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Abstract: The structure and dynamics of a submontane alluvial forest, with structural attributes of
old-growth, in the Sudety Mts, Central Europe were examined. Stand structure was measured in circular sam-
pling plots, and the distribution of gaps in belt transects. Past dynamic was reconstructed on the basis of anal-
ysis of events of release from suppression by inspection of growth pattern. The age distribution of canopy
trees was also surveyed. The stand was dominated by ashes (Fraxinus excelsior) aged 77-151 years, which cre-
ated the upper layer, whereas the lower layer was dominated by dense hazel (Corylus avellana) shrubs. The
analysed stand was developed in site which was used as a grassland in first quarter of XIX century, but its his-
tory include several fine-scale disturbances when canopy trees were established. Recent dynamic was related
to low intensity gap formation. The light conditions at the forest floor were good, and the average percentage
of PPFD was 13%. Seedlings of ash and sycamore (Acer pseudoplatanus) were abundant throughout the stand.
However, continuous browsing by game prevented growth of seedlings; in the sapling layer sycamore had dis-
appeared and the number of ash saplings was strongly reduced. Regeneration was dominated by hazel of veg-
etative origin both in gaps and under the canopy.
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Introduction

Alluvial forests of temperate Europe are communi-
ties rich in plant and animal species, with high struc-
tural diversity, and also have an important function in
carbon gain and protection of water resources. For
these reasons high priority is given to these habitats

for nature conservation as well as environmental pro-
tection. However, floodplains along rivers have been
severely altered through the centuries, and many have
lost their riparian forest (Brinson and Verhoeven
1999; Klimo and Hager 2001). Today, conservation
and restoration of remnants of these forests are
among the main focuses of European forestry (Anon-
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ymous 2006, Armbuster et al. 2006), requiring
knowledge about the natural processes and struc-
tures of this communities.

The ecology of the alluvial forests in valleys of large
rivers, where periodic floods are the major driving fac-
tor of ecological processes, has been intensively stud-
ied and is quite well understood (e.g. Carbiener and
Schnitzer 1990, Trémoliéres et al. 1998, Armbuster
2006). Knowledge about the ecology of other types of
riparian forest in Europe is relatively scarce, mostly
due to the small number of areas left to spontaneous
development where natural processes can be obser-
ved (Pawlaczyk 2004, Janik et al. 2008).

In the submontane and lower mountain zones of
the eastern part of Central Europe alluvial forests are
represented by ash-alder woods Carici remotae-Fraxi-
netum Koch 1926 (Neuhiuslova and Kéna 1999, Ma-
tuszkiewicz 2008). In the European system “Natura
2000”, these forests are considered as a priority habi-
tat requiring special attention. The most informative
data about their ecology come from long-term obser-
vations performed in strict reserves (Kenders et al.
2008). Unfortunately similar data on submontane
ash-alder woods are not available (Pawlaczyk 2004).
In such situations the results of recent observations
of forest structure could by supported by reconstruc-
tive studies (Foster et al. 1996).

The aims of this study were to examine the struc-
ture and recent dynamics of a mature stand with
old-growth attributes, representing a priority Euro-
pean habitat, and to reconstruct its past dynamics us-
ing a dendroecological approach.

Materials and methods

Study site

The study was performed in the Kaczawy Mts (Su-
dety massif, Lower Silesia, Poland) in the southern
part of the “Buki Sudeckie” reserve (50°56’25”N,
16°01’13” E), which is managed by the administra-
tion of the State Forest, Jawor District. The average
altitude of this area is 420-440 m asl. The average an-
nual temperature is 7.0°C (July 16.1°C, January
-2.6°C); average annual precipitation is 801 mm, with
a maximum in July-August; the average length of
growing season is 200-220 days.

The mature stand (around 15 ha) was located in
the lower part of a gentle slope, in the fork of two
streams (Fig. 1). The site was additionally wetted by
small springs that form a sloping wetland. The land
relief meant that the site was not flooded, but the soil
was saturated. According to the Braun Blanquet ap-
proach the plant community was classified as Carici
remotae-Fraxinetum (Koch 1926) ash-alder wood of
springs and rivers (Berdowski 2000). Dominant for-
est floor species in the summer were Senecio fuchsii
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Fig. 1. Distribution of sampling plots and stripe transects in
the studied site

and Stachys sylvatica (Berdowski 2000). The habitat
was classified as sub-type 44.31 of priority habitat al-
luvial forests with Alnus glutinosa and Fraxinus excelsior
(Natura 2000 code 91EO). The investigated stand
bordered on a beech forest (Dentario enneaphyllidis-Fa-
getum Oberd. 1953), an artificial spruce plantation
and arable land.

