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Abstract. The aim of this research was to find out what changes occurred between 1999-2009 in Oszast reserve
in the volume, species composition and diameter at breast height (dbh) distribution of the forest stand, and the
number and height of regeneration. The objective was to determine what would be condition of these managed
lower montane multispecies forest stands (Swiss irregular shelterwood method or selection cuttings) and what role
spruce would play in them if they have not been replaced by spruce monocultures.

The research was conducted on three permanent circular sample plots (s.p.), each had size of 1/3 ha.

Over 10 years, standing volume of the forest stand increased on s.p. 1 (from around 562 m3/ha to 649 m3/ha) and
s.p. 3. (from 653 m*/ha to 660 m3/ha), while decreased on s.p. 2. (from 421 m*ha to 378 m3/ha). The species compo-
sition, defined on the basis of volume share (averaged for the three s.p. jointly), did not undergo consistent changes.
However, the relative dominance of beech over spruce was determined based on tree numbers.

The average spruce mortality (averaged from three s.p.) did not exceed 10% and was slightly higher than that of
beech (6%), and lower than fir mortality (15%). Nevertheless, spruce did not show any symptoms of dieback. The
reasons behind its mortality were fallen trees and windbreaks. In regeneration, on the whole, beech or sycamore pre-
dominated, and the proportion of spruce and fir was small. In the future spruce and fir may even decrease further by
competitive ability of dynamically regenerating beech.

Abandonment of forest management to promote greater diversity of species, may favour the formation of beech
monocultures, or forest stands dominated by beech, everywhere that beech is already present or will be introduced.

The maintenance of stable, multispecies forest stands, with co-dominant fir, beech and spruce of native ori-
gin, requires natural or artificial regeneration of spruce and fir, manipulated to restore fir up to about 30%, and
reduce spruce down to about 40%. This would be possible through the use of the Swiss irregular shelterwood
method and selection system, and by continuous tending of regeneration.
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1. Introduction that they were free from human activity, and studying
these forests was an opportunity for deepening the knowl-

Scientists and forestry practitioners repeatedly stated, edge of structure and forest dynamics (Leibundgut 1959).
that forest management may profit from better under- Such knowledge seems to be particularly valuable when
standing of the dynamics of primeval forest. Interest in taken into consideration is current trend, leading to close-

primeval forests was often motivated by the argument to-nature silviculture (Otto 1995; Schiitz 1999, 2004).
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A new attempt of primeval and natural forest com-
parison for silviculture benefit is establishing couples of
sample plots (s.p.) in forest reserves and in nearby man-
aged forests (Meyer et al. 2004). If plots in pairs pres-
ent similar habitat conditions and similar development
stage, and if the forest stand’s history is similar, then
they can be compared directly. Subsequently, the man-
agement influence on forest stand features (structure,
productivity, vitality) and environment features can be
defined quantitatively.

The comparison of natural forests with managed for-
ests of artificial origin with species composition incon-
sistent with habitat conditions is also possible, which
are for example spruce monocultures. This is the case
with the forest stands on the area of Beskid Zywiecki
and Slaski Mts. In the period 1860-1880, thousands
of hectares of spruce monocultures were formed at the
expense of lower montane forest zone primeval forest,
composed of spruce, beech and fir (Kawecki 1939). In
1893, first age class spruce monocultures located in for-
est stands of Beskid Zywiecki encompassed a surface
of 10.000 ha and fifth age class mixed stands 14.239 ha
(Kawecki 1939). Introducing spruce on a massive scale
in lower montane forest zone forests was incompatible
with the principal of tree species selection for particular
habitat, proclaimed by Pfeil as early as in 1860 (Schiitz
1990). Human aspiration to increase yields regardless of
consequence induced and still is inducing strong ‘eco-
logical retaliation’ (Odum 1977). Observed in Beskid
Zywiecki and Slaski Mts, forests mass spruce dieback,
initiated in 2006, is a convincing example of this pro-
cess (Barszcz et al. 2009; Szabla 2009; Bruchwald and
Dmyterko 2010). Such catastrophic large-area dieback
was not started in lower montane forest zone natural for-
est stands composed of beech, fir and spruce in Srubita
and Oszast reserves, situated among spruce monocul-
tures in Beskid Zywiecki Mts.

