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Abstract: A survey of mountain spruce stand development in the Šumava National Park on Modrava peat
bogs on an area of 1,370 ha resulting from spruce bark beetle outbreaks was performed by means of visual
evaluation of aerial photographs from the period 1991–2000. In addition, our study addressed the influence
of climatic effects (period 1984–2000) and the effect of forest site (climax, waterlogged and peaty spruce
stands) on the dynamics of disintegration of forest stands. We showed that new infestations were predomi-
nantly found at short distances from their source, the average value was estimated to be 40–60 m, whereas the
longest distance for annual progress in west to east direction was estimated to be 120 m. Differences in the
dynamics of disintegration between waterlogged stands and drier stands were confirmed. There was a posi-
tive relationship between the average temperature in the 2nd quarter of monitoring years which was registered
as the period of the onset of bark beetle development and the proportion of degraded area in Norway spruce
stands. Moreover, pronounced winter desiccation in January 1993 was a triggering mechanism with crucial
importance for the outbreak of bark beetle in the studied area.
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Introduction
Reserves and protected areas are an important part

of any national strategy for conserving forest bio-
diversity including both, interventional and non-in-
terventional management approaches. In the first
case, differentiated polyfunctional management of
forest ecosystems should lead to their higher ecologi-

cal stability and diversity and to the development of
near-natural methods of their management (cf.
Korpe¾ 1993; Otto 1994; Jeník 1998; Poznański and
Jaworski 2002; Vacek, Simon, Remeš et al. 2007). In
the second case, ecological disturbance of different
types and intensities often determines biophysical pa-
rameters, forest ecology and forest development in a
particular area. Whether or not, and how, to incorpo-
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rate natural disturbance regimes in natural resource
management is often complicated by competing val-
ues and perceptions from within the human dimen-
sions of changing ecosystems (Flint et al. 2009).

Higher elevations of the Šumava National Park
(Šumava NP) are dominated by sub-alpine spruce for-
ests with Norway spruce (Picea abies /L./ Karst) (cf.
Sofron 1980, Vacek et al. 2003). Their characteristics
and development have often been evaluated and dis-
cussed in forestry literature (Svoboda and Pouska
2008; Vacek et al. 2009; Štícha et al. 2010; Svoboda et
al. 2010). Forest stands in this area have suffered re-
peated epidemic outbreaks of spruce bark beetle (Ips
typographus /L./), which can be considered as natu-
rally occurring disturbance, nevertheless experts in
various scientific disciplines (nature conservation,
forest ecology, silviculture and forest management)
are not unique in interpreting the forest development
related to this type of damage and differ also in man-
agement approaches to forest stands in this area (cf.
Vacek 2003). Moreover, ecological disturbances of
forests by insects have a complex array of associated
human dimensions presenting complications for nat-
ural resource decision making and relationships be-
tween stakeholders and managers (Flint et al. 2009).

Many authors studied the dynamics of natural for-
ests in similar site and stand conditions
(Schmidt-Vogt 1985; Hofgaard 1993; Prùša 1985;
Korpe¾ 1995; Saniga and Schütz 2001; Holeksa 2001;
Vrška et al. 2001; Vacek 1990; Vacek et al. 2007;
Svoboda 2005; Svoboda and Pouska 2008; Vacek et al.
2009; Svoboda et al. 2010; Pouska et al. 2010;Cížková
et al. 2011). These studies indicated that pronounced
differences in the development of mountain spruce
stands are reflected first of all within different devel-
opmental stages and phases on different sites. Accel-
erated dynamics of development and sometimes of
complete disintegration of mountain spruce stands is
caused by wind, insects (bark beetles), pollutants,
winter desiccation and often by the synergic action of
all these factors resulting in “decline disease spiral”
reflecting the cumulative, sequential contributions of
various events and factors (Manion 1981). In moun-
tain spruce stands in the Krkonoše Mts. it was a result
of the common action of pollutants and winter desic-
cation (cf. Vacek et al. 2007) and in conditions of the
Šumava Mts. it was probably a result of synergism of
air pollution stress, climatic fluctuations and subse-
quent feeding of the spruce bark beetle in zones with
no bark beetle control (Matìjka 1994; Pfeffer and
Skuhravý 1995; Skuhravý 2002; Vacek et al. 2003,
2006; Vacek et al. 2009).

