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Abstract

In the period from 1992 to 2013, more than 3.8 million m? of spruce wood from an area of 55 thousand ha of forests in the Kysuce region
(Western Carpathians) was affected by bark beetles. This region has had the highest volume of salvage fellings in Slovakia. While before
1991, bark-beetle outbreak usually occurred after snow and wind disturbances, since 1992 they have occurred in the years with extremely
warm and dry growing seasons and the years following them. These years were also characterised by high volumes of wood affected by
honey fungus (Armillaria spp.), which only rarely took part in the calamities before 1992. Extreme deterioration of the situation occurred
after 2003. In fragmented and sparse stands, the volume of wood damaged by wind increased. Artificial origin of spruce stands, their
high occurrence, high age and even-agedness are likely pre-disposing factors of spruce forest decline. Bark beetles have become the most
important factor of spruce decline. The most important factors driving the bark beetle attack on forest stands in the period 1973-2013
were the amount of unprocessed wood in the previous year; the amount of wood affected by honey fungus, precipitation total, and average
temperature in the current growing season. Another important factor that complicated the situation was also the inferior quality of forest
management.
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Abstrakt

V obdobi rokov 1992-2013 bolo v regione Kysuc (Zapadné Karpaty) napadnutych podkérnym hmyzom viac ako 3,8 mil. m3 smrekového
dreva na ploche 55 tis. ha lesa. Tento region patri dlhodobo k regiénom s najvy$sim objemom nahodnych tazieb na Slovensku. Pokial do
roku 1991 dochéadzalo k premnozZeniu podkérneho hmyzu predovsetkym po snehovych a vetrovych kalamitach, od roku 1992 dochadza
ku vzniku kalamit podkdérneho hmyzu v rokoch s extrémne teplymi a suchymi vegetacnymi sezénami a v rokoch po nich nasledujtcich.
Tieto roky sa vyznacuja zaroven vysokym objemom dreva napadnutého podpriovkou, ktora sa podielala na kalamitach pred rokom 1992 len
zriedkavo. K extrémnemu zhors$eniu situacie dochadza po roku 2003. Vo fragmentovanych a preriedenych porastoch dochédza nasledne
k narastu objemu dreva poskodeného vetrom. Nepovodnost smrekovych porastov, ich vysoké zastipenie, vysoky vek a rovnovekost st
predispozi¢nymi faktormi odumierania smrec¢in. Podkorny hmyz sa stal najvyznamnejs$im ¢initelom odumierania smrecin. Faktormi
najvyznamnejsie vplyvajicimi na napadnutie porastov podkdrnym hmyzom v obdobi 19732013 boli mnozZstvo nespracovaného dreva
v predchadzajucom roku; mnozstvo dreva napadnutého podpriovkou, thrn zrazok a priemerna teplota vo vegetacnej sezone v danom
roku. Medzi dalsi faktor, ktory vyznamne skomplikoval situéciu bola zhorSena kvalita lesnickeho manazmentu.

Klucové slova: Ips typographus; odumieranie smreéin; Beskydy; pocasie; ndhodné tazba

1. Introduction initiated by wind-throws in the mountains of the Central

Carpathians, and physiological weakening of Norway spruce
(Picea abies L.) stands in the mountain ranges formed by
flysch rocks (Vakula et al. 2014).

Bark beetle outbreaks generally last from 5 to 7 years,
during which many trees are killed (Schroeder & Lindelow
2002; Jakus$ et al. 2003). The dynamics of outbreaks depend

Inthelast 7 years, bark beetles have been the most destructive
disturbance agent in Slovak forests; in 2013, 1.5 mil. m? of
processed spruce timber was infected by bark beetles (Kunca
et al. 2014). The most important species from this group is
Spruce barkbeetle (Ips typographus L.), which accounted for
94% of this volume. Other important species are Six-toothed

spruce bark beetle (Pityogenes chalcographus L.), Double-
spinedbarkbeetle (Ips duplicatus Sahlberg) and bark beetles
on pine. The outbreaks of bark beetles on spruce have been

largely on insect abundance, tree susceptibility, weather
conditions, and human measures (Wermelinger 2004). I.
typographus prefers reproduction in the breeding material
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with non-existent or weak defences such as wind-thrown
or otherwise damaged trees, cut slash and debarked felled
timber.

