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Abstract — The authors studied the effects of canopy openness, substrate features and herbaceous
species cover on regeneration in eight natural canopy gaps and the surrounding stands in a semi-
natural beech forest stand. Canopy openness was estimated by spherical densitometer, with relative
light intensity being calculated using hemispherical photographs along gap-canopy transects. The high
variance of relative light intensity and canopy openness values reflects the heterogeneity of canopy
structure. Total cover of herbaceous species in and around gaps also reflected fine-scale canopy
heterogeneity. Herbaceous species composition varied with total coveragd/ricg. dioica
dominated the dense herb layer found in the gaps. Tree individuals of various species and size classes
showed different spatial patterns. Substrate features, canopy openness and also understorey herb
density, all affected these patterns as consequence of the different ecological preferences of tree
species in establishment and development, and their different sensitivity to browsing.

fine-scale disturbance / herbaceous layer / browsing / canopy openness / substrate features

Kivonat — Lék-feltjuldsi mintadzat vizsgalata egy magarorszagi természetkdzeli bikkosbenA

cikk egy természetkdzeli biikkés nyolc Iékjében elvégzett vizsgalatot mutat be, amely a lék felGjulasa
és a lombkorona-zarédashany, aljzati téfiialletve a lagyszaru boritas kozti kapcsolatot kutatja. A
lombkorona-zarédashiany becsléséhez szférikus denziométert hasznaltunk, illetve harom Iék
fénymintazatat halszemoptikas képekkel is jellemeztik. A zar6dashiany és a megvilagitottsag értékei
tukrozték a heterogén lombkorona-szerkezet sajatsdgait. A lagyszardak boritasa a finbmlépték
fénymintazatra reagalt. A lagyszartak 6sszboritasanak fliggvényében mas-mas lagyszaru fajok kaptak
dominans szerepet a gyepszintben. A kilodbd#retosztalyba és fajhoz tartozdé csemeték valtozo
térbeli megoszlast mutattak. A vizsgalt valtozok egyittesen komplex modon befolyasoltdk a fafajok
megtelepedési és féfési feltételeit.

finomléptékii dinamika / lagyszara szint / vadragas / zarodashiany / aljzati tényék

1 INTRODUCTION

Disturbance is a permanent feature of forest ecosystems, determining species composition,
structure and process (Attiwill 1994, McCarthy 2001). Disturbance events range from the

small-scale disturbance of single tree-falls or crown-breaks to the large-scale disturbance
caused by e.g. catastrophic windstorms. Depending on the intensity and area of disturbance,
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gaps of different sizes are formed in forest staatddifferent points of time identifying the
“gap-phase” in the forest developmental cycle, emdting different mosaic patterns in forest
stands (Watt 1947, Runkle 1985, Busing — White 198@Carthy 2001). The importance of
gap dynamics in forest ecosystems was discoverateirearly 28 century, and intensive
investigation of gap dynamic features are dateahfifee late 1970s (McCarthy 2001).