Relatively good state of lower montane forest zone
forests in the Oszast reserve, showing virgin charac-
ter, has become a premise for conducting research on
three permanent circular experimental plots in 1999.
The first results were published after two years (Jawor-
ski et al. 2001). In 2009, control measurements were
performed.

The aim of the research was to find out what changes
occurred in the years 1999-2009 in Oszast reserve in
terms of stand volume, species composition and forest
stand’s structure. In this paper, an answer to the follow-
ing question is attempted: what was the cause of tree
loss in the reserve?

The measurement conducted in 2009 took place
during catastrophic disintegration of spruce mono-
cultures in Beskid Zywiecki and Slaski Mts, which is
mentioned above.

In this paper, the following hypotheses are made:

— In the Oszast reserve, in multispecies forests,
spruce does not show any symptoms of dieback due to
biotic reasons.

— In the lower montane forest zone forest stand,
beech will be a dominant species.

— Lower montane forest zone multispecies stands
may play the role of a model forest in terms of species
composition and structure in the case of spruce mon-
ocultures conversion of Beskid Zywiecki and Slaski
Mts.

2. Material and methods

Location and reserve’s habitat characteristics
and research plot

The Oszast reserve (surface 47.31 ha) is located in
the peak-part of Oszast hill (1147 m above sea level
(a.s.1.)), which is a southern part of Beskid Zywiecki
Mts. (Raczanska part) that adjoins the border with
Slovakia. The name Oszast (Uszust) is probably de-
rived from the local dialect definition of difficult ter-
rain conditions. The reserve with partial protection,
created in 1971, includes fragments of former, lower
montane forest zone of Karpaty’s primeval forest.
Partial protection covered surface of 47.31 ha in the
compartments 200 and 201 of Cichy Forest Range,
Ujsoly Forest District. From 2008, it is a strict reserve.
The reserve is located on a steep slope, in some plac-
es even precipitous, with several terraces (flattening)
with N-W aspect, in a height of 950-1147 m a.s.l. in
cold climate zone (average year temperature estimates
from +2°C to +4°C) with precipitation around 1300
mm (Hess 1965).

In reserve, association Dentario glandulosae-Fage-
tum dominates, and other associations and commu-
nities, Aceri-Fagetum, Abieti-Piceetum montanum and
Sorbo-Aceretum carpaticum, occupy a small area.

Three circular samples plots of size 1/3 ha were lo-
cated in compartment 201a, in the best saved forests,
representing prevailing stages and phases of devel-
opment, which were chosen on the basis of structure
features and other criteria described by Korpel (1989).
Habitat-forest stand’s characteristics of examined s.p.
were given in Table 1.
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Table 1. Location of study plots, their site and stand characteristics

Sample plot | Oszast 1 (p.p. 1) Oszast 2 (p.p- 2) | Oszast 3 (p.p. 3)
Location : 201a
Geographic coordinates ! 49°24°41,2"N ! 49°24°42,6”"N ! 49°24°43.2”N
| 19°11°9,8”E | 19°11°7,6”E | 19°11°20,0”E
Size [ha] : 173 : 173 : 1/3
Aspect I N-NW : N : N-NW
Slope [°] : 26 : 26 : 18
Altitude a.s.l. [m] : 1030 : 990 : 1000
Soil I Endoeutric Cambisol

Plant association

Dentario glandulosae-Fagetum

Age [years]

Abies alba 120-220; Fagus sylvatica 65-90-120-200; Picea abies 170-220

Stage and phase growing up stage, slowly break up stage, the end of optimum growth stage,
of development | the phase of multi-layer | the phase of multi-layer | long-lasting phase of ageing and
in 2009 | structure | structure | regeneration forming multi-layer stand
Research methodology centage in relation to the tree number in the beginning

Field works were performed in August 1999 and
were repeated in August 2009. They included diameter
at breast height (dbh) measurement (with an accuracy
up to 0.5 cm; dbh measurement threshold was 6 cm) and
height measurement of all live trees (with the exception
of strongly inclined trees) with Vertex hypsometer. Per-
manent trees numbering was used, with marking of the
place of dbh measurement.

