees we
identified in the Low Tatras region, at least in the north of
Slovakia (Pilsko).

Table 2. Number of tree species with frequency higher than 5 per-
cent — Results from Forest Gap Model (four sites on the upper tree
line).

Climate change scenarios

Location Current Climate KNMI, MPI CGCM3.1(A2)
Pilsko (Oravske Beskydy) 3 6 7
High Tatras 4 7 7
Low Tatras 4 8 9
Low Fatra 3 7 8

4. Discussion

Many studies in recent years have investigated the effects
of climate change on the future of biodiversity. According
to the review of Bellard et al. (2012) the majority of models
indicate alarming consequences for biodiversity, with the
worst-case scenarios leading to extinction rates that would
qualify as the sixth mass extinction in the history of the earth.
Several works analyzed the current situation and last decades
changes of upper forest line in Europe. By comparing the
altitudinal distribution of 171 forest plant species between
1905 and 1985 and 1986 and 2005 along the entire elevation
range (from 0 to 2600 meters above sea level) in Western
Europe, we show that climate warming has resulted in a sig-
nificant upward shift in species optimum elevation averaging
29 meters per decade. The shift is larger for species restricted
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to mountain habitats and for grassy species, which are char-
acterized by faster population turnover. Our study shows that
climate change affects the spatial core of the distributional
range of plant species, in addition to their distributional mar-
gins, as previously reported (Lenoir et al. 2008).

Forest expansion was also quantified using data from
the repeated Swiss land use statistics GEOSTAT. A moving
window algorithm was developed to distinguish between
forest ingrowth and upward shift. To test a possible climate
change influence, the resulting upward shifts were compa-
red to a potential regional tree line. A significant increase of
forest cover was found between 1650 m and 2450 m. Above
1650 m, 10% of the new forest areas were identified as true
upward shifts whereas 90% represented ingrowth, and both
land use and climate change as likely drivers have been iden-
tified. Most upward shift activities were found to occur within
aband of 300 mbelow the potential regional tree line, indica-
ting land use as the most likely driver. Only 4% of the upward
shifts were identified to rise above the potential regional tree
line, thus indicating climate change. Land abandonment was
the most dominant driver for the establishment of new forest
areas, even at the tree line ecotone. However, a small frac-
tion of upwards shift can be attributed to the recent climate
warming, a fraction that s likely to increase further if climate
continues to warm, and with a longer time-span between
warming and measurement of forest cover.

Dirnbdck & Dullinger (2004) evaluate the potential influ-
ence of disturbance on the predictability of alpine plant spe-
cies distribution from equilibrium-based habitat distribution
models. Firstly, abundance data of 71 plant species were cor-
related with acomprehensive set of environmental variables
using ordinal regression models. Subsequently, the residual
spatial autocorrelation (at distances of 40 to 320 m) in these
models was explored. The additional amount of variance
explained by spatial structuring was compared with a set of
functional traits assumed to confer advantages in disturbed
orundisturbed habitats. The mentioned authors found signi-
ficant residual spatial autocorrelation in the habitat models
of most of the species that were analysed. The amount of
thisautocorrelation was positively correlated with the disper-
sal capacity of the species, levelling off with increasing spa-
tial scale. Both trends indicate that dispersal and coloniza-
tion processes, whose frequency is enhanced by disturbance,
influence the distribution of many alpine plant species. Since
habitat distribution models commonly ignore such spatial
processes they miss an important driver of local- to landsca-
pe-scale plant distribution (Dirnbdck & Dullinger 2004).

The results support earlier hypotheses that alpine plant
species on mountain ranges with restricted habitat availabi-
lity above the treeline will experience severe fragmentation
and habitat loss, but only if the mean annual temperature
increases by 2 °C or more. Even in temperate alpine regions
itisimportant to consider precipitation in addition to tempe-
rature when climate impacts are to be assessed. The mainte-
nance of large summer farms may contribute to preventing
the expected loss of non-forest habitats for alpine plant spe-
cies. Conceptual and technical shortcomings of static equi-
librium modelling limit the mechanistic understanding of
the processes involved (Dirnbock et al. 2003).
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5. Conclusion

Theresults indicate significant potential for positive changes
of ecosystems in the forest line. Our findings clearly indi-
cate significant changes in the current upper limit of the
forest, where in the next few decades we can expect further
alterations in species composition of these ecosystems. The
changes can be expected on tree, shrub and herbaceous
species diversities. Important factors that can enhance or
dampen growth trends of species diversity, are not only
anthropogenic factors, in particular the management of
these ecosystems, but also natural factors especially distur-
bances (e.g. wind, snow, insects).

Biodiversity of forest ecosystems is still open scientific
problem, especially in terms of the complexity of the asses-
sment. Most of the work on that topic is mainly focused on
diversity of woody components, but this certainly is not suf-
ficient for assessing biodiversity of forest ecosystems as a
whole. The results suggest potential and vector direction
of possible changes in diversity, particularly forest trees in
the forest line impacts of climate change. However, we are
aware that in the future we will have to resort to more com-
plex model analysis on the basis of multifactorial models and
assessments of biodiversity change (Acton 2013).
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FOREST EUROPE Work Programme: Pan-European Follow-Up

of the Madrid Ministerial Conferences

Since 1% January, 2016, Slovakia holds the presidency in
the FOREST EUROPE process (formerly known as Min-
isterial Conference on the Protection of Forests in Europe),
therefore, Slovakia also hosts the secretariat of the process
—the Liaison Unit Bratislava (LUB) which was established
within organisational structure of the National Forest Cen-
tre in Zvolen. FOREST EUROPE is a unique forest policy
process addressing and developing common decisions on
issues of the highest political relevance. Having recently
celebrated its 25" anniversary, the process has 47 signato-
ries (46 European countries and the European Union), and
anumber of other observer countries and organizations also
participate. Key outputs include Criteria and Indicators for
Sustainable Forest Management, Pan European Approach
to National Forest Programs and comprehensive report State
of Europe’s Forests, among the others.

FOREST EUROPE Work Programme

The new FOREST EUROPE Work Programme for the
period 2016—2020 was prepared by the Liaison Unit Brati-
slava in cooperation with the former Liaison United Madrid
and under the oversight of the General Coordinating Com-
mittee. The Work Programme reflects commitments made
atthe 7" Ministerial Conference and the Extraordinary Min-
isterial Conference, held on 20—21 October 2016, in Madrid,
Spain. Inaddition, some of the planned actions (broader the-
matic areas) and activities (such as expert groups, analyses
and workshops) also refer to the commitments adopted at
previous FOREST EUROPE Ministerial Conferences. The
policy goals for European Forests and the European 2020
Targets for Forests adopted at the 6 Ministerial Conference
inOslo (2011) need to be addressed through this Work Pro-
gramme as well.

The main objective of the Work Programme s to continue
to promote sustainable forest management (SFM) in signa-
tory countries, reflecting latest developments, knowledge,
and innovations on emerging issues, and to develop common
strategies to this end.

The activities of the Work Programme will be carried
out in cooperation with FOREST EUROPE signatories
and observers, the Liaison Unit, and other relevant regional
actors. Cooperation with regional bodies and processes
within Europe and, where relevant, in a broader geographi-
cal context (e.g. United Nations Economic Commission for
Europe - UNECE, Food and Agricultural Organisation -
FAOQO, United Nations Environmental Programme - UNEP,
European Forest Institute - EFI, United Nations Forum
on Forests - UNFF, Convention on Biological Diversity -
CBD, United Nations Framework Convention on Climate
Change - UNFCCC, United Nations Convention to Combat
Desertification - UNCCD, and International Union of For-
est Research Organizations - IUFRO) will be strengthened,
and synergies in the implementation of the relevant Work
Programmes will be sought, following dialogue with the
entities listed, specifically with the UNECE/FAO Integrated

Programme of Work. Further efforts to reach out to other
sectors will also be made.

The Work Programme is fully aligned with the latest
relevant global initiatives, such as the 2030 Agenda and its
Sustainable Development Goals (SDGs), the UNFF11 Reso-
lution, and the Paris Agreement, and, where relevant, will
seek to contribute to their implementation.