Gap formation changes the amount of total incidighit reaching the ground level and
influences nutrient and moisture availability (Qmdl et al. 1985, Denslow — Spies 1990,
McCarthy 2001, Ritter et al. 2005, Mihok et al. 80Galhidy et al. 2006), providing potential
establishment sites for regeneration. Microclimaitggaps may accelerate seed germination
and increase growth rates of herbs and woody speocimpared to below-canopy (Collins —
Pickett 1988, Denslow — Spies 1990, Goldblum 1¥6kaw — Busing 2000, Schumann et
al. 2003, Holeksa 2003). Abiotic and biotic cormtits can be very different both within
individual gaps and among different sites (Nakadkaz1985, Vitousek — Denslow 1986,
Collins — Pickett 1987, Runkle 1989, Platt — Strd®89, Kwit — Platt 2003). Different
concepts have been formulated describing the oelsttip between resource heterogeneity
and tree recruitment. According to tlgap partitioning hypothesis, resource gradients
(e.g. incident light) display a continuum in flundaconcentration along the gap — canopy
gradient — determined by, among others, the sudiognstand or gap size (Ricklefs 1977,
McCarthy 2001). Species show different habitat gnesfices along this continuum, and in
consequence, partition the gap environment (Poulsd?Platt 1989, Sipe — Bazzaz 1994,
Busing — White 1997). Other studies show that tifeeces of micro sitesoften override the
gradual resource continuum, highlighting the rolespecific substrates (e.g. logs, pits and
mounds) in tree regeneration processes (Beatty ,198Haetzl et al. 1989, Peterson —
Campbell 1993, McCarthy 2001). Although gaps haseome an important focus of interest
in the last few decades, “generalizations aboutdhe of gap processes in the determination
of forest composition and structure are less céat likely to vary among different forest
ecosystems” (Denslow — Spies 1990). Although tlaeeeexamples from European temperate
deciduous forests (Schmidt et al. 1996, Schumaral. 2003, Holeksa 2003, Mihok et al.
2005, Ritter — Vesterdal 2006, Galhidy et al. 2006af — Wulf 2007) the vast majority of
gap-studies have been conducted in the temperatéd(sbus and coniferous) forests of the
United States and Japan and also in tropical régste McCarthy (2001) and references
therein) focusing mainly on tree regeneration psses. Only a few studies concentrate on
herbaceous species and the effect of herbaceousespen tree regeneration (Maguire —
Forman 1983, Collins et al. 1985, Hughes — Fah&i 1€ollins 2003, Schumann et al. 2003,
Galhidy et al. 2006, Naaf — Wulf 2007). Howeverldsecan affect abiotic variables, compete
with seedlings, and consequently influence the esgof tree regeneration in gaps (Maguire
— Forman 1983, Abe et al. 1995, Castleberry 210, Collins 2003).

Several Hungarian authors have studied differepeasof beech regeneration. Markus
(1959) studied the number of beech seeds in a &80 gld beech stand in the Bakony Mts,
Hungary. He showed that at edges seed numbersngearaa were higher than within the
stand. Mendlik (1989) found similar patterns, while compared stand centre with edge.
Markus and Matyas (1966) carried out a country-véderey of seed production in Hungary.
They collected data from 611 forest ranges fronoad#lr the country representing all forest
regions where beech occurs. They found large vamiavithin each forest region, but the
average differences in the amount of beech seedisiped in different forest regions could be
explained by the climatic differences of previoemay Majer (1982) published historical data
on beech seed crops in the Bakony Mts., coveriryy&ars. A heavy crop can be expected
(on average) once every 14 years, an average vy & years, and a poor crop every 3-4
years. However, heavy crops can occur at shontviale (1948, 1951). Térok (2000, 2006)
developed a new method of beech regeneration iBakeny Mts. He took into account the
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dynamic nature of forest types and the differentrses of change following canopy opening
depending on slope aspect and steepness. In argeovide optimal conditions for beech
regeneration, he applied uneven cutting regimesdainto account both the original forest
type and the direction of shade that old trees.shed
The aim of our study was to investigate how thes@nee of gaps affects regeneration
processes in a semi-natural European beech faegst. More specifically, our aims are:
1) To test if there are differences in canopy openaesssincident light intensity between
gap plots and below-canopy plots.
2) To test if there are differences in herbaceousispemover between gap plots and
below-canopy plots.
3) To test if the amount and species composition gémeration are different in gap plots
and below-canopy plots.
4) To show any correlations between regeneration hadtudied potential explanatory
variables (canopy openness, substrate featureseaheceous species cover).

2 METHODS

The study was conducted in tBserds Forest ReseryéNorthern HungaryOserd is a small
(25 ha) stand situated on the plateau of the BukkiMtains (4803'N, 20° 27’E). Elevation
ranges from 830 to 900 m. Mean annual temperasuBelC (January: -4.1°C, July: 15.5°C),
the annual precipitation is 896 mm. The bedrockneestone, the soil is characterized as
shallow to medium brown forest soil, but on steeglepes, rendzina soils occur. In the
southern part of the reserve the terrain is rdthewith typical karstic topography. The stand
is dominated by European bedéfagus sylvaticd..), with small proportion of other species,
e.g. European aslri@xinus excelsiot..), sycamore Acer pseudoplatanus.) and wych elm
(Ulmus glabraHuds). The age of the dominant beech trees varies leeivi®&0-200 years.
The stand was managed and cut in the past, basidbveloped undisturbed during the last
60 years. The stand structure is heterogeneous tveis of different size-classes, canopy
gaps, and regeneration patches. The shrub layaeasly absent, but the forest floor is
covered with a dense herb-layer. Most frequent ispeare Galium odoratum(Scop.),
Glechoma hederaceh., Hordelymus europaeud..) Jessen, an8anicula europae&. The
Reserve has been protected since 1942.

