JOURNAL OF FOREST SCIENCE, 53, 2007 (6): 278—289

Processes of loss, recruitment, and increment in stands
of a primeval character in selected areas of the Pieniny
National Park (southern Poland)
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ABSTRACT: Studies were carried out during 1987-1997 in four stands situated in the lower mountain zone, and rep-
resenting the association Carici-Fagetum abietetosum (sample plots Facimiech and Walusiéwka) and the community of
a transitory character between Dentario glandulosae-Fagetum and Carici-Fagetum (sample plots Grodek and Przelecz
Sosnow). The greatest volume increment was found in a pure fir (Abies alba) stand of Facimiech (9.4 m3/ha/year, i.e.
1.4% of actual stand volume determined in 1997) being in the optimum stage, phase of aging and regeneration, and
the smallest one stand of Grédek (5.3 m3/ha/year, i.e. 0.9% of actual stand volume) being in the growing up stage,
phase of selection forest. The stand of Przetecz Sosndéw was characterized by the greatest mortality of trees (volume of
loss, i.e. 13.5 m3/ha/year). In this stand of a transitory character between the growing up and optimum stages, due to
rapid mortality of fir the break up of the stand took place, and in consequence the growing up stage, phase of a little
diversified stratified structure was developed. Volume of recruitment was the greatest in the stand of Facimiech, i.e.
0.05 m3/ha/year. In three fir (Abies alba)-beech (Fagus sylvatica) stands the proportions of fir and beech in stand incre-
ment differed from their proportions in stand volume. The percentage of fir in volume increment was smaller, and that
of beech greater, than their percentages in stand volume. Processes of increment and mortality of fir and beech pointed
to a progressive process of changes taking place in stand species composition, expressed by the increase of beech and
the decrease of fir. The knowledge about values of loss, recruitment, and increment, expressed by the number of trees
and volume units, may be of help in determination of the amount of cut in productive and protective forests managed
according to a close-to-nature silviculture.
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The volume increment is one of the more impor-
tant elements characterizing the dynamics of the
forest (BoTkIN 1993). The value of volume incre-
ment permits to determine the direction of changes
taking place in biomass of the ecosystem in the layer
of trees, and this is why it is taken into account in
determination of stages and phases of development of
the forest of a primeval character. The analysis of loss,
recruitment, and increment renders a full determina-
tion of changes in volume of individual tree species,
and this in turn permits, for example, to conclude on
the progress in the process of mortality and recovery,
the occurrence of disturbances, and the crop rotation
taking place in the forest ecosystem (RUNKLE 1990).
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The determination of the value of loss and recruit-
ment, and calculation of increment, can be accom-
plished by two control measurements of the stand,
one at the beginning and one at the end of the study
period. Control measurements must render an un-
mistakable identification of all trees in sample plots,
which is connected with great work consumption.
This is one of the reasons why data on all three pro-
cesses, mentioned above, may be found in not too
many elaborations. In Poland, studies of this type
were, for example, carried out in the Gorce and Pi-
eniny Mountains (DziEwOLSKI, RUTKOWSKI 1987,
1991), on Mt. Babia Géra, and in the Bieszczady
and Swietokrzyskie Mountains (JAWORSKI, PALUCH
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2001; Jaworski, Koropzigj 2002; JAWORSKI, POD-
LASKI 2006).

The aims of this study were to determine loss, re-
cruitment, and increment of the stand, and to char-
acterize dead trees in beech-fir forests of a primeval
character, representing different developmental
stages and phases in the Pieniny National Park. The
paper includes materials collected in four permanent
sample plots in two control years: 1987 and 1997.

MATERIAL AND METHODS
Characteristics of sample plots

Characteristics of the study area and four sample
plots are included in Table 1. There were favorable
conditions for growth of beech (Fagus sylvatica) — fir
(Abies alba) stands in sample plots established in the
lower mountain zone. Under these conditions the
association of the stenothermal beech forest Carici-
Fagetum abietetosum (Walusiowka and Facimiech),
and the community of a transitory character between
the Carpathian beech forest (Dentario glandu-
losae-Fagetum) and the stenothermal beech forest
(Carici-Fagetum) (Przelecz Sosnéw and Grédek)
have developed (Table 1). Three stands (Walusiéwka,
Przelecz Sosnéw, and Grédek) represented the grow-
ing up stage in various stages, and the fourth one
(Facimiech) the optimum stage, phase of aging and
regeneration (Table 1).

