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Abstract

The main focus of the study was to find out whether and how the forestry management in the Białowie˙za Forest has
influenced the mosaic diversity of field layer vegetation and habitat heterogeneity in the temperate hard wood forest
(Tilio-Carpinetum). Five belt-transects represent natural and semi-natural old-growths in Białowie˙za National Park
(BNP), the commercial forest (CF), and secondary stands in the CF. Along the transects, distinct patches of field
layer vegetation were identified and delimited, and their species composition was assessed. Along central lines of
the transects the environmental data was collected from sample points established at regular intervals: soil pH and
the distances to the 4 closest trees, their species, and dbh (diameter at the breast height= 135 cm). The group of
patches (on average 50 per transect) was subjected to the dichotomous classification in order to identify a number
of characteristic types of microphytocoenoses – synusiae. Beta-diversity of the vegetation was expressed with the
Simpson diversity index calculated on the basis of areas occupied by synusiae. The most structurally diversified
were the transects representing natural old-growths in the BNP. A calculation of similarity coefficients between the
transects on the basis of their mosaic composition displayed sharper differences between old-growth and secondary
communities in summer than those found in spring. Forestry management has seriously modified the tree species
composition in two studied stands, through planting oak or initiating succession. This resulted, both in plantation
and pioneer stand, in loss of the main components of natural old-growths: hornbeam (Carpinus betulus), Norway
spruce (Picea abies), lime (Tilia cordata) and maple (Acer platanoides). Significantly a wider range of soil pH
values in natural old-growths coincided with a higher diversity of herbaceous mosaics comparing to secondary
stands. The elimination of spruce (the species being most commonly blown down, projecting an acid canopy
shadow) in two studied areas, elimination of dead wood, and destruction of humus layers through ploughing, could
contribute to a reduction of specific microenvironments. A lower mosaic diversity of secondary stands coinciding
with the unification of environmental conditions along the transects may indicate that forestry management can
lead to the disappearance of a highly structural character in natural forest communities.
Nomenclature: Flora europaea; Sokołowski (1993).

Introduction

One of the striking features of natural forest communi-
ties is the patchy character of plant distribution. There-
fore a phytocoenosis can be considered as a specific
patchwork of microcommunities: microcoenoses (e.g.,
Lippmaa 1939; Korchagin 1964; Barkman 1978).

The way in which different plants co-exist de-
pends on two main groups of factors: (1) internal

factors – their specific preferences, requirements, and
tolerances, and (2) external ones – environmental re-
sources, their availability and distributions. These
factors determine the pattern of the internal organisa-
tion of communities, which minimises the competition
and optimises the resource exploitation.

The author’s previous investigation of vegetation
mosaics in the Białowie˙za Forest showed the com-
binations of field layer vegetation patches as very
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specific characteristics of the communities studied, al-
lowing their classification and identification (Bobiec
& Martakis 1993; Bobiec 1994a,b).

There are different factors causing the patchiness
of communities which can be classified as endogenic
(life strategy of plants – e.g., Grubb 1977; Grime
1979; Falínska 1991) and exogenic (habitat hetero-
geneity - e.g., Whittaker 1970; Kolasa & Biesiadka
1984; Bringmark 1989; Maslov 1989; Van Wirdum
1991; and disturbances – e.g., Beatty 1984; Grubb
1985; Peterson & Pickett 1990).

The trees are a factor, that strongly contributes to
the properties of the whole forest ecosystem and to
the mosaic pattern of the whole community. Trees
influence the lower vegetation through overshading
(Beatty 1984; Tyler 1989; Økland 1990; Piro˙znikow
1991; Bobiec 1994a), supply of differentiated litter
(Aleinikova et al. 1979; Riha et al. 1986; Pallant
& Riha 1990; Peterson & Facelli 1992; Peterson
& Campbell 1993), influence on chemical proper-
ties of stemflow and canopy throughfall (Boerner &
Koslowsky 1989; Koch & Matzner 1993), as well as
the water regime modification (Sokołowski 1966). The
most common disturbances in the natural forest, which
determine the ecosystem’s dynamics, are windfalls.
The rich deciduous communities (Tilio-Carpinetum)
in the Białowieża National Park are affected by this
event: the annual number of fallen trees ranges from
200 to 450 per 100 ha (Faliński 1986). Recently, there
has also arisen increasing interest in the role of blown-
down trees in the boreal forests (Ulanova 1991; Haila
& Kouki 1994; Kuuluvainen 1994).