According to the analysis of an aerial photogragien in 2000, the total gap area was
9191 nf, which is 4.3% of the reserve area. Average ga®was 61 m(standard deviation:
71.33). The smallest gap was 4 mhile the maximum gap size was 378 (see also
Kenderes et al. in press).

Eight canopy gaps (two large, where the maximunmdiar = 1-1.5 x tree height and
6 small, where the maximum diameter = 0.5 x traghtewere selected in winter 2001/2002.
Table 1shows the size attributes of the chosen gaps. &ffieedl a “gap” as a canopy opening
created by the death of at least one canopy tte= sfiapes of the selected gaps were close to
regular circles in cases of small gaps, but thelarge gaps were irregular.

Table 1. Area and perimeter of the studied gapsit&ll, L: large)

Gap ID S3 S8 S11 S1 S2 S12 L10 LS
Area (nf) 39 24 27 36 40 60 178 203
Perimeter (m) 28 19 20 28 24 39 55 103

The age of the gaps were determined using aerabghaphs from 1975, 1980, 1993 and
2000. Five gaps were identified in the 1975 phatdd one in the 1980, 1993 and 2000. We
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used the date of the aerial photographs, whergdhs first appeared, to refer to the age of the
gaps (i.e. 28 years in the case of the 1975 photos)

We used a systematic sampling design, with 5-mgtel resolution and 1m x 1m
quadratsFigure 1). In cases of small gaps, the grid went 5-15 nowehe closed canopy. In
cases of large gaps, the distance was 15-25 matesgg. Altogether, 657 quadrats were
recorded: 64 in and around small gaps, 136 andril8@d around large gaps. In each quadrat,
relative cover okubstrate typegintact soil, mineraboil, coarse woody debris (CWD), stem
of a living tree and stone)gelative cover ofherbaceousspecies,number of individuals
belonging to each tree species4 size classes below 1.3 m (0-10 cm, 10-20201r50 cm,
50cm<) and seedlings with cotyledons separatelg werorded in July 2002.

Figure 1. Sampling design in small (dark cells) dade gaps (light cells).
1 m x 1 m quadrats are signed by filled cells, gagssigned by circles.
Straight lines show the transects along which esion of canopy openness was made and
hemispherical photographs were taken.

Canopy openneswas estimated by spherical densiometer (Lemmoi®)1l®bevery gap
along the N-S and E-W transects running along gapmelow-canopy gradients in 2003
(seeFig. 1). The spherical densiometer is a simple instrunfi@nestimating canopy cover.

It consists of a convex or concave mirror with &l @f 24 squares, within each of which the
observer scores canopy cover at four equally sppoeds. In order to characterize relative
light intensity (in Percent of Above Canopy LiglRACL) in small and in large gaps,
hemispherical photographs with Sigma-adapter fisheyps on a Canon AE1 camera were
taken at 70 cm in height, above the ground. Thequuraphs were taken in three gaps — one
large, one small with high advance regeneratio (&) and one small with no advance
regeneration above 0.5 m. This was along the N€SEaWV transect running along gaps —
below-canopy gradients in 2008eg¢ Fig. L Altogether, 28 photos were taken (9 and 6 in
small gaps, 13 in a large gap, 17 in below-candpyspl11 within in-gap plots). We used a
crown mirror to group the quadrats as “in-gap” below-canopy” quadrats. If the canopy
was not visible in the crown mirror, we considetied quadrat as a gap-quadrat. At the edge,
we identified the quadrats as "below-canopy" if extiran half of the mirror area reflected the
canopy.
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Hemispherical photographs were analysed using aldWs-based software, hemIMAGE
(Brunner 2002). Relative light intensity (in Perteri Above Canopy Light, PACL) was
calculated in a certain location for a given perafdime: ' March to 3% October. With
hemIMAGE, the direct and the diffuse site facton dee calculated separately for a given
location.

