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Abstract
Global climate change also influences the forest damaging agents occurrence and thus a forest health. Forest trees 
that are damaged by agents are in managed forests processed by salvage felling. The amount of an annual salvage 
felling represents the occurrence of a damaging agents occurrence in a certain year. In 2015, the area of forests in 
Slovakia reached 2.014 mil. ha. Within the 20 years (from 1998 to 2017), the total felling reached 162.52 mil. m3, 
out of this 47.99 % were ascribed to a salvage felling. Abiotic agents were the most damaging agents (42.28 mil. m3 
of damaged wood), out of it a wind was the most important one. Biotic damaging agents were the second important 
group (32.165 mil. m3), whereas bark beetles on spruce were the most important. The third group and the less dam-
aging one was anthropogenic agents group (3.555 mil. m3) with an air pollution as the most important damaging 
agent. There was no statistically significant difference in the volume of processed trees within salvage felling caused 
by abiotic and biotic damaging agents. However, these two groups caused significantly higher damages than the third 
group of anthropogenic damaging agents. There were two major wind damages, Alžbeta in 2004 and Žofia in 2014 
with damaged wood 5.3 mil. m3 and 5.2 mil. m3, respectively. They occurred in southern, central and northern part 
of Slovakia. As damaged wood was not processed from strict nature conservation areas, the secondary damaging 
agents, mostly Ips typographus on Norway spruce reproduced as much that after some years it cumulatively reached 
or even exceeded damages from those two major windthrows episodes.
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1. Introduction
The forests in Slovakia cover about 2 mil. ha and that is 
over 40% of the total Slovak area. The European beech 
(Fagus sylvatica L.) is the most common forest tree spe-
cies with its 33.2% coverage. Next forest tree species are 
Norway spruce (Picea abies L. (Karst.)), oaks (Quercus 
spp.), pines (Pinus spp.) and silver fir (Abies alba Mill.) 
with their coverage 23.4%, 10.6%, 6.8% and 4.1%, 
respectively (Anonymous 2016). 

During the last several decades, forests in Central 
Europe have been influenced by many impacts such as 
an industrialization, an air pollution (Crippa et al. 2015) 
and recently also by intensive climate changes (Hlásny 
et al. 2014). At the end of 80s of 20th century the political 

system in Slovakia as well as in neighboring countries, 
has changed and a management of not state forests, that 
were from the end of 40s to the end of 80s of 20th century 
managed by state, have returned back the management 
of proper owners (Anonymous 2016). At the beginning 
of new millennium, there has been a strong pressure to 
increase the number of new nature conservation areas 
and limited forest management was stated in valuable 
ones. All these factors have regularly shaped the forest 
management with regard to minimize expenses (Anony-
mous 2016). 

As forest ecosystems belong to the most natural eco-
systems at least in Central Europe, they can show up 
more natural signs of this climatic change trends than 
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considered as one of the main pointer of the forest health. 
A relative salvage felling, that is calculated as the volume 
of the salvage felling divided by the total felling and mul-
tiplied by 100 (to express it as a percentage), served as a 
mean to compare the annual salvage felling. The salvage 
felling had to be justified by damaging agents. 

Foresters were obliged to fill up the annual statisti-
cal form L116 at the end of the year and pass it to the 
National Forest Centre - Forest Research Institute in 
Zvolen by 60 days after the end of the year. While some 
agents can be quite easily determined e.g. wind damages, 
others have to be proven by laboratory analyses e.g. air 
pollution. 

Researchers summarized obtained data by the dam-
aging agents, regions and tree species and results were 
published in the annual report on the occurrence of dam-
aging agents in the last year with a short term prognosis 
for the next 5 years. The data come from the forest area 
that was 2.014 mil. ha in 2015 (Anonymous 2016). The 
report is distributed to all state district administrations, 
larger non-state subjects and major libraries. Altogether 
300 publications have been distributed annually within 
the last 20 years.

The new law on forestry records has become effective 
in 2011, and salvage felling realized in 2012 was already 
evaluated by the new method. The major change of the 
damaging agent’s records was that information came up 
from all forestry subjects, salvage felling was measured in 
less details and data were collected first by state district 
administrations and then centralized at the National For-
est Centre in Zvolen. There were 48  agents, out of it there 
were 5 in the group of abiotic agents, 37 in the group of 
biotic agents and 6 in the group of anthropogenic agents. 