The detailed history of the management of the
stand before 1950 was unknown, due to historical
and political changes in this area. In the middle of
eighteen century (map from 1748) the study site had
been a part of large forest complex, however map
from 1824 revealed that the study site was converted
into meadows or pastures (Fig. 1). Subsequent maps
(since 1888) again have shown this site as forested ar-
eas. In this patch, after I WW only limited, compul-
sory felling had been performed, most recently be-
tween 1988 to 1993, when around 6 m? of timber was
removed per hectare (administration of State Forest,
Jawor District — personal communication). The site
has been a non-intervention forest reserve since 1993.

Nowadays, across the whole Jawor district (146.4
km?) the density of red deer (Cervus elaphus) and roe
deer (Capreolus capreolus) is high: 26 red deer/1000 ha
and 178 roe deer/1000 ha (Wroctaw Regional Direc-
torate of State Forests — personal communication,
data for 2008). There is also a population of mouflon
(Ovis ammon) at 8.8 individuals/1000 ha, however
these most probably do not penetrate the reserve. The
density of game in the period before 1945 was much
lower (Wroctaw Regional Directorate of State Forests
- personal communication).

Methods

Eight sampling plots were established in the cen-
tral part of the stand in a 100 x 100 m grid. Each plot
consisted of two circular, concentric sampling areas.
In the large plots (500 m?) the diameter at breast



Structure and dynamics of a mature tree stand in submontane alluvial forest... 45

height of all standing trees with a diameter higher
than or equal to 7 cm was measured. The number of
fallen logs and stumps were recorded, and the per-
centage cover of forest floor vegetation was visually
assessed. The height all living trees was measured in
the small, inner plots (250 m?). Three sub-plots were
established in each sampling plot, each 25 m?, located
5 m in the direction of 0, 120 and 240 degrees from
the plot centre. The height of all saplings (individuals
taller than 0.5 m and with diameter below 7 cm) was
measured in these sub-plots, along with the number
of seedlings (individuals shorter than 50 cm), and the
number of seedlings and saplings damaged by brows-
ing. The aggregate height of saplings was calculated
as an efficient measure both size and density of sap-
lings (Fei et all 2006).

Light was measured at 0.5 m above ground level in
the centre of all 500 m? plots and in each sub-plot us-
ing hemispherical photographs (32 photographs in
total). The photographs were analysed using Win-
Scanopy 2003b software by Regent Instruments Inc.
The results were expressed as the relative photosyn-
thetic photon flux density under canopies (% PPFD).

Gaps were sampled in three stripe transects (two 20
% 200 m and one 20 X 224 m) according to the proto-
col described by Runkle (1992). The size of gaps was
measured according to the Brokaw’s (1982) method,
assuming a minimal gap size of 15 m?. We also assume
that all gaps caused by trees logging, what could be in-
dicated by lack of tree trunks and presence of stumps,
were created before 1993 (year of reserve establish-
ing). The gaps caused by trees uprooting or breaking,
where trees trunk was presented, were established
since 1993. The state of the vegetation inside gaps was
described, we also measured the diameter of fallen
trees in the vicinity of sampling areas.

Among ashes (Fraxinus excelsior) growing on sam-
pling plots individuals representing whole range of
diameter size were chosen. They were cored at 1.3 m
above the ground for age determination and radial
growth analysis. If ashes in desired diameter class
were absent on sampling plots we would take individ-
uals nearest to sampling plots. The cores were ob-
tained from 27 trees with a diameter between 11 and
77.5 cm; one core was taken per tree. The cores were
dried, mounted, and sanded, then they were scanned
and tree rings were measured using CooRecorder and
CdDendro software with an accuracy of almost 0.01
mm. The age of trees was estimated on the basis of
the number of tree ring plus 10 years (the time neces-
sary to reach 1.3 cm of height, according to observa-
tions of growth of unbrowsed saplings). Cores were
examined for periods of suppression and release ac-
cording to boundary - line release criteria proposed
by Black and Abrams (2003). The percentage of trees
released from suppression was grouped in decades
and considered as evidence of past disturbance (Lo-

rimer 1985, Black and Abrams 2003). Consideration
of 10-years moving average ring width value excluded
the first and last 10 years of the dendrochronologies
from computation of percentages, which thus span-
ned the period from the 1880s to the 1990s.