As the sample size was small and did not show nodisé&ribution, a nonparametric
Mann-Whitney U test was used to compare the reconkgetation and environmental
variables between gaps, versus below canopy anlll wnsus large gaps. Ordination analysis
was employed by Canoco for Windows 4.5 softwara @mak - Smilauer 2002). Since in
the exploratory detrented correspondence analgsisnaximum length of gradient exceeded
4SD, and the data showed a strong unimodal respansanonical correspondence analysis
was carried out. Abundance of tree species andiahiariables (intact soil, mineral soil,
coarse woody debris (CWD), stem of a living treéene and coverage of herbaceous plant
species and canopy openness) recorded in the dsiadexe included in the analysis.
Interactions between abiotic factors and specibahdances were tested by calculating the
Spearman Rank Order correlation.

3 RESULTS

3.1 Light conditions

Light conditions differed considerably depending gep size, however, the relative light
intensity under the canopy showed high variabifityd high mean and maximum values.
Under the canopy, mean total relative light intgn&PACL) was between 4-5%, around the
gaps. In small gaps, it reached 4-5% as a maximitmav2-3% average, whereas in large
gaps, the total PACL mean values reached 8% andthmaxvalues reached 12%.

Canopy openness estimates obtained by the sphelraiometer were consistently
higher than the relative light intensity estimatelstained by analysing hemispherical
photographs. However, canopy openness values sheiweed) significant positive correlation
with diffuse light values (Spearman Rank Order €lation, R=0.45, p<0.01, N=28). Canopy
openness values reflected gap geometry, they shawddar gradient from below-canopy
position to gap centre. Maximum values were appnaxely 25% in the centre of small, and
37% in that of large gaps. Below canopy varianceaofopy openness was very high (mean =
12.26, variance = 20.65), and the maximum value® wanilar to those in the gap plots in
small gaps - reflecting the structural heteroggneit the canopy. Canopy openness was
significantly (Mann Whitney U Test p<0.001, N=84yler in large gaps than in small gaps,
and also showed significant difference betweenap-gnd below-canopy plots, both in small
and in large gaps (Mann Whitney U Test, p<0.05, N=8vhich was in favour of in-gap
position.

3.2 Herbaceous vegetation

Altogether, 57 herbaceous species were found. Nteguent species were (in descending
order): Viola reichenbachiana, Mercurialis perennis, Galilwdoratum, Sanicula europaea,
Hordelymus europaeus, Glechoma hederacea, Aegapogindagraria, Oxalis acetosella,
and Mycelis muralis Species with the highest total coverage wered@acending order):
Galium odoratum, Mercurialis perennis, Sanicula @epaiea, Glechoma hederacea, Urtica
dioica, Euphorbia amygdaloides, Viola reichenbaci@zandHordelymus europaeus.
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Table 2. Mean of total cover (as the result of dldeition of individual species cover) of
herbaceous species from grids in the gaps
(S: small, L: large, number indicates the gap no.)

Gap ID Valid N Mean Minimum Maximum  Standard Error
S1 64 27.53 0.00 99.02 3.04
S2 64 14.44 0.00 67.20 2.18
S3 64 17.74 0.00 100.00 2.49
S8 64 42.51 8.20 104.10 2.62
S11 64 45.48 3.00 104.00 2.45
S12 64 43.98 3.02 88.00 2.43
L5 137 16.52 0.00 89.10 1.98
LIO 136 34.66 0.00 131.10 2.52

Total cover of herbaceous species varied greatth mothin and between gaps, and
around themTable 2). Total cover was significantly (Mann Whitney Ustep<0.01) higher
in the in-gap plots of large gaps than below candpere was no significant difference in
small gaps between in-gap and below-canopy quadraisrms of herbaceous cover if all
plots were pooled. However, if individual gaps weeated separately, significant differences
were found in the case of three small gaps betviegiap and below canopy plots. In one
gap, herbaceous vegetation was more abundant is pluder the canopy, because tall
regeneration was present in the gap. Canopy opersiesved a strong significant positive
correlation (Spearman Rank Order Correlation, R3:0(<0.01, N=84) with total cover of
herbaceous species.