Physiological weakening of spruce stands or so called
contemporary spruce decline (Hlasny & Sitkova 2010) is
accompanied by the outbreaks of honey fungus (Armillaria
spp.), which attacks physiologically weakened trees. The
trees are consequently attacked by bark beetles. The ana-
lysis of the trees from salvage felling in the Kysuce region
revealed that honey fungus occurred in 68 % of salvage wood
(Longauerova et al. 2010). A specific feature of this type of
decline isan accompanying occurrence of invasive species of
Double-spined bark beetle (Ips duplicatus), which was repor-
ted from Slovakia in 1996. In subsequent years, an expan-
sion and outbreak of this bark beetle occurred (Vakula et al.
2007). Locally, Double-spined bark beetle (Ips duplicatus)
ismore abundant than Spruce bark beetle (Ips typographus).
This type of spruce forest die-back occurs also in the border
regions of the Czech Republic and Poland (Holusa 2004;
Grodzki 2007), where it started at the beginning of 90s, but
especially after 2003. Health condition of spruce forests was
affected by several predisposing factors, the most important
of whichis the allochthonous character of spruce growing at
unsuitable sites (Holusa 2004; Grodzki 2010). Forest stands
that are insufficiently adapted to currently changing envi-
ronmental conditions, such as secondary Norway spruce
stands growing outside their natural occurrence, are parti-
cularly susceptible to disturbances (Seidl et al. 2008). The
largest die-back in the north-western part of Slovakia began
after 2003, which was an extremely warm and dry year. The
forests started to be physiologically weak. The weakened
spruce stands were easily attacked by honey fungus. In the
trees affected by honey fungus, bark beetles were excessively
propagated. Later, bark beetles started to be the primary die-
-back factor (Vakula 2012).

Warm and dry weather can increase the frequency of bark
beetles in two different ways: directly — drought affects phy-
siological conditions of trees and makes them susceptible
to bark beetle attack, indirectly — high temperatures create
favourable conditions for mass bark beetle swarming, and
for their searching for host trees, and accelerate the juve-
nile development. Christiansen & Bakke (1997) found that
except for scarce cases of long-term droughts, it is more
probable that the dynamics of bark beetle propagation is
directly affected by spring weather rather than indirectly by
the physiology of host tree species. The analysis of long-term
data from the south-eastern Alps showed that spring drought
increases the next-year damage caused by bark beetles, while
warm spring affects its phenology (Faccoli 2009). Climatic
extremes can accelerate chronic declines associated with
human management (Jurskis 2006).

Trees affected by honey fungus are preferably attacked
by bark beetles (Tkacz & Schmitz 1986). Due to the pro-
duction of volatile substances, trees affected by Armillaria
spp. are attractive to bark beetles (Madziara-Borusiewicz &
Strzelecka 1977). Root systems affected by fungi contribute
to a gradual damage of sap flow resulting in qualitative and
quantitative changes in sap and bark. These changes also
modify the attractiveness of affected individuals for bark
beetles (Rudinsky et al. 1970).

150

The goal of this work was to describe the time course of
bark-beetle outbreaks since 1973, and to assess the impact
of selected factors on the volume of wood affected by bark
beetles in the part of the Western Carpathians.