Field measurements and tree cores were taken in
2006 and 2007.

Results

Study plots description

The forest floor vegetation covered on average of
46% of the studied plots, varying between 15 to 80%.
Stumps of cut trees were present on almost all sam-
pling plots. The mean density of stumps was 37 N/ha,
varying from O to 60 N/ha. Fallen logs were counted
on three plots, which gave average density of 15 N/ha.

The average percentage of PPFD at the level of the
forest floor vegetation was 13% (standard deviation
S.D. 3.4%). We found a statistically significant corre-
lation between the cover of forest floor vegetation in
summer and light conditions (r = 0.86, p = 0.006).

Stand structure

The average density of living trees was 492 N/ha
(S.D. 153); the average stand volume 526 m®/ha (S.D.
141); the mean sum of basal area was 39.4 (S.D. 8.4
m?/ha). The diameter distribution of living trees had
the form of a rotated sigmoid (Fig. 2).

The mixed stand was dominated by ash (Fraxinus
excelsior), which accounted for more than half of its
volume (Table 1). Sycamore (Acer pseudoplatanus)
comprised nearly one third of stand volume. These
two tree species were found in each plot, along with
hazel (Corylus avellana). Other species present in-
cluded lime (Tilia platyphyllos), oak (Quercus robur),
beech (Fagus sylvatica), aspen (Populus tremuloides) and
wych elm (Ulmus glabra) (Table 1). Three to six spe-
cies were found per plot.
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Fig. 2. Diameter distribution of all trees
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Table 1. The stand structure by species. Species codes: FE — Fraxinus excelsior, AP — Acer pseudoplatanus, QR — Quercus robur, FS
— Fagus sylvatica, TP — Tilia platyphyllos, CA — Corylus avellana, PT — Populus tremula, UG — Ulmus glabra, App — Acer platanoides,
SA - Sorbus aucuparia, CM — Crataegus monogyna, DM — Daphne meserum

e Species
Characteristics Sum
FE AP QR  FS TP CA PT UG App SA CM DM

stem volume [m’/ha] 3059 139.7 27.1 16.7 27.6 4.3 4.1 0.5 0 0 0 0 5259
% 582 266 52 32 53 08 08 0.1 0 0 0 0 100
basal area [m’/ha] 22.84 11.19 2.03 1.18 0.95 0.82 0.29 0.06 0 0 0 0 3937
% 580 284 52 30 24 21 0.7 02 0 0 0 0 100
stem density [N/ha] 165 90 20 12.5 35 165 2 3 0 0 0 0 4925
% 33.5 18.3 4.1 2.5 7.1 33.5 0.5 0.5 0 0 0 0 100
Efnr;‘hzghelght of saplings 4505 0 0 1683 125 25849 0 325 O 0 2227 20 36343
% 13.2 0 0 46 34 711 0 0.9 0 6.1 0.6 100
saplings density [N/ha] 1283 0 0 83 17 1917 0 100 133 17 3549.9
% 36.2 0 0 2.3 0.5 54.0 0 2.8 0 004 O 100
seedlings density [N/ha] 23433 10666 133 316 16 266 0 800 233 33 266 0 36166.5
% 64.8 29.5 0.4 0.9 0 0.7 0 2.2 0.6 0.1 0.7 0 100

Ashes were absent from the 22-27 cm diameter 407 40
class. There was also a lack of small diameter syca- - -
mores (Fig. 3), whereas limes were usually in the
lower classes of diameter; hazels (not shown) were 304 30,
the most numerous species in the lowest diameter
distribution class. T 251 -

The upper tree layer consisted predominantly of ash ' ]
(maximum height 38 m) and sycamore (maximum 8 20 204
height 39 m). The lower layer consisted mainly of ha- £
zel, with a small admixture of lime and ash. The major- 2 15_} 154
ity of the volume was associated with trees from the 10.
upper layer (trees taller than 25 m), whereas the vol- 10+
ume of the lower layer, was almost negligible (Fig. 4). 5]

The age of ashes varied from 77 to 151 years. In 54
some cases, trees of similar ages differed in diameter

by more than 30 cm (Fig. 5). The observed releases
from suppression were mainly major and not syn-
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Fig. 3. Diameter distribution of Tilia platyphyllos (TP), Acer
pseudoplatanus (AP) and Fraxinus excelsior (FE)
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Fig. 4. Height structure of the tree stand and volume distri-
bution among height classes

160+

age =-11.7703+35.2247*|log(diameter)
R?=0575
p<0.001 o

150+

140+

Y o=
N W
o o

N
=&
o

age [year]

90+

80+

70

0 10 20 30 40 50 60 70 8 90
diameter [cm]

Fig. 5. Age and diameter distribution of cored Fraxinus excelsior



Structure and dynamics of a mature tree stand in submontane alluvial forest... 47

25]
z 15]
5.