The relative cover of individual herbaceous spewiased greatly among plots with
different total coverage (data not shown). Existent some speciesg,g. Urtica dioica and
Geranium robertianunms characteristic in plots with high (>60%) totalver, whereas others
(e.g.Oxalis acetosella, Galium odoratyrshowed preference for plots with lower cover or
did not show any preference.

3.3 Regeneration

The percentage of the saplings/seedlings with Mstlrowsing damage can be seen in
Table3. Tree regeneration is under high browsing pressaceording to the observations,
and nearly 50% of the higher saplings of each sgewiere affected by browsing. The high
game pressure can also be concluded from theHatsaplings with a height between 50 cm
and 2 m are extremely rare.

Table 4shows the mean number of individuals per quadnaeéeh tree species ar
the whole gridp — in the in-gap quadrats;— in below-canopy quadrats. When plots of all
gaps were pooled, total number of tree seedlingssaplings did not differ significantly
between in-gap and below-canopy quadrats. Beechaahdsaplings, taller than 50 cm,
were more abundant in gaps than under canopy (Mémitney U Test, p<0.1). Although,
this result was greatly affected by the patternsntbin one small and one large gap.
Spatial pattern of tree regeneration was rather-gpegeific, when in-gap and below-
canopy plots were compared.
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Table 3. The percentage of tree individuals inedéht height classes with visible browsing

damage
. Height classes Percentage of individuals
Tree regeneration o )
(cm) with visible browsing damage
Acer campestre 3.7
Acer campesti C-1C 0.C
Acer campestl 1C-2C 50.C
Acer platanoide 0-1C 22.2
Acer platanoide 1C-2C 35.F
Acer platanoide 2C-50 33.2
Acer pseudoplatanus 0.C
Acer pseudoplanus 0-1C 27.1
Acer pseudoplatan 1C-2C 50.¢
Fagus sylvatica 0.C
Fagus sylvatic 0-1C 23.¢
Fagus sylvatic 1C-2C 31.¢
Fagus sylvatic 2C-50 40.C
Fagus sylvatic >5C 0.C
Fraxinus excelsior 0.7
Fraxinus excelsic 0-1C 30.€
Fraxinus exelsior 1C-2C 46.7
Fraxinus excelsic 20-50 60.4
Ulmus glabr: 0-1C 25.C
Ulmus glabr: 1C-2C 42.¢
Ulmus glabr: 2C-50 55.F

*: seedlings with cotyledons

Table 4.a Mean number of saplings per quadrat eniimole grid in each gap.

GAP Acer Acer Fagus Fraxinus Ulmus All

ID platanoides pseudoplatanus sylvatica excelsior glabra  saplings
S1 1.36 0.22 0.53 2.19 0.09 4.48
S2 0.20 0.06 1.23 0.92 0.03 2.45
S3 0.13 0.02 0.58 0.64 0.00 1.36
S8 0.89 0.53 0.47 0.63 0.00 2.53
S11 0.86 0.38 0.42 5.17 0.06 6.91
S12 2.09 0.16 0.89 3.22 0.08 6.45
L5 0.18 0.04 1.92 0.67 0.00 2.85
L10 0.37 0.51 0.58 3.07 0.04 4.60

Table 4.b Mean number of saplings in the in-gapdyats in each gap

GAP Acer Acer Fagus Fraxinus Ulmus All

ID platanoides pseudoplatanus sylvatica excelsior glabra saplings
S1 1.00 0.44 0.67 2.78 0.11 5.33
S2 0.22 0.00 1.11 0.56 0.00 1.89
S3 0.00 0.00 0.75 0.25 0.00 1.00
S8 1.00 0.00 0.33 0.67 0.00 2.00
S11 1.33 0.00 0.00 3.67 0.00 5.00
S12 1.50 0.00 1.83 3.50 0.00 6.83
L5 0.18 0.12 3.94 0.71 0.00 5.06
L10 0.15 0.38 0.77 1.92 0.00 3.23
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Table 4.c Mean number of saplings in the below-pgrguadrats in each gap