Trees of dbh d, , > 8 cm were also included in Rehak
(1964) classification (trees categories). The number
of natural seedling (1-year-old seedling and natural
seedling to 50 cm height) was defined on strips 10 m
wide. Those strips of length equal to the circular plot’s
diameter run through its centre, perpendicular to the
contour line.

The conducted measurements of trees dbh d, , > 8 cm
allowed for definition of dbh distribution type, accord-
ing to Pearson’s curves classification (Zielinski 1972)
and calculation of dbh basal area and volume. To calcu-
late the volume, program ‘Resources’ developed by J.
Ptak was applied with the use of Czuraj (1991) standing
trees volume tables. Trees of dbh 6.0-7.9 cm were in-
cluded to overgrown (older) underwood.

In the paper, regeneration’s species composition and
also tree mortality d ,> 8 cm in the years 1999-2009

13—
were determined, expressed with dead specimen per-

of control period.

All tree species dbh distributions and beech’s and
spruce’s dbh distribution in years 1999 and 2009 were
compared with Kotmogorow-Smirnow test.

3. Results

Number of trees and volume, basal area and
forest stand’s species composition

During the research period (1999-2009) on all three
plots, the number of trees increased: on s.p. 1 by 16.7%
(number of trees in 1999 = 100%), on s.p. 3 by 12.1%
and on s.p. 2 by 6.2%. On all plots beech’s share in-
creased, and percentage of other trees species decreased
(Table 2).

On s.p. 1, volume increased visibly (by 86.5 m*/ha),
on s.p 3 slightly (by 6.5 m*ha), whereas on s.p. 2 it de-
creased considerably (by 44 m’/ha) (Table 2). Basal
area decreased significantly on s.p. 1 (by slightly over
6 m?/ha), slightly (by almost 1 m*ha) on s.p. 3 and de-
creased on s.p. 2 (by near 3 m?*/ha).

Species composition defined on the basis of volume
share showed increase of spruce’s share on s.p. 3, and
also showed its significant drop on s.p. 2 and maintenance
of the hitherto state on s.p. 1 (Table 2). Beech increased
its share on s.p. 1 and 2, and decreased on s.p. 3. Fir’s
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Table 2. Number of trees, stand volume, basal area and species composition of investigated stands in 1999 and 2009

Number of Basal area Volume Species composition
trees (trees/ha) (m*ha) (m*/ha) (%)
Species N G v G v
1999 2009 | 1999 2009 | 1999 2009 | 1999 2009 1999 2009 1999 2009

Oszast 1

Picea abies 96 96 |28.926 33.213 40541 472.86| 333 286 688 689 721 72.9

Fagus sylvatica 150 204 | 6.605 8941 | 63.44 88.53 | 52.1 60.7 15.7 18.5 11.3 13.6

Acer pseudoplatanus | 24 24 1.736  2.181 | 20.30 25.11 8.3 7.1 4.1 4.5 3.6 3.9

Abies alba 18 12 4782 3.890 | 72.99 62.11 6.3 3.6 11.4 8.1 13.0 9.6

Total 288 336 |42.050 48.225|562.15 648.61| 100.0 100.0 100.0 100.0 100.0 100.0
Oszast 2

Picea abies 87 72 |21.217 16.361|292.25 22323 | 22.3 174 61.7 515 694  59.1

Fagus sylvatica 234 273 | 7.861 8957 | 67.35 77.67 | 60.0 659  22.8 282 16.0  20.6