In the results we merged damages caused by Ips 
typographus and Pityogenes chalcographus into a group 
Bark Beetles on Spruce and Tomicus spp. and Ips sexden-
tatus a Ips acuminatus as Bark beetles on Pines.

Data in the analyses were processed with just sim-
ple statistical methods of Microsoft Excel and STATIS-
TICA program. The influence of parameters were set by 
ANOVA procedures, a statistical significance of variables 
was stated by Tuckey test. 

The second source of information on the occurrence 
of damaging agents and disturbance events was a con-
sultancy service for foresters provided by the National 
Forest Centre - Forest Research Institute Zvolen, settled 
at the Department of Forest Protection and Game Man-
agement. The service has been working since 1957 under 
different names, since 1994 it has been called the For-
est Protection Service (Kunca et al. 2014b). Specialists 
on biotic, abiotic and anthropogenic agents have been 
involved in national and international research proj-
ects and the knowledge and experiences obtained in the 
research have been passed to foresters. If a major dis-
turbance damaged the larger forest area, foresters have 
been obliged to send that information to both the state 
administration and to the Forest Protection Service spe-

other ecosystems (Zúbrik & Kunca 2006; Santini et al. 
2013). Due to a climate change as well as other disturbing 
factors the coverage of major tree species changed e.g. 
Norway spruce decreased from 26.3% in 2005 to 23.4% 
in 2015 and on the other hand a European beech cover-
age increased from 31.0 to 33.2%. Changes in other for-
est tree species were far less dramatic within that short 
period (Anonymous 2016).

These are just several predisposing factors that may 
be taken into consideration in connection with large-
scale forest damage events in Slovakia as well as in many 
other European countries. The paper sums up the for-
est disturbance events which have occurred in Slovakia 
within the last 20 years (1998–2017).

2. Methods
The systematic records of forest damaging agents in 
Slovakia started in 1960 at the Forest Research Insti-
tute in Zvolen. At that time, an annual statistical form 
named L116 was created and it was in practice with just 
little adjustments up to 2011, when a new law on forest 
records has come into force (Kunca et al. 2014b). Statis-
tical report L116 gradually upgraded some agents until 
2011, when it turned into the law (Law No. 297/2011 
Z. z. on forestry management records). So, finally, there 
were 56 damaging agents or damages in L116 report 
separated into three major groups: 
A)	 abiotic – 7 agents: a wind, a snow, a rime, a drought, 

a frost, a flooding,  unknown abiotic agents,
B)	 biotic – 44 agents: Ips typographus L., Pityogenes 

chalcographus L., Scolytus intricatus Ratz., Tomicus 
minor Htg., Tomicus piniperda L., Ips sexdentatus 
Born., Ips acuminatus Gyll., Pityokteines curvidens 
Germ., Ips cembrae Heer., Xyloterus lineatus Ol., 
other bark beetles, Lymantria dispar L., Tortrix 
viridana L., Operphtera brumata L., Erannis defoli-
aria Cl., Bupalus piniaria L., Calliteara pudibunda 
L., Melolontha sp., Cephalcia abietis L., Pristiphora 
abietis Christ., Lymantria monacha L., Diprion pini 
L., Neodiprion sertifer Geoffr., Choristoneura murin-
nana Hübner, Dreyfusia nordmannianae Eckst., 
Rhyacionia buoliana (Denis & Schiffermuller), Den-
drolimus pini L., Sachiphantes viridis Ratz., Adelges 
laricis Vall., Coleophora laricella Hübner, Leucoma 
salicis L., Armillaria sp., Heterobasidion annosum Fr. 
(Bref.), rots, Ophiostoma sp., Lophodermium pinastri 
(Schrad.) Chevall., other needlecasts, cankers, rusts, 
mildews, unknown fungal diseases, games, rodents, 
weeds,

C)	 anthropogenic agents – 5 agents: an air pollution, a 
fire, a wood stealing, a grazing, an unknown anthro-
pogenic agents.
Both, a statistical form L116 as well as the following 

statistical report set in law from 2011 were based on the 
volume of the total felling and the salvage felling which is 
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cialists. Foresters have to report the damaged volume, the 
area and the main damaged trees species. That is the main 
source of data about the sudden natural disturbances 
(Kunca et al. 2014b). 