METHODS

marking of the place of dbh measurement in 1987,

and repeated measurements in 1997 permitted to

determine the loss. Trees which in 1997 passed the

diameter threshold (dbh > 8 c¢m) were considered

as the recruitment, and trees of 6-7.9 cm in dbh

were considered as the advanced upgrowth. Trees

of dbh > 8 cm were also classified according to the

IUFRO classification (LEIBUNDGUT 1966) using its

biological part:

a — height classes: 100 — upper layer, 200 — middle
layer, 300 — lower layer;

b — vitality classes: 10 — luxuriant tree, 20 — tree nor-
mally developed, 30 — tree weakly developed;

¢ — classes of growth tendency: 1 — trees with an ac-
celerated rate of growth, 2 — trees with a normal
rate of growth, 3 — trees with a decelerated rate
of growth.

Volume of trees was calculated according to a com-
puter program Zasoby worked out by J. Ptak, and
based on volume tables of GRUNDNER and SCHWAP-
PACH (1952). To determine stand volume in 1987
and volume of loss during the period 1987-1997 the
smoothed curve of stand height was plotted accord-
ing to the Michailov function (KorF et al. 1972) on
the basis of 1987 measurements, while stand volume
per hectare in 1997 and volume of recruitment were
determined on the basis of the curve for 1997 data.

Calculations comprised at first the control of the
number of trees:

Ny, — Ny, + N, -N,=0
where: N, — number of trees at the beginning of the period

(1987),
N,, — number of trees at the end of the period (1997),

In 1987 and 1997 diameter measurements includ- N, - T;;;Ei;;;f trees which died (loss) during
ed all trees with dbh greater than 5.9 cm. Permanent N, - number of trees qualified as recruitment during
numbering of trees (dbh > 6 ¢m) and permanent 1987-1997.

Table 1. Location of study plots and their site and stand characteristics
Plot Walusiowka Przetecz Sosnéw Grodek Facimiech
49°25°24"'N 49°25°12°°'N 49°25°47"'N 49°24°14"°'N
Geographic coordinates
20°25'39"'E 20°26°15"'E 20°25°40"'E 20°25°47"'E
Location (compartment) 12h 10b 7c 24
Size (ha) 0.40 0.33 0.25 0.25
Exposure SwW SW S S-SW
Slope 30° 37° 30° 30°
Altitude (m) 650 650 570 650
. Carici-Fagetum Dentario glandulz).— Dentario glandulq— Carici-Fagetum
Plant association ) sae-Fagetum/Cari- sae-Fagetum/Cari- .
abietetosum . . abietetosum
ci-Fagetum ci-Fagetum
Developmental stage and growing up stage, growing up

growing up stage,

optimum stage,

phase acc. to KORPEL hase of many-storied phase of little stage, phase of hase of agine and
(1989, 1995) determined P Y diversified stratified selection forest and P 5 ,g

. structure . regeneration

in 1997 structure regeneration
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Current periodic volume increment (/) was cal-
culated according to the formula:

I,=Vy,, = Vg +V, -V, (m’ha/10 years)
where: V,, — volume at the beginning of the period (1987),

Vi, — volume at the end of the period (1997),

V, —volume of trees which died (loss) during
1987-1997,

V, — volume of trees qualified as recruitment during
1987-1997.

The same method was used to calculate the basal
area increment (/).

Mortality of trees was calculated as a ratio between
the number of trees which died during 1987-1997
and the number of living trees in 1987.

RESULTS
Loss, recruitment, and increment

Walusiowka

During the control period 1987-1997 70 trees per
hectare were lost, including 12 beech, 48 fir, and 10 sy-
camore maple trees. Their total volume was about
54 m3/ha. Recruitment consisted of 12 trees per hec-
tare, including 4 trees of beech and other broadleaf
species, and 8 fir trees. Total volume of recruited

trees was 0.15 m3/ha (Table 2). The greatest annual
loss in the number of trees in relation to the total
number of trees of a given species in the stand in
1997 occurred in the case of sycamore maple (Acer
pseudoplatanus) (4.5%), then fir (2.6%), and beech
(0.8%) (Table 3). Also annual volume loss of syca-
more maple in relation to total volume of this species
in the stand (2.5%) was greater than that of fir (1.0%)
and beech (0.7%) (Table 3). Stand volume increment
reached about 7.8 m3/ha/year (Table 2), while the
ratio between annual volume loss and stand vol-
ume in 1997 was 0.8% (Table 3). Mean annual basal
area increment during the period 1987-1997 was
0.41 m?/ha (Table 4).