Acer pseudoplatanus | 51 54 3.120 3.893 | 3426 4428 | 13.1 13.1 9.1 12.2 8.1 11.7

Abies alba 15 15 2,183 2579 | 27.29 3240 | 3.8 3.6 6.3 8.1 6.5 8.6

Sorbus aucuparia 3 - 0.026 - 0.13 - 0.8 - 0.1 - - -

Total 390 414 |34.406 31.789 |421.27 377.58| 100.0 100.0 100.0 100.0 100.0 100.0
Oszast 3

Picea abies 129 120 |32.212 34.285|491.73 523.87| 289 240  69.1 720 753 794

Fagus sylvatica 312 375 | 13.784 12.484|151.36 122.94| 69.8 748 295 262 232 18.6

Abies alba 6 6 0.655 0.838 | 10.08 12.81 1.3 1.2 1.4 1.8 1.5 2.0

Total 447 501 |46.651 47.607 | 653.17 659.62 | 100.0 100.0 100.0 100.0 100.0 100.0

share increased slightly on s.p. 2, decreased on s.p. 1, and Mortality

maintained on the same level on s.p. 3 (Table 2).
Species composition defined on the basis of dbh
basal area appeared analogically (Table 2).

Type of dbh distribution

During the 10-year-period, the type of dbh distribu-
tion of all trees species did not change (Fig. 1). It corre-
sponded to the following types of curves by Pearson’s
classification: s.p. 1 — I (J) (type I unimodal with modal
at the edge of range); s.p. 2 — did not correspond to any
of types; and s.p. 3 — I (U) (type I bimodal).

Kolmogorow-Smirnow test showed that on examined
plots, dbh distribution of all trees, beeches and spruces
from 1999 and 2009 did not differ significantly.

On s.p. 1, two firs died (of B3 category) (Table 3).
Tree mortality of this species was 33% (Table 4). On
s.p. 2, the cause of beech loss (category B2, B3, C2,
C3) and spruce’s loss (category A2, B2, B3 and C1) was
their overturn (trees fallen from wind) and windbreak
(only one spruce died) (Table 3). Beech’s and spruce’s
mortality on s.p. 2 was respectively almost 8% and
slightly over 24% (Table 4). On s.p. 3, the greatest loss
was among beeches (B2 and B3 category and C2 and
C3), which happened as a result of wind-fallen and bro-
ken trees (Table 3). On this plot, spruce of category A2
died, and spruces of C1 and C3 category died as a result
of windbreak (Table 3). Mortality was close to 8% for
beech and 7% for spruce on this s.p. (Table 4).
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Figure 1. Dbh distribution in the investigated stands in 1999 and 2009

Regeneration

In 1999, the most seedlings (1-year-old) were syc-
amore maple’s; slightly less in number were fir’s and
beech’s seedlings, and spruce’s seedlings did not occur
at all. In 2009, seedlings were found occasionally: on
s.p. 1 —fir’s and sycamore maple’s seedlings, and on s.p.
2 —fir’s seedlings. On s.p 3, no seedlings were recorded
(Table 5).

In 1999, on s.p. 1 and 3 among natural seedling (to
height 50 cm) beech’s seedling dominated, and on s.p. 2
sycamore maple’s. Spruce share in natural seedlings was

from 9% on s.p. 3 to 21% on s.p. 1, and fir’s seedlings
from around 2% on s.p. | and 2 to 7% on s.p. 3 (Table 5).

After 10 years, on s.p. 1 and 2 among natural seed-
lings sycamore maple dominated and on s.p 3 beech.
Fir’s share was from 1% on s.p. 1 to around 17% on s.p.
3. Spruce’s share did not exceed 5% on any s.p. (Table 5).