The concept of using both aerial photographs and
satellite remote sensing to assess the health status
development of trees and forest stands in this region
is not new. Hájek and Svoboda (2007) assessed bark
beetle damage in the Trojmezná old-growth forest us-

ing automated classification of aerial photographs
and Zemek et al. (1999) used multispectral satellite
data for quantification of spatial extents of forest
cover changes as a result of bark beetle outbreak in
the Šumava NP; in the Bavarian Forest National park
were used the methods of object-based image analy-
ses for the identification of bark beetle infested trees
(Tiede et al. 2006; Heurich et al. 2010); Kautz et al.
(2011) analysed a 22-year time series of colour-infra-
red (CIR) images of spatio-temporal dispersion of
bark beetle infestations and developed a GIS-based
distance radius approach to quantify the distance re-
lation of subsequent infestations.

In the present paper the dynamics of mountain
spruce stand development on Modrava peat bogs in
the Šumava NP was evaluated on an area of 1,370 ha
that was severely affected in the past by frequent dis-
turbances, mainly by windthrow and bark beetle out-
breaks (Skuhravý 1997). A general objective of this
contribution was to describe accelerated disintegra-
tion of mountain spruce stands during the 1990s in a
model territory between the mountains Luzný and
Roklan. The main goal was to analyse the annual aug-
mentation of areas of dry mature spruce trees based
on a 10-year series of aerial survey photos (spectrozo-
nal and multispectral ones) using methods in the GIS
environment. Additionally, our study addressed the
influence of climatic effects and the effect of forest
site (climax, waterlogged and peaty spruce stands) on
the dynamics of disintegration of spruce stands.

Study area
The described territory belongs to the Modrava

peat bog complex in the central part of the Šumava
NP (Fig. 1). The total area of former National Nature
Reserve (NNR, declared in December 1989) was
3,600 ha. In 1991 this reserve was included in Nature
Conservation Zone I in the newly declared Šumava
NP. In 1995 this territory was declared as a silence
area where the admission of the public is limited. The

Fig. 1. Localization of the territory of interest on Modrava
peat bogs
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whole complex is classified as wetlands protected by
the Ramsar Convention. The varied mosaic pattern of
mountain spruce stands and peat bogs has undergone
highly accelerated development dynamics in the last
20 years.

Climatic conditions of the studied territory are
similar to those of coniferous taiga in boreal forests
(cf. Schmidt-Vogt 1986; Vacek et al. 2009). The cli-
mate of this territory belongs to the coldest and wet-
test climates in the Czech Republic. Long-term
hydrometeorological measurements are done at
Bøezník climate station at 1,135 m a.s.l. This altitude
is approximately the lower border of the natural oc-
currence of mountain spruce stands in the Šumava
Mts. Average annual temperature ranges between 3.5
and 3.7°C. Snow cover reaches up to 3 m in the stud-
ied territory and lasts for 200 days. Spring is very
short. The number of days with windstorm is up to 40
and the number of foggy days is 200 (Hais and Kucera
2008).

Nearly a half of the studied territory is covered by
acidic mountain spruce stands and the other half is
covered by a varied mosaic pattern of waterlogged and
peaty spruce stands and peat bogs – swamps. The alti-
tude ranges from 1,135 to 1,370 m a.s.l. The de-
scribed territory and adjacent Zone I of the Bavarian
Forest National Park (Bavarian Forest NP) make up
an area of ca. 5,000 ha in total that has been subjected
to the same regime of management for a longer time,
i.e. to spontaneous development.

Methods
As the basic map representing the vegetation cover

of the territory a forest type map of the National Park
and Šumava Protected Landscape Area (PLA) from
2003 (updated in 2005) was used. The typological
units of forest vegetation used in the study correspond
to the types of forest vegetation shown in Table 1.