2. Material and methods

2.1. Study area

The study area is located in the north-western region of
Slovakia called Kysuce. The region is situated at the border
of three countries: Slovak Republic, Czech Republic and
Poland, within two Slovak districts of Cadca and Kysucké
Nové Mesto (Fig. 1). The forest cover is about 55,000 ha,
of which 40% is owned by state and 60% by non-state com-
panies. Forest area constitutes 59% of the total area of the
region. In the area, the Norway spruce Picea abies L. (71%),
common beech Fagus sylvatica L. (14%), silver fir Abies alba
Mill. (7%) and Scots pine Pinus sylvestris L. (2%) are the
dominating tree species. Other species occur only occasion-
ally. Non-native spruce stands (Picea abies L.) grow in 4th
and Sthvegetation zones. Orographically, thisregion belongs
to the Beskid Mts., Javorniky Mts. and the Kysuce Highlands
mountain ranges of the western Carpathians. Geologically,
the region is located mainly at the palacogenetic flysch. An
elevation of the region varies between 400 — 1,200 m a.s.l.

Fig. 1. Position of the study area in northwestern part of part of
Slovakia (districts Cadca and Kysucké Nové Mesto).

2.2. Data collection

The information on the volume of salvage felling timber was
obtained from the register, which is managed, checked, and
evaluated for the whole Slovakia by the Forest Protection
Service Centre in Banska Stiavnica. The data were obtained
for the period from 1973 to 2013. The data on the volume of
affected, processed and unprocessed wood were recorded
separately. The data on the volume of wood damaged by
bark beetles (hereafter as BB) represents summary data for
the following species: Spruce bark beetle (Ips typographus
L.), Six-toothed spruce bark beetle (Pityogenes chalcogra-
phus L.), and other species. The group of other bark beetle
species includes Double-spined bark beetle (Ips duplicatus
Sahlberg), Eight-toothed spruce bark beetle (Ips amitinus
Eichhoff), and Small spruce bark beetle (Polygraphus pol-
igraphus L.), which are notrecorded separately. In the exam-
ined period, Spruce bark beetle was the dominant species,
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which accounted for 92% of the wood amount affected by BB.
The data on the other analysed factors, i.e. on honey fungus,
wind and snow were obtained in the same way.

Meteorological data were obtained from Cadca meteo-
rological station (source SHMU). The data were obtained
for the period from 1951 to 2013. Each year was characte-
rised by the average temperature and precipitation total in
the growing season (from April 15 to September 30™). The
data were compared with the long-term average (hereafter
as LTA) temperatures and total precipitation representing
the period from 1951 to 1980. The occurrence frequency of
above-average temperatures was calculated as a ratio (%)
of the years with the temperatures higher than LTA. The
occurrence frequency of below-average temperatures was
calculated as a ratio (%) of the years with the temperatures
lower than LTA.

We analysed two time periods. The first period between
1973 and 1991 (hereinafter as 1st period) represents the
period prior to the spruce forest decline. The second period
between 1992 and 2013 (hereinafter as 2nd period) is the
period of the large-scale spruce forest decline in the exami-
ned region.

2.3. Data analyses

Statistical evaluation of the results was performed in Sta-
tistica 10 software (Stat Soft, CR, s.r.o.). Factor analysis,
method of principal components with the rotation of Vari-
max normalised, was used to assess the relations between
the analysed factors (independent variables) and to reduce
the number of independent variables entering the multiple
regression analysis applied afterwards.

Factor scores were subsequently used in multiple linear
regression, in which wood volume affected by BB in year
“n” wasthe dependent variable. Independent variables were
the unprocessed wood affected by BB in year “n-1”, wood
volume damaged by wind and snow in year “n-1”, wood
volume affected by honey fungus in year “n”, average tem-
perature, and precipitation total in the growing season in
year “n”. Regression parameters were estimated using least
squares method.

3. Results

3.1. Bark beetle outbreak dynamics

During 1% period (Fig. 2a) we observed the first increase in
the volume of wood affected by BB in 1977, which culmi-
nated in 1979 (9 thousand m? of affected wood). The next
increase in the volume of wood affected by BB occurred
in 1984 (5 thousand m?), and culminated in 1989 (6 thou-
sand m®). The average annual volume of affected wood was
3.5 thousand m?.