Przetecz Sosnow

During 1987-1997 78 trees per hectare were lost
(including 18 trees of beech and other broadleaf spe-
cies, and 60 fir trees). Total volume of this loss was
about 135 m3/ha. Recruitment numbered 24 trees
per hectare (6 trees of beech and other broadleaf
species, and 18 fir trees) of total volume 0.29 m3/ha
(Table 2). A considerably greater annual loss in the
number of trees in relation to the number of trees
of this species in the stand was found in the case of
fir (5.6%) than in the case of beech (0.6%). Also the

Table 3. Mean annual loss, recruitment and increment in relation to actual (1997) numbers or volume of living trees (%)

Ratio of the number

Ratio of the volume

Ratio of the number of

. Ratio of volume
recruited trees to the

Species of dead trge§ to the of dead trggs to the number of trees increment to stand
number of living trees  volume of living trees in stand volume
Walusiowka
ﬁff:jlsefvvzsﬁm and other 0.8 0.7 0.3 14
Abies alba 2.6 1.0 0.4 0.7
Acer pseudoplatanus 4.5 2.5 0.0 1.3
Total 2.0 0.8 0.3 1.2
Przelecz Sosnéw
ﬁff:‘jlsefvvzsﬁ“‘ and other 0.6 0.3 0.2 1.8
Abies alba 5.6 55 1.7 0.8
Total 1.9 2.2 0.6 1.5
Grodek
Fagus sylvatica 0.6 0.2 0.2 0.9
Abies alba 3.5 2.1 0.2 0.8
Other 0.0 0.0 0.0 0.7
Total 1.9 0.7 0.2 0.9
Facimiech
Abies alba 1.6 1.4 0.2 14
Other 0.0 0.0 4.5 29
Total 1.4 1.4 0.6 1.4

J. FOR. SCI.,, 53, 2007 (6): 278-289

281



Table 4. Loss, recruitment, and increment expressed in basal area units (m?) in 1987-1997 (m?/ha/10 years)

Stand basal area

Species Loss Recruitment Increment
G87 G97 GL GR IG

Walusiowka

Fagus sylvatica and other broadleaves 25.03 26.26 1.72 0.02 2.93
Abies alba 16.00 15.40 1.74 0.05 1.09
Acer pseudoplatanus 1.26 1.09 0.29 - 0.12
Total 42.29 42.75 3.75 0.07 4.14
Przelecz Sosnéw

Fagus sylvatica and other broadleaves 23.56 25.82 0.99 0.03 3.22
Abies alba 20.75 13.71 7.76 0.10 0.62
Total 44.31 39.53 8.75 0.13 3.84
Groédek

Fagus sylvatica 25.15 27.02 0.61 0.02 2.46
Abies alba 11.34 9.84 2.29 0.02 0.77
Other 0.27 0.30 - - 0.03
Total 36.76 37.16 2.90 0.04 3.26
Facimiech

Abies alba 45.22 45.01 6.31 0.05 6.05
Other 0.29 0.50 - 0.10 0.11
Total 45.51 45.51 6.31 0.15 6.16
value of annual volume loss of fir in relation to its Facimiech

volume in the stand (5.5%) was considerably greater
than that of beech (0.3%) (Table 3). Average volume
of a single dead beech tree (0.76 m®) was smaller than
that of a fir tree (2.02 m®). Stand volume increment
reached about 9.1 m3/ha/year (Table 2), and the ratio
between volume of annual loss and stand volume
in 1997 was 2.2% (Table 3). Mean annual basal area
increment during the control period was 0.38 m?/ha
(Table 4).