Aerial photographs of sufficient quality were ob-
tained from the administration of the Bavarian Forest
NP, where the whole territory of the national park was
regularly photographed with spectrozonal camera
(bands 4-3-2, i.e. G, R, NIR – near-infrared) or RGB
camera (3-2-1). Aerial photographs were always
taken in autumn from 1991 to 2000.

The source aerial photos were scanned at sufficient
resolution (1,200 dpi) and then transformed by
means of identical points (15–20 points per photo).
Second-order polynomial transformation was used
for this processing (cf. Žídek 2003).

After the identical points were found in the raster
that is oriented by coordinates (it is mostly an ortho-
photomap) and in the unanchored raster (in an aerial
photo in our case), the order of transformation to co-
ordinates was determined (the order gives the power
of a transformation function for the conversion of
each point of the transformed raster). Taking into ac-
count the relief of the territory concerned, i.e. upland
without pronounced fluctuations of the altitude, a
second-degree polynomial was chosen for this pur-
pose. For the described process the TopoLx T 9.5 soft-
ware was used.

Other photos were processed by the method of
orthorectification when based on the knowledge of so
called ground control points and digital terrain
model, an orthophotomap was constructed in the
given coordinate system from source aerial photos.

Potential errors in aerial photographs (in most
cases the presence of clouds in parts of the territory)
were minimized in subsequent calculations and the
missing values of digitized areas were interpolated
from the values of the other years.

Every year a stand area with dead tree layer
(ADTL) was set out by hand digitization (hand edit-
ing). In digitization single dead trees were omitted
because their number and distribution on the area
seemed insignificant for a description of the disinte-

Table 1. An overview of forest type groups (FTG) represented in the territory of interest

FTG Scientific name English name Unit of Zurich-Montpellier
vegetation classification

8Y Piceetum saxatile Skeletal spruce stand Calamagrostio villosae-Piceetum vaccinietosum

8M Piceetum oligotrophicum Oligotrophic spruce stand Calamagrostio villosae-Piceetum vaccinietosum

8K Piceetum acidophilum Acidic spruce stand Calamagrostio villosae-Piceetum

8N Piceetum lapidosum acidophilum Stony acidic spruce stand Dryopterido dilatatae-Piceetum

8V Acereto-Piceetum humidum Waterlogged spruce stand with sycamore
maple

Athyrio alpestris-Piceetum

8P Piceetum variohumidum acidophilum Acidic gleyed spruce stand Calamagrostio villosae-Piceetum sphagnetosum

8Q Piceetum variohumidum oligotrophicum Waterlogged oligotrophic spruce stand Equiseto-Piceetum/Mastigobryo-Piceetum

8T Piceetum paludosum oligotrophicum (humilis) Stunted waterlogged spruce stand Sphagno-Piceetum/Mastigobryo-Piceetum

8G Piceetum paludosum oligomesotrophicum Waterlogged spruce stand Equiseto-Piceetum/Mastigobryo-Piceetum

8R Piceetum turfosum montanum Bog spruce stand Junco filiformi-Sphagnetum recurvi/Sphagno-Piceetum

9R Mughetum turfosum Dwarf pine bog Oxycocco-Empetrion hermaphroditi/Pinion mughi
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gration phase. A group of minimally 5 dead trees was
considered as the focus of disintegration.

To describe the augmentation of the tree layer dis-
integration it was crucial to determine the maximum
extent of augmentation of ADTL borders in the par-
ticular parts of the territory during the frontal infesta-
tion of spruce bark beetle, which was estimated in
this way:
— The year 1997 was determined as year with the

greatest augmentation of ADTL, i.e. the augmenta-
tion by 350.28 ha (26.9% of the total area of the
territory; Fig. 3).

— Along the borders of digitized ADTL from the pre-
vious year (1996) a series of buffers 20 m in width
was created until these areas composed the ADTL
from 1997.

— This area that originated by the buffering of 1996
ADTL was trimmed by the 1997 ADTL layer.

— Subsequently, from an attribute table of the newly
created layer the values of maximum augmenta-
tion of the ADTL border were determined – the
values of the maximum buffer after the application
of above-described trimming.

— In the 1997 ADTL layer after the particular areas
were determined, the maximum ADTL size was
determined and the value of maximum augmenta-
tion of the ADTL border was found out for it.