During 2™ period (Fig. 2b) we observed the first slight
increase in the volume of affected wood in 1992 (7 thousand
m?) with the weak culmination in 1995 (47 thousand m?).
The next increase in the volume of affected wood was obser-
ved in 1998 with the culmination in 1999. Another increase
of salvage trees affected by BB was recorded in 2003 with the

culmination in 2004 (181 thousand m?). In 2007, a further
increase in the volume of wood affected by BB (263 thou-
sand m?) with the culmination in 2009 (668 thousand m?)
was observed. The year 2009 was the year with the highest
volume of wood affected by BB since 1973. After 2009, there
was a gradual decrease in the volume of wood affected by
BB, with a significant decrease after the year 2010. In 2012,
we observed a slight increase in the volume of wood affected
by BB. The reason for this development was the substan-
tial reduction and locally even the total absence of spruce
stands with the age above 60 years. Considering the calami-
ties, the period between 2003 and 2013 was the most critical
since 1973, as during this time salvage fellings accounted
for 77-99% of the total felling amount (Fig. 3). The annual
average volume of salvage fellings was 462 thousand m? per
year. In this period, a large amount of wood affected by BB
was left unprocessed at sites (43 thousand m? on average),
which had anegative impact on the amount of wood affected
in the following years.
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Fig. 2. Volume of trees infested by bark beetles in 1% period be-
tween 1973 and 1991 (a) and in 2™ period between 1992 and 2013
(b) in the Kysuce region (National Forest Centre - Forest Protec-
tion Service, Slovakia; internal data).
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Fig. 3. Volume of felling between 2003 and 2013 in the Kysuce re-
gion (National Forest Centre - Forest Protection Service, Slovakia;
internal data).

Onthebasis of the observed results we can say that during
15t period two smaller bark-beetle gradations occurred, after
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which the maximum annual volume of affected wood did not
exceed 9 thousand m?. In the second period we recorded 4
bark-beetle gradations with the maximum annual volume
of 668 thousand m? of affected wood. Until 1991, the ave-
rage annual volume of wood affected by BB was only 3 tho-
usand m?, while after 1992 it was 176 thousand m?, which
is 56-times more (Table 1).

Table 1. Average annual volume (thousand m?) of trees damaged
by the most important pest agents in the studied periods in the Ky-
suce region (National Forest Centre - Forest Protection Service, Slo-
vakia; internal data).

Time period Barkbeetles ~ Honey fungus Wind Snow
1973-1991 (19 years) 3,162 1,829 20,050 20,437
1992-2013 (22 years) 175,866 93,284 36,890 10,735
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Fig. 4. Volume of trees affected and damaged by honey fungus,
snow and wind in the period 1973-2013 in the Kysuce region (Na-
tional Forest Centre - Forest Protection Service, Slovakia; internal
data).

3.2. Honey fungus, wind and snow damage

The comparison of the annual average amount of wood dam-
aged by most harmful factors since 1973 can be made using
the datain Table 1 and Fig. 4. During 1% period, honey fungus
attacked the largestvolume of wood in 1979 (18 thousand m?)
and in 1984 (7 thousand m®). The average annual volume of
affected wood was 1.8 thousand m®. During 2™ period, honey
fungus attacked the largest volume of wood in 2009 (269 thou-
sand m?) and in 2010 (266 thousand m?). The average annual
volume in 2™ period was 93 thousand m?, which is 50 times
more than the volume of wood affected in 1% period. The vol-
ume of wood affected by honey fungus started to increase in
1996, with the sharp rise in 2003.

During 1% period, wind damaged the largest amount
of wood in 1990 (34 thousand m?) and in 1989 (33 thousand
m?3). The average annual volume of wood was 20 thousand
m3. During 2™ period, wind damaged the largest amount
of wood in 2005 (106 thousand m?3) and in 2004 (73 tho-
usand m?). The average annual volume in 2" period was
37 thousand m?, which is 1.8 times more than the volume of
wood damaged in 1 period.