On the beginning of control period,among under-
wood beech dominated on s.p. 2 and 3, and sycamore
maple on s.p. 1. Fir’s underwood was not present on s.p.
2, and on s.p. 1 and 3 share of this species in underwood
was about 1%. More often than fir, spruce occurred:
from around 1% on s.p. 3 to 8.5% on s.p. 2 (Table 5).
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Table 3. The characteristics of trees belonging to losses on sample plots in 1999-2009

Category*
Sample . T T T
plot Species Al A2 A3 Total A| Bl B2 B3 ITotal B| Cl1 C2 C3 ITotal C | Total
dbh (cm) trees dbh (cm) trees dbh (cm) trees
Oszast1  Abiesalba | - - - R Y L -2
69.0°
Oszast2  Fagus | - - - 4 2 | - _38.0"_66.5°_|_ 6 | - _13.5"_9.5"_'_ 6 | 14
sylvatica | | 14.5¢ 18.5° |
Picea abies | - 86.5° - - 60.0°  64.0° 25.0° - -
102.0¢ | 53.0¢ | |
68.0°
Sorbus - - - | - - - | - - 10.5°
aucuparia
Oszast3  Fagus | - - - + 1 - a0 47.50_|_ s | -8 ob_&ob_|_ 511
sylvatica | 56.0° 15.5¢
57.5¢
e E N _84.0"_|_ e L N
Picea abies | - 75.5% - - - - 29.5¢ - 20.0°
*Generation of trees: A — of old age, B — of optimum growth, C — of growing up
Vitality: 1 — the most vigorous tree, 2 — normal tree, 3 — weakened tree
Causes of losses: a — self-thinning or dying, b — windfall, ¢ — broken, d — crushed
Table 4. The number of trees, recruitment, losses and mortality of trees on sample plots
) The number of trees (trees/ha) )
Species - Mortality (%)
1999 2009 | recruitment loss
Oszast 1
Picea abies 96 96 - - -
Fagus sylvatica 150 204 54 - -
Acer pseudoplatanus 24 24 - - -
Abies alba 18 12 - 333
Totsl | 288 336 | s4 6 | 21
Oszast 2
Picea abies 87 72 6 21 24.1
Fagus sylvatica 234 273 57 18 7.7
Acer pseudoplatanus 51 54 3 - -
Abies alba 15 15 - - -
Sorbus aucuparia 3 - - 3 100.0
Total | 30 44 | e 4 | 108
Oszast 3
Picea abies 129 120 - 9 7.0
Fagus sylvatica 312 375 87 24 7.7
Abies alba 6 6 - - -
_Tot; 1 _447_ o _501_ 1 _87_ o _33_ 1 _7.4_ a

*Ratio of the tree number of tree loss to the number of living trees in a 1999
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Table 5. Numbers and percentage of regeneration on sample plots in 1999 and 2009