3. Results

3.1. Salvage felling
According to the Green report (Anonymous 2016), 
the current overall wood resources are estimated to be 
approximately 487.12 mil. m3, with the overall spruce 
resources 111.88 mil. m3. The total felling in Slovak for-
ests reached 162.52 mil. m3 (Table 1) and that is 33.99% 
of the total resources. In ratio to the average total felling, 
its annual volume fluctuated between 68.09–125.40%. 
Salvage felling reached 78.00 mil. m3 (Table 1), which is 
47.99% of the total felling in 1998–2017. In this period, 
the annual salvage felling fluctuated in the range of 
54.01–160.86% of the average salvage felling. There 
were 9 years when annual salvage felling exceeded aver-
age salvage felling (Fig. 1).

Fig. 1. Development of both total and salvage felling in the 
Slovak Republic over the period 1998–2017.

On November 19, 2004 windthrow Alžbeta damaged 
5.3 mil m3. That was the estimation done by the organi-
zation responsible for monitoring forest resources and 
inventorying them (Lesoprojekt). Most of the damaged 
wood was processed in 2005, much less amount in 2006. 
Anyway, the damaged wood in strictly conservation areas 
could not be processed and under its bark the beetles eas-
ily several times reproduced. From 2007 the bark bee-

Table 1. Volume of total felling and salvage felling in the Slovak Republic within the period 1998–2017.

Felling Sum Annual average Standard deviation Minimum Maximum
[mil. m3]

Total felling 162.52 8.13 1.57 5.53 10.19
Salvage felling 78.00 3.90 1.32 2.11 6.27
Relative salvage felling [%] 47.99 — — — —

Table 2. Wood volume affected by major groups of damaging agents in the Slovak Republic forests within the period 1998–2017.

Major groups of damaging agents Sum Average Standard deviation Minimum Maximum
[mil. m3]

Abiotic Pest Agents 42.280 1.703 a 1.218 1.102 5.311
Biotic Pest Agents 32.165 1.547 a 1.150 0.390 3.793
Anthropogenic Pest Agents 3.555 0.128 b 0.127 0.045 0.391
Total 78.000 — — — —

tles from conservation areas started to infest standing 
trees and by 2010 sanitary felling was caused mostly by 
bark beetles in Norway spruce stands. The wet and cold 
weather in 2010 slowed down development of bark bee-
tles and the amount of bark beetles damages went down. 
On May 15, 2014 windthrow Žofia damaged 5.2 mil. m3. 
As it occurred in May, most of the damaged wood was 
processed by the end of 2014, the rest was processed by 
2016. As it was after windthrow Alžbeta, the damaged 
wood in strictly conservation areas could not be proc-
essed and the bark beetles from unprocessed wood spread 
into standing healthy forests and in 2017 started to infest 
them. 

3.2. Damaging agents
The salvage felling was caused by three major groups of 
damaging agents. Abiotic and biotic damaging agents 
largely dominated over anthropogenic damaging agents 
with proportion of 52.6%, 43.0% and 4.4%, respectively. 
The biggest variation was performed within the abiotic 
damaging agents, the lowest with the anthropogenic 
damaging agents (Table 2). While the amount of proc-
essed wood damaged by anthropogenic damaging agents 
was gradually decreasing, the one damaged by abiotic 
damaging agents had 2 culmination peaks (in 2005 and 
2014) and the one damaged by biotic agents culminated 
in 2009 and in 2017 was still rising up (Fig. 2).

Fig. 2. Development of volume of processed wood from salvage 
felling caused by the three major groups of damaging agents. 

There were statistically significant differences between 
averages of damaged wood caused by abiotic, biotic, and 
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anthropogenic damaging agents (p<0.01). By post-host 
tests, damages by anthropogenic damaging agents were 
significantly lower than damages by biotic or abiotic dam-
aging agents (p<0.01). However, there was no statistical 
difference between damages caused by abiotic and biotic 
damaging agents (p>0.05). 