Grodek

In total 72 trees per hectare (including 12 beech
and 60 fir trees) of total volume of about 39 m3/ha
were lost during the control period 1987-1997.
Recruitment numbered 8 trees per hectare (4 beech
and 4 fir trees) of total volume of 0.08 m3/ha (Ta-
ble 2). Fir showed a considerably higher annual loss
in the number of trees (3.5%) in relation to its num-
bers in the stand in 1997 than beech (0.6%) (Table 3).
Also the annual value of volume loss in fir in relation
to its volume in the stand (2.1%) was greater than that
found for beech (0.2%) (Table 3). Average volume of
a dead beech tree (0.7 m3) was greater than that of a
fir tree (0.51 m?). Volume increment reached about
5.3 m?*/ha/year (Table 2), while the ratio between
volume of annual loss to stand volume in 1997 was
0.7% (Table 3). Mean annual basal area increment
during 1987-1997 was 0.33 m?/ha (Table 4).
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During the period 1987-1997 68 fir trees per hec-
tare of volume of about 94 m3/ha were lost, while
recruitment numbered 28 trees per hectare (8 trees
of fir and 20 trees of other species) of total volume of
0.48 m®/ha (Table 2). Annual loss of fir in the number
of trees in relation to its numbers in the stand in 1997
was 1.6%, and its annual volume loss in relation to
its volume in the stand was 1.4% (Table 3). Average
volume of a dead fir tree was 1.38 m?. Volume incre-
ment reached about 9.4 m3/ha/year (Table 2), and the
ratio between annual volume loss and stand volume
in 1997 was 1.4% (Table 3). Mean annual basal area
increment was 0.62 m?/ha (Table 4).

Characteristics of trees which died

Walusiowka

Trees which died (70 trees per hectare) were
growing in all stand layers. The greatest mortality
occurred in the middle layer (40 trees per hectare,
i.e. 57% of all dead trees) (Table 5). Mostly, these
were weakened trees (96.6%) of a decelerated rate
of growth (85.9%) (Table 6). Dead trees in the upper
and lower layers comprised 10.1 and 32.8% of all
dead trees respectively (Table 5). Mean dbh of dead
beech trees was 34.8 cm, while that of fir 19.2 cm,
and sycamore maple 18.4 cm (Table 6). Mortality of
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trees expressed by the per cent of trees that died dur-
ing 1987-1997 in the total number of living trees in
1987 was 17.1% (Table 5). Mortality of fir (21.5%) was
almost three times as great as that of beech (7.7%).

Przetecz Sosnow

The greatest number of trees died in the up-
per layer (42 trees per hectare, i.e. 53.9% of all
dead trees), while 19.2% of trees which died were
growing in the middle layer and 26.9% in the
lower layer (Table 5). Among dead trees 19.2%
represented IUFRO class 20, while 7.7 and 11.5%
represented classes 1 and 2, respectively (Ta-
ble 6). In this stand class 30 (weakly developed)
and class 3 (with a decelerated rate of growth) were
represented each by 80.8% of dead trees (Table 6).
Mortality of all tree species together during 10 years
was 17.1% (Table 5), that of fir (40%) being consider-
ably greater than that of beech (5.9%). Mean dbh of
dead beech trees was 23.8 cm, and of dead fir trees
36.4 cm (Table 6).

Grodek

Trees were dying in all stand layers (in total
72 trees per hectare), but their greatest number died
in the middle layer (28 trees per hectare, i.e. 38.9% of
all dead trees) (Table 5). Trees which died were weak-
ly developed (IUFRO class 30) and of a decelerated
rate of growth (class 3) (Table 6). Mean dbh of dead
beech trees was 21.2 cm, while that of fir 20.7 cm (Ta-
ble 6). Mortality of all tree species together was
16.4% (Table 5). Mortality of fir (26.3%) was over four
times as great as that of beech (6.0%).

Facimiech

The greatest number of trees (only fir) died in the
upper layer (40 fir trees per hectare, i.e. 58.8% of all
dead trees). Trees which died in the middle layer
comprised 29.4% of dead trees, and those in the
lower layer 11.8% (Table 5). Majority of dead trees
(82.4% and 70.6%) belonged respectively to the class
30 (weakly developed trees), and class 3 (a deceler-
ated rate of growth) (Table 6). Mean dbh of dead
fir trees was 31.8 cm (Table 6). Mortality of fir was
13.8% (Table 5).