The FOREST EUROPE Work Programme for the period
2016—2020 comprises following actions and activities:

— Further development and updating of policies and tools
for sustainable forest management. This overarching
actionwill contribute to better coordination of policy tools
on forests and forest management at global, regional,
sub regional and national levels, e.g. the 2030 Agenda
including its SDGs, the Aichi Biodiversity Targets, Glo-
bal objectives on Forests, regional C&I process and their
subsets for the assessment of SFM, and Global Forest
Resource Assessments (FRAs), and to communication
between them and other sectors. The Expert Group will
consider implementation of the updated set of SFM indi-
cators, inter alia, monitor and analyse how C&l are devel-
oped and how they could be implemented. Apart from
that, possible uses of the pan-European C&I subsets and
reporting on national and pan-European achievements
on Goals and 2020 Targets for European Forests. The
output of the analysis should include detailed explanation
and clarification of the particular subsets, inter alia, for
assessing and communicating the achievements of SFM
and addressing other policy areas.

— Forest monitoring and reporting. Monitoring and report-
ing on forests and SFM, including the preparation and
production of the State of Europe’s Forests Report
(SoEF), belongtoregular FOREST EUROPE activities.
Collaborative data collection for the next edition of SOEF
2020 should be done in close cooperation with FAO Glo-
bal Forest Resources Assessments and Joint UNECE/
FAO Forestry and Timber Section. Within this action,
also the pilot studies on new indicators will be carried out,
in terms of data availability, reliability and feasibility for
three newly defined indicators (2.5 Forest land degrada-
tion, 4.7 Forest fragmentation, 4.10 Common forest bird
species). Pan-European forest monitoring and reporting
should also facilitate the evaluation of achievements on
Goals and 2020 Targets for European Forests.

— Enhancing the role of sustainable forest management
in a green economy. FOREST EUROPE with the assist-
ance of Expert Group and in collaboration with partners
(signatory countries and relevant international institu-
tions) will identify and specify new skills required for
forest workers, forest managers and forest owners in
the context of green economy as well as other require-
ments for green jobs in the forest sector. Subsequently,
achievements of the Expert Group will be discussed at
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a workshop. Outcomes of the workshop including rec-
ommendations and best practice examples will lead to
preparation of guidelines on the promotion of green jobs
in the forest sector. Another workshop will be organized
to promote long term competitiveness of the whole forest
sector and its related value chain, highlighting the role of
wood and other forest products and goods from sustain-
able sources, including innovative materials contributing
to transition to a green economy.

Incorporating the value of forest ecosystem services in a
green economy. FOREST EUROPE Expert Group will
carry out an analysis of different approaches, method-
ologies and best practice examples on valuation of and
payments for forest ecosystem services (FES) particu-
larly in the signatory countries. Subsequently, recom-
mendations for policy makers with the aim to facilitate
implementation of valuation of and payments for FES
will be developed. Outcomes of the analysis will serve as
a base for establishment of a web-based portal in order
to promote exchange of information and experience on
valuation of FES and PES schemes existing in the pan-
European region.

Protection of forests in a changing environment, includ-
ing their adaptation to climate change. Within this
action, an Expert Group will conduct a questionnaire
survey to explore the current state of implementation of
adaptation measures to climate change at national levels.
Based on the survey, a publication “Integration of adap-
tation measures into SFM in Europe” will be worked out,
comprising knowledge base and work done in the region,
identifying the best practices and possible recommenda-
tions for the integration of adaptation measures into SFM
in the region. Two workshops shall be organized within
this action to share expertise, experience and prepare rec-
ommendation for policy makers on protection of forests
in changing environments combating desertification,
land degradation and drought, highlighting the role of
forestry and agroforestry to this end.

Enhancing the social dimension of sustainable forest
management in the context of the benefits of forests
to human health and well-being. A group of experts
will review international data on social aspects of SFM
with special attention to impacts and benefits of forest
environment and forest products on human health and
well-being. Aworkshop will be convened to share knowl-
edge, experience and best practice examples relating to
impact of forests on human health (mental and physical),
well-being and personal development. Outcomes of the
review together with recommendations from the work-
shop will result in publication focused on promotion of
entrepreneurship related to forests and businesses based
on processing of non-wood products (ecotourism, sport,
outdoor learning and therapy programmes). Apart from
that, awareness raising and promotion of the topic within
and outside forest sector (health sector, tourism, sport,
education, etc.) will be crucial for successful implementa-
tion of the action.

— Review of the FOREST EUROPE process. The objective
of this activity will be to further develop the FOREST
EUROPE process with a view to adapting it to current
and future challenges, and to enhance its contribution
to the promotion of SFM in Europe. The subject of the
Review willbe the FOREST EUROPE process, its struc-
ture, procedures and work modalities, in order to make
it more effective and inclusive.

— Discussion onthefollow-up to the Madrid Extraordinary
Ministerial Conference. Building upon the efforts made
in previous years, FOREST EUROPE will explore pos-
sible ways to find common ground for a Legally Binding
Agreement on Forests in Europe.

— Communication and outreach. The communication
activities should further enhance the positive perception
of forest and the forest sector’s multiple contributions to
global and societal needs, as well as the achievements of
its overall objectives. Some new communication activi-
ties such as “Whiteboard” short animation about FOR-
EST EUROPE, Interactive “story maps” with success-
fullyimplemented FOREST EUROPE commitments will
be launched. A new FOREST EUROPE webpage will
have new, modern and all-devices responsive design, easy
orientation or event management system. Moreover, the
process will be promoted at the core events (i.e. Interna-
tional Day of Forests, European Forest Week, Sessions
of FAO Committee on Forestry - COFO, Sessions of the
UNECE Committee on Forests and Forest Industry -
COFFI, UNFF meetings etc.).

First FOREST EUROPE meetings organized during
the Slovak chairmanship

FOREST EUROPE Expert Level Meeting
On11-12May 2016, Bratislava hosted the first Expert Level
Meeting (ELM) since the Slovak Republic took over the
chairmanship of the FOREST EUROPE process. Nearly 70
delegates representing 29 signatory countries, the European
Union and 14 observer organisations attended the meeting.
ELM represents the decision-making body of the FOREST
EUROPE processin the period between Ministerial Confer-
ences. The recent ELM was prepared by the new Liaison Unit
Bratislava under the oversight of the General Coordinating
Committee, which currently consists of the Slovak Republic,
Spain, Germany, Turkey and Sweden. Ms. Gabriela Mate¢na,
Minister of Agriculture and Rural Development of the Slovak
Republic, opened the meeting and expressed in her introduc-
tory speech the importance of the task and the responsibility
that Slovakia bears forthe FOREST EUROPE process. Akey
objective of the meeting was the discussion and adoption of
the new FOREST EUROPE Work Programme and its pan-
European actions and activities in follow up to the Madrid
Ministerial Conferences. Besides the Work Programme, the
ELM also discussed next steps in the Review of the FOREST
EUROPE process.
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Fig. 1. Expert Level Meeting was opened by Ms. Gabriela
Matec¢na, the minister of Agriculture and Rural Development of
the Slovak Republic.

Fig. 2. Delegates of 29 signatory countries and 14 observer or-
ganisation discussed at ELM the new FOREST EUROPE Work
Programme for the up-coming period 2016—2020.

First meeting of the Working Group on the Future
Direction of FOREST EUROPE

At the Madrid Ministerial Conference held in October 2015,
the FOREST EUROPE signatories and observers had
decided on a review of the process, especially its structures,
procedures and work modalities with a view to adapting to
current and future challenges. The review was launched by
adopting the Terms of Reference with Roadmap, and by
appointing two co-chair countries, France and Ukraine, to
lead the Working Group on the Future Direction of FOREST
EUROPE at the Expert Level Meeting in May 2016.

The first meeting of the Working Group took place on
12-13 October 2016, in Bratislava. Participants from 21 sig-
natory countries and the European Union as well as 7 inter-
national observer organizations attended the event, which
indicates a keen interest in the momentum generated by the
review. The format of the meeting was a discussion forum to
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enable brainstorming about issues that require attention and
will need to be addressed. There was an ample discussion on
the multiple factors that influence efficiency, effectiveness,
transparency and inclusiveness of the process. Outcomes
of the discussion provide a key input to the comprehensive,
web-based questionnaire survey of opinions of all signatories
and observers to be conducted in the beginning of 2017.