Seedlings Underwood Older underwood
Species one year old h<50cm h>50cmtod ,<59cm dbh =6.0-7.9 cm
trees/ha % trees/ha % trees/ha % trees/ha %
Oszast 1 1999
Picea abies - - 2 890 20.9 78 6.1 - -
Fagus sylvatica 78 1.5 7578 54.8 235 18.5 33 100.0
Abies alba 234 44 312 2.3 16 1.3 - -
Acer pseudoplatanus 5000 94.1 2 968 21.5 720 56.8 - -
_Sorbus aucwparia | - - | 8 06 | 290 173 4} - -
Total 5313 100.0 13 826 100.0 1268 100.0 33 100.0
Oszast 1 2009
Picea abies - - 1954 3.6 438 17.6 3 5.0
Fagus sylvatica - - 13 906 25.4 578 233 54 90.0
Abies alba 78 50.0 547 1.0 78 3.1 3 5.0
Acer pseudoplatanus 78 50.0 38 047 69.6 1001 40.3 - -
_Sorbus aucuparia | - - | 24 04 | 90 L7 | - -
Total 156 100.0 54 688 100.0 2 485 100.0 60 100.0
Oszast2 1999
Picea abies - - 500 11.0 117 8.5 3 4.2
Fagus sylvatica - - 584 12.7 784 56.6 66 91.6
Abies alba 83 1.0 83 1.8 - - - -
Acer pseudoplatanus 8 500 99.0 3417 74.5 467 33.7 3 4.2
_Sorbus auewparia | - - | - __ - L W _ 12 | - _ -
Total 8583 100.0 4584 100.0 1385 100.0 72 100.0
Oszast2 2009
Picea abies - - 917 4.9 250 19.7 3 5.6
Fagus sylvatica - - 3167 17.0 750 59.2 51 94.4
Abies alba 250 100.0 1083 5.8 17 1.3 - -
Acer pseudoplatanus - - 13 417 72.2 217 17.2 - -
_Sorbus aueuparia | - __ - | - __ - | ¥ _ 26 | - -
Total 250 100.0 18 584 100.0 1267 100.0 54 100.0
Oszast3 1999
Picea abies - - 833 9.0 17 1.1 - -
Fagus sylvatica - - 6333 68.5 1 084 70.6 117 100.0
Abies alba 417 29.4 667 7.2 17 1.1 - -
Acer pseudoplatanus 1 000 70.6 667 7.2 100 6.5 - -
_Sorbus aucuparia | - - | O &1L | 37 207 | - -
Total 1417 100.0 9250 100.0 1535 100.0 117 100.0
Oszast 3 2009
Picea abies - - 250 1.5 50 33 3 2.2
Fagus sylvatica - - 10 000 60.9 916 60.4 135 97.8
Abies alba - - 2750 16.8 67 4.4 - -
Acer pseudoplatanus - - 1917 11.7 150 9.9 - -
_Sorbus aucuparia | - - | 150 _ 91 } 334 »0 | - -
Total - - 16417 100.0 1517 100.0 138 100.0
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Table 6. Species composition of stand in 1999-2009 (mean value for three plots)

1999 2009
Species N N v
trees/ha % m*/ha % trees/ha % m*ha %
Picea abies 104 27.7 396.46 72.67 96 23.0 406.65 72.36
Fagus sylvatica 232 61.8 94.05 17.24 284 68.1 96.38 17.15
Abies alba 13 3.5 36.79 6.75 11 2.7 35.77 6.37
Others 26 7.0 18.23 3.34 26 6.2 23.13 4.12
Total 375 100.0 545.53 100.00 417 100.0 561.93 100.00

Table 7. Volume and species composition of stand in Oszast in 1949, 2009 and 2010

Volume
Species m*ha % m*ha % m’/ha %
1949* 2010%** 2009%**
Picea abies 625.27 48.4 329 76.7 406.5 73.1
Fagus sylvatica 248.32 19.2 72 16.8 91.04 16.4
Abies alba 39343 30.4 28 6.5 35.77 6.4
Acer pseudoplatanus 25.41 2.0 singly 0.0 23.01 4.1
Total 1291.43 100.0 445 100.0 556.32 100.0

Source:

1949* data of measurements of stands belonging to the Ujsoly Forest District (200d forest compartment)

2010** data from the Management Plan of Oszast Reserve Protection (201a forest compartment)

2009*** mean values from measurements done on three sample plots in 201a forest compartment (dbh > 14 cm)

After 10 years, on s.p. 2 and 3 among underwood
beech dominated, and on s.p. 1 sycamore maple.
Spruce’s share was from around 3% (s.p. 3) to 20% (s.p.
2). Fir’s share did not exceed 5% (Table 5).

Overgrown underwood (d,,=6-7.9 cm) occurred
rarely. In 1999, the highest was beech’s share (from
92% to 100%) (Table 5). In 2009 among this tree class
beech also dominated (Table 5).

4. Discussion

Diversity of volume changes — its increase and de-
crease — and diversity of species composition on exam-
ined plots (Table 2) in the Oszast reserve have mosaic
character and are a feature of natural forests, which is
confirmed by Korpel long-term studies (1989, 1995).

