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ABSTRACT: This work presents results of the studies on responses of plant communities and eco-
logically diverse invertebrate communities to mountain spruce forest decline in the western part of Kar-
konosze Mts. (south-western Poland). It was examined how distribution and biodiversity and predator-
prey relations of invertebrates (Araneae, Diptera, Protozoa) have been affected by fragmentation of the
landscape composed of residues of old-growth spruce forests, young spruce stands and deforested areas.
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[. INTRODUCTION

Declining of spruce forests affected
by industrial pollution has had serious
scientific and economic consequences
not only in Poland (Schulze et al
1989). Completely new ecological cir-
cumstances have arisen. Over large
mountainous areas, even-aged spruce
monocultures have been transformed into
a diverse landscape, the main core of
which, besides old-growth spruce forests,
consists of open areas devoid of trees and
regenerated spruce saplings of different

ages. In Poland, such a situation has oc-
curred 1n the Sudeten Mountains, primar-
1ly 1n their western parts — in the
Karkonosze region (see Fig. 1 in
Dabrowska-Prot 1999a p 366, this vol-
ume). An inventory of natural resources
made in this region several years ago
(aerial photographs) showed that of about
35 thousand hectares spruce stands
(Plagiotecio-Piceetum hercynicum and
P.P.h. filicetosum) covered as much as
60% of the area, with considerable frac-



466 Eliza Dabrowska-Prot

tion showing different stages of damages
(Zawita-Niedzwiecki 1992). This
was the reason to undertake studies that
aimed at analysing changes in structure
and functioning of the plant and animal
communities affected by tree cover de-
struction, herb layer transformation and
appearance of open areas and regener-
ated spruce stands in the spatial struc-
ture. A slope on Mumlawski Wierch
(1219 m a.s.l.) and adjacent valley of the
Kamienna river (900 m a.s.l.) served as
a model study area (see Fig. 2 in
Dabrowska-Prot 1999a p 369, this vol-
ume). This region 1s situated in the west-
ern part of Karkonosze Mts. polluted to
the most by industrial dusts (Zwozdz-
1ak et al. 1995). In order to make a com-
parison, additional studies were carried

out at higher elevations of Karkonosze,
1.e. on Szrenica Mount (1362 m a.s.l.). As
an effect of gradual forest ecosystem
degradation and secondary succession of
spruce forests in both areas examined,
strips of different stages of degradation
and regeneration of the spruce habaitats
occurred alternately. Such a streaked ar-
rangement of the three habitat types (liv-
ing, declined, and regenerated spruce
forests) (see Fig. 2 in Dabrowska-Prot
1999a p 363, this volume) 1s characteris-
tic of the entire affected part of
Karkonosze Mts. The studies were per-
formed in each of the habitat types oc-
curring in the upper and lower montane
Zones.

2. TRANSFORMATIONS OF PLANT COMMUNITIES

First symptoms of spruce forest
decline 1n the Karkonosze region ap-
peared 1n early 70-ties. The damages
were an effect of increased inputs of in-
dustrial pollutants (Zwozdziak et al.
1995), enhanced acidification of the wa-
ters and soils (Zimka and Stachurski
1996), and hence mobilisation of toxic
clements (Al, Pb, As, Hg, Cd, U, Be) de-
rived from the granite bedrock (Sachan-
binski 1995), as well as deficiencies of
biogenic elements, N, K, Mg and Ca in
particular (Stachurski et al. 1994,
Zimka and Stachurski 1996). All the
factors combined with poor activity of
soill microorganisms in some habitats
(Pietr et al. 1995, Sztrantowicz
1993, 1994) have created very unfavour-
able conditions for plants. As the years
go, the process of forest decline has been
intensified leading also to transforma-
tions of herb layer vegetation. This pro-
cess was most distinct in the open areas
devoid of tree canopies (Wasitowska

1999). It principally consisted 1in a
change in quantitative proportions among
components of the vegetation, in colonis-
ing the degraded areas by grass species,
such as Calamagrostis villosa and De-
schampsia flexuosa forming here a dense
carpet, and eventually — in diminishing of
species characteristic of spruce forests
(Wasitowska 1999).

Progress of the changes 1n plant
communities depended on site location
(altitude), and the changes were usually
more advanced 1n the upper montane
zone. For instance, coverage index for
species characteristic of coniferous for-
ests 1n an old-growth spruce forest was
higher by factor 1.5 in the lower than up-
per montane zone, and by 2 times higher
in a declined low-elevation spruce forest
(Wasitowska 1999). Moreover, spe-
cies typical of coniferous forests van-
1shed completely from the degraded areas
of the upper montane zone, whereas 1n
the lower montane zone the species
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of spruce forest in Karkonosze Mts. (Photo. E. Dabrowska-Prot
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reduced their coverage, and non-
indigenous species, mainly those typical
of clearings have expanded rapidly.

In the devastated areas, in sheltered
places 1n particular, spruce stands have
begun to regenerate naturally, and at
lower elevations the process has been

supported by man-planting. Vegetation of
these areas has gradually regenerated,
this being evidenced by recurrence of
forest species at the expense of competi-

tive grass species C. villosa and D. flexu-
osa (Wasitowska 1999).

3. RESPONSES OF VARIOUS ANIMAL GROUPS

Elevational variability 1n abiotic en-
vironment, transformation of plant com-
munities leading eventually to their
complete degeneration, and related land-
scape fragmentation have radically al-
tered life conditions of soil and epigeic
fauna.

As demonstrated previously
(Dabrowska-Prot 1984), invertebrate
abundance does not serve as a good indi-
cator for comparing different areas, be-
cause 1t varies greatly in time and
depends on a variety of casual factors.
Nevertheless, 1t can be a valuable indi-
cator of extremal environmental condi-
tions stimulating or limiting mass occur-
rence of organisms. A comparison of the
Karkonosze entomofauna with generally
richer insect communities of mixed for-
ests (Pino-Quercetum) in the Masurian
Lakeland or with pine forests of the in-
dustrialised Silesia region (where degra-
dation also consisted in forest die-back
and expansion of Calamagrostis villosa
in the herb layer) has not indicated any
serious quantitative impoverishment of

the Karkonosze entomofauna
(Dabrowska-Prot 1984).

However, much less mobile web spi-
ders responded to the altered environ-
mental conditions in Karkonosze much
more clearly. Their numbers and biomass
constituted only 25% and 12% of the re-
spective values reported for herb layer of
coniferous forests in the Upper Silesia re-

gion (Luczak 1994, Dabrowska-
-Prot and Luczak 1995, Luczak and
Wozny 1999).

Many authors have put emphasis on
the fact that soil systems have consider-
able homeostatic capacity, and thereby
the soil fauna cannot be a sensitive indi-
cator of environmental quality. For ex-
ample, even in the Upper Silesia regions
devastated to the most by industry, no
clear decrease 1n numbers nor enzymatic
activity of microorganisms was found
(Badura et al. 1976, Sztrantowicz
1984). The situation observed in the
Karkonosze region was much alike
(Pietr et al. 1995), and even an increase
in abundance of bacteria and other micro-
organisms, as well as increased enzy-
matic activity of microorganisms was
noticed in the degraded area of the lower
montane zone when compare with the
mature spruce forest (Andrzejewska
and Chmielewski 1995). It i1s also im-
portant that abundance of soil Protozoa
was higher in the region of Mumlawski
Wierch and Szrenica than that reported
for forest soils of Upper Silesia. Moreo-
ver, spore participation in the
Karkonosze Protozoa community was
only 25%, whereas it reached up to 50%
in the Silesian community (Sztran-
towicz 1993). At the same time, Testa-
cea mortality rate was high in the
Karkonosze region, reaching in some cir-
cumstances as much as 50% of the total
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Protozoa number. Thus, despite the lack
of clear differences in protozoan abun-
dance, occurrence of the spores and high
mortality rate of the dominant Protozoa
group suggested that environmental con-
ditions 1n the region were unfavourable
for protozoans.

Some 1nvertebrate groups have not
responded to the altered environmental
conditions of the Karkonosze region by
lowering of their qualitative diversity.
For example, no clear qualitative impov-
erishment of Diptera, the dominant group
in the entomofauna, was found, and
number of the Diptera families was even
by 10% higher than that recorded in pine

forests of the industrialised Silesia region
(Dabrowska-Prot 1999b).

When compare with other regions,
Protozoa did not exhibit any decrease in
species number either, although some
symptoms of relative impoverishment ap-
peared 1n this soil fauna group (Sztran-
towicz 1984, 1993). Similarly to
Silesia, dominants in the Karkonosze re-
gion were Testacea (85% of the commu-
nity abundance), the group being best
adapted morphologically to unfavourable
environmental conditions. Moreover, no
flagellates were found in Karkonosze al-
though they occurred in the Silesia region
but only in the form of spores.

Table 1. Distribution (in percent of total abundance) of different ecological groups of
invertebrates in Mumlawski Wierch region. In frames max. values.

Habitat type Coefficient
living spl:uce Deglzaded vari:liility Author

Growp ?([::::Sc; thickets habitats SD./ X

Soil Protozoa 15.0 11.0 1.050 Sztrantowicz
1993, 1994

Collembola 27.0 22.0 0.456 Andrzejewska,
Chmielewski 1995

Web Araneae of the 52.0 35.0 13.0 0.590 Luczak 1994

herb and shrub layer f.uczak, Wozny
1999

Formicidae 5.0 31.0 64.0 0.888 Andrzejewska,
Chmielewski 1995

Epigeic Araneae 30.5 20.5 49.0 0.440 Luczak, Wozny
1999

Diptera imagines of the 32 49.0 18.5 0.460 Dabrowska-Prot

herb and shrub layer 1999b

Diptera imagines of the 27.0 12.0 0.750 Dabrowska-Prot

ground layer 1999b
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Web spiders were found to react
negatively. Species number found in the
region of Mumlawski Wierch and
Szrenica was reduced by 35% when com-
pare with spider community in Silesian

forests (Luczak and Dabrowska-
Prot 1995).

Particular groups of animals differed
among themselves regarding responses to
spruce forest decline and consequent ap-
pearance of deforested areas and spruce
saplings in the landscape (Table 1). Soil
protozoans, Collembola and web spiders,
being weakly mobile groups, have pri-
marily inhabited living spruce forests.
Diptera occurring on the ground as well
as 1n the upper herb and shrub layers
were most abundant in the spruce sap-
lings. Such a pattern of spatial distribu-
tion was characteristic of Homoptera —
Auchenorrhyncha (Andrzejewska and
Chmielewski 1995). On the other
hand, epigeic spiders and ants penetrating
ground layer easily tolerated the condi-
tions typical of the devastated areas, with
dense herb layer providing them with

sufficient protection against extremal mi-
croclimatic conditions prevailing here
(Luczak and Wozny 1999). Coeffi-
cients of variability (Table 1) suggest that
environmental selectivity of Protozoa is
almost twice that of the other animal
groups. This indicates particular sensitiv-
ity of the former organisms to environ-
mental conditions. The only optimal
habitats for the group were mature spruce
forests.

Variation in the animal abundance
across the habitats examined was fol-
lowed by qualitative differentiation of the
animal communities. Spatial distribution
of the taxa measured by the Koch’s dis-
persion coefficient (Table 2) was least
regular in the case of the soil fauna (Pro-
tozoa). By contrast, the area was colo-
nised most evenly by mobile forms,
easily penetrating different habitats (Dip-
tera).

Despite considerable ecological di-
versity of the invertebrate groups investi-
gated, all of them were relatively
selective with regard to the environment,

Table 2. Spatial dispersion of taxa (Koch’s index, 1957*) and taxonomic diversity of various
habitats expressed as per cent (max. and min.) of taxa occurring in a given habitat to the total
number of taxa.

Habitat type number of Index of taxa
living spruce degraded spruce taxa dispersion
forests habitats thickets
Group % min — max % min-max % min — max
Soil Protozoa
(species) 46 — 58 20 - 40 30.5 15 (0.220
Epigeic Araneae
(species) 36 - 39 29 — 49 22 - 29 42 0.270
Web Araneae of the
herb and shrub layer
(species) 32 -36 22 —43 39 - 51 69 0.485
Diptera imagines of
the herb and shrub
layer (families) 68 — 75 56 - 70 73 78 41 0.675
(T-S):(n-1)

* Koch’s index of dispersion:

S

S — number of taxons in whole area.

T — sum of taxons of inestigated sites, n — number of sites.
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and this was confirmed by the values of
dispersion coefficient ranging between
0.220 and 0.675. Maximum value of the
index 1s equal to 1.0 and 1s characteristic
of completely even distribution of taxa.
In the case of lowland non-disturbed for-
est areas, the index estimated for Diptera
was about 0.8 (Dgbrowska-Prot
1991). Considerable selectivity of the
Karkonosze fauna has also been con-

found ranged from 14% for Diptera to
21.5% for web spiders. The respective
values for the living mature spruce for-
ests were 2.5% (epigeic Araneae) and
12% (Diptera), and for young forests
from 0% to 12% (web Araneae) (Ta-
ble 2).

The described phenomena indicate
that the invertebrates had the most mo-
saic pattern of distribution in the declined

Table 3. Taxonomic specificity of the animal communities expressed by per cent of taxa
occurring exclusively in a given habitat type

Habitat type
living spruce degraded spruce thickets

Group forests habitats 3
Soil Protozoa
(species) 20.0 0 6.5 26.5
Epigeic Araneae
(species) 33.9 16.5 7.0 57.0
Web Araneae
Diptera imagines

o) 10.0 7.5 20.0

(families)

firmed by share of the families or species
found in particular habitat types and per-
centage participation of the taxa in their
total number estimated for the study area
(Table 2). The species number indicates
fairly low richness of the fauna of par-
ticular habitats in relation to possibilities
existing in the entire terrain. In most
habitats examined, number of taxa did
not exceed 40-50% of the total number
found in the region. Although Diptera
were an exception, 1t should be remem-
bered that the analysis related to the fam-
1ly level. Additionally, it turned out that
the most diverse habitats regarding taxo-
nomic richness of the fauna were those
degraded where the differences between
minimal and maximal percentage of taxa

spruce forests. This 1s also confirmed by
high percentage of taxa inhabiting only
one, fixed type of habitat (Table 3).

Differences 1n dispersal of the taxa
over the landscape are reflected by tro-
phic structure of Diptera in particular
habitat types (Table 4). In the devastated
sites, participation of phytophages,
predators and parasites decreased when
compare with the living spruce forests,
whereas participation of saprophages in-
creased by more than 50%. Shannon-
Pielou’s index values (Table 4) indicates
disturbed quantitative proportions among
trophic groups in that type of habitat.
A similar phenomenon was observed by
Hartman et al. (1989) in declined
spruce forests, where saprophagous dip-
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Table 4. Trophic structure of Diptera communities

Habitat type
living spruce degraded habitats spruce thickets
Indicator forests
%0 1n number of Diptera
communities:
phytophages 16 6 15
saprophages and phytophages 45 75 64
predators and parasites 40 19 21
Proportions of numbers :
Phytoph.+predat.+parasit.
Saprophag+phyto—saproph. 1.25 0.328 0.583
Shannon-Pielou’s index for 5
trophic groups H'/H" 0.460 0.404 0.425
terans clearly predominated. In the including various trophic groups of Dip-

spruce thickets, a gradual restoration of
the trophic structure characteristic of
spruce forests has occurred. In the de-
graded areas, dipterans were principally
involved 1n processes of dead organic
matter decomposition, this having been
documented by a low ratio between phy-
tophage, predator and parasite numbers
(grazing chain) and saprophage and
phyto-saprophage numbers (detritus
chain). In the old-growth spruce forests,
dipterans contributed, besides decompo-
sition, to biocenotic processes based on
predator-prey and plant-phytophage in-
teractions.

From the point of view of biocenotic
control 1n  mountainous  regions,
predator-prey interaction is of particular
importance. There are two reasons,
namely a fairly low contribution of
predatory forms to invertebrates and their
aggregated spatial distribution. Predatory
dipterans (Table 4), similarly to web spi-
ders (Table 1), were most abundant in the
living mature spruce forests. Both groups
of predators have been considered to con-
trol over numbers of other insect groups,

A {haureace 195, Crane 1961,
Downes 1970, Riechert and Luczak
1982, Riechert and Harp 1987). They
exhibit a “functional reaction” on their
prey, which qualify them as effective
predators (Holling 1956, 1959). Unlike
predators, dipterans that are their poten-
tial prey inhabited most numerously
spruce thickets (Table 1). Thus, spatial
separation of predators from their poten-
tial prey has taken place. This phenome-
non was found to limit to a high degree
proper functioning of the predator (spi-
ders) — prey (Diptera) system and possi-
bilities of controlling over numbers of the
latter group in degraded spruce forests
(Dabrowska-Prot and FLuczak
1995, Luczak and Dagbrowska-Prot
1995).

Particularly evident responses to the
environmental changes showed soil Pro-
tozoa (Sztrantowicz 1993, 1994,
Dabrowska-Prot and Luczak 1995).
In the old-growth spruce forests, the
habitat most favourable for the group,
protozoans were by as many as 5 times
more abundant than in the thickets.
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Table 5. Taxonomic structure of soil Protozoa and their mortality rates in particular habitat types
(after Sztrantowicz 1993, 1994, modified)

Habitat type

Indicator living spruce forests  degraded habitats spruce thickets
% participation number of:
Testacea (T) 42.0 88.0 82.0
Cihata (C) 36.0 10.5 12.0
Amebae (A) 22.0 | P 3.0
Proportions of numbers
i SR SRR ¢ ¢ S8 g Wu ol b SR S B1-rage ]
% of spores 12 42 9
% of dead Testacea 17 49 40

whereas by 7 times more abundant than
in the degraded areas (Table 1). It may
thus be assumed that structure of the
communities was characteristic of
healthy spruce forests. The main fea-
tures of this structure included a fairly
equal proportions of three morphologi-
cally different protozoan groups, namely
Testacea, Ciliata and Amoebae, small
participation of spores and a relatively
low mortality rate of Testacea (Table 5).

In the degraded areas, overall Protozoa
abundance was greatly reduced (Table 1).
Qualitative structure of the community has
been modified 1in such a way that Testacea,
the goup least sensitive to changes in envi-
ronmental conditions, contributed as much
as 90% to the community abundance,
while naked amoebans considerably de-
creased their numbers (Table 5). Almost
45% of the protozoans occurred in a form
of spores. Southwood (1978) defined
such an animal life strategy as “escape in
time” from unfavourable environmental
conditions in contrast to the changes in dis-
persal pattern in the field named “escape in
space”. Testacea mortality reached there
50% of their total abundance.

In the spruce thickets, total abun-
dance of Protozoa was slightly increased
(Table 1). A tendency to reconstruct the
proper structure was also observed. Par-
ticipation of ciliates and amoebans was
raised, share of spores was reduced by 5
times, and mortality of Testacea — by
10% (Table 5).

A limited influence of protozoans on
soil processes in Karkonosze Mts. (e.g.
on reduction of microorganism’s abun-
dance and decomposition of dead organic
matter) resulted from small Protozoa
numbers, aggregated distribution, as well
as a rapid shift towards spore forms and
increased mortality when life conditions
have been worsening.

It turned out that protozoans are
good 1ndicators of environmental quality.
Studies on heavy metal accumulation by
bilberry Vaccinium myrtillus pointed at
the plant to be useful for monitoring pur-
poses, as well. However, changes in
population properties, such as density,
plant shape or fruiting should be con-
sidered, rather than the magnitude of

heavy metal accumulation itself
(Wasitowska and Gworek 1999).
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4. CONCLUSIONS

One of fundamental problems in
landscape ecology 1s a role of various
landscape components (habitats, ecosys-
tems) in maintaining a high level of num-
bers, biomass, taxonomic diversity of
organisms, as well as in functioning of
the natural systems. In the case of
Karkonosze Mountains (see Fig. 1 1n
Dabrowska-Prot 1999a p 366, this
volume), compact monocultures of
spruce forests affected by industrial pol-
lution have transformed into a mosaic of
landscapes (see Fig. 2 in Dabrowska-
-Prot 1999a p 369, this volume). Under
these new circumstances, an important
factor determining the properties of ani-
mal communities, migration 1ntensity
across the landscape in particular, i1s a
system of three main habitats, namely
living mature spruce forests, thickets and
areas devoid of trees. Impact of air pol-
lutants and their deposition to the soil and
water on plants and animals 1s to be
added to the above factors.

Considerable aggregation of animals
1s a striking feature of the Karkonosze re-
gion. This mainly applies to animals of
poor mobility (e.g. Protozoa), and is fol-
lowed by formation of communities
greatly diversified qualitatively and
quantitatively when considering particu-
lar habitats (mature spruce forests, de-
graded areas, spruce thickets) or different

sites within a given habitat type (Ta-
ble 1).

Co-occurrence of mature spruce for-
ests and thickets 1s of special importance
in maintaining a relatively rich fauna un-
der such unfavourable climatic and envi-
ronmental conditions as in Karkonosze
Mts. Besides soil Protozoa occurring
chietly in the old-growth spruce forests,
web Araneae and Diptera colonised usu-
ally mature spruce forests and thickets.

The degraded areas were poorly
colonised by various organisms, except
for epigeic spiders and ants, the group
being able to find sufficient refugee 1n
the well-developed herb layer.

Degradation of the forest habitats
has led not only to a drop 1n quantitative
and qualitative richness of the fauna, but
also to a change in proportions among
various ecological groups, this having
been exemplified by Protozoa (Table 1,
2, 3). In the degraded areas, share of Tes-
tacea, the group well i1solated from the
external environment, was doubled when
compare with the living mature spruce
forests. In contrast, naked amoebans de-
creased their numbers. Moreover, partici-
pation of spores was increased by the
factor of 4. Within the spruce thickets,
structure of the protozoan communities
has changed towards that typical of sta-

bile old-growth spruce forest ecosystems
(Table 5).

Apperance of young woods in agri-
cultural landscape of Masurian Lakeland
was also found to be important for main-
tenance of rich fauna. These were birch-
aspen woodlands growing spontaneously
on wastelands that have maintained great
biodiversity of that region. In the
Karkonosze region, properly managed
spruce thickets have played an equally
important role.

The studies revealed considerable
changes 1n functioning of the natural sys-
tems of the Karkonosze region. Low
abundance and biomass of many animal
groups, including Protozoa, a shift to-
wards spore forms, as well as an increase
in mortality rate, all the factors indicate
limited importance of the group in func-
tioning of the soil system, especially in
decomposition of dead organic matter.
On the other hand, saprophage predomi-
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nance 1n dipterans testifies increased im-
portance of this animal group In
transformation of dead organic matter
(Table 4).

Attention should also be given to
disturbances in functioning of “predator-
prey” systems. For example, as an effect
of partial spatial separation of web spi-
ders from their main prey — dipterans,
proper functioning of the system (bio-
cenotic control) is possible only in old-
growth spruce forests.

Results of this study have confirmed
particular usefulness of soil Protozoa for
assessment of environmental quality of
mountainous regions. Such ecological pa-
rameters as proportions among morpho-
logical types, participation of spores,
mortality rate of Testacea, the group most
resistant to environmental conditions, can
be successfully used for monitoring pur-
poses. The same applies to properties of
Vaccinium myrtillus population (density,
plant shape, and fruit abundance).
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