B )

Fig. 3. Mr. Peter Kicko, Director General of the Forestry and
Wood Processing Section of the Ministry of Agriculture and Rural
Development officially opened the first meeting of the Working
Group on the Future Direction of FOREST ERUOPE.

Fig. 4. Meeting of the Working Group was led by two co-chairs
Ms. Claire Morlot (France) and Ms. Liubov Poliakova (Ukraine)
with technical and administrative support by the Liaison Unit
Bratislava.

According to the roadmap discussed at the meeting, the
second meeting of the Working Group to evaluate survey
results and produce a draft report will take place by June
2017. The final report with recommendations will then be
presented to the Expert Level Meeting in autumn 2017.

Lucia Ambrusova

Ludmila Marusakova

National Forest Centre - FOREST EUROPE Liaison Unit
Bratislava, T. G. Masaryka 2175/22, SK — 960 92 Zvolen,

Slovak Republic, e-mail: liaison.unit.bratislava@foresteurope.org
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Linking belowground biodiversity and ecosystem function
in European forests — the 5™ meeting of the COST Action FP1305 in Prithonice

Soils belong to the most complex and heterogeneous com-
ponents of ecosystems. They exhibit a great abundance and
diversity of soil organisms, e.g. up to 10° species of bacteria
were identified per gram of soil. There is currently much
interest in the relationship between soil microbial diversity
and ecosystem functioning. The main question is whether
diverse microbial community is better adapted to promote
ecosystem functioning in comparison to species poor micro-
bial communities. This is also one of the reasons why in May
2014 the COST Action FP1305 “Linking belowground
biodiversity and ecosystem function in European forests
(Biolink)” started. Biolink is aimed to create a forum where
current understanding of functional belowground biodiver-
sity at different scales and trophic levels in European forests
can guide development of prescriptions for sustainable for-
ests and tree crop management.

The 5" meeting of Biolink carried out during 24 —26 Octo-
ber 2016 in Prihonice near Prague. The meeting attended
over 90 participants from 26 countries of Europa, Near East
and Africa. The introduction of the meeting was carried out
on Monday, 24 October 2016, late afternoon by Martin
Lukaé from the University of Reading (UK), the COST
Action Chair, and Pavel Cudlin from the Czech Academy
of Sciences in Prague (CZ) as the main local organizer, who
shortly presented the aim and program of the meeting and
opened a poster session where especially young researchers
could present their work and discuss it with others.

The plenary lectures in next two days were organized in
five sessions and twenty oral communications. On Tuesday,
12 researchers including three invited speakers presented
their results during three sessions. Miroslav Vosatka, the
director of the Institute of Botany by the Czech Academy of
Sciences, informed shortly about the history and focus of
the Institute. As he stated, the Institute of Botany is located
in the Prihonice Castle since 1962. It performs research on
vegetation at the level of organism, population, communities
of plants and ecosystems, and in the whole scope of disci-
plines such as taxonomy, biosystematics and phytogeogra-
phy of higher and lower plants including selected groups of
fungi, plant ecology, mycorrhizal symbioses etc. Currently,

the institute is especially concerned on biodiversity and
evolutionary trends among plants, ecology of invasive spe-
cies, responses of plants and vegetation to environmental
changes and the mechanisms that enable species to coexist
in ecosystems.

Matty Berg (NL), the first invited speaker, pointed dur-
ing his presentation “Reaction of communities and ecosys-
temsto environmental change: atrait approach” that the pre-
diction of species distribution across time and space is very
difficult and we need more information to understand the link
between stress —community response to stress —community
effect on processes — ecosystem function. On the example
of snails and isopods he demonstrated a trait approach,
the linkage between response and effect traits and a need
for quality trait databases. The presentation of Christoph
Rosinger (AT) dealt with ectomycorrhiza (ECM), especially
with the significance of rare ECM species for biodiversity. As
he stated, 20—25 thousands of ECM species were globally
identified until now. The study in 72 stands of beech, spruce
and pine forests showed that while 67% of ECM species were
found solely on one site, only 4% of species were found on
more than five sites. The most important driver of ECM
occurrence seems to be the host taxon; thereis only afew rare
multi-host species. Elena Vanguelova (UK) discussed the
effect of tree species on soil microbial community in young
as well as mature stands. The results showed that in young
stands soil movement during site preparation and planting
might have a major effect on soil microbial community dur-
ing first five years of stand development. In mature stands,
the effect of trees was identified, but it differed depending
on soil type and climate. Paolo Nannipieri (IT), the second
invited speaker, pointed that by knowing microbial diversity
it may be possible to manipulate soil and the capacity of soil
to resist to stress may depend on microbial diversity. While
there is a redundancy for C and N-mineralisation (different
species have the same role), some soil processes, e.g. nitri-
fication depend only on some microbial species. He pointed
also on the role of omics in analysing microbial community.
Johannes Rousk (SE) investigated how warming (+1.1 °C)
and litter addition treatments in the subarctic influence the

Fig. 1. A group of the participants at the COST meeting (photo by Peter Zeleznik).
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susceptibility of soil organic matter (SOM) mineralization
to priming. He showed that labile C appeared to initiate cata-
bolic responses of the microbial community that shifted the
SOM mining to N-rich components, an effect that increased
with higher fungal dominance. Petr Baldrian (CZ) pointed
that tree harvest changes the functioning of forest soils as
31% decrease in root dry mass was found six months after
harvest. While in died roots the fungal biomass as well as
activity increased, in rhizosphere the decrease of fungal bio-
mass and activity (except Mn-peroxidase) was observed. At
the same time, changes in the composition of fungal commu-
nitywere observed. Tereza Masinova (CZ) presented results
of a soil yeast communities study in the topsoil of beech, oak
and spruce stands. The results showed that yeast represents
a significant proportion of fungal community in forest soils.
They are dominant in mineral soil unlike of litter; on the other
hand, in soil they are less diverse than in litter. While the
effect of dominant trees on yeast was more pronounced in the
litter, the effect of soil chemical properties was distinctin the
mineral horizons. Generally, vegetation had lower effect on
yeast than other fungi. Flavia Pinzari (IT), the third invited
speaker, highlighted that metals and microelements in plant
and microbial uptake receive less attention than carbon or
nitrogen. Metals mobilise K release, contrasting results are
about Ca, Mg and Mn mobility. Fungi accumulate more min-
erals than foliage; significant differences were observed in
the accumulation of metals also between oak and beech.
Ina C. Meier (DE) in her presentation dealt with the type of
mycorrhization on root functions of temperate forests. She
pointed on the differences between ectomycorrhiza (ECM)
and arbuscular mycorrhiza (AM) and showed that increased
root exudationin ECM tree species especially under drought
stress lead to the increase in the decomposition of less bio-
available C sources. Also greater variability in ECM than AM
communities was found. According to the presentation of
Taina Pennanen (FI), spruce clonal trial demonstrated that
ECM diversity correlates with the host tree growth. In the
last presentation on Tuesday, Evsey Kosman (IL) explained
how to understand and express the characteristics such as
dispersion (amount of dispersion, evenness of dispersion),
species richness etc. used in the description of the diversity
and variability in communities and populations.