DISCUSSION

The values of three processes: loss, recruitment,
and increment, determined during this study,
contain important information which may be in-
terpreted from the ecological as well as from the
economical point of view. In the case of primeval
forests they provide a more detailed knowledge on

J. FOR. SCI,, 53, 2007 (6): 278-289

stages and phases of development of the primeval
forest described by LEIBUNDGUT (1959, 1982) and
KorrEer (1989, 1995). In the investigated forests of
a primeval character the obtained values of current
volume increment (increment of a period of 10 years)
are the index of a potential site productivity (natural
productive capacity) which may be compared with
increment of managed forests of identical species
composition and site conditions.

Generally, in natural and primeval forests, stands
being in the growing up stage reach the highest
increment (7.0-8.6 m3/ha/y) (KORPEL 1989; JAWOR-
SKI, PALUCH 2002; JAwORsKI, KoropzIEj 2004),
although in the Badin reserve, the stand in the ad-
vanced break up stage reached a higher increment
(8.6 m?/ha/y) that in the growing up stage (4.7 m3per
ha/y). Among four stands of the Pieniny Mountains
the highest periodic volume increment was found in
the pure fir stand of Facimiech, showing features of
the optimum stage, phase of aging. A slightly lower
increment was found in the Przelecz Sosnéw stand
being in the growing up stage, phase of a little diver-
sified storied structure (Table 2). In 1974 this stand
had a transitory character between the growing up
and optimum stages, but due to mortality of fir of all
generations (period 1974—1997), including the oldest
trees, the rejuvenation of the stand took place, since
in this stand beech trees of the growing up genera-
tion and optimum growth have survived. This way
this stand, showing features of the growing up stage
in transition to the optimum stage, returned to the
growing up stage.

Stands of Facimiech and Przetecz Sosnéw reached
the highest current annual volume increment
(9.4 and 9.1 m3/ha/y) among Polish Carpathian for-
ests of a primeval character. It was also higher than
in Badin (8.6 m3/ha/y) (KorpPEL 1995) and Perucica
(6.4—8.8 m>®/ha/y) reserves (PINTARIC 1978), but
smaller than in one of the plots in the Dobrocsky
prales reserve (12.4 m3/ha/y) (KorpEL 1995) (compare
Tables 2). In two remaining stands, Walusiéwka and
Grédek, current volume increment was the smallest
among stands of the Pieniny Mountains, but in spite
of the growing up stage, it was similar to increments
in other Carpathian stands as well as in some sample
plots in Badin, Dobro¢sky prales (KOrpPEL 1995), and
Perucica reserves (PINTARIC 1978).

For comparison, current volume increment in
fir selection forests was 8—14 m3/ha/y (SMELKO et
al. 1992). In selection stands with predomination
of beech it was 5-12 m3/ha/y, and in beech stands
4.2-4.6 m*/ha/y (KRAMER 1988).

In three fir-beech stands (Walusiéwka, Przetecz
Sosnéw, Grddek), increment was not proportional to
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stand species composition, i.e. fir share in volume in-
crement was smaller (19, 20.2, 21.2%) and beech one
was higher (78.4, 79.8, 78.4%) in comparison with
their percentages in stand volume (fir: 32.5, 35.5,
24.4% and beech: 65.2, 64.5, 75.0%). The per cent of
volume increment of beech and other broadleaf tree
species was greater than that of fir (Table 3).

According to studies of DziEwoLskI and RuUT-
KOWSKI (1987), carried out in the Pieniny National
Park during 1972-1974, 40% of increment (out of
its total value of 7.64 m3/ha/year) fell to broadleaf
species (mainly beech, sycamore maple, and lime),
volume of which made only 23% of total stand vol-
ume. In stands investigated by these authors the
transformation of species composition was taking
place, i.e. retreat of conifers (spruce and fir) in favor
of broadleaf species (mainly beech, sycamore maple,
and lime).

DziewoLskI and RUTKOwsKI (1987) were of the
opinion that perhaps during 1972—1974 this was only
a preliminary phase of these changes and therefore
“their future progress is unknown” Our studies
showed that during 1987-1997 beech percentage
had increased, while that of fir had decreased (Ta-
ble 2), and that beech proportion in increment was
greater than it proportion in basal area and stand
volume (Tables 2 and 4).

According to studies of PRIEsoL and HLADIK
(1974) carried out in over 200 Slovak managed
forests, composed of fir and beech, which reached
age of 20—120 years, the greater was the percentage
of fir in the stand the greater were the productivity
indexes, including the average increment of total
production.