Snow damaged the largest amount of wood in 1976
(87 thousand m®) and in 1983 (41 thousand m®) during 1*
period. The average annual volume of wood damaged by snow
was 20 thousand m3. During 2™ period, snow damaged the
largestamount of wood in 2006 (89 thousand m?) andin 2007
(22 thousand m3). The average annual volume of wood dama-
ged by snow in 2™ period was 11 thousand m?, which is 53%
of the volume of wood from 1% period.
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3.3. Temperature and precipitation

Figure 5 shows average annual temperatures and precipita-
tion totals in the growing seasons since 1951. The long-term
average temperature in the growing season was 12.7 °C and
the long-term precipitation total was 568 mm. During 1%
period, the average annual temperature in the growing sea-
son was by 1 °C lower than during 2™ period (Table 2). In
2n period, 96% of the seasons were above average warm,
while in 1% period only 63% were above average warm. In
2 period, 6 years (27%) were extremely warm (by more
than 1.5 °C than LTA), and 7 years (32%) were very warm
(by more than 1-1.5 °C than LTA), while in 1% period only
1 year (5%) was extremely warm. The results point to a
marked warming and high frequency of extremely warm
growing seasons in 2" period.
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Fig. 5. Average temperatures and precipitation totals in the grow-
ing season in the years 1951-2013 at the meteorological station of
Cadca (data source Slovak Hydrometeorological Institute).

Table 2. Statistical characteristics of the temperature in the growing
season in the two time periods in the Kysuce region (mean + SD).

. % of years with
Tim Difference atemperatury
ne x+8x Min  Max Sx%  fromlong- emperatire
period above the long
term average
term average
1973-1991 12.840.8 113 147 63 0.2 63
(19 years)
1992-2013 13.840.6 12.6 146 44 1.1 96
(22 years)

Table 3. Statistical characteristics of precipitation in the growing
season in the two time periods in the Kysuce region (mean £+ SD).

% of years
Time Difference witha
. x+Sx Min  Max Sx%  fromlong-  precipitation
period
term average above the long
term average
1973-1991 529.2+68.9 382.0 663.0 13.0 93.2 74
(19 years)
1992-2013 522.9+126.1 327.0 876.0 24.1 92.1 73
(22 years)

During 1% period, the average precipitation total in the
growing season was by 6.3 mm higher than during 2™ period
(Table 3).In 1*tand 2™ period, 73% and 74% years, respecti-
vely, had a precipitation total lower than the long-term ave-
rage. In 2" period, two years (9%) were very dry (less than
70% of LTA), four years (18 %) were dry (less than 70-80%
of LTA), while in 1% period only one year (5%) was very dry,
and one year (5%) was dry. These results show the higher
frequency of dry growing seasons in 2" period.
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3.4. Weather, honey fungus, wind and snow
calamities versus bark beetle outbreaks

During 1% period only two bark beetle outbreaks were
observed. The first outbreak occurred after the snow calami-
ties in the years 1976 and 1977. After the snow calamity in
1976, 27 thousand m® of wood remained unprocessed, which
had the greatestimpact on the bark beetle outbreak in the fol-
lowing years. The growing seasons in the years 1976-1977
were normal from the point of temperature and precipita-
tion. The second outbreak occurred after the snow calamities
in the years 1983 (41 thousand m®), and 1985-1989 (18—
3 thousand m? per year). The growing season in 1983 was
the warmest and driest during 1% period, and this also con-
tributed to an increase in the volume of wood affected by
bark beetles in 1984.