Next day, on Wednesday 26 October 2016, the presen-
tations continued in two sessions. Marie Spohn (IT), invited
speaker from Italy, analysed the phosphorus cycling in Fagus
sylvatica forests. It was shown that while there are seasonal
differences in the P uptake by beech with distinct increase
in June, the P uptake by microorganisms and ECM was on
the same level during the whole period of observation. Phos-
phatase activity in the rhizosphere depends on P availability
and is stimulated by root exudates. The results also reflect
the direct competition between microbe and plant uptakes.
Katarzyna Hrynkiewicz (PL) evaluated the total metabolic
activity as well as siderophore producing bacterial strains in
forest stands with birch and alder located in areas contami-
nated with heavy metals and their potential in phytoremedia-
tion. Iftekhar U. Ahmed (ET) introduced the participants
into the Ethiopian Highland where the effect of changes in
land use on soil microbial community were evaluated. Soil
microbial biomass Cand N, as well as enzyme activities were

190

determined in soil samples taken from the natural forest,
plantation forest and grazing land. The results showed that
the natural forest exhibited the highest microbial biomass as
well as activity, the lowest microbial biomass was found in
grazing land. The effect of tree species was most pronounced
inthe plantation forest. Edda Sigurdis Oddsdottir from Ice-
land pointed out that while several hundred years ago 25% of
Iceland was covered by forest, the situation in present is quite
different and forest is present only on 2% of the Iceland area.
Last decades there is a trend of afforestation, ca 1/3 of forest
stands are formed by birch, the rest by introduced trees. The
earthquake in 2008 caused a shift in the fault line and as the
Iceland is known by hot springs, this shift caused also heat
increment in anew area under a forest. The changes enabled
to study the effect of heat increment on forest stands and also
on rhizosphere and ECM. It was found that the heat incre-
ment leads to the decline of root tips. Increased temperature
did not affect ECM growth and fungal composition, however,
ECM on root tips declined.

Thelastinvited speaker Brian Pickles (UK) highlighted
the importance of mycorrhiza and pointed that mycorrhiza
occurs on 93% of angiosperms and 82% of vascular plants.
[t is able to respond to environmental changes more rapidly
than its host. In past climate changes, changes in glaciation
caused plant migration in North America and the ques-
tion is the changes are reflected also in ECM. The study in
British Columbia showed that inside the host distribution
similar fungal communities occur but with low richness;
outside the host distribution lower colonisation with local
fungi, but with higher richness was observed. Irena Macek
from Slovenia pointed on a rare phenomenon of “terrestrial
mofettes” which are natural sites with constant geogenic CO,
exhalations and consequent soil hypoxia. They can be used
as a model ecosystem for the study of ecosystem responses
to potential CO, increase. They used mofettes to determine
whether a long-term directional pressure could change AM
fungal community structure and drive the selection of par-
ticular AM fungal phylotypes. Numerical dominance of two
AM fungal phylotypes in hypoxic soils was found. The pres-
entations of Mathias Mayer (AT) and Martina Vasttova (CZ)
were focused on soil microorganisms at the windthrow plots.
Mathias Mayer presented the results from the Austrian Alps
where they studied microbial biomass, enzyme activities and
soil organic matter decomposition in gaps with and without
tree recruitment. Generally, increased soil temperature and
moisture was observed in gaps; however, tree recruitment
in gaps kept temperature and soil moisture at stand levels.
The CO, release did not change in gaps as the increase in
microbial respiration due to higher temperature was bal-
anced by a decline in root respiration as a consequence of
tree death. The formation of gaps after windthrow led to an
increase in litter and soil organic matter decomposition. The
presence of tree recruitment retarded this process, what indi-
cates that sufficient pre-disturbance tree recruitments could
potentially increase ecosystem resilience after forest distur-
bance. Martina Vasutova analysed the management effect
on ECM species community ten years after the windthrow.
Theresearch was carried out at four plots with different man-
agement established after the windthrow in 2004 in the Tatra
National Park (Slovakia) when a large part of spruce forests
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was strongly damaged. She also compared two approaches
in the ECM estimation which offered a bit different results.
The plenary lectures finished by the presentation of Tobias
Guldberg Froslev (DK) regarding the “BIOWIDE” project
on biodiversity.

Each day after the plenary lectures, the participants con-
tinued scientificworkin fourworking groups (WG), focusing
specific topics: WG1 link diversity to function, WG2 look at
the structure of belowground food webs and WG3 assess the
importance of belowground diversity in intensively managed
forest ecosystems. WG4 utilise the information gathered by
other working groups to evaluate novel modelling concepts
to include biodiversity and functional diversity indices.

Theparticipantshadalsoanopportunitytovisit Prithonice
Park as the meeting took place in its immediate vicinity. Dur-
ing the tour, Mr. M. Vosatka and J. Burda informed about its
history and current status. As it was mentioned, Prihonice
Park was founded in 1885 by Count Arnost Emanuel Silva-

Tarouca. He introduced tree species of domestic origin
uniquely combined with imported foreign species. The com-
bination of groups of different trees with meadows, ponds
and streams offers unique park composition, an original
landscape architecture of worldwide importance. This was
the reason why it became a UNESCO world Heritage Site
and Czech National Historic Landmark. The park is also of
high dendrological value because of a collection of about
1,600 species of local and exotic plants and of 8.000 rhodo-
dendrons with 100 taxa and cultivars.

The three day program provided an opportunity to bring
experts in biodiversity, tree ecology, modellers etc. together
and exchange knowledge. The next meeting will be on 26—-29
June 2017 at the University of Tartu in Estonia.

Erika GOmoryova

Technical University in Zvolen, Forestry Faculty,

T. G. Masaryka 24, SK — 960 53 Zvolen, Slovak Republic,
e-mail: gomoryova@tuzvo.sk
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Aktualne problémy v zakladani a pestovani lesa 2016 — 4. roénik medzinarodnej konferencie

Dna 19.-20. oktébra 2016 sa v priestoroch Spolo¢enske;j
dvorany Kupelného hotela Palace, Kapelov Slia¢, a. s.,
konal 4. ro¢nik medzinarodnej konferencie ,,Aktualne
problémy v zakladani a pestovani lesa“, ktor1 organizovalo
Narodné lesnicke centrum - Lesnicky vyskumny astav
Zvolen (NLC - LVU Zvolen) v spolupréci s Ministerstvom
pddohospodarstva a rozvoja vidieka SR a Slovenskou les-
nickou spolo¢nostou. Podujatie, ktoré sa uz kazdoro¢ne
stalo tradi¢nym, je prileZitostou na prezentéciu najnovsich
informécii a poznatkov vyskumu z oblasti zakladania,
pestovania a produkcie lesa Sirokému okruhu vlastnikov
a uzivatelov lesa a zaroven aj platformou pre odbornt dis-
kusiu vyskumnych pracovnikov slesnickou praxou. Konfer-
encie sazucastnilo 92 platiacich i¢astnikov z lesnickej praxe,
vyskumu a akademicke;j sféry.

Nativod sa pritomnym prihovoril riaditel odboru §tatnej
spravy lesného hospodarstva MPRV SR Ing. Pavol Laszlo,
ktoryvyzdvihol vyznam podujatia zameraného na pestovanie
lesapre produkciukvalitnejdrevnejsurovinyazabezpecovanie
vSetkych spolo¢nostou pozadovanych mimoprodukénych
funkcii nagich lesov. Uspesny priebeh podujatiu zazelal
vo svojom prihovore aj riaditel NLC - LVU Zvolen
Dr. Ing. Tomas Bucha.

S hlavnym referatom ,, Ekologické a ekonomické zmeny
verzus problémy pestovania lesov na Slovensku“ vystupil
prof. Ing. Milan Saniga, DrSc. veduci katedry pestovania
lesa na Lesnickej fakulte Technickej univerzity vo Zvo-
lene. Analyzoval vplyv jednotlivych Skodlivych ¢initelov
(vietor, sucho, deficit atmosférickych zrazok, podkdrny
hmyz, po§kodenie zverou) na lesné ekosystémy. Na zak-
lade sucasného stavu lesnych porastov a o¢akavanych
scenarov ich vyvoja v budacnosti sformuloval pestovné
opatrenia zamerané na zmiernenie vplyvov klimatickej
zmeny. Zdoraznil nevyhnutnost prihliadat na uvedené pre-

javy pri vychove a obnove porastov. V pestovnom rezime
navrhuje viac akcentovat §trukturalizaciu porastov formou
silnych Groviiovych prebierok s naslednym vytvaranim
viacvrstvovych a mozaikovych porastov. Zaroven odporuca
uplatiiovat pestovné systémy zaloZené na principe prirode
blizkeho obhospodarovania lesa.