Wind caused significantly higher damages than the 
rest of abiotic damaging agents (p<0.01). Differences 
between other groups of abiotic damaging agents were 
not significant (p>0.05) (Table 3).

As for biotic damaging agents, damages of bark bee-
tles on spruce were significantly higher than damages 
caused by other biotic damaging agents (p<0.01). Dif-
ferences between other groups of biotic damaging agents 
were not significant (p>0.05) (Table 4).
Air pollution caused significantly higher damages than 
other anthropogenic damaging agents (p<0.01). Differ-
ences between other anthropogenic damaging agents 
were not significant (p>0.05) (Table 5). 

Within the 20-year long period, a wind was the most 
serious damaging factor (Table 3). The most serious 
windthrow occurred on November 19, 2004, and it got 
the name Alžbeta. By the professional estimation of the 
Lesoprojekt, state governmental organization, it dam-
aged 5.3 mil. m3 of wood, mostly in Norway spruce forests 
of central and northern Slovakia (Kunca & Zúbrik 2006). 
The second similarly damaging windthrow occurred on 
May 15, 2014. By the professional estimation of the 
National Forest Centre - Institute for Forest Resources 
and Information in Zvolen, it damaged 5.2 mil. m3 of 
Norway spruce forests of Central and southern Slovakia 
(Fig. 4). It got the name Žofia (Kunca et al. 2016). That 

Table 3. Processed volume of wood from salvage felling due to selected abiotic damaging agents in the Slovak Republic forests 
within the period 1998–2017.

Major group of abiotic damaging agents Sum Average Standard deviation Minimum Maximum
[mil. m3]

Wind 37.558 1.540 a 1.251 0.934 0.5177
Snow 1.488 0.041 b 0.099 0.014 0.460
Icing + Glaze 0.638 0.004 b 0.106 0 0.467
Drought 2.070 0.102 b 0.030 0.045 0.169
Other abiotic damaging agents 0.510 0.016 b 0.023 0.007 0.115

Comment: Values in a column indicated by the same letter do not differ significantly.

Table 4. Processed volume of wood from salvage felling due to selected biotic damaging agents in the Slovak Republic forests 
within the period 1998–2017.

Major group of damaging agents Sum Average Standard deviation Minimum Maximum
[mil. m3]

Spruce wood infested by bark beetles 27.588 1.187 a 0.990 0.321 3.319
Pine wood infested by bark beetles 0.424 0.004 b 0.031 0.001 0.089
Armillaria spp. 2.873 0.128 b 0.094 0.010 0.295

Comment: Values in a column indicated by the same letter do not differ significantly.

Table 5. Processed volume of wood from salvage felling due to selected anthropogenic damaging agents in the Slovak Republic 
forests within the period 1998–2017.

Major group of damaging agents Sum Average Standard deviation Minimum Maximum
[mil. m3]

Air pollution 3 133 873 156 694 a 122 961 24 969 359 540
Fire 109 712 5 486 b 5 576 834 20 736
Wood stealing 239 075 11 954 b 5 656 5 127 29 527
Other agents 71 996 3 600 b 3 000 0 18 584

Comment: Values in a column indicated by the same letter do not differ significantly.
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amount of damaged wood covered not only managed for-
ests, but also forests in conservated areas. At the state 
level that was not separated into these two categories 
(managed forests, conservation forests). Far less dam-
aging windthrow occurred on June 22–23, 1999 in Euro-
pean beech forests of western Slovakia and on August 
23, 2007 in Norway spruce forests of central Slovakia. 
Each of them damaged 1 mil. m3. These 4 windthrows 
represented for 33% of all windthrows during that time.

Bark beetles outbreak were represented by Ips 
typographus. The outbreak started in 2006 2 years after 
windthrow Alžbeta in the same regions as windthrows 
occurred (Fig. 5). It was caused because of strict forests 
nature conservation the damaged wood was not proc-
essed. In that wood bark beetles cumulated and suddenly 
spread into the surrounding forests.

Fig. 3. Recorded volume of spruce wood infested by bark beetles 
in the Slovak Republic within the period 1998–2017. 