During 2™ period, bark beetle outbreak occurred after
the wind-throw in 1992 (22 thousand m®), and other wind-
-throws in the years 1993-1995 damaging the volumes of
3-12 thousand m®. During this period, snow calamities
(0—18 thousand m?® per year) also occurred. The growing
season of 1992 was the warmest and the driest during 2™
period (by +1.9 °C warmer than LTA, 62% of LTA, respec-
tively). Another increase in the volume of affected wood was
observed after the wind-throwin 1997 (28 thousand m?). The
year 1999 was also extremely warm (LTA+1.8 °C) and dry
(80% of LTA). In 1996, the first significant increase in the
volume of wood affected by honey fungus (4 thousand m?)
was recorded. In 2003, we observed another increase in the
volume of wood affected by BB. The growing season of 2003
was extremelywarm (LTA+1.5°C) and dry (74% of LTA). In
that year, a significant increase in the volume of wood affec-
ted by honey fungus (2003 — 113 thousand m?, 2004 — 210
thousand m®) was observed. After this year, the volume of
wood affected by honey fungus occurred every year (more
than 100 thousand m? per year). In addition, wind-throws
became regular events after this year damaging open forest
edges and freshly thinned stands. The following increase in
the volume of wood affected by BB occurred in 2007 (263
thousand m?), and culminated in 2009 (668 thousand m?).
The year 2009 was the year with the highest volume of wood
affected by BB since 1973. This period was characterised
by the activation of honey fungus (more than 160 thousand
m?3 per year), regularly repeated occurrence of wind-throws
(more than 16 thousand m? per year), and also by the snow
calamity in 2006 (89 thousand m?). The years 2006—2009
were also very warm (by more than +1.1 °C compared to
LTA) with below-average precipitation totals (less than 88%
of LTA). After 2009, there was a gradual decrease in the
volume of wood affected by BB, with a significant decrease
after the year 2010 characterised by abundant precipitation
(154% of LTA). Although the year 2012 was extremely warm
(+1.7 °C more than LTA), and the driest in the entire exa-
mined period (57.6% of LTA), only a slight increase in the
volume of wood affected by BB was observed. This was due
to the substantial reduction andlocally even the total absence
of spruce stands with the age above 60 years.

On the basis of the results we can say that during 1*
period two weak bark-beetle outbreaks occurred, after
which the maximum annual volume of affected wood did

not exceed 9 thousand m?. Bark-beetle outbreaks occurred
mainly after snow and wind calamities except for the year
1983, which was extremely warm and very dry. In the second
period, four outbreaks of bark beetles occurred, which were
preceded by warm and dry years, activation of honey fungus,
and the occurrence of snow and wind calamities. Until 1991,
the average annual volume of wood affected by BB was only
3 thousand m?, while after 1992 it was 176 thousand m?,
which is 56-times more.

Factor analysis created three groups of factors (Table
4). The first group (F1) consisted of unprocessed amount
of wood affected by BB in year n-1, and the amount of wood
affected by honey fungusinyear “n”. The second group (F2)
comprised the average temperature in the growing season,
and the precipitation total in year “n”. The third group (F3)
contained the amount of wood damaged by wind in year
“n-1”, and by snow in year “n-1". The results of multiple
regression analysis (Table 5) revealed that the amount of
wood affected by BB in the years 1973-2013 was significan-
tly affected by the first two factors, which together explained
88% of its variability (R>= 0.88, p <0.01). Each of the two
groups of factors contributed to the explanations of variabi-
lity with approximately the same weight, although the first
group (amount of unprocessed wood affected by BB in year
“n-1”, and amount of wood affected by honey fungus in year
“n”) had a slightly greater effect. From the first group, the
factor of unprocessed wood affected by BB inyear “n-1” had
asimilar effect as the amount of wood affected by honey fun-
gus in year “n”. From the second group, precipitation total
had a slightly greater effect than the average temperature in
the growing season. The relationship between the amount
of wood damaged by wind in year “n-1” and the amount of
wood damaged by snow in year “n-1” was not significant.

Table 4. The results of factor analysis, method of principal compo-
nents with the rotation of Varimax normalised.