Also STANDOVAR and KENDERES (2003) showed
that the increase of beech proportion at a simulta-
neous decrease of fir causes the drop in volume of
stands composed of many species.

Due to a too small number of sample plots in the
Pieniny the results of this study do not permit to
make a far reaching generalizations. It may be sup-
posed that a relatively greater increment of beech
than that of fir in mixed stands is, beside predomi-
nation of beech in regeneration, an indicator of its
high vitality in comparison with fir, which during the
period from 1960 to 1980 showed a decreasing di-
ameter increment (JAWORSKI et al. 1995), frequently
as the result of high air pollution (SCHOPFER, HRA-
DETZKY 1986; PRETZSCH 1996).

It may also be supposed that a relatively high
volume increment in beech, greater than in fir, may
be an indicator of climate warming up, similarly as
height growth in beech stands in Bavaria, where
height growth of beech increases with increase
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of temperature, and in dry and warm areas these
stands reach the greatest productivity (FELBERMEIER
1994).

In this discussion also the fact that beech stands
later reach the growth culmination (AsSMANN
1961; SMELKO et al. 1992) should be taken into
consideration. This, together with dying of many
fir generations and survival of beech older genera-
tions in stands of the Pieniny Mountains, could have
resulted in disproportionately greater increment of
beech than that of fir in relation to their proportions
in stand volume.

In fir-beech stands, fir showed not only a smaller
productivity, but also greater mortality than beech.
Mortality is often used to characterize the popula-
tion dynamics of trees (SZWAGRZYK, SZEWCZYK
2001; BATTLES et al. 2003). In the investigated
stands of the Pieniny Mountains the mortality of all
tree species during a 10-year period (Walusiéwka
and Przetecz Sosnéw 17.1, Grédek 16.4, Facimiech
13.2%) was greater than in the fir-beech stand on
Mt. Babia Géra (12.5%) (SZWAGRZYK, SZEWCZYK
2001), and also greater than tree mortality in the
Gorce Mountains in the stand representing grow-
ing up stage, phase of selection structure (7.4%) and
similar to that in the stand in the initial phase of
the break up stage (16.9%), but smaller than that in
the stand in the break up stage (21.8%) (JAWORSKI,
Koropzigj — unpublished data). The authors are of
the opinion that this index does not fully reflect the
changes taking place in stands, and that it should
be supplemented with volume or biomass of trees
that died.

The process of natural mortality of trees in stands
of a complex vertical structure resembles the re-
moval of mature trees in the selection cutting system.
It may be assumed that dead trees from the upper
stand layer of dbh about 60-70 cm correspond to
“crop harvesting” (Table 5). Dead smaller trees in this
layer and in layers below correspond to a generally
known method of conducting selection cuttings in
all stand layers. This natural selection plays a func-
tion of a selection cutting (ScHUTZ 2001), but mainly
inclined towards a negative selection. It is, however,
difficult to suppose that “cuttings” resulting from
natural processes taking place in the stand could
agree with aims of the forest manager.

Volume loss (“amount of cut”) in the investigated
plots was diversified (Table 2). In Walusiéwka and
Grédek stands the loss was smaller than the incre-
ment (Table 2), and therefore it was within the limits
of a selection cut corresponding to current volume
increment. It may be expected that these stands will
be increasing their volume along with transition
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from the growing up stage to the optimum stage. In
the Facimiech stand during 1987-1997 the loss and
increment were equal to each other (Table 2), and
this is why this stand showed the equilibrium in vol-
ume, and its further development will depend on the
progress of the aging process expressed by the value
of loss. In the Przetecz Sosnéw stand the loss caused
by intensive mortality of fir considerably exceeded
the increment (Table 2), and thus an accelerated
stand break up took place, having a transitory char-
acter between the growing up stage and the optimum
stage, which in consequence impoverished a natural
developmental cycle of the stand of a primeval char-
acter described by KorpET (1995).

In general, in the growing up stage mortality
included fir trees of smaller diameters (mean dbh
Walusiowka 19.2 cm and Grédek 20.7 cm) than in
the optimum stage (Facimiech — 31.8 cm ) and in the
stand of an accelerated break up (Przelecz Sosnéw
36.4 cm). Similar results were presented by JAWOR-
sk1 and Koropzigj (2002) in their study concerning
forests of the Bieszczady Mountains.