— After identification of the source ADTL from 1996
it was possible to determine the direction and ori-
entation of this augmentation.
To assess the relationship between the disintegra-

tion of Norway spruce stands and climatic character-
istics, the data from hydrometeorological stations of
the Czech Hydrometeorological Institute at Churá-
òov, Kvilda, Rokytecká sla� and Bøezník (the area of
Šumavské plánì including the investigated area) from
1984–2000 were used, namely air temperature, pre-
cipitation and snow cover.

Differences in the dynamics of disintegration be-
tween waterlogged stands (9R, 8R, 8G, 8N) and drier
stands (8Y, 8M, 8K, 8V, 8P, 8Q, 8T) were tested by the
non-parametric Mann-Whitney U test.

Simple linear regressions were used to test the re-
lationship between the dynamics of general disinte-
gration and climatic parameters (average tempera-
tures for each month of the year, each quarter of the
year, average annual temperature, temperature in the
growing season and outside the growing season, aver-
age precipitation for each month of the year, the sum
of precipitation for each quarter of the year, average

annual precipitation, the sum of precipitation in the
growing season and outside the growing season, and
Lang’s rain factor). One-sample Student’s t-tests
were performed to test all the above-mentioned cli-
matic parameters against long-term standard values
from the period 1961–1990.

Results

Description of mountain spruce stand
disintegration

After a detailed analysis the annual augmentation
of ADTL was mapped in the particular years (see Ta-
ble 2 and Fig. 2 and 3). At the same time exact mea-
surements were done of the area of the territory con-
cerned, areas of particular forest type groups (FTG)
and annual changes in ADTL augmentation:
— total area of the territory concerned 1351,20 ha,
— total area of forest land (mapped by FTG units)

1325,22 ha,
— total area of timber land 1303,20 ha.

The graph of the annual augmentation of areas
with spruce dead standing trees that originated after
bark beetle outbreaks documents the period from
1991 to 2000. An increase in the proportion of dead
standing trees in 1992 and 1993 was very similar to
that in 1991, therefore their more pronounced in-
crease in 1994 was included in the graph. Maximum
annual augmentation of the area with dead standing
trees obviously occurred in 1997, when it amounted
to 350 ha. The phase of mountain spruce stand disin-
tegration represented in this way demonstrates that
at least in the studied territory the main frontal infes-
tation of spruce bark beetle lasted for five years. How-
ever, gradual decline of Norway spruce mature trees
lasted for more than 15 years in this territory. Cur-
rently, there are solitary surviving mature spruces
there.

Decline of forest stands from 1991
to 2000 by forest type groups (FTG)

Significant differences were revealed by an analysis
of the augmentation of areas with dead trees in the
particular FTG in the particular years expressed as the
ratio of the stand area with dead tree layer to the total
area of a given FTG (Fig. 4).

The fastest disintegration was observed in FTG 8Y
(already in 1995), i.e. at the most extreme (highly
skeletal) sites. Waterlogged spruce stands (8P) were

Table 2. Annual changes in the areas with dead trees in the territory concerned

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
ADTL (ha) 12.25 34.68 68.52 120.51 259.19 459.15 809.43 971.80 1013.15 1035.45

% of the total area of
the territory

0.94 2.66 5.26 9.24 19.89 35.23 62.11 74.57 77.74 79.45
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another significantly damaged forest type group, i.e.
the sites that are periodically waterlogged but that of-
ten desiccate in some periods. Spruce stand disinte-
gration took place at the majority of the other sites in
a similar way between 1995 and 1997. In that period
the most frequently represented acidic spruce stands
underwent almost completely the phase of disintegra-
tion that culminated in 1997 (when disintegration was
observed on ca. 70% of their area). A later onset of dis-
integration (shifted toward 1997 to 1999) was re-
corded at heavily waterlogged sites (8G, 8R and 9R).

Stands in drier forest habitat types showed a sig-
nificantly higher proportion of degraded area already
in the second year of monitoring (1992) and this dif-
ference lasted till 1996 (Mann-Whitney U test for
each year, P< 0.05). Since 1997 the proportion of de-
graded area in drier and waterlogged stands was sim-
ilar (Fig. 5).