Studies of the influence of dynamic processes on
vegetation patterns imply the hypothesis that succes-
sion ‘proceeds patchily’ (Toneri 1994).

Forestry management, an activity which focuses on
trees, determines the characteristics of the most impor-
tant factor of community structure and dynamics – the
tree stand. The biggest changes can be observed when
natural old-growth is being cut out and replaced by
artificial plantation. Exceptionally for Europe, where
almost all natural forests had been converted by the
19th century, such transformation is still being carried
out through the forest management of the remain-
ing parts of natural old-growths in the Białowie˙za
Primeval Forest. Preliminary observations of forestry-
induced changes in this forest confirm the conclusions
of other researches that logging breaks climax and
initiates secondary succession (Fischer et al. 1990;
Fischer 1992).

The main purpose of the study was to determine
the influences of forest management on the herb-layer
mosaics and intra-site variability in the oak-lime-
hornbeam forest(Tilio-Carpinetum stachyetosum).

Study area

The research was conducted in the Białowie˙za
Primeval Forest (52◦43′ N, 23◦50′ E), Poland, reput-
ing as a last natural lowland forest in the Euro-
pean temperate zone. The ruling abiotic conditions in
that forest complex are determined by (1) the influ-
ence of continental climate (mean annual precipitation
641 mm, ranging from 426 to 940 mm, 85% in rain;
mean annual temperature 6.8◦C, ranging from 5.1 to
8.8◦C, with the mean temperature in July ranging
from 15.2 to 21.6◦C, and in January from−13.4 to
1.8◦C; Olszewski 1986), (2) old post-glacial forma-
tion (vast plains with small altitude differences, with
altitude ranging from 134 to 202 m a.s.l.), and (3)
the watershed location (dependence on precipitation
water; Falínski 1986b).

The most famous part of the forest is the strictly
protected nature reserve of the Białowie˙za National
Park (BNP) (47 km2), established in 1921. Since then
any commercial activity has been forbidden, except
for very limited tourism. After recent enlargement of
the BNP more than 80% of the Polish part of the
woodland is a commercial forest (CF) (Figure 1). It
constitutes a patchwork of even-aged, usually single-
species plantations, isolated remnants of natural and
seminatural stands (approximately 20% of the com-
mercial forest), and 70-year-old pioneer, mainly birch
stands, developed spontaneously on unplanted clear
felling areas.

Although there is a similar potential spatial par-
ticipation of site types in BNP and CF, the timber
production oriented management significantly modi-
fied the CF stands during the last 80 years, where Scots
pine and Norway spruce were favoured by forestry
(Jȩdrzejewska et al. 1994).

Transects description

The investigation was carried out from April to July
1995 on 5 belt transects of 2× 100 m represent-
ing a rich variant of an oak-lime-hornbeam forest
(Tilio-Carpinetum stachyetosum) – transects A, B,
C, D, E (Figure 1). Biochores ofTilio-Carpinetum
stachyetosum/typicumoccupy the ground moraine
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Figure 1. Location of five transects in the Białowie˙za Forest (BF), representing hard wood forest (Tilio-Carpinetum): A, B – natural old-growth
in Białowieża National Park (BNP), C – old-growth in the managed part of BF, D – natural 70-year old pioneer stand spontaneously emerged
on clear felling area, E – 35-year old oak plantation.
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plains formed by the boulder clay. Under the condi-
tions of runoff-gleyey type of water circulation, the
mesotrophic leached brown soils (browened lessive
soils) have been established (Kwiatkowski 1994). The
transect location was indicated on the ground of the
vegetation type map (Kwiatkowski 1994) and the
phytosociological survey of spring aspect, as recom-
mended by Sokołowski (1993). However, within the
same soil type, under natural conditions, there is a
great microscale spatial variation in terms of horizons
thickness (mainly the thickness of humus layer Ah)
and local discontinuities caused by disturbances.

The following categories of stands were distin-
guished:

– A, B: natural old-growths in the BNP – no traces
of human activity, 70 years of strict preservation;

– C: seminatural old-growths in the CF – impover-
ished tree species composition through selective cut-
ting of the most valuable trees (mainly oaks, maples,
and limes), dead wood is being removed;

– D: pioneer forest, 70-year-old mainly birch
stand, with European aspen selectively removed, and
succeeding ’climax’ species (hornbeam and spruce) –
a vast clear cut area was left for natural succession
about 70 years ago;

– E: a 30-year-old oak plantation (pole stage), after
forest clearance.