Doc. Ing. Ivan Repa¢, PhD. z katedry pestovanialesa LF
TU vo Zvolene predniesol ,, Prispevok k poznaniu prezivania
a odrastania volnokorenného a krytokorenného sadbového
materidlu vybranych drevin na kalamitnych plochdch*.
Uviedol poznatky z 5-tich vyskumnych vysadbovych ploch
vroznych orografickych celkoch SR. Vo vi¢sine kombinacii
(plocha—drevina—terminvysadby) nebolizistené vyraznejsie
rozdiely v preZivani a raste volnokorenného a krytokoren-
ného materialu. V niekolkych pripadoch lepsi vysledok
vécsinou dosiahol krytokorenny material. NajlepSie sa v§ak

Obr. 1. K téastnikom konferencie sa prihovoril aj riaditel LVU -
Zvolen Dr. Ing. Tomas Bucha
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uplatnili vysadby vyspelych volnokorennych skélkovanych
sadenic smreka. Velmi dobre sa tiez osvedcili Standardné
semenaciky buka. Naopak, v podmienkach hodnotenych
ploch sa neosved¢ili 1 — 2-roéné volnokorenné semenaciky
borovice.

Velmi zaujimavé vysledky viac ako 15-ro¢ného vys-
kumu korenovych systémov lesnych drevin prezentoval
prof. Ing. Oldfich Mauer, Dr.Sc. z Ustavu zakladani
a péstovani lesi LDF Mendelovej univerzity v Brné v praci
,» Vyvin korenového systému jako predpoklad pro zajisténi
mechanické stability porostii rozhodujicich drevin narozhodu-
jicich stanovistich v Ceské republice“. Analyzy boli vykonané
na 67 stanovistiach, pricom na kazdom bolo analyzovanych
16 druhov drevin vo veku 35 az 60 rokov. Potvrdilo sa,
ze morfoldgiu korenovych systémov jednotlivych drevin
vyrazne ovplyviiuju konkrétne stanovi§tné podmienky.
T4 isté drevina mdze mat na réznych stanovistiach tplne
odlisné korenové systémy. Medzi najddlezitejSie vysledky
patrizistenie, Ze k najuniverzalnej$im drevinam pre zaistenie
mechanické stability patri jedla biela a na vodou neovply-
vnenych stanovistiach aj duglaska tisolista. Naopak buklesny
nepatri vZdy medzi dreviny, ktoré tato funkciu zabezpecia.
Na niektorych stanovistiach (obzvlast vodou ovplyvnenych)
mdze velmi dobre speviiujucu funkciu v poraste plnit smrek
obycajny, pricom najvacsi, najhlbsi azZ uniformny korerniovy
systém na takychto stanovistiach vytvara jelsalepkavé, ktora
by tumohla privhodnom spdsobe zaloZenia porastu zohravat
aj vyznamnu stabiliza¢nu funkciu.

Ing. AnnaTucekova, PhD. z odboru pestovania a produk-
cie lesa (OPPL), NLC - LVU Zvolen, uviedla v prispevku
w,Dynamikavyvoja kultiir cennychlistndcovna demonstracnom
objekte Husdrik“ poznatky zo 4-ro¢ného sledovanaia vyvoja
umelej obnovyjavoraajasena sejbou (klasicka a mikrovysevy
vovegetacnych bunkach) asadbou (volnokorenné a krytoko-
renné sadenice). Pri obidvoch drevinach vyznamne lepSie
vykli¢ili semena vo ,,vegetaénych bunkach® ako na klasick-
ych ploskach. Semenaciky zo sejby prezivaja s problémami.
Jedince zo sadby volnokorennych a krytokorennych typov
sadenic nepreukéazali vyznamné rozdiely rastovych para-
metrov nadzemnej ¢asti v prospech krytokorennych. Kry-
tokorenné sadenice javora mali vy$Siu ujatost, ale podobne
ako aj jasene sa po vysadbe hors$ie adaptovali. V dalSom
prispevku ,,Pokusnd vysadba drevin pri zazeleriovani
rekultivovanych pléch v rdmci Slovenskych magnezitovych
zdvodov, a. s., Jel§ava“ informovala o pokusnej vysadbe
na rekultivovanych magnezitovych haldach. Pri vysadbe
siedmich druhov drevin na jesen v roku 2015, boli dreviny
vysadzané do humusového substratu v pripravenych jam-
kach s pridanim tekutého hnojiva Riverm*, alginitu a hydro-
gelu. prvé hodnotenie prezivania a rastu po vegetaénom
obdobi roku 2016 preukazalo pomerne pozitivne vysledky.
100%-nt ujatost dosiahla borovica ¢ierna anajlepsie rastové
parametre mal agat, za ktorym nasledoval brest sibirsky.

Analyticky prispevok ,,Obnovalesovna Slovensku, spésoby
Jjej zistovania a sucasny stav* predniesol Ing. Vladimir Seben,
PhD. z odboru lesnickej politiky, ekonomiky a manazmentu
lesa NLC - LVU Zvolen. Vo svojom vystupeni analyzoval
sucasny stav v evidovanej prirodzenej a umelej obnove lesa
na Slovensku. Rozobral rézne spdsoby zistovania stavu
obnovy, ktoré maju rdzne ciele, rozne metody, roznu presnost
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a samozrejme aj réznu narocnost zistovania. Najvacsim
problémom sledovania stavu a vyvoja obnovy st vysoké
pocty jedincov a vysoka dynamika (zmeny) v obnove, ¢im
sastavapresné evidovanie jedincov obnovy finan¢ne a ¢asovo
velmi naro¢né a na druhej strane je aktualne len relativne
kratky ¢as. Napriek tomu, Ze oficidlne udaje z LHE uvad-
zaju aj v sucasnosti na Slovensku vyssi podiel umelej obnovy,
vyberové metddy zalozené na priamom spocitavanijedincov
na pokusnych plochach poukazuju na vyrazne vyssi podiel
prirodzenej obnovy. Nazaklade analyzy viacerych podkladov
je autor presvedcéeny, zZe skuto¢ny stav prirodzenej obnovy
je vudajoch z oficialnych zdrojov (PSL, LHE) vyrazne pod-
hodnoteny.

Liberalnejsi pristup k vertikdlnemu prenosu lesného
reprodukéného materialu vzhladom na klimatické zmeny
odporucala vo svojom vystipeni Ing. Dagmar Bednarova,
PhD. veduca Strediska kontroly lesného reprodukéného
materialu (SKLRM), OPPL, NLC-LVU Zvolen. Vzhladom
na zna¢nu neistotu vyvoja klimy v dlh§om ¢asovom hori-
zonte, je zvySovanie diverzity (genetickej, druhovej, vekove;j,
priestorovej, ako aj ekosystémovej) jednym z predpokladov
moznosti uspesného uplatnenia sa prirodzeného vyberu
v lesnych ekosystémoch aj pri réznych vyvojovych trendoch
klimy. Striktnym obmedzenim prenosu reprodukéného
materialu nevhodne umelo zuzujeme diverzitu lesnych
drevin a tym aj schopnost ekosystému vysporiadat sa so
zmenou stanovistnych podmienok. Preto aj z praktickych
skasenosti by bolo vhodné povolit vertikalny prenos +1 LVS
a zrusit vertikalny prenos o 2 LVS nahor.

Ing. Marian Pacalaj, PhD. zo SKLRM, OPPL, NLC -
LVU Zvolen v prispevku ,, Modelovanie vplyvu obnovnych
rubov na geneticku Struktiru obnovy v nezmiesanom smre-
kovom poraste “prezentoval vysledky modelovania vhodnosti
rdznych obnovnych rubov z hladiska reprodukcie genofondu,
resp. zachovania genetickej Strukttry materského porastu.
Zakladnym kritériom hodnotenia bola tvorba priestorovej
genetickej Struktury, sekundarnym miera diferenciécie
potomstva od materskému porastu a poslednym miera
genetickej variability v potomstve. Po zohladneni tychto
kritérii sa v nezmieSanom smrekovom poraste ukazal ako
najvhodnejsidvojfazovy okrajovy clonny rub a ako najmenej
vhodny silnejsi jednotlivo vyberny rub. Ostatné testované
ruby —jednofazovy okrajovy, skupinovy, skupinovity clonny
aslabsijednotlivo vyberny rub sa ukazali ako stredne vhodné
a mali na genofond potomstva podobny vplyv.

