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Abstract: At the study area serious oak decline was detected from 1979-80 in a
mixed oak forest, an area covered by a sessile oak-Turkey oak forest (Quercetum
petraeae-cerridis). The shrub community was divided into low (lower than 1.0 m
in height) and high shrub layer (= 1.0 m). The goals of this study were to
determine the conditions of shrub layer and analyse the possible changes in the
shrub layer after 4 decades of the serious oak decline. In 2017, 17 shrub species
were continuously observed in the understory. The density of shrub layer was
25,103 specimens ha-l. The significant part of shrubs lived (91.6%) in the low
shrub layer, with only a small part of them (8.4%) forming the high shrub layer.
The most common species of the shrub community was Euonymus verrucosus with
1989 shoots in the monitoring plot. The mean height and mean diameter of the
high shrub species changed between 1.29-8.74 m and between 0.81-9.61 cm. The
mean cover of the high shrub species changed between 0.56 m2 and 12.67 m2. Our
results suggest that three woody species, Acer campestre, Acer tataricum and
Cornus mas responded successfully to the oak decline.
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INTRODUCTION

Oak decline has been described as a widespread and complex
phenomenon in many countries (Tomiczek 1993, Sonesson and
Drobyshev 2010). An increase in the death of oak species has been
observed in many regions of Hungary since 1978 (Igmandy et al
1987). In the Sikfékut research stand (Quercetum petraeae-cerridis
So6 1963) species composition of the canopy was stable until 1979
and the healthy Quercus petraea Matt. L. (sessile oak) and Quercus
cerris L. (Turkey oak) also remained constant. Serious oak decline
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was first reported in 1979-80 and by 2017, 62.9% of the oaks had
died.

Relatively few studies deal with shrub communities and shrub
layer dynamics after oak death and the relationship between the
trees and shrubs (Légaré et al. 2002). Understory and overstory
relationships are complex and mutual but are dominated by the
canopy structure and condition (Burrascano et al. 2011, Burton et
al. 2011, Cutini et al. 2015). Shrub layers of forest ecosystems
change dynamically and respond sensitively to the environmental
changes (Chipman and Johnson 2002, Rees and Juday 2002). They
are strongly related to the composition and structure of the
overstory (Klinka et al. 1996, Palik and Engstrom 1999). Shrub
species play a major role in the cycles of some essential nutrients,
including the dynamics of nitrogen, potassium and carbon (Gilliam
2007). The shrub layers are directly contributes to forest
biodiversity (Kerns and Ohmann 2004, Aubin et al. 2009), including
compositional and structural diversity, enhancing the aesthetics of
forest ecosystems and helping to protect watersheds from erosion
(Alaback and Herman 1988, Halpern and Spies 1995, Muir et al
2002). Shrubs provide food and habitat, among others, for song-
birds, forest ungulates and arthropoda (Gonzalez-Hernandez et al.
1998, Yanai et al. 1998), can mitigate forest decline and influence
forest regeneration through affecting light availability (Kunstler et
al. 2006).

Misik et al. (2013) described the possible responses of
parameters of understory shrub layer to the remarkable changes in
stand density on the study site. Misik et al. (2014) reported the
dynamics behind the increase in the sizes of woody species and the
structure of the new subcanopy layer below the canopy.

The aim of the study was to investigate the composition, size
condition, foliage cover and diversity of understory shrub layer in
the oak forest and analysed how shrub layer changed after four
decades of serious oak decline.

MATERIALS AND METHODS

Study site

The reserve research site (Sikfékut Project) was established in
1972 by Jakucs (1985) and is located in the Biikk Mountains
(47°552 N, 20°462 E) in the north-eastern part of Hungary at an
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altitude of 320-340 m a.s.l. and 6 km from the city of Eger (Figure
14). Mean annual temperature is 9.9°C and mean annual
precipitation ranges typically from 500 to 600 mm. Descriptions of
the geographic, climatic, and soil conditions, and vegetation of the
forest were reported in detail by Jakucs (1985, 1988), Toth et al
(2013) and Fekete et al. (2014). The Quercetum petraeae-cerridis
community with a dominant canopy of Q. petraea and Q. cerris
deciduous tree species structure is presented in the works of Mazsa
et al. (2005), Kotrocz6 et al. (2007) and Fekete et al. (2017); the
long-term dynamics of understory shrub layer and oak seedling
dynamics are described among others in works of Misik and Karasz
(2010) and Misik et al. (2013, 2017). The plots under study were
made up of evenly aged temperate, mixed species deciduous forest
that was at least 110 years old and had not been harvested for
more than 55 years.

Sampling and data analysis

The structural condition of the shrub layer was monitored on an
"A" plot at the research site, 48 m x 48 m in size; the plot was
divided into 144 permanent subplots of 4 m x 4 m (Figure 1B).
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Figure 1.A. Location of the study area in Hungary. B. Study site location with plots.
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The subplots were established in 1972; the understory data
collected at subplots measured during the 2017 field season on site.
Woody shoots of the understory were classified as subcanopy trees
when between 8.0-13.0 m in height. The shrub specimens of the
vegetation lower than 1.0 m in height were categorized as low
understory; higher specimens between 1.0 m and 8.0 m were
categorized as high understory. Oak stems < 50.0 cm and between
50.0 and 100.0 cm in height were inventoried and categorized as
oak seedling and oak saplings. The term “dominant woody” is used
to refer to certain species that play a key role in a shrub layer based
on the high densities and largest mean sizes. The following
measurements were carried out for understory shrub species in
each subplot: species composition, frequency (occurrence % in
subplots of the monitoring plot), species density, height and
diameter, foliage cover of species and of shrub layer and finally
diversity indices. The shrub specimen’s density was extrapolated
for one hectare. It was recorded the specimen height with a scaled
pole and the diameter at a height of 5 cm above the soil surface
with a digital calliper. The size condition of each high shrub
specimen was measured; in the low shrub layer, a number of
specimens were randomly selected in proportion to the species
density to determine the size parameters. Effective foliage, duplex-
and multiplex (shrub canopy overlapped other shrubs) and finally
the simplified cover on the basis of all the shrub specimens foliage
of the shrub layer were recorded in the quarter hectare plot. The
following diversity indices were used: Shannon-index (H) and
Evenness (E).

H' =-Z (pi x Inp))
E = H'/Hmax = H'/InS

where: p; - proportion of specimens found in the ith species, S -
total number of species in the shrub layer. Evenness was calculated
as the ratio of observed diversity (H) to maximum diversity (Hmax)
(Magurran 1988).

RESULTS

Composition and density

Seventeen native woody species were identified across the entire
study area in 2017. In the high shrub layer (composed 13 species)
was not lived Q. cerris, Quercus pubescens Willd. (downy oak),

71



Acta Biol. Plant. Agriensis 7: 68-80

Rhamnus cathartica L. (buckthorn) and Rosa canina L. (dog rose).
Three native woody species were detected in the subcanopy layer;
Acer campestre L. (field maple), Cornus mas L. (European cornel)
and Acer tataricum L. (Tatar maple) (Table 1).

The density of shrub layer per hectare was 25,103 specimens.
The most common low shrub species were Euonymus verrucosus
Scop. (spindle tree) and Q. petraea; the most common high shrubs
were A. campestre and E. verrucosus. The significant part of shrubs
lived (91.6%) in the low shrub layer, with only a small part of them
(8.4%) forming the high shrub layer. The most common species of
the shrub community was E. verrucosus with 1989 shoots in the
study site; followed them Q. petraea and A. campestre (Table 1).
Many A. campestre specimens (almost 28% of these woody species)
and some A. tataricum (almost 13%) and C. mas (8% of these
species) were present as subcanopy species in the sample site
below the canopy between 8.0-13.0 m in 2017.

Table 1. Species composition and density condition of the understory shrub layer
on the Sikfékut mixed oak forest in 2017.

total
low shrub layer high shrub layer density
ind.
species density density rate density density rate
ind. ind. ha % ind. ind. ha! %
A. campestre 553 2400 10.44 125 543 25.80 678
A. tataricum 59 256 1.11 20 87 413 79
C. mas 35 152 0.66 86 373 17.72 121
C. sanguinea 191 829 3.60 46 199 9.45 237
Cr. monogyna 91 395 1.72 53 230 10.93 144
E. europaeus 429 1862 8.10 12 52 2.47 441
E. verrucosus 1866 8098 35.21 123 534 25.37 1989
J. regia 14 61 0.26 2 9 0.43 16
L. vulgare 330 1432 6.23 12 52 2.47 342
Lo. xylosteum 14 61 0.26 2 9 0.43 16
Q. cerris 146 634 2.76 0 0 0.00 146
Q. petraea 965 4188 18.21 1 4 0.19 966
Q. pubescens 480 2083 9.06 0 0 0.00 480
P. avium 109 473 2.06 2 9 0.43 111
Rh. cathartica 3 13 0.052 0 0 0.00 3
R. canina 11 48 0.21 0 0 0.00 11
T. cordata 3 13 0.052 1 4 0.19 4
total 5299 22998 100 485 2105 100 5784
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Size condition

The mean height of the shrub species changed between 1.29 m and
8.74 m in the high shrub layer [except of the characteristically tree
size Prunus avium L. (wild cherry) and Tilia cordata Mill. (small-
leaved lime) species]. It was measured 5.26-8.74 m mean height by
the dominant woody species of the shrub community. It was
recorded between 0.81 cm and 9.61 cm mean diameter values of
the high shrub species in 2017. The biggest species was the A.
campestre with 8.74 m mean height and 9.61 cm mean diameter.

Table 2. Height and diameter condition (means * standard deviation) of the
understory shrub layer on the Sikf6kut mixed oak forest in 2017.

low shrub layer high shrub layer
. mean mean measured mean mean
species height diameter shoots height diameter
(cmzS.D.) (mmzS.D.) number (mzS.D.) (cmzS.D.)
A. campestre 16.67+8.92 3.02+2.03 76 8.74+5.86 9.61+5.42
A. tataricum 24.30+17.28 3.85+2.33 18 5.31+1.88 6.08+3.00
C. mas 39.93+26.86 4.20£2.07 19 5.26+1.99 6.95+2.91
C. sanguinea 39.78+22.55 4.25+1.75 27 1.81+0.80 1.37+0.94
Cr. monogyna  36.98+22.88 6.15+3.20 24 2.62+1.43 3.11+1.60
E. europaeus 18.53+£12.99 3.01£1.55 55 3.43+0.80 3.88+1.71
E. verrucosus 29.22+17.99 4.17+2.18 202 1.84+0.81 2.12+1.63
J. regia 33.74+11.51 4.15+1.24 11 1.30£0.21 1.07+0.16
L. vulgare 28.78+16.21 3.68+1.81 75 1.29+0.21 0.81+0.21
Lo. xylosteum  41.15+28.26 5.10+3.80 6 1.43+0.27 1.82+0.42
Q. cerris 14.50+5.81 2.03+1.22 13 - -
Q. petraea 13.69+6.66 2.03x1.57 148 1.16+0.00 1.79+0.00
Q. pubescens 15.53+£7.18 2.35£1.51 35 - -
P. avium 21.43+10.50 3.55+2.53 41 10.08+12.47 15.08+18.34
Rh. cathartica 12.98+3.39 2.93£1.80 3 - -
R. canina 12.20£3.76 1.53+0.93 5 - -
T. cordata 22.02+4.90  20.58+10.82 3 10.46+0.00 9.87+0.00

The biggest height and diameter values were detected for a
single A. campestre with 23.40 m and for a single P. avium with
28.04 cm under the canopy. The mean height of the other shrubs
(except of the tree size P. avium and T. cordata species) was 1.86 m.
It was recorded 2.00 cm mean shoot diameter of these species in
the high shrub layer. The mean values changed between 12.20 and
41.15 cm in height and between 1.53 and 6.15 mm in diameter
(except of some T. cordata) in the low shrub layer (Table 2). The
highest species was observed as Lo. xylosteum and the thickest as
Cr. monogyna among the low shrubs (Table 2).
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Table 3. Foliage cover condition (means * standard deviation) of the understory
shrub species on the Sikfékut mixed oak forest in 2017.

low shrub layer high shrub layer
. mean cover measured mean cover total
species (cm2£S.D.) shoots (m2S.D.) cover
number (m2)
A. campestre 419.98+291.06 150 12.34+12.16 1542.09
A. tataricum 500.13+418.86 31 9.97+7.08 199.39
C. mas 1561.17+1469.36 6 12.67+£11.28 1089.64
C. sanguinea 462.71+410.46 21 0.92+0.98 42.39
Cr. monogyna 788.35+£743.71 20 2.28+2.73 121.02
E. europaeus 681.31+680.82 70 3.93+2.74 47.16
E. verrucosus 316.83+246.02 212 1.75%£1.93 215.60
J. regia 1226.14+650.22 7 0.56+0.22 1.13
L. vulgare 679.43+£775.65 45 0.74+0.80 8.86
Lo. xylosteum 2630.57+1377.09 7 0.90+0.74 1.80
Q. cerris 275.65+400.05 17 - -
Q. petraea 271.44+409.36 124 3.08+0.00 3.08
Q. pubescens 395.68+858.85 22 - -
P. avium 554.94+584.76 17 18.00+24.01 34.19
Rh. cathartica 194.67+125.12 3 - -
R. canina 274.29+454.98 7 - -
T. cordata 53.00+46.70 3 13.27+0.00 13.27

Foliage cover

The mean cover of the shrub species changed between 0.56 m2 and
12.67 m? in the high shrub layer. It was measured 9.97-12.67 m?
mean foliage cover by the dominant woody species of the shrub
community. The mean cover of other shrubs in the high shrub layer
changed between 0.56-3.93 mZ2. The highest cover values were
detected for a two P. avium and single T. cordata tree species with
18.00 m? and with 13.27 m? under the investigation. In the low
shrub layer the mean foliage cover was detected between 195 and
2631 cm? (except of the three T. cordata specimens because they
have lost of own remarkable foliage) (Table 3). In 2017 was
measured a relatively high size of the foliage condition. The
effective cover was 91.26%, the duplex- and multiplex cover was
44.77% and was measured 144.08% total foliage cover in the high
shrub layer (Table 4).
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Table 4. Foliage cover condition (rate in % and size in square meter) of the
understory high shrub layer on the Sikf6kit mixed oak forestin 2017.

foliage cover effective cover duP lexand simplificalt cover
multiplex cover
rate (%) 91.26 4477 144.08
size (m?2) 2102.61 1031.54 3319.62

Diversity indices

Shannon-Wiener index varied between 1.87 and 2.07 in the
understory shrub layer in 2017. The highest index was recorded in
the total shrub layer; followed them tightly the low shrubs. In the
low shrub layer was measured only 1.39 Shannon index value
without oak seedlings and saplings. Evenness index varied between
0.71 and 0.73 in the understory. It was detected a low difference
between the different shrub layers. In the low shrub layer was
measured 0.53 Evenness value without oak seedlings and saplings
(Table 5).

Table 5. Shannon and Evenness indices of the understory shrub layer on the
Sikfékut mixed oak forestin 2017.

layers low shrub low shrubs high shrub shrub
index layer without oaks layer community
Shannon 2.0118 1.3900 1.8770 2.0719
Evenness 0.7100 0.5267 0.7318 0.7313
DISCUSSION

The consequences of tree decline cause notable changes in the light
and stand thermal conditions which led to structural changes of the
shrub layer (Chapman et al. 2006). Our results suggest and confirm
that the decreasing tree density in canopy led to the remarkably
structural changes of the shrub community. In the past 4 decades
despite the heavy oak decline; there is no new shrub species
established in the study site of Sikf6kut. Only one woody species, a
single T. cordata shoot was established in the forest as new species.
Similarly to our site, in the Var-hegy forest reserve of Hungary the
species composition of understorey (herb and shrub layer) did not
change after serious oak decline in the 1970s and 1980s (Horvath
2012). The total density of shrub community decreased
considerably, from 97,201 to 25,103 specimen’s hal on Sikfékut
site (Table 1). Refutation, Chapman et al. (2006) described that in
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the upland oak forest of the USA the total shoot density in the
understorey were substantially higher in 2002 than in 1934,
increasing from 240 to 688 trees ha-1, while the density of most oak
and shortleaf pine species in the canopy decreased appreciably
over time.

On site the cover percentage of canopy layer decreased
remarkably until 1998 after the large-scale oak decline.
Consequently, heterogeneous sizes of canopy gaps were formed in
the studied forest. A similar situation could be detected in Var-hegy
forest, where 20-50% of canopy gaps were formed as the
consequences of oak decline in the 1980s (Horvath 2012). The
autochthonous species Q. petraea and Q. cerris formed a nearly
monolayer canopy (Cermdk et al. 2008), therefore they could not
fully compensate the significantly reduced foliage cover of canopy
after the tree decline. In our forest stand the late seral species, as A.
campestre and A. tataricum are generally shade tolerant and
respond positively to canopy gaps. Our results confirm this thesis,
because the mean sizes of these species increased considerably in
the last 4 decades. Before the oak decline the largest specimen of
the shrub layer was one A. campestre shoot with 4.9 m height. In
2017 as the largest shrub specimen was recorded also one A
campestre with 23.4 m height. In addition, the mean height and
mean diameter values of the three dominant woody species in
2017 exceeded the biggest sizes before the oak decline (Table 2).
The rate of the shrub layer’s foliage (effective and duplex and
multiplex) cover was 64.4% and 13.8% before the oak decline.
These values increased to 91.3% and 44.8% after 4 decades (Table
4).

Shannon index and Evenness varied between 1.53-2.22 and
0.66-0.77 before the oak decline. These values changed only
slightly after 4 decades in the shrub layer of the mixed oak forest.
The highest negative difference was detected in the low shrub layer
(Table 5). Onaindia et al. (2004) results suggested to use Shannon
diversity and Evenness indices to evaluate the effects of
disturbances in temperate forest stands. In the study of De
Grandpré et al. (2011) the Shannon index increased significantly (P
< 0.001) with time since treatment application in Canada; along a
canopy gap severity gradient in old-growth and mature forest
communities.
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CONCLUSIONS

Seventeen native woody species were identified across the long-
term study area in 2017. The high shrub layer composed only 13
woody species. The density of shrub layer was 25,103 specimens
halin 2017. The most common low and high shrub species was E.
verrucosus and A. campestre. The mean height of the shrub species
changed between 1.29 m and 8.74 m in the high shrub layer. It was
recorded between 0.81 cm and 9.61 cm mean diameter values of
the high shrubs. The mean values changed between 12.20 and
41.15 cm in height and between 1.53 and 6.15 mm in diameter in
the low shrub species. The mean cover values changed between
0.56 m? and 12.67 m? in the high shrub layer. In the low shrub layer
the mean foliage cover was detected between 195 and 2631 cm2
Shannon-Wiener index varied between 1.87 and 2.07 in the
understory shrub layer of the forest stand. Evenness index varied
between 0.71 and 0.73 in the understory. Our results from 2017
suggest that the shrub layer responded positively to the oak
decline; this is especially true to the mean sizes of dominant woody
species.
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