All age classes are present in natural deciduous
old-growths of Białowie˙za (Falínski 1986b), with their
character determined by the oldest trees, reaching in
many cases the age of 300 years and more. The age of
the oldest trees (limes, maples) on transects A, B and
C was estimated at about 150–200 years.

Methods

Field study

The dominance of species and the cover degree of
herbs were the criteria for the distinction of relatively
homogeneous patches (microphytocoenoses) within
the five transects. The discrepancy in total cover of
at least 20%, or in composition of dominating species
(each covering at least 10% of a given area), allowed
to distinguish different patches and to draw division
lines. In this way the homogeneous patches of more
than 1 m2 were depicted along the transects with white
tape. Unlike the regular plots (quadrats), which are ar-
tificial units, the demarcated patches can be considered
as natural sampling units (Ludwig & Reynolds 1988),

i.e. homogeneous microcommunities, delimited, how-
ever, arbitrarily. The cover degree of vascular plants
was assessed on the 13-point scale of Londo (1976) in
each microphytocoenosis (0.1 – less than 1%, 0.2 – 1
to 3%, 0.4 – 3 to 5%, 1 – 5 to 15%, 2 – 15 to 25%,
and so on). The process was performed twice, in order
to catch the seasonal variation of vegetation mosaics:
in the second half of April 1995 and in the first half of
July 1995. The transects with the distinct patches were
mapped on millimetre paper at a scale of 1:100.

Environmental data were collected only during the
summer investigation, at points every metre along
the central line of transects. A number of 100 points
represented each of the deciduous transects. The mea-
surements at sampling points included: (1) distance
from the four closest living trees with dbh (diame-
ter at the breast height) of more than 10 cm and (2)
soil pH in the 0–5 cm layer, measured in volumet-
ric 15 cm3 samples. Soil samples were mixed with
15 ml of deionised water and pH was measured af-
ter 12 h with the microcomputer pH-meter and the
glass-combined electrode.

Data analysis

Following Barkman (1978) and Julve & Gillet (1994),
it was assumed, that real microphytocoenoses may be
grouped into synthetic classes – synusiae. In order
to determine synusiae represented by the vegetation
of the transects, the distinguished patches were sub-
jected to the dichotomous classification with the com-
puter program TWINSPAN (Hill 1979), on the basis
of species cover data. The eight cut levels used by
TWINSPAN for recognition of ‘pseudospecies’ were
defined as follows: 0, 0.2, 0.4, 1, 2, 4, 6, 8. In order to
reduce the possible influence of rare species on the di-
vision procedure, the two first levels of pseudospecies
have been given weights 1 and 2, respectively, while
the six higher levels of dominants and co-dominants
– the equal weights of 5. Tree and shrub seedlings
had no influence on the division. The classification
was stopped at the 6th division level, groups of less
than 10 issues (patches) were not further divided. The
division of a group was halted, when the ordination
eigenvalue was less than 0.70. The results of the di-
vision – TWINSPAN classes – were referred to as
synusiae. The raw transect maps were generalised: ac-
cording to the classification, the neighbouring patches
representing the same classes were joined. Figure 2
represents ‘synusial’ maps of the transects. The ar-
eas of synusiae were measured with a planimeter. On
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the basis of synusiae areas Simpson’s (1949) diversity
index 1/λ (λ = ∑

p2
i , wherep2

i is a relative impor-
tance – coverage of an i-th synusia) was calculated for
each transect. Because theTilio-Carpinetumcommu-
nities reveal strong seasonal dynamics caused by the
mass-appearance of geophytes, which dominate the
vegetation carpet until the tree leaves emerge (Falińska
1973; Bobiec 1994a), the procedure was carried out
separately for spring and summer data. The mosaic
diversity of phytocoenoses studied (transects) was thus
expressed as a between-microphytocoenosis diversity,
i.e., beta-diversity.

For a direct comparison of mosaics on the tran-
sects, the similarity coefficient matrices were calcu-
lated. The cosine distance measure, recommended by
Ludwig & Reynolds (1988) was computed on the basis
of areas occupied by synusiae on the transects studied.