Average share of each of three trees species defined
on the basis of volume from three examined plots
did not change significantly during 10 years, where-

as share determined on the basis of tree number in-
creased in case of beech, decreased in case of spruce
and slightly decreased in case of fir (Table 6). Increase
of beech’s share in 10-year-period is associated with
greater number of those species recruitment than other
species. A decrease of spruce’s share is the result of
its loss, few underwood, and in consequence a lack of
recruitment (Tables 4 and 5). Maintaining of spruce’s
volume share in case of its number share decrease in-
dicates large volume increment, and therefore good
vitality of this species.

Permanent lack of spruce’s regeneration (under-
wood) may cause decrease of this species share in the
future because it has no favourable conditions for regen-
eration and development under dynamically developing
beech’s regeneration (Table 5).

Presently, Oszast reserve’s forest stands differ sig-
nificantly in terms of volume and species composition
from the state before 60 years (Table 7).
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The management plan for period 1949-1958 indicates
that one of the current reserve compartments (comp.
200c, currently 200d) of surface 19.95 ha was covered by
dbh measurement (from 14 cm) of all trees and heights of
some trees. These data indicate that in 1949 it was a forest
stand of high volume (1291 m*/ha), with dominant spruce
(48.4%). Share of other species were: fir — 30.4%, beech
—19.2% and sycamore maple — 2%. Similar data charac-
terised compartment 201a, which result from description
in measurement documentation in 1949.

Such a large volume in 1949 indicates that an optimal
growth stadium of forest development lasted in reserve,
which in the forest with beech’s, spruce’s and fir’s share is
characterised with a large volume. For instance, in Dobro¢
(Slovakia) volume was 1366 m*/ha (Korpel 1989), and in
reserve Perucica (Bosnia) 1353 m*/ha (Pintari¢ 1978).

In 60 years, significant reduction of volume occurred
(Table 7). It was connected with forest stand disintegra-
tion, characteristic process for natural forest, which is a
transition from optimal growth stadium to forest stand’s
disintegration stadium (Korpel 1989). In the years be-
tween 1960 and 1980 in Oszast, this process was ac-
companied by fir dieback. Also species composition
changed. Despite spruce’s volume decrease, the volume
share of this species increased at the expense of beech’s
and fir’s share (Table 7). This was a result of even great-
er decrease of fir’s and beech’s volume (Table 7).

High volume of examined forest before 60 years was
not an exception in stands of Beskid Zywiecki and Slaski
Mts. In fir forests near Rakowiec (currently Ujsoty For-
est District) in 1932, forest stands of volume 1200 m3/ha
occurred (Kawecki 1939). Research by Rieger (1968)
shows that spruce monocultures, formed after 1840,
reached also a high volume: from 815 to 1042 m®/ha.

Data presented above show that multispecies lower
montane forest zone forest stands in Beskid Zywiecki
Mts. were almost equal, in terms of volume, to spruce’s
monocultures volume, and often even exceeded them.

On favourable growth conditions for spruce on the
area of Beskid Zywiecki and Sladki Mts. affect precip-
itation more than 200-300 mm and longer period of
thicker snow retention than in mountain ranges locat-
ed further to east (Hess 1965; Chomicz 1977; Sikorska
1998; Twardg 1999), and also a type of geological sub-
stratum (Rieger 1968). These are optimal conditions for
spruce (Myczkowski 1977). Spruce monocultures do
not support however dispersion and reduction of silvi-
cultural risk (Bernadzki 1994). Spruce maintenance in
Beskid’s lower montane forest zone forests is possible
and unthreatened only in multispecies forest stands.

In the years 1999 and 2009 in the Oszast reserve
spruce did not show any symptoms of dieback (Tables
3 and 4). Meanwhile, this process lasted in spruce mon-
ocultures of Beskid Zywiecki and Slaski Mts. and had
a mass character (Szabla 2009; Bruchwald i Dmyterko
2010).

Stages and phases of forest development in reserve
indicate their complex and stable structure (Table 1).