Annual rate of bark beetle infestation
The longest distance in the provable frontal aug-

mentation of the stand area with dry trees (killed by
the feeding of spruce bark beetle) in west to east di-
rection over a year was estimated to be 120 m per
year. This annual distance was mostly hard to deter-
mine exactly because the neighbouring smaller ADTL
attacked by bark beetle merged into each other, i.e.
various so called satellite vanguards increased their
density and augmented regardless of the main direc-
tions of infestation. This is the reason why based on
data from aerial photos the average value of this dis-
tance was estimated to be 40–60 m per year in the
studied period of the spruce bark beetle expansion.

However, this type of dead tree augmentation was
preceded by an increase in the occurrence of individ-
ual affected trees (their number was negligible in our

Fig. 2. Digitized areas with dead trees – augmentation of these areas in 1991–2000 against the situation in 2007

Fig. 3. Augmentation of areas with dead and dying trees in
% of the timber land area
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case) and mainly by the appearance of new bark beetle
foci of different size. A maximum distance of the ap-
pearance of new foci from the known source was esti-
mated to be 380 m in the 1st year (Fig. 6).

Influence of climate on the onset of bark
beetle outbreak

The objective of the analysis was to detect the val-
ues registered in spring or winter months that could
influence the normal character of winter or spring. All
other known influences (acid precipitation deposi-
tion, inappropriate management of water regime,
etc.) were gradually excluded. After simple verifica-
tion of the list of minimum and maximum air temper-
atures we detected a significantly different course of
air temperatures at a station situated just in the terri-
tory concerned. Over ten years the course of tempera-
tures in January 1993 was distinctly different. Unex-
pectedly, the weather was warm from 7th to 24th Janu-
ary 1993, when the maximum air temperature rose to
+12°C and the minimum temperature did not fall be-
low zero or was zero for several days. The snow cover
became discontinuous for 5 days. The assimilatory
apparatus of spruce was probably damaged by winter
desiccation at that time as a result of high radiation
and low soil temperatures.

Average monthly temperatures recorded in the pe-
riod 1991–2000 did not generally differ from
long-term normal values (period 1961 – 1990) with
some exceptions: average temperature in January was
higher (–2.7°C ±1.5°C SD, N = 10, t = 2.9, P =
0.017) than the long-term normal (–4.1°C) and aver-
age temperature in August was higher (13.9°C ±
1.3°C SD, N = 10, t = 3.7, P = 0.004) than the
long-term normal (12.4°C). Similarly, average
monthly precipitation recorded in the investigated

Fig. 4. Augmentation of areas with the dead tree layer of Norway spruce in % of the stand area in relation to FTG

Fig. 5. The dynamics/the trend of area degradation in forest
habitat types affected by water table and in drier stands.
Vertical bars indicate standard error of the mean. N.s. indi-
cates non-significant difference and *indicates statistical
difference at a P < 0.05 significance level between stands in
the given year, tested by the Mann-Whitney U test

Fig. 6. Velocity of the frontal augmentation of areas with
dead and dying trees (during outbreak in 1995–1997)
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period did not differ from long-term normal values
(period 1961–1990) with the exceptions of April
(61.9 mm ± 8.7 mm SD, N = 10, t = –2.8, P = 0.021)
and August (87.3 mm ± 34.2 mm SD, N = 10, t =
–2.6, P = 0.028) with lower precipitation than the
long-term normal (April: 86 mm; August: 115.6 mm).

There was a positive relationship between the av-
erage temperature in the 2nd quarter of monitoring
years and the proportion of degraded area in Norway
spruce stands (Fig. 7), which is the period of the on-
set of bark beetle development.

Discussion
The intensity of bark beetle activity oscillated over

time: the first bark beetle outbreak connected with
stand disintegration lasted for 5 years and culminated
in 1997 (cf. Vacek et al. 2003), the second great out-
break of bark beetle occurred after the Kyrill storm in
2007 (cf. Vacek, Krejcí et al. 2009). In normal condi-
tions the probability of a local outbreak can be mini-
mised by taking appropriate sanitation measures
(Skuhravý 2002; Fahse and Heurich 2011); neverthe-
less after the onset of bark beetle outbreak sanitation
measures do not usually reduce the progress of infes-
tation significantly (cf. Jakušet et al. 2003; Kautz et al.
2011).