The point data were used for the assessment of
species participation in basal area of the stands repre-
sented by five transects. The average distance to four
nearest trees of 10 or more cm in dbh was a radius of
a circle used for estimation of number of trees per one
hectare and calculation of dbh frequency distribution.
The stand composition in respect of basal area was cal-
culated. The environmental variability of communities
was expressed by the frequency distribution of soil pH.

Results

The herb-layer mosaics

The assessment of mosaic diversity of the considered
communities was done on the basis of mapping data
from the belt transects, refined by the dichotomous
classification with TWINSPAN (Table 1; Figures 2
and 3).

Although the clustering of spring patches led to the
distinction of 19 different classes (seasonal synusiae-
phases), 9 of them covered over 90% of transects’
surface, and 4(I-IV) – over 50% (Table 1). The most
diverse mosaic was found in the natural old-growth
community in BNP, represented by transect A (1/λ =
8.74) and the least diverse was the oak plantation E
(1/λ = 6.48) (Table 1).

As an example for the analysis of the of sum-
mer aspect, four major synusiae of the transect A
(Tilio-Carpinetum stachyetosum) are presented (see
also Table 2; Figures 2 and 3):

– III: a low cover degree, with 4 relatively abun-
dant dominants –Impatiens noli-tangere, Lamiastrum

galeobdolon, Oxalis acetosella(in average 10% each),
andUrtica dioica (5%);

– V: with a clear dominance ofI. noli-tangere
(30%) and abundantU. dioica, L. galeobdolon,O. ace-
tosella, Rubus idaeus(10% each),Stellaria holostea
andMercurialis perennis(5% each);

– VIII: dominated by U. dioica and I. noli-
tangere(30% each), with a co-dominance ofStellaria
nemorum(10%), L. galeobdolon, O. acetosellaand
S. holostea(5% each);

– IV: with dominatingU. dioica, I. noli-tangere
(20% each), and co-dominatingL. galeobdolon,
O. acetosella, S. holostea(10% each), andS. nemorum
(5%).

A calculation of similarity coefficients between the
transects, on the basis of mosaic composition, dis-
played sharper differences between old-growth tran-
sects A, B, C and transects D, E in summer, than
those found in spring (Table 3). The most diverse were
natural communities in the BNP (A: 1/λ = 9.89, B:
1/λ = 7.12) and seminatural community in the CF
– transect C (1/λ = 7.00). Both the pioneer stand
D and the oak plantation E had a strongly simplified
structure (1/λ = 4.76 and 5.29, respectively), because
of a clear dominance of certain synusiae (Table 1;
Figures 2 and 3). The mosaic complexity was not
positively influenced by the species number (Table 1;
Figure 3).

Soil pH spatial differentiation

Comparisons between the pH frequency distribution
on the transects revealed a distinct difference between
transects A, B, C, representing natural and seminat-
ural old-growths (average pH 4.41–4.74) and the two
remaining (average pH 5.35 and 5.56 in D and E,
respectively). The most heterogeneous was transect
A in BNP, with the widest pH distribution (Table 4;
Figure 4).

Stand characteristics

Point-to-tree distance and dbh data do not only exhibit
the differences in dbh variability, deriving from stand
ages (average dbh of old-growths A, B, C were 30.2,
35.2, and 27.2 cm, respectively, and in younger stands
D and E: 23.8 and 19.5 cm), but also a compositional
diversity. While the closest four trees to an average
point on transects A, B, C, and D represent 2.2–2.4 tree
species, only 1.4 average species can be found around
a random point from the transect E (Table 5).
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Figure 2. An example of the ‘synusial’ map of two transects: A (natural old-growth) and E (oak plantation) – summer mosaic. Roman numbers
– distinct synusiae (see also Table 2 and 3);R – remaining smaller synusiae.

Two different types of dbh distribution were found
on the transects. Among three old-growths, represent-
ing a wide range of tree dbh, transect C differed from
two others, because of a lack of trees in the class
25–35 cm (Figure 5).