In the years 1999-2009, on research plots in mul-
tispecies forest stand of Oszast reserve, two firs and
10 spruces died (Table 3), whereas spruce’s loss was
a result of tree breakage and uprooting. The two dead
spruces reached 60 and 75.5 cm of dbh and did not
show disease symptoms (i.c., honey fungus, bark bee-
tles) characteristic for dead spruces from dying spruce
monocultures (Zétciak et al. 2009).

In spruce monocultures of Beskid Zywiecki and Slaski
Mts., crucial factors of spruce monocultures dieback,
which took place beginning in 2006, were mainly: indus-
trial emissions, weather anomalies in summer of 2006
(high temperature and drought), widespread presence of
honey fungus epiphytotics, and finally periodically in-
creasing population number of folivores and cambiopha-
gous (Barszcz et al. 2009; Szabla 2009; Bruchwald and
Dmyterko 2010). The primary cause of spruce’s stands
dieback was however introduction of spruce monocul-
tures in places of multispecies forest composed of fir,
beech and spruce. The causes of spruce’s forest stands
dieback in Beskid Mts. were presented comprehensively
by Bruchwald and Dmyterko (2010) in the form of a de-
scriptive model.

Reduced fir’s share on examined plots in the years
19492009 was connected with the dieback process
mentioned earlier (1960-1980), discussed in numer-
ous publications (i.e., Leibundgut 1974; Roether 1979;
Schiitt 1981; Bernadzki 1983; Fabijanowski 1986;
Keller and Imhof 1987).

A place of dead firs took over well-regenerating beech.
Dynamic entering of beech may also be connected with
climate warming, which causes changes in Europe forests
and favours this species development (Thomasius 1991;
Felbermeier 1994; Fabian and Menzel 1998). A signifi-
cant increase of beech’s share in regeneration was also
observed in Slovak Rydawy (Saniga 1999a, 1999b) and
in Dynarski Alps (Diaci et al. 2005).

Beech’s volume share increase and fir’s share de-
crease in lower subalpine multispecies forests of cen-
tral Europe were described in the papers of Paulenka
et al. (1996), Spiecker et al. (1996a, 1996b) and Saniga
(1999a, 1999b).
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5. Conclusions

In multispecies lower montane forest zone forest
stands, spruce not only does not show any symptoms
of dieback, but even increases its volume share at the
cost of fir, and so is a permanent component of forest
in Beskid Zywiecki Mts. Few natural seedlings and
spruce’s underwood grow in terms of strong competi-
tion from dominating beech regeneration. Therefore,
spruce does not reach the phase of overgrown (older)
underwood. Beech during this period maintained its
share defined on the basis of volume. In the years 1999—
20009, its share defined on the basis of tree number also
increased. Beech’s share increase in forest and its dom-
ination in regeneration allow assuming that in Oszast
reserve it will be a dominant species.

Obtaining of desired share of fir and spruce species
in managed forests with species composition similar to
Oszast reserve requires the use of Swiss irregular shelter-
wood method and selection system, and also tending of
natural or artificial regeneration. After execution of group
cutting, fir and spruce should be introduced in forms
of groups and clusters under the cover of mature beech
stands. These species should also be promoted in patches
of beech regeneration, with admixture of fir and spruce.

Research conducted on the area of reserve indicates
that, abandonment of rational forest management that,
promotes species diversity in forest of lower montane
forest zone on the area of Beskid Zywiecki and Slaski
Mts. will cause formation of beech monocultures or for-
est with beech domination in all places where the spe-
cies already is present or will be introduced.

The current state, i.e., durability, structure and vol-
ume of forest in the Oszast reserve, and from a his-
torical perspective, species composition can also be
used in planning of spruce monocultures conversion
in lower montane forest zone of Beskid Zywiecki and
Slaski Mts. Forest stand should be created with beech,
fir and spruce with a share of appropriately 20%, 30%
and 40%, plus about 10% of admixture of sycamore
maple, and other valuable deciduous trees. Lower
montane forest zone primeval forests of this area
showed similar species composition.
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