351 [Jmoderate releases [ |major releases [llltree establishing

period considered for growth releases examination

[¢)]

frequency [%]
= N
o

10

- = ™ Y Y - ™ ™ = ™ ™ = = v ¥

calendar year
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chronous; less than 25% of trees per decade showed
evidence of past major disturbances (Fig. 6).

The density of dead, standing trees varied from O to
140 N/ha. These were usually relatively small hazels,
and thus their contribution to volume was negligible.
The density of large (above 50 cm in diameter) dead,
standing trees was 5 N/ha, consisting of ashes and
sycamores.

The diameter of fallen trees varied from 29 to 58
cm (average 42 cm); these were exclusively ashes.
They were broken (58%) or uprooted (42%) due to
wind damage.

Regeneration

Seedlings were found in all plots with an average
density of 36 167 N/ha (S.D. 29 227 N/ha). The aver-
age participation of one-year seedlings at each sam-
pling point was 1.9 % with a maximum of 11.8 %. The
most abundant were seedlings of ash, then sycamore
and wych elm. The participation of seedlings of
beech, hazel, hawthorn (Crataegus monogyna), maple
(Acer platanoides), oak, rowan (Sorbus aucuparia) and
lime was below 1% each, giving a total of 3.5%. All
lime seedlings were one year old; in the case of oaks
the participation of one-year seedlings was 12.5%, in
maple 5%, and in ash 0.5%. Seedlings of other species
were older than one year.

The percentages of browsed seedlings were: wych
elm (75%), ash (15%), beech (12%), sycamore (6%),
and hawthorn (6%). In the case of sycamores and
ashes, browsing was strongly related to seedling
height: individuals smaller than 15-20 cm were virtu-
ally unbrowsed, whereas all taller individuals were in-
jured.

There were no statistically significant correlations
between seedling density and light conditions.

Saplings were present on 83% of all (24) sub-plots,
but they were mainly hazel saplings. Saplings of other
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Fig. 7. Distribution of gap size (white bars) and cumulative
gap areas in each size class (grey bars)

tree species (ash, beech, lime and elm) occurred in
only two sampling areas on 6 sub-plots, comprising
25% of all sub-plots; the lack of sycamore saplings
should be noted. The average sapling density was
3550 N/ha, the average aggregate height was 3634
m/ha. Hazel saplings clearly dominated, both in ag-
gregate height and density.

The impact of browsing was especially high in the
case of ash and wytch elm —84% and 83% of their liv-
ing saplings were browsed, respectively. Beech sap-
lings (60%) were also browsed. No browsing was evi-
dent in the other species.

Gap structure

We found 21 gaps in the transects. The area cov-
ered by gaps was 10.5%, and the area of individual
gaps varied from 15 to 153 m?. Small gaps, up to 30
m?, were the most frequent, however the largest area
was covered by large gaps (Fig. 7). The number of
gaps created spontaneously during the last 13 years
amounted to 38% of the total; in three other cases
(14%) the gaps were created initially by tree cutting,
and were extended as a result of windfall. The total
area of gaps created exclusively by wind activity and
natural tree death was 502 m?, whereas the sizes of
gaps created by previous forest management was 614
m?. The area of gaps created spontaneously over the
last 13 years was 3.9% of the investigated area, and
the rate of gap creation was 0.3% per year. The me-
dian sizes of natural and man-made gaps were 57 and
46 m?, respectively, with no significant difference be-
tween them (Mann-Whitney U test, U=39.00,
p=0.929). In most cases (95%) gaps were filled by
hazel, and in one case ash saplings were present.