The old-growths were clearly dominated by two
species: hornbeam (A–48%, B–39%, and C–52% of
the stand dbh area) and spruce (A–32%, B–20%, C–
35%), whereas on the transects D and E the rate of
these species was reduced by 14 and 5% (hornbeam),
and 7 and 1% (spruce), respectively. The pioneer stand

D was clearly dominated by birchBetula pendula
(73%), which is being successively replaced by climax
species: hornbeam, spruce and lime. Thirty years after
planting, the area represented by transect E still re-
mains virtually an oak (90%) stand. Similarly, as in the
case of thickness classes distribution, stand C differs
from those in the BNP – A and B. It is poorer because
of the absence of lime (its participation on transects A
and B was 11% and 18%, respectively, and on D – 6%)
and fewer maples – only 3%, whereas on transects A
and B – 7% and 22%, respectively. However, transect
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Figure 3. Percentage participation of ‘summer’ synusiae in five transects and diversity index values. See Figure 2 for symbols explanation.

Figure 4. Frequency distribution of pH in 0–5-cm soil layer along five transects, from each of which 100 samples were taken. Transects of
secondary stands form a distinct group. Transects description as in Figure 1.
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Figure 5. Frequency distribution of trees’ dbh>10 cm of all species in five hard wood transects. Transects description like in Figure 1

ë

lime
maple+elm
birch
spruce
oak
hornbeam

Figure 6. Stands’ composition of five hard wood transects on the basis of species basal areas. Transects description as in Figure 1.
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Table 1. Surface occupied by the ‘spring’ synusiae on five transects in the hard wood forest
(Tilio Carpinetum): A, B natural oldgrowth in the Białowie˙za National Park (BNP), C oldgrowth
in the commercial forest (CF), D natural 70 year old pioneer stand spontaneously emerged on
clear felling area, E – 35 year old oak plantation; l/λ – Simpson diversity index calculated on the
basis of synusiae surfaces.

Transects A B C D E In total % Cumulative

Number of species percent

42 38 39 47 57

Synusia Surface in m2/100

I 2246 5020 4445 2053 5295 19059 19 19

II 2375 2040 4255 3042 3490 15202 15 34

III 3504 2880 490 1123 2415 10412 10 45

IV 1015 2645 1955 2628 2010 10253 10 55

V 1204 1910 4167 2815 10096 10 65

VI 1406 1425 2015 2436 1045 8327 8 74

VII 3551 1620 2010 7181 7 81

VIII 854 2355 1035 1553 5797 6 87

IX 1729 1070 678 3477 3 90

X 530 1380 1910 2 92

XI 675 1170 1845 2 94

XII 307 1200 1507 2 95

XIII 645 790 1435 1 97

XIV 1270 165 1435 1 98

XV 680 680 1 99

XVI 440 440 0 99

XVII 275 275 0 100

XVIII 190 190 0 100

XIX 100 100 0 100

In total 19991 19780 20175 19690 19985 99621

l/λ 8,74 7,14 7,22 7,48 6,48

Table 3. Similarity coefficient matrix of five transects. Similarity
was calculated on the basis of participation of synusiae on five
transects (spring value/summer value).

Variable A B C D

B 0.67/0.78

C 0.75/0.75 0.77/0.77

D 0.75/0.49 0.63/0.31 0.85/0.70

E 0.67/0.46 0.84/0.27 0.86/0.62 0.77/0.87

C was artificially enriched with oak, which does not
occur on A and B (Figure 6).

Table 4. Result of multiple range Tukey test; see Table 1 for transects’
characteristics.

Transects Mean pH SD Homogeneous groups of transects

C 4.41 0.47 ∗
B 4.49 0.50 ∗
A 4.74 0.62 ∗
D 5.35 0.46 ∗
E 5.56 0.48 ∗

Discussion

The analysis of the forest community structure on the
level of microphytocoenoses allowed the quantitative
assessment of community mosaics.

An earlier study had shown clear seasonal trends
of mosaic dynamics in the oak-lime-hornbeam for-
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Table 2. Species composition (species cover degree in Londo scale) of the ten largest ‘summer’ synusiae in
five hard wood transects. Rare species were omitted.