Obr. 2. Pohlad na ¢ast pléna konferencie konajtcej sa v priestoroch
Spolocenskej dvorany Kupelného hotela Palace na Sliaci



Reports / Lesn. Cas. For. J. 62 (2016) 186—194

Doterajsivyvoj dvoch introdukovanych drevin, duglasky
tisolistej a jedle obrovskej na plochéch, zaloZenych formou
priemyselnych plantézi, zhodnotil v prispevku ,, Predbezné
vysledky rastu a pestovania introdukovanych drevin na prie-
myselnych plantdzach OZ Levice“ doc. Ing. Rudolf Petras,
CSc. z odboru pestovania a produkcie lesa, NLC - LVU
Zvolen. Duglaska ma v sti¢asnosti vek 39 rokov a jedla 32
rokov. Pre objektivizaciu rastovej irovne sa ich hektarové
astredné porastové veli¢iny porovnali s hodnotami podlaras-
tovych tabuliek. Vysledky poukazali na velmi vysokt bonitu
porastov oboch drevin v tychto podmienkach. Na zaklade
sucasného stavu porastov sa navrhli sposoby ich dalSieho
obhospodarovania.

Ing. Peter Kastier, PhD. z odboru ochrany lesa
amanazmentu zveri NLC - LVU Zvolen poukazal v prispevku
»Pocetnost raticovej zveri a Skody riou spésobované v lesoch
na Slovensku“ na neustale rastuci trend $kdd, ktory stvisi
predovsetkym so zvySujucou sa poCetnostou raticovej zveri.
V stucasnosti dosahuje pocetnost a vyska tlovku raticovej
zveri na Slovensku historické maxima. Obzvlast extrémne
a nekontrolovane vzrasta pocetnost danielej a muflonej
zveri. Narast pocetnosti suvisi najmé s nespravnym
polovnickym obhospodarovanim zveri, neplnenim planov
jej lovu, nadmernym prikrmovanim jadrovym krmivom
a zmenami v pestovani polnohospodarskych plodin.
K najpouzivanej$im a najrozsirenej$im metédam ochrany
lesa pred poskodzovanim zverou patria dnes aj z ekonom-
ickych dovodov repelenty.

V prispevku ,, Potencidl a rizikd pestovania klonov pau-
lovniena Slovensku “, ktory prezentoval Ing. Jaroslav Jankovic,
CSc. z odboru pestovania a produkcie lesa, NLC - LVU
Zvolen, boli sumarizované poznatky o tejto dnes ,,moédnej“
drevine. Okrem zakladnych informécii o drevinach rodu Pau-
lownia, a o §lachtenivysoko produkénych hybridnych klonov
odzneli poznatky o produkénom potenciali klonov paulovnie
na zaklade informacii z literattiry a navstevy plantazi v Srb-
sku. Uvedené boli aj rizika pestovania klonov paulovnie
v podmienkach Slovenska a informécie o moznostiach ich
pestovania z pohladu v§eobecne zavaznych pravnych pred-
pisov. V zavere boli uvedené navrhy ako dalej postupovat
pririeSeni problematiky testovania klonov paulovnie v pod-
mienkach Slovenska.

Aktualny stav v oblasti pestovania topolov uviedol v pos-
lednej prezentacii ,, Pestovanie a vyuZzitie topolov na Sloven-
sku“Ing. Martin Bartko, PhD. vedtci Vyskumnej stanice Juh
vGabeéikove, NLC- LVU Zvolen. Redukovana plocha topolov
vlesnych porastoch je asi 16,5 tis. hektarov. Slachtené topole
ztohozaujimaju 9,3 tisicha. Odhadovana plocha $lachtenych
topolov vysadenych mimo lesa vo vetrolamoch, zelenych
pasoch a v brehovych porastoch je asi 3 tis. ha. Najvacsie
anajproduktivnejsie lokality pre ich intenzivne pestovanie st
pozdiz Dunaja ajeho pritokov na juhozapadnom Slovensku.
Vo vysadbach §lachtenych topolov na Slovensku dominuja
3 klony: Najvacsi podiel (35 %) ma taliansky klon [-214
vySlachteny pred 80 rokmi a madarsky klon Pannonia. Pre
produkciulesného reprodukéného materialu kategorie ,,tes-
tovany” je uznanych 9 klonov a pre kategoériu ,, kvalifikovany*
4 klony. Klonovy archiv topolovje umiestneny na Vyskumne;j
stanici Juh v Gab¢ikove. Co sa tyka zdrojov reprodukéného

materialu topolovych klonov, najrozsiahlejsia prevadzkova
mateénica topolovych klonov sa nachadza v Skélkarskom
stredisku Trstice Lesov SR, §. p. Obsahuje kompletnu
sadu klonov zahrnutych do Narodného registra zdro-
jov lesného reprodukéného materialu. Po istom obdobi
stagndcie sa v poslednych rokoch podarilo ozivit aktivity
voblasti selekcie a testovania topolov (do velkej miery vdaka
zaujmu o ich vyuZitie v energetickych porastoch s kratkou
produkénou dobou).

Kompletny zbornik referatov v elektronickej podobe
mozno n3jst na webovej adrese NLC: http://www.nlcsk.sk/
nlc_sk/publikacie_spravy/zborniky/rok-2016.aspx.

V ramci konferencie sa uskutocnila exkurzia na ploche
s vysadbou réznych druhov jedli u sikromného pestovatela
vlokalite Hal¢a - Singlové a v Lesnickom arboréte Kysihybel.

Na zaklade bohatej diskusie pocas konferencie boli sfor-
mulované a prijaté nasledovné zavery:

— Ucastnici konferencie konstatujt pretrvavanie zhor-
Sovania zdravotného stavu lesnych porastov na Sloven-
sku, ¢im je uplatiiovanie prirode blizsich pestovnych
systémov vyznamne limitované. Frekvencia vyskytu
kalamitnych javov vyplyvajucich z globalnych klimatick-
ych zmien (vietor, sucho, ¢astejsi vyskyt extrémnych kli-
matickychjavov), masivne poskodzovanielesnych poras-
tov biotickymi §kodcami a hlavne zverou, ako aj nedo-
statok zdrojov financovania na pestovnu ¢innost za¢ina
velmi vyrazne zniZovat ich stabilitu.

— Cielavedomé a desatro¢iami overené odborné postupy
lesnikov a obhospodarovatelovlesa prilikvidacii nasled-
kovkalamit st znemoznované, resp. casto bagatelizované
roznymi zaujmovymi skupinami, ktorych nazory sa dnes
medializuj a akceptuju viacej ako odporucania odborni-
kov. Nasledkom toho je pracalesnikov ¢asto nepriaznivo
vniman4 zo strany neobjektivne informovanej verejnosti.

— Nazaklade analyzy sic¢asného stavu v zakladani a pes-
tovani lesa, v kontexte so strategickym cielom 1, Zabez-
pecenie dodavok dreva v meniacich sa prirodnych a spo-
lo¢enskych podmienkach aktivnym trvalo udrzatelnym
obhospodarovanim lesov“ vladou schvaleného Ak¢éného
planu Narodného programu vyuzitia potencialu dreva
(APNPVPD) navrhujeme:

— Vy¢lenit zdroje financovania na realizaciu priorit-
nych opatrenivlesochnaichadaptaciunaklimatickt
zmenu (kapitola 8.5.2 Stratégie adaptacie Slovenskej
republiky na nepriaznivé dosledky zmeny klimy).

— Prioritne rieSit problematiku $kod zverou — prijat
a urychlene realizovat také legislativne opatrenia,
ktoré budu viest k zniZeniu stavov raticovej zveri
na Slovensku.

— Vytvorit finanény nastroj na podporu vykonavania
predovSetkym ochrannych, ale aj obrannych opat-
reni proti $kodam spdsobenym kalamitnymi hmy-
zimi$kodcamiazverou (ide zaroven o opatrenie 1.5.2
vramci APNPVPD).

— Vytvorit finanéné zdroje na podporu stabilizacie les-
nych porastov postihnutych prirodnymi kalamitami
(obdoba v minulosti zrugeného Statneho fondu zve-
ladovania lesa).
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— Uchadzat sa o projektové zdroje financovania

vyskumu na rozsirenie existujucich a ziskanie novych
poznatkov o introdukovanych drevinach na Sloven-
sku v podmienkach klimatickej zmeny, s perspekti-
vouich vyuzitia naudrzanie produkéného potencialu
nasich hospodarskych lesov.