Discussion

The volume of the analysed stand was relatively
high: it was equivalent to the volume of a primeval



48 Tomasz H. Szymura, Marta Buszczak, Magdalena Szymura

ash-alder stand in Biatowieza Forest, which was cal-
culated as 500 m*® (Falinski and Pawlaczyk 1995). A
higher stand volume was found in near-natural
floodplain forest Fraxino pannonicae-Ulmetum (Janik et
al. 2008) where volume fluctuated over time from
591 to 547 m?/ha with a tree density of 186-203
N/ha. In the latter forest the high stand volume was
related to the presence of old, large oaks which had
been promoted by past management and contempo-
rary they are disappearing from stand (Janik et al.
2008). The basal area was higher than that in alluvial
forests dominated by ash (community Querco-Ulme-
tum minoris) in a flooded part of the Rhine valley,
where the sum of the basal area was 32.3 m?/ha with
atree density of 734.9 N/ha (Trémoliéres et al. 1998).
The high stand volume in this study was the result of
site productivity: ashes and sycamores reached al-
most the maximal height for these species, however
the diameter of ashes was not as large (Marigo et al.
2000, Jaworski 2004). The density of large living trees
with a diameter above 70 cm in the study site was
lower (7 per hectare) than in an ash, alder and spruce
mixed forest in Bialowieza, a primeval forest with a
density of 18 large trees per hectare (Nilsson et al.
2003). The smaller number of large ashes in this
study was related to their recent natural mortality:
the heartwood of practically all ashes with a diameter
above 70 cm was decayed, and many of them had bro-
ken branches or hollows. According to Falinski
(1986) ashes aged 250-400 years are not rare and in-
dividual trees may live longer than 400 years in the
Bialowieza primeval forest. On the other hand
Emborg et al. (2000) stated that in the Suserup Skov
forest reserve in Denmark ash typically degenerates at
age 130 years and only a few individuals grow larger
than 80 cm in diameter.

In XIX century, ash and sycamore were not consid-
ered as valuable for forest management in Silesia
(Nyrek 1992, Wilczkiewicz 1992), thus we assumed
that the stand has developed as a result of spontane-
ous succession in abandoned grassland. As could be
revealed from the age analysis the oldest tree was es-
tablished in 1856, however there are not any data
about vegetation structure from the period of 32
years, between 1824, when study site remained a
grassland and the year of the establishment of the old-
est trees. Thus, we do not know if there were any
other pioneer trees established before observed
stand. Age of trees revealed that the current stand
does not consist of only one cohort established imme-
diately after abandonment of the grassland. It was
stated that the establishment of trees lasted through
75 years. Such age differentiation is much greater
than that observed in an ash-sycamore stand which
had developed after large clear-cutting of beech forest
(Holeksa and Paruel 1992). Possible explanations of
such extension can be related to factors, which could

locally hamper the succession (eg. competition of
grassland vegetation) or/and to some disturbances
(eg. browsing by cattle, wild boar activities, cutting
down of trees). Another possible explanation of re-
constructed stand dynamics is an earlier colonization
by light demanding pioneer tress (e.g. alder), over-
grown later on by the ashes or/and cut down gradu-
ally by human. Such activity generated gaps in can-
opy, which is reflected in observed frequency of trees
revealed growth release events. In fact, the frequency
and spatial extension of past disturbances in canopy
layer and subsequent tree recruitment reveals pattern
similar to typical gap-phase stand dynamic. Accord-
ing to the authors knowledge, there have not been
any long-term studies performed in similar site condi-
tions, which could give credence for some of men-
tioned above explanations.

Our results concerning age-diameter relationships
confirm that retrieving the age structure from diame-
ter distribution could lead to serious misinterpreta-
tion, also the diameter distribution could not be un-
ambiguous indicator of past stand dynamics. For ex-
ample rotated sigmoid diameter distribution, like ob-
served in this study, could be attributed both for
even-aged forest (Sakio 1997) developed after
large-scale disturbance, as well as for balanced
multi-cohort old growth stand (Rubin et al. 2006,
Westphal et al. 2006) with fine-scale disturbances
driven by gap dynamics.