Synusiae covering over 0.5% of the investigated area

I II III IV V VI VII VIII IX X

% area 18.5 14.0 13.6 11.3 8.8 4.7 4.4 4.4 4.3 4.3

Urtica dioica 2 1 0.4 2 1 1 5 3 3 1

Impatiens noli-tangere 1 1 1 2 3 2 0.2 3 4 0.4

Lamiastrum galeobdolon 1 1 1 1 1 1 1 0.4 0.4 0.4

Oxalis acetosella 1 1 1 1 1 1 0.1 0.4 0.2 1

Stellaria nemorum 0.4 0.2 0.2 0.4 0.2 0.2 0.2 1 1 0.2

Stellaria holostea 0.4 0.4 0.2 1 0.4 0.1 0.2 0.4 0.4 0.2

Rubus idaeus 0.1 0.2 0.2 0.1 1 0.1 0.1 0.1 1

Milium effusum 0.1 0.4 0.2 0.1 0.1 0.1 0.1 0.2 0.1 1

Mercurialis perennis 0.1 0.2 0.2 0.4

Stachys sylvatica 0.1 0.2 0.1 0.2 0.1 0.1 0.2 0.1 0.4 0.2

Asarum europaeum 0.2 0.1 0.1 0.2 0.2

Gymnocarpium dryopteris 0.2 0.1 0.1 0.1 0.2 0.2 0.2

Aegopodium podagraria 0.4 0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1

Equisetum arvense 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.2

Athyrium filix-femina 0.1 0.2 0.2 0.1 0.1 0.1

Ranunculus lanuginosus 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1

Dryopteris filix-mas 0.1 0.1 0.1 0.2 0.2 0.1

Cares remota 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1

Galeopsis tetrachit 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.2

Maianthemum bifolium 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1

Ranunculus repens 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1

Poa trivialis 0.1 0.1 0.1 0.1 0.2 0.1 0.2

Festuca gigantea 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Viola reichenbachiana 0.2 0.1 0.1 0.1 0.1 0.1

Chrysosplenium alternifolium 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1

Galium odoratum 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Geranium robertianum 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

est, consisting of a divergence of deciduous forest
communities in terms of their field layer structure,
from a relatively homogenous state in spring towards
a well developed mosaic structure in summer (Bobiec
1994b). The masking effect of an abundant appearance
of geophytes (mainlyAnemone nemorosa) is also vis-
ible in the present study by relatively high similarities
between all five transects in spring. Development of
mosaics in summer showed a clear difference between
the two managed forest stands (D, E) and the old-
growths (A, B, C). The spring aspect of vegetation
does not clearly show the alterations in community
structure caused by the forestry practices. Depending
on the short period of intensive solar radiation in early
spring, geophytes determine the vegetative mosaics in
a variety of deciduous forest communities, unless their

rhizomes and bulbs are destroyed. A comparison of
summer aspects yields different results. Development
of most chamaephytes or hemicryptophytes (most of
the field layer species in temperate deciduous forests)
lasts during the whole growing season, and is in-
fluenced by a larger complex of ecosystem factors
than those ruling a geophyte growing process. As a
result, the summer mosaics are more susceptible to
environmental changes.

The higher diversity of synusial pattern observed
in the old-growth communities, coinciding with a
stronger variability of the soil pH in those commu-
nities, might support the hypothesis that vegetation
diversity in deciduous communities depends on envi-
ronmental heterogeneity (‘heterogeneity is functional
in ecosystems’, Legendre & Fortin 1989). One of
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Table 5. Tree measurement data from 500 sampling points; see Table 1 for transects’ characteristics

Transects Average number Average DBH DBH standard Average number of species

of stems per 1 ha (cm) deviation among 4 closest trees

A 642 29.9 16.5 2.4

B 528 35.1 20.7 2.2

C 866 27.2 18.1 2.2

D 1266 23.4 8.4 2.2

E 1418 19.2 5.2 1.4

the primal features of a natural oak-lime-hornbeam
forest seems to be an occurrence of characteristic
types of patches-microphytocoenoses, interpreted as
synusiae (sensu Barkman 1978). The anthropogenic
disturbance accompanying wood exploitation leads to
some major modifications of the ecosystem character:
in terms of tree canopy cover, stand age, vertical struc-
ture and species composition. Particularly the habitat
homogenization lying in the vast disturbance of the
forest field layer and soil cover enable synathropic
herbs to invade (Faliński 1986b). In his investigation
in Bavaria National Park Fischer (1992), showed that
the removal of fallen trees with the use of heavy for-
est machinery causes strong disturbance in the forest
field layer vegetation. Ploughing leads to the complete
destruction of top soil morphology and lays bare un-
derlying mineral soil. The following processes have
the character of secondary succession, which will not
necessarily lead to the restoration of the destroyed
communities.

Another sign of the destruction of primal com-
munity organisation can be seen in a clear decrease
of mosaic diversity in the two anthropogenic com-
munities caused by the enlargement of homogenous
patches.