GAP Acer Acer Fagus Fraxinus Ulmus All

ID platanoides pseudoplatanus sylvatica excelsior glabra saplings
S1 1.42 0.18 0.51 2.09 0.09 4.35
S2 0.20 0.07 1.25 0.98 0.04 2.55
S3 0.13 0.02 0.57 0.67 0.00 1.38
S8 0.89 0.56 0.48 0.62 0.00 2.56
S11 0.84 0.39 0.44 5.25 0.07 7.00
S12 2.11 0.16 0.75 3.21 0.08 6.34
L5 0.18 0.03 1.63 0.67 0.00 2.54
L10 0.39 0.53 0.56 3.20 0.05 4.75

According to the results of canonical correspondennalysis(CCA) the first two
canonical axes explained a 12.3% variance of spedasa and a 77.6% of species-
environment relationHigure 2).
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Figure 2. Species and environmental variables bipfdahe

canonical correspondance analysis.
PLA*CANO: variable combined from the interactiontofal herbaceous coverage and canopy openness,
AGE: age of the gaps, INTACT S: intact soil, SLOPEpslo=S*:
F. sylvaticaseedling, FSI(. sylvatica0-10 cm, FS20F. sylvatical0-20 cm, FS5C. sylvatica20-50 cm,
FREX: Fraxinus excelsiorACPLA: Acer platanoidesACERPS:Acer pseudoplatanus

The most important variables wera; variable combined from the interaction of total
herbaceous coverage and canopy openness (PLA*CA@plue 0.0040, F-ratio=3.51;
number of permutations=499h, age of the gaps (AGE) (p-value 0.0060, F-rati6%2.
number of permutations=499¢, intact soil (INTACT S) (p-value 0.0080, F-ratio62,;
number of permutations=499), addslope (SLOPE) (p-value 0.050, F-ratio=1.82; nunife
permutations=499). The first axis (x) had the hggleorrelations with age (0.66), whereas the
second axis (y) had the highest correlation with ititeraction of total herbaceous coverage
and canopy openness (0.9).
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According to the CCA, increasing canopy openneskrarb cover seemed to enhance
the occurrence of larger saplings, whereas smaéledlings (<10 cm) were situated at the
lower values of axis 2. Beech seedlings — unlikeeospecies, most remarkably ash — seemed
to prefer plots with relatively low proportion ofitact soil as a substrate. Furthermore, the
occurrence of beech seedlings was positively catedlwith higher age; however, this result
can be based upon the high number of seedlingsdrolaler gap.

Results of correlation analyses (Spearman RankrQZderelation) corresponded well
with the results obtained by ordination. Young regration (10-20 cm) of all tree species
showed significant positive correlation (SpearmamiROrder Correlation, N=657, p<0.01)
with proportion of intact soil. The number of firsiear seedlings of ash also showed
significant positive correlation with proportion aftact soil, whereas that of beech was
positively correlated (Spearman Rank Order ColmatN=657, p<0.01) with proportion of
mineral soil. Saplings of all species showed sigaift positive correlation (Spearman Rank
Order Correlation, N=657, p<0.01) with total cowdrherbaceous species, except for first
year beech and ash seedlings. Canopy opennessdséerbe in positive relation with the
number of higher beech saplings (>10cm, Spearmank Rader Correlation, N=84, p<0.1
and p<0.05), whereas ash seedlings showed justopipesite (Spearman Rank Order
Correlation, N=84, p<0.1).

The relationships between sapling density and loexdaszs vegetation cover need more
investigation, as the relationship between thesgabigs is not linear, and they can be
confounded by the effects of canopy openness dm difcthese variables. In order to analyse
the effects of canopy openness and herb species @ov seedling density, more or less
separately, plots were grouped by canopy opennglsess <18% and >18%, and by total
cover of herb species: <50% and >50% (Table 5).

Table 5. The four groups of quadrats (11, 12, 2),d&cording to the values of the canopy
openness and coverage of herb species

11 12 21 22
Canopy openness (%) <18 >18 <18 >18
Cover of herb species (%) <50 <50 >50 >50
Number of quadrats 46 12 15 11

Figure 3shows how unevenly beech seedlings of differemgttelasses were distributed
among the four groups. Other species showed pamtiylar patterns. The highest beech
seedling density was characteristic in quadratsgrevtherb layer was dense and canopy
openness was low; whereas the lowest density weer'edd in quadrats where herb layer was
dense and canopy was openEmj(re 3.