The relatively exact description of the phase of
spruce stand disintegration caused by bark beetle dis-
turbance is of strategic importance for the future
planning of mountain spruce stand management in
the Šumava Mts. Such a general disintegration of
spruce stands is conditioned by the interplay of sev-
eral factors (cf. Pfeffer and Skuhravý 1995). Con-
sidering that in the conditions of autochthonous
mountain spruce stands of central Europe the stage of
disintegration roughly occurs on a quarter of the
stand area (cf. Jaworski 1998), it is an unusually large

extent of disintegration, probably caused by long
anthropogenic influences (forest management, effect
of air pollution on the health status of spruce stands)
in the studied forest ecosystems and in their proxi-
mate environs. The actual weather conditions played
a crucial role in this case as they significantly differed
from the current climatic characteristics of the terri-
tory (climatically extreme January 1993 with large
differences in daily temperatures) as well as the pres-
ence of 2–3 extensive bark beetle foci in the proximity
of the frontier in the Bavarian Forest NP (Skuhravý
1997). The disintegration per se was caused by the
very fast onset of spruce bark beetle infestation. The
outbreak was already observed in 1994 (i.e. a year af-
ter) in waterlogged spruce stands (8P, 8V), which
were probably debilitated physiologically by winter
desiccation. The largest annual augmentation of areas
with dry spruces occurred in 1997. In 1998 there was
a decrease in the annual augmentation of ADTL and
subsequently, it stopped similarly rapidly like its on-
set began. We showed that new infestations were pre-
dominantly found at short distances from their
source, the average value was estimated to be 40–60
m, whereas the longest distance for annual progress
in west to east direction was estimated to be 120 m. A
maximum distance of the appearance of new foci
from the known source was estimated to be 380 m in
the 1st year. These results are in accordance with
Kautz et al. (2011), who estimated that on average
65.7% of new infestations were located within a ra-
dius of 100 m and almost all infestations occurred
within a distance of 500 m.

Yet, acquired knowledge of the dynamics of moun-
tain spruce stand disintegration cannot be applied
generally, nor can it be applied in other localities of
the Šumava Mts. The general decline of stands in
non-autochthonous spruce forests at lower altitudes
was roughly more rapid. In addition, in the environs
of the described area trees attacked by bark beetle
were cut on a large scale in 1996–2000, also in the
zone of mountain spruce stands. For this reason, the
course of this disturbance cannot be evaluated exactly
although some places, where the recession of de-
scribed infestation is currently evident (a locality near
Bøezník) have been preserved. In this evaluation all
triggering conditions should be considered (Skuhravý
2002).

Pronounced winter desiccation in January 1993
could be a triggering mechanism in this case. Damage
to the spruce assimilatory apparatus by winter desic-
cation as a result of high radiation and low tempera-
tures of soil in comparable conditions was described
by Tranquillini (1979) and others. It was a period
when trees gave off a huge amount of water through
transpiration but the roots in frozen or very cold soil
(below 3°C) could not take up water (cf. Vacek et al.
2007, Vacek et al. 2012). Such trees and stands are se-

Fig. 7. A relationship of average temperatures in the 2nd

quarter of the year (from April to June) to the proportion
of degraded area in the investigated period 1991–2000
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verely debilitated and highly vulnerable to bark beetle
disturbance.

For a similar purpose Hais and Kucera (2008) cre-
ated for the studied territory extrapolated values of
air temperatures at a height of 2 m in three stages of
the month of January in 1993. At the beginning of the
month (1st–5th Jan.) the daily average values were be-
low zero (–7.8°C), then a considerable warming oc-
curred on 7th–24th Jan., when the daily average air
temperature was 1.4°C and in the period from 25th to
31st Jan. the temperatures fell to the daily average of
–2.6° C again. These data in connection with high ra-
diation document that pronounced winter desicca-
tion took place in that period, i.e. forest stands suf-
fered from obvious debilitation.