A narrower range of soil pH observed on transects
D and E indicates a smaller microenvironmental vari-
ability of the corresponding communities. Although
it was not proved by the present study, the forestry
management may be a factor underlying the site ho-
mogenisation. The elimination of spruce, an impor-
tant acidifying component, the removal of dead wood
(15 m3 ha−1 in MF vs 70 m3 ha−1 in BNP on average,
author’s unpublished data), and the destruction of hu-
mus horizons caused by ploughing could contribute to
disappearance of specific microsites, responsible for
the community mosaic character (Kolasa & Biesiadka
1984; Palmer 1994).

The influence of small scale natural disturbances
on vegetation has been reported many times (e.g.,
Stone 1975; Beatty 1984; Faliński 1986a; Peterson &
Pickett 1990; Peterson et al.1990; Peterson & Camp-
bell 1993). Observed enlargement of homogenous
patches on transects D and E may indicate the en-
largement of the competition scene and, eventually, a
change of the co-existence model: from ‘OR’ – possi-
ble in a highly heterogeneous environment, to ‘AND’
– being recognised by a stiff competition for unshared
resources (Van Wirdum 1991).

Another important feature of natural oak-lime-
hornbeam old-growths, which is not restored after
larger felling, is a small-scale mix of tree species
in the stand. Among the four neighbouring trees 2–
3 represent different species. It shows the potential
capabilities of a natural forest, which is used at maxi-
mum in various microsites for natural regeneration of
suitable species.

The observed changes lie in the disappearance of
characteristic vegetation structure at tree stand and
field layers. Because the main target of most forestry
operations are trees – the components of a plant com-
munity, imposing a great influence on the forest site,
the timber exploitation and the following silvicultural
activities set off a chain of reactions throughout the
whole ecosystem.

If a plant community is understood as a specific
mosaic of microphytocoenoses (the ‘Russian school’
of phytosociology see, e.g., Aleksandrova 1978), then
the directional changes of mosaic structure can be con-
sidered as a change of the community as such. The
mosaics observed in the last remaining parts of the nat-
ural forest in Białowie˙za are inherent features of these
communities formed during long and undisrupted nat-
ural processes. The conclusions of the present research
support the opinion, that the conservation of the re-
maining natural old-growths is a most urgent task in
biodiversity protection, as expressed by Pielou (1995).
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Although this paper, describing the selected as-
pects of community structure, indicated a complex
effect of the forestry management, it did not prove,
however, any direct link between given microcommu-
nities, local stand characteristics, and soil features.
Further studies, focused on causal relationships be-
tween community structural components, are neces-
sary to explain the internal dynamics of communities
and their evolution, i.e., to elaborate an integrated
system of community monitoring.
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National Park. Phytocoenosis 3: 127–139 (in Polish with English
summary).

Riha, S. J., Senesac, G. & Pallant, E. 1986. Effects of forest veg-
etation on spatial variability of surface mineral soil pH, soluble
aluminium and carbon. Water Air Soil Pollut. 31: 929–940.

Simpson, E. H. 1949. Measurement of diversity. Nature 163: 688.
Sokołowski, A. W. 1966. Influence of spruce upon pH value of soil

in the aggregation of fresh coniferous forest. Sylwan 3: 57–64
(in Polish with English summary)

Sokołowski, A. W. 1993. Phytosociological characteristics of forest
communities in the Białowie˙za National Park. Parki Nar. Rez.
Przyr. 12: 5–190. (in Polish with English summary).

Stone, E. L. 1975. Windthrow influences on spatial heterogeneity in
a forest soil. Mitteil. Schweiz. Anstalt Forst. Vers. 51: 77–87.

Toneri, T. 1994. Species richness of boreal understorey forest vege-
tation in relation to site type and successional factors. Ann. Zool.
Fennici 31: 53–60.

Tyler, G. 1989. Interacting effects of soil acidity and canopy
cover on the species composition of field-layer vegetation in
oak/hornbeam forests. For. Ecol. Manage. 28: 101–114.

Ulanova, N. G. 1991. Vegetation mapping as a tool for detection of
windfall processes in primary forest communities. Phytocoenosis
3: 219–222.

Van Wirdum, G. 1991. Vegetation and hydrology of floating rich-
fens. Datawyse, Maastricht.

Whittaker, R. H. 1970. Communities and Ecosystems. The Macmil-
lan Company, London.