Plots with high herbaceous vegetation cover hadergifit species composition,
depending on canopy openness. As the results oMénan-Whitney Test show, the mean
cover ofAegopodium podagraria, Mycelis muralis, Saniculeopaea,andUrtica dioicawas
significantly (p<0.05) different in quadrats belamgto the two compared groups: where total
cover of herb species > 50% and canopy openne88c<at canopy openness > 18%. Cover
of Urtica was much higher in quadrats under open canopy,eakecover of the other three
species was higher in quadrats with lower canopgnopss. The Spearman Rank Order
Correlation furthermore showed a very strong negatorrelation (R=-0.61, p<0.01, N=657)
between the total number of regeneration and coldrtica dioica.
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Figure 3. Mean number of Fagus sylvatica seedlanys saplings

in the four groups of quadrats.
Canopy openness < 18% and total cover of herb egeci50% (11),
canopy openness > 18% and total cover of herb emeci50% (12),
canopy openness < 18% and total cover of herb apezi50% (21), and
canopy openness > 18% and total cover of herb emeei50% (22).
FS*. F. sylvaticaseedling, FS1(F. sylvatica0-10 cm, FS20F. sylvatical0-20 cm, FS5CF. sylvatica20-50 cm.
Columns represent mean, whiskers represent stapdand

4 DISCUSSION

The high variance of relative light intensity arehopy openness values found both in gaps
and below-canopy, reflects the heterogeneity ofopgnin this semi-natural beech stand.
It was only in larger gaps, where we found moréud# light reaching the ground than under
canopy near the gaps during the vegetation peniodgever, no significant increase of direct
light could be recognized. Results of other gaplissiin temperate forests show increases of
incident light depending on gap-size as well (@all- Pickett 1987, Collins — Pickett 1988,
Canham et al. 1990, McCarthy 2001 and referenaasitt). The observed spatial variation in
light conditions, however, should focus our attemtito the applicability of the gap-
partitioning hypothesis. Gap/non-gap situationsréftge should not be treated as binary
variable, but rather a continuum, which can be attarized by gradients of variables such as
canopy openness or relative light intensity. Ndtudgnamics does create structural
heterogeneity, which makes gap-studies — basedam slichotomy of gap versus non-gap
environment — difficult (Lieberman et al. 1989).

Systematic differences between canopy opennessddiuge light estimations (with
higher values of canopy openness) reflect the réiffieview angle of the hemispherical lens
and the spherical densiometer. According to thesomeanents of Englund et al. (2000) the
view angle of the spherical densiometer is abodt whereas fisheye lenses have a much
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broader view angle of 167°. As a result, measuré&taken by the densiometer overestimate
canopy openness.

Variability of total cover of herbaceous speciesima around gaps also reflects fine-scale
canopy heterogeneity. In general, herbaceous caowerelates positively with canopy
openness, with considerable higher values of hedaacover in central areas of large gaps.
Holeksa (2003) found differences in the abundarfcenderstorey species between gap and
under canopy position, if gaps were larger thamB0other studies are congruent with these
findings (Hughes — Fahey 1991, Goldblum 1997). Hmwein other situations no effect of
gap creation could be shown on the total coverhefherb layer (Collins — Pickett 1987,
Collins — Pickett 1988), and several groups of ggeproved to be insensitive to gap (Collins
— Pickett 1987, Collins — Pickett 1988, Hughes kdyal991, Schumann et al. 2003).

According to our results, the total numbers of tregeneration did not differ between in-
gap and below-canopy plots. Regeneration — asiteslcby e.g. Peterken (1996) — consisted
of almost exclusively “tolerant species” found lire tcanopy layer: beech, ash, maple and elm.
Poplar, willow, and birch as pioneer, “intolerapesies” usually did not occur in and around
gaps. Lack of pioneer, light demanding specieskmmterpreted as a consequence of fine-
scale patterns and low intensity of disturbancesulting in relatively small gaps which are
characteristic of this semi-natural stand and tiseadt propagule-resources (Poulson — Platt
1989, Peterken 1996, Peterson — Carson 1996). titiad species composition of
regeneration may be also affected by preferentahey browsing. According to studies in
Germany and Poland for red deeCe(vus elaphysSalix spp. andPopulus tremuloideare
among the most palatable plants, while roe déapfeolus capreolysalso prefers willow in
the summer vegetation period (Gill 1992).