The development of the health status of the stud-
ied spruce stands and bark beetle outbreak were prob-
ably influenced by weather conditions and by a
change in site characteristics (a drop in groundwater
level, processes of introskeletal erosion) already at
the time of stand disintegration (cf. Vacek et al.
2009). The years 1990–2011 showed a number of de-
viations. It was particularly the years 1992, 1994,
2000, 2003 and 2011 with Lang’s rain factor 167.8;
166.5; 171.6; 163.3 and 145.5, respectively, in com-
parison with the normal value from the years
1961–1990 (261.8). Great acceleration of bark beetle
infestation occurred at the end of the pronouncedly
dry three-year period 1992–1994. It was the begin-
ning of severe damage to the studied spruce stands.
On the stand area 64% of trees died between the years
1995 and 1998, while in 1991–2000 it was 79%. An-
other 4% of the area with the spruce tree layer died in
the climatically extreme year 2003 (markedly
above-normal temperatures and below-normal pre-
cipitation). In the given region ca. 2% of spruce trees
(higher than 3 m) were not attacked by bark beetle as
to 2011, particularly in frequent frost pockets in FTG
8R. On the remaining 15% of the stand area there was
either no Norway spruce at all (FTG 9R) or only the
initial juvenile stage or sparse seeding banks.

Hence the mesoclimate character has changed in
the territory concerned in recent years. Besides an in-
crease in average temperatures it is especially a de-
crease in rainfall in the period from April to June,
which is the most important period for growth of
trees. In general, in the Šumava Mts. a considerable
drop in the groundwater table can be observed in the
last several tens of years. It is reflected in a drop in the
water table in previously heavily waterlogged forest
site types (the drop is evident particularly in the
edaphic category P, G, T, Q and R). Water deficiency in
the soil in the first half of the growing season may dis-
turb a number of physiological processes of spruce
that finally result in a reduction in tree resistance to
stress factors. It is another factor that may contribute

to the outbreak of subcortical insects, i.e. of the
spruce bark beetle (cf. Skuhravý 2002).

A far deeper and more detailed analysis should be
carried out in the future focused on the parameters of
particular stand groups differentiated by FTG, not
only in the Šumava Mts. but also in other forests of
the Czech Republic that have been severely attacked
by different species of bark beetles. E.g. in the area of
acidic spruce stands there existed large differences in
the quality of particular stand groups. Large differ-
ences were observed in age, stocking, mean height
and stem diameter, as well autochthonous origin of
spruce trees in the Krkonoše Mts. (cf. Vacek and Lepš
1987, 1996). The highest recorded annual frontal
augmentation of ADTL was observed in forests with
declining allochthonous spruce stands with low
stocking and apparently influenced by pasture in the
past. As reported by Overbeck and Schmidt (2012),
the stand parameters: age and proportion of spruce,
and site parameters: available water capacity, temper-
ature sum and the topex-to-distance index have sig-
nificant effects on the infestation risk of spruce
stands. Due to frequent and longer-lasting periods of
drought, it is likely that on many sites forest trees will
undergo physiological weakening. Despite consider-
able differences between the various forest soils, this
potential stress factor is likely to increase and will be
only partly compensated by forest soil water storage
(Overbeck et al. 2011).

Conclusion
Catastrophic destruction of stands in the studied

area due to bark beetle infestation appears to be re-
lated to three main predisposing factors: bark beetle
outbreak in the adjacent Bavarian Forest NP as result
of severe windstorms affecting large parts of the 1st

zone, stress during an unfavorable climatic period in
winter 1993 weakening the vitality of Norway spruce
stands and long anthropogenic influences increasing
the vulnerability to epidemic outbreaks of spruce bark
beetle (large tracks of allochthonous spruce stands,
changed tree species composition, air pollution). The
most intensive disintegration occurred in a short pe-
riod between the years 1994 and 1997, nevertheless
the disintegration slightly differed according to site
conditions represented by different forest type
groups. The fastest disintegration took place in
stands on extreme (dry, skeletal) sites and also on
acidic gleyed sites where the soil is periodically sub-
jected to waterlogging and possible desiccation.
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