By 2014 the situation with bark beetles has gradually 
stabilized, the salvage felling caused by bark beetles on 
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Norway spruce decreased to 0.7 mil. m3. The windthrow 
Žofia in 2014 triggered the same process of bark beetles 
outbreak as occurred after 2004, and in 2017 the sal-
vage felling caused by bark beetles on Norway spruce 
increased to 3.2 mil. m3 (Fig. 3). 

Fig. 4. Distribution of wood volume processed in the salvage 
felling caused by wind (average from years 1998–2017).

Fig. 5. Distribution of wood volume processed in the sal-
vage felling caused by Ips typographus and Pityogenes chal-
cographus on spruce (average from years 1998–2017).

4. Discussion 
The salvage felling belongs to tools for evaluating the 
forest health in some countries (Kolk et al. 2013; Kunca 
2014; Knížek et al. 2015; Kärhä et al. 2018; Zahradník 
& Zahradníková 2019). That felling is also known as a 
sanitary or a sanitation logging and is initiated by distur-
bances that could be separated into three main groups 
of abiotic, biotic and anthropogenic agents. Obviously, 
there are many agents within these groups. Some state 
administrations select the agents that are obligato-
rily monitored and their damages have to be annually 
reported from certain territory. Based on variable natu-
ral conditions in Europe, there are alike established vari-
able divisions of Europe regions (Schelhaas et al. 2003; 
Spiecker 2003; Zúbrik et al. 2013). As that set of agents 
is not harmonized in European Union by some interna-
tional authority, it usually differs from state to state or 
from region to region. While a fire belongs to the most 
important agents in the Mediterranean countries, wind-
storms play the most important role as primary agents in 
the Atlantic and Continental temperate zone of Europe 
(Spiecker 2003). Out of this, single monitored agents 
varies not only by territory but also in time. In Slovakia 

a number of monitored agents within 20 years changed 
from 56 in 1998 to 48 in 2012 (Kunca 2005; 2014). In 
spite of differences in number and set of monitored 
agents, a salvage felling must be caused by some of the 
abiotic, biotic or anthropogenic agents and these three 
major groups are harmonized at least in the European 
Union (Schelhaas et al. 2003; Spiecker 2003). 

A relative salvage felling is an important parameter 
that is calculated in order to be able to compare salvage 
fellings in different regions. The salvage felling in Slo-
vakia from 1998 to 2017 was caused by both, major and 
minor disturbances. The proportion of annual salvage 
felling on the total felling during 1998–2017 was as 
much as 47.99% (min. 33.7% max. 63.2%), and that is 
5.9 times more than European long term annual average 
of disturbances, that Schelhaas et al. (2003) calculated at 
the level of 8.1 % over the years 1950-2000. It should be 
taken into account that Schelhaas et al. (2003) measured 
just major disturbances, and neglected smaller damages. 
A salvage felling in neighboring mountainous countries 
was also quite variable and high. Knížek et al. (2015) 
states that salvage felling in the Czech Republic within 
those 10 years period varied between 20% (in 2012) and 
75% (in 2007) with its average at 41%. In Slovakia the 
salvage felling within 10 years period (2004–2013) was 
53.2% (Kunca et al. 2015) and it was higher level than 
during 20 years period (47.99%). It is clear that longer 
period compensate short term fluctuation of any variable.

In spite of the high relative salvage felling or the pro-
portion of major disturbances on total felling in Slovakia, 
major European disturbances did not reach Slovakia. 
The windstorm Vivian in 1990 damaged 120 mil. m3 in 
western Europe (König et al. 1995). At the end of 1999 
there were three windstorms (namely Anatol, Lothar and 
Martin) that damaged 180 mil. m3 of wood in forests of 
different European regions (Sacre 2002). There was one 
of the biggest windstorms in Europe that occurred on 
January 8, 2005 in southern Sweden and Denmark and 
on January 9, 2005 in Estonia. It is known as Gudrun and 
only in southern Sweden it damaged 75 mil. m3 of wood 
(Schlyter et al. 2006; Langström et al. 2009). Recently, 
in 2017, there were two larger windstorms in western 
and central Europe. On August 11, 2017 the windstorm 
damaged more than 10 mil. m3 of wood in western Poland 
(Trebski 2017). On October 29, 2017 windstorm Her-
wart damaged wood in Germany as well as in the Czech 
republic where it is estimated that 2.5 mil. m3 were dam-
aged (Lubojacký & Knížek 2017).