Skusenosti z lesnickej praxe potvrdzuju, Ze suc¢asny
systém zabezpecovania pestovnych prac dodava-
telsky prostrednictvom verejného obstaravania sa
neosvedc¢il a podla doterajsich skdsenostiide na tkor
kvality a fyziologickej stability zaloZenych lesnych
porastov. V zdujme zachovania kvality pestovnych

prac ucastnici konferencie odporucaju lesnickym

subjektom v §ir§ej miere zvazit moznost vytvarania
robotnickych pracovnych pozicii pre tieto ¢innosti.

Pozitivne ohlasy uc¢astnikov konferencie na jej odborny

program i exkurziu st pre nés velkym ocenenim a povzbu-

denim pre organizovanie dal§ich ro¢nikov tohto podujatia

ur¢eného pre Siroku verejnost lesnickej vedy, pedagogiky

anajma praxe.

Jaroslav Jankovi¢

Ndrodné lesnicke centrum - Lesnicky vyskumny ustav Zvolen,

T. G. Masaryka 2175722, SK — 960 92 Zvolen,

Slovenskd republika, e-mail: jankovic@nlcsk.org
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CHRONICLE

Prof. Ing. Pavel Hrubik, DrSc. — 75-ro¢ny

Dna 16. marca 2016 sme si pripomen-
uli vyznamné Zivotné jubileum 75 rokov
prof. Ing. Pavla Hrubika, DrSc. Narodil sa
v Sennom okres Velky Krtis. Po absolvovani
Strednej lesnickej technickej $koly v Banskej
Stiavnici (1955-1959) pokracoval v §tadiu
na Vysokej Skole lesnickej a drevarskej
vo Zvolene (1959-1964). Z odbornych predmetov ho zau-
jali predovSetkym entomolé6gia, dendrolégia a ochranalesov
a toto zameranie mu ostalo ako celoZivotna zaluba spojena
s pracou. Jeho prvym pracoviskom (od 1. jula 1964) sa stal
Lesny zavod Nitra, polesie Horné Lefantovce, kde posobil
ako technik polesia. Tam sa stretol prvykrat s vedeckymi
pracovnikmiz Arboréta Mlynany SAV (privyskume gastana
jedlého), a problematika vyskumu ho natolko zaujala, Ze po
roku praxe (od 1. septembra 1965) presiel nanové pracovisko
Arborétum Mlynany SAV, kde pokracoval v §tudiu svojich
obltbenych predmetov v pracovnej skupine ochrany drevin.
V Arboréte Mlynany - Ustav dendrobioldgie SAV, pracoval
doroku 1993 a po delimitacii pracoviska pokragoval v Ustave
ekoldgie lesa SAV, od 1. 1. 1994 Pobocka bioldgie drevin
v Nitre. Po roku posobenia v Ustave ekoldgie SAV Zvolen,
odchadza (od 1. 9. 1995) na Slovensku polnohospodarsku
univerzitu na Fakultu zdhradnictva akrajinného inZinierstva,
kde pracoval do roku 2009 (31. 8. 2009) a potom dva
roky v praci pokracoval v Botanickej zahrade Slovenskej
polnohospodarskej univerzity v Nitre, ako zodpovedny
rieSitel projektu KEGA: ,,Budovanie zbierok kultarnych
rastlin okrasného charakteru s vyuzitim pre edukacné tcely
v Botanickej zahrade Slovenskej polnohospodarskej univer-
zity v Nitre®.

Jeho pracovné problematika spocivala zo zaciatku (od
1. 9. 1965) v inventarizacii a sledovani biotickych Skodcov
v Arboréte Mlynany a neskdr sa zamerala na §tadium bio-
l6gie a ekolégie hmyzich Skodcov vo vztahu k introdukova-
nym drevindm. V roku 1967 ho prijali na externt a$piran-
taru v $tudijnom odbore 41-03-9 ,, Polnohospodarska a les-
nicka fytopatoldgia a ochrana rastlin“. Kandidatsku dizer-
ta¢nu pracu na tému ,,Hasenice niektorych Lepidopter ako
potencialni $kodcovia introdukovanych drevin® ukon¢il
v méji 1972, stihlas k obhajobe ziskal aZ v septembri roku
1983. Jeho pracovné zameranie sa v osemdesiatych rokoch
rozsirilo o aktualnu problematiku Zivo¢iSnych skodcov dre-
vin mestskej zelene v roznych ekologickych podmienkach
Slovenska. Vysledkami préce prispel k prehibeniu poznat-
kov komplexného §tudia introdukovanych i domacich dre-
vin mestskej zelene, so zameranim na kvalitativnu a kvan-
titativnu Strukttru a biologicko-ekologicku analyzu. Pocas
pdsobenia v Arboréte Mlyniany SAV sa ztcastnil a viedol dve
dendrologické expedicie do Kérey (KLLDR, 1983, 1985).
V rokoch 1990-1993 bol zastupcom riaditela a predsedom
vedeckej rady (1990-1992).

Vroku 1995 (1.9.1995), po 30 rokoch na pracoviskach
SAV, odchadza pracovat na novovznikajucu Fakultu zahrad-
nictva a krajinného inZinierstva Slovenskej polnohospodar-

http://www.nlcsk.sk/fj/

skej univerzity v Nitre, kde pokracoval vo vyskume a peda-
gogickej ¢innostiv problematike dendroldgie a ochrany dre-
vin. Svoje vynikajlice znalosti dendrolégie vyuZil pri vyucbe
predmetu Sadovnicka dendroldgia ihlicnaté, vzidyzelené
a listnaté dreviny a nového predmetu ochrana okrasnych
drevin Vo februari roku 1996 sa habilitoval za docenta pre
vedny odbor ,,Zahradnictvo®. V roku 1997 Gispe$ne obh4jil
doktorsku dizertaénu pracu na tému ,,Skodliva entomofauna
cudzokrajnych drevin na Slovensku“ a ziskal vedeckd hod-
nost ,,DrSc.“~ doktor polnohospodarsko-lesnickych vied,
vedny odbor 41-97-9 ,,Ochrana rastlin“, SAV Bratislava;
nasledne s priznanim vedeckého kvalifika¢ného stupna I.—
veduci vedecky pracovnik. V roku 1999 bol prezidentom SR
menovany za univerzitného profesora, vedny odbor 41-42-9
»Zahradnictvo.“

Pocas svojej dlhoro¢nej praxe vyznamne prispel k rozsi-
reniu poznatkov o entomofaune domacich a cudzokrajnych
drevin vo verejnej zeleni a vo vyznamnych dendrologickych
objektoch Slovenska. Opisal vyskyt viacej druhov hmyzich
Skodcov, ktoré sa na Slovensku zaznamenali prvy raz na
introdukovanych drevinach (vratane dal$ich Zivo¢isnych
druhov, najmé novointrodukovanej ¢inskej dendroflory).
Pocas pracovného posobenia v Arboréte Mlynany - Ustave
dendrobiologie SAV a nésledne v delimitovanom pracovisku
Ustave ekologie lesa SAV vo Zvolene, Pobocka biologie dre-
vin v Nitre, jubilant intenzivne spolupracoval so spolupra-
covnikmiz Lesnickeho vyskumného Gistavu Zvolen, z oddele-
niaochranylesov (teraz Narodné lesnicke centrum - Lesnicky
vyskumny ustav Zvolen) a s kolegami z Katedry ochrany
lesov a polovnictva, Lesnickej fakulty Technickej univerzity
vo Zvolene. Bol ¢lenom Vedeckej rady a ¢lenom Redakénej
rady casopisu v Ustave ekoldgie lesa SAV vo Zvolene.