Variable F1 F2 F3
Unprocessed “n-1” 0.88 0.15 0.15
Temperature “n” 0.34 -0.71 0.33
Precipitation “n” 0.12 0.90 0.13
Wind “n-1” 0,64 —0.41 —0.09
Snow “n-1” —0.02 0.01 —0.96
Honey fungus “n” 0.96 —-0.10 0.00

Table 5. The results of multiple regression analysis, regression pa-
rameters were estimated using least squares method.

N80 Bea endrdop o SO e
Intercept 4301299 1543000 279 001
Fl 057 008 193 026 750 000
P2 046 008 1063 176 603 0.0

4. Discussion

Before 1991, the disturbances caused by bark beetles usu-
ally occurred after snow and wind calamities in the Kysuce
region. The impact of extremely warm and dry years was
marginal with the exception of the year 1983. During this
period, only two minor outbreaks of bark beetles occurred.
Snow and wind were the most harmful factors until 1991.
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The average annual volume of wood damaged by snow was
2-times higher than after 1991. This result may be affected
by the lower age of spruce stands during 1* period, which are
damaged by snow at a higher rate. The analysis of the snow
calamities in the years 2005/2006 and 2009 revealed that
in the Moravia-Silesian Beskids the snow damage primarily
depends on stand developmental stage, volume, age, height,
and diameter (Hlasnyetal. 2011). The impact of density and
slenderness ratio on stand damage was not proven. Accord-
ing to Konodpka (2007), in the Kysuce region snow breakage
mainly occurred at elevations from 601 m to 1,000 m a.s.1.,
where the highest amount of wet heavy snow fell. Large-scale
storm-fellings are one of the most important initiators of /.
typographus outbreaks, since they provide a surplus of breed-
ing material with non-existent or weak defence (Schroeder
& Lindelow 2002; Nikolov et al. 2014).

After 1992, four outbreaks of bark beetles occurred, while
the calamities of BB occurred in the extremely warm and
dryyears (1992, 1999, 2003, 2008) or in the years following
them. Intheseyears, a strong activation of honey fungus was
alsorecorded. BB have become the most harmful factor since
1992. Honey fungus was the second most important factor.
Wind and snow were other factors significantly contribu-
ting to calamities. The most critical period since 1973 was
between 2003 and 2013. In the years 2003—-2008, a similar
progress of spruce forest die-back was recorded in Poland
at the borders with Slovakia and the Czech Republic, in the
Slaski and Zywiecki Beskids. The predisposing factors of
spruce decline in the Beskids are selected stand characte-
ristics (species composition, age) and the Armillaria sp.root
rot. Inciting and contributing factors are the climatic drivers,
and also the wind damage and stress to trees are considered.
The main contributing factors that drive spruce decline are
bark beetles (Grodzki 2010). The process of forest decline
can be described by the Manion’s spiral forest decline con-
cept (Holusa 2004; Grodzki 2010).

The occurrence of BB outbreaks in the years 1973-2013
was significantly related to the amount of unprocessed wood
affected by BB in the previous year, the amount of wood
affected by honey fungus in the given year, precipitation total
and average temperature in the growing season. The amount
of unprocessed wood affected by BB in the previous year had
the greatestimpact on the amount of affected wood. Salvage
felling of affected trees is the most widespread measure to
defeat I. typographus (Wermelinger 2004).

In the years 1992-2013, the average annual volume of
wood affected by honey fungus in Kysuce was almost 50
times higher than in the years 1973—-1991. Honey fungus is
one of the important factors causing spruce forest die-back
inthe Beskids. Grodzki (2010) showed 2-fold increase of the
area affected by honey fungus in the Polish Beskids in 80s
and the years 2005-20009. In the Slovak part of the Beskids,
Kulla & Hlasny (2010) found that the older stands with a
higher proportion of spruce situated in the vicinity of the
locations with biotic pests, were most affected by the decline.
Drought hasvery often been considered as an inciting factor,
and pathogens such as Armillaria sp. as contributing factors
(Desprez Lousteau et al. 2006). Honey fungus is not only a
problem of Europe; in North America (south-central Utah)
an association of bark-beetle outbreaks with honey fungus
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(A. ostoyae) was detected (Jenkins etal. 2014) on spruce trees
(Picea engelmannii).

After 1992, the average annual temperature in the
growing season was by 1 °C higher, and the average annual
precipitation total in the growing season was by 6.3 mm
less than before 1991. After 1992, extremely warm and dry
growing seasons occurred more frequently than before 1991.
Mind4s et al. (2000) consider the lack of precipitation and
high evapotranspiration to be an important stress factor at
sites below 1,000 m above sea level. The analysis of long-term
data from the south-eastern Alps showed that spring drought
increases the next-year damage caused by bark beetle, while
warm spring affectsits phenology (Faccoli 2009). Favourable
thermal conditions and abundant breeding material in the
form of wind-broken and -fallen, as well as standing — stres-
sed trees, favoured the development of subsequent genera-
tions of I. typographus, which resulted in a dynamic outbreak
(Grodzki 2007).

Another factor that complicated the situation was the
inferior quality of forest management. After 1989, 60% of
the forests managed by state were restituted to their original
owners. New forest owners were not sufficiently prepared for
managing forests, and did not have the specialised staff. New
ownership relations were complicated, and in a large part of
the forests the owners were unknown. Salvage fellings were
carried outlate or were not performed at all. Forest protection
measures were insufficient. Fundamental legal regulationsin
forest protection were not followed, which also significantly
contributed to the deterioration of the situation.

5. Conclusion

The paper analysed the data of forest managers on the amount
of wood affected by BB, honey fungus, snow and wind in
the Kysuce region since 1973. Before 1991, BB outbreaks
usually occurred in the Kysuce region after snow and wind
calamities; the occurrence of extremely warm and dry years
was marginal. The greater volume of wood affected by honey
fungus occurred only in 1979. Since 1992, the outbreaks of
bark-beetles have occurred in extremely warm and dry years
or in the years following them. These years were also char-
acterised by high volumes of wood affected by honey fungus.
Bark beetles were the most harmful factor followed by honey
fungus as the second most important factor. Since the begin-
ning of the 1990s, physiological weakening of spruce forests
and the onset of the so called contemporary spruce decline
has occurred.

The artificial origin of spruce stands, their high propor-
tion, high age and even-agedness were pre-disposing factors
of spruce forest decline. Extremely dry and warm growing
seasons, which frequently occurred after the year 1991 put
excessive stress on spruce stands. The resistance of stands
was reduced which made them sensitive to the attack of
honey fungus and BB. After salvage fellings had been pro-
cessed, the stands became unstable, susceptible to wind-
-throws and to further bark-beetle outbreaks on mechani-
cally damaged trees. The most important factors driving the
bark beetle attack on forest stands in the period 1973-2013
were the amount of unprocessed wood in the previous year;
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wood amount affected by honey fungus in the given year,
precipitation total, and average temperature in the current
growing season.

Before 2003, forest management dealing with proces-
sing calamities was sufficient; trees affected by BB were pro-
cessed by the end of the year in which they were affected.
After 2003, the volume of affected wood increased to such
an extent that forestry operation failed to react flexibly to
an extreme increase of calamities. Operating options were
not adapted to such an abrupt increase in the volume of sal-
vage timber. The large amount of wood affected by BB was
left unprocessed in the stands till following years. After this
period, unprocessed focal points of bark-beetle outbreaks
occurred in the stands. This factor caused a further increase
in the volume of affected wood in the years 2008—-2010. A
specific problem of Kysuce is calamitous outbreak of Double-
-spined bark beetle, which has been present in the region
since the mid-90s. This species is a locally dominant pest
in the stands older than 40 years. It is often more frequent
than Spruce bark beetle, and has significantly contributed to
spruce decline. A similar situation is in the border regions of
the Czech Republic and Poland.
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