None of them reached Slovakia except for windstorm 
Kyrill in 2007, but it is considered just as a minor wind-
storm disturbance in Slovakia with its only 0.4 mil. m3 of 
damaged wood. However, in Western Europe it damaged 
55 mil. m3, predominantly in Germany and the Czech 
Republic (Kunca et al. 2014a). The directions of low 
pressure paths and storm damages in European region 
are demonstrated on maps by Gardiner et al. (2008; 
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2011), at the regional level in Slovakia wind directions 
are described by Konôpka et al. (2008).

Short term analysis of damaging agents in Slovakia 
(1998–2017) points out that group of abiotic damaging 
agents were the most important factors influencing sal-
vage felling (Table 2). From the specific damaging agent’s 
point of view, the wind was the factor that damaged the 
biggest amount of wood (Table 5). The wind speed on 
November 19, 2004 (during windthrow Alžbeta) reached 
140 km/h, in the gusts even 230 km/h. The wind speed 
on May 15, 2014 (during windthrow Žofia) went only 
77 km/h, in gust 165 km/h, but damages were nearly the 
same as during windthrow Alžbeta. It happened because 
there were 2 weeks continuous rain and the soil was com-
pletely wet while in 2004 the soil was at least partially 
frozen. 

The wind similarly participated on the salvage fell-
ing in the highest proportion in many Central European 
countries, as well as in other parts of Europe for the last 
several decades (Spiecker 2003; Schelhaas et al. 2003; 
Zach et al. 2008; Grodzki 2010; Kolk et al. 2013; Knížek et 
al. 2015). Schelhaas et al. (2003) stated that windstorms 
represent 53% of disturbances in Europe, while in Slo-
vakia within 1998–2017 it was just 48.15%, so close to 
the European average. 

Bark beetles on spruce (Ips typographus and Pityo-
genes chalcographus) were the second most important 
damaging agent in Slovakia. The bark beetles on spruce 
damaged 35.37% of total amount of salvage felling. It 
is long well-known that European spruce bark beetle is 
the secondary damaging agent and is often followed by 
windthrow and last decades driven also by climate change 
(Pfeffer & Skuhravy 1995; Christiansen & Bakke 1988; 
Blennow & Olofsson 2008; Gardiner et al. 2008; Marini 
et al., 2013). Moreover, there are several examples that 
bark beetles on spruce following wind, fire, drought, 
snow or ice (Groot et al. 2018) was subsequently more 
dangerous pest than previous primary agents (Chris-
tiansen & Bakke 1988; Kunca et al. 2011; Nikolov et al. 
2014;). Catastrophic bark beetle outbreak after wind-
storms have occurred in the Czech republic in the Šumava 
Mountains after windstorms of 1868 and 1870 (Pfeffer & 
Skuhravy 1995), in Sweden in 1969 (Nilsson et al. 2004) 
or recently in Sweden in 2005 or 2007 (Langström et al. 
2009), in Lithuania (Zolubas & Dagilius 2009) or in 
Far East Russia (Soukhovolsky 2009; Tarasova 2009). 
Windstorm Alžbeta from November 19, 2004 in Slovakia 
can be added to that list of examples. When Windstorm 
Alžbeta in 2004 damaged 5.3 mil. m3 (Koreň 2005; Kunca 
& Zúbrik 2006), the broken and uprooted trees were not 
processed completely by the beginning of the growing 
season 2007. Slovak law on nature conservation pre-
vented that kind of management of damaged wood, so 
secondary damaging agents, mainly European spruce 
bark beetle, started to multiply its population abundance 
(Kunca et al. 2011; Nikolov et al. 2014). According to 
Nikolov et al. (2014) broken and uprooted trees kept their 

bark attractiveness for colonization by bark beetles even 
2 years after the windthrow. These two years bark beetles 
multiplied in that damaged wood and in spring 2007 all 
beetles swarmed and were searching for new trees in the 
surrounding standing trees. The bark beetles calamity 
started in a great amount. The attractive wood material 
for bark beetles was later supported by new damaged 
wood from the Snowfall Tamara in January 2006 and 
then from Windstorms Kyrill on January 9, 2007 and 
from Windstorm Filip on August 23, 2007. Their dam-
ages reached together 1.9 mil. m3 (Kunca et al. 2015). The 
culmination of the wood volume damaged by bark beetles 
was in 2010. That year was very wet and that could slow 
down the bark beetle development. Averaged annual pre-
cipitation per one meteorological station reached 1140 
mm in 2010 (long-term average is 751 mm) and that 
was the biggest amount since 1880 when precipitation 
started to be measured in Slovakia (Pecho et al. 2010; 
Zeleňáková et al. 2017).