Jeho prace v oblasti entomoldgie, kde publikoval mnoz-
stvo poznatkov o novych, introdukovanych skodcoch vyrazne
ovplyvniliajbadanievoblastiochranylesa. Viaceronebezpec-
nych a lesnicky vyznamnych druhov, ktoré popisal v oblasti
okrasného zahradnictva sa neskor objavili aj v nasich lesoch.
Spomernime asponi druhy Cameraria ohridella, Obolodiplosis
robiniae alebo Leptoglossus occidentalis, ktorym sa venoval
vo svojich pracach. A tak napriek tomu, Ze vac¢$ina entomo-
logickych prac prof. Ing. Pavla Hrubika, DrSc. sa venovala
Skodcom drevin v mestskej zeleni, stali sa tieto prace stud-
nicou poznania aj pre oblast ochrany lesa.

Svoje bohaté vedecké poznatky publikoval v monografi-
ach(12), v povodnych vedeckych publikacidch doma (173)
a v zahranici (25). Prednasal na domacich i zahrani¢nych
konferenciach. Publikoval aj v odbornych ¢asopisoch (133).
Celkove uverejnil 372 prac. Bohat4 publika¢na ¢innost
mala znaény citac¢ny ohlas: citacie SCI (31), citacie mimo
SCI (451), citacie v karentovanych ¢asopisoch (54), citacie
vnekarentovanych ¢asopisoch (428), iné zahrani¢né ohlasy
navytvorenédielo (2). Ako pedagog na Fakulte zdhradnictva
akrajinného inZinierstva Slovenskej polnohospodarske;j uni-
verzity v Nitre, bol Skolitelom bakalarskych prac (12 ZAKA,
24 BPKU), diplomovych prac (68) a doktorandskych dizer-
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taénych prac (10, ztoho 5-Kl a 2/ZAKA). Bol garantom §tu-
dijného odboru Zahradn4 a krajinné architekttra, spoluga-
rant Studijného odboru Krajinné a zahradn4 architektura,
S$tudijného programu Biotechnika parkovych a krajinnych
Uprav a gestorom predmetov Listnaté dreviny v sadovnickej
tvorbe, Thli¢naté a vZdyzelené dreviny v sadovnickej tvorbe,
Hodnotenie biotickych prvkov, Dreviny v zdhradno-archi-
tektonickej tvorbe a Ochrana okrasnych rastlin. VSetky uve-
dené predmety zabezpecil odbornou literattirou vydanim
skript. Svoje odborné skuisenosti vyuzil ako ¢len vedeckej
rady (Fakulta krajinarstva a zdhradného inzinierstva Slo-
venskej polnohospodarskej univerzity v Nitre, Ustav ekolo-
gielesa SAV vo Zvolene) ako ¢len poradného zboru Chréne-
nej krajinnej oblasti Ponitrie, ¢len redakénej rady ¢asopisu
Folia oecologica, medzinarodného ¢asopisu Plant Protection
Science pri Ceskoslovenskej akadémii zemédélskej v Prahe,
¢len akreditacnej komisie SAV, ¢len komisie pre obhajoby
doktorskych dizertaénych prac pre vedny odbor Zahrad-
nictvo, Ochrana rastlin, ¢len spolo¢nej komisie pre vedny
odbor Zahradn4 a krajinna architektdra Fakultu zahradnic-
tvaakrajinného inzinierstva Slovenskej polnohospodarske;j
univerzity v Nitre v Nitre, Zahradnickej fakulte Mendelovej
zemédélskej alesnickej univerzity v Brne so sidlom v Lednici
na Morave. Bol rieSitelom, spolurieSitelom a veddcim gran-
tovych projektov VEGA, KEGA, zt¢astnil sa rieSenia medzi-
narodného programu COST: Multidisciplinarny vyskum
gasStana jedlého v Eurépe a COST projektu: Mestské lesy
(zavere¢né spravy vyskumu 18; projekty 8; zahrani¢né 2).
Na Fakulte zahradnictva a krajinného inzinierstva Sloven-
skej polnohospodarskej univerzity v Nitre posobil v rokoch
1995-2009 aj ako veduci katedry; predseda Akademického
senatu fakulty; prodekan a §tatutarny zastupca dekana.

Po odchode do déchodkuvroku 2009 savenoval vyskumu
kultarneho rozsirenia ginka dvojlalo¢ného (Ginkgo biloba
L.) na Slovensku (2010-2011; 2014-2015), pri¢om so svo-
jou dcérou (doc. Ing. Katarina Raznd, PhD.), rozsirili apli-
kaciu genetickych met6d a markérov, pri determin4cii bio-
logickych vlastnosti stromov, pomocou DNA. So spolupra-
covnikmi vydal z rieSenej problematiky vedeckd monogra-
fiu (2014). Sucastou dlhodobého vyskumu jubilanta, bolo
i hodnotenie klimatickych podmienok a zakladnych mete-
orologickych prvkov v Arboréte Mlyniany SAV, ¢o uverejnil
voviacerych prispevkoch. Posledne pri prilezitostijeho zivot-
ného jubilea (2011) uverejnil svoju personalnu bibliografiu
a knihu Kvalitativna inventarizacia, klasifikacia a hodnote-
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nie zdravotného stavu drevin pre ucely zdhradno-architekto-
nickej a krajinarskej tvorby (v spolupraci s dal§imiautormi).

Profesor Pavel Hrubik svojou hizevnatostou, vytrva-
lostou a vysokou odbornostou prispel k rozsireniu poznat-
kov vo viacerych vednych odboroch (entomolégia, dendro-
l6gia, ochrana drevin). Nemenej vyznamna je jeho dlho-
ro¢na pedagogicka ¢innost v rokoch 1995-2009, kde odo-
vzdal svoje vedomosti ziskané vo vyskumnej ¢innostina pra-
coviskach SAV v Arboréte Mlyiany - Ustave dendrobiol6-
gie SAV av Ustave ekoldgie lesa SAV Zvolen, Pobocka bio-
légie drevin Nitra. Spolupraca s tymito pracoviskami pretr-
vava doteraz. Bol ¢lenom rieSitelskych kolektivov vedeckych
grantovych projektov VEGA a APVV, KEGA.

Za vykonanu pracu dostal cely rad vyznamenani. Tak
napriklad za mimoriadnu odborno-populariza¢na ¢innost,
mu Predsednictvo SAV v roku 1985 udelilo ,,Cenu SAV za
popularizaciu vedy“. V roku 1998 ziskal Zlatt Janskeho
plaketu, za viacnadsobné darcovstvo krvi. Za aktivnu ¢in-
nost pri rozvoji Slovenskej polnohospodarskej univerzity
v Nitre dostal Pamétnt medaila rektora uvedenej univer-
zity (2001), Pamatnt bronzova medailu Fakulty zahrad-
nictva a krajinného inzinierstva Slovenskej polnohospo-
darskej univerzity v Nitre (2001), pri prilezitosti 60. vyrocia
jeho narodenia, Pamétnu plaketu Lesnickeho vyskumného
ustavuvo Zvolene, k Zivotnému jubileu — 60 rokov, za spolu-
pracu s Lesnickym vyskumnym tstavom Zvolen pri rieSeni
vedecko-technickych projektov (2001), Striebornt medailu
Fakulty zdhradnictva a krajinného inZinierstva Slovenske;j
polnohospodarskej univerzity v Nitre, za pomoc pri rozvoji
fakulty (2002). Menovany je ¢estnym ¢lenom Slovenskej
spolo¢nosti pre polnohospodarske, lesnicke, potravinarske
aveterinarske vedy pri SAV (2002). Uvedena Spolo¢nost mu
v roku 2009 udelila Medailu Juraja Fandlyho, za vyznamné
vedecké vysledky v tychto vedach a za rozvoj vedeckej spo-
lo¢nosti. V poslednych rokoch pri prilezitosti jeho 70. ako aj
75. narodenin dostal cely rad dal$i vyznamenani a oceneni,
ktoré eSte viac zvyraznili zasluhy jeho tvorivej ¢innosti.

Do dalsich rokov zivota, jubilantovi vSetci prajeme vela
zdravia, naplnenie vSetkych zivotnych predsavzati, eSte vela
novych in§piracii pre ochranu a tvorbu zivotného prostredia.

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

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



	Hola_akol.pdf
	Kaspar_akol
	Navratil
	Panek
	Miltner_akol
	Trombik_akol
	Mindas
	Sprava-1
	Gomoryova
	Jankovic
	Kronika