Recently (since 1993), stand dynamics have been
related to the death of single trees. The density of dead
standing trees larger than 50 cm in diameter was 14
per hectare in ash, alder and spruce mixed forest in
Biatowieza primeval forest (Nilsson et al. 2003)
whereas in this study there were only 5 such trees per
hectare. This was relatively high, given that the dead
trees have accumulated over only 14 years. Trees were
also felled or broken by the wind, which often resulted
in creation of gaps in the canopy layer. The distribution
of gap sizes generally correspond with the typical
course where small-sized gaps are more frequent than
large-sized gaps (Yamamoto 2000). An exception was
the group of largest gaps, which were more numerous
than mid-sized gaps, although two of the three largest
gaps were the aftermath of previous forest manage-
ment. Generally, the gap percentage and gap size were
in the lower part of the range found in different natural
temperate forests, according to the data presented by
Yamamoto (2000) and Kenderes et al. (2008). Other
studies showed a high density of trees uprooted on
wet, unstable ground in an Carici remotae-Fraxinetum
stand (Falinski and Falinska 1965), the uprooting was
correlated with the dynamics of spring (Pawlaczyk
2004); unfortunately these result were not quantified.
In this study the rate of gap creation was rather small,
comparable to those observed in stable beech forests
(Kenderes et al. 2008).
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Gaps were predominantly filled by hazel, as a re-
sult of rapid spread of hazel sprouts that were grow-
ing at gap peripheries. The long offshoots with large
leaves filled gaps and efficiently impeded establish-
ment of other tree species by shading young individu-
als. The phenomenon of filling entire gaps by hazel
was reported by Bobiec (2002) in an oak-lime-horn-
beam forest in the Bialowieza primaeval forest. Simi-
lar rapid overgrowth of gap by sprouts of wytch elm
was observed in a deciduous forest in Denmark
(Emborg et al. 2000); however in the long term such
elms could be topped by beech ( Emborg et al. 2000).
In the analysed stand beech was the most shade-toler-
ant species, but in riparian forest it occurred sporadi-
cally in admixtures, because of its very low tolerance
to soil inundation (Glenz et al. 2006). Thus it is unre-
alistic to predict similar overgrowth by beech as a ma-
jor process of further stand dynamics.

In spite of the unavailability of gaps for natural re-
generation of canopy tree the density of ash and syca-
more seedlings were relatively high. The average
seedling density corresponded to the density of seed-
lings and saplings (individuals <1.5 m in height) in a
flooded hardwood floodplain forest of the upper Rhi-
ne (Deiller et al. 2003), and was almost two times
higher than seedling density under the canopy of ma-
ture maple—ash forest (Holeksa and Parusel 1992).
This was the result of favourable light conditions un-
der canopies in study site. Data presented by Emborg
(1998) showed that a PPFD around of 10-12% (the
most common value in the analysed stand) occurred
only in the degradation or innovation phase in mixed
beech—ash forest, whereas in other phases the PPFD
was much lower. Other studies confirm low light at-
tenuation by the canopy of ash trees; in pure ash for-
est the light level at the forest floor was 15-20%, and
in mixed ash-alder alluvial forest it was 10-15%
(Falinski and Pawlaczyk, 1995). Seedlings of ashes
and maples are moderately shade tolerant (Jaworski
2004, Janse-Ten Klooster 2007, Petritan et al. 2007)
and therefore were distributed across the study site
without obvious relation to the light intensity. Ac-
cording to the model proposed by Petritan et al.
(2007), the mortality ratio of ash and sycamore sap-
lings is small in light conditions similar to those in
our (lower than 13% for ashes and 8% for syca-
mores). However, it is known that ash and sycamore
are among the most commonly browsed species
(Falinski and Pawlaczyk 1995; Modry et al. 2004) and
it has been reported that continuous browsing could
permanently prevent ash and sycamore regeneration
(Falinski and Pawlaczyk 1995; Boratynski and
Filipiak 1999). Monitoring of natural regeneration in
elm-ash floodplain forest in the Czech Republic
(Cermdk and Mrkva 2006) revealed that browsing
was the primary cause of the reduction in number and
average height of natural regeneration. The reduction

of density of natural regeneration was 45% for ash
and 84% for sycamore over a four-year period (Cer-
mak and Mrkva 2006). Seedlings mortality was high
in the analysed stand due to strong pressure from
ungulates; sycamore saplings were absent, the num-
ber of ash saplings was dramatically reduced and re-
cruitment was dominated by hazel, mainly of vegeta-
tive origin.

Conclusions

1. The stand with attributes of structural old-growth
was developed on previously agricultural areas,
however no more than 180 year after agriculture
abandonment, any evidence of previous land use
were not visible during field work, thus without
analysis of historical maps such origin was unde-
tectable.

2. The age structure was diverse, but the relationship
between trees diameter and age was weak: trees in
almost the same diameter class could differ about
40 years in age. Such differentiation without age
analysis was also undetectable.

3. Recent stand dynamics was gap driven, however
the size of gaps was rather small, also frequency of
gaps creation was low, it is quite surprising be-
cause it could be expected that on moist soil the
level of trees uprooting could be high.

4. The basic factor altering recent stand regeneration
is browsing by game: it eliminates sycamore and
strongly diminish ash regeneration.
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