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ENVIRONMENTAL CHARACTERISTICS 
OF THE KARKONOSZE MTS. REGION AND 

THE PROBLEMS OF SPRUCE FOREST DECLINE 

1. ENVIRONMENTAL CONDITIONS OF KARKONOSZE MTS. 

Consequences of various types of an
thropogenic pressure are particularly seri
ous in mountain areas, because of 
environmental conditions prevailing there 
(severe climate, poor soils, water and wind 
erosion, short growing season, frequent 
catastrophic events such as avalanches and 
hurricanes). In recent years, industrial pol
lutants have been recognised as posing se
rious threat to forest ecosystems and 
leading to their degradation (Her rick and 
Friedland 1990, Hinrichsen 1986, 
Schulze et al. 1989, Tomlinson 1990). 
In mountainous areas these are principally 
coniferous monocultures, which are par
ticularly susceptible to anthropogenic 
stress factors. 

Such a situation takes place in 
Karkonosze Mts. , the part of "black tri
angle" of Europe, where vast areas of 
spruce forests are being damaged by in
dustrial air pollutants derived in 75% 
from the Czech Republic and Gern1any 
(Fig. 1), and only in 25% from Poland 
(Zwozdziak et al. 1993). First symp
toms of damage to the forests in south
western part of Poland were found in 
Izerskie Mts . 20 years ago. It has been 
documented by the studies on heavy 
metal deposition to peat soils on Hala 
Izerska. Lead and cadmium accumula
tion in the upper layers of the peat was 
found to be substantially increased 
( S t r z y s z c z and C h r 6 s t 1 9 9 5). In 
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Karkonosze, first symptoms of spruce 
weakening appeared later than in Izerskie 
Mts., but the decline of forests proceeded 
there very rapidly. At present, the situation 
is considered as ecological disaster. 

Karkonosze is the highest range (up to , 
1603 m a.s.l. - Sniezka) of Sudeten Mts. 
located in south-western Poland (Fig. 1). 
An analysis of 30-year-series of climatic 
data (M i gal a et al. 1995) has shown that 
the region is characterised by considerable 
cloudiness, high precipitation sums (1422 
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mm annually) and high humidity 
(83.3- 89.2%). Frequent occurrence of fogs 
and clouds in the uppermost parts of the 
mountain range limits solar radiation input 
and, thereby, elevational ranges of plants are 
shifted down in relation to other mountains 
(by some 300 m compared to Tatra Mts.). 
Submontane zone reaches its upper range of 
400 m, above which lower montane forest 
belt extends up to 1000 m. Original vegeta
tion of the latter belt has remained un
changed only in few places. Native tree 
stands have been completely removed from 

the remaining area and replaced by 
man-planted spruce forests. Upper 

. 
montane zone lying between 1000 and 
1300 m a.s.l. is covered by primeval 
spruce forests rich in understory species 
and with well developed moss layer. 
Subalpine vegetation characteristic of 
the elevation range from 1300 to 1560 
m a.s.l. is composed of dwarf 
mountain-pine and grass communities. 
Alpine vegetation occurs solely in the 

, 
uppermost part of Mt. SnieZka and con-

Fig. 1 . The map of a part of Central 
Europe with locality of Sudety and 
Karkonosze Mts. 

* - the capitals 
- - - - the ''black tri angle" of Europe 

stitutes a narrow 30-50 m belt 
(Pawlowski 1959, Fabiszewski 1985). 

Climate is severe: average tem
perature maximum (July and August) is 
13 .6°C, minimum (in January) reaches 
-8.5°C, and minimum temperature at 
the ground level is - 11 °C. Frequent 
south-westerly winds of speeds up to 
11.5 m s- 1 bring industrial pollutants 
from other areas of Poland as well as 
from Gerrnany and the Czech Republic. 
Snow cover usually stays from late No
vember to late April, and sometimes 
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even to the second decade of May (about 
160 days), and its depth ranges from 6 to 
128 cm (M i gal a et al. 1995). 

Karkonosze Mts. are forrr1ed from 
granite rocks containing considerable 
amounts of such elements as Al, Pb, As, 
Hg Cd F U Be that can be harrnful or 

' ' ' ' 
even toxic to living organisms (Sac ha n-
bins k i 1995). Increased deposition of 
compounds containing sulphur has led to 
enhanced acidification of waters and soils 
of the region, and thereby, to higher leach
ing losses of parent rock constituents and 
mobilisation of many elements, mainly 
aluminium occurring previously in insolu
ble forms (Sachanbinski 1995). At 
pH=4.0-4.5 Al solubilises into forms 
readily available to living biota. In acid 
soils (pH=3.0-4.5) aluminium replaces 
other cations from exchange sites leading 
to losses of the nutrient elements from the 
soils. This process is particularly intensive 
in mineral layers of forest soils where Al 
ions may constitute as much as 90% of all 
cations. Geochemical peculiarity of 
Karkonosze Mts. consists in occurrence of 
available forms of extremely toxic Be ions 
in the soils ( S a c h an b i n s k i 199 5). 

Seasonal variability in concentrations 
of air pollutants in Karkonosze Mts. is 
typically high. However, the mean pollu
tion level by sulphur compounds and 
heavy metals is high and has not change 
for a few last years (Zwozdziak et al. 
1995). Thus, predictions for stability of 
spruce forests in Karkonosze Mts. are 
rather pessimistic. 

A survey of natural resources of 
Western Sudety based on satellite images 
made in 1984 revealed that spruce forests 
cover as much as 60% of 35 thousand hec
tares of the area (of which 27% with visi
ble symptoms of weakened vigour), 
deciduous and mixed forests - 10%, 
mountain-pine - 1 Oo/o, and deforested 

areas- 20% (Zawila-Niedzwiecki 
1992). 

The data show that spruce forests 
are the dominant component of the 
landscape, and their degradation results 
in radical changes in both the structure 
and functioning of the natural systems. 
Therefore, causes and effects of the de
cline are of particular concern of both 
foresters and scientists. 

The increasing level of pollution has 
led not only to the spruce forest decline 
over Western Sudety Mts., but also to 
degradation of grasslands situated above 
the tree line (W o j tun et al. 1995). 

Coniferous forest decline has long 
been recognised to be an effect of cli
matic conditions, phytophage activity, or 
air pollution. Lately, much attention has 
also been given to nutritional disharrnony 
(B 1 an k 19 8 5, S c h u 1 z e et al. 1 9 8 9 
Z oln i erz et. al. 1995). Some studies on 
spruce forest decline in Karkonosze have 
suggested that the main reason of the 
phenomenon is deficiency of nutrients N, 
K, Mg, Ca, imbalanced ratios ofN:P and 
K:P, and toxic effects of Al and Pb on 
metabolism of the trees (Zimka et al. 
1995). These factors reduce foliar chloro
phyll content and foliage biomass, and 
inhibit mycorrhizae. 

The above processes have led to 
deforestation of large areas of the 
Karkonosze Mts. A survey of forest re
sources in Karkonosze National Park 
perfot rned in late 80-ties revealed that 
about 70% of high elevation forests 
were damaged, and one half of these 
would die in the nearest future (Raj 
1992). Foresters' predictions are that 
the high elevation forests in 
Karkonosze Mts. may completely van
ish, and subsequently, the tree 1 ine 
would be shifted down by 100-200 m 
(Boratynski et al. 1987). 
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2. GENERAL ASSUMPTIONS OF THE RESEARCH PROJECT 