In the first place trees of the upper and middle
layers of the investigated stands were dying. Among
them there were also trees of a normal vitality and
average and high growth tendency. The causes of
this mortality were probably the disturbances con-
nected with the process of fir receding (WHITE,
PickeTT 1985; SPLECHTNA et al. 2005). Dying
of trees in the lower layer and individuals of low
vitality and low growth tendency was in the first
place caused by natural processes of tree mortality
in the stand.

CONCLUSIONS

1. Processes of increment and loss of fir and beech
indicated a progressive process of changes in
species composition expressed by increased
proportion of beech and decreased proportion
of fir.

2. In three mixed stands proportions of fir and
beech in stand increment were different from
their proportions in stand volume: fir showed a
smaller and beech a greater proportion in stand
volume increment than their proportions in stand
volume.

3. In the Pieniny National Park fir was character-
ized by a greater mortality than beech. The dying
process of fir observed since the early 1970s was
continued in the late 1990s.

4. Trees which died were characterized by a general-
ly lower vitality and decreasing growth tendency,
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however, among them there were also individuals
of a normal vitality and average growth tendency.
The causes of death of latter trees were distur-
bances not associated with natural mortality of
trees in the stand.

5. The knowledge on loss, recruitment, and incre-
ment, expressed by the number of trees and
volume units, documented in a large number of
experimental areas, may be of help in determi-
nation of the amount of cut in productive and
protective forests managed according to a close-
to-nature silviculture.
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Procesy ztraty, dorostu a prirastu porosta pralesovitého charakteru
ve vybranych izemich Pieninského niarodniho parku (jizni Polsko)

ABSTRAKT: Studie byla provedena béhem let 1987-1997 ve ¢tyfech porostech lezicich v niz§im horském stupni,
které reprezentovaly rostlinnou asociaci Carici-Fagetum abietetosum (vyzkumné plochy Facimiech a Walusiéwka)
a prechodné spolecenstvo mezi Dentario glandulosae-Fagetum a Carici-Fagetum (vyzkumné plochy Grodek a Przetecz
Sosnow). Nejvétsi objemovy prirtst byl zjistén v nesmiseném porostu jedle bélokoré (Abies alba) na plose Facimiech
(9,4 m3/ha/rok, tj. 1,4 % objemu porostu zjisténého v roce 1997), ktery byl ve stadiu optima (faze strnuti a obnovy).
Nejmensi objemovy piirtst byl zjistén v porostu Grédek (5,3 m3/ha/rok, tj. 0,9 % aktudlniho porostniho objemuy),
ktery byl ve stadiu doristani, fazi vybérného lesa. Porost Przetecz Sosnéw byl charakteristicky nejvétsi mortalitou
stroml (objem odumfelych strom@ 13,5 m3/ha/rok). Tento porost se nachazel v prechodu mezi stadiem dortistan{
a stadiem optima; diky intenzivnimu odumiréni jedle se porost rozpadal a v disledku toho se v rdmci stadia dorus-
tdni rozvinula fize mélo diverzifikované a vrstevnaté struktury. Objem dorostu do kmenoviny byl nejvétsi v porostu
Facimiech (0,05 m3/ha/rok). Podil jedle a buku na porostnim ptirtstu se ve tfech jedlo-bukovych (Abies alba, Fagus
sylvatica) porostech odlisoval od podilu téchto dfevin na objemu porostu. Ve srovnani s podilem téchto dfevin
na objemu porostu byl podil jedle na porostnim prirtistu mensi, zatimco podil buku byl vétsi. Prabéh prirtstu
a mortality jedle a buku podminil progresivni proces zmény v druhové skladbé porostu, ktery se projevil ndrtstem
podilu buku a poklesem zastoupeni jedle. Poznatky o hodnotdch abytku, dorostu a pfiristu, vyjadiené poctem stro-
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mu a objemovymi jednotkami, mohou byt pomoci pti determinaci velikosti tézby v hospodarskych lesich a v lesich
ochrannych, obhospodafovanych podle zasad prirodé blizkého péstovani lest.

Klicova slova: lesy pralesovitého charakteru; vyvojova stadia a faze; odumirani jedle; Fagus sylvatica; Abies alba
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