The European spruce bark beetle outbreak after wind-
storms Alžbeta and Žofia were predicted by researchers 
(Zúbrik 2005; 2006) but that risk was not accepted by 
environmental state administrations as the primary 
factor for applying the management of damaged and 
surrounding forests. It was the nature protection that 
determined the forest management that finally resulted in 
large-scale European spruce bark beetle outbreak in the 
natural, semi natural and artificial monocultures of Nor-
way spruce. This was the further example how difficult it 
is to harmonize nature conservation management with 
regards to forest functions, climate change scenarios and 
scientific knowledge about it all (Spiecker 2003; Zubiza-
rreta-Gerendiain et al. 2017). 

The global climate change concept expects the occur-
rence of weather extremes that will limit the life in the 
regions. So, a drought is supposed to be the most impor-
tant stress factor influencing forests as well (Hlásny et al. 
2014; Pešková et al. 2015). However, forests in Central 
Europe resist the drought as a prime damaging agent. 
However, it is a serious predisposing factor that weakens 
tree defense mechanisms against bark beetles as well as 
against Armillaria infection or other biotic damaging 
agents. 

The structure of forest damaging agents is deter-
mined by several factors; one of them is a forest tree 
species composition. The biggest proportion of damaged 
wood volume in Slovakia occurred on Norway spruce. 
National ecological survey (Anonymous 2016) reports 
that Norway spruce originally grew on 4.9% of forest 
land instead of present 23.4%. Due to windstorms and 
biotic damaging agents damages the Norway spruce 
coverage decreased from 26.3% in 2005 to 23.4% in 
2015 (Anonymous 2016). Out of this, 18.5% (372 th. 
ha) of Norway spruce has been growing on unsuitable 
sites and so they are highly predisposed to any damaging 
agents. That is very clear that Norway spruce damaging 
agents are more active than damaging agents of other 
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forest trees, which proportion grown on unsuitable sites 
is much less (Anonymous, 2016). The artificial spread 
of Norway spruce in Slovak territory, as well as in other 
Central European countries, is a heritage from 19th and 
20th century. At that time, planting forest trees was a 
state program and Norway spruce provided very valu-
able wood quality, although on the account of ecologi-
cal stability of forests, which was not well known at that 
time. Anyway, since Norway spruce is under European 
conditions still economically extremely important tree 
species, it will be accepted in reasonable proportion in 
temperate zone in long-term prospect. However, this spe-
cies must be managed with special attention to its specific 
threats, ergo implementing forest protection measures 
mitigating wind and bark beetle risks (Kunca et al. 2007; 
Konôpka & Konôpka 2008).

5. Conclusions
A wind and bark beetles on Norway spruce were the most 
important damaging agents in Slovakia within two dec-
ades (1998–2017). It was evaluated by the salvage felling 
that was caused by forest harmful agents. The recent dra-
matic increase of forest damages caused by bark beetles 
relates to large-scale wind-break disasters. The damaged 
wood from those windthrows was not processed in time 
and completely because of restrictions of forest manage-
ment in nature conservation areas. In general, Norway 
spruce is the most effected forest tree species. It is likely 
that Norway spruce proportion in Slovakia, as well as in 
Central European countries will decrease in the future 
due to climate change, biotic damaging agents and the 
nature protection preferences. New forests in the locali-
ties damaged by wind, snow or biotic damaging agents 
are established prevailingly with regards to suitable eco-
logical conditions for trees and climate change scenarios 
and if possible, natural regeneration is preferred. These 
approaches in forest stand regeneration together with 
silvicultural and protection measures would gradually 
decrease amount of salvage felling in long-term prospect 
(Konôpka & Konôpka 2011; Vakula et al. 2015).
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