Having described transformations of 
the forest ecosystems in Karkonosze Mts. 
we pose the following question: how do 
these changes affect formation and func
tioning of animal communities? On the 
one hand, the communities have been 
formed under severe mountainous condi
tions (high elevation, severe climate, and 
short growing season). On the other hand, 
the communities have been influenced by 
drastic changes in the landscape structure. 
Spruce monocultures are replaced by a 
mosaic of habitats representing different 
stages of forest degeneration (from a 
healthy stand through various stages of 
tree damages to deforested areas with 
scarce stubs of tree stems) and regenera
tion (spruce thickets of different age). The 
objective of these studies, the results of 
which are presented in this issue is to as
sess the biocenotic effects of spruce mo
noculture transformations into the patchy 
landscape of mountainous habitats. The 
research project consisted of a few subpro-
. 
Jects: 

1. Assessment of the degree of forest 
ecosystem alteration due to degradation of 
the environment by using phytosociologi
cal indices of quality of herb layer vegeta
tion, 

2. Assessment of usefulness of Vac
cinium myrtillus plants and soil Protozoa 
for monitoring environmental pollution 
level, 

3. Evaluation of structure and dynam
ics of various invertebrate communities in 
degraded and regenerating coniferous 
habitats 

Examination of the latest item was 
based upon responses of selected indicator 
animal communities: soil organisms (pro
tozoans), organisms inhabiting soil surface 
( epigeic spiders) and plant surfaces 

(poorly mobile web spiders and highly 
mobile Diptera). As the groups of or
ganisms differ with regard to their spa
tial distribution in the environment, 
they are exposed to different levels of 
adverse environmental factors, and 
have different abilities to avoid unfa
vourable conditions by migrations. 

The studies were conducted on a 
slope of Mumlawski Wierch (1219 m 
a.s.l.) and in the valley of Kamienna 
river (900 m a.s.l.). In this relatively 
small area, all stages of spruce forest 
transforn1ation could be found typical 
of other parts of the Karkonosze Mts. 
(Fig. 2). Until mid 70-ties, the entire 
area was covered by spruce forests. In 
subsequent years, a mosaic of habitats 
has been forn1ed representing different 
stages of degradation as well as of re
generation of spruce ecosystems. This 
was an effect of a gradual streaked die
back of trees, and natural (spruce re
generation) or man-made (planting of 
spruce, larch, beech, maple and alder 
trees) secondary succession. 

To make a comparison, 4 addi
tional study sites were chosen in spruce 
forests on Szrenica Mt. ( 13 62 m a. s .1.) 
situated at the elevation of 1200- 1 000 
m corresponding to the uppern1ost part 
ofMumlawski Wierch (Fig. 2). 

On Szrenica Mt., differently to 
Mumlawski Wierch, all typically mon
tane elevational ranges of plants can be 
found. Additionally, tourists have fre
quently visited the mount since late 
19th century. Szrenica Mt. is crossed by 
the oldest tourist track of the 
Karkonosze range, and since the begin
ning of 20th century a shelter has been 
established there. Tourism appears to be 
an additional factor affecting fauna and 
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Fig. 2. Location of study sites on Mumlawski Wierch Mt., in the valley of Kamienna river, and on 
Szrenica Mt in Karkonosze Mts. The broken line denotes bordeline between the lower and upper 

montane zone. 1- 13 -

an additional factor affecting fauna and 
flora of the region. Herb and moss layers 
as well as insect communities have been 
found to be synanthropied. 

Much difficulty in data interpretation 
is due to our fairly poor knowledge of 
Karkonosze fauna. We do not have com
plete ecological description of main ani
mal groups of the region, and existing 
faunistic research is fragmentary (K u z m a 
1989). G q_d e k (1981) has stated that 
Karkonosze National Park is one the least 
known among protected areas of the coun
try. Therefore, we do not have any refer-

sample plots. 

ence data from the period preceding the 
ecological disaster, which could have 
enabled us to verify our results in the 
view of the effects of the two principal 
factors: specific mountain environment 
and anthropogenic transformations. 
Nevertheless , there is an urgent need 
to examine at least some fauna com
ponents of this region, and to evaluate 
their chances to survive under condi
tions of the drastic environmental 
changes. This was one of the main 
reasons to undertake the studies pre
sented below. 
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