The detected browsing damage affected 25-50% of itigividual trees. Higher
percentages of damaged saplings were found amengidher size classes. According to our
results, individual trees belonging to differertestlasses show distinct patterns in relation to
substrate features, canopy openness and herb ddiresral soil seems to be the preferred
germination site for beech, whereas larger beephings and other species seem to be less
abundant in this substrate. According to the olmewm by Fanta (1995), success of
establishment depends more on soil moisture thaligbh conditions, and thick litter may
inhibit seeds to reach the ground surface expasiag to drought. Moreover, larger beech
saplings show positive correlation with canopy opss. Some studies (Peltier et al. 1997)
indicate that light is a very important factor tbe development of beech saplings, enhancing
root development. Seedlings are more susceptiblarémght in poor light conditions
(Topoliantz — Ponge 2000).

We showed that taller saplings are more abundapiats where cover of herbaceous
species is higher. Since game browsing is verymsite in this region and it affects almost all
tree species, the sheltering of herbs can be wvappiitant in sapling survival. Other studies
support this assumption, showing that higher sgplimccur in higher and denser understorey
vegetation, and they explain this pattern with shene reasoning (Rao et al. 2003). If tree
saplings grow on bare ground, smaller individugllisgs are more susceptible to browsing,
but they are protected from damage in dense hgdrdaintil they grow above the vegetation
(Gill 1992).

Moreover, according to some studies, palatabletplaan be partially protected from
herbivores if they are associated with patchesphlatable plants (Pietrzykowski et al. 2003
and references therein). These findings emphadiee potential effect of herb species
composition on game damage in beech forests. Wefalsd a strong negative correlation
between sapling density and the covetJdica dioica, which shows that a certain height or
density of the herb layer can also have negatifexisf on the regeneration. However, we did

Acta Silv. Lign. Hung. 3, 2007



42 Mihok, B. — Galhidy, L. — Kenderes, K. — StandoVar,

not find studies distinctively focusing on the effef specific plant species eldrtica dioica
on the distribution of saplings.

In contrast to the above, however, few specifidigtsi in North America focusing on the
effects of herbivory and gap size found no effdcherbivory on tree seedling abundance
(Castleberry et al. 2000, Collins 2003, Holladayaét 2006), though short-term results
suggested that recruits of some species in sngdles are more susceptible to herbivory than
those in larger gaps, possibly due to deer prefiatgn browsing in less open areas
(Castleberry et al. 2000). These studies basedkdoseire experiments concluded that gap
size and herb layer competition are more importactors in tree regeneration patterns than
herbivory in the studied areas.

These findings leave several open questions fourdutresearch regarding the
relationships between tree regeneration, herbacesgetation and herbivory, and the direct
effect of herbaceous species on saplings survibature researches investigating gap
regeneration processes in European broadleavest$aieould include exclosure-experiments
in order to investigate the effect of herbivored gap size. Since, in Europe, deer numbers in
many areas have been increasing during the las2@00years (Fuller — Gill 2001), the
investigation of natural forest dynamics can beséiabecause of intense herbivory. Gap size
may influence the browsing habits of larger herbdgp and have a profound effect on the
herbaceous layer; however, dense herbaceous viegetain also affect herbivory patterns.
The pattern of tree regeneration therefore cannba tomplex interaction with gap size,
vegetation density, and browsing effect.

5 CONCLUSIONS

Our study focuses on gap regeneration patterns@ma-natural beech forest stand. Although
we only showed a snapshot of a dynamic processriee to interpret the findings as an

outcome of several important dynamic processesegegpence, tree regeneration, reaction of
herbaceous species, and herbivory. Our findingshasipe the importance of the spatial scale
of disturbances, and of the gradual change in ialfattors (e.g. light) from below canopy to

gap centre in gap-studies. Gap regeneration pattepend not only on the ecological traits
of tree species (e.g. light demanding, shade-toleetc.), but among others, on the
composition and cover of herbaceous vegetation @andyjame browsing. Therefore, gap

studies should focus on these factors as well,rideroto get a better understanding of
regeneration mechanisms of forest stands.
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