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Chapter 1

Introduction

Dear readers,

You have just opened a dissertation focusing onntspm@ously
developed forests (SDFs). Large land areas hava hbandoned in
recent decades in Europe, and trees have colotiesg stands. The
areas differ from several dozen square metersverakedozen hectares
and SDFs originating on different types of agrietdt land (arable land,
hay meadows, pastures). The SDFs differ from anhderests (and
potential vegetation cover), from managed forestwall as from former
cultivated land. We have insufficient knowledge atbdheir species
composition and about factors influencing the cewfssuccession. Their
future development is also uncertain.

Species composition could be affected by many factand a
different course of succession could be assumediffarent habitats. |
focused on spontaneously developed forests on nsaims (neither
waterlogged nor desiccated, with vegetation neitheteralised nor
typical for poor types of soil). The herb layerdluding tree seedlings
and seed or safe-site limitation of the forest rggbcies) was studied in
detail.

Most of the chapters are structured in the same asmyscientific
papers, i.e.. Abstract, Introduction (including st@ns), Methods,
Results and Discussion. References are summarizéte aend of the
dissertation. This structure was chosen to prevérg need for
complicated searching when the reader focuses cartain part of the
study (e.g., to look for methods).

Three chapters focus on woody species. The firshede focuses on
the tree layer, which is described and in whichittfeience of selected

factors on the tree species composition was studiéw® next two
1
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chapters focus on the tree seedlings in SDFs. Pkeies composition
and influence of studied factors was studied in fir& of these two

chapters, while in the second a prediction of fitdevelopment of tree
layer was made for the next generation of the lager. The prediction
was based on numbers and the height of the tredlisge Although

approximate numbers were used, it is the firstngtteto predict the
changes in tree layer species composition for tfaests.

The second part of the study is focused on theeptdserb layer of
SDFs and is divided into four chapters. The charact the herb layer
and common species in the herb layer were stu@iedrately, along with
the influence of site-dependent factors (tree lalyght, climatic and soil
conditions) and context-dependent factors (surrmgs] SDF
characteristics and history).

The seed and safe-site limitation of forest herban early stage of
succession (12-year abandoned grassland) was mwgueally studied in
the third part of the dissertation. The factoriabigned experiment was
established. The seed limitation of the selectedstoherb species was
manipulated by sowing. From safe-site limitatioe tompetition of the
present herb layer and the influence of light cbhods were studied
using the above-ground biomass removal, turf distaice and shading
treatments.

Readers who are not willing to go through the ldegt of the
dissertation (caused by the structure and otheuinegents of a
scientific paper) will find the main results summead and synthesised in
the Summary chapter. A particular emphasis has pkeed on the herb
layer, which was studied in detail in four separdtapters (5, 6, 7 and 8)
prioritized as follows: 1) the character of the théayer and frequent
species in the herb layer; 2) the site- and corttegendent factors.
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The chapters Introduction and Summary, table fifiigsire captions,
and abstracts are translated into Czech to makeethdts available for
Czech readers (especially from state administrafanest managers and
the general public, who usually do not read Enghsii).

28" March 2010, Plag Czech Republic.



Chapter 1

Uvod

Vazenyctendi,

do ruky se Vam dostala disefta prace zabyvajici se porosty
naletovych devin (Spontaneously developed forests, SDFs).
V poslednich desetiletich se uchytily na mnoha eufst na nichz bylo
upustno od klasického zegdélského hospodeni. Jejich rozloha je
rizna od gkolika desitek metr ¢tvereenich po rkolik desitek hektair.
Porosty naletovychidvin se liSi jak od jpvodnich led (a potencial&
piirozené vegetace), tak od hospisigch les i od pivodnich kultur na
zemeédélské pmide (pole, louky nebo pastviny). O proceseckujicich
jejich stavajici druhové slozeni vime malo agesere vime o zngnach
v druhovém slozeni, ke kterym teprve v budoucnuale&loj

Druhové slozeni porastnaletovych @evin mize byt ovlivréné celou
fadou faktoli a sukcese fize probihat odli&hna iznych stanovistich.
Ve své praci jsem se zdfila pouze na porosty naletovycliegtin na
mesickém stanovisti (z hlediska@dni vihkosti a zivinovych pogmi) a
podrobrgji jsem se ¥novala bylinnému patru {etre¢ semenékia stromi
a experimentalnimu zj&i limitace lesnich bylin semeny nebo
stanovi&m), jemuZ je ¥novana rozsahem nejpgi cast prace.

VétSinu kapitol jsem koncipovala formowdeckéhoclanku. Tyto
kapitoly maji jednotnou strukturu: shrnuti, Uvodcdine otazek),
metodiku, vysledky a diskusi. Seznam pouzité literaje z&azen na
konci prace. Tuto strukturu jsem volila proto, albgn&, kterého zajima
jen diki cast mé prace nemusel sl@ziprelistovavat (nap aby se
dozwdél o pouzitych metodach). Najde tak veSkerégmié informace
k dil¢i ¢asti studie fimo v dané kapitole.

Ve trech kapitolach seénuji dievinam. V prvni z nich naleznete
popis sodasného stromoveho patra a analyzu vlivu studovafekdior

4
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na jeho druhové slozeni. DalSi kapitola 8ewje semengam strormiim.
Cilem bylo zjistit, které druhy kolonizuji porostyaletovych #evin a
které ze studovanych fakfoovliviiuji jednotlivé druhy. Veitti kapitole
této casti jsem se pokusilaredpovdét zmeny druhového slozeni
stromoveho patra pro druhou generaci stroRiedpovd’ je zaloZzena na
poctu a vysSce semetli@l stromi pritomnych v sotiasnych porostech
SDF. Ackoli je ma gedpovd zaloZzena na odhadnutych hodnotach pro
vyvoj, jedna se, alespiopokud je mi zndmo, o prvni pokus o takovou
extrapolaci do budoucna pro tento typ pokost

V néasledujicich¢tyrech kapitolach se podrobrzabyvam bylinnym
patrem. Jednotlivé kapitoly setnwuji celkovému charakteru bylinného
patra a drutim hojnym v bylinném pa¢. Zvla¥ je také studovan vliv na
stanovisti zavislych faktdr(stromové patro, stelné, klimatické a fdni
podminky) a na kontextu zavislych fakiofokoli, charakteristiky SDF,
historie).

Poslednicast prace je anovana experimentu, jehoz cilem bylo zjistit,
zda-li jsou lesni byliny f kolonizaci casre opuséné zentdélské pidy
limitovany nedostatkem diaspor nebo nedostatkendmjch stanovis
Vramci faktorial@ uspdadaného pokusu jsem odstranila limitaci
semeny vybranych lesnich déuhpiimym vysevem. Z moZnych
stanovistnich limitaci jsem studovala vli¥ippmneho bylinného patra,
jehoz kompetini schopnost jsem snizovala disturbanci (odsiran
nadzemnicltasti rostlin, naruseni drnu); a vliv é#eni, kdy dopadajici
sluneni z&eni bylo redukovano na 40 % a 5 %.

Ctené&, ktery nechce prochazet dlouhy text celé pracelywjici ze
struktury a dalSich pozadavk/édecké prace) nalezne vSechny hlavni
vysledky prace v kapitole Shrnuti. Zvlastni pozatnbyla ¥novana
bylinnému patru, které bylo studovano atgiech kapitolach (5, 6, 7, 8)
zantienych na zaklad 1) charakteru porostu a druhhojnych

v bylinném paite; 2) vlivu na stanovisti a na kontextu zavislyahtor.
5
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Kapitoly Uvod a Shrnuti, dale popisky k tabulkamobrazkim a
shrnuti jednotlivych kapitol jsemi@lozila docestiny, aby vysledky této
prace byly pistupné takéeskémutendi, ktery anglttinou nevladne.

V Plzni 28. kezna 2010.



Chapter 2

What factors influence the tree layer species composition
of spontaneously developed forests on mesic pstands?

Cim je ovlivnéno druhové sloZeni stromového patra porosti

naletovych dievin na mesickém stanovisti?

Abstract

The influence of site-dependent (soil conditions, Ellenberg indicator values, altitude,
exposition, slope, age) and context-dependent factors (area, shape, position within the
SDF, surrounding, history) on the first tree generation of spontaneously developed
forests (SDFs) in mesic stands was studied.

Tree layer changes during the succession from dense growths to semi-open forests.

Although the pioneer species Betula pendula dominated, 11 tree species were able to
colonise the tree layer. More species were found in higher altitudes, colder stands and in
younger growths. The anemochorous species were the best colonisers, however
endozoochorous species (dispersed by birds) were also able to establish in the SDFs.
Seed limitation seems to be the most important factor influencing tree layer species
composition.

Dominating species were influenced at most by soil conditions, the age of the tree
layer, and by surrounding vegetation cover. The character of the tree layer corresponded
with the Ellenberg T value, and the shape of the SDF. Site- and context-dependent
factors also influence the species composition of the SDFs.

Shrnuti

Byl studovan vliv na stanovisti zavislych proménnych (pudni podminky,
Ellenbergovy indika¢ni hodnoty, nadmoiska vyska, expozice, sklon, vék) a na kontextu
zavislych (velikost, tvar, pozice uvnitt porostu, okoli, historie) proménnych na druhové

slozeni prvni generace stromového patra porostu naletovych dfevin (SDF).
Hustota zépoje prvni generace stromového patra v prubéhu sukcese klesa.

Piestoze v porostech naletovych dfevin dominovala bfiza (Betula pendula),
stromové patro bylo schopno kolonizovat 11 druhi strom@i. Vice druht dievin bylo ve
vysSich nadmoiskych vyskach, na chladnéjSich stanovistich a v mladSich porostech.
také schopny v porostech naletovych dievin uchytit. Zda se, Ze limitace semeny je

nejvyznamnéjsi faktor ovlivitujici druhové slozeni porostli naletovych dievin.
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Dominujici druhy byly nejvice ovlivnény pidnimi podminkami, vékem stromového
patra a vegeta¢nim krytem v okoli. Celkovy charakter stromového patra korespondoval
s Ellenbergovou indika¢ni hodnotou T a tvarem porostu naletovych dievin. Stanovistni
a na kontextu zavislé faktory také ovliviiovaly druhové slozeni porostii naletovych

dievin.

Introduction

A forest is supposed to be natural vegetation in a temperate climate in
most locations (Ellenberg 1988). Due to human activities, large natural
forests have been cut down and replaced by cultivated land and
settlements. However, especially in recent decades, much of the
agricultural land has been abandoned, mostly in uninhabitated and less
favourable  areas  for  agriculture (e.g., Hamre etal. 2007,
Kaligari¢ et al. 2006; MacDonald et al. 2000). Even where the forests
have remained, the composition of tree species has been changed. The
most dramatic changes happened during the 19" and 20" centuries in
Central Europe. Norway spruce (Picea abies (L.) Karsten) and Scots pine
(Pinus sylvestris L.) have been planted, and agricultural-like management
(monocultures, cuts, division of the forests, and building of access to the
forests) has been practised in most forests. These species have replaced
the European beech (Fagus sylvatica L.) and oaks (Quercus petraea
(Mattuschka) Liebl., Quercus robur L.), which had dominated the mesic
stands from lowlands to mountains.

After abandonment, the former cultivated land was reforested or left
abandoned, and secondary forests spontaneously developed at most of
these sites. The increase in forest area was high, especially in the
mountains, e.g., Kube$ and Mickova (2003) found a 14% increase of
forests during the last 60 years in the Novohradské hory Mountains in the
Czech Republic. Many studies do not distinguish between the planted
and spontaneously developed forests (SDFs), although the composition
of species is not the same. In my study, | focused only on the SDFs.
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The rate of succession varies, and areas with rapid overgrowth of trees
are mentioned (e.g., Schreiber 1996; Spatz 1980). Prach (1985) predicts
that abandoned fields in Finland will have overgrowth of trees within
50 years. Kozak et al. (1999) found from aerial photos, which showed
that the spontaneous forest development had taken 30-40 years in the
Beskidy Mountains in Poland. Other studies reported a very lengthy
duration of tree establishment at abandoned sites (e.g., Blazkova 1988;
Hadac¢ 1990; Wiegert and Evans 1964). This can be attributed to what
can be referred as a “successional window” (Prach 1994), which means
that usually only a short period of the first twenty years is suitable for
tree establishment. In general, the tree layer develops within 30-40 years
and definitely closes after 60-80 years (Flinn and Vellend 2005).

A favourable climate can enhance the tree colonisation process
(Dov¢iak et al. 2005), and lone trees can facilitate the establishment of
tree seedlings (Dzwonko and Loster 1992). The lines (e.g., hedgerows,
paths) or disturbed places (e.g., drains, abandoned fields) can be also the
sources of trees (Guth 1998). Woody plants can be blocked, especially
due to soil conditions or competition —mainly from grasses (e.g.,
Dickie et al. 2007), or from litter (Facelli and Pickett 1991a).

Pioneer tree species usually dominate the tree layer. The birch (Betula
pendula Roth) was found to be the most common tree species dominating
SDFs in Central Europe (Prach 1994; Prach and Pysek 1994b), but many
other species were reported as well (for review see Prach 1994).
However, the tree layer has been insufficiently studied, due to the
lengthiness of the process (decades and centuries) and because the SDFs
have been neglected by the foresters, who usually do not perceive them
as forests, and by ecologists who have focused primarily on the herb
layer of the secondary forests (for review see Vellend et al. 2007).

The first tree generation of SDFs in mesic stands on former
agricultural land was studied in mountainous areas in the Czech
Republic. Tree layer species composition results from the seed



Chapter 2

availability, which directly limits or enhances the success of the species,
and from micro-site conditions, including competition with present
vegetation cover, which alters the establishment success of certain
species). In the study, the influence of site-dependent factors (such as soil
conditions, the site character described by Ellenberg indicator values -
EIV, altitude, slope and orientation and the age of the tree layer), and
context-dependent factors (such as the area and shape of the SDF, the
position of the plot within the SDF, surrounding vegetation and historical
land-cover) was studied.

The following questions were considered:

1. What tree species are able to establish and dominate the first
generation of SDFs in mesic stands?

2. What tree layer character can be found in the first generation of
SDFs in mesic stands?

3. Are the site-dependent factors or context-dependent factors
important for the species composition of the tree layer of SDFs in
mesic stands?

Methods

Study area

The study area was the southern part of the Czech Republic
(40°35-38" N, 14°11-17" E). Altitude ranged between 665 and 940 m.
Climatic conditions moderately oceanic between the warm and cold type
(climatic regions MT 3-Ch 7; Quitt, 1971), average year temperature
6.8°C and average year precipitation 718-1003 mm.

Forty-eight plots (10 x 10 m) were fixed in the SDFs which were
differed in age, altitude and exposition, but all plots were on mesic stand
(neither waterlogged nor desiccated, vegetation neither ruderalised nor
typical for poor soils). | fixed the plots in such growths, where significant
human influence was not recognisable, which were homogenous and
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large enough. Different age categories present in the study area were
equally presented.

The supposed terminal stage of succession is beech forest (Dentario
enneaphylli-Fagetum  association, or  transient to  Luzulo
albidae-Quercetum petraeae association; Neuhéduslova 1998).

All field observations were carried out in 2004 and 2005.
Data collection: tree layer

The number and species composition of trees at the plot were listed.
The diameter (DBH) and perimeter (average of two measurements taken
in a right-angle) of each tree were measured as 120 cm above ground
[cm]. The tree stand density (TSD) was calculated as the sum of the
square basis of the trees at the plot according to the average perimeter.

For age estimation two samples of wood were taken from all the trees,
but maximally from ten for each species (randomly searched), using a
Pressler’s auger. Samples were taken from opposite sides of the trunk
40 cm above ground. After fixation and cutting, tree-rings were counted
for estimation of age. The following were counted: average age of trees
(Aa) and the maximal age of the trees (Amax) for all plots. A, corresponds
with the duration of closed canopy of the tree layer, while Amax
corresponds rather with the duration of abandonment.

Data collection: site-dependent factors

The altitude of the plot was taken from the map as 1: 10 000. The
altitude corresponds with the climatic conditions (Prach and Rehounkova
2006), because the mean temperature and precipitation depends on the
altitude. The study area is relatively small, and we can assume that the
climatic conditions can be well described by the altitude.

11
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The orientation (using a compass) and slope (using visual estimation)
of all plots were determined, and the heat index to the south-south west
(Hssw) Was calculated as follows:

Hssw = cos(exposition — 202.5°) x tg(slope)

A soil sample was taken at each plot (mixture of five point samples).
Analyses of the following were done: i) the content of rock fragments
>2 mm (Rs) in the dried samples using the 2 mm sieve [%]; ii) the soil
reaction in the water solution (pHs) using 10 g of the fine air-dried soil
sample and 20 cm® of distilled water (free of CO,); iii) organic matter
content (Corg) determined as the loss of the matter content of the dried
sample by 450°C [%]; iv) the basal respiration of the microbial
community (BRs) determined as CO, production [pg C-CO..g™".hod™]
(Jaggi 1976). The retention water capacity (RWC) determined from the
undisturbed soil samples (five per plot) taken from the organic soil
horizon at each plot. RWC was counted from the water content in the soil
sample after 24 hours of draining of the water-lodged sample using filter
paper. A soil pit was made next to each plot (within the same SDF) to
measure the depth of the organic horizon — horizon A, transient A and B
horizon (Sorg) [cM].

The Ellenberg indicator values (EIVs) were calculated from the herb
layer species composition determined from the phytocenological relevé
taken from all the plots. Abundance (visually estimated in percentages of
the species) was used as weight in the EIVs calculation. The following
EIVs were calculated: humidity (F), temperature (T) and nitrogen content
(N) (Ellenberg 1988). EIVs correspond with the character of the habitat,
and N corresponds more with the productivity of the place (Ertsen et al.
1998).

The mean values of site-dependent factors are summed in the Table 1.

12
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Data collection: Context-dependent factors

Vegetation map 1 : 10 000 (Dostalova unpbl.) redrawn on a slide and
digitalized (300dpi colour picture) was used to determine the following
context-dependent factors: i) the total area of the SDF (Aspr) [ha]; ii) the
shape of the SDF, determined as the multiple of the perimeter of a circle
with the same area; iii) the position of the plot within the SDF (centre),
determined as the nearest distance from the centre of the plot to the
border of the SDF [m]; iv) the distance to the nearest forest (D_Fst) [m];
V) the vegetation cover of the forest (i.e., managed or natural forest) and
the SDF (at least 30% of tree-cover) in 100, 200 and 300 m surrounding
(i.e., the round area of a certain semi-diameter with the central point in
the centre of the plot) (Fstioor200/300, SDF100/200/300), determined as the
percentage of the vegetation in 100, 200 or 300 m surrounding. Image
analysis in the Scion Image for Windows 4.0.3 program was used.

The aerial photos from the Military Geographical and
Hydrometeorological Office (Dobruska, Czech Republic) were used to
determine the past vegetation cover of the plot. Three sets of photos were
available from the vegetation period for the whole study area: 1952
(7" of July, camera RC5-97, focal length 210.0 mm, flying height
5250 m, 1:25000); 1966 (1% of May, MRB, 210.11 mm; 3200 m,
1:12600), 1967 respectively (25" of June, RC 5a, 209.7 mm, 3300 m,
1:13150) and 1983 (8" of June, MRB-9, 88.6 mm, 2900-3200 m,
1:28040). The following vegetation types were distinguished: field
(arable land), grassland (meadow, pasture, abandoned grassland),
scattered SDF, closed SDF. These types correspond with the supposed
successional sere.

The mean values of context-dependent factors are summed in the
Table 1.
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Table 1. Basic statistics of the site- and context-dependent factors.

Mean+SD Mean+SD Mean+SD
altitude 788+70.38 F 5.72+0.389 Aspe 74 223+81 223
BR; 2.73+1.101 SDFq9 0.45+0.239 shape 3.09+£2.179
Corg 11£3.1 SDFjq 0.37+£0.195 centre 22.04+13.395
Rs 41+23.5 SDF39 0.33+0.171 1952 2.02+0.707
RWC 15.7343.233 Fstioo 0.18+0.209 1966 2.74+1.010
Sorg 23.43+16.524  Fstyy 0.24+0.199 1983 3.43+0.853
T 5.07+0.228 Fstago 0.27+0.186 A, 30.6+10.82
N 4.01£0.633 D_Fst 110.5£152.53 Amax 45.3+18.1

BR;—basal respiration of the microbial community [ug C-CO.g".hod™], Cey— Organic matter
content [%], Rs —rock fragment content in the soil [%], RWC — retention water capacity [%)], Soq — depth
of the organic soil horizon [cm], T/N/F - Ellenberg T/N/F indicator values, SDFiqo/2001300 — proportion of
spontaneously developed forests in 100/200/300 m surrounding, Fstiozo0300 — Proportion of forest in
100/200/300 m surrounding, D_Fst— distance to the nearest forest [m], Aspr—area of SDF [m?],
shape - relative length of the SDF border, centre - nearest distance from the centre of the plot to the border
of the SDF, 1952/1966/1983 - vegetation cover in 1952/1966/1983 (successional sere: 1-field, 2-grassland,
3-scattered trees, 4-closed tree canopy), A./Amax — average/maximal age of the tree cover.

Tabulka 1. Na stanovisti a na kontextu zavislé faktory — zakladni statistika. BRs - bazalni
respirace pidy [pg C-CO,.g™*.hod™], Corg—obsah  organické hmoty v padé [%],
R - skeletovitost plidy [%], RWC —reten¢ni vodni kapacita [%], Serq - hloubka organického
ptdniho horizontu, T/N/F - Ellenbergovi T/N/F indika¢ni hodnoty, SDF1qg/200/300 — podil
naletovych dievin v okoli 100/200/300 m, Fstiog200300 — podil lesa v okoli 100/200/300 m,
D_Fst — vzdalenost k nejblizsimu lesu [m], Agpe - rozloha SDF [m?], shape — relativni délka
hranice SDF ku obvodu kruhu o stejné velikosti, centre — nejkratsi vzdalenost stiedu plochy
k okraji SDF, 1952/1966/1983 — vegetacni kryt v letech 1952/1966/1983 (sukcesni série:
1-pole, 2-louka, 3-roztrouseny nalet, 4-zapojeny nélet), Ay/Amax — pramérny/maximalni vék
stromového patra.

Statistical analysis

Ordination methods were used to test the influence of site- and

context-dependent factors on tree layer species composition in the
CANOCO v. 4.5 program (Leps and Smilauer 2003). The “species” data
were logarithmically transformed (y=logio(y+1)), and European beech
and pear trees were excluded (only one tree was found). Linear analyses
were performed (the length of the gradient was 2.6), indirect principal
component analysis (PCA), and direct redundancy analysis (RDA). The
independent variables were as follows: altitude, Hssw, BRs, Sorg, Rs, PHs,
RWC, Corg, EIVs: T, F and N, vegetation cover in 1952, 1966 and 1983,

14



Chapter 2

Aa, Amax, SDF100/2001300, FStioorzo0i300, D_FSt, Aspr, Shape, centre. Manual
selection (Forward selection, Monte Carlo permutation test under a full
model with 499 permutations) of the factors at the o« =0.05 level was
used. Visualisation of the ordination analysis was performed in the
CanoDraw v. 4.0. program (Leps and Smilauer 2003).

The relationship between the number of trees per plot (birch, Norway
spruce, all trees) or number of tree species per plot or TSD and site- or
context-dependent factors (the same as in the ordination analyses) were
tested using General Linear Models (GLM). Poisson distribution of the
data was assumed, because the link function is a “Log” function, which is
recommended for counts and frequency data (Lep$ and Smilauer 2003;
p. 122). Models were fitted by stepwise selection with interaction terms
to square polynom using Akaike Information Criterion (AIC) in the
CanoDraw v. 4.0 program (Leps and Smilauer 2003).

The age prediction formula (dependence of DBH on the age of the
tree) for birch, Norway spruce and European aspen (Populus tremula L.)
was determined using a linear regression model in the Statistica v. 5.0
program. Outlayers were removed (<3c). The age of trees, which was not
determined directly by counting the tree rings, was estimated by the
regression model. The difference in age for two species growing together
at certain plot was tested using the Analysis of Variance (ANOVA) in the
Statistica v. 5.0 program.

Results

The number of trees per plot (100 m?) was found to be 29+39. In
total, 11 tree species were found, and the number of species per plot was
2.6+£1.07 and ranged between 1 and 5 species. The most common of
these were the birch and the Norway spruce, while only one European
beech tree and one pear tree (Pyrus communis L.) were found (for more
detail see Table 2).
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Table 2. Basic statistics of the tree species.

Plots [%6] Trees [%)] Mean=SD per 100 m?
Betula pendula 88 60 17.4+27.90
Picea abies 43 15 4.249.69
Pinus sylvestris 29 2 0.7+1.80
Salix caprea 29 3 0.8+2.39
Populus tremula 24 14 4.1+11.76
Acer pseudoplatanus 12 4 1.2+5.50
Sorbus aucuparia 12 1 0.3+0.77
Fraxinus excelsior 6 1 0.1+0.66
Prunus avium 6 0.4 0.1+0.54
Fagus sylvatica 2 <0.1 <0.1+0.15
Pyrus communis 2 <0.1 <0.1+0.15

Plots - percentage of occupied plots, Trees - percentage of tree listed, Mean - mean number of trees per 100 m?,
SD — standard deviation.

Tabulka 2. Druhy stromt — zakladni statistika. Plots — procento obsazenych ploch, Trees — podil na
celkovém mnozstvi stromi, Mean — primémy pocet stromii na 100 m?, SD — smérodatna odchylka.

Ordination analysis

Only the Ellenberg T value (F =3.89, p<0.01) and the shape of the
SDF (F =3.30, p = 0.01) significantly influenced the tree layer species
composition. The first four ordination axes in the PCA explained the
large amount of total variability in the data (85.2%), while the T and
shape did only for 14%. The Norway spruce and Scots pine were more
common at plots with lower Ellenberg T values, while mountain maple
(Acer pseudoplatanus L.), wild cherry trees (Prunus avium (L.) L.) and
common ash (Fraxinus excelsior L.) preferred warmer stands. The birch
dominated the SDFs with more complicated shapes, while European
aspen prevailed among the less complicated shapes. In the growth
dominated by European aspen, the endozoochorous cherry tree and
mountain ash (Sorbus aucuparia L.) trees are more common, while the
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dominated by birch (Fig. 1).

anemochorous goat willow (Salix caprea L.) is more present at plots
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Figure 1. Ordination diagram for PCA of the tree layer (selected environmental
factors projected). Acer —Acer pseudoplatanus, Betula—Betula pendula,
Fraxinus — Fraxinus excelsior, Picea—Picea abies,
Populus — Populus  tremula, Prunus - Prunus
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GLM

The birch and Norway spruce tree numbers were influenced mostly by
soil conditions, history, age characteristics and by the SDF/forests
proportion in the 300 m surrounding. The surrounding vegetation in the
100 m, the Ellenberg F value and the position within the SDF (centre)
did not influence the number of birch, Norway spruce and tree species
(Table 3).

The birch was more abundant at plots with lower organic matter
content, higher pHs, low or deep soils (Fig. 2f), at plots which were field
in 1966 or grassland/scattered SDF in 1983 (Fig. 2c), in younger growths
(Fig. 2a), at plots surrounded by ca 30% by SDFs in 200 and 300 m
surrounding (Fig. 2d), less surrounded by forests in the 300 m
surrounding (Fig. 2e) and at plots with more complicated shapes (for
more detail see Table 3).

The Norway spruce was more common at plots with lower rock
fragment content, RWC about 20%, organic horizon depth ca 30 cm
(Fig. 2f) and medium N values (optimum 4.3). It decreased with the
Ellenberg T value, was more common at plots, which were grasslands in
1952 (Fig. 2b) in younger growths (Fig. 2a) and plots less surrounded by
the SDFs, but more surrounded by forests in the 300 m surrounding
(Fig. 2d). For more detail see Table 3.

More species were found in higher altitudes and at colder stands
(lower T), in younger growths (Fig. 2a) and at plots both with low or high
complicated shapes (Table 3).
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Table 3. Relation of site- and context-dependent factors and birch, Norway spruce and
number of species (N_species) fitted by GLM (relevant factors only).

Betula pendula Picea abies N_species

M var. M var. M var.
altitude x Lt 9 QuU 20
Hssw X X L 8
BRs Ly 6 Ly 6 Qu 8
Corg Ly 20 Ly 8 X
R, x Ll 10 QN 8
pH, LT 22 x Qu 10
RWC x QN 19 QN 9
Sorg QU 16 Q(‘\ 30 X
T x Ly 29 Ly 13
N x QN 11 Ly 7
SDFy00 QN 12 Ly 9 X
SDF300 QN 20 Ly 12 x
Fstono L 9 X X
Fstaoo L 13 Lt 8 X
D_Fst x x Ly 5
Aspr X X L 6
shape Qu 12 x Qu 15
1952 L 7 QN 18 x
1966 Qu 36 x QN 9
1983 QN 16 LY 15 x
A, L 29 Qu 35 L 13
Anmax L 20 QU 31 Ly 9

M-model: L —linear, Q-square polynom fitted, x - nonsignificant, /7 - decrease/increase,
UlN - “humped” answer; var. - explained variability [%)]. Hssw — Heat to the south-south west, BR; — basal
respiration of the microbial community [pg C-CO,.g".hod™], Coy — Organic matter content [%], R, —rock
fragment content in the soil [%], pHs — soil reaction, RWC — retention water capacity [%], Soq — depth of the
organic soil horizon [cm], T/N —Ellenberg T/N indicator values, SDFjqs300 — proportion of SDF in the
200/300 m surrounding, Fstaoes00 — proportion of forests in the 200/300 m surrounding, D_Fst - distance to the
nearest forest [m], Aspr — area of SDF [m?], shape — relative length of the SDF border, 1952/1966/1983 —
vegetation cover in 1952/1966/1983 (successional sere: 1-field, 2-grassland, 3-scattered trees, 4-closed tree
canopy), A./Amax — average/maximal age of the tree cover.

Tabulka 3. Vztah stanoviStnich a na kontextu zavislych faktord k bifze, smrku a po¢tu druhi
(N _species) zjisttny GLM (jen vyznamné faktory). M -model: L —linearni vztah,
Q - polynomialni vztah (druhého stupng), x - nepritkazné, /T - pokles/vzriist, U/ - “hrbata”
odpoveéd’, var. — vysvétlena variabilita [%]. Hssw —Sklon k JJZ, BRs—bazalni respirace pudy
[ng C-CO,.g™ hod™], Corg — obsah organické hmoty v ptidé [%], R, — skeletovitost [%], pH; - ptidni
reakce, RWC - reten¢ni vodni kapacita [%], Serg —hloubka organického pidniho horizontu [cm],
T/IN - Ellenbergovi hodnoty T/N, SDFyyg300 — podil néletovych dievin v okoli 200/300 m,
Fstoooz00 — podil lesa v okoli 200/300 m, D_Fst — vzdalenost k nejbliz§imu lesu [m], Aspr—
velikost SDF [m?], shape — relativni délka hranice SDF ku obvodu kruhu o stejné velikosti,
1952/1966/1983 — vegetaéni kryt v roce 1952/1966/1983 (sukcesni série: 1-pole, 2-louka,
3-rozvolnény nalet, 4-zapojeny nalet), A,/Amax — pramérny/maximalni vék stromového patra.
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The orientation of the site and area of the SDF, where the plot was
fixed, does not influence the number of trees per plot and tree stand
density. The average age of the tree cover was the most important studied
factor influencing both the number of trees per plot and TSD (50% of
total variance explained) — see Table 4.

The number of trees per plot was higher in younger growths (A,, field
or grassland in 1966, grasslands in 1983; Figs. 2a, ¢) and both in lower
and higher altitudes, while TSD was higher in older growths (A,, 1952,
1966, 1983, Figs. 2a, b, ¢) and at medium rich sites (N optimum 4.1) —
for more detail see Table 4.

Table 4. Relation of site- and context-dependent factors and number of trees (N_trees)
and tree stand density (TSD) fitted by GLM (relevant factors only).

N_trees [100 m?] TSD [m?.are™]

M var. M var.
altitude Qu 10 X
N X QN 8
1952 x LT 7
1966 L 15 Lt 26
1983 QN 19 Lt 8
Aa Ly 50 QN 50

M - model: L —linear, Q —square polynom fitted, x - nonsignificant, /1 - decrease/increase,
UlN - “humped” answer, var. - explained variability [%]. N - Ellenberg value for nitrogen,
1952/1966/1983 — vegetation cover in 1952/1966/1983 (successional sere: 1-field, 2-grassland,
3-scattered trees, 4-closed tree canopy), A, — average age of the tree cover.

Tabulka 4. Vztah stanovistnich a na kontextu zavislych faktort k poc¢tu (N_trees) a zakmenéni
(TSD) zjistény GLM (jen prikazné vztahy). M - model: L —linearni model, Q — polynomialni
odpovéd’ (druhého stupng), x - neprikazné, /T - pokles/vzrist, U/ - “hrbatd” odpovéd,
var. - vysvétlena variabilita [%]. N — Ellenbergova hodnota N, 1952/1966/1983 — vegetacni kryt
Vv roce 1952/1966/1983 (sukcesni série: 1-pole, 2-louka, 3-rozvolnény nalet, 4-zapojeny nalet),
A, - primérny vék stromového patra.
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Figure 2. Influence of: a) average age of the tree cover, b) vegetation cover in 1952 and c) in
1983 (successional sere: 1-field, 2-grassland, 3-scattered trees, 4-closed tree canopy),
d) proportion of SDFs in the 300 m surrounding, e) of forests in the 300 m surrounding, f) depth
of the organic soil horizon; on the Picea abies and Betula pendula [trees per are], number of tree
species in the tree cover (N_sp), number of trees in the tree cover (N_trees) [.are] and tree
stand density (TSD) [m%.are™].
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Obrazek 2. VIiv: a) primérného véku stromového patra, b) vegeta¢niho krytu v roce 1952 a
c) v roce1983 (sukcesni série: 1-pole, 2-louka, 3-rozvolnény nalet, 4-zapojeny nalet), d) podil
SDFs v okoli 300 m, e)lesa v okoli 300 m, f) hloubky organického ptdniho horizontu; na
druhy Picea abies a Betula pendula [stromi.ar?], pocet druhi stromd (N_sp), pocet stromil
(N_trees) ve stromovém patie [ks.ar’l] a zakmenéni (TSD) [mz.ar'l].

ANOVA

There was strength regression between the age and DBH for birch
(r=0.75, p<<0.01; Age =10.936 + 0.36358<xDBH), Norway spruce
(r=0.64, p<<0.01; Age = 11.105 + 0.27531xDBH) and European aspen
(r=0.79, p<<0.01; Age = 10.767 + 0.38184xDBH).

When birch was present at the plot, spruce was on average seven years
younger than birch (F =70.42, p << 0.01; Fig. 3a), while European aspen
was on average two years older than the birch (F=4.41, p=0.04;
Fig. 3b).
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Figure 3. The age tree species growing at the same plot: a) birch and Norway
spruce, b) birch and European aspen.

Obrazek 3. V¢k stromt rostoucich spolecné na jedné plose: a) bfiza a smrk, b) bfiza a osika.
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Discussion

The number of tree species was high (11, however only one European
beech tree and one pear tree were found). Prach (1994) counted 24
woody species (both trees and shrubs) in 17 different studies focused on
succession in Central Europe (from wet to xeric seres), and 10 of them
were trees colonising abandoned fields and grassland. The higher species
number in higher altitudes, and also by lower T values is likely caused by
a slower rate of succession in higher altitudes, which was found in
several studies (e.g., Blazkova 1991; Prach et al. 2007). The slower rate
of succession could increase the probability of establishment of
seed-limited species. Rare species were less found in older growths, and
therefore the number of species decreases with the age of succession. It
may result from the self-thinning of the tree layer when rare species have
a higher probability of extinction.

The most common species was the birch (88% plots, 60% trees),
which is a typical pioneer tree species in a temperate zone of Europe
(Blazkova 1988; Prach 1994; Prach and Pysek 1994b). Common species
were also the Norway spruce (43% plots, 15% trees), the European aspen
(24%, 14%), the goat willow (29%, 3%), the Scots pine (29%, 2%), the
mountain maple (12%, 4%) and the mountain ash (12%, 1%). The birch
(74%), the European aspen (13%), the Norway spruce (6%), the
mountain maple (4%) and the Scots pine (2%) were able to dominate the
tree layer. All of the species were reported as common species in the
secondary forests in temperate Europe (Dzwonko and Loster 1990; Prach
1994; Prach and Pysek 1994b; Schreiber 1996; Vojta 2007; Zobel 1989).
The anemochory, ability of vegetative reproduction, but also well
generative reproduction; anemogamy, deciduous; flowering before leaf
appearance; clupping species; low nutrient requirements; low age and
low reproductive age were determined as typical attributes of pioneer
trees in Europe (Falinski 1980; Prach 1994). The birch fulfils all of them.
Other common species fulfil many of the attributes, and all the dominants
were anemochorous ones. In general the anemochous species are
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supposed to be better colonisers (Dzwonko 2001; Prach 1994), and
therefore they are supposed to be more successful in the early stages of
succession.

The birch as a pioneer tree was more common at sites with lower
organic matter content (abandoned agricultural land typically contains
lower organic matter content than forest soils, see e.g., Matlack 2009), at
plots which were fields in 1966 (the birch seedlings prefer bare soil, see
e.g., Atkinson 1992), and grassland or scattered SDF in 1983. The birch
is a fast coloniser after abandonment.

The European aspen, similarly to the birch, was able to dominate the
tree layer. Both species have similar ecological requirements. Both are
anemochorous species, produce large amount of seeds and are bad
competitors. Moreover, the European aspen sprouts very well, which
facilitates its expansion at sites containing adult aspen trees (e.g., Prach
1985). The SDFs with less complicated shapes were more occupied by
European aspen, and regular shapes could be a consequence of the
vegetative reproduction, while the birch was more common in the SDFs
with irregular shapes. This indicates its preference to the generative
reproduction to which it is well adapted with high amount of seeds
(ca 4,000-53,000 seeds.m?, see Atkinson 1992), and it can also benefit
from the seed bank (Milberg 1995).

The Norway spruce is the most common tree in the area (due to the
forest management), and its relative high presence in the SDFs (43%
plots, in average 420 trees.ha™) even in the first forest generation is an
important finding for the forest management. Although the Norway
spruce produces a large amount of light seeds well distributed by wind, it
can be seed limited — its number increased with the proportion of the
forest in the 300 m surrounding (the source of the seeds), while it
decreased with the proportion of SDFs in the 300 m surrounding. These
changes the number for the in Norway spruce were complemented to the
numbers of birch. It seems that seed competition may have occurred
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during the early colonisation of abandoned agricultural land.
D’Orangeville et al. (2008) also found that the percentage of the forest in
surroundings was important for the regeneration of tree species valuable
for forest management in Canada, and Doubkova (2008) found that the
Norway spruce was able to colonise abandoned grasslands only near the
edges of forest. The delay of the Norway spruce in tree layer colonisation
(on average 7 years after the birch) was likely due to the less availability
of seeds or due to better conditions for seedling recruitment under the
birch tree canopy. The Norway spruce is able to establish itself under low
irradiance, but it is a bad competitor with the grassland vegetation
(Doubkova 2008; Prach et al. 1996), and therefore it may benefit from
the lower abundance of grassland in the young shrubs. Timber species
benefit more from shrub protection when large herbivores are allowed to
graze (Vandenberghe et al. 2009), and therefore the later recruitment of
Norway spruce seedlings in young deciduous woods may also be caused
by a low number of herbivores. The Norway spruce was more abundant
at sites which were grassland in 1952. Favourable years for Norway
spruce recruitment at abandoned grasslands were found in the
Krkonose Mountains in the Czech Republic (Doubkova 2008), and the
result referred to above may be due to correlation with a similar
favourable period. Natural disturbances, such as by wild boars, or ant
hills (Vlasakova 2009), could also enable the Norway spruce to colonise
the grassland vegetation. The Norway spruce was able to establish better
in the SDFs in higher altitudes and at colder sites (T), which corresponds
to assumptions about its ecological behaviour. Good surviving ability and
strong competition in similar woods (Pinus—Betula—Alnus forests) was
reported from the boreal region (Seppa et al. 2009), and therefore due to
its good survival ability can be expected to spread.

The scattered mountain ash and wild cherry tree are endozoochorous
species usually spread by birds. The bird endozoochory was found to be
effective for long-distance distribution (e.g., Corbit et al. 1999; Dzwonko
1993; Pons and Pausas 2007).
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The European beech is believed to be dominant in natural forests, but
in lower altitudes it has been replaced by pedunculate oak (Neuhduslova,
1998). However, both species are rare in managed forests in the study
area today. The endozoochorous species distributed mostly by mammals
(e.g., beech, oak) are assumed to be poor for long-distance dispersal, e.g.,
Jensen and Nielsen (1986) found the mean distance of 24 m for oak seeds
transported by Apodemus sp. and Clethriomys glareoles. The only one
beech listed in the tree layer supports this assumption, but I have found a
surprisingly high number of both beech and oak seedlings in the herb
layer of the permanent plots (Dostalova 2009) and their absence in the
tree layer may be caused by different factors, such as grassland species
competition (Provendier and Baladier 2008).

The species composition of the tree layer was influenced from the
studied factors by the Ellenberg T value and by the shape of the growth.
Both variables explained 14% of the total variability, which is a common
amount of explained variability in similar studies. For comparison, Vojta
(2007) attributed 8.6% to the soil and terrain properties, 6.8% to the
ancient environmental variables and 10.3% to historical factors in the
RDA of the tree layer of secondary forests in former villages (with a wide
range of abiotic conditions) in the Czech Republic.

The decrease in the birch and Norway spruce with the A, is caused by
self-thinning, as well the decrease in the total number of trees, while the
TSD slowly increased. In other words, the SDFs change from the dense
canopies of thin young trees into relatively open canopies of adult trees
(see also Paquette et al. 2006). This may enable new trees to reach the
tree layer. This is supported by a higher age variability in older growths,
the relative SD to average age for a 10 to 15-year-old tree layer was
found to be on average of 19%, compared to 22% for 15 to 25-year-old
and 27% for 25 to 45-year-old growths. However, the self thinning was
observed for the tree layer, the density of trees was found to be relatively
high. For comparison von Oheimb et al. (2005) found the density of
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living trees to be on average 263 trees.ha™ in a near natural beech forest
in Germany.

The SDFs in my study were relatively highly variable in age structure.
For comparison D’Orangeville et al. (2008) found that the SDFs in
Canada were on average +2 years, while in my study +7 years old.
Species establishing themselves later in the tree layer are usually the
dominant species, not rare species, and therefore the uniformity of the
tree layer increases with the stage of succession.
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Dostalova A (2009) Tree seedlings: how they estadii in
spontaneously developed forests? A study from a motainous
area in the Czech Republic.Biodiversity and Conservation
18:1671-1684

Abstract

The aim of this study was to find out which treee@ps can establish in
spontaneously developed forests (SDFs) on mesidstand how many of tree
seedlings are present there. The influence of reiffiefactors was examined and
an attempt made to find out if there are some geneFnds true for groups of
species typical for different stages of successwonwith different type of
distribution.

All tree-seedlings present in 48 permanent ploteeve®unted (100 fn The
following factors were tested: altitude, slope amgbosition, distance from the
nearest forest, age and species composition ofdyes, species composition of
herb layer, light conditions and soil reaction.

The species composition was dependent on altitndesail reaction. There
were surprisingly high numbers of seedlings (inrage 145 tree seedlings per
100 nf) and species (in average 5) present in SDFs. Ngtspecies common in
the area were found, but also the uncommon speass present there, although
in low numbers. Nonspecific species are the bekinters of SDFs, and the
anemochorous trees are better colonisers than tmeharous ones. The
establishment of different tree species is infleeshdy different factors. The
SDFs most probably shift toward forest with a numifespecies in the tree layer.
The dominant species tend to be spruce and mapiespecies typical for early
stages of succession will be common in these gmwth

Shrnuti

Cilem této studie bylo zjistit, které druhy stibonse mohou uchytit
v porostech naletovychiglvin (SDFs) na mesickém stanovisti a jaké mnoZzstvi
semendkid stromi se v ¥chto porostech naléza. Byl studovan vliizmych
faktori na uchycovani semefid stromu a zji¥ovany trendy v uchycovani
raznych skupin druln typickych pro jednotlivé faze sukcese nebo s toydii
strategiemi rozgovani.

Na 48 trvalych plochach (1003rbyly spaitany vdechny semetidy stromi.

Byl testovan vliv nasledujicich fakior nadmaské vysky, sklonu a expozice,
vzdalenosti k nejblizS§imu lesu, #téa druhového slozeni stromového patra,
druhového slozZeni bylinného patra¢tnych a gdnich podminek.

Druhoveé slozeni bylo zavislé na nadisi@ vySce atmni reakci. Fekvapiw
velké mnozstvi semeti@ (pramérng 145 ks na 100 fy i druha stromi
(prameérné 5) se bylo schopné v porostech naletovyigvih uchytit. Nejen druhy
v oblasti hojné, ale také druhy n®éibczné zmlazovaly, &oli jen v malém
mnozstvi. Nejlépe se uchycovaly druhy nespecifidk® stadiu sukcese,
anemochorni druhy byly lepSimi kolonizatory nez cowni. Rizné faktory
ovliviiovaly uchycovani semeti&i jednotlivych druli. Zda se, Zze dominujicim
druhem stromového patra bude v budoucnu smrk ar jkkem, a&koli druhy
typické procasné stadia sukcese budou také hojné.
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How will spontaneously developed forests look like?
An Estimation of changes in the tree-layer species
composition

Jak budou porosty naletovych devin vypadat? Odhad znén
v druhovém slozeni stromového patra

Abstract

Spontaneously developed forests (SDFs) on the foraggicultural land after
abandonment are mostly birch-dominated in Centuabfe and pioneer trees are the
most abundant species in the tree-layer, howeveir, future development is uncertain.

An estimation of changes in the tree-layer was nfadthe next generation of SDFs
on mesic soils. | based the estimation on the nurabd height of tree-seedlings for
certain species or groups of species accordingew stage of succession (43 plots of
100 nf). | tested the difference between the presentlmeéstimated tree-layer and the
influence of factors describing time of successaimatic, soil and light conditions and
character of the herb layer.

The estimated changes in the composition of trgerlare considerably high. |
found different factors to be significant for thetimated species composition at
different levels. Some were important for the clesign community, others for different
species and others for groups of species typicalifterent stages of succession.

The estimated tree-layer will be more diverse tliam present tree-layer. The
species typical for terminal stages of successierable to colonise these forests but the
changes toward potential natural vegetation wiieteonger than two generations.

Shrnuti

Ve stromovem pa porost naletovych #evin dominuje ve $eédni Evrog biiza a
dalSi pionyrskeé #kviny. Budouci vyvoj stromového patra neni znam.

Byla odhadnuta z#gma druhového slozeni stromového patra pro nastddigheraci
stromi pro porosty naletovychidvin na mesickych stanovistich. Odhad vychazel
z patu a vysSky semerét stromi, a to pro jednotlivé druhy nebo skupiny diuh
typickych pro jednotlivé faze sukcese (43 ploch0f @f). Byl testovan vliv faktal
popisujicich dobu trvani sukcese, klimatickédmi, s¥telné podminky a charakter
bylinného patra na zénu v druhovém sloZeni stavajiciho a odhadnutélmmsivého
patra.
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Odhadnuta z&na v druhovém slozeni je relativaelkéd a tizné faktory ovliwiovaly
odhadnutou druhovou skladbu stromového patra v&drgéneraci strop a to na
raznych udrovnich. RBkteré byly vyznamné z hlediska #ny spol€enstva, jiné na
druhové urovni nebo pro skupinu diutypickych pro fizné faze sukcese.

Odhadnuté stromové patro je drubidwhatSi nez stavajici stromové patro. Druhy
typické pro pozdni faze sukcese jsou zastoupenghadnutém stromovém pef ale
pro dosazeni druhové skladby typické progzenou vegetaci bude peba vice nez
dvou generaci strofm

Introduction

It is supposed that in temperate climates sucaessi@mnges are
towards woodland (Ellenberg 1988). Different radéssuccession have
been reported; rapid establishment of the treerlsymentioned by e.g.,
Schreiber (1996) or Spatz (1980). Other studie® hhaported that trees
take a very long period of time to establish thdueseat abandoned sites
(e.g., Blazkova 1988; Hadd.990). There is usually only a short period —
about twenty years that are suitable for tree &stabent, the so called
‘successional window’ (Prach 1994). Woody plants ba blocked, e.g.
due to soil conditions or competition — mainly witjrasses (e.g.,
Dickie et al. 2007) or litter (Facelli and Pickéi®91a). Birch Betula
pendula Roth.) is the most common tree dominating spontasigo
developed forests (SDFs) in Central Europe (Prae®41 Prach and
PySek 1994Db).

It is assumed that a long period of time is neddaé@ach the terminal
stage of succession, e.g., haki (1988) estimates 350 years for mesic
sequence in temperate zone in Europe. However,gelsanaused by
previous agricultural activity could last much lende.g., Dupouey et al.
2002).

At present, most abandoned sites are several decddleEven if we
consider only the oldest stages of chronosequemeeysually do not
reach 100 years (for 120 year chronosequence sgeerat al. 2001).
We do not know how these SDFs will look in the fetualthough this
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knowledge is important for conservation biologyham and management
planning. Decisions about the potential managencaninot be made
without comparison of vegetation developed withowan intervention
and spontaneous development should be used as ppepaate
“management” in many cases (PySek et al. 2001).

The present tree seedlings are the set of indilsdwhich will form
the next tree-layer generation. Their species c@itipa results from the
seed and microsite availability and from competitibetween the
seedlings and present vegetation cover (Dostal@@®)2 However, not
every seedling survives. Different species havefegifit survival
probability which can change according to the sinditions (e.g.,
Nilsson et al. 2002) — e.g., light conditions (Sgwegk et al. 2001) or
competition of the herb layer (e.g., Dickie et dD07). The highest
mortality is usually in the first year and declinegh the age of the
seedlings - e.g. 67-94% for one year old sprucélisgs in a natural
forest, while for seedlings between one and four ydd the average is
27-59% (Seraetal. 2000). This probability is $pecdependent
(compare e.g., Kerretal. 2008; Sera etal. 2000 growth of the
seedlings is also species dependent (Hunziker aiathgB2005) and
differs between biotopes (e.g., Agestam et al. 200Bfferent factors
influence the growth of the seedlings, and theeefpublished studies
report different results: e.g., Madsen and Lars&897) found a
substantial influence of openness of the tree-|aygranic matter content
and humidity of the soil, while Hunziker and Braf2§05) report only a
weak influence of the studied factor (e.g., higlhadiation income).
Unfortunately, | have not found any study focusedtize tree seedlings
survival and their growth in SDFs. Although modedsmulating
tree-layer development exist they are usually dgpe for forest
management purposes or for mature ecosystems yd#ad with other
special topics (e.g., global warming) and therereenot useful for early
stages of forest succession on former agricultara.
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| found out from the number of seedlings what species are able to
colonise SDFs (Dostalova 2009), and | identifiecheamportant factors
influencing the tree seedling species compositionSDFs on mesic
stands in a mountainous area in Central Europeh@sesults of former
study indicated that the changes in tree-layerispasmmposition would
be considerably high, | focused in this study oa éstimation of these
changes. The estimation was based on number agtithei the tree
seedlings. The estimated tree-layer species cotmposvas compared
with the present tree-layer species composition tims study.
Furthermore, | tried to determine the possible sewf variability among
the SDFs on mesic soils in this study.

Because of the lack of information about the swavand growth of
different species in SDFs, | only used simple fdarfar an extrapolation
of the change from the seedling stage to the agerl | transformed the
number of the seedlings from different height catexs for each species
to estimate the percentage of certain speciesitrée-layer. In this way
| obtained the estimated species composition oftribe-layer which |
was able to compare with the present tree-layecispeomposition and
test the influence of different factors describitigie of succession,
climatic, soil and light conditions and charactéthe herb layer. Results
from only one transformation formula are presentedhis study for
better comprehensibility of the text and lengthttué chapter, although
the coefficients used and survival probabilities ymafluence the
obtained results. However, | compared results nbthirom 11 models
based on different height categories and survipngpbabilities. This
comparison is briefly described in the Discussion.

Based on the knowledge of the present tree-layeriep composition
and counting the estimated tree-layer species csitnpo from tree
seedlings present in the plot | tried to answerfdllewing questions:

1. Is the estimated tree-layer different from the pre®ne?
2. If yes, which species will increase/decrease?
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3. Which factors will act to influence these changas? the sail,
light, climatic conditions, stage of successionsarrounding
vegetation cover important?

Methods
Study area

Southern part of the Czech Republic (40°35-38" HI11-17" E),
altitude 665-940 m. Climatic conditions moderatebeanic between the
warm and cold type (climatic regions MT 3 — Ch WitQ1971), average
year temperature 6.8°C and average year precgmtati8-1003 mm.

| fixed 48 plots of 1x 10 m in the SDFs, which differed in age,
altitude and exposition, but all plots were on mestand (neither
waterlogged nor desiccated, with vegetation neitheteralised nor
typical for poor soils). | fixed the plots in sughowths, where significant
human influence was not recognisable, and whiclewemogenous and
large enough. Different age categories presenhénstudy area were
equally presented.

The supposed terminal stage of succession is Heeest (association
Dentario enneaphylli-Fagetunor transient td.uzulo albidae-Quercetum
petraeae Neuhauslovd 998).

The present growths are mostly dominated by biB#tyla pendulg
common trees are: Norway sprudticea abiegL.) Karsten), European
aspen [Populus tremuld..); in some cases Scots pindRirus
sylvestrisL.) or common ashHraxinus excelsiot..) are more abundant,
with incidental cherry treePfunus aviunfL.) L.) or European mountain
ash Gorbus aucuparid..).

Data collection and determination of environmefdators

For determination of the present tree-layer | rdedrthe number and
species composition of trees at each plot. Foresgienation, | took two

51



Chapter 4

samples of wood from each tree, but maximally frath randomly
chosen trees of each species per plot, using Briessluger. Samples
were taken from opposite sides of the trunk athiight of 40 cm above
ground. After fixation and cutting | counted theedsrings. The average
age of the treesA{) and the maximal age of the tree&,{) was
determined for all plotsA, corresponds with the duration of closed
canopy of the tree-layer, whil&,.x corresponds rather with the duration
of abandonment.

| listed the tree-seedlings of each species presettie plot and |
measured their height. Tree-seedlings lower thabcb8 were listed,
taller ones were also recorded when their diamatet20 cm above
ground was less than 2 cm.

| took phytocenological relevés from all plots. Sps abundance was
estimated in percents of abundance of all speaeseach layer. |
counted Ellenberg’s indicator valudslY) for soil reaction R), humidity
(F), light availability (), temperatureT) and nitrogen contentNj from
the species composition of the herb layer (Ellegld88). Abundance
of each species was used as weight in Bi¥ calculation. EIVs
correspond with the character of the biotop¢sorresponds more with
the productivity of the place (Ertsen et al. 1998).

For estimation of light conditions, relative irradce of
photosynthetic active radiatiof?l{AR was measured for all plots. The
irradiance was measured using simultaneously twaméters withPhAR
sensors: one sensor was placed within the growtiievthe other was
placed in the open. Relativ®hAR irradiance was calculated as
percentage of incominghARIn the open from 20 random measurements
within each plot and for the certain height lev&l 20 and 120 cm above
ground level). Measurements were taken betweenmland 3 p.m. in
July or first half of August. The weather condisomwere somewhat
cloudy or cloudy without rain. The open stand foeference
measurements was at least 100 m from the forest-éoigother high
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object, e.g., building), on the west side of thee$b, the nearest distance
was 200 m. Relative irradiance at 120 cm above rgioyP:20)
corresponds with the density of the tree or shayed, while at 20 cm
above ground o) it corresponds with the density of the tree-layer
shrub layer and tallest herbs in the herb layee fidiative irradiance at
5 cm above groundP§) corresponds with the light available for seedling
recruitment.

| took soil samples from each plot, and | determiicentent of rock
fragments >2 mmRy) in the dried samples using a 2 mm sieve [%]. |
measured the soil reaction in the water solutjfs) using 10 g of fine
air-dried soil samples and 20 trof distilled water (free of C§). |
determined the organic matter conte@t.{) as the loss of the matter
content of dried sample by 450°C [%]; the basabiraton of the
microbial community BR) as CQ production [pug C-C@g*.hod’]
(Jaggi 1976).

| measured the distance [m] to the nearest foeskig to edge) from
the topographic map 1 : 10 000, the actual fordgeavas verified in the
field and adjusted where necessary. The distance lagarithmically
transformed: y=log(y+1) ¥ Fsi). This variable corresponds with the
nearest potential seed-source.

The altitude of the plot was taken from the map 10 000). The
altitude corresponds with the climatic conditioRsach andRehounkova
2006), because the mean temperature and prempitd@pend on the
altitude. The study area is relatively small, aneréfore we can assume
that the climatic conditions are at most influentgdthe altitude of the
plot.

| determined the orientation (using compass) armmpes|(visual
estimation) for all plots. | calculated the heatiges to the south-west
(Hsw) and to south-south westd):

Hsw= cos(exposition — 225% tg(slope)
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Hssw= cos(exposition — 202.5%)tg(slope)

All field observations were carried out in 2004 26D5.
Data analysis

Only plots, where the tree-layer was older thary@drs A,) were
used for further analysis, as the younger growttes tao young for
seedling establishment; in total, 43 plots out & 4#lfilled this
requirement.

Tree-seedling species were grouped according taafi@ty to the
stage of succession: 1) species typical for eddges of succession are:
birch, Scots pine, European aspen, cherry tree,(Pgaus communis ..
hawthorn Crataegussp.), mountain ash and goat willowSalix
caprea L); 2) species typical for terminal stages of susi#s are:
European beech Fagus sylvaticd..), pedunculate oak Quercus
petraea(Mattuschka) Liebl.) and fir Abies albaMill.); and
3) nonspecific species are: Norway spruce, sycamueple Acer
pseudoplatanus Land common ash.

The following height categories of the tree-seelinwere
distinguished: 0 to 10 cmh{), 11 to 20 cmlf,), 21 to 4Gcm (hs), 41 to
80 cm fy), 81 to 160 cmis), <160 cm ). For further analysis the
number of seedlings of each species or group (¥ maamalisedN,) by
formula advantageous the taller seedlings:

Nn(i) = O.lehli + 0.1><h2i + 0.5<h3i + h4i + 2Xh5i + 4Xh6i

N, of seedlings corresponded with the estimated lager. From the
normalised numbers of different species | obtairtbd estimated
tree-layer species compositiofLf), which is a matrix similar to the
phytocenological releve, where the abundance opé#ngcular species is
the proportion of the species in the estimated lager.
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The present tree-layer species compositidp)(was a matrix similar
to the phytocenological relevé, but the abundaridheospecies was the
proportion of particular species in the preserdg-teger.

Both present and future species composition ofttbe-layer were
counted as a proportion of particular species mxat makes the
normalisation formula more robust to the changassed by different
numbers of tree seedlings (to 1034) and trees @) &nd by using
different coefficients and height categories.

TL, and TLs were compared using ordination methods in the
CANOCO V. 4.5 (Leps and Smilauer 2003). The “sp&icidata were
logarithmically transformed (y=Ilqg(y+1)), fir and pear were excluded
(only one seedling found). Unimodal analyses wemégomed (length of
the gradient obtained from the Detrended Correspoce Analysis was
found to be 3.2), indirect Correspondence Analy§i¢y) and direct
Canonical Correspondence Analysi3JA). Independent variables were
the following: time, which describes the directiohthe change (1 — for
TLy, 2 —forTLy), altitude,Hsw, Hssw D_Fst R, L, T, F, andN, Corg, pHs,
BR, Rs, Aa, Amax P20 P2o, Ps. | used manual selection (Forward
selection, Monte Carlo permutation test under fmibdel with 499
permutations) of the factors at thé= 0.05 level. The visualisation of the
ordination analysis was performed in the CanoDrad.®. (LepS and
Smilauer 2003).

General Linear ModelsGLM) in the CanoDraw v. 4.0 were used to
test: 1) differences in species abundanceTfgrandTLy; 2) influence of
selected factors on thid, (for species present at least at 35% of the
plots); 3) influence of selected factors on tie of groups of species
according to the stage of succession. Poissonldison of the data was
used, because the link function of this distribotis “Log” function,
which is recommended for the counts and frequerata dLepS and
Smilauer 2003, p. 122). Models were fitted by stepwselection with
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interaction terms to square polynom using Akaik@rimation Criterion
(Lep$ and Smilauer 2003).

Because many factors were involved in the studyraicg to the
number of plots, th&sLM were fitted separately for particular factor.
Eight variables Klssw Hsw T, L, R and F, BR,, Ry were omitted to
eliminate the number of factors. Further factorgenvased:As, Amax
altitude, N, Corg, PHs, P12g P20, Ps, D_Fst Factors were chosen to
describe the conditions that are supposed to infleethe rate and
direction of successional changes.

RESULTS
Species composition of the present and estimagedidyer

| found 11 tree species in the tree-layer of thesent plots and 14
species as seedlings. Only two species of ad@l$ tneere present at more
than 35% of the plots, while the tree-seedlingsawrore abundant and a
total of 7 species exceeded 35% of the plots (8ab.

HBetula
70% 1 B Picea
O Sorbus
OAcer

50% - BFagus

60% -

@Quercus
40% -
ZIPrunus

30% -

20% -

10% -

0% -

1 2 3 4 5 6

Figure 5. Percentage of tree-seedlings of particular speares$ different height
categories [%]. 1 -0 to 10cm, 2-11 to 20cm; A to 40 cm, 4 —41 to 80 cm,
5-81to 160 cm, 6 —>160 cm.

Obrazek 5.Procento semenii stromi jednotlivych druli ve vySkovych kategoriich [%].1 - 0
az10cm,2-11az20cm,3-21az40cm, 4az430 cm, 5—-81 az 160 cm, 6 —>160 cm.
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Most of the seedlings were 10 to 40 cm tall. Thees only a small
number of tree-seedlings taller than 80 cm, exéepiNorway spruce.
Sycamore maple had many seedlings in the heiglegoat from 0 to
10 cm. For the percentage of the seedlings of #érgcplar species and
height category see Fig. 5.

The first ordination axe in th€A explained 19.3% of the total
variability in the species data; together the fitstir axes explained
61.8%. Using manual selection for the environmentaiables in the
CCA the species composition significantly influencéidhe F = 11.4,
p < 0.01), EllenberdN value £ =5.68,p < 0.01),Rs (F = 3.86,p < 0.01)
and Ellenberd- value £ =4.03,p <0.02). All variables explained 25%
of the total variability in the data.

The plots with the present species compositionhef ttee-layer are
situated in the left part of the ordination diagravhile the plots with the
estimated ones are in the right part (Fig. 6). Bm@ present species
composition, birch, Scots pine, mountain ash arat gallow are typical,
while sycamore maple, European beech, European nasged
pedunculate oak are typical for the estimated sgeoomposition. From
the ordination diagram ofA with projected selected “environmental”
variables we can see that sycamore maple is maramom on rather
humid and nutrient rich stands, while European aslmeninates on drier,
nutrient poor sites and soil with heidR¢(Fig. 6).
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Figure 6. Ordination diagram forCA of the present and estimated tree-layer.
Squares - estimated plots, circles - present pliotangles — species: AcerAeer
pseudoplatanysBetula -Betula pendulaCrataegus €rataegussp., Fagus +agus
sylvaticag Fraxinus -Fraxinus excelsigr Picea Picea abies Pinus -Pinus
sylvestris Populus Populus tremula Prunus -Prunus avium Pyrus -Pyrus
communis Quercus -Quercus petraea Salix —Salix caprea Sorbus -Sorbus
aucuparia Environmental variables: Rs—rock fragments eontin the soil,
F/N - EllenbergF/N values, change - direction of change from presérihe tree-
layer species composition to the estimated specogsposition. Environmental
variables (selected using manual forward selectiwaje projected into th€A
ordination diagram.

Obrazek 6. CA ordinani diagram stavajiciho a odhadnutého stromovéhora.pat
Ctvereiky - odhadnuté stromové patro, kika — stavajici stromové patro, trojahelniky - druhy
Acer —Acer pseudoplatanus Betula -Betula pendula CrataegusE€rataegus sp.,
Fagus +agus sylvatica Fraxinus Fraxinus excelsigr Picea Picea abies Pinus -Pinus
sylvestris Populus Populus tremula Prunus -Prunus avium Pyrus Pyrus communijs
Quercus Quercus petragaSalix —Salix capreaSorbus Sorbus aucupariaFaktory prosedi:
Rs — skeletovitost, F/N — Ellenberogovi hodnoty F/Mhange —sin zmgny stavajiciho
druhového slozeni k odhadnutému. Faktory peakt(vybrané pomoci volby “manual forward
selection”) byly promitnuty d€A ordinaniho diagramu.
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GLM predicted changes for most of the species tebtedt important
changes predicted were decline of birch and inereésNorway spruce
and cherry tree (Table 8).

Table 8. Estimated changes in the tree-layer for diffespacies fitted bysLM.

L var. Change 5 F

Abies alba X 0 0.0 2.3

Acer pseudoplatanus Lt 14.5 +2 11.6 67.4
Betula pendula Lt 48.9 -55 90.7 46.5
Crataegusspp. L 1 184 +1 0.0 23.3
Fagus sylvatica L1t 11.0 +3 2.3 37.2
Fraxinus excelsior X +3 7.0 30.2

Picea abies Lt 8.5 +18 41.9 81.4
Pinus sylvestris Lt 4.9 -4 27.9 7.0
Populus tremula X +1 23.3 34.9
Prunus avium L1t 24.9 +12 7.0 60.5
Pyrus communis X 0 2.3 0.0

Quercus petraea L1 19.7 +3 0.0 39.5
Salix caprea Lt 13.1 -2 23.3 4.7
Sorbus aucuparia Lt 31.7 +19 14.0 81.4

L - linear model:t/1 - representation of the species increases/deaeaae — explained variability [%6],
Change - average change in the representatiohdqoresent and estimated tree-layer [%]; frequerfichie
species in present fFand estimated (Jtree-layer [%]x - nonsignificant.

Tabulka 8. Odhadované z#émy v zastoupeni jednotlivych drapro druhou generaci stromového
patra pomociGLM. L - linearni vztah,x - nepfikazné, |/t - pokles/vzist, var. — vys#tlena
variabilita [%], Change — gimérna znéna zastoupeni druhu mezi stavajicim a odhadovanym
stromovym patrem [%]; frekvence diulhve stavajicim K;) a odhadnutym K;) stromovym
patrem [%].

Species responses to the selected factors

Influences of selected factors on the proportiorihef species in the
TL; fitted by GLM are summarised in Table 9.
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Table 9.Response of the speci@g ] to the selected factors fitted KBLM.

Acer Betula Fagus Picea Populus Prunus Quercus Sars
M V. M V. M V. M v M V. M V. M V. M V.
Aa X x X X X Lt 13 X QU 16
Amax X X X X X Lt 12 X X
altitude  Qn 18 QO 24 Qn 15 Lt 5 QO 28  Qn 29 x Lt 5
N Lt 31 x x X Qn 28 Ly 9 Ly 30 On 13
Corg X X L1t 8 X X X Ly 8 Qn 10
pHs X L1 12 X X X X X X
Pi20 x x x X X Qn 21 Qn 15 Qn 16
P X Lt 7 X X X Lt 17 X X
Ps x x x X Lt 11  Qn 22 Qn 30 On 10
D_Fst X X X X X QO 20 X X

M - model: L — linear, Q - square polynom fitted; - decreases/increasé¥n - “humped” answer, v. - explained variability [9%]/Amax— average/maximal age of the
tree-layer, N — Ellenberg N value, organic matter content, gHsoil reaction, BdP.o/Ps - relative irradiance at the 120/20/5 cm aboveugdy D_Fst - distance to

the nearest foresg, - nonsignificant.

Tabulka 9. Opowd druhi [N,] na vybrané faktory, testovano GLM. M — model, linearni vztah, Q - polynomialni vztah (druhéhapsg),

x - nepfikazné, /1 - pokles/vziist, [/n - “hrbatd”odpo¥d’, v. — vys¥tlena variabilita, [%]; A/Anax— pramérny/maximalni ¥k stromového patra,
N — Ellenbergova hodnota N, ,&—obsah organické hmoty vug, pHs—pidni reakce, BJP,y/Ps—relativni oz&enost ve 120/20/5cm,
D_Fst - vzdalenost k nejblizSimu lesu.
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All species, except for pedunculate oak, were fotmbe influenced
by altitude. The amount of Norway spruce and mdanésh increased
with the altitude, while sycamore maple, Europeaedh and cherry tree
were found to be teh most common at medium valueks karch was
found to be more abundant both at lower and higtigudes (Fig. 7b).

EllenbergN value was significant for five species: sycamorapla
increased withN, while pedunculate oak and cherry tree decreased,
mountain ash and European aspen were more comnmediim values
(Fig. 7c).

The abundance of European beech was predictedcteaise with
organic matter content, while the abundance of pedate oak was
predicted to decrease, and the abundance of mausdhi was predicted
to be highest at medium values (Fig. 7d).

Relative irradiances at 120 cm and 5 cm above grevwere important
for cherry tree, pedunculate oak and mountain ABlspecies preferred
medium values (Figs. 7e, f). European aspen wag mmmmon by low
irradiance at 5 cm level (Fig. 7f).

Only cherry tree and mountain ash were found tofbeenced by the
age of the trees. Cherry tree was found to be moremon in older
growths, while mountain ash was found to be lessmoon in growths of
medium age (Fig. 7a).

Only cherry tree was found to be influencedby-st(Table 9).
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Figure 7. Species response to the factors predictedshi [N,]: a) average age of the
tree-layer, b) altitude, c) Ellenbely value, d) organic matter content in the soil,edative
irradiance at the 120 cm above ground, f) relativadiance at the 5cm above ground.
Acer -Acer pseudoplatanu®etula —Betula pendulaFagus Fagus sylvaticaPicea Picea
abies, Populus Populus tremula Prunus Prunus avium Quercus -Quercus petraga
Sorbus Sorbus aucuparia.
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Obréazek 7. Vliv faktord na pokryvnost stroi [N;], testovdnoGLM: a) ptimérny vk
stromového patra, b) nadiistd vySka, c) Ellenbergova hodndiad) obsah organické hmoty
Vv padé, e) relativni  ozfenost ve  120cm, f)relativni ammost v 5cm.
Acer -Acer pseudoplatanysBetula Betula pendula Fagus +agus sylvatica Picea Picea
abies, Populus — Populus tremulaPrunus Prunus avium Quercus -Quercus petraea
Sorbus Sorbus aucuparia.

Groups of species responses to selected factors

Influences of selected factors on proportion oftipalar groups of
species in th@L; fitted by GLM are summarised in Table 10.

Table 10.Response of the groudy,] to the selected factors fitted BLM.

Early Late Nonspecific
Model var. Model var. Model var.
Aa Lt 8 Qn 13 Qn 16
Amax Lt 7 L 1 13 x
altitude Ll 5 X x
N L1 5 Qn 28 X
Corg x L1 11 x
pHs X Lt 5 X
P10 X X L 10
P20 X X L ! 6
Ps X X x
D _Fst L. 7 L 11 X

Early/Late/Nonspecific - species typical for eadyminal stages of succession or nonspecific to the
stage of succession; Model: L —linear, Q -squaelynom fitted, |/t - decreases/increases,
O/n - “humped” answer, var. — explained variability ][%AJ/Ana- average/maximal age of the
tree-layer, N — Ellenberg N value, - organic matter content, pHsoil reaction, By/P./Ps — relative
irradiance athe 120/20/* cmabove groun, D_Fs — distance to the nearest forex - nonsignificant

Tabulka 10. Odpowd skupin drui [N, na vybrané faktory, testovanoGLM.
Early/Late/Nonspecific — druhy typické préasné/pozdni faze sukcese a druhy nespecifické;
Model: L —linearni vztah, Q -polynomialni vztahdrihého stup¥), x - nepiikazné,

L1 - pokles/vzist, O/n - “hrbatd” odpo¥d, var. — vys¥tlena variabilita [%0],
AdAmax - pramérny/maximalni ¥k stromoveho patra, N — Ellenbergova hodnota B, -€obsah
organické hmoty vidé, pHs— padni reakce, BdP,¢/Ps— relativni ozéenost ve 120/20/5 cm,
D_Fst — vzdalenost k nejblizSimu lesu.

Tree-species typical for early stages of successegne more common
at lower altitudes, on more oligotrophic standsg(Bb) and in older
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growths (Fig. 8a). Near to forest, both speciescsipfor early and
terminal stages of succession were found to be rimecgrient (Fig. 8d).
Species typical for terminal stages of successierewnost common in
medium-aged and older growths (Fig. 8a), on soite wmedium nutrient
content (Fig. 8b), higher organic matter conteng.(B¢c) and loweipHs
(Table 10). Nonspecific species were found to beemcommon in
medium-aged (Fig. 8a) and in more closed growtlabig 10).

o o
© ©

Early

Response
Response

o o /Lale\
0 Aa [year] 50 1 N 6
a) b)
© o
0 arly
2
- ]
o
0
[4}
@
Late
o &
0 Corg [%] 0.3 ©
0.5 D_Fst [m] (log transformed) 35
C) d)

Figure 8. Response of the groups of species to the factodicped by GLM [N,]:

a) average age of the tree-layer, b) Ellenbbrgvalue, c)organic matter content,
d) distance to the nearest forest; Early/Late - spagieical for early/terminal stages of
succession, Nonspec. — species nonspecific to theaftagecession.

Obrazek 8. Vliv vybranych faktofi na skupiny druth [N,], testovanoGLM. a) pimérny vék
stromového patra, b) Ellenbergova hodnidtec) obsah organické hmoty g, d) vzdalenost
k nejblizsimu lesu. Early/Late —druhy typické pro ¢asnd/pozdni sukcesni stadia,
Nonspec. - druhy nespecifické ke stadiu sukcese
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Discussion
Methods

The definition of height categories is derived frdine fact that the
growth of taller seedlings is faster in absolutenbers than the growth of
smaller ones (i.e., the increase in 10 cm is progwally higher for the
seedlings 10 cm in height than for the seedling® cifi in height).
Larger steps are often used for taller seedlingsg,(elolgén and Hannel
2000; Schweiger and Sterba 1997) although equalsstre also
sometimes used (e.g., Kuuluvainen and Juntunen)1998

The younger and/or smaller seedlings usually hagben mortality
than the older and/or taller ones (e.g., LorimeaaleR001;Tapper 1992).
For this reason, taller seedlings were favouredthi& normalisation
formula. The coefficients were estimated by theénautccording to the
present knowledge (based on 84 studies dealing eiedling
regeneration, growth and survival in temperateargj. The coefficients
are approximate numbers and they did not differgarticular species,
although the survival probability can be speciepetelent (e.g.,
Nilsson et al. 2002). This is because the suryivabability and growth
of seedlings was not studied in the SDFs-stand .,(e.g
Agestam et al. 2003). Furthermore, many other eveanh change the
direction of the tree-layer development (e.g., heny, stochastic
events) and high variability both in space and tiwees observed during
the natural regeneration (e.g., Madsen and Larsed97;1
von Oheimb et al. 2005). This study is the firdept to estimate the
course of the succession, other studies may mdbdyformula for a
better description of the tree-layer developmentrédver, they can aid
In assuring that the coefficients are accurate ealtbrate them for
certain species or site conditions (e.g., altituglee or age). The strength
of the estimation can be tested after several ygansggest after 10-15
years) after the re-measurement of the seedlings. résults can be
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compared with the present ones in this study howehe coefficients
and height categories should be modified.

Eleven models obtained using different coefficieatsd survival
probabilities were compared by the author to see the changes in the
normalisation formula alter the resulfd in these models was obtained:
1) from the number of the seedlings: (a) proportibrthe species in the
TL¢ corresponded with the number of the seedlingspfbportion of the
species in th@L; corresponded with the number of seedlings tallanth
30 cm; 2) from the number of seedlings weightedhayr average height;
3) from six height categories — the same as irnptyzer: (a) coefficients
in the normalisation formula progressively increhs¢he same as in the
paper (0.01, 0.1, 0.5, 1, 2, 3, 4); (b) coefficeem the normalisation
formula progressively increased but slower thathenpaper (0.1, 0.5, 1,
2, 3, 4); (c) coefficients in the normalisation rfarla progressively
increased but more rapidly than in the paper (Q.01l, 0.1, 1, 2, 3); (d)
coefficients in the normalisation formula increadetkarly; 4) from
height categories set each 10cm (0-10cm, Dicn?...,
211 - 220 cm): (a) coefficients in the normalisatformula progressively
increased — similar to these used in the paperc@efficients in the
normalisation formula progressively increased lbat slower rate than in
the paper; (c) coefficients in the normalisatiomniala progressively
increased but more rapidly than in the paper; @ffients in the
normalisation formula increased linearly.

The differences between the models were only slifhe explained
variability in theCA analysis ranged between 61.7 and 65.1%, while in
CCADbetween 24.1 and 27.6%. The time change was tls¢ important
factor in all the models followed by the Elllenbétgvalue. The rock
fragment content and Ellenbeffgvalue were important in all the models.
In several model#\nax andL were important. Altitude was selected in
two models and average age of the tree-layer in Aoeording toGLM
the change between the present and estimatedayreevias the same for
the particular species and the explained varighdliffered only slightly
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between the simulations (4 to 15% for particulagcsps). The estimated
proportion of the species in the tree-layer diffeomly slightly between

the different simulations (2 to 8% for particulgesies). The reasons for
such small differences are caused by using theoptiop of the species

in TLyandTLy.

The results (especially those dealing with theuisfice of factors on
the estimated tree-layer) should also be influermethe relatively small
number of plots. However, the relatively small afea 70 km) with
same the history and plots restricted to mesicdstawere chosen to
lower the probability of this type of error. Unfortately, this makes the
results of this study less useful for generalisatdifferent areas can
show different development).

Estimated tree-layer

There was a relatively high number of species ptelseth in theTL,
andTLs (11 and 14, respectively) in the study (see alest&lova 2009).
Prach (1994) counted 24 woody species in 17 diftestudies focused
on succession in Central Europe (from wet to xseides), 10 of which
were trees colonising abandoned fields and gragsiBobiec (2007)
found 12 tree species regenerating in a naturasfton Poland.

The change in species composition from the preseatlayer to the
estimated tree-layer is relatively high. Most o gpecies will probably
change their frequency in the tree-layer and mahyhem will also
change their abundance during the succession. Tb&t mmportant
change was found to be the estimated decreasesqgbitimeer species,
l.e., is birch, and the increase of ubiquist speceeg., Norway spruce
and sycamore maple (for comparis®e Zobel 1989). It is an important
finding that the species typical for terminal s&@é succession will be
more common in the tree-layer in the next tree geimn. European
beech and pedunculate oak should be particularipiment in the
terminal stage of succession (Neuhausb®@8). Nowadays, however,
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they are rare in the study area due to the forestagement. In this kind
of management, coniferous trees are preferred avst of the natural

forests in Central Europe have been changed intoomdtures of

Norway spruce and/or Scots pine (Zerbe 2002). Algfnobeech and oak
have heavy seeds, and therefore are usually thafigtst poor colonisers
(e.g., Battaglia et al. 2008), | found that they able to colonise the
SDFs even when the potential source of the seedseds several
hundred meters away (field observation). Howevegjrtabundance is
low — about 3%.

My results are more optimistic for the forest masragnt than the
results from Canada (D Orangeville et al. 2008)lyCs?6 of the plots
will not be colonised by tree species valuable flmest management
(seedlings taller than 30 cm), while D"Orangeviieal. (2008) found
57%. Almost half of the valuable species will beidaous. In total, 47%
of the plots were found to contain more than onecss valuable for
forest management, while D"Orangeville et al. (90@8nd only 11%.
In 79% of the plots the number of seedlings specagable for forest
management exceeded 2,000 per hectare which igisofffor natural
regeneration.

These findings indicate that the SDFs will changwards potential
natural vegetation but the species compositiorhefdecond generation
of the tree-layer will still be very different froih On the other handy,
for species typical for early stages of successioreased with the age of
the tree-layer, which seems to contradict the fonmesults. The reason is
probably in the opening of the canopy in the olgeswths, while the
herb layer is still mostly dominated by grassesudily Agrostis
capillaris). Grassland litter was found to be able to slowvidahe
establishment of forest species (Donath and Eck2@08). Moreover,
species typical for early stages of successioratemregenerate in these
growths and can profit from vegetative distributminadult trees present
in the plot, especially the aspen (laki 1980; Prach 1994). European
aspen was found to be the most common pioneeriririee estimated
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tree-layer. These findings indicate that the changehe tree-layer will
be very slow and some retrograde changes couldaapped the
development of the tree-layer equal to the potemizural vegetation
will take longer than two generations. If we assugaaeration will take
100 year then succession will take longer than teoturies — the
estimation of 350 years by Fadki (1988) seems to be rather optimistic.

Species responses to the selected factors

Several factors seems to influenced the seedlingbleshment of
individual species and a similar finding holds talso for the groups of
species (see also Dostalova 2009). This may exfiaitarge differences
In species composition for similar stands foundliffierent studies (e.g.,
Dowiak et al. 2005; Schreiber 1995).

Time was found to be the most important factor reushanges in
the tree-layer. Ellenberg valuedl (which correspond with the
productivity of the stand) anB and Rs were found to be important for
the changes in the tree-layer. In accordance \wihfindings of most of
the studies (for review see Prach ahehounkova 2006; for tree-layer
e.g., Vojta 2007), these factors were linked t@tbiconditions.

Although altitude did not significantly influencke overall character
of the tree-layer, it influenced most of the spedieig. 7b). Although the
altitude gradient is relatively low (275 m), it ¢ three different
transients in potential natural vegetation in theaafrom oak to beech
dominated forests and to spruce dominated forests, Neuh&uslova
1998). The results obtained reflect the ecologiealirements of most of
the species — Norway spruce and mountain ash phejeer altitudes,
while European beech medium altitudes and chereg tare more
common in lower altitudes. Maple is the most comriter in hedgerows
in medium and high altitudes in the area — resulftsined in this study
probably reflect its distribution.
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According to theGLM results, the surrounding® (Fs) did not
influence the estimated changes, although they wetmd to be
important in other studies (for review see Praoth Rehounkovéa 2006),
and only cherry tree species was significantlyueficed.

N, of species typical for early stages of succesaias higher at lower
altitudes, on less productive sites and near tofahest — which is in
accordance with the general assumption that the o&tsuccession
decreases with the altitude and on more extrenmelstéBlazkova 1991;
Prach 1990; Prach et al. 2007), however, the expdavariability in the
data was low (<10 %). Species typical for termisialges of succession
established better in the older growth, which ig sorprising. The
medium productivity of the stand, high€gy and lowD_Fstincreased
the recruitment of species typical for terminalgsts of succession. Low
productivity slows down succession changes (Pr&90) while high
productivity increases competition of abovegrourebetation (Prach
1994; Rajaniemi 2003). This may explain the obsgmweference of the
species typical for terminal stages of successiomeédium values. Soils
with higherCy4 are closer to forest soils and the value incredseisig
succession towards a natural forest (Strandbeafy 2005). Moreover,
species typical for terminal stages of successrenttaought of as being
worse colonisers than species typical for earlygestaof succession
(Ehrlén et al. 2006; Vellend et al. 2007).

Although most of results of this study are wellenmiretable from an
ecological point of view, there need not be catgsatetween the
observed data patterns and the studied factorsultResf this study
should be revised in different studies in more flan different areas,
with higher factor gradients, and over a longeiqueof time.
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What spontaneously developed forest is woodier? lhience
of the site-dependent factors on the character ohe herb
layer

Ktery porost naletovych dievin je lesna&jSi? Vliv stanoviStnich
faktor G na charakter bylinného patra

Abstract

The study focused on the herb layer character oftspeously developed forests
(SDFs) on mesic stands in a mountainous area i@tkeh Republic (48 plots, 10F)m
The changes in the herb layer character duringstieecession toward forest, and
influence of site-dependent factors on the vegatatvere studied. The persistence of
the grassland character and changes in the heeb taward the woodland character
were studied in detail.

The influence of the tree layer, climatic, and smhditions on the abundance of
species grouped according to the biotope, typestfiloution and grassland/woodland
character of the herb layer was tested.

Different factors were found to be important foffelient groups of species. The
average age and soil reaction was found to be st mmportant factor influencing the
character of the herb layer described by the grofigpecies according to the biotope.
The abundance of the groups of species accorditigetbiotope was influenced at most
by soil conditions and altitude.

The grassland/woodland character of the herb lesgey influenced at most by the
duration of the tree layer, character of the tegeit and by soil conditions. Soil closer
to the forest soils was occupied more by specigisay for forests, while the grassland
herb layer character was typical for soil closerthie grassland soil. The grassland
character is changing very slowly toward the woondlaharacter.

Groups of species according to the type of distidouwere influenced by light
conditions, by the age of the tree layer and bk fomgment content. The groups typical
for woodland tended to be more common in older SDH#sle groups typical for
grassland tended to be more abundant in more atetliSDFs.
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Shrnuti

Prace je zadtena na charakter bylinného patra v porostech néleto devin
(SDFs) na mesickém stanovisti v horskych oblastecleské republice (48 ploch &
100 nf). Cilem préace bylo zjistit, jak se &mi charakter bylinného patra vijhu
sukcese sirem k lesu a které stanovistni faktory oviliji vegetaci. Vice pozornosti
bylo vénovani getrvavani ldniho charakteru bylinného patra a &ém v bylinném
pafe vedoucim sirem k lesnimu charakteru.

Byl testovan vliv stromového patra, klimatickychp@édnich podminek na skupiny
druhi dle jejich biotopu, a Zjsobu roz&ovani a afinity k ldnimu/lesnimu
spole&enstvu.

Rizné faktory ovliviovaly rizné skupiny drulh Charakter bylinného patra
definovany skupinami druhvyliSenych na zakladbiotopu byl ovliviegn primérnym
vékem stromového patra aigni reakci. Jednotlivé skupiny owuliovaly predevsim
pudni podminky a nadniiska vyska.

Lesni/liéni charakter bylinného patra byl ovliem predevSim dobou trvani
stromového patra, charakterem stromového patraadnimi podminkami. Lesni
charakter bylinného patra byl spiSe nalgch podobgSich lesnim pdam, naopak

Vi s

Charakter bylinného patra se velmi pomaknihsmérem od Igniho k lesnimu.

Skupiny druli dle zpisobu roz&ovani byly ovlivieny swtelnymi podminkami,
vékem stromového patra a skeletovitostdy. Pokryvnost lesnich skupin byla vySSi ve
starSich porostech, zatimco pokryvnostnioch skupin byla vySSi ve &lejSich
porostech naletovychrevin.

Introduction

A large area of the cultural landscape has beendalveed mostly due
to economic reasons in Europe in recent decade®ciadly in less
favourable areas and in the mountains (e.g., iGellknd Zimmermann
2007; Hamre et al. 2007; MacDonald et al. 2000)ee$r and shrubs
establish themselves in abandoned areas due tospoataneous
succession (e.g., Prach and PySek 1994b). Thefatee establishment
varies; e.g., Schreiber (1996) or Spatz (1980) dolast overgrowing by
trees. Other studies (e.g., Dzwonko 1993; Prach71®®und that the
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succession toward woodland was blocked by compet{t.g., by clonal

grasses) or by litter (Facelli and Pickett 1991lone trees can facilitate
tree establishment (Dzwonko and Loster 1992), tebesling the stands
(Dowciak et al. 2005) or tree litter (Facelli and Pi¢cke®91b) can lower

the competitive ability of grass, and therefore arde the tree
establishment process.

The loss of much semi-natural grassland, whichveuated for its
high biodiversity (e.g., MacDonald et al. 2000; dlorg 2007) due to
the successional changes was observed (e.g., €ste2007).
Reversing of the successional changes was fourmk ta difficult and
long-term process (Dzwonko and Loster 2007; Madohet al. 2007).
The species composition of recent forests was faarize different from
the old-growth forests, and the colonisation of kteeb layer of recent
forests by typical forest species was found to leeyvslow (e.qg.,
Bossuyt et al. 1999; Brunet and von Oheimb 1998mndy et al. 1999;
Peterken and Game 1984; Whitney and Foster 1988if \2004).
However, a trend toward forest vegetation was ofeserin several
studies (e.g., Vojta 2007). The period needed femminal stage
development is supposedly long. Raki (1988) estimates 350 years for
mesic sequence in the temperate zone in Europe.et#w changes
caused by previous agriculture could last much dong
(e.g., Dupouey et al. 2002), and equilibrium wag eBeen found in
natural forests even several centuries after thaidiance (Woods 2000).

In summary, new vegetation type — spontaneouslyldped forests
(SDFs) — have been established in the temperatenteghey are not
found as high conservation value habitats, and floeest management
value is also small. On the other hand, by studyivegSDFs, we have an
opportunity to observe natural processes, and fthverdo understand
better the influence of different factors on spesaelonisation of new
habitats.
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Many factors can influence the succession: i) tiie-dependent
factors: succession is under the control of theirenmnent, which
determines the direction, rate and limits of chan¢@dum 1969); ii)
context-dependent factors particularly influence tiolonisation of the
site (e.g.Rehounkova and Prach 2006).

Many site-dependent factors (e.g., climate, wategime, soll
conditions) were found to influence the rate aneédation of the changes
(e.g., Kolb and Dieckmann 2004; Prach afdhounkova 2006;
Prach et al. 2007).  Dispersion limitation  of forestspecies
(e.g., Bossuytetal. 1999; Brunet and von Oheimb9984;
Ehrlén et al. 2006), influence of spatiotemporal arges in the
environment (e.g., Davak et al. 2005), history (e.g., Vellend et al. 2P0
or stochastical events (Brokaw and Busing 2000)ex@mples of the
context-dependent factors.

Of the site-dependent factors, soil conditions €eggly humidity,
soil reaction, and nutrient content) were foundo®important for the
species composition of recent forests (e.g., Gimggn and Peet 1984;
Honnay et al. 1999; Prach and PySek 1994b; Verheiyah 1999),
however no influence of the soil condition was digond (e.g., Ehrlén
and Eriksson 2000). Light conditions also influertbe species, and
therefore the character of the vegetation (e.gwddiko and Loster 1990;
Tilman and Wedin 1991).

The aim of this study was to find out how the sidcite-dependent
factors influence the character of the herb layée factors describing
the age and character of the tree layer, climabt &nd soil conditions
were considered. The character of the herb layer described by the
abundance of different functional groups of spe@aesording to the
biotope, and type of distribution. The grassland awodland character
of the herb layer was determined as indeces codrigdthe abundances
of species grouped according to the biotope, amdlasi indeces were
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also derived from abundances of species typicagfassland/woodland
grouped according to the type of distribution.

The following questions are considered:

1. What factors influence the character of the vegetain the
SDFs? Are time, climate, light or soil conditiormaportant for
different groups of species according to the bietap type of
distribution?

2. Do the time of succession or climatic, soil or tiglonditions
influence the grassland or woodland character @hirb layer of
SDFs?

Methods

Study area

The study area was the southern part of the Czeepulitic
(40°35-38" N, 14°11-17" E).

Forty-eight plots (1& 10 m) were fixed in the growths of SDFs. The
growths were different in age, altitude and exposi{see Table 12), but
all the plots were on mesic stands. The supposedinal stage of
succession is beech forest of the associatiddentario
enneaphylli-Fagetum, in the lowest altitudes transient to the assmmat
Luzulo albidae-Quercetum petrae (Neuhauslova 1998). Present growths
were mostly dominated bgetula pendula Roth, common trees are also
Picea abies(L.) Karsten, Populus tremulaL.; in some casedinus
gylvestrisL. or Fraxinus excelsior L. were more abundant. The plots
were fixed in such growths, where important marugrice was not
recognisable.
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Data collection

Phytocenological releve was taken from all the @eremt plots. The
species abundance was estimated in percentageBunflance of the
species for each layer.

Species listed in the herb layer were grouped l&sifs:

1. According to the biotope, where they are usuallgspnt:
antropochorous or ruderal specie8R), species typically
growing at clearings G), grassland speciesG¢), species
growing both in wood and grasslarm@Ww), shrub speciesx)
and woodland specie®¥\). The sum of abundances of species
was used for each group. Number of species and mean
abundances of groups are summed in Table 11.

2. According to the type of distribution: anemochoraifed),
autochorous A), myrmecochorous M), non-specific Ks),
endozoochorou<.g), and exozoochorous speci&s,).

From the phytocenological releves, the next indegese counted:
woodlandnessW), grasslandnes$f, weighted woodlandnes¥\,) and
weighted grasslandness,):

W=3% (Ws+ 0.5xGW + 0.5x Sc + 0.5% C),
G=%2(Gs+0.5xGW+ 0.5x AR+ 0.5x C + 0.2x &),
W= (EWsxg+Z05xGW xg+Z05xS*xa+Z05xC xa),
where @ g, &, aindicates abundance of species i, j, k, I.

Gy-2(XGsxa+Z05xGW,xg+Z05xAR*xa +>0.5%xC xa
+ 2 0.5%x Sy x ay),

where 3 g, &, a, ayindicates abundance of species i, j, k, I, m.

Woodlandness and grasslandness correspond wittnuheber of
species typical for woodland or grassland, whilegiwed woodlandness
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and grasslandness correspond with the abundansgeacfes typical for
woodland or grassland (for basic statistics sedeThD).

Similarly indeces weighted the grasslandness ajclatrous G,,_A),
myrmecochorousG,, M), species non-specific to the type of distribution
(Gw_Ns), anemochorous @, _Wd), endozoochorous &,_Zeg), and
exozoochorous speciesG{ Z«), and weighted woodlandness of
autochorous\W,_A), myrmecochorousW,, M), species non-specific to
the type of distribution W, Ns), anemochorous W, Wd),
endozoochorousW,, Zed), and exozoochorous speciédi(Z.) were
counted to describe the abundance of the specigscaty for
grassland/woodland according to the type of distrdm. The values
were obtained as the sum of abundances of speomsd certain group
of species according to the type of distributiohe Bbundance of species
according to the biotope was weighted by the samheéeg that were used
by the weighted grasslandness/woodlandness. Fon malaes of the
indeces see Table 11.
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Table 11. Groups of species according to the biotope, ingleakescribing
grassland/woodland character and indeces descrddimdance of species grouped
according to the type of distribution.

N sp Mean Mean Mean Mean
AR 18 3.1 w 869 GA 0.00 W, A 0.20
C 4 2.1 W, 1797 G_M 195 W, M 1.20
Gs 86 32.7 G 20.54 GNs 11.45 W_Ns 4.80
GW 30 16.8 G 45.08 G_Wd 6.53 W,_Wd 6.48
Sc 10 0.8 G_Zenc 147 W,_Zene 5.55
Ws 26 9.6 G Zex 2255 W, Zex 0.72

AR - antropochorous or ruderal species, C - speagigisally growing at clearings, Gs - grasslandceps
GW - species growing both in grassland and in wo8d,— shrub species, Ws —woodland species;
W - woodlandness, - weighted woodlandness, G - grasslandness, - &ighted grasslandness;
Guw_A/MINS/Wd/ZyndZex — Weighted grasslandness of autochorous/myrmecockb non-
specific/lanemochorous/endozoochorous/exozoochorospecies, W_A/M/NsS/Wd/Znd Zex — weighted
woodlandness of autochorous/myrmecochorous/nonf&pec
anemochorous/endozoochorous/exozoochorous s; N_sp — number of specit, Mear - mean valus.

Tabulka 11. Skupiny druli dle biotopu, lesni a &mi charakter bylinného patra a indexy
korespondujici s pokryvnosti doich a lesnich druh dle jejich zgisobu rozovani.
AR - antropogenni a nebo ruderdlni druhy, C — drphgek, Gs — tini druhy, GW — druhy
spol&né lwnim a lesnim stanovistim, Sc #okinné druhy, Ws —lesni druhy; W - index
korespondujici s goem lesnich druly W, - index korespondujici s pokryvnosti lesnich dtuh
G —index korespondujici s@em lwnich druti, G, —index korespondujici s pokryvnosti
luénich druti; G, A/MINS/Wd/Zy{Ze,— index koresponudjici s pokryvnosti ¢hiich
autochornich/myrmekochornich/nespecifickych/anerotlkh/endozoochornich/
exozoochorich druh)y W,,_ AIM/Ns/Wd/Z.,{Z.x — index koresponudjici s pokryvnosti lesnich
autochornich/myrmekochornich/nespecifickych/aneraodleh/endozoochornich/
exozoochornich drah N_sp — péet druhi, Mean — piimérna hodnota.

The Ellenberg’s indicator valueBI{s) for soil reaction R), humidity
(F), light availability (), temperatureT) and nitrogen content\j were
calculated from the phytocenological relevés (Hikeng 1988).ElIVs
correspond with the character of the habltatorrespond rather with the
productivity of the place (Ertsen et al. 1998; Stdra and Sykora 2000).

The number and species composition of trees aplthtewere listed.
The abundance of the tree layer was determined frtm
phytocenological releve, and it was used after ritigaical
transformation E3). The proportion of deciduous trees in the trgeia
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(D) was calculated. This characteristic corresponitls the character of
the tree layer (value 1 have deciduous SDFs, O baniéerous SDFs).

Two samples of wood were taken from all the trdeg, maximally
from ten for each species, using a Pressler a@®pnples were taken
from opposite sides of the trunk 40 cm above groudter fixation and
cutting, tree-rings were counted for estimatiorireé age. The following
were counted: average age of tredg,(and maximal age of the trees
(Amay for all the plots. Anux corresponds with the duration of
abandonment, whil@, corresponds rather with the duration of the closed
canopy of the tree layer.

Relative irradiance of photosynthetically activeliedion PhAR) was
measured for all plots. Relati\RhAR irradiance was determined in fully
developed stands. Two luxmeters equipped VWAHAR sensors were
used. One luxmeter recordd&thAR irradiance in the open, while the
other recorded it simultaneously at a certain levghin the growth.
Relative PhAR irradiance was then calculated as percentagecoming
PhAR in the open. The measurements were taken at 5SRginafd
120 cm Pi20) above ground. Twenty measurement$bAR irradiance
were taken within each pld®;, corresponds with the abundance of the
tree layer, whilePs corresponds with the light availability for seedis
and it depends on the tree, shrub and herb laysrdznce.

A soil sample was taken at each plot (mixture o fpoint samples).
Following analysis were done: i) the content ofkrd@agments >2 mm
(Ry) in the dried samples using a 2 mm sieve [%]th@ soil reaction in
the water solutionpHs) using 10 g of fine air-dried soil samples and
20 cnt of distilled water (free of C§); iii) organic matter contenQqg)
determined as the loss of the matter content @ddsample by 450°C
[%]; iv) the basal respiration of the microbial comnity BR)
determined as Cproduction [ug C-C@g*.hod"] (Jaggi 1976).

The retention water capacitiR\WC) determined from the undisturbed
soil samples (five per plot) taken from the orgasaod horizon at each
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plot. RWC was counted from the water content in the soil danafter
24hours draining of the watterlodged sample usiligrdpaper. Soil pit
was done next to each plot (within the same SDé&-g)dasure the depth
of organic horizon — horizon A and transient A @Hborizon Gxg) [cm].

The altitude of the plot was taken from the map 10 000). The
altitude corresponds with the climatic conditioRsach andRehounkovéa
2006), because the mean temperature and preampitdgépend on the
altitude. The study area is relatively small aneréfiore we can suppose
that the climatic conditions are at most influenbgdthe altitude of the
plot.

| determined the orientation (using compass) armpesl(visual
estimation) for all plots. | calculated the heatlar to the south-south

west Hssw):
Hssw = cos(exposition — 202.5%)tg(slope)
Basic statistics of the factors are summed in thield 12.

All measurements and field observations were achwig in 2004 and
2005.
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Table 12.Basic statistic of the factors.

Mean SD Range Mean SD Range

A, 30.2 11.107 10-46 Hssw -0.061 1.184 -1.99-1.91
A max 45.7 18.366 12 -84 pH< 428 0.298 3.8-5.6
Es 33.3 15.049 5-60 Corg 10.7  3.205 5-21

D 83.6 23.759 0-100 Sorg 23.1 16.539 4-70
P1ac 19.6 12.197 3-68 Rs 41.7 23.309 6 - 86

Ps 5.7 5.344 1-36 RWC 15.77  3.207 7.1-229
altitude 785 7157 665 -940 BR. 2.738 1.098 0.72 -5.78

AJAnax - average and maximal age of the tree layer [ydar] abundance of the tree layer [%], D - percentaigthe deciduous trees [%)],
P1oo/Ps - relative irradiance at the 120 or 5 cm aboveigth[%)], Hssw— heat to the SSW.,fg- organic matter content [%] .- depth of the
organic horizon [cm], R- rock fragment content [%], RWC - retention watapacity [%)], BR - microbial respiration [ug C-CQy*.hod"].

Tabulka 12. Zakladni statistika faktdrprostedi. AYAmax— primérny/maximalni ¥k stromového patra [roky],s& pokryvnost
stromového patra [%], D — zastoupeni listnatycbralr ve stromovém p#&t [%], PodPs - relativni ozéenost ve 120 a 5 cm
[%], Hssw—sklon k JJZ, G,— obsah organické hmoty vig [%], S,y— hloubka organickéhodgniho horizontu [cm],
Rs- skeletovitost [%], RWC — reténi vodni kapacita [%)], BR- bazalni respirace [ug C-G@*.hod"].
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Statistical analysis

The following factors were used in the statistiaaalysis: (1) factors
describing character of the growt;, Anax, Es, D, Ps, P12o; (2) factors
describing climatic conditions: altitude amhtisy; (3) factors describing
soil conditions:pHs, Corg, Sorg, BRs, R, RWC; (4) Ellenberg indicator
valuesiF, L, N, R, T.

Abundances of groups of species according to tlmtojpe, and
indeces describing abundances of groups of spac@sding to the type
of distribution were analysed using ordination noethin the CANOCO
for Windows programyv.4.5. “Species” data were alapmically
transformed. Linear analyses were performed (thgtkeof the gradient
was less than 2.0 in all the cases): indirect gvadaccomponents analysis
(PCA), direct redundancy analysiBQA) respectively. Manual selection
of the factors at th&l = 0.05 level was used (Leps and Smilauer 2003).

General Linear ModelsGQLM) in the Canodraw v. 4.0 program were
used to test the influence of factors on the abooelaf each group of
species according to the biotop&R( C, Gs, GW, <, Ws), on indeces
describing the grassland/woodland character ohéb layer G, G, W,
W,) and on indeces describing the abundance of gradipspecies
according to the type of distributiois( M, G, _Ns, G, Wd, Gy,_Zend,
Gu_Zex. Wi A, W, M, W, Ns, W, Wd, Wi, _Zeng, Wiy_Zex). Poisson
distribution of the data was used, because the furiction of this
distribution is “Log” function, which is recommeriéor the counts and
frequency data (Lep$ and Smilauer 2003; p. 122dé#owere fitted by
stepwise selection with interaction terms to squpodynom using
Akaike Information Criterion (Lep3 and Smilauer 3DOFactors from
the first, second and third group were udel/¢ were omitted).
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Results
Groups of species according to the biotope

The first ordination axis in thBCA analysis explained 33.6 % of the
total variability in the data, while the first foaxes explained 90.0 %.
The Ay (F =3.03, p= 0.01) andpHs (F =2.48, p = 0.04) significantly
influenced the abundance of groups. The first @iitom axis in thdRDA
explained 4.2 % of the total variability in the @atvhile the second one
explained 7.1 %. Woodland, shrub and grasslandiegpegere more
abundant in older SDFs, whi{@ species were more common in soil with
higher soil reaction. For more detail see Fig. 9.

N
—

pH

-0.6
z

-1.0 0.6

Figure 9. Ordination diagram foRDA of groups of species according to the type of
biotope. AR - antropochorous or ruderal species, ggeiss typically growing at
clearings, Gs - grassland species, GW - species growitly ib grassland and in
woodl, Sc - shrub species, Ws - woodland specias;average age of the tree layer.

Obrazek 9. RDA ordinani diagram skupin drdhpodle typu biotopu. AR — antropogenni a
nebo ruderdlni druhy, C —druhy pasek, Gstniludruhy, GW —druhy spateé lwnim a
lesnim stanovistim, Sc — druhyokin, Ws — lesni druhy; Aa —fmeérny vk stromového patra.
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Antropochorous and ruderal species were more almiratahigher
altitudes (Fig. 10c), at flat stands (Fig. 10d),dam deeperer soil
(Fig. 11b).

Species typically growing at clearings were moreinaant in soil
with medium rock fragment content (optimum 42%, .Higc), higher
pHs (Fig 11a), and both in lower and higher altitudégy. 10c). More
grassland species were found at lower(Fig. 10b), in soil with lower
organic matter content (Table 13), and in both lamd deep soil
(Fig. 11b), but the explained variability was lowi (0%, see Table 13).

Species growing both in grassland and wood wereernommon at
medium irradiated stands at 120 cm above grountngam 35%), and
at more irradiated stands at 5 cm above ground. {®ly, Table 13).
Species typical for shrubs were more abundant idivne deep soil
(optimum 30%; Fig. 11b). Species typical for fosestere more abundant
in older SDFs (Fig. 10a, Table 13), in soil withglmer rock fragment
content (Fig. 11c), and with higher microbial reapon (Fig. 11d).
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Figure 10. Selected factors influencing abundances of groupspeties according to
the biotope GLM): a) maximal age of the tree-layer, b) relativadiance at the 5cm
above ground, c) altitude, d) heat to the SSW. ARtropochorous or ruderal species,
C - species typically growing at clearings, Gs - geas$l species, GW - species
growing both in grassland and in wood, Sc — shrdeisg, Ws - woodland species.

Obrazek 10. Vliv vybranych faktofi na pokryvnost skupin drihdle biotopu GLM):
a) maximalni ¥k stromového patra, b) relativni deaost v 5 cm, c) nadrfeka vyska, d) sklon
k JJZ. AR —antropogenni a nebo ruderdlni druhy; dtuhy pasek, Gs —daoi druhy,
GW - druhy spoléné lwnim a lesnim stanovistim, Sc — drulfgwin, Ws — lesni druhy.
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Figure 11. Selected factors influencing abundances of grafigpecies according to the
biotope GLM): a) soil reaction; b) depth of the organic honiza) proportion of rock
fragment content, d) microbial respiration [ug C-&A.hod"]. AR - antropochorous or
ruderal species, C — species typically growing aamhgs, Gs - grassland species,
Sc - shrub species, Ws — woodland species.

Obrézek 11.Vliv vybranych faktofi na pokryvnost skupin drihdle biotopu GLM): a) pidni
reakce, b) hloubka organického horizontu, c)skelatst [%], d) bazélni respirace
[ug C-CQ.g*.hod']. AR — antropogenni a nebo ruderaini druhy, Cuhdrpasek, Gs — i
druhy, Sc — druhyilovin, Ws — lesni druhy.
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Table 13.Factors influencing groups of species accordingadthtope GLM).

AR C Gs GW Sc Ws
M var., M var. M var., M var. M wvar. M var.
A, x X x x x L 11
Ama x X X X x Lt 20
Es L. 8 X x X X X
D X X Lt 4 Lt 5 Qn 7 x
P120 X x X Qn 11 X s
Ps X X Qn 8 Lt 12 X x
altitude Lt 10 QO 11  «x X Ll 4 L 6
Hssw Qn 15 x X Lt 6 X X
PHs x QD 21 Lt 5 X x x
Corg X L 7 L. 7 0% X Qn 8
Sorg Qn 42 x QO 8 x Qn 13 x
Rs L 7 Qn 12 X X X Lt 14
BRs Ll 7 x x X Lt 4 L 11

M: L - linear, Q - square polynom fitted/t - decreases/increasé#,n - “humped” answer, var. - explained
variability [%]; AR - antropochorous or ruderal spes, C - species typically growing at clearings,
Gs - grassland species, GW - species growing bothgrassland and in wood, Sc- shrub species,
Ws - woodland species;#\max - average and maximal age of the tree layer,@bundance of the tree layer,
D - proportion of deciduous trees in the tree lafResr/Ps - relative irradiance at the 120/5 cm above ground
Hssw- Heat to the SSW, & - organic matter content,,g- depth of the organic soil horizongsRrock
fragment content, BR microbial respiration.

Tabulka 13 Vliv studovanych faktar na pokryvnost skupin drihvyliSenych dle typu
stanovis¢ (GLM). L —linearni vztah, Q -polynomialni vztah (délio stups),
t/1 - poklesivziist, [/n -“hrbatd” odpo¥d, var.—vys¥tlena variabilita [%];
AR - antropogenni a nebo ruderalni druhy, C - drplagek, Gs — tini druhy, GW — druhy
spolgné lwnim a lesnim stanovistim, Sc - druhy fokin, Ws —lesni druhy;
AJdAmax - pramérny/maximalni ¥k stromového patra, & pokryvnost stromového patra,
D - zastoupeni listnatych strdmve stromovém p#t, B,¢/Ps— relativni ozéenost ve 120 a
5 cm, altitude - nadnieka vyska, Hsw- sklon k JJZ, G,— obsah organické hmoty Vg,
Sorg — hloubka organickéhaigniho horizontu, R skeletovitost, BR- bazalni respirace.
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Indeces describing grassland and woodland charafctee herb layer

Higher indeces for woodland species were foundhen dlder SDFs
(Fig. 12a, b), in mixed SDFs (Fig. 12d), at sodaton between 3.5 and
5 (Fig. 13a), in soil with higher organic mattemtent (Fig. 13b) and in
lower soil (Fig. 13c) with high rock fragment contgFig. 13d). Higher
indeces for (weighted) grasslandness were foundofen (Fig. 12c),
non-mixed SDFs (Fig. 12d), in medium irradiated SC# 5 cm above
ground (optimum 9%, Table 14), at soil reactionwsstn 4.0 and 5.5
(Fig. 13a), and in soil with lower organic mattentent (Fig. 13b).

o o
S ™ Ww
Gw
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w W

///’\

0.5 E3 [%, log transformed] 2 0 D 1

c) d)

Figure 12. Selected factors influencing indeces describingsglemd and woodland
character of the herb layeGI(M): a) average, b) maximal age of the tree-layer,
c) abundance of the tree-layer, d) percentage efddtiduous trees in the tree-layer,
G - grasslandness, W - woodlandness, - @eighted grasslandness, ,,\Wweighted
woodlandness.
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Obrazek 12. Vliv vybranych faktofi na Iwni/lesni charakter bylinného patraGL(M):
a) pramérny, b) maximalni ¥k stromového patra, c) pokryvnost stromového pathapodil
opadavych tevin ve stromovém pg. G —index korespondujici s gem Iuwinich druld,
Gy, - index korespondujici s pokryvnostichich drutii, W - index korespondujici s @em
lesnich druf, W, - index korespondujici s pokryvnosti lesnich di.

© o
N ©

Response
Response

w
(9]
e}

un
(2]
o

Corg 0.25

25
30

Ww Ww

Response
Response

-

Sorg [cm] 80 0 Rs 1

o

C) d)

Figure 13. Selected factors influencing indeces describing tgadsand woodland
character of the herb layeBI(M): a) soil reaction, b) organic matter contentdepth

of the organic soil horizon, d) proportion of rogladment content. G - grasslandness,
W - woodlandness, f> weighted grasslandness,,Wweighted woodlandness.

Obrazek 13. Vliv vybranych faktofi na Iuwni/lesni charakter bylinného patr@éL(M): a) padni

reakce, b)obsah organické hmoty widy c) hloubka organického udniho horizontu,
d) skeletovitost. G —index korespondujici $ten lwnich druti, G, - index korespondujici
s pokryvnosti lanich druli, W -index korespondujici s piem lesnich druly W, - index

korespondujici s pokryvnosti lesnich diuh
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Table 14. Factors influencing indeces describing grasslandvavatlland character of
the herb layerGLM).

G Gw w W,
M var. M var. M var. M var.
A, X QO 8 Lt 12 Lt 12
Amax X x Lt 17 Lt 13
Es Lt 4 Ly 18 Lt 9 Lt 6
D QO 12 QO 22 Qn 19 x
P120 X Qn 9 X x
Ps X Qn 10 x x
altitude X X X Lt 2
PHs Qn 29 X Qn 21 X
Corg L 10 Ly 9 Lt 7 X
Sorg x x Qn 15 Lt 10
Rg X X L1t 12 Lt 12
RwWC X L. 6 X x
BR, X Lt 7 Lt 8 X

M: L-linear, Q -square polynom fitted}/t - decreases/increase§]/n - “humped” answer,
var. - explained variability [%]. G - grasslandne&g - weighted grasslandness, W - woodlandness,
W,, - weighted woodlandness;/A .« - average and maximal age of the tree layer, &bundance

of the tree layer, D - proportion of deciduous $reethe tree layer,1R/Ps - relative irradiance at the
120/5 cm above ground,.f- organic matter content,$- depth of the organic horizongR rock
fragment content, RWC - retention water capacifys Bmicrobial respiration.

Tabulka 14. Vliv studovanych faktar na lesni/ldni charakter porostu. L — linearni vztah,
Q - polynomialni vztah (druhého stupn (/1 - pokles/vzast, [O/n - “hrbata” odpo¥d’,
var. - vysétlena variabilita [%]; G — index korespondujici &f@m lwnich drufi, G, — index
korespondujici s pokryvnostidaich drulii, W - index korespondujici s gfem lesnich drul
W,, - index korespondujici s pokryvnosti lesnich dfuA/A nax— primérny/maximalni ¢k
stromového patra, & pokryvnost stromového patra, D — zastoupenhdigth strom ve
stromovém pde, B,¢/Ps— relativni ozéenost ve 120 a 5cm, altitude - nadsk& vySka,
Corg - Obsah organické hmoty viage, S,q4-hloubka organického ddniho horizontu,
Rs- skeletovitost, RWC — reténi vodni kapacita, BR- bazalni respirace.
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Indeces describing abundance of groups of spec@sding to the type
of distribution

The first ordination axis in thBCA analysis explained 33.2% of the
total variability in the data, while the first foaxes explained 74.2%.
The EllenbergL value (F=6.06, p<0.01), rock fragment content
(F =5.81, p<0.01) and average age of the tnger IdF = 2.34, p = 0.04)
significantly influenced the indeces describing #gimindance of groups
of species according to the type of distributioheTirst ordination axis
in the RDA explained 12.2% of the total variability in thetalawhile the
second one explained 11.7%. In general, groupp@&dies according to
the type of distribution typical for woodland tewldi® be more abundant
in the older SDFs (left upper quarter of the ortloradiagram), while
groups typical for grasslands did in more irradiabetopes (right half of
the ordination diagram, Fig. 14).

No autochorous grassland species were found iSbfes (Table 11).
The abundance of woody autochorous species wagendéd by many
factors, and the explained variability was higlgeneral (see Table 16).
The abundance tended to increase with the agesdfdbk layer (Fig. 15b,
Table 16) and with the abundance of the tree |é8lygy. 15c), and they
were more abundant in mixed SDFs (optimum 48%, Fig), at low
irradiance at 120 cm above ground (Fig. 16a), imvelo altitudes
(Fig. 16b), in soil with medium organic matter camit (optimum 13%,
Table 16), at high rock fragment content (Fig. 16dhd at higher
microbial respiration (optimum 4.02, Table 16).

Grassland myrmecochorous species were most abuindanédium
aged SDFs (optimum 30.6 year old, Fig.15a), atelowaltitudes
(Fig. 16b), at soil reaction close to 4.5 (Tablg 1&ith high rock
fragment content (Fig. 16d), while woodland myrnewmrous species
were more abundant in older SDFs (Fig. 15b, Tab)e &nd at soll
reaction close to 4.4 (Table 16).
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Figure 14. Ordination diagram foRDA of indeces corresponding with the abundances
of groups of species according to the type of of rithgtion.
Gw_M/Ns/Wd/Zend/Zex - weighted grasslandness of myriemocs/
non-specific/anemochorous/endozoochorous/exozoogloro species,
W,,_A/M/Ns/Wd/Zend/Zex - weighted woodlandness of autochs/
myrmecochorous/non-specific/anemochorous/endozooubfxozoochorous species;
Aa — average age of the tree layer, L - Ellenkevglue, Rs — rock fragment content.

Obréazek 14. RDA ordinani diagram — indexy korespondujici s pokryvnostiipsk druhii
podle zmisobu roz&ovani. Gw_M/Ns/Wd/Zend/Zex — index koresponudjicipskryvnosti
luénich  myrmekochornich/nespecifickych/anemochorniwdeoochornich/exozoochornich
druhi, Ww_A/M/Ns/Wd/Zend/Zex —index  koresponudjici s kpanosti lesnich
autochornich/myrmekochornich/nespecifickych/aneraauleh/endozoochornich/
exozoochornich drdh Aa — pamérny wk stromového patra, L — Ellenbergova hodnbta
Rs - skeletovitost.
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Table 15. Selected factors influencing indeces correspondiit wrassland species
abundance according to the type of distributi@aN).

Gu_M Gu_Ns G,_Wd Guv_Zenc Gu_Zex
M var. M var. M var. M var. M var.

A, Qn 103 QO 202 Lt 52 QO 304 x

Amax X QO 144 L+ 58 Lt 127 x

Es X Lt 6.1 x X L 23.7
D X QU 151 L 64 X QU 13.2
Pi2o x Qn 96 Qn 110 x L1 4.2
Ps X X Qn 186 x Qn 8.7
altitude L. 20.3 x QO 176 «x x

Hssw X x L+ 48 x X

pHs Qn 193 x X X x

Corg X Qn 126 x X Lt 7.7
Sorg X L. 51 x x x

Rs Lt 19.0 x Lt 23.6 x X

RWC X X L 9.7 x X

BRs Lt 58 x X X L 9.2

M: L-linear, Q -square polynom fitted,l/1 - decreases/increased,)/n - “humped” answer,
var. - explained variability [%]. & M/Ns/Wd/Z.{Z.x - weighted grasslandness of myrmecochorous/non-
specific/anemochorous/endozoochorous/exozoochaspasies; AAmax- average and maximal age of
the tree layer, & abundance of the tree layer, D - proportion etiduous trees in the tree layer,
P1.o/Ps - relative irradiance at the 120/5 cm above groudw— heat to the SSW, g - organic matter
content, §, - depth of the organic horizongR rock fragment content, RWC - retention wateracéy,

BR: - microbial respiration.

Tabulka 16. Vliv studovanych faktar na charakter porostu z hlediska pokryvnosti skupin
lucnich drufi dle miznych zgisohi rozStovani. L —linearni vztah, Q - polynomialni vztah
(druhého  stup¥), (/1 - poklesivzéist, O/n -“*hrbatd” odpo¥d, var. - vysétlena
variabilita [%]; G,_M/NS/Wd/Z,,{Zex— index  korespondujici s pokryvnosti ¢ich
myrmekochornich/nespecifickych/anemochornich/enddzornich/exozoochornich drigh
AJAnmax— pamérny/maximalni ¥k stromového patra, s pokryvnost stromového patra,
D - zastoupeni listnatych stranve stromovém p& [%], P,¢/Ps — relativni ozéenost ve 120 a
5cm, altitude - nadniska vyska, Gg—obsah organické hmoty vigE, S,4- hloubka
organického fdniho horizontu, R skeletovitost, RWC —reténi vodni kapacita,
BRs - bazalni respirace.

93



Chapter 5

Table 16. Selected factors influencing indeces correspondirty woodland species
abundance according to the type of distributi@aN).

W, A W, M W,,_Ns W, Wd Wiy Zenc Wi Zey

M wvar. M var. M var. M var. M var. M wvar.
A, Qn 167 Lt 108 x X Lt 296 QO 122
Anax Lt 143 Lt 214 L\ 51 x Lt 26.8 x
Es L+ 109 x X L 79 x Qn 9.0
D Qn 245 x X X x X
Poo QO 251 x x Qn 80 x Qn 140
Ps x X x Qn 77 Qn 136 Qn 151
altit. QO 18.3 x Qn 169 L. 49 L. 67 QO 182
Hssw X x Lt 6.6 x x x
pHs X Qn 10.7 x X x x
Cog Qn 17.0 x x x x x
Sorg X LI 87 QO 193 x X LI 6.9
Rs QO 323 x L, 124 L+ 205 Lt 184 Qn 284
RWC x x X QU 121 On 113 Ly 7.3
BRy, Qn 17.7 x x X QO 141 «x

M: L - linear, Q - square polynom fitted,/t - decreases/increasds/n - “humped” answer, var. - explained
variability [%)]. W,_A/M/Ns/Wd/Z..{Zex — weighted woodlandness of autochorous/myrmecaocisdr non-
specific/anemochorous/endozoochorous/ exozoochapersies; AAmax - average and maximal age of the tree
layer, & - abundance of the tree layer, D - proportion e€iduous trees in the tree layenyPs - relative
irradiance at the 120 or 5 cm above ground, altiltitude, Hsw— heat to the SSW, (- organic matter
content, §4- depth of the organic horizon,sRrock fragment content, RWC - retention water acty,
BR: - microbial respiration.

Tabulka 16. Vliv studovanych faktar na charakter porostu z hlediska pokryvnosti skugsmich
druhi dle mznych zpisohi rozSkovani. L —linearni vztah, Q - polynomialni vztadruhého
stuprg), /1 - pokles/vziist, [/n - “hrbatd” odpo¢d, var.-vys¥étlena variabilita [%];
W, AIMINS/Wd/ZepndZey — index koresponduijici S pokryvnosti lesnich
autochornich/myrmekochornich/nespecifickych/anerotlch/endozoochornich/exozoochornich
druhi; AdAmax— pramérny/maximalni ¥k stromového patra, ;& pokryvnost stromového patra,
D — zastoupeni listnatych strdrnve stromovém p#&t, B.dPs — relativni ozéenost ve 120 a 5 cm,
altit. - nadmaska vyska, Hsw—sklon plochy kJJZ, & —obsah organické hmoty vigi,
Sorg - hloubka organickehotpniho horizontu, R skeletovitost, RWC — reténi vodni kapacita,
BRs — bazalni respirace.
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Grassland species non-specific to the type ofidigion tended to be
more abundant both in young and in old SDFs (caaib>40 year old,
Fig. 15a, Table 15), but less abundant in mixed SQHg. 15d). They
preferred soil with about 9% of organic matter eont(Table 15).
Woodland species non-specific to the type of distion tended to be
more abundant at medium altitudes (Fig. 16b), itm bow and deep soils
(Fig. 16c), and at low rock fragment content (Hi§d).

Grassland anemochorous species were more abuntamedium
irradiated sites at 120 cm above ground (optimufb,3Big. 16a), and at
higher irradiance at 5 cm above ground (optimum 16%ble 15), at
both low and high altitudes (Fig. 16b), and in seith higher rock
fragment content (Fig. 16d). Woodland anemochospesies were more
abundant in soil with higher rock fragment contgng). 16d), and tended
to be more abundant in more dessicated soil (TEb)e

Grassland endozoochorous species tended to be abomedant in
older SDFs (Fig. 15a, Table 15). Woodland endozommks species
were also more abundant in older SDFs (Fig. 15IbjeTd6), at higher
relative irradiance at 5 cm above ground (optimurol Table 16), in
soil with high rock fragment content (Fig. 16d) amdsoil with medium
RWC (optimum 13%, Table 16), and tended to be morenddt at
higher microbial respiration (Table 16).

Grassland exozoochorous species were more abunddhe open
SDFs (Fig. 15¢) and non-mixed SDFs (Fig.15d). Waod
exozoochorous species were more abundant in oldEs $Fig. 15b), at
medium irradiated sites at 120 cm above ground infmph 25%,
Fig. 16a), and at higher irradiance at 5 cm aboeerd (optimum 16%,
Table 16), and tended to be more abundant at laltitudes (Fig. 16b),
and in soil with relatively high rock fragment cent (optimum 58%,
Fig. 16d).
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Figure 15. Selected factors influencing indeces correspondintly grassland and
woodland species abundance according to the typéswoibdtion GLM): a) average
age of the tree layer (grassland character), bpgeeage of the tree layer (woodland
character), c) abundance of the tree layer, d)gm¢age of deciduous trees in the tree
layer. Gw_M/Ns/Wd/Zend/Zex - weighted grasslandnessmgfmecochorous/ non-
specific/anemochorous/endozoochorous/exozoochorous ciespe
Ww_A/M/Wd/Zend/Zex — weighted woodlandness of autwohs/myrmecochorous/
anemochorous/endozoochorous/ exozoochorous species.

Obrazek 15. Vliv vybranych faktofi na pokryvnosti skupin dridhpodle zgisobu roz&ovani
(GLM): a) wk stromového patra (tmi charakter), b)&k stromového patra (lesni chrakter),
c) pokryvnost stromového patra, d) procento listclat stroni ve stromovem pés.
Gw_M/Ns/Wd/Zend/Zex — index koresponduijici S pokmysti l&nich
myrmekochornich/nespecifickych/anemochornich/endozornich/  exozoochornich  driuh
Ww_A/M/Wd/Zend/Zex —index  korespondujici s pokrgeti  lesnich  autochornich/
myrmekochornich/anemochornich/endozoochornich/eamrnich drut.
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Figure 16. Selected factors influencing indeces correspondiitty @rassland and
woodland species abundance according to the typeswibdtion GLM): a) relative
irradiance at 120 cm above ground, b) altitudejepth of the organic soil horizon,
d) rock fragment content [%]. (GM/Ns/Wd/Zex - weighted grasslandness
of myrmecochorous/non-specific/anemochorous/exozwocis species,
W,,_A/M/Ns/Wd/Zend/Zex — weighted woodlandness of auboctis/
myrmecochorous/non-specific/anemochorous/endozooubbexozoochorous species.

Obrazek 16. Vliv vybranych faktofi na pokryvnosti skupin dridhpodle zgisobu roz&ovani
(GLM): a) relativni ozéenost ve 120 cm, b) nadiis&d vysSka, c) hloubka organickéhadpiho
horizontu, d) skeletovitost [%]. Gw_ M/Ns/Wd/Zexndex korespondujici s pokryvnosthich
myrmekochornich/nespecifickych/anemochornich/exoaomich druh,
Ww_A/M/Ns/Wd/Zend/Zex — index koresponduijici S pokrosti lesnich
autochornich/myrmekochornich/nespecifickych/anermuotlkh/endozoochornich/
exozoochornich druh
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Discussion

The main subject of the study was to find out whetthere are
general trends in changes in the herb layer, frem grassland toward
woodland character. Groups of species used forddseription of the
character of the herb layer were determined acagrtti the biotope and
type of distribution. Groups according to the bpsaespond directly to
the objective. However, there are several groupgtwhre transient
between the grassland-forest biotopes, G, Sc andC. This is why
the grassland and woodland character was also ibedcby indeces
(weighted) grasslandness, and (weighted) woodlassdn&roups of
species according to the type of distribution wased for counting the
indeces corresponding with the abundance of woddkmd grassland
species according to the type of distribution, biseaseed limitation of
forest plant species was found in many studies (®view see
Honnay et al. 2002a), and different dispersal ghdf forest species was
also reported (e.g., Matlack 1994). Typical fosgstcies were also found
as species growing at mesic stands (pH, humiditgohtent), and they
are associated to the ordeagetalia (Hermy et al. 1999; Wulf 1997).
The focus of this study on the mesic stands refwlts this evidence.

Low explained variability, however significant, wésund for much
abundance of groups of species or index valueswelk as a low
influence of certain factors (e.g., 11.5% of spg@avironmental
relationship for groups of species according to thetope). Low
explained variability is common in the ecologicgstem (e.g., Dzwonko
and Loster 1997; Vojta 2007). It may be causedhayhigh variability
both in conditions and species composition, whicas weported as
typical for early stages of succession (Odum 1888ch 1987).

Many factors were found to be significantly relatedhe abundance
of certain groups of species in this study(e\Wys species:As, Amax;
altitude, Rs, Cug Rs, BRg). The influence of many factors each
contributing by small percentage to the explainadability was found
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in different studies (see e.g., Prach 1994), arfttrdnt species have
different responses to the abiotic conditions evesm the same
ecological group (see e.g., Wehling and Diekman@9g). In general,
factors describing the character of the tree l&rAmax, E3, D) and soil

conditions pHs, Corg, Sorg, RWC, Rs, BRs) were more important, while
orientation Hssy) was only slightly important.

The general character of the herb layer of the SibRke first tree
generation could be described as follows: grasstdratacter prevails,
while woodland character plays a minor role. Inegah the abundance
of groups of species associated with the forestispevas low, e.g\Ws
on average was one third of t@s (a similar difference holds foMé, and
Gw). Grassland species dominate the herb layer, padies typical for
forest edges are also abundant. Grassland exozmashand grassland
non-specific species are most abundant, while agsigind autochorous
species was found, and woodland autochorous anaoegborous
species were not very abundant. This is in assemptith other studies
focusing on the herb layer of recent forests, whichind long term
colonisation of forest species. Jacquemyn et BD1? estimates that at
least 200 years is needed for development of theatad herb layer of
recent forests planted on former agricultural landand
Verheyen et al. (2003) found that the recent folnesb layer was not the
same as in the ancient forest even after 200 ydasn the GLM
analyses of the SDFs, it seems that the time nekuetthe herb layer
development that would be saturated by forest epesmd that would not
be occupied by grassland species will be long, magibe a period of
200 years will be not long enough for this procegsee
Figs. 10a, 12a, b, 15a, b). The faster colonisadioforest species could
be expected at lower altitudes, in soil with highmek fragment content,
shallow soil and in mixed SDFs.

The abundance of forest speciesWws( W, W, and
W, AIM/INS'WS/Znd/Zex) In general increased with the duration of the
tree layer. This is in assumption with the genscileme of succession
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and in assumption with findings of different stuglie.g., Bossuyt and
Hermy 2000; Verheyen et al. 2003). Two reasons reaglain this

finding: 1) the forest species are seed limitedd aherefore the
probability of establishment increases in time ¢i@myn et al. 2001); ii)
the microsite availability is higher in older SDFs.

Seed limitation and very slow dispersal ability waand for forest
species both indirectly (e.g., Brunet and von Oleit®98a; Matlack
1994), and directly using seed addition into reden¢sts (e.g., Ehrlén
and Eriksson 2000; Eriksson 1995; Gustafsson @08R; Verheyen and
Hermy 2004). In general, endozoochorous, exozooctsr and
anemochorous species were reported as better sefenn comparison
to non-specific, and myrmecochorous species (Matld894). Seed
limitation was found to be more important than thigrosite limitation
in recent forests in many studies (e.g., Verheyaoh ldermy 2004). In
this study, indirect evidence for seed limitatiaould be the increase in
woodland species with the increasing age of the lager, and also the
observed slower increase in the abundance of woddiatochorous and
myrmecochorous species, which are assumed to brecptamisers (e.qg.,
Matlack 1994). However, groups of species assatiatgh forests
tended to be more abundant in soil with higher risekgment content,
lower microbial respiration, and lower solil reaati@ptimum 4.2), while
groups of species associated with the grasslandeterio be less
abundant in more organic soil, in soil with higimeicrobial respiration,
and at higher solil reaction (optimum 4.6). The Pkiglrganic matter
content, and higher microbial respiration were fbtm be typical for the
forest soil compared to the grassland soil (seed¥aya 2002). The
values found in this study in the SDFs were intafiaie. The soil
reaction was also found to be intermediate (meduevé& 3) between the
values typical for grassland (mean value 5.3, Ss#masd 2003), and
beech forest soil (mean value 4.0, Kéglédet al. 2002). The decrease in
soil reaction during the succession was found iffedint studies
(e.g., Bossuyt and Hermy 2000; Persson et al. 198bel 1989), but
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opposite findings were also published (e.g., Goméayet al. 2007).
High rock fragment content may lower the competitiability of
grassland species, and therefore woodland specags pmofit at such
stands. The higher competitive ability of herb spea@at more productive
sites in successional stages was reported e.dg?rdogh (1994). Species
typical for ancient forests were also found to bareninfluenced by soil
conditions than the early and mid-term colonis#teriieyen et al. 2003),
which is in assumption with the observed pattefmese findings could
serve as indirect evidence of microsite limitatadrthe forest species in
the SDFs.

Surprisingly, a small number of groups of specied mdeces, were
influenced by the water regime, although the scdtew regime was
reported as important in many studies (e.g., Kol Biekmann 2004).
The light condition determined directly AR irradiance also was of
low importance, but the Ellenbetgvalue was found to be important in
the ordination analysis of the groups of specienm@bing to the biotope
and of indeces describing the abundance of gralstandland species
according to the type of distribution. The meaadiance both at 120 cm
and 5cm above ground was intermediate between fahest and
grassland (mean value 20% for 120 cm above grasewl Table 12). For
comparison, Dzwonko (2001) did not find any diffeces in the light
conditions in recent (both planted and SDFs) ardean forests (<5%).
The high importance of the Ellenbekgvalue found in the ordination
analyses may be due to the indirect effect of lmrg: grassland species
persistence in the herb layer, and therefore thh EillenbergL values
for the SDFs.
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What spontaneously developed forest is woodier? Influence
of the context-dependent factors on the character of the
herb layer

Ktery porost naletovych dievin je lesnatéjSi? Vliv na Kkontextu

zavislych faktori na charakter bylinného patra

Abstract

The influence of the context-dependent factors on the abundance of species grouped
according to the biotope and type of distribution in the spontaneously developed forests
(SDFs) was studied in a mountainous area (665-940 m) in the Czech Republic.

Forty seven plots (100 m?) at mesic stands in the SDFs were studied. Abundance of
groups of species according to the biotope was found, grassland and woodland character
of the herb layer was described using indeces corresponding with the number and
abundance of grassland/woodland species, and the abundance of grassland and
woodland species according to the type of distribution. The influence of the following
context-dependent factors was tested: (1) SDF characteristics: area of the SDF, shape,
position of the plot within the SDF; (2) surrounding vegetation (100, 200 and 300 m);
(3) vegetation cover in history (1952, 1966, 1983). The ordination methods and General
Linear Models were used.

Different groups of species and indeces describing the character of the herb layer
were influenced by different context-dependent factors. The vegetation cover in history
was the most important context-dependent factor, which influenced most of the groups
and indeces. The abundance levels of groups and values of indeces related to the forest
species tended to be higher in the SDFs, where the tree layer was long-term developed.

The surrounding vegetation was important for many characteristics related to the
grassland and woodland character, especially the proportion of grassland and forest in
the surroundings.

Of the SDF characteristics, only the area of the SDF was more important, especially
in relation to the characteristics related to the woodland character.
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Shrnuti

V porostech naletovych dfevin (SDFs) v horskych oblastech (665-940 m) Ceské
republiky byl studovéan vliv na kontextu zavislych faktorti na pokryvnost skupin druht
vylisenych dle biotopu a zpiisobu rozsitovani.

Ve 47 plochach (100 m?) byla zjisténa pokryvnost skupin druhi vylisenych na
zaklad¢ biotopu a z druhového slozeni bylinného patra byly spocitany indexy popisujici
luéni a lesni charakter bylinného patra (korespondujici s poc¢tem a pokryvnosti lu¢nich a
lesnich druhil) a pokryvnost lu¢nich a lesnich skupin druht vylisSenych dle zpiisobu
roz$itovani. Ordina¢nimi metodami a zobecnénymi linearnimi modely byl testovan vliv
na kontextu zavislych proménnych: (1) charakter SDF: velikost, tvar a pozice trvalé
plochy uvnitt SDF; (2) vegeta¢ni kryt v okoli (100, 200 a 300 m); (3) vegetacni kryt
v minulosti (1952, 1966, 1983).

Riizné na kontextu zavislé faktory ovliviiovaly rtizné skupiny druhti nebo indexy
popisujici charakter bylinného patra. NejvyznamnéjSim faktorem byl vegetacni kryt
v minulosti, ktery ovliviioval nejvice skupin a indexti. Pokryvnost skupin druhl a
indexy vztazené k lesnimu charakteru bylinného patra byly vyssi pii del$im trvani

stromového patra na ploSe.

Vegetacni kryt okoli ovliviioval celou fadu charakteristik vztazenych k lu¢nimu
nebo lesnimu charakteru bylinného patra. Vyznamny byl pfedevsim podil luk a lesa

Vv okoli.

Z charakteristik porostu naletovych dfevin byla vyznamnéjsi pouze velikost SDF,

ktera ovliviiovala predevsim lesni charakter bylinného patra.

Introduction

Changes in the vegetation cover have happened in Europe in most
recent decades. The amount of agricultural land, mostly grassland in less
favourable areas, has decreased in particular (e.g., Hamre et al. 2007,
Helm et al. 2006), and the number of recent forests has increased. Recent
forests can be planted on former agricultural land (e.g., Wulf 2004) or
can develop spontaneously due to the successional changes (e.g., Prach
and Pysek 1994b). In this study, they are referred to as spontaneously
developed forests (SDFs), while the term recent forests is used for both
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planted forests and SDFs on former agricultural land (usually <200
years).

The tree layer of SDFs develops usually within 30-40 years and
definitely closes after 60-80 years (Flinn and Vellend 2005), but the rate
of succession can be faster, e.g., due to the facilitation of trees growing
alone (Dzwonko and Loster 1992), hedgerows, disturbances etc. (e.g.,
Guth 1998), or slower in less favourable conditions, such as in higher
altitudes (Blazkova 1991; Spatz 1980), or due to competition, e.g., by
grass (e.g., Dickie et al. 2007) or litter (e.g., Facelli and Pickett 1991a).
The birch (Betula pendula RoTH) was found to be the most common tree
species dominating SDFs in Central Europe (Prach and Pysek 1994b).

The herb-layer species composition of recent forests was found to be
influenced by many factors, which can be grouped as follows: i) the
site-dependent factors, which influence mostly the species establishment
process, such as climate, water regime and soil conditions (Prach and
Rehounkova 2006; Prach et al. 2007); ii) the context-dependent factors,
which influence mostly the colonisation potential, such as seed and
dispersion limitation (e.g., Butaye etal. 2002; Ehrlén et al. 2006), the
area and shape (e.g., Bossuyt et al. 1999; Dzwonko and Loster 1992) and
history (e.g., Vellend et al. 2007).

Herb layer colonisation by woodland species was found to be very
slow in many studies, and forest species are supposed to be poor
colonisers, of which the rate of colonisation usually does not exceed
2 m.year® (e.g., Bossuyt and Hermy 2000; Peterken and Game 1984;
Whitney and Foster 1988; Wulf 2004). Myrmecochorous and species
with no adaptation for long-term dispersal were found especially to be
seed limited in recent forests (e.g., Brunet and von Oheimb 1998b;
Matlack 1994). Seed limitation of forest species was also determined
directly by seed addition experiments (see e.g., Ehrlén etal. 2006;
Eriksson 1995; Gustafsson etal. 2002). The period needed for
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development of the herb layer is estimated to be long, e.g.,
Jacquemyn et al. (2001) estimates that herb layer colonisation of planted
forests can take 200 years.

Due to the seed limitation, colonisation of forest herbs depends on the
seed availability, and therefore on the surroundings (e.g., Brunet and von
Oheimb 1998b; Graae et al. 2004; Matlack 1994) and on connectivity to
the ancient forests (e.g., Butaye et al. 2001; Jacquemyn et al. 2003). The
hedgerows may be corridors for the forest species, and therefore may
enhance the colonisation of recent forests (e.g., Honnay et al. 2002a;
Verheyen et al. 2003), but different results were found for different
species and in different studies (see Wehling and Diekmann 2009a). The
time-span of the colonisation is also important, because with the
increasing duration of recent forests, the probability of forest herb
species establishment increases (e.g., Jacquemyn et al. 2001).

The area of recent forests has been found to be important in many
studies (e.g., Bossuyt et al. 1999; Dzwonko and Loster 1992), but small
importance of the area has also been referred (e.g., Matlack 1994). The
former agricultural practice may influence the species composition for a
relatively long period (see e.g., Dupouey et al. 2002; Hersperger and
Forman 2003).

Most of the studies focusing on the influence of context-dependent
factors on the herb layer of recent forests were done in planted forests, or
the planted forests were not distinguished from the SDFs. This study is
focused only on the SDFs. The influence of context-dependent factors on
the character of the herb layer of SDFs on mesic stands was studied. Of
context-dependent factors, the following were considered: i) the
character of the SDF (area, shape, position of the site within the SDF); ii)
the surrounding vegetation; iii) historical land use (since 1952). The
character of the herb layer was described by the abundance of different
functional groups of species according to the biotope and type of
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distribution. The grassland and woodland character of the herb layer was
determined using indeces counted from the abundances of species
grouped according to the biotope, and similar indeces were also derived
from abundance levels of species typical for grassland/woodland grouped
according to the type of distribution.

The following questions are considered:

1. What factors influence the character of the vegetation in the
SDFs? Are area, shape, position within the SDF, surrounding
vegetation or historical vegetation cover important for different
groups of species according to the biotope or type of distribution?

2. Does the area, shape, position within the SDF, surrounding
vegetation or historical vegetation cover influence the grassland
or woodland character of the herb layer of SDFs?

Methods

Study area

The study area was the southern part of the Czech Republic
(40°35-38" N, 14°11-17" E).

Forty-seven plots (10 x 10 m) were fixed in the growths of SDFs. The
growths were different in altitude and exposition (see Table 12), but all
the plots were on mesic stands. The supposed terminal stage of
succession is beech forest of the association Dentario
enneaphylli-Fagetum, in the lowest altitudes transient to the association
Luzulo albidae-Quercetum petrae (Neuhduslova 1998). Present growths
were mostly dominated by Betula pendula, common trees are also Picea
abies (L.) Karsten, Populus tremula L.; in some cases Pinus sylvestris L.
or Fraxinus excelsior L. were more abundant. The plots were fixed in
such growths, where important man influence was not recognisable.
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Data collection

Phytocenological releve was taken from all the permanent plots. The
species abundance was estimated in percentages of abundance of the
species for each layer.

Species listed in the herb layer were grouped as follows:

1. According to the biotope, where they are usually present:
antropochorous or ruderal species (AR), species typically
growing at clearings (C), grassland species (Gs), species
growing both in wood and grassland (GW), shrub species (Sc)
and woodland species (Ws). The sum of abundances of species
was used for each group (Table 11).

2. According to the type of distribution: anemochorous (Wd),
autochorous (A), myrmecochorous (M), non-specific (Ns),
endozoochorous (Zeng), and exozoochorous species (Zex)
(Table 11).

From the phytocenological releves, the next indeces were counted:
woodlandness (W), grasslandness (G), weighted woodlandness (W,,) and
weighted grasslandness (Gy):

W=ZX (Ws+0.5xGW +0.5x Sc +0.5x C),
G=2(Gs+05xGW+05xAR+0.5xC+0.2x Sc),
Wy, =2 (2 Wsix g + 2 0.5 x GWj x aj + £ 0.5 x Sc x ax + £ 0.5 x C; x &),
where a;, &, a, & indicates abundance of species i, j, k, I.

GW:Z(ZGsixai+ZO.5><GWj><a,-+20.5><ARk><ak+20.5><C|><a|
+ 2 0.5 x SCpy X &),

where &;, &, a, &, an indicates abundance of speciesi, j, k, I, m.

Woodlandness and grasslandness correspond with the number of
species typical for woodland or grassland, while weighted woodlandness
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and grasslandness correspond with the abundance of species typical for
woodland or grassland (for basic statistics see Table 11).

Similarly indeces weighted grasslandness of autochorous (G,,_A),
myrmecochorous (G,,_M), species non-specific to the type of distribution
(Gw_Ns), anemochorous (G,_Wd), endozoochorous (Gy_Zeng), and
exozoochorous species (Gy_Zex), and weighted woodlandness of
autochorous (W,,_A), myrmecochorous (W,,_M), species non-specific to
the type of distribution (W,_Ns), anemochorous (W,_Wd),
endozoochorous (Wy,_Zeng), and exozoochorous species (Wy_Zex) were
counted to describe the abundance of the species typical for
grassland/woodland according to the type of distribution. The values
were obtained as the sum of abundances of species from a certain group
of species according to the type of distribution. The abundance of species
according to the biotope was weighted by the same values that were used
in the weighted grasslandness/woodlandness indeces (Table 11).

Context-dependent factors

Vegetation map 1 : 10000 (Dostalova unpbl.) redrawn on a slide and
digitalized (300dpi colour picture) was used to determine the following
context-dependent factors: i) the total area of the SDF (Aspr) [ha]; ii) the
shape of the SDF, determined as the multiple of the perimeter of a circle
with the same area; iii) the position of the plot within the SDF (centre),
determined as the nearest distance from the centre of the plot to the
border of the SDF [m]; iv) the distance to the nearest field (D_Fi) [m]; v)
the distance to the nearest grassland (D_Grl) [m]; vi) the distance to the
nearest forest (D_Fst) [m]; vii) the proportion of vegetation cover of the
fields in 100, 200 and 300 m surrounding (i.e., the round area of a certain
semi-diameter with the central point in the centre of the plot)
(Fizoor200300); Viii) the proportion of grassland in 100, 200 and 300 m
surrounding (Grlioozo0i300); 1X) the proportion of forests in 100, 200 and
300 m surrounding (Fstigoro0300); X) the proportion of SDF in 100, 200
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and 300 m surrounding (SDFigo200/300); Xi) the proportion of “other” land
cover (e.g., building, water) in 100, 200 and 300 m surrounding
(Ot1oo200300). Image analysis in the Scion Image for Windows
4.0.3 program was used.

The aerial photos from the Military Geographical and
Hydrometeorological Office (Dobruska, Czech Republic) were used to
determine the past vegetation cover of the plot. Three sets of photos were
available from the vegetation period for the whole study area: 1952
(7" of July, camera RC5-97, focal length 210.0 mm, flying height
5250 m, 1:25000); 1966 (1% of May, MRB, 210.11 mm; 3200 m,
1:12 600), 1967 (25" of June, RC 5a, 209.7 mm, 3 300 m, 1:13 150) and
1983 (8" of June, MRB-9, 88.6 mm, 2 900-3 200 m, 1:28 040). The
following vegetation types were distinguished: field (arable land),
grassland (meadow, pasture, abandoned grassland), scattered SDF,
closed SDF (these types correspond with the supposed successional sere)
for the three dates: 1952, 1966, 1983.

For the basic statistics of context-dependent factors see Table 17.
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Table 17. Basic statistics of the context-dependent factors.

Mean+ SD Mean+ SD Mean+ SD

Fizo0 0.05+0.120  SDFyg 0.45+0.239 Aspr 74 223481 223
Fizoo 0.06+0.119  SDFyy 0.37+0.195 shape 3.09+2.179

Fisoo 0.0640.107  SDF3y 0.33£0.171 centre 22.04£13.395

Grligo 0.31+0.234 Oty 0.024+0.032 1952 2.02+0.707
Grlygo 0.31+£0.204 Oty 0.02+0.036 1966 2.74+1.010
Grlzgo 0.31+0.183 Oty 0.024+0.046 1983 3.431+0.853
Fstio0 0.18+0.209 D_Fi 742.94912.05

Fstaoo 0.24+0.199 D_Grl 44.9460.03

Fstzo0 0.2740.186  D_Fst 110.5+152.53

Fi100r200300 — proportion of fields in the 100/200/300 m surrounding, Grlygg/200/300 — Proportion
of grassland in 100/200/300 m surrounding, FStigo00300 — proportion of forests in
100/200/300 m surrounding, SDFo0/2001300 — proportion of spontaneously developed forests
in  100/200/300 m surrounding, Ot;go200/300 — Proportion of “other” land cover in
100/200/300 m surrounding, D_Fi/D_Grl/D_Fst — distance to the nearest
field/grassland/forest [m], Aspr —area of SDF [m?], shape —relative length of the SDF
border, centre — nearest distance from the centre of the plot to the border of the SDF [m],
1952/1966/1983 — vegetation cover in 1952/1966/1983 (successional sere: 1-field,
2-grassland, 3-scattered trees, 4-closed tree canopy).

Tabulka 17. Zakladni statistka na kontextu zavislych faktort. Fijgo00/300 — podil pole v okoli
100/200/300 m, Grlygooom00 — POdil Tuk v okoli 100/200/300 m, FStigg000300 — podil lesa
vokoli  100/200/300 m,  SDFygg200/300 — podil ~ porostd  naletovych  dfevin v okoli
100/200/300 m, Otygoz001300 — podil krajinného pokryvu “ostatni” v okoli 100/200/300 m,
D_Fi/D_Grl/D_Fst — vzdalenost k nejblizsimu poli/louce/lesu [m], Agpg — rozloha SDF [m?],
shape — relativni délka hranic SDF (ku obvodu kruhu o stejné plose), centre — nejkratsi
vzdalenost k okraji porostu naletovych dievin [m], 1952/1966/1983 — vegetacni kryt v roce
1952/1966/1983 (sukcesni série: 1-pole, 2-louka, 3-rozvolnény nalet, 4-zapojeny nélet).
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Statistical analysis

The following factors were used in the statistical analysis: (1) SDF
characteristics: Aspr, Shape, centre; (2) surrounding vegetation:

Fiioo2001300, Grlioor200i300, FStioor200300, SDF1002001300, Otaoorzo0300, D_Fi,
D_Grl, D_Fst; (3) vegetation cover in 1952, 1966, 1983.

Abundances of groups of species according to the biotope, and
indeces describing abundances of groups of species according to the type
of distribution were analysed using ordination methods in the CANOCO
for Windows programv. 4.5. “Species” data were logarithmically
transformed (y=logio(y+1)). Linear analyses were performed (the length
of the gradient was less than 2.0 in all analysis): indirect principal
components analysis (PCA), direct redundancy analysis (RDA)
respectively. Manual selection (Forward selection, Monte Carlo
permutation test under full model with 499 permutations) of the factors
was used at the o« =0.05 level. The visualisation of the ordination
analysis was performed in the CanoDraw v.4.0. (Lep$ and Smilauer
2003).

General Linear Models (GLM) in the Canodraw v. 4.0 program were
used to test the influence of factors on the abundance of each group of
species according to the biotope (AR, C, Gs, GW, Sc, Ws), on indeces
describing the grassland/woodland character of the herb layer (G, Gy, W,
W,), and on indeces describing the abundance of groups of species
according to the type of distribution (G,,_M, Gy, _Ns, G, _Wd, Gy_Zend,
Guw_Zex, Wy A, Wy M, W, _Ns, W, Wd, Wy_Zeng, Wy_Zex). Poisson
distribution of the data was used, because the link function of this
distribution is “Log” function, which is recommended for the counts and
frequency data (Leps and Smilauer 2003; p. 122). Models were fitted by
stepwise selection with interaction terms to square polynom using
Akaike Information Criterion (Leps and Smilauer 2003).
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Results
Groups of species according to the biotope

The explained variability was high in the indirect PCA (first four axis
explained 91% of the total variance), while the factors in the RDA
explained only 17% of the total variability in the data. VVegetation cover
in 1952 (F=4.46, p<0.01), and distance to the nearest grassland
(F =4.31, p<0.01) significantly influenced the abundance of groups.

There was found to be a higher abundance of GW, Sc and Ws (species
able to grow in forest or forest species) in the SDFs where the tree layer
was established in 1952, while lower abundance of AR, Gs and C species
(species typical for disturbed sites and grassland) was found at such sites.
Species typical for disturbed sites (AR, C) were found to be more
abundant in the SDFs remote from grassland (Fig. 17).

@
o
AR

GW
D_Grl

O

SN

\ #Se_ 1952

-0.6 1.0

Figure 17. Ordination diagram for RDA of groups of species according to biotope.
AR - antropochorous or ruderal species, C— species typically growing at clearings,
Gs - grassland species, GW — species growing both in grassland and in wood, Sc — shrub
species, Ws —woodland species; 1952 - vegetation cover in 1952 (successional sere:
field-grassland-scattered trees-closed tree canopy), D_Grl —distance to the nearest
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Obrazek 17. RDA ordinac¢ni diagram skupin druhd podle typu biotopu. AR — antropogenni a nebo
ruderalni druhy, C—druhy pasek, Gs-—lu¢ni druhy, GW —druhy spole¢né luénim a lesnim
stanovi$tim, Sc — druhy kfovin, Ws — lesni druhy; 1952 — vegeta¢ni kryt v roce 1952 (sukcesni série:

Antropochorous and ruderal species were found to be more abundant
at sites, which were surrounded by both a low and high proportion of
grassland (Grlygo, Grlago, Grlso, See Table 18, Fig. 18b), by a relatively
high proportion of forest (Fstioo, FStao0, FStsoo, See Table 18, Fig. 19a), at
sites remote from the grassland (Fig. 19b), in the SDFs which were fields
or grassland in 1966 (Fig. 19c), or which were overgrown by scattered
trees in 1983 (optimum 2.83, Fig. 19d).

Species typically growing at clearings were more abundant in the
SDFs surrounded by forests (Table 18, Fig. 19a) or “other” land cover in
the 300 m surrounding (Table 18), at sites remote from grassland
(Fig. 19b), in the SDFs both small (<5ha) and large (>20 ha, Table 18),
and at plots situated deeper in the SDFs (Table 18).

Grassland species surprisingly tended to be less common in the SDFs,
where the proportion of grassland in the 300 m surrounding was high
(Fig. 18b), while they were more abundant in the SDFs more surrounded
by forest in the 300 m (Fig. 19a).

Species growing both in grassland and wood were more abundant in
the SDFs with a high proportion of fields in the 300 m surrounding
(optimum 14%, Fig. 18a), and at medium distance from the grassland
(Fig. 19b).

Shrub species were more abundant in the SDFs with a high proportion
of fields in the 300 m surrounding (optimum 20%, Fig. 18a), with a high
proportion “other” of land cover in the 100 m surrounding (Table 18),
and in the SDFs that were fields or closed SDFs in 1983 (Fig. 19d).
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Table 18. Factors influencing groups of species according to the biotope (GLM).

AR Cc Gs GW Sc Ws

M var. M var. M var. M var. M var. M var.

Fi1o0 x Qn 16 x X X x
Fizoo Ly 7 X X X QN 9 X
Fizo0 L9 x x O~ 13 on 10 Lt 7
Grly Qu 16 LI 8  x x x O~ 9
Grloo QU 26 LI 7 LI 7  x x Q~ 18
Grlay QU 23 x LI 10 x x o~ 1
Fsto LT 13 Qu 38  «x x x x
Fstaoo Qu 32 Qu 32 X X X QN 12
Fstsoo Qu 47 Qu 26 Qu 12 X x Qn 10
Otioo x X Ly 7 x Qu 13 x
Otygo x x x x x x
Otsgo X Qu 19 X X X X
D_Fi x X Ll 4 X x QU 1
DGl Q~ 40 LT 27 LT 5 0Qn 10 x Ly 8
Aspe X Qu 10 X X X x
centre x LT 12 x X x x
shape x Ll 6 x x x x
1952 X x x Lt 8 LT 9 LT 24
1966 L 13 x X x LT 4 LT 23
1983  Qn 13 x x X Qu 14 LT 13

M: L - linear, Q -square polynom fitted, /7 - decreases/increases, U/ - “humped” answer, var. - explained
variability [%]. AR - antropochorous or ruderal species, C - species typically growing at clearings, Gs - grassland
species, GW - species growing both in grassland and in wood, Sc - shrub species, Ws—woodland species;
Fi1oor200300 — proportion of fields in the 100/200/300 m surrounding, Grligo00300 — proportion of grassland in the
100/200/300 m  surrounding,  Fstigo200i300 — proportion of forests in the 100/200/300 m surrounding,
Otioor200i300 - proportion of “other” land cover in the 100/200/300 m surrounding, D_Fi/D_Grl — distance to the
nearest field/grassland, Aspr — area of the SDF, centre — nearest distance from the centre of the plot to the border
of the SDF, shape — relative length of the SDF border, 1952/1966/1983 — vegetation cover in 1952/1966/1983
(successional sere; 1-field, 2-grassland, 3-scattered trees, 4-closed tree canopy).
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Tabulka 18. Vliv studovanych faktorti na pokryvnost skupin druhti vyli§enych dle stanoviste.
L - linearni vztah, Q - polynomialni vztah (druhého stupng), {/1 - pokles/vzrist, U/ - “hrbata™
odpovéd’, var.—vysvétlena variabilita [%]; AR —antropogenni a/nebo ruderalni druhy,
C - druhy pasek, Gs - lu¢ni druhy, GW — druhy spole¢né luénim a lesnim stanovistim, Sc - druhy
ktovin, Ws - lesni druhy; Fiyo200/300 — podil pole v okoli 100/200/300 m, Grligg200/300 — podil
luk v okoli 100/200/300 m, Fst;o/2001300 — podil lesa v okoli 100/200/300 m, SDF 1002001300 — podil
porosti naletovych dievin v okoli 100/200/300 m, Otjgoz00300 — podil krajinného pokryvu
“ostatni” v okoli  100/200/300 m, D_Fi/D_Grl — vzdalenost K nejbliz§imu  poli/louce,
Aspr - rozloha SDF, centre —nejkrat$i vzdalenost k okraji porostu naletovych dfevin,
shape - relativni  délka  hranic SDF  (ku obvodu kruhu o stejné  plose),
1952/1966/1983 - vegetacni Kryt vroce 1952/1966/1983 (sukcesni série: 1-pole, 2-louka,
3-rozvolnény nalet, 4-zapojeny nalet).
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Figure 18. Factors influencing abundance of groups of species according to the
biotope (GLM): a) proportion of fields in the 300 m surrounding; b) proportion of
grassland in the 300 m surrounding. AR - antropochorous or ruderal species,
Gs - grassland species, GW —species growing both in grassland and wood,
Sc - shrub species, Ws — woodland species.

Obrazek 18. Vliv vybranych faktord na pokryvnost skupin druhti vyliSenych dle biotopu
(GLM): a) podil pole v okoli 300 m, b) podil luk v okoli 300 m. AR — antropogenni a/nebo
ruderdlni druhy, Gs—luéni druhy, GW -druhy spole¢né luénim a lesnim stanovistim,
Sc - druhy kiovin, Ws - lesni druhy.

Woodland species tended to be more abundant in the SDFs with a
medium proportion of grassland in the 200 and 300 m surrounding
(optimum 36%, Table 18, Fig. 18b), a lower proportion of forest in the
200 m (optimum 15%) and in the 300 m (optimum 19%) surrounding
(Table 18, Fig. 19a), in the SDFs both near and remote from the fields
(Table 18), and at sites which were long overgrown by trees, i.e., 1952

(Table 18), 1966 (Fig. 19c), 1983 (Fig. 19d).
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Figure 19. Factors influencing abundance of groups of species according to the biotope
(GLM): a) proportion of forests in the 300 m surrounding; b) distance to the nearest
grassland, c) vegetation cover in 1966, and d)in 1983 (successional sere: 1-field,
2-grassland, 3-scattered trees, 4-closed tree canopy). AR - antropochorous or ruderal
species, C — species typically growing at clearings, Gs - grassland species, GW - species
growing both in grassland and wood, Sc - shrub species, Ws — woodland species.

Obrazek 19. Vliv vybranych faktorti na pokryvnost skupin druhi vyliSenych dle biotopu (GLM):
a) podil lesa v okoli 300 m, b) vzdalenost k nejbliZsi louce, c) vegeta¢ni kryt v roce 1966, d) v roce
1983 (sukcesni série: 1-pole, 2-louka, 3-roztrouSeny nalet, 4-zapojeny nalet). AR - antropogenni
a/nebo ruderalni druhy, C — druhy pasek, Gs — lu¢ni druhy, GW - druhy spole¢né lu¢nim a lesnim
stanovistim, Sc - druhy kiovin, WS - lesni druhy.
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Indeces describing grassland and woodland character of the herb layer

Grasslandness tended to be higher at a higher proportion of SDFs in
the 100 m and 300 m surrounding (Fig. 21b, Table 19), and at sites which
were fields or grassland in 1983 (Fig. 21d).

Weighted grasslandness was surprisingly higher at a low proportion of
grassland in 300 m surrounding (Table 19), at a higher proportion of
forests in the 200 m and 300 m surrounding (Fig. 21a, Table 19), and it
increased with the distance to the nearest grassland (Table 19). “Other”
land cover was related to the G, which decreased at the higher
proportion of “other” land cover in the 100 m surrounding, and was
higher both at a low and high proportion in the 200 m surrounding.

Woodlandness was higher at a medium proportion of fields in the
200 m and 300 m surrounding (optimum 23%, Fig. 20a, Table 19), at
sites near and remote from the fields (Fig. 20b) and in the SDFs that were
overgrown by trees in 1966 (Fig. 21c) or that were fields or overgrown
by trees in 1983 (Fig. 21d).

Weighted woodlandness was higher at a medium proportion of fields
in the 200 m and 300 m surrounding (optima 21%, 20%, Fig. 20a,
Table 19), at sites near and remote from the fields (Fig. 20b) and in the
SDFs that were overgrown by trees in 1966 (Fig.21c) and in 1983
(Fig. 21d).
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Table 19. Factors influencing indeces describing grassland and woodland character of
the herb layer (GLM).

G Guw w W,

M var. M var. M var. M var.
Fiz00 x X QN 10 QN 10
Fizoo X X QN 10 QN 12
Grlago x Ly 9 x QN 8
Grlsoo x L 11 x x
Fstioo LT 5 x LT 5 x
Fstogo X Qu 10 X X
Fstsg0 LT 4 Qu 15 x x
SDFie  Qu 14 x x x
SDF00 Ly 5 x L 4 x
SDF30 L 16 X L 9 x
Otygo x Ll 10 x x
Otygo Qu 8 Qu 11 X X
Otano LT 5 X x x
D_Fi L 4 x Qu 11 Qu 10
D_Grl x X 13 x x
G_Fst x Qu 8 x x
Asor L 6 X Ly 6 x
centre Ll 4 x x x
shape x Ly 5 Ly 4 Ly 6
1952 x X Lt 5 Lt 13
1966 Qu 9 X Lt 14 Lt 22
1983 QuU 11 X QU 16 LT 16

M: L-linear, Q-square polynom fitted, /T - decreases/increases, U/ - “humped” answer,
var. - explained variability [%]. G - grasslandness, G, - weighted grasslandness, W - woodlandness,
W,, - weighted woodlandness; Fiyooss00 - proportion of fields in the 200/300 m surrounding,
Grlyo0i300 - proportion of grassland in 200/300 m surrounding, Fstigozoos00 — proportion of forests in
100/200/300 m  surrounding, SDFigo200i300 - Proportion of spontaneously developed forests in
100/200/300 m surrounding, Otigoz00i300 — Proportion of “other” land cover in the 100/200/300 m
surrounding, D_Fi/D_Grl/D_Fst — distance to the nearest field/grassland/forest, Aspr — area of the SDF,
centre — nearest distance from the centre of the plot to the border of the SDF, shape - relative length of
the SDF border, 1952/1966/1983 — vegetation cover in 1952/1966/1983 (successional sere: 1-field, 2-
grassland, 3-scattered trees, 4-closed tree canopy).
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Tabulka 19. Vliv studovanych faktori na luéni/lesni charakter bylinného patra (GLM).
L - linearni vztah, Q - polynomialni vztah (druhého stupng), /T - pokles/vzrist, Ul - “hrbata”
odpoveéd, var. — vysvétlena variabilita [%]; G —index korespondujici s poc¢tem luc¢nich druhti,
G,, — index korespondujici s pokryvnosti luénich druhd, W - index korespondujici s poctem
lesnich druhti, W,, - index korespondujici s pokryvnosti lesnich druhti; Fppgz00 — podil pole
v okoli 200/300 m, Grlygg/z00 — podil luk v okoli 200/300 m, Fstynoa00300 — podil lesa v okoli
100/200/300 m, SDF1gg/200/300 — podil porosti naletovych dfevin v okoli 100/200/300 m,
Ot100/2001300 — podil krajinného pokryvu “ostatni” v okoli 100/200/300 m,
D_Fi/D_Grl/D_Fst - vzdalenost  k nejbliz§imu  poli/louce/lesu,  Aspr - rozloha  SDF,
centre - nejkratsi vzdalenost k okraji porostu naletovych dievin, shape — relativni délka hranic
SDF (ku obvodu kruhu o stejné plose), 1952/1966/1983 - vegetacni kryt v roce 1952/1966/1983
(sukcesni série: 1-pole, 2-louka, 3-rozvolnény ndlet, 4-zapojeny nalet).
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Figure 20. Factors influencing indeces describing grassland and woodland character
of the herb layer (GLM): a) proportion of fields in the 300 m surrounding;
b) distance to the nearest field. G - grasslandness,W - woodlandness, W,, - weighted
woodlandness.

Obrazek 20. Vliv vybranych faktor na luéni/lesni charakter bylinného patra (GLM): a) podil
pole v okoli 300 m, b)vzdalenost k nejbliz§imu poli. G —index korespondujici s poctem
luénich druhd, W - index korespondujici s po¢tem lesnich druhu, W,, - index korespondujici
S pokryvnosti lesnich druht.
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Figure 21. Factors influencing indeces describing grassland and woodland character of the
herb layer (GLM): a) proportion of forests in the 300 m surrounding; b) proportion of SDF
in the 300 m surrounding, c) vegetation cover in 1966, and d) in 1983 (successional sere:
1-field, 2-grassland, 3-scattered trees, 4-closed tree canopy). G - grasslandness,
G, - weighted grasslandness, W - woodlandness, W,, - weighted woodlandness.

Obrazek 21. Vliv vybranych faktort na lu¢ni/lesni charakter bylinného patra (GLM): a) podil
lesa v okoli 300 m, b) podil SDF v okoli 300 m, c) vegeta¢ni kryt v roce 1966, d) v roce 1983
(sukcesni série: 1-pole, 2-louka, 3-roztrouseny nalet, 4-zapojeny nalet). G — index korespondujici
s poétem lucnich druht, G, -index korespondujici s pokryvnosti lu¢nich druh, W - index
korespondujici s poctem lesnich druhti, Wy, - index korespondujici s pokryvnosti lesnich druhi.

121



Chapter 6

Indeces describing the abundance of groups of species according to the
type of distribution

The first ordination axis in the PCA explained 33.8% of the total
variability in the data, while the first four axes explained 75.6%. The
vegetation cover in 1952 (F = 3.51, p <0.01), the proportion of SDFs in
the 300 m surrounding (F = 2.57, p < 0.01), and vegetation cover in 1983
(F=2.13, p<0.01) significantly influenced the indeces describing the
abundance of groups of species according to the type of distribution. The
first ordination axis in the RDA explained 12.7% of the total variability in
the data, while the first three explained 16.5%. Most of the indeces
concerning woodland species were more abundant at higher values of the
historical vegetation cover, i.e., with a longer duration of the tree layer
(Fig. 22).
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Figure 22. Ordination diagram for RDA of the indeces describing the abundance of
groups of species according to the type of distribution.

Gw_M/Ns/Wd/Zend/Zex - weighted grasslandness of myrmecochorous/
non-specific/anemochorous/endozoochorous/exozoochorous species,
W,,_A/M/Ns/Wd/Zend/Zex - weighted woodlandness of autochorous/myrmecochorous/
non-specific/anemochorous/endozoochorous/exozoochorous species;

1952/1983 - vegetation cover in 1952/1983 (successional sere: field-grassland-scattered
trees-closed tree canopy), SDF_300 - proportion of SDF in the 300 m surrounding.
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Obrazek 22. RDA ordina¢ni diagram — indexy korespondujici s pokryvnosti skupin druhii podle
zpusobu rozSifovani. Gw_M/Ns/Wd/Zend/Zex — index korespondujici s pokryvnosti lu¢nich

myrmekochornich/nespecifickych/anemochornich/endozoochornich/exozoochornich druht,
Ww_A/M/Ns/Wd/Zend/Zex — index  korespondujici s pokryvnosti  lesnich  autochornich/
myrmekochornich/nespecifickych/anemochornich/endozoochornich/exozoochornich druht;

1952/1983 — vegetacni kryt v roce 1952/1983 (sukcesni série: pole-louka-roztrouseny nélet-zapojeny
nalet), SDF 300 - podil SDF v okoli 300 m.

No grassland autochorous species were found.

Grassland myrmecochorous species were more abundant at a higher
proportion of fields in the 100 m surrounding (optimum 30%, Table 20),
in the 200 m (Fig. 23a), and 300 m (Table 20), at a lower proportion of
SDF in the 300 m (Fig. 26b), at sites near and remote from the fields
(Fig. 23b) and the forests (Fig. 25c), and at sites which were fields or
closed SDFs in 1983 (Fig. 27d).

Grassland species non-specific to the type of distribution were less
abundant in the SDFs surrounded by a medium value of grassland in the
200 m (Fig. 24a) and near grassland (Fig. 24b). The G,_Ns were more
abundant at a higher proportion of forests in the 200 m and 300 m
surrounding (Fig. 25b, Table 20). Higher G,,_Ns was also found at sites,
which were grassland or scattered SDFs in 1983 (Fig. 27d).

Grassland anemochorous species were more abundant at sites
relatively highly surrounded by fields in the 300 m (optimum 18%,
Table 20), near the fields (Fig. 23b), less surrounded by SDF in the
300 m surrounding (Fig. 26b), in the SDFs which were grassland or
overgrown by trees in 1952 (Fig. 27b) and which were fields or closed
SDF in 1966 (Fig. 27c) or 1983 (Fig. 27d).

Grassland endozoochorous species were more abundant at sites less
surrounded by fields in the 100 m (Table 20), more surrounded by
“other” land cover in the 300 m (Fig. 25d), at sites approximately 50 m
away from the nearest SDF border (Table 20), and in the SDFs which
were overgrown by trees in 1952 (Fig. 27b).
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Table 20. Selected factors influencing indeces describing the abundance of groups of
species according to the type of distribution (GLM).

Gy_M Gy_Ns Gy_Wd Guw_Zend Gu_Zex
M var. M var. M wvar. M var. M var.
Fi1o0 o~ 18 L 5 x Ly 10 x
Fizo0 LT 16 x o~ 9 Ll 7 x
Fisoo LT 19 x o~ 13 x X
Grlygo X Qu 10 «x X Ly 6
Grlgo x Ly 8 x X Ly 8
Fstioo QN 9 x LT 8 x x
Fsbw Q~ 8 Qu 11 LT 6 X x
Fstzo0 QN 9 Qu 13 x x Qu 12
SDFs LV 12 x Qu 10 X x
Otyoo x L 4 x x Ll 14
Otyo x x x x Qu 8
Otzoo x X LT 7 Qu 15 x
D_Fi QU 26 Qu 9 LI 12 x x
DGl Qn 8 L™ 15 Lt 7 x x
G Fst Qu 13 x Qu 13 x x
Aspr Ly 4 x x x x
centre x x x Qn 10 x
shape x X Ll 9 x x
1952 X X LT 13 Qu 22 x
1966 Qu 9 x Qu 14 X x
1983 Qu 17 QN 12 Qu 12 X X

M: L-linear, Q-square polynom fitted, /T - decreases/increases, /N - “humped” answer,
var. - explained variability [%]. Gu_M/NS/Wd/Zenal Zex - weighted grasslandness of
myrmecochorous/non-specific/anemochorous/endozoochorous/exozoochorous species;
Fi1o0r2001300 - proportion of fields in the 100/200/300 m surrounding, Grlxoos00 — proportion of grassland in
the 200/300 m surrounding, Fstiooro0z00 — proportion of forests in the 100/200/300 m surrounding,
SDF3q - proportion  of  spontaneously  developed forests in the 300m  surrounding,
Otioorzoom00 - proportion  of  “other” land cover in the  100/200/300 m  surrounding,
D_Fi/D_Grl/D_Fst - distance to the nearest field/grassland/forest, Aspr—area of the SDF,
centre - nearest distance from the centre of the plot to the border of the SDF, shape — relative length of
the SDF border, 1952/1966/1983 — vegetation cover in 1952/1966/1983 (successional sere: 1-field,
2-grassland, 3-scattered trees, 4-closed tree canopy).
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Tabulka 20. Vliv studovanych faktort na charakter porostu popsany pokryvnosti skupin lu¢nich
druht dle rdznych zplsobt rozsifovani (GLM). L - linedrni vztah, Q - polynomialni vztah
(druhého stupng), /1 - pokles/vzrist, LU/IN - “hrbatd” odpoved, var. — vysvétlend variabilita
[%]; Gy_MINS/WA/Zgng/Zey — index korespondujici s pokryvnosti luénich
myrmekochornich/nespecifickych/anemochornich/endozoochornich/exozoochornich druhu;
Fitoor200300 — podil pole v okoli 100/200/300 m, Grlygge0 — podil luk v okoli 200/300 m,
Fstigorooz00 — podil lesa v okoli 100/200/300 m, SDF3zp — podil porosti naletovych dievin
v okoli 300 m, Otygon00300 — podil krajinného pokryvu “ostatni” v okoli 100/200/300 m,
D_Fi/D_Grl/D_Fst — vzdalenost  k nejbliz§imu  poli/louce/lesu,  Aspe - rozloha  SDF,
centre - nejkrat$i vzdalenost k okraji porostu naletovych dievin, shape — relativni délka hranic
SDF (ku obvodu kruhu o stejné plose), 1952/1966/1983 - vegetacni kryt v roce 1952/1966/1983
(sukcesni série: 1-pole, 2-louka, 3-rozvolnény nalet, 4-zapojeny nalet).
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Figure 23. Factors influencing indeces describing the abundance of groups of
species according to the type of distribution (GLM): a) proportion of fields in the
200 m surrounding; b) distance to the nearest field. Gw_M/Ns/Wd/Zend - weighted
grasslandness of myrmecochorous/non-specific/anemochorous/endozoochorous
species, Ww_Ns/Wd/Zend/Zex - weighted woodlandness of
non-specific/anemochorous/endozoochorous/exozoochorous species.

Obrazek 23. Vliv vybranych faktort na charakter porostu popsany pokryvnosti skupin druht dle
raznych zpusobu rozsifovani (GLM): a) podil pole v okoli 200 m, b) vzdalenost k nejbliz§imu
poli. Gw_M/Ns/Wd/Zend — index korespondujici s pokryvnosti luénich
myrmekochornich/nespecifickych/anemochornich/ endozoochornich druht,
Ww_Ns/Wd/Zend/Zex —index  korespondujici s pokryvnosti  lesnich  nespecifickych/
anemochornich/endozoochornich/exozoochornich druhd.

Grassland exozoochorous species were more abundant at sites both at
a low proprotion and high proportion of forests in the 300 m surrounding
(Fig. 25b), and less surrounded by “other” land cover in the 100 m
(Table 20).
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Table 21. Selected factors influencing indeces describing the abundance of groups of
species according to the type of distribution (GLM).

W,,_A W, M W,,_Ns w,,_Wd Wy Zeng Wy Zex
M wvar. M var., M wvar.,. M var. M var. M var
Fizoo x x x Qn 10 Qn 16 Qn 20
Fisoo x x x Qn 13 Qn 13 Qn 25
Grlygo X X X X O~ 12 Qn 14
Grlygo X X X X O~ 31 Qn 20
Grlsgo X X X X O~ 21 QO 17
Fsto QN 29  x x x x LL 6
Fsto x x x x Ll 6
Fstg x x x x Ll 6
SDFiy QU 30  x Qn 23 «x x x
SDFyo LI 8  x x X X X
SDF3 Qu 48 x x x x x
Otygo Qn 58 x Ll 8 x X x
Otano LT 12 x Ly 7 X X X
Otsgo o~ 21 X X X X Qu 12
D_Fi x x Qn 11 Qu 8 Qu 19 Qu 14
DFst Qu 16  x x x x LT 8
Aok QU 16 Q~n 15 LT 15  x X X
centre  x x X X x LT 7
shape LI 16  x Qn 12 «x Ly 8 x
1952 x QU 3% Q»n 9 LT 18 LT 27 Qn 38
1966 LT 10 x x Lt 8 LT 3 LT 18
1983 LT 19  x Q~n 13 LT 11 Qu 22 Qu 17

M: L -linear, Q - square polynom fitted, 4/7 - decreases/increases, /M - “humped” answer, var. - explained
variability [%]. Wy,_A/M/Ns/Wd/Z.n4/Z.x - weighted woodlandness of autochorous/myrmecochorous/non-specific/
anemochorous/endozoochorous/exozoochorous — species;  Fisgoz00 — proportion of fields in the 200/300 m
surrounding, Grligoz00300 — proportion of grassland in the 100/200/300 m surrounding, Fstiooz00300 — proportion of
forests in the 100/200/300 m surrounding, SDFioo200300 — proportion of spontaneously developed forests in the
100/200/300 m surrounding, Otygorz00i300 — Proportion of “other” land cover in the 100/200/300 m surrounding,
D_Fi/D_Fst — distance to the nearest field/forest, Aspr — area of the SDF, centre — nearest distance from the centre
of the plot to the border of the SDF, shape — relative length of the SDF border, 1952/1966/1983 — vegetation cover
in 1952/1966/1983 (successional sere: 1-field, 2-grassland, 3-scattered trees, 4-closed tree canopy).
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Tabulka 21. Vliv studovanych faktortl na charakter porostu popsany pokryvnosti skupin lesnich
druhtt dle rtznych zptisobu rozsifovani (GLM): L - linearni vztah, Q - polynomialni vztah
(druhého stupng), ¥/T - pokles/vzriist, L/ - “hrbata” odpovéd, var. — vysvétlena variabilita
[%]; W, AIM/NS/W/Zgng/Zey — index korespondujici s pokryvnosti lesnich
autochornich/myrmekochornich/nespecifickych/anemochornich/endozoochornich/
exozoochornich druhd; Fisgos00 — podil pole v okoli 200/300 m, Grlygga00300 — podil luk v okoli
100/200/300 m, Fstygo/200/300 — podil lesa v okoli 100/200/300 m, SDFig0/200/300 — podil porosti
naletovych dievin v okoli 100/200/300 m, Otyggr00i300 — podil krajinného pokryvu “ostatni”
v okoli 100/200/300 m, D_Fi/ D_Fst — vzdalenost k nejblizs§imu poli/lesu, Agpr - rozloha SDF,
centre — nejkrat$i vzdalenost k okraji porostu naletovych dievin, shape — relativni délka hranic
SDF (ku obvodu kruhu o stejné plose), 1952/1966/1983 - vegetacni kryt v roce 1952/1966/1983
(sukcesni série: 1-pole, 2-louka, 3-rozvolnény nalet, 4-zapojeny nalet).
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Figure 24. Factors influencing indeces describing the abundance of groups of
species according to the type of distribution (GLM): a) proportion of grassland in the
200 m surrounding, b) distance to the nearest grassland.
Gw_M/Ns/Wd/Zex - weighted grasslandness of myrmecochorous/
non-specific/anemochorous/exozoochorous  species, Ww_Zend/Zex — weighted
woodlandness of endozoochorous/exozoochorous species.

Obrazek 24. Vliv vybranych faktort na charakter porostu popsany pokryvnosti skupin druht dle
riznych zptsobu rozsitovani (GLM): a) podil louky v okoli 200 m, b) vzdalenost k nejblizsi
louce. Gw_M/Ns/Wd/Zex — index korespondujici s pokryvnosti lu¢nich
myrmekochornich/nespecifickych/anemochornich/exozoochornich druhti, Ww_Zend/Zex - index
korespondujici s pokryvnosti lesnich endozoochornich/exozoochornich druhti.

Woodland autochorous species were more abundant at a higher
proportion of forests in the 100 m (optimum 49%, Fig. 25a), but also
surprisingly at sites remote from the nearest forest (Fig. 25c). Higher
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abundance was also found at a low proportion of SDFs in the 100 m and
300 m surrounding (Fig. 26a, b), at a medium abundance of “other” land
cover in the 100 and 300 m surrounding (optima 6% and 15%; Fig. 25d,
Table 21), and at a higher proportion of “other” land cover in the 200 m
(Table 21), in both small (<3 ha) and large SDFs (>25 ha; Table 21), in
the SDFs with less complicated shapes (Fig. 27a), and at sites which
were overgrown by trees in 1966 (Fig. 27c) and 1983 (Fig. 27d).

Woodland myrmecochorous species were more abundant in
intermediate large SDFs (Table 21), in larger SDFs (Table 21), and in the
SDFs which were overgrown by trees in 1952 (Fig. 27Db).

Woodland species non-specific to the type of distribution were more
abundant in the SDFs surrounded by a relatively high proportion of SDF
in the 100 m (optimum 61%; Fig. 26a), at a medium distance to the
nearest field (Fig.23b), in larger SDFs (Table 21) with relatively
complicated shapes (optimum 7.6; Fig. 27a), and in SDFs which were
grassland or overgrown by scattered trees in 1952 (Fig. 27D).

Woodland anemochorous species were found to be more abundant in
the SDFs surrounded by a relatively high proportion of fields in the
200 m and 300 m (optima 25% and 21%; Fig. 23a, Table 21), in the
SDFs which were overgrown by trees in 1952 (Fig.27b) and 1983
(Fig. 27d).

There was found to be a higher abundance of woodland
endozoochorous species in the SDFs surrounded by a relatively high
proportion of fields in the 200 m and 300 m (optima 19% and 21%;
Fig. 23a, Table 21), at a medium proportion of grassland in the 100, 200
and 300 m (optima 34%, 35% and 34%; Fig 24a, Table 21), at sites both
near and remote from the field (Fig. 23b), and in the SDFs which were
overgrown by trees in 1952 (Fig.27b), 1966 (Fig.27c) and 1983
(Fig. 27d).
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Figure 25. Factors influencing indeces describing the abundance of groups of
species according to the type of distribution (GLM): a) proportion of forests in the
100 m surrounding, b) proportion of forests in the 300 m surrounding, c) distance to
the nearest forest, d) proportion of “other” land cover in the 300 m surrounding.
Gw_M/Ns/Wd/Zend/Zex - weighted grasslandness of myrmecochorous/
non-specific/anemochorous/endozoochorous/exozoochorous species
Ww_A/Zex - weighted woodlandness of autochorous/exozoochorous species.

Obrazek 25. Vliv vybranych faktort na charakter porostu popsany pokryvnosti skupin druhut dle
riznych zpusobu rozsifovani (GLM): a) podil lesa v okoli 100 m, b) podil lesa v okoli 300 m,
) vzdalenost k nejbliz§imu lesu, d) podil krajinného pokryvu ,ostatni“ v okoli 300 m.
Gw_M/Ns/Wd/Zend/Zex — index
myrmekochornich/nespecifickych/anemochornich/endozoochornich/exozoochornich

korespondujici s pokryvnosti luénich
druhu,

Ww_A/Zex — index korespondujici s pokryvnosti lesnich autochornich/exozoochornich druh.
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Figure 26. Factors influencing indeces describing the abundance of groups of
species according to the type of distribution (GLM): a) proportion of SDF in the
100 m surrounding, b)in the 300m surrounding. Gw_M/Wd - weighted
grasslandness of myrmecochorous/anemochorous species, Ww_A/Ns — weighted
woodlandness of autochorous/non-specific species.

Obrazek 26. Vliv vybranych faktort na charakter porostu z hlediska pokryvnosti skupin druha
dle rGznych zpusobl rozsifovani (GLM): a) podil porostti naletovych dievin v okoli 100 m,
b) 300 m. Gw_M/Wd — index korespondujici s pokryvnosti lu¢nich
myrmekochornich/anemochornich  druhi, Ww_A/Ns —index korespondujici s pokryvnosti
lesnich autochornich/nespecifickych druhd.

Woodland exozoochorous species were more abundant in the SDFs
surrounded by a relatively high proportion of fields in the 200 m and
300 m (optima 19% and 18%; Fig.23a, Table21), at a medium
proportion of grassland in the 100, 200 and 300 m (optima 36%, 36%
and 33%; Fig. 24a, Table 21), at a high proportion of “other” land cover
in the 300 m (Fig. 25d), at sites both near and remote from the field
(Fig. 23b), and in the SDFs overgrown by trees in 1952 (optimum 3.1;
Fig. 27b), 1966 (Fig. 27c) and 1983 (Fig. 27d).
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Figure 27. Factors influencing indeces describing the abundance of groups of
species according to the type of distribution (GLM): a) shape — relative length of the
SDF border, b) vegetation cover in 1952, ¢) in 1966, d) in 1983 (successional sere:
1-field, 2-grassland, 3-scattered trees, 4-closed tree canopy).
Gw_M/Ns/Wd/Zend - weighted grasslandness of myrmecochorous/non-specific/
anemochorous/endozoochorous  species, Ww_A/M/Ns/Wd/Zend/Zex - weighted
woodlandness of autochorous/myrmecochorous/non-specific/anemochorous/
endozoochorous/exozoochorous species.

Obrazek 27. Vliv vybranych faktort na charakter porostu popsany pokryvnosti skupin druht dle
raznych zpisobu rozsifovani (GLM): a) relativni délka hranic SDF (ku obvodu kruhu o stejné
plose), b) vegetacni kryt vroce 1952, c) 1966, d) 1983 (sukcesni série: 1-pole, 2-louka,
3-rozvolnény nalet, 4-zapojeny nalet). Gw_M/Ns/Wd/Zend — index korespondujici s pokryvnosti
lu¢nich myrmekochornich/nespecifickych/anemochornich/endozoochornich druht,
Ww_A/MINSIWA/ZgnglZex — index  korespondujici s pokryvnosti  lesnich — autochornich/
myrmekochornich/nespecifickych/anemochornich/endozoochornich/exozoochornich druht.
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Discussion

Three groups of context-dependent factors were chosen to test their
influence on the character of the herb layer. The characteristics of SDF
(Aspr, centre, shape) influenced the character of the herb layer only
slightly, but the influence of the area (e.g., Kolb and Diekmann 2004)
and shape (e.g., Dzwonko and Loster 1992; Honnay et al. 1999) was
reported. Only the characteristics related to the forest species were
influenced by this group of context-dependent factors. For example, the
area significantly influenced species typically growing at clearings,
woodland autochorous, myrmecochorous, and woodland species non-
specific to the type of distribution. However, no general trend in
preference of woodland species was observed. This may be caused by
high variability in species composition, which was reported from recent
forests (e.g., Honnay et. al. 1999).

The surrounding vegetation cover was important for many groups of
species according to the biotope, and for the character of the herb layer
described by the indeces. Surrounding vegetation was also found to be
very important in different studies, e.g., Rehounkova and Prach (2006)
explained 44% of the total variability in the data by attributing it to
landscape  factors studying the disused gravel-sand pits;
Kirmer et al. (2008) discovered the influence of the surrounding
vegetation cover of 17 km on the species composition of the mined
stands.

Species related to the grassland were influenced at most by the
proportion of grassland, and by the nearest distance to the grassland, and
by the proportion of forest in the surroundings, while “other” land cover
was found to be only of small importance. The relationship between
grassland species and the grassland and forests seems obvious, but a
relationship other than what could have been expected was usually
observed (i.e., decrease of grassland character with increasing grassland
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vegetation cover in surroundings, but its increase with increasing forest
in surroundings). This may be caused by the character of grassland in the
studied area. The highly diverse areas of grassland are usually small, and
they are in less favourable parts of the studied area, while large scale
grasslands are usually intensively managed, and/or they were sown as
productive grasslands on former arable land. Therefore, the higher
proportion of grassland in surroundings is more probably caused by low
diversity of productive grassland, which can only slightly increase the
abundance of typical grassland species. More forests in surroundings
usually means more forest/grassland ecotones, which are of high
diversity of grassland species and biotope for the species growing both in
grassland and woods (lhse 1995). Therefore, the higher proportion of
forests in the surroundings may, unexpectedly from the first point of
view, increase the abundance of species related to the grassland
vegetation.

The influence of surrounding vegetation on the abundance of
woodland species was not prima facie. However, the forest species were
found to be poor colonisers (for review see Honnay et al. 2002a), with a
rate of colonisation that hardly ever exceeds 2 m.year, but usually is
<1 m.year® (e.g., Bossuyt et al. 1999; Honnay et al. 1999), and of which
seed limitation was proved experimentally by seed addition in several
studies (e.g., Ehrlén and Eriksson 2000; Ehrlén et al. 2006), the increase
of the proportion of forests in surroundings and the distance to the
nearest forest was not usually related to the abundance of species
connected with forests, or the relationships was not the same as could be
expected from the evidence referred to above, and/or the explained
variability was low. The evidence could have two causes: i) the species
composition of the herb layer of most of the forests in the surroundings is
different from the herb layer species composition typical for ancient
forests, which is caused by the forest management preferring timber
species (especially Norway spruce) in the area, and therefore the regional
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pool of forest herb species is low; ii) the high variability in early stages
of succession (e.g., Odum 1969; Prach 1987) cannot be related to the
surrounding vegetation, because the herb layer colonisation is more of a
“lottery” than predictable. The relationship of forest species to the
duration of the tree layer supports this explanation.

SDF in surroundings did not influence the studied groups and indeces
very much. The groups of species according to the biotope were not
influenced elsewhere either. This is not in line with the conclusions of
other studies, e.g., Hersperger and Forman (2003) found that the number
of grassland species decreases with the increase in the proportion of the
shrubs of Populus tremuloides in the surroundings (Canada) and the
increase in number of species typical for shrubs.

The history (i.e., the vegetation cover up to 50 years BP) was the most
important factor particularly influencing the groups and indeces related
to the woodland species (Sc, Ws, W, Wy, W,_A, W,_Ns, Wy_Zeny,
Wy,_Ze). The influence of the duration of the tree layer was reported in
many studies (e.g., Bossuyt and Hermy 2000; Honnay et al. 1999;
Jacquemyn et al. 2001). As can be assumed, the abundance of these
groups increased in general with the duration of the tree layer, and the
explained variability was usually high (up to 38%). Woodland
anemochorous, endozoochorous, and exozoochorous were the most
influenced groups according to the type of distribution by the duration of
the tree layer. This is in line with the finding that species which have a
dispersal ability that is not low or high are influenced by the time of
succession at most (Jacquemyn et al. 2003).

The relationship of grassland species to the historical vegetation cover
was less evident. The decrease was observed only for AR species (1966)
and grasslandness, while species grouped according to a different type of
distribution have responded differently, and the relationships often have
not been ecologically well interpretable (e.g., preference of grassland
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anemochorous species to the field or grassland, see Fig. 23a, 24b). This
may indicate the slow change in the grassland character, and therefore
the long-term succession toward forest herb layer species composition.
Other studies also found very slow changes in the herb layer of recent
forests, and the time needed for forest herb layer development assumed
to be long, e.g., Jacquemyn et al. (2001) estimated at least 200 years, and
Verheyen et al. (2003) did not find the herb layer of recent forest
saturated by forest species after 200 years. The influence of former
agricultural activity may last much longer, e.g., Dupouey et al. (2002)
found a difference in species composition caused by agriculture after
more than eleven centuries.

Many of the species occupying the SDFs are species growing both in
grassland and woodland (see also Peterken and Game 1984), and
therefore their abundance increased the indeces corresponding with the
abundance of woodland species (W, Wy, W,,_X), e.g., the percentage of
GW in the W, index was 47% (SD =32.1). Many of tree seedlings
contributed to the abundance of forest species (Ws), and to the indeces
corresponding with the abundance of woodland species (e.g., 53% of Ws,
SD = 35.5). The tree seedlings are supposed to be better colonisers of the
secondary woods (Wulf and Heinken 2008). Of the tree seedlings, maple
and Norway spruce were the most abundant (for more detail see
Dostalova 2009). The SDFs also correspond with the vegetation typical
for hedgerows, which were found to be important corridors for forest
herb species (e.g., Bossuyt et al. 1999; Honnay et al. 2002a; Wehling and
Diekmann 2009a), which, however, were relatively highly abundant — the
forest species without tree seedlings took on average 15.6% of the herb
layer (SD = 30.9).
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Herb layer species composition of the spontaneously
developed forests: Influence of the site-dependent factors
on the frequent species abundance

Druhové sloZeni bylinného patra porostii naletovych dievin: vliv na

stanovisti zavislych faktori na pokryvnost hojnych druhi

Abstract

The herb layer species composition in the spontaneously developed forests (SDFs)
was studied in a mountainous area (665-940 m) in the Czech Republic.

Forty-eight permanent plots (100 m?) were fixed in the SDFs on mesic stands to find
out the species composition and species richness. The influence of the character of the
tree-layer, climate, light, and soil conditions on the frequent species abundance was
tested using General Linear Models (GLM).

161 vascular plant species were found (on average 32 species.100 m?). The mean
Shannon-Wiener index of diversity was found to be 2.6.

The herb layer of SDFs is highly variable in the species composition (23% of the
species were listed at only one plot, while only 17% were listed at more than 33% of the
plots). The average abundance of the species was low for most of the species.

Most of the frequent species and species related to the grassland/woodland
vegetation were species related to the grassland vegetation (i.e., Arrhenatherion
elatioris, Polygono bistortae-Trisetion flavescentis and Violion caninae alliances).
However, several typical forest species were also listed, but their abundance was
relatively low (except for Vaccinium myrtillus).

All the studied factors influenced the abundance of the frequent species, but
different species react differently to the studied factors.

Shrnuti

Bylo studovano druhové slozeni bylinného patra porosti naletovych dievin (SDFs)
v horskych oblastech (665-940 m) Ceské republiky.

Na 48 trvalych plochach (100 m?) bylo zjisténo druhové slozeni bylinného patra a
jeho druhova diverzita. Zobecnénymi linearnimi modely (GLM) byl testovan vliv
charakteru stromového patra, klimatu, svételnych a pidnich podminek na pokryvnost
druhti hojnych v bylinném patie.

V bylinném patie bylo zaznamenéano celkem 161 druht cévnatych rostlin (pramérné

32 na 100 m?). Primémy Shannon-Wienertv index diverzity byl 2,6.
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Druhové slozeni bylinného patra porosti naletovych dievin je velmi variabilni
(23% druhti bylo nalezeno jen na jediné ploSe, zatimco jen 17 % druhu bylo
zaznamenano na vice nez na tfetiné ploch) a primérna pokryvnost druht je u vétSiny
druhi nizka.

Vétsina druhti hojnych v bylinném patfe a druhti typickych pro lu¢ni nebo lesni
vegetaci byly lu¢ni druhy (svazy Arrhenatherion elatioris, Polygono bistortae-Trisetion
flavescentis a Violion caninae). Ackoli v bylinném patie bylo zaznamenano také
nékolik typicky lesnich druht, jejich pokryvnost byla nizka (s vyjimkou Vaccinium
myrtillus).

Vsechny studované faktory ovliviiovaly pokryvnost hojnych druht, ale odpovéd

druhti na studované faktory byla rtizna.

Introduction

The area of forests has been increased in Europe in recent decades. A
large area of the agricultural land has been reforested by planted trees or
has overgrown by spontaneously developed forests after abandonment of
agricultural land. This reforestation took place mainly in less favourable
areas, e.g., at higher altitudes (Brandt et al. 1999; Hamre et al. 2007). For
example, Zemek and Hefman (1998) found an 18.2% increase of forests
in the Cesky Krumlov district (Czech Republic) between 1840 and 1990
(the studied area is situated in this district). These forests were planted or
developed spontaneously on abandoned agricultural land. The most often
planted tree species in the Czech Republic was the Norway spruce (Picea
abies (L.) Karsten). The abandoned areas have overgrown due to the
spontaneous succession of trees, because the successional changes in
temperate climate tend toward woodland (Ellenberg 1988). I refer to such
growths as spontaneously developed forests (SDFs) to distinguish them
from the planted forests. Both types are often referred to as recent forests
(e.g., Dzwonko 1993).

At abandoned sites the tree-layer in general develops within 30-40
years, and definitely closes after 60-80 years (Flinn and Vellend 2005).
However, the rate is dependent on altitude and soil conditions
(Prach et al. 2007), and many other factors can influence the tree-layer
development, e.g., competition by grasses (Dickie etal.2007) can
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slower, while lone trees can enhance the tree establishment process
(Dzwonko and Loster 1992), etc. Pioneer tree species dominate the first
generation of the tree-layer. The birch (Betula pendula Roth) was found
to be the most common tree species dominating the SDFs in Central
Europe (Prach 1994; Prach and Pysek 1994b).

The herb layer species composition is dependent on the species
composition of the vegetation at the start of the succession, e.g., the
succession on former arable land is founder-controlled due to the high
disturbance regime, while on grassland it is more dominance-controlled
(Leps and Stursa 1989), and many factors may influence the rate and
direction of changes, and therefore the species composition. The
following types of factors may influence the successional changes: i) the
site-dependent factors, or ii) the context-dependent factors.

Of site-dependent factors, influence of e.g., soil conditions (e.g.,
Christensen and Peet 1984; Verheyen et al. 1999), light conditions (e.g.,
Dzwonko and Loster 1990; Tilman and Wedin 1991), and climate (e.g.
Prach and Rehounkova 2006) was reported. Of context-dependent
factors, the following were also found to be important: the area and shape
of the recent forest (e.g., Bossuyt et al. 1999; Dzwonko and Loster 1988;
Peterken and Game 1984), dispersal limitation, i.e., the distance to the
ancient forest (e.g., Brunet and von Oheimb 1998a; Dzwonko 1993),
surrounding vegetation (e.g., Hersperger and Forman 2003; Rehounkova
and Prach 2006) and the stage of succession, i.e., the duration of
succession (e.g., Bossuyt and Hermy 2000; Honnay etal. 1999;
Verheyen et al. 2003).

The development toward the forest herb layer is assumed, but a long
period of time will be needed to reach the terminal stage of succession,
e.g., Falinski (1988) estimated 350 years for the mesic sequence in the
temperate zone in Europe, and Jacquemyn et al. (2001) estimated 200
years for recent forests (planted on former agricultural land).

Although some general trends are known (see Prach and Rehounkova
2006; Prachetal.2007), our knowledge about the processes is

139



Chapter 7

incomplete, and some inconsistencies have been reported, e.g., however
the forest herb species were found to be poor colonisers, and their rate of
colonisation hardly ever exceeds 2 m.year’, but usually is <1 m.year™
(e.g., Bossuytetal. 1999; Honnay et al. 1999), and they are able to
colonise many recent forests, e.g. Dzwonko and Loster (1992) found 59
out of 153 herb species in the recent forests in Poland, but their
frequency and abundance was low.

The SDFs have become a component of the landscape cover in
Europe, but land owners usually neither considered them to be of high
nature value (unlike the semi-natural grasslands from which they often
develop), nor valuable land cover (e.g., Benjamin et al. 2007). Forest
managers also do not perceive them as valuable timber species, although
their importance in timber production was recognised (e.g., Kosuli¢
2001). Their abundance is relatively high in some areas (e.g., in the
southern part of the Czech Republic, where they cover 4.1% of high
nature value landscape, Dostalova unpbl.). Our knowledge about the
successional processes and their future development is important for
conservation biology, urban and management planning and for forest
management. The spontaneous development should be the best and
cheapest management solution (Pysek et al. 2001).

This study focused on the SDFs on mesic stands (neither waterlogged
nor desiccated, with vegetation neither ruderalised nor typical for poor
soil) in a mountainous area in the Czech Republic. The influence of the
site-dependent factors (character of the tree-layer, light and soil
conditions) on the species composition of the herb layer was studied.
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The following questions are considered:

1. How diverse is the herb layer of SDFs? What species typical for
grassland and forest vegetation are present in the herb layer of the
SDFs?

2. What species are frequent in the herb layer of SDFs?

3. Are the frequent species influenced by the character of the tree-
layer, light or soil conditions?

Methods
Study area

Southern part of the Czech Republic (40°35-38" N, 14°11-17" E),
altitude 665-940 m. Climatic conditions moderately oceanic between the
warm and cold type (climatic regions MT 3 — Ch 7; Quitt 1971), average
year temperature 6.8°C and average year precipitation 718-1003 mm.

| fixed 48 plots of 10 x 10 m in SDFs, which differed in age, altitude
and exposition, but all plots were on mesic stand (neither waterlogged
nor desiccated, with vegetation neither ruderalised nor typical for poor
soil). I fixed the plots in such growths, where significant human
influence was not recognisable, and which were homogenous and large
enough. Different age categories present in the study area were equally
presented.

The supposed terminal stage of succession is beech forest (Dentario
enneaphylli-Fagetum  association, or  transient to  Luzulo
albidae-Quercetum petraeae association, Neuhduslova 1998).

The present growths are mostly dominated by birch (Betula pendula),
common trees are: Norway spruce (Picea abies), European aspen
(Populus tremula L.); in some cases Scots pine (Pinus sylvestris L.) or
common ash (Fraxinus excelsior L.) are more abundant.
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Data collection

Phytocenological releve was taken from all the permanent plots. The
species abundance was estimated in percentages of abundance of the
species for each layer.

Species related to common grassland or forest vegetation were
determined. Diagnostic and constant species were considered for the
following types of grassland vegetation: Arrhenatherion elatioris,
Polygono bistortae-Trisetion flavescentis, and Violion caninae alliances
(Chytry 2007); and the following types of forest vegetation: Dentario
enneaphylli-Fagetum association, Luzulo-Fagion, and Quercion petraea
alliances (Moravec et al. 2000).

The number and species composition of trees at the plot were listed.
Abundance of the tree-layer was determined from the phytocenological
releve and it was used after logarithmical transformation (E3). Proportion
of deciduous trees in the tree-layer (D) was calculated. This characteristic
corresponds with the character of the tree-layer (value 1 have deciduous
SDFs, 0 have coniferous SDFs).

For age estimation, | took two samples of wood from each tree, but
maximally from 10 randomly chosen trees of each species per plot, using
Pressler’s auger. Samples were taken from opposite sides of the trunk at
the height of 40 cm above ground. After fixation and cutting | counted
the tree-rings. The average age of the trees (A;) and the maximal age of
the trees (Amax) Was determined for all plots. A, corresponds with the
duration of closed canopy of the tree-layer, while Anax corresponds rather
with the duration of abandonment.

For estimation of light conditions, relative irradiance of
photosynthetic active radiation (PhAR) was measured for all plots. The
irradiance was measured using simultaneously two luxmeters with PhAR
sensors: one sensor was placed within the growth, while the other was
placed in the open. Relative PhAR irradiance was calculated as
percentage of incoming PhAR in the open from 20 random measurements
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within each plot and for the certain height level (5 cm and 120 cm above
ground level). Measurements were taken between 11 a.m. and 3 p.m. in
July or first half of August. The weather conditions were somewhat
cloudy or cloudy without rain. The open stand for reference
measurements was at least 100 m from the forest-edge (or other high
object, e.g., building), on the west side of the forest, the nearest distance
was 200 m. Relative irradiance at the 120 cm above ground (Pi2o)
corresponds with the density of the tree or shrub layer, while the relative
irradiance at the 5cm above ground (Ps) corresponds with the light
available for seedling recruitment.

I took soil samples from each plot, and | determined content of rock
fragments >2 mm (R;) in the dried samples using a 2 mm sieve [%]. |
measured the soil reaction in the water solution (pHs) using 10 g of fine
air-dried soil samples and 20 cm® of distilled water (free of CO,). |
determined the organic matter content (Corg) as the loss of the matter
content of dried sample by 450°C [%]; the basal respiration of the
microbial community (BRs) as CO production [ug C-CO,.g™.hod™]
(Jaggi 1976).

The retention water capacity (RWC) was determined from the
undisturbed soil samples (five per plot) taken from the organic soil
horizon at each plot. RWC was counted from the water content in the soil
sample after 24hours draining of the waterlogged sample using
filter-paper. Soil pit was done next to each plot (within the same SDFs)
to measure the depth of organic horizon — horizon A and transient A and
B horizon (Serg) [cm].

The altitude of the plot was taken from the map (1:10000). The
altitude corresponds with the climatic conditions (Prach and Rehounkova
2006), because the mean temperature and precipitation depend on the
altitude. The study area is relatively small and therefore we can suppose
that the climatic conditions are at most influenced by the altitude of the
plot.

143



Chapter 7

| determined the orientation (using compass) and slope (visual
estimation) for all plots. | calculated the heat index to south-south west

(HSSW):
Hssw = cos(exposition —202.5°) x tg(slope)
For the basic statistics of the site-dependent factors see Table 12.

All field observations were carried out in 2004 and 2005.
Data analysis

Species found at more than 33% of the plots were used for statistical
analyses.

General Linear Models (GLM) in the CanoDraw v. 4.0 were used to
test the influence of the following factors on the species abundance:
1) character of the SDF: A, Amax, Es, D, Ps, Pig; 2)climatic
characteristics: altitude, Hssw; 3) soil conditions: pHs, Corg, Sorg, BRs, Rs,
RWC.

Poisson distribution of the data was used, because the link function of
this distribution is “Log” function, which is recommended for the counts
and frequency data (Lep$ and Smilauer 2003, p. 122). Models were fitted
by stepwise selection with interaction terms to square polynom using
Akaike Information Criterion (Leps and Smilauer 2003).

Because many factors were involved in the study according to the
number of plots, the GLM were fitted separately for particular factor.
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Table 22. Species listed in more than 33% plots.

Frequency Mean Abundance Maximal
abundance 0.p. abundance

[%] [%] + SD [%] [%0]
Achillea millefolium 67 0.6+0.79 0.9 5
Aegopodium podagraria 46 1.6+2.86 35 10
Agrostis capillaris 92 7.947.77 8.7 25
Anthriscus sylvestris 44 0.41+0.86 0.9 5
Arrhenatherum elatius 44 1.6+3.69 3.6 15
Avenella flexuosa 77 5.6+7.06 7.3 25
Campanula patula 38 0.240.31 0.5 1
Clinopodium vulgare 44 1.54+2.62 34 10
Dactylis glomerata 73 0.6+0.80 0.9
Euphorbia cyparissias 46 0.7+1.40 1.6
Fragaria vesca 48 1.44+3.36 2.9 20
Galeopsis tetrahit 54 1.3+5.48 2.5 38
Galium mollugo agg. 83 1.3+1.88 1.6 8
Galium uliginosum 44 0.440.56 0.9
Holcus mollis 85 7.8+7.60 9.1 35
Hypericum maculatum 79 0.8+1.26 1.0 8
Knautia arvensis 44 0.310.45 0.8 2
Phleum pratense 44 0.440.64 1.0 3
Poa angustifolia 44 0.7+1.57 15 10
Potentilla erecta 56 0.7+1.16 1.2 5
Ranunculus acris 48 0.340.37 0.6 1
Rubus idaeus 54 1.1+1.99 2.0 8
Rumex acetosa 38 0.1+0.12 0.3 0.25
Stellaria graminea 54 0.54+0.83 0.9 4
Urtica dioica 44 0.6+1.60 1.3 10
Vaccinium myrtillus 42 3.0+6.59 7.3 25
Veronica chamaedrys 90 1.4+1.68 1.6 8
Veronica officinalis 44 0.4+0.52 0.8
Viola riviniana 38 0.4+0.67 1.1 3

Abundance o.p. — abundance of the species per occupied plot, SD — standard deviation.
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Tabulka 22. Druhy zaznamenané na vice nez treting ploch. Frequency — procento obsazenych
ploch, Mean abundance — primérna pokryvnost, SD — smérodatna odchylka,
Abundance o.p. - primérna pokryvnost na obsazené plose, Maximal abundance — maximalni
pokryvnost.

Results

In total, 161vascular plant species were listed in the herb layer, on
average 32+8.6 species (range 8-51) at the plot (100 mz). The average
Shannon-Wiener index of diversity was found to be 2.6+0.60 (range
0.4-3.5). Almost one quarter (23%) of the species were found to be only
at one plot, while only 29 species (18%) were present at more than 33%
of the plots. The following species were most common: Agrostis
capillaris L., Veronica chamaedrys L., Holcus mollis L. and Gallium
mollugo agg. L. (present at more than 80% of the plots), and the
following species were most abundant: Holcus mollis, Agrostis
capillaris, Avenella flexuosa (L.) Drejer and Vaccinium myrtillus L.
(abundance >7% per occupied plot). In general, the abundance of the
species was low for most of the species (Table 22).

Most of the diagnostic and constant species were species related to the
grassland vegetation (33 out of 161 species), i.e., seven diagnostic and
fourteen constant species of the Arrhenatherion elatioris alliance, six
diagnostic and fourteen constant species of the
Polygono bistortae-Trisetion flavescentis alliance, and six diagnostic and
fourteen constant species of the Violion caninae alliance were found.
Only ten (out of 161 species) were related to the forest vegetation, i.e.,
one diagnostic and six constant species of the Dentario
enneaphylli-Fagetum association and Luzulo-Fagion alliance, and three
diagnostic species of the Quercion petreae alliance. For more detail see
Table 23.
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The age of the tree-layer significantly influenced one fifth of the
species. Arrhenatherum elatius (L.) J. Presl and C. Presl surprisingly
increased with the duration of the tree-layer (Fig. 28a, b). Hypericum
maculatum Crantz, Veronica chamaedrys (Fig.28a,b) and Fragaria
vesca (only A,, Fig. 28a) were more abundant in both young and old
SDFs, while Vaccinium myrtillus (species typical for forest vegetation)
was related to the older growths (Fig. 28a, b). Galeopsis tetrahit L.
preferred medium aged SDFs (optimum of Anax 36 years; Fig. 28b).

The abundance of the tree-layer decreased the abundance of Galeopsis
tetrahit and Gallium uliginosum L. (species typical for ruderalised
stands; Fig. 28c). Urtica dioica L. preferred 21% abundance of the tree-
layer (Fig. 28c).

The higher proportion of deciduous trees in the tree-layer increased
the abundance of Galeopsis tetrahit (Fig.28d) and Knautia
arvensis (L.) Coulter (optimum 88%; Fig.28d), while Veronica
officinalis L. preferred mixed SDFs (Fig.28d). For more detail see
Table 24.

Several species were related to the climatic conditions. Anthriscus
sylvestris (L.) Hoffm. and Vaccinium myrtillus decreased with the
altitude, while Arrhenatherum elatius, Clinopodium vulgare L. and
Euphorbia cyparissias L. preferred medium altitudes (Fig.29a). The
Arrhenatherum elatius, Avenella flexuosa and Galeopsis tetrahit species
preferred the SDFs more oriented toward the SE-S-SW, while
Clinopodium vulgare, Galium mollugoagg. and Aegopodium
podagraria L. preferred the SDFs more oriented toward NE-N-NW
(Fig. 29b).
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Table 23. Species related to the grassland or forest vegetation.

Ae. P-T V. Q.p. Ab.  Ab.op F

%] [%]  [%]
Achillea millefolium C C C 0.63 094 66.7
Agrostis capillaris D D 7.94 8.66 917
Alchemilla sp. C D C 0.06 0.69 8.3
Alopecurus pratensis C C 0.05 0.83 6.3
Arrhenatherum elatius D 1.58 3.61 438
Athyrium filix-femina 0.04 0.50 8.3
Avenella flexuosa C 5.63 730 77.1
Bistorta major D 0.03 0.50 6.3
Campanula patula D 0.20 054 375
Campanula rotundifolia D C D 011 0.58 188
Dactylis glomerata D C 0.65 089 729
Deschampsia cespitosa C 0.04 0.67 6.3
Dryoopteris filix-mas 0.02 0.25 8.3
Festuca rubra agg. C D D 0.46 157 29.2
Galium mollugo D 1.24 157 79.2
Holcus lanatus C 0.01 0.25 4.2
Hypericum maculatum D 0.81 1.02 792
Knautia arvensis D 0.33 0.75 438
Lathyrus pratensis C 0.07 044 16.7
Leucanthemum vulgare D C C 0.04 0.50 8.3
Lotus corniculatus C C 0.07 0.70 104
Luzula campestris D 0.02 0.25 6.3
Luzula luzuloides D 058 198 29.2
Mercurialis perennis 0.01 0.25 2.1
Mycelis muralis 0.10 1.25 8.3
Nardus stricta C D 0.05 0.75 6.3
Oxalis acetosella 0.19 116 16.7
Pimpinella saxifraga C 0.13 052 25.0
Plantago lanceolata D C 0.06 0.69 8.3
Poa pratensis C C 0.05 045 104
Potentilla erecta C D 0.69 122 56.3
Ranunculus acris C C C 0.29 061 479
Rumex acetosa C C C 0.09 025 375
Senecio ovatus 0.86 275 313
Taraxacum officinale agg. C 0.07 0.39 188
Thymus sp. D 0.02 0.75 2.1
Trifolium pratense C C 0.06 055 104
Trifolium repens C C C 0.05 0.83 6.3
Vaccinium myrtillus 3.02 725 420
Veronica chamaedrys C C C 1.42 158 89.6
Veronica officinalis D 036 0.83 4338
Vicia cracca C 0.18 065 27.1

A.e. - Arrhenatherion elatioris, P-T - Polygono bistortae-Trisetion flavescentis, V.c. - Violion caninae,
F. - Dentario enneaphylli-Fagetum and Luzulo-Fagion, Q.p.- Quercion petreae; Ab.—mean abundance,
Ab. op — mean abundance per occupied plot, F - Frequency; D — diagnostic species, C — constant species.
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Tabulka 23. Druhy typické pro lucni a lesni vegetaci. A.e. - Arrhenatherion elatioris,
P-T - Polygolo  bistortae-Trisetion flavescentis, V.c.- Violion caninae, F. - Dentario
enneaphylli-Fagetum a Luzulo-Fagion, Q.p. - Quercion petreae; Ab. — primérna pokryvnost,
Ab. op - prumérna  pokryvnost na obsazené plose, F -procento obsazenych ploch;
D - diagnosticky druh, C — konstantni druh.

Table 24. Tree-layer characteristics influencing frequent species (GLM).

Ay Anax E; D

M wvar. M var. M  var. M var.
Anthriscus sylvestris x x LT 7 x
Arrhenatherum elatius LT 19 Lt 24 «x x
Avenella flexuosa LT 5 LT 6 x x
Campanula patula x x Qn 7 x
Fragaria vesca Qu 23 LT 9 x x
Galeopsis tetrahit x Qn 13 Ly 16 LT 10
Galium mollugo x x x LT 8
Galium uliginosum X X LI 10 x
Holcus mollis x x Ly 4 x
Hypericum maculatum Qu 19 Qu 10 X x
Knautia arvensis x x x Qn 10
Urtica dioica x x Qon 11 x
Vaccinium myrtillus LT 25 LT 30 LT 8 x
Veronica chamaedrys Qu 15 Qu 14 x x
Veronica officinalis x x x Qn 13
Viola riviniana x x x LT 7

M: L-linear, Q-square polynom fitted, /T - decreases/increases, /N - “humped” answer,
var. - explained variability [%)]; As/Amax - average and maximal age of the tree-layer, E; - abundance
of the tree-layer (log. transf.), D - proportion of the deciduous trees in the tree-layer.

Tabulka 24. Vliv charakteru stromového patra na pokryvnost hojnych druht (GLM).
M: L - linearni vztah, Q - polynomidlni vztah (druhého stupng), /T - pokles/vzriist,
Ul - “hrbatd” odpoveéd’, var. — vysvétlena variabilita [%]; Ay/Amax — prumérny/maximalni vék
stromového patra, Ez—pokryvnost stromového patra, D —zastoupeni listnatych stromi ve
stromovém patie.
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Figure 28. Characteristics of the tree-layer influencing abundance of frequent species
(GLM): a) average age, b) maximal age of the tree-layer, c¢) abundance of the tree-
layer, d) proportion of deciduous trees in the tree-layer. Anthsylv - Anthriscus
sylvestris,  Arrhelat — Arrhenatherum  elatius, Avenflex — Avenella  flexuosa,
Camppatu — Campanula patula, Fragvesc - Fragaria vesca, Galetetr — Galeopsis
tetrahit,  Galimoll — Galium  mollugo agg.,  Galiulig — Galium  uliginosum,
Holcmoll - Holcus mollis, Hypemacu - Hypericum maculatum, Knauarve — Knautia
arvensis, Urtidioi — Urtica dioica, Vaccmyrt — Vaccinium myrtillus,
Verocham - Veronica chamaedrys, Verooffi — Veronica officinalis, Violrivi —Viola
riviniana.

Obrazek 28. VIiv charakteru stromového patra na pokryvnost hojnych druhu (GLM):
a) prumérny v€k stromového patra, b) maximalni ve€k stromového patra, c) pokryvnost
stromového patra, d) podil listnatych stromt ve stromovém patie.
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The relative irradiance at the 5cm above ground influenced more
species than the relative irradiance at the 120cm above ground
(Table 25). Most species related to the P1yo preferred medium irradiated
SDFs — Rubus idaeus L. optimum 14%, Fragaria vesca optimum 18%,
Galium uliginosum optimum 24%, Potentilla erecta L. optimum 29%
(Fig. 29c, Table 12, 25). Aegopodium podagraria and Knautia pratensis
preferred approximately 4% of relative irradiance at the 5cm above
ground, Anthriscus sylvestris preferred approximately 6%, Stellaria
graminea L. preferred approximately 9%, Arrhenatherum elatius,
Euphorbia  cyparissias and  Vaccinium  myrtillus  preferred
approximately 12%, and Fragaria vesca did approximately 18%. The
abundance of Dactylis glomerata L. decreased with the Ps (Fig. 29d).

Rock fragment content significantly influenced more than one third of
the species (Table 26). Euphorbia cyparissias and Vaccinium myrtillus
preferred higher rock fragment content, while Galeopsis tetrahit
preferred lower content (Fig. 30a). Several species preferred medium
rock fragment content: Anthriscus sylvestris (optimum 48%), Fragaria
vesca (optimum 48%) and Poa angustifolia L. (optimum 39%). For more
detail see Fig. 30a and Table 26.

Medium values of RWC preferred Hypericum maculatum (optimum
18%) and Potentilla erecta (optimum 14%), while Rubus idaeus avoided
the medium values of RWC (Fig. 30b).

All the species significantly influenced by the basal respiration
preferred medium or higher values (Table 26, 12, Fig. 31a), especially
the following species: Achillea millefolium L., Avenella flexuosa and
Vaccinium myrtillus (optimum 4.53 pug C-CO,.g™*.hod™).

Most of the species that avoided medium or low soil reaction were
species typical for grasslands, such as Dactylis glomerata, Hypericum
maculatum, Poa angustifolia and Veronica chamaedrys. For more detail
see Table 26, Fig. 31b.
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Table 25. Factors influencing frequent species (GLM).

Altitude Hssw P120 Ps

M var. M var. M var. M var.
Aegopodium podagraria X L 18 x QN 18
Achillea millefolium Ly 4 L 9 x x
Anthriscus sylvestris LY 14 X x QN 11
Arrhenatherum elatius O~ 10 On 19 x QN 15
Avenella flexuosa LY 6 LT 10 x x
Campanula patula x x x Ly 9
Clinopodium vulgare O~ 11 On 13 x x
Dactylis glomerata x x x Ly 1
Euphorbia cyparissias Qn 17 X x QN 10
Fragaria vesca X X QN 17 Qn 31
Galeopsis tetrahit X QN 15 x x
Galium mollugo agg. x Ly 10 x x
Galium uliginosum X x on 1 x
Holcus mollis x x x L 5
Knautia arvensis Ly 4 x x o~ 13
Phleum pratense x x x Ly 9
Potentilla erecta X X QN 10 x
Ranunculus acris LI 8 x x x
Rubus idaeus x X QN 15 x
Rumex acetosa x x x Ly 6
Stellaria graminea x x x Qn 12
Urtica dioica LT 6 x x x
Vaccinium myrtillus LI 16 x x on 2

M: L-linear, Q-square polynom fitted, /T - decreases/increases, /N - “humped” answer,
var. - explained variability [%]; Hssw - Heat to the SSW, P1/Ps - relative irradiance at the 120/5 cm above
ground.

Tabulka 25. Faktory ovliviiujici pokryvnost hojnych druht (GLM). M: L — linearni vztah,
Q - polynomialni vztah (druhého stupng), /T - pokles/vzrist, /N - “hrbatd” odpovéd,
var. - vysvétlena variabilita [%]; Altitude — nadmotska vyska, Hssw— sklon plochy k JJZ,
P120/Ps — relativni ozatenost ve 120/5 cm.
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Figure 29. Factors influencing abundance of frequent species (GLM): a) altitude,
b) heat to the SSW, c) relative irradiance at the 120 cm above ground, d) at the 5 cm
above ground. Achimill — Achillea millefolium, Aegopoda — Aegopodium podagraria,

Anthsylv - Anthriscus sylvestris, Arrhelat — Arrhenatherum elatius,
Avenflex - Avenella flexuosa, Camppatu — Campanula patula,
Clinvulg - Clinopodium vulgare, Dactglom — Dactylis glomerata,

Euphcypa - Euphorbia cyparissias, Fragvesc - Fragaria vesca, Galetetr — Galeopsis
tetrahit,  Galimoll — Galium  mollugo agg.,  Galiulig — Galium  uliginosum,
Holcmoll - Holcus mollis, Knauarve — Knautia arvensis, Phleprat — Phleum pratense,
Poteerec — Potentilla erecta, Ranuacri — Ranunculus acris, Rubuidae — Rubus idaeus,
Rumeacet — Rumex acetosa, Stelgram — Stellaria graminea, Urtidioi — Urtica dioica,
Vaccmyrt — Vaccinium myrtillus.

Obrazek 29. Vliv vybranych faktord na pokryvnosti hojnych druhti (GLM): a) nadmotska vyska,
b) sklon k JJZ, ) relativni ozafenost ve 120 cm, d) v 5 cm.
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Table 26. Soil characteristics influencing frequent species (GLM).

Rs RWC BR,. pH, Corq Sorg
M v M v M v M v M v M v

A. millefolium LT LY 5 Qu 29 x x x

A. capillaris x X x LT 4 x x

A. sylvestris On 12 x x x x x

A. elatius X X X x x LY 8

A. flexuosa LT 6  x LT 4 x x x

C. patula LT 8 x X QU 8 x x

C. vulgare X LI 8 x x Qn 14  x

D. glomerata X X X Qu 11 X X

E. cyparissias LT 19  x x x LY 9 x

F. vesca Qn 15 x x X x Qn 11

G. tetrahit Ly 17 x x x O~ 13 Qu 61

H. mollis x x QN 14 x LY 4 Qu 14

H. maculatum x Qn 16 «x Qu 46 LI 7 «x

K. arvensis x x x LT 5 x QU 9

P. pratense x x x x LI 6 x

P.angustifolia ~ Q~ 18  x x Qu 10 LT 7 x

P. erecta x o~ 14 LT 7 x Q~n 10 x

R. idaeus x Qu 23 x LT 8 x x

R. acetosa x x LT 7 x x x

S. graminea LT 6 x x x x x

V. myrtillus LT 21 x QN 32 x x x

V. chamaedrys X X x LT 24 LI 16 x

V. officinalis x x LT 4 x x x

V. riviniana LY 6 x LT 5 x x x

M: L - linear, Q-square polynom fitted, /T - decreases/increases, /N - “humped” answer, v - explained

variability [%]; Rs—rock fragment content [%], RWC - retention water capacity [%)], BRs - basal respiration
[ng C-CO,.g hod™], Cyry - Organic matter content [%], S - depth of the organic horizon [cm].

Tabulka 26. Pudni podminky ovliviiujici pokryvnost hojnych druhtt (GLM). M: L
Q - polynomialni vztah (druhého stupn¢), 1T - pokles/vzrist, UlN - “hrbatd” odpoved’, v - vysvétlena

variabilita [%]; Rs- skeletovitost [%], RWC

linearni vztah,

reten¢ni vodni kapacita [%], BR;- bazalni respirace
[ng C-CO,.g ™ hod™], Corg — obsah organické hmoty v piidé [%], Serg - hloubka organického piidniho
horizontu [cm].
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Figure 30. Factors influencing abundance of frequent species (GLM): a) proportion
of rock fragment content, b)retention water capacity. Achimill — Achillea
millefolium,  Anthsylv - Anthriscus  sylvestris, Avenflex — Avenella  flexuosa,
Camppatu — Campanula patula, Clinvulg - Clinopodium vulgare,
Euphcypa - Euphorbia cyparissias, Fragvesc - Fragaria vesca, Galetetr — Galeopsis
tetrahit, Hypemacu — Hypericum maculatum, Poa angu—Poa angustifolia,
Poteerec — Potentilla  erecta, Rubuidae —Rubus idaeus, Stelgram — Stellaria
graminea, Vaccmyrt — Vaccinium myrtillus, Violrivi — Viola riviniana.

Obrazek 30. Vliv vybranych faktort na pokryvnosti hojnych druhti (GLM): a) skeletovitost,
b) reten¢ni vodni kapacita.

Species influenced by the organic matter content at most preferred
medium values (Clinopodium vulgare optimum 9.1%, Galeopsis tetrahit
optimum 8.7%, Potentilla erecta optimum 10.3%), and Veronica
chamaedrys preferred lower values (Table 26, Fig. 31c).

Some abundance of species was higher in low or deep soils (e.g.,
Galeopsis tetrahit, Holcus mollis), and Fragaria vesca preferred medium
deep soils (optimum 39 cm). For more detail see Table 26, Fig 31d.
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Figure 31. Factors influencing abundance of frequent species (GLM): a) basal
respiration [pg C-CO,.g™.hod™], b) soil reaction, c) organic matter content, d) depth
of the organic soil horizon. Achimill — Achillea millefolium, Agrocapi — Agrostis
capillaris,  Arrhelat — Arrhenatherum elatius, Avenflex — Avenella  flexuosa,
Camppatu — Campanula patula, Clinvulg - Clinopodium vulgare,
Dactglom - Dactylis glomerata, Euphcypa - Euphorbia cyparissias,
Fragvesc - Fragaria vesca, Galetetr — Galeopsis tetrahit, Holcmoll - Holcus mollis,
Hypemacu — Hypericum maculatum, Knauarve — Knautia arvensis, Phleprat - Phleum
pratense, Poa_angu — Poa angustifolia, Poteerec - Potentilla erecta,
Rubuidae - Rubus idaeus, Rumeacet—Rumex acetosa, Vaccmyrt—Vaccinium
myrtillus, Verocham —Veronica chamaedrys, Verooffi - Veronica officinalis,
Violrivi — Viola riviniana.

Obrazek 31. Vliv vybranych faktort na pokryvnosti hojnych druht (GLM). a) bazalni
respirace [pg C-CO,.g™.hod™], b) piidni reakce, c) obsah organické hmoty v piid¢, d) hloubka
organického ptidniho horizontu.
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Discussion

The total number of species (161, 32 per plot) listed in the SDF's herb
layer in this study corresponds with findings of other studies dealing with
succession, e.g., Dzwonko and Loster (1992) found 153 plant species in
27 recent forests in Poland, Deckers et al. (2004) listed 198 species in
511 hedgerows in Belgium, and Cousins and Aggemyr (2008) found 135
species in twenty grazed ex-fields.

Although a decrease in diversity for abandoned grassland was
reported, e.g., Prachetal. (1996) found 14 vascular plant species in
long-term abandoned mesic grassland in the Sumava Mountains
(100 m?), it was not observed in this study. The Shannon-Wiener index
of diversity corresponds to the mean values typical for grassland in the
area, e.g., Zeleny et al. (2001) reported values between 1.9 and 2.6 for
mowed grassland of the alliance Polygono—Trisetion, and Schusserova
(2003) found on average value 2.7 for mowed mesic grassland within the
studied area. The number of species was also relatively high in
comparison to the number of species found in the forests, e.g.,
Schusserova and Smahel (2000) found on average 17.5 species per releve
in the Medvédi hora Nature Monument within the studied area;
Prach et al. (1996) reported only 10 species (100 m?) in acidophilous
beech forest at high altitudes in the Sumava Mountains; and
Moravec et al. (2000) reported 28 species as an average number in the
herb layer of the Dentario enneaphylli-Fagetum, which is the most
common type of the potential natural vegetation in the studied area
(Neuhduslova 1998).

Many species were found to be present only at one plot, and only 17%
of the species were more common; for a similar finding from recent
forests in Germany see Wulf (2004).

All the species present at more than 33% of the plots are common
species in the area (for similar finding see also Bernacki 2004).

All the most common (present at more than 80% plots) were species
typical for grassland, and most of the species related to the
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grassland/forest vegetation were diagnostic or constant species of the
grassland vegetation (Table 23). Only some typical forest species were
able to establish themselves in the SDFs, but they were usually low
abundant. Ferns and Vaccinium myrtillus were the only more abundant
typical forest species. Others relatively frequent included Oxalis
acetosella L. However, some forest species typical for oak-beech or
beech forests were also listed, such as Asarum europaeum L., Geranium
robertianum L., Mercurialis perennis L. and Mycelis muralis L. This is
in line with findings other studies, e.g., Dzwonko (2001) found that even
after more than 70 years, the number of forest species was lower in
recent forests than it was in the ancient forest. In general, these findings
can be attributed to the bad colonising capacity of the forest species (e.g.;
Brunet and von Oheimb 1998a; Butaye et al. 2002), which was proved
also by seed sowing experiments (e.g., Ehrlén and Eriksson 2000;
Ehrlén et al. 2006).

Most of the common species can be classed as follows: 1) clonal
grasses (Agrostis capillaris, Arrhenatherum elatius, Avenella flexuosa,
Holcus mollis, Dactylis glomerata, Phleum pratense L.) — species typical
for grasslands or grassland-forest ecotones, 2)herbs typical for
grassland-forest ecotones (Clinopodium vulgare, Euphorbia cyparissias,
Fragaria vesca, Galium uliginosum, Potentilla erecta, Veronica
officinalis, Viola riviniana), 3) herbs typical for grasslands (Campanula
patula L., Knautia arvensis, Ranunculus acris L., Stellaria graminea,
Veronica chamaedrys), 4) species typical for sites rich in nutrients
(Aegopodium podagraria, Anthriscus sylvestris, Galium mollugo agg.,
Urtica dioica).

The first group contains many good competitors, which can slow
down or block the forest succession (e.g., Dzwonko 1993; Prach 1987).
Clonal plants were also reported as common dominants in the
intermediate stages of succession (e.g., Kahmen and Poschlod 2004;
Prach and Pysek 1994a) and Arrhenatherum elatius was reported as the
second one most successful species found in the study of Prach and
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Pysek (1999). Moreover, the increase in abundance of clonal grasses with
the age of the tree-layer was observed. It may be caused due to the self-
thinning effect of the tree-layer, but their abundance was not related to
the abundance of the tree-layer. The relatively open canopy of the tree-
layer is suitable for the competitive strong species, and it may slow down
the rate of the succession. Graminoids dominating the herb layer of
recent forest was reported also in other studies (e.g., Dzwonko 2001).

The presence of species typical for forest-grassland ecotones is not
surprising, because many SDFs are semi-open mostly deciduous growths,
which are similar to the grassland-forest ecotones. However Bruelheide
(2000) did not observe the ability of species from the transplanted soil
block with the Violion caninae vegetation to colonise the present poor
vegetation. The results of this study indicate an opposite finding, that in a
suitable microsite, the species typical for Violion caninae are able to
establish. The soil conditions of most of the plots were similar to soil
condition of this type of vegetation, and they were intermediate for
studied factors between values typical for grassland and forest soil
characteristics in  the studied area (for comparison see:
Kopacek et al. 2002; Kopackova 2002; Schusserova 2003). This is in line
with the findings in other studies. The increase in organic matter content
and decrease in soil reaction was also reported for successional stages in
other studies (e.g., Matlack 2009; Richter et al. 1994), however opposite
finding also was reported (von Oheimb et al. 2008).

Surprisingly many grassland herb species (from unnamed e.g.,
Hypochaeris radicata L., Leontodon autumnalis L., Leucanthemum
vulgare Lamk., Lychnis flos-cuculi L., Rhinanthus minor L., Tragopogon
pratensis L.) are able to survive in the SDFs, or they are constantly
supplemented from the source populations growing in surrounding
grassland. However, their abundance is low. These species were also
found to be poor colonisers in many studies (e.g., Stampfli and Zeiter
1999), and these species are often missing in the seed bank (e.g., Bossuyt
and Hermy 2001; Kalamees and Zobel 1997; Milberg 1995). Therefore,

159



Chapter 7

their survival from the time before the succession seems to be more
probable.

All the above-mentioned findings indicate that the changes in the herb
layer of SDFs from grassland vegetation toward the forest vegetation are
slow and that the time needed for forest herb layer establishment will be
long. This was predicted also in other studies, e.g.,
Jacquemyn et al. (2001) estimated that herb layer colonisation of planted
forests can take 200 years.

All the three groups of site-dependent factors influenced the frequent
species abundance. There were no big differences between the group of
studied factors concerning the relation to the frequent species abundance.
The climatic conditions were found to be important for 29% of the tested
relations and they explained on average 11% of the variability (for
significant relations), while characteristics of the tree-layer were
important for 24% relations, and explained on average 13% of the
variability, and soil conditions were important for 26% of relations and
explained on average 13%. All the studied factors were reported to be
important in the succession (for review see Prach and Rehounkova
2006).

Each species was influenced by different factors, e.g., Arrhenatherum
elatius was related especially to the age of the tree-layer (which
surprisingly increased its abundance) and to climatic conditions
described by altitude and exposure, while Achillea millefolium was
related especially to the soil conditions. Different responses of the
species to environmental factors were found in many studies and also for
species with responses which were expected to be similar (e.g.,
Deckers et al. 2004; Verheyen and Hermy 2004). This finding may cause
low predictability of the changes in the vegetation (for a similar
assumption see, e.g., Lawton 1999).
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Herb layer species composition of the spontaneously
developed forests: Influence of the context-depende
factors on the frequent species abundance

Druhové slozeni bylinného patra porosi naletovych drevin: vliv na
kontextu zavislych faktora na pokryvnost hojnych druht

Abstract

The influence of context-dependent factors (surdiugn vegetation, history and
characteristics of the spontaneously developedter&DF) on the frequent herb layer
species abundance was studied in the SDFs in a taioans area in the Czech
Republic.

Forty-seven permanent plots (108)rwere fixed in the SDFs on mesic stands and
the species composition of the herb layer wasdistde following context-dependent
factors were considered: (1) SDF characteristiosa,ashape, position within the SDF;
(2) surrounding vegetation: fields, grassland, $teeSDF, “other” land cover (in the
100, 200 and 300 m surroundings); (3) vegetatiomecon 1952, 1966, 1983. The
influence of the context-dependent factors on tguent species abundance was tested
using General Linear Model&ILM).

Each frequent SDF species was influenced by thetegbdependent factors
(although different factors were found to be impattfor different species), and each
context-dependent factor significantly influencede tfrequent species abundance
(although, the amount of explained variability di#fd). The historical vegetation cover
was the most important group of factors influencthg frequent species abundance,
followed by the character of the SDF and surrougdiegetation. The latest historical
vegetation cover (52 years BP) was found to be nmpmrtant than the other dates.
The explained variability was relatively high, j.en average 14% for the historical
vegetation cover (for significant relations), 14% the surrounding vegetation, and
12% for the character of the SDF.

Shrnuti

V horskych oblastectCeské republiky byl studovan vliv na kontextu z&wsl
faktori na pokryvnost druh hojnych v bylinném p#¢ porost néletovych #evin
(SDFs).
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Na 47 trvalych plochach (100%nbylo zjis&no druhové sloZeni bylinného patra.
Pomoci zobeamych linearnich modél (GLM) byl testovan vliv nasledujicich na
kontextu zavislych faktdr (1) charakteristik porostu naletovyckedin: velikost, tvar,
pozice uvnit SDF; (2) vegetace v okoli: pole, louka, les, SD$§tatni (ve vzdalenosti
100, 200 a 300 m); (3) vegétd kryt v roce 1952, 1966, 1983.

Kazdy druh hojny v bylinném pa porosi naletovych #evin byl ovlivren
nékterym z na kontextu zavislych faktofackoli raizné druhy byly ovliveiny raznymi
faktory) a vSechny studované faktoryikazre ovliviiovaly pokryvnost druin hojnych
v bylinném pate (procento vysitlené variability bylo #izné pro #@zné vztahy).
Veget&ni kryt v minulosti byl nejvyznamijSi skupinou ovliviujici pokryvnost
hojnych druli, nasledovan charakteristikami SDF a vegetaci Viokteget&ni kryt
v nejdale studované minulosti (52 let) byl vyzn&m@nnez vegetai kryt v terminech
blize sodasnosti. Procento vystlené variability bylo relativé vysoké — pitmérné
14 % pro vegetai kryt v minulosti (pro statisticky vyznamné vzyahl4 % pro okolni
vegetaci a 12 % pro charakter SDF-.

Introduction

The socio-economic changes in recent decades hswé@acted the
European vegetation cover. In general, there ha®s la®m increase in
recent forests and a decrease in agricultural lasgecially in less
favourable areas (e.g., Hamre et al. 2007; Helal. &006). The recent
forests have been planted (e.g., Wulf 2004) orbdisteed spontaneously
on former agricultural land (e.g., Prach and Py§884b). The second
type | name spontaneously developed forests (StoFdistinguish them
from the planted forests.

The tree layer of the SDFs develops usually wi®40 years and
definitely closes after 60-80 years (Flinn and ¥etl 2005), but many
factors may influence the rate of succession (seehPand PySek
1994b). The tree layer of SDFs on mesic standsostljndominated by
birch Betula pendula Roth) in Central Europe (Prach 1994; Prach and
PySek 1994Db).

The herb-layer colonisation of secondary forestsvbgdland species
was found to be very slow because the forest hpdries are poor
colonisers (Peterken and Game 1984; Whitney andeFd988; Wulf
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2004). It is assumed that the time needed to rdaeterminal stage of
succession is long, e.g., Faki (1988) estimates 350 years for the mesic
sequence in the temperate zone in Europe and &hdnvellend (2005)
estimates several centuries. However, the changased by former
agricultural activity can influence the species position for a much
longer time period (e.g., Dupouey et al. 2002).

Many site-dependent factors (e.g., climate, wategime, soll
conditions) were reported to influence the rate am@ction of the
changes (e.g., Prach et al. 200Rehounkova and Prach 2006). The
following context-dependent factors were found te bmportant:
dispersion limitation (e.g., Bossuyt et al. 1999urt and von Oheimb
1998a; Ehrlén et al. 2006), spatiotemporal changethe environment
(e.g., Doviak et al. 2005), history (e.g., Vellend et al. 2)0
surrounding vegetation (e.g., Hersperger and For@@00), area and
shape (e.g., Dzwonko and Loster 1992), positiothefplot within the
patch (e.g., Honnayetal. 2002b), or stochastic entsv
(Brokaw and Busing 2000; Christensen and Peet 1984)

The dispersal limitation of forest herb species wWasnd to be
important for recent forests indirectly by studyitg herb layer (mostly
in planted forests). For example, Bossuyt et &99) found the rate of
dispersion of forest herbs between <0.05 and 1.§8ai, Brunet and
von Oheimb (1998a) reported a period of 70 yearsetmessary for forest
herb species to spread a distance of 30-35 m fnensaurce population.
The seed limitation was also proved by seed add#xperiments, e.g.,
Ehrlén and Eriksson (2000) and Ehrlén et al. (208@)ed six herb
species into planted recent forests and observed tlcruitment, and
found none of the studied soil factors to be impartfor seedling
establishment. The zoochorous species were foundbetothe best
colonisers, and the anemochorous species were fauitd relatively
good colonisers, while myrmecochorous species padias not adapted
to the type of distribution were found to be pootonisers (Matlack
1994).
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History was found to be a very important factorluehcing the
species composition of the herb layer in recen¢dts. The longer the
duration of the tree layer was, the more typicad$d herbs were found to
be able to colonise the herb layer (e.g., Jacqueshgh 2001), and the
influence of the tree layer on the soil conditionas reported (e.g.,
Persson et al. 1987). The former agricultural &&s may influence the
soil conditions for a long period, especially whba agricultural use was
long-term (e.g., Honnay et al. 1999).

Surrounding vegetation is related to the seed soofthe forest herb
layer. The isolation of recent forests was fountbéathe most important
factor influencing the presence of forest spearethe herb layer (e.qg.,
Brunet and von Oheimb 1998a; Butaye et al. 2001d,the proportion of
shrub vegetation was also found to influence tlasgjand species in the
herb layer (Hersperger and Forman 2003).

The area of the recent forest was found to be apoitant
characteristic influencing the species compositeord richness (e.g.,
Hersperger and Forman 2003). The shape of the tréoerst was also
important, but biased results were reported reggrdhe relation of
forest species and the shape of the recent fofest réview see
Honnay et al. 2002a).

Unfortunately, most of the studies focusing on th#8uence of
context-dependent factors on the herb layer of nte¢erests in the
Europe were carried out in planted forests (e.gpssByt et al. 1999;
Jacquemyn et al. 2001; Verheyn and Hermy 2004;3DFs see e.g.,
Dzwonko 2001; Schreiber 1995; Vojta 2007).

This study has been focused on the SDFs and theemue of
context-dependent factors (surrounding vegetatmstory, area, shape
and position within the SDF) on the frequent spearethe herb-layer.
The SDFs were on mesic stands in a mountainous iardae Czech
Republic.
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The following questions were considered:

1. Are the frequent herb layer species in the SDHRsénted by
the following context dependent factors: i) thersunding
vegetation cover; ii) the historical vegetation eqwvor by iii)
the characteristics of the SDF: area, shape ofSB& or
position of the plot within the SDF?

2. How much are the context-dependent factors impbftarthe
frequent species abundance?

Methods
Study area

Southern part of the Czech Republic (40°35-38" K511-17" E),
altitude between 665 and 940 m. Climatic conditiomxlerately oceanic
between the warm and cold type (climatic regions 3ACh 7; Quitt
1971), average year temperature 6.8°C and average precipitation
718-1003 mm.

| fixed 47 plots of 1< 10 m in SDFs, which differed in age, altitude
and exposition, but all plots were on mesic stameitijer waterlogged
nor desiccated, vegetation neither ruderalisedympacal for poor soils). |
fixed the plots in such growths, where significAniman influence was
not recognisable, which were homogenous and langeigh. Different
age categories given in the study area were eqpeadisented.

The supposed terminal stage of succession is bieeest Dentario
enneaphylli-Fagetum  association, or transient to Luzulo
albidae-Quer cetum petraeae association; Neuhauslou®98).

Present growths were mostly dominatedBgyula pendula, common
trees are alsd”icea abies(L.) Karsten, Populus tremulaL.; in some
casedinus sylvestris L. or Fraxinus excelsior L. were more abundant.
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Data collection

Phytocenological releve was taken from all the @eremt plots. The
species abundance was estimated in percentageBunflance of the
species for each layer.

Vegetation map 1 : 10000 (Dostalova unpbl.) redrawra slide and
digitalized (300dpi colour picture) was used toedetine the following
context-dependent factors: i) the total area ofSB& Asr) [ha]; i) the
shape of the SDF, determined as the multiple of thermeter of a circle
with the same area; iii) the position of the plathm the SDF ¢entre),
determined as the nearest distance from the cefttbe plot to the
border of the SDF [m]; iv) the distance to the esafield D_Fi) [m];

V) the distance to the nearest grassldnd@rl) [m]; vi) the distance to
the nearest foresD( Fst) [m]; vii) the proportion of vegetation cover of
fields in the 100, 200 and 300 m surrounding (itlee, round area of a
certain semi-diameter with the central point in tentre of the plot)
(Fiz00200300); Viil) the proportion of grassland in the 100,028nd 300 m
surrounding Grligorzo00300); 1X) the proportion of forests in the 100, 200
and 300 m surrounding=$tioo200300); X) the proportion of SDF in the
100, 200 and 300 m surroundin§DF100200300); Xi) the proportion of
“other” land cover (e.g., building, water) in thé&dl 200 and 300 m
surrounding OQtipozo0300). IMage analysis in the Scion Image for
Windows 4.0.3 program was used.

The aerial photos from the Military Geographical dan
Hydrometeorological Office (Dobruska, Czech Repr)bilvere used to
determine the past vegetation cover of the plote@lsets of photos were
available from the vegetation period for the whetedy area: 1952
(7" of July, camera RC5-97, focal length 210.0 mm,infly height
5250 m, 1:25000); 1966 {bf May, MRB, 210.11 mm; 3200 m,
1:12 600), 1967 (250f June, RC 5a, 209.7 mm, 3 300 m, 1:13 150) and
1983 (8" of June, MRB-9, 88.6 mm, 2 900-3 200 m, 1:28 04Dhe
following vegetation types were distinguished: die(arable land),
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grassland (meadow, pasture, abandoned grasslandjtered SDF,
closed SDF (these types correspond with the suppssecessional sere)
for the three date4952, 1966, 1983.

For the basic statistics of context-dependent factee Table 17.
Statistical analysis

General Linear ModelsGQLM) in the Canodraw v. 4.0 program were
used to test the influence of factors on the abocel@f species recorded
at more than 33% of the plots. In together, 29 iggedulfilled this
requirement (see Table 22).

The following factors were used in the statistiaablysis: (1) SDF
characteristics: Aspr, Shape, centre; (2) surrounding vegetation:

Fi100200i300, Grl1oo200i300, FStioorzo0i300, SDFaoor200i300, Otaoorz00300, D_Fi,
D _Grl, D_Fst; (3) vegetation cover ih952, 1966, 1983.

Poisson distribution of the data was used, bectnesénk function of
this distribution is “Log” function, which is recamended for the counts
and frequency data (Lep$ and Smilauer 2003; p.. M@&jlels were fitted
by stepwise selection with interaction terms toasqupolynom using
Akaike Information Criterion (Leps and Smilauer 20

Results
Surrounding vegetation

The proportion of fields in surroundings was redat® several
frequent species abundances, especialljvenella flexuosa (L.) Drejer,
Euphorbia cyparissias L., Phleum pratense L., Rubusidaeus L., Stellaria
graminea L., Urtica dioicaL. and Vaccinium myrtillusL. were
significantly influenced by the factors relatedthe field vegetation and
the explained variability was relatively high. Theenella flexuosa
(optima 17%, 22% and19% fdFii, Fizxo, and Fisy), Euphorbia
cyparissias (optima 39% and 45% forFi;o0 and Fixp), Galium
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uliginosum (optima 12% and 13% foFix/Fisp) Stellaria graminea
(optimum 28% forFiione) andVaccinium myrtillus (optima 21% and 23%
for Fixo andFisy) preferred SDFs that were surrounded by a relgtive
high proportion of the fields (mean value in theidst 5-6%, see
Table 17), whileRubus idaeus and Urtica dioicaL. preferred a low
abundance of fields in the surroundings (see TableFig. 32a).
Surprisingly, some species, which were found tortoee abundant at a
higher proportion of the fields in surroundings,g.e.Euphorbia
cyparissias, Galium uliginosum, Sellaria graminea, decreased their
abundance with the increasing distance to the sehedd (see Table 27,
Fig. 32a, b).

Many species frequent in the herb layer were imibeel by the
grassland vegetation in the surroundings. In génefze larger
surroundings were more related to the species amnaed The following
species preferred a medium proportion of the gaasslin the
surroundings (mean value 31%, see Table 1Ayrhenatherum
elatius(L.) J. Presl et C. Presl (optima 31% and 27% @, and
Grlzgo), Clinopodium vulgare L. (optima 28% and 26% foGrl, and
Grlso0), Fragaria vesca L. (optima 31% and 29% fd&rlag and Grlsg),
Gallium mollugo agg. L. (optima 28%, 28% and 19% 18rli0, Grlano
and Grlzpg), Vaccinium myrtillus (optima 35%, 36% and 35% f@rl;0o,
Grly and Grlzy). Sellaria graminea abundance surprisingly decreased
with the increasing proportion of the grasslandthe surroundings
(species typical for grassland vegetation), whildypericum
maculatum Crantz andGaleopsis tetrahit L. (both species typical for
non-forest vegetation) were more abundant at botlowa and high
proportion of the grassland in the surroundingsb(@a8, Fig. 32c).
Hypericum maculatum, Galeopsis tetrahit, Rubus idaeus and Veronica
chamadrysL. were found to be often present in the SDFs renfimm
the grassland, whil€€ampanula patula L., Dactylis glomerataL. and
Phleum pratense preferred SDFs both near and remote from the
grassland (Table. 28, Fig. 32d).
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Table 27. Fields surrounding the SDF influencing abundaot¢he frequent species
(GLM).

Fi1oc Fizoc Fisoc D_Fi
M  wvar. M var. M  wvar. M var.

Agrostis capillaris x Lt 4 Lt 5 Ll 7
Avenella flexuosa Qn 12 Qn 18 Qn 26 QO 28
Campanula patula L1 9 X X X
Euphorbia cyparissias On 34 On 43 L1 26 L| 28
Galiumuliginosum X Qn 9 Qn 16 Lu 10
Hypericum maculatum X X X Qn 15
Phleum pratense Q0 24 QO 21 QO 16 x
Potentilla erecta X X Qn 18 Qn 13
Ranunculus acris L1 8 L1 7 L1 7 Qn 7
Rubus idaeus Lt 13 Ly 10 L. 19 Qn 16
Sellaria graminea Qn 16 Lt 17 L1t 14 Ly 9
Urtica dioica Ly 13 Ly 10 Ll 16 Qn 18
Vaccinium myrtillus X Qn 19 Oon 19 QO 27
Viola riviniana X X Qn 10 X

M: L-linear, Q-square polynom fitted,!/t - decreases/increasesJ/n - “humped” answer,
var. - explained variability [%]; Rdozooz00— proportion of fields in the 100/200/300 m sumdings,
D_Fi - distance to the nearest field.

Tabulka 27. Vliv pole v okoli na pokryvnost hojnych drah(GLM). M: L - linearni vztah,
Q - polynomialni vztah (druhého stu)n (/1 - pokles/vzist, [/n - “hrbatd” odpo¥d,
var. - vys¥étlena  variabilita  [%];  Figo00300— podil  pole v okoli  100/200/300 m,
D_Fi - vzdalenost k nejblizSimu poli.
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Table 28 Grassland surrounding the SDF influencing abuoeaof the frequent
speciesGLM).

Grl 1oc Grl ogc Grl 3oc D_Grl
M var. M wvar. M wvar. M var

Aegopodium podagraria X X X Ly 5
Agrostis capillaris x L. 5 L. 7 x
Anthriscus sylvestris X X X Qn 15
Arrhenatherum elatius X Qn 13 OQn 10 X
Campanula patula X X X Qo 22
Clinopodium vulgare X Qn 10 OQn 10 x
Dactylis glomerata X L. 6 L. 8 QU 14
Euphorbia cyparissias Lt 6 Ly 9 Ly 11 Qon 11
Fragaria vesca x Qn 11 OQn 25 x
Galeopsis tetrahit QU 14 Qo 23 QI 26 Lr 46
Galium mollugo agg. Qn 5 Qn 5 Qn 10 x
Galiumuliginosum L. 5 L. 5 Qn 10 L1t 6
Holcus mollis X X X Qu 9
Hypericum maculatum Ly 11 QO 15 QO 22 QO 45
Phleum pratense X X X Qu 14
Poa angustifolia L1 5 x X X

Rubus idaeus X X X QU 16
Rumex acetosa X X x L1 4
Sellaria graminea L! 8 Ly 16 L. 21 L1 6
Vaccinium myrtillus Qn 16 OQOn 41 Qn 24 x
Veronica chamaedrys X X X QU 23
Violariviniana X X X QU 9

M: L-linear, Q -square polynom fitted,l/t - decreases/increased,l/n - “humped” answer,
var. - explained variability [%)]; Gidor00:300— pProportion of grassland in the 100/200/300 naurdings,
D_Girl - distance to the nearest grassland.

Tabulka 28. Vliv louky v okoli na pokryvnost hojnych driah(GLM). M: L - linearni vztah,
Q - polynomialni vztah (druhého stupn (/1 - poklesivzist, [/n - “hrbata” odpo¥d,
var. - vysetlend  variabilita [%];  GHoozo0z00— podil  luk v okoli  100/200/300 m,
D_Grl - vzdalenost k nejblizsi louce.
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Figure 32. Surrounding vegetation cover influencing abundantethe frequent
species GLM): a) proportion of fields in the 300 m, b) distanio the nearest field,
c) proportion of grassland in the 300 m, d)distarto the nearest grassland.
Aegopoda Aegopodium podagraria, Agrocapi -Agrostis capillaris,

Anthsylv - Anthriscus sylvestris, Arrhelat —Arrhenatherum elatius,
Avenflex - Avenella flexuosa, Camppatu Campanula patula,
Clinvulg - Clinopodium vulgare, Dactglom -Dactylis glomerata,

Euphcypa Euphorbia cyparissias, Fragvesc Fragaria vesca, Galetetr -Galeopsis
tetrahit,  Galimoll —Galium  mollugoagg.,  Galiulig -Galium  uliginosum,
Holcmoll - Holcus mollis, Hypemacu Hypericum maculatum, Phleprat Phleum
pratense, Poteerec Potentilla erecta, Ranuacri -Ranunculus acris,
Rubuidae Rubusidaeus, Rumeacet Rumex acetosa, Stelgram -Stellaria graminea,
Urtidioi — Urtica dioica, Vaccmyrt -Vaccinium myrtillus, Verocham Veronica
chamaedrys, Violrivi — Violariviniana.
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Obrazek 32. Vliv okoli na pokryvnosti hojnych druh(GLM): a) podil pole v okoli 300 m,
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Figure 33. Surrounding vegetation cover influencing abundao€ethe frequent
species GLM): a) proportion of forests in the 100m, b) in tH&O0 m.

Aegopoda Aegopodium podagraria, Clinvulg - Clinopodium vulgare,
Dactglom -Dactylis glomerata, Galetetr -Galeopsis tetrahit, Hypemacu Hypericum
maculatum, Ranuacri Ranunculus acris, Rubuidae -Rubus idaeus,

Rumeacet Rumex acetosa, Urtidioi —Urtica dioica, Verocham Veronica
chamaedrys, Verooffi —Veronica officinalis, Violrivi — Viola riviniana.

Obrézek 33. Vliv okoli na pokryvnost hojnych drih(GLM): a) podil lesa v okoli 100 m,
b) 300 m.

Galeopsis tetrahit, Hypericum maculatum, Rubus idaeus, Veronica
chamaedrys and Viola riviniana Rchb. (optimum 55% forFstigo)
preferred a higher proportion of the forests imr@undings (Table 17, 29,
Fig. 33a, b).Clinopodium vulgare and Urtica dioica were found to be
more abundant in the SDFs remote from the foresijewa higher
abundance o&alium uliginosum, Sellaria graminea andViola riviniana
was found to be in the SDFs near the grasslandigrattis capillaris L.
preferred both SDFs near and remote from the graggiTable 29).
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Clinopodium vulgare (optima 65% and 59% fd&DF100 and SDF2q0),
Galium mollugo agg. (optimum 56% foEDF1q0) preferred more SDF in
the surroundings of the plot (mean value 45%, 3% 38% forSDFqp,
DF,00 and SDF3p0), while Hypericum maculatum, Rumex acetosa L.,
Viola riviniana preferred less SDF in the surroundings, &fedonica
officinalisL. preferred a medium proportion of SDF in the sundings
(optima 32% and 29% foBDF,00 and SDF3p0). For more detail see
Table 30, Fig. 34a.

The “other” land cover surrounding the SDFs waserimportant for
the 100 m perimeter than the larger distadegopodium podagraria L.,
Achillea millefolium L., Anthriscus sylvestris (L.) Hoffm. (optimum 5%
for Oty00) andViola riviniana (optima 6% and 15% faDtipp and Otsyg)
preferred a higher proportion of “other” land cowerthe surroundings,
while Agrostis capillaris, Arrhenatherum elatius and Gallium
mollugo agg. preferred lower abundance (Table 17, 31,34g).

SDF characteristics

Aegopodium podagraria, Clinopodium vulgare, Galium mollugo agg.
andUrtica dioica preferred large SDF&alium uliginosum andVeronica
officinalis tended also to be more abundant in large SDFs,ewhil
Ranunculus acrisL. and Rumex acetosa preferred smaller SDFs, and
Rubus idaeus preferred both large and small SDFs (Table 32, ¥4g).

Aegopodium podagraria (optimum 7.6) andCampanula patula (7.3)
preferred SDFs with more irregular shapes, wi@dteopsis tetrahit and
Vaccinium myrtillus preferred SDFs with circular shap&dinopodium
vulgare (optimum 3.2),Fragaria vescalL. (2.8), Galium mollugo agg.
(3.6) andUrtica dioica (3.6) preferred SDF with medium irregular
shapes (Table 32, Fig. 34c).
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Table 29 Forests surrounding the SDF influencing abundaridbe frequent species
(GLM).

Fstloc Fstzoc Fstgoc D_Fst

M var. M var. M var. M var.

Aegopodium podagraria L1 10 Ly 6 Ly 8 X

Agrostis capillaris X X X QO 10
Clinopodium vulgare L. 5 L. 5 QO 19 L1 28
Dactylis glomerata Lt 3 Lt 8 Lt 11 Lt 4
Galeopsis tetrahit QO 34 QO 56 QO 56 x

Galium uliginosum X X x QO 14
Hypericum maculatum QU0 31 QO 45 Lt 42 L. 6
Phleum pratense X X X QU 8
Potentilla erecta X X X Lt 7
Ranunculus acris X X Lt 4 x

Rubus idaeus QU 17 QO 21 QO 18 X

Rumex acetosa L1 7 L1 4 X X
Stellaria graminea X X X QO 13
Urtica dioica QU 12 X QO 11 QO 13
Vaccinium myrtillus X Qn 10 X X

Veronica chamaedrys QU0 10 QO 14 QO 14 x
Veronica officinalis Qn 14 X x X

Viola riviniana Qn 17 Lt 5 L1 5 QO 14

M: L - linear, Q - square polynom fitted/t - decreases/increasé¥n - “humped” answer, var. - explained
variability [%]; FStoorzooz00— proportion of forests in the 100/200/300 m sundings, D_Fst - distance to
the nearest forest.

Tabulka 29. Vliv lesa v okoli na pokryvnost hojnych diuh(GLM). M: L - linearni vztah,
Q - polynomiélni vztah (druhého stupn 1/t - pokles/vziist, O/n - “hrbatd” odpoed,
var. - vys¥tlena variabilita [%)]; FSboroosoo— podil  lesa v okoli  100/200/300 m,
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Table 30 SDF in surrounding influencing abundance of tiegfient specie$sLM).

SDFiqc SDFyoc SDF3q¢
M var. M var. M var.

Aegopodium podagraria L1 5 X Qn 13
Agrostis capillaris L1 6 X X
Arrhenatherum elatius X Qn 13 Qn 11
Clinopodiumvulgare Qn 17 Qn 18 Lt 13
Euphorbia cyparissias X X Qn 36
Fragaria vesca L1 8 X X
Galeopsis tetrahit X X L! 6
Galium mollugo agg. Qn 14 L1 11 L1 18
Hypericum maculatum X L. 13 L. 10
Knautia arvensis Qn 8 X X

Phleum pratense Qn 9 X x

Poa angustifolia QO 13 X X
Ranunculus acris QO 13 X x

Rumex acetosa Lt 9 Ly 7 L. 16
Stellaria graminea Qn 9 x x

Urtica dioica X X L1 12
Vaccinium myrtillus X X L! 6
Veronica officinalis X Qn 12 Qn 19
Viola riviniana Ll 9 X QO 27

M: L-linear, Q -square polynom fitted,!/t - decreases/increases,l/n - “humped” answer,
var. - explained variability [%]; SDkoiz0030 — proportion of SDF in the 100/200/300 m surrongsi

Tabulka 30. Vliv porosti néletovych #vin v okoli na pokryvnost hojnych druh(GLM).
M: L - linearni vztah, Q - polynomialni vztah (dého stups), (/1 - pokles/vzist,
O/n - “hrbatd” odpo¥d, var. - vys¥tlena variabilita [%]; SDporoozo— podil  porost
naletovych #evin v okoli 100/200/300 m.
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Table 31 “Other” land cover surrounding the SDF influergcimbundance of the
frequent speciesaLM).

Otioc Otaoc Otsoc
M var. M var. M var.
Achillea millefolium L1 14 X X
Aegopodium podagraria QO 10 X X
Agrostis capillaris Ly 10 X X
Anthriscus sylvestris Qn 11 X x
Arrhenatherum elatius Lt 7 QU 14 X
Clinopodium vulgare Ly 7 X L1 12
Galium mollugo agg. L. 11 L. 5 x
Galiumuliginosum X X L1 6
Holcus mollis Ll 9 Ll 7 Ll 6
Phleum pratense X QO 11 L. 5
Rubus idaeus Ly 7 X QO 16
Sellaria graminea Ll 5 QU 10 X
Viola riviniana Qn 25 Lt 8 Qn 17

M: L-linear, Q -square polynom fitted,./t - decreases/increases,l/n - “humped” answer,
var. - explained variability [%]; Qdor00300— Proportion of “other” land cover in the 100/2800 m
surroundings.

Tabulka 31. Vliv krajinného pokryvu ,ostatni“ v okoli na pokrpest hojnych druin (GLM).

M: L - linearni vztah, Q - polynomialni vztah (dého stups), (/1 - pokles/vzist,

O/n - “hrbata” odpo¥d, var. - vys¥étlena variabilita [%]; Ofgozo0300— podil krajinného
pokryvu “ostatni“ v okoli 100/200/300 m.

Arrhenatherum elatius and Phleum pratense were more abundant at
plots near the SDFs border, whiteagaria vesca tended to be more
abundant inside the SDF (optimum 42 m, see Tahl&ig2 34d).
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Figure 34. Factors influencing abundance of the frequent ispedGLM):
a) proportion of SDF in the 300 m, b) area of tiSc) relative length of the SDF
border, d) nearest distance from the centre ofplloé to the border of the SDF.
Achimill - Achillea millefolium, Aegopoda -Aegopodium podagraria,
Arrhelat -Arrhenatherum elatius, Avenflex -Avenella flexuosa,
Camppatu Campanula patula, Clinvulg - Clinopodium vulgare, Dactglom -Dactylis
glomerata, Euphcypa Euphorbia cyparissias, Fragvesc Fragaria vesca,
Galetetr -Galeopsis tetrahit, Galimoll —Galium mollugo agg., Galiulig -Galium
uliginosum, Holcmoll -Holcus moallis, Hypemacu Hypericum  maculatum,
Knauarve Knautia arvensis, Phleprat Phleum pratense, Poteerec Potentilla
erecta, Ranuacri Ranunculus acris, Rubuidae -Rubus idaeus, Rumeacet -Rumex
acetosa, Stelgram -Sellaria graminea, Urtidioi — Urtica dioica,
Vaccmyrt -Vaccinium myrtillus, Verooffi —Veronica officinalis, Violrivi— Viola
riviniana.
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Obrazek 34. Vliv faktori na pokryvnost hojnych drih(GLM): a) podil SDF v okoli 300 m,
b) rozloha SDF, c) relativni délka hranic SDF (Kwaodu kruhu o stejné ploSe), d) nejkratSi
vzdalenost k okraji porostu néletovyciedin.

Historical vegetation cover

Many species were more abundant in the SDFs, whigne
overgrown by trees in 1952Agrostis capillaris, Avenella flexuosa,
Fragaria vesca, Galium uliginosum, Potentilla erectal., Vaccinium
myrtillus (optimum 3.2) Veronica officinalis, while several species were
more abundant in the SDFs, which were fields oisgjead in 1952:
Campanula patula (optimum 1.5),Holcus mallisL. (1.6), Rubus idaeus,
Urtica dioica. The explained variability by vegetation coverl®562 was
often very high. For more detail see Table 33, Bth.

Galium uliginosum and Vaccinium myrtillus were found to be more
abundant in the SDFs, which were covered by treed966, while
Knautia arvensis(L.) Coulter, Poa angustifolial., Urtica dioica
(optimum 1.8) andPhleum pratense (optimum 2.0) preferred SDFs that
were not overgrown by trees in 196®ypericum maculatum was more
abundant in the SDFs, which were covered by seattérees in 1966
(optimum 2.8), whileAvenella flexuosa, Euphorbia cyparissias and
Potentilla erecta were more abundant in the SDFs, which were fields
overgrown by trees in 1966. For more detail sedelas, Fig. 35c.

Avenella flexuosa, Galeopsis tetrahit (optimum 2.8), Vaccinium
myrtillus were more abundant in the SDFs overgrown by tired$983,
while Holcus mollis (optimum 2.3)and Phleum pratense (2.1) preferred
SDFs, which were grassland in 1983, @&utiillea millefolium preferred
SDFs, which were fields (or grassland) in 1983. Rare detail see
Table 33, Fig. 35d.
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Table 32 Characteristics of the SDF influencing abundaotehe frequent species
(GLM).

Aspr shape centre
M var. M var. M var.

Achillea millefolium X X Ll 5
Aegopodium podagraria L1 20 Qn 13 X
Arrhenatherum elatius X X Ly 11
Avenella flexuosa X Ly 5 X
Campanula patula X Qn 11 L. 8
Clinopodium vulgare Lt 15 Qn 16 x

Dactylis glomerata X X Qn 9
Fragaria vesca Qn 9 Qn 11 Qn 23
Galeopsis tetrahit X Ly 13 X

Galium mollugo agg. L1 12 Qn 11 X
Galiumuliginosum Qn 10 X X

Holcus mollis X L! 5 Ll 9
Knautia arvensis X X Ll 6
Phleum pratense X X L. 11
Potentilla erecta X X Qn 9
Ranunculus acris Ly 11 x X

Rubus idaeus QO 19 x x

Rumex acetosa L 13 X X

Sellaria graminea x x Ll 9
Urtica dioica QO 26 Qn 13 X
Vaccinium myrtillus Ly 6 Ly 10 X

Veronica officinalis Qn 13 X X

M: L-linear, Q -square polynom fitted,./t - decreases/increased,)/n - “humped” answer,
var. - explained variability [%)]; &r— area of the SDF, shape —relative length of Sl border,
centre — nearest distance from the centre of thietplthe border of the SDF.

Tabulka 32. Vliv charakteristik porostu naletovychielin na pokryvnost hojnych drth
(GLM). M: L - lineéarni vztah, Q - polynomialni vztahr{hého stup&), 1/t - pokles/vziist,
O/n - “hrbatd” odpo¥d, var. - vys¥tlena variabilita [%]; Apg - rozloha SDF, shape - relativni
délka hranic SDF (ku obvodu kruhu o stejné plosentre - nejkratSi vzdalenost k okraji porostu
naletovych devin.
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Table 33 Historical vegetation cover influencing abundarmdethe frequent species
(GLM).

1952 1966 1983
M var. M var. M var.

Achillea millefolium X X QO 24
Aegopodium podagraria Ly 7 X X

Agrostis capillaris L1 14 X L1 4
Avenella flexuosa Lt 20 QO 24 Lt 20
Campanula patula Qn 16 X X
Clinopodium vulgare X X L1 6
Euphorbia cyparissias X QO 12 L1 9
Fragaria vesca L1 38 x X
Galeopsis tetrahit X X Qn 19
Galium uliginosum L1 15 L1 13 L1 5
Holcus mollis Qn 11 Lt 5 Qn 10
Hypericum maculatum X Qn 12 X

Knautia arvensis X QO 21 X

Phleum pratense X Qn 13 Qn 21
Poa angustifolia X L. 11 L. 12
Potentilla erecta Lt 12 QO 11 X

Rubus idaeus Lt 11 X X

Rumex acetosa L1 4 X X

Sellaria graminea L1 6 X X

Urtica dioica QO 22 Qn 17 X
Vaccinium myrtillus Qn 33 Lt 41 Lt 21
Veronica officinalis L1 10 x x

M: L-linear, Q -square polynom fitted,./t1 - decreases/increases,l/n - “humped” answer,
var. - explained variability [%]; 1952/1966/198%egetation cover in 1952/1966/1983 (successiomnat se
1-field, 2-grassland, 3-scattered trees, 4-clossgldanopy).

Tabulka 33. Vliv vegetaniho krytu v minulosti na pokryvnost hojnych dtuGLM).
M: L - linearni vztah, Q - polynomialni vztah (deho stups), (/1 - pokles/vzist,
O/n - “hrbatd” odpo¥d, var. - vysétlena variabilita [%]; 1952/1966/1983 - vegaia kryt
v roce 1952/1966/1983 (sukcesni série: 1-poleuRdp3-rozvoliny nalet, 4-zapojeny nalet).
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Figure 35. Factors influencing abundance of the frequent ispedGLM):

a) proportion of “other” land cover in the 100 n),vegetation cover in 1952, c)in
1966, d) in 1983 (successional sere: 1-field, Zgjend, 3-scattered trees, 4-closed
tree canopy). Achimill -Achillea millefolium, Aegopoda -Aegopodium podagraria,

Agrocapi -Agrostis capillaris, Anthsylv -Anthriscus sylvestris,
Arrhelat -Arrhenatherum elatius, Avenflex -Avenella flexuosa,
Camppatu Campanula patula, Clinvulg - Clinopodium vulgare,

Euphcypa Euphorbia cyparissias, Fragvesc Fragaria vesca, Galetetr -Galeopsis
tetrahit,  Galimoll —-Galium  mollugo agg.,  Galiulig -Galium  uliginosum,
Holcmoll - Holcus mollis, Hypemacu Hypericum maculatum, Knauarve Knautia
arvensis, Phleprat Phleum pratense, Poa_angu Poa angustifolia,
Poteerec Potentilla erecta, Rubuidae -Rubus idaeus, Rumeacet -Rumex acetosa,
Stelgram -Sellaria graminea, Urtidioi —Urtica dioica, Vaccmyrt —Vaccinium
myrtillus, Verooffi —Veronica officinalis, Violrivi — Viola riviniana.

Obrazek 35. Vliv faktori na pokryvnost hojnych dridh(GLM): a) podil krajinného pokryvu
“ostatni“ v okoli 100 m, b) vegetai kryt vroce 1952, c) 1966, d) 1983 (sukcesniesér
1-pole, 2-louka, 3-rozvolimy nélet, 4-zapojeny nalet).
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Discussion

All the frequent species in this study (see Talle Were also
common species in the study area and species websbpn Central
Europe. This is in assumption with the view of codation of recent
forests in the context of the theory of island Ieography
(Bossuyt et al. 2003), which predicts the colomsatfrom the close
surroundings to be the most probable, and in assomywith findings of
other studies (e.g., Hester et al. 1991). Moshefftequent species were
related to the grassland vegetation, and manyeohtivere clonal grasses
(Agrostis capillaris, Dactylis glomerata, Holcus mollis, Phleum
pratense), and several other frequent species were alswakjoerennial
species (e.g.Galium mollugo agg., see Table 22). However, clonal
species were found to dominate the middle stagesaifession, and they
were not found to be abundant in an old-field sesm in mesic stands
after more than 30 years (Prach and PySek 199dadhis study the
minimal value of the average age of the tree layxeeeded 10 years, and
the average value was 30 years (Table 12). Moremxahave to assume
several more years were needed for the tree ediai@nt on the
abandoned agricultural land and to reach the 40above ground (a
wood sample was taken from this level to obtainage estimation from
the tree rings).

Each frequent SDF species was influenced by théegbdependent
factors (although different factors were found te lmportant for
different species) and each context-dependent rfasignificantly
influenced the frequent species abundance (althdhghamount of
explained variability differed). The history wastmost important group
of factors influencing the frequent species abundai@1% of the total
tested relations), while the characteristics of3bd- influenced 36% and
surrounding vegetation influenced 35% of the testeldtions. The
explained variability was relatively high, i.e., @verage 14% for the
historical vegetation cover (for significant retais), 14% for the
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surrounding vegetation, and 12% for the charactethe SDF. For
comparison, Deckers et al. (2004) found the adjalegmd use important
for 8-11% of hedgerow species (15-21 out of 198y the explained
variability by all the studied factors (environmantconditions,
management, structure, history spatial configunatio total 27 factors)
was on average 29%, the strongest relation of peeiss was to the
environmental conditions.

The time, i.e., successional age was reported esntbst important
factor influencing the species composition (e.ggnhhy et al. 1999;
Prach andkehounkova 2006). However, e.g., Peterken and Gaeg]
found, that after several decades there is nofgignt influence of the
time on the forest species in the recent forestd, Kopecky and Vojta
(2009) found that the recent forest species cortipasis determined
mostly by the environmental factors, but the type@vious land use
was also found to modify the species assembladesfiiidings, that the
historical vegetation cover significantly influemcenost of the species
context-dependent relations, and that the higheglamed variability
was observed, are not surprising, and the fact timatoldest record
concerning the vegetation cover tested (52 yea)siiBRenced most of
the frequent species is important.

The Vaccinium myrtillus, the only frequent species related to the
forest, increased with the duration of the treestayrhis finding is not
surprising, because an increase of forest spedtésthe duration of the
tree layer was found in several studies (Bossuyt Biermy 2000;
Dzwonko 2001; Dzwonko and Loster 1992; Roy and di@sB2008).
However, this species is often found also in foeglfes and at clearings.

Many typical grassland species were not very imitgel by the
duration of the tree layer, e.gArrhenatherum elatius, Dactylis
glomerata, Ranunculus acris. However, several species preferred the
SDF, which was not overgrown by trees in the pagy.(Campanula
patula, Phleum pratense). This findings indicates, that the process of
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transformation from grassland vegetation to fovegfetation is relatively
slow, which is in assumption with findings of otrstudies, e.g., Faiski
(1988) estimated 350 years for the succession @icngeassland of the
Arrhenatherion elatioris alliance.

The surrounding vegetation cover influenced maeygudent species.
This is in assumption with the results of many otktidies, which
reported surroundings as an important factor imftirey the succession
(e.g., Hersperger and Forman 2003; Prach Retiounkova 2006;
Prach et al. 2007). However, the surrounding vdigetacover was
correlated for distinguished distances (e.g., 1810p <0.05 for the
Grlioo and Grlyg, and r=0.71, p < 0.05 for thérlx and Grlsy), and
many of the species influenced by certain factoesewmore related to
the vegetation cover more remote from the plot.(&gleopsis tetrahit
and Grl relation, see Table 28). The influence of longatise
surroundings was found in other studies, e.g., Emret al. (2008) found
the influence of surroundings on the species coitipnsof the mined
stands up to 17 km.

The surrounding vegetation was found to be imporfan many
species typical for forest-grassland ecotones, lware the most common
and most abundant species (Table 22) in the SDé&isn@h and Baudry
1984), and their abundance usually increased vimghduration of the
tree-layer (e.g.Euphorbia cyparissias, Potentilla erecta). The higher
abundance of these species is in assumption wigr tbcological
behaviour, and the increase in abundance with timatidn of the tree
layer indicates relatively slow changes of the camity toward the
forest vegetation.

Although Vojta (2007) foundHypericum perforatum to be a species
indicating old-fields in the Czech Republic, | havet a found higher
abundance dfypericum maculatum on former fields. On the contrary, it
was more common in the SDFs, which were scatte@8sSn 1966
(optimum 2.8, 12% explained variability).
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A relatively small number of grassland species viefleenced by the
grassland in surroundings, and some typical gnadstpecies tended to
decrease with the proportion of the grassland ensitrroundings (e.g.,
Sellaria graminea), while the proportion of forests surprisingly
increased the abundance of several grassland sgémiesimilar finding
see Cousins and Aggemyr 2008). It may be causetthdoygeneral low
distance to the nearest grassland (45 m) and bghapnoportion of the
grassland in the surroundings (31%) in the stu@éa,awhich allow the
effective supply of grassland species. The othasor is assumed to be
that most of the large grasslands are species pften established on
former arable land. A higher proportion of grasdlamthe surroundings
Is mostly caused by such vegetation.

The SDFs in surroundings were not very importamttfe frequent
species typical for grassland, but Hersperger amth&n (2003) found
that the number of grassland species decreased thwthincreasing
abundance of SDF in the surroundings. ORlynex acetosa decreased
the abundance, whil&rrhenatherum elatius preferred SDF surrounded
by nearly 50% of SDF in the 200 and 300 m.

Unfortunately, no species typical for forests, gtder theVaccinium
myrtillus, was frequent enough for a statistical analydithoagh the
mean distance to the nearest forest was only 11&nah,the limitable
distance for the forest species distribution ispaged to be 200 m
(Honnay et al. 2002a). The reason can likely bebated to the species
composition of most of the forests in the studyaafdost of them are
spruce plantations with poor herb-layers, and ‘gpiforest herbs”,
which are mostly species typical for deciduous dtwe
(Hermy et al. 1999), are usually missing in suate$ts. The other likely
reason is that the forest herb species are mierdsmited, e.qg.,
Baeten et al. (2009) found that some forest spedegzended on the
vegetation disturbance in the seed sowing expetiméme Vaccinium
myrtillus, the only one truly forest species, surprisinghgferred the
SDFs surrounded by a relatively high proportion tbé grassland
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(ca 35%) and by fields (ca 20%). It was only slightelated to the
forests in the surroundings, and the distancedm#arest forest was not
important at all.

The area of the SDF influenced one third of theeigse The influence
of the area of the recent forest on the speciegosition also was found
in other studies (e.g., Dzwonko and Loster 1992).

The position of the plot within the SDF and theshaf the SDF may
influence the species especially due to the edgetefvhich was proved
in other studies (e.g., Honnay et al. 2002b). Mawpical grassland
species have been more abundant in the edges ofSBte (e.qg.,
Arrhenatherum €elatius, Campanula patula, Knautia arvensis, Phleum
pratense), which is in assumption with the findings of atlstudies (e.g.,
Dzwonko and Loster 1992; Honnay et al. 2002b). dtegice of the
species to the shape of the SDF did not show anjogically well
interpretable evidence, but a relatively high numbé species were
significantly related to the shape of the SDF. Bthsesults concerning
the influence of the shape on the vegetation oéneéorests also were
obtained in other studies (for review see Honnagl.€2002a).

The ruderal specieA¢gopodium podagraria, Galium mollugo agg.,
Urtica dioica, Rubus idaeus) tended to be more abundant in large SDFs.
More ruderal species were found to be in recerdsiisrcompared to the
ancient forests in different studies (e.g., Bos&nl. 1999; Vojta 2007).
A relatively high number of frequent species intiiog ruderalization
was found in my study (e.g3aleopsis tetrahit, Galium mollugo, Urtica
dioica), but they were usually low abundant (see Tab)e 2Be higher
number of ruderal species may be caused by thedserin nutrients in
the soil during the tree-layer development (Honeawl. 2002a), or by
their long-distance dispersal ability and persisteseed bank
(Bossuyt et al. 1999).
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Experimental study on seed and safe-site limitationof
forest species in an early successional site in agbn to
disturbance regime and light conditions

Experimentalni zjiSténi limitace disperzi nebo stanovig#m lesnich
druhw v ranné sukcesnim stadiu ve vztahu k naruSeni a &elnym
podminkam

Abstract

An experiment on seed and safe-site limitationinérforest herbs was established
in a 12-year-old abandoned grassland. Seed limitatias reduced by seed addition
treatment, and disturbance and light conditionsewaanipulated. Factorial design of
16 treatments in 6 randomised blocks was used.

The influence of disturbance and shading on specesposition, general
characteristics of the vegetation, and on spedesdance was studied, and seedling
establishment of forest species was monitored.

The resilience of the early stages of successiahddreatment regime was high.
Although, the disturbance and shading influencedsihecies composition, the character
of the vegetation and selected species abundaheebdtween year variability was
higher.

Only sown forest species were found during the empmnt. Most of the forest
species did not germinate, although the seed additas high (50-600 seed$’mThe
only species, which established relatively well,svizentaria enneaphyllos (number
sufficient for statistical analysesiowever, the seedlings were not able to develop
leaves except for cotyledons during the experiment.

Although, only shading significantly increased theambers ofD. enneaphyllos
seedlings, most of thB. enneaphyllos seedlings were found in the most manipulated
treatment combining both shading and disturbangeme The results indicate that
forest species are in addition to the seed linota&lso safe-site limited in the early
stages of succession.

Shrnuti

Na ploSe dvanact let ponechané spontanni sukcésiabyzen pokus pro zji&i
limitace semeny nebo stanowst lesnich bylin (9 drul). Limitace semeny byla
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odstragna gidanim semen a manipulaciéssinych podminek a disturbanci vegetace
byly ménény podminky prosedi. Pro pokus bylo pouzito faktorialni usgdani
16 zasah v Sesti znahoditych blocich.

Byl zjiStovan vliv zasat na druhové slozeni, charakter porostu a na vybuaungy
a uchycovani semeéi lesnich druf.

Vegetace ranhsukcesni louky byla odoln&i& experimentalnim zasam. Ackoli
naruSeni a stémi ovliviovalo druhové sloZeni, charakter porostu i pokrgtno
sledovanych druh mezir@ni variabilita byla vySSi nez zmy zpisobené zasahy.

Byly nalezeny jen semetidy druhi, které byly do porostu fizety. \WeétSina
prfisévanych druth se nebyla schopna v porostu uchytiibec, &koli byl pocet
piidavanych semen vysoky (50-600 k€)m Jediny druh, ktery se vyznagijin
uchycoval (v dostatmém mnoZstvi pro statistické hodnoceni) byzentaria
enneaphyllos. Semenéky tohoto druhu se vSak nebyly schopny dale vywijptibéhu
pokusu (dosahly pouze stadiagkodnimi listky).

Ackoli pouze stiani statisticky vyznamhzvySovalo uchycovarb. enneaphyllos,
nejvice semert&t bylo zaznamenano v zasahu kombinujicim ¢siini naruSeni.
Vysledky pokusu naz®iaji, Zze lesni druhy jsou v ranych stadiich sukdeséovany
krom¢ nedostat&nym mnozstvim semen také mikrostanairigt

Introduction

Colonisation of the recent forest herb layer by tipical forest
species is an important topic due to the increaséhe recent forest
abundance in Europe (e.g., Hamre et al. 2007; H¢lah 2006). Species
typical for ancient forest herb layer were reportedbe shade-tolerant
species avoiding wet and dry sites (Hermy et &9)9growing mostly
in forests with intermediate soil reaction and intediate nitrogen
availability (Hermy et al. 1999; Wulf 1997). Theoor dispersal ability
Is characteristic (Brunet and von Oheimb 1998a; nyeet al. 1999;
Peterken and Game 1984; Wulf 1997), they are poepyesented in the
seed bank, and only a limited number establishraigient seed bank
(Bossuyt and Hermy 2001). Most of them are from ¢lessFagetalia
(Wulf 1997). A stress-tolerant strategy is typiaahd many of them are
anemochorous, myrmecochorous or zoochorous species
(Hermy et al. 1999; Honnay et al. 2002a).
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Slow colonisation of the herb layer of recent fetsdsy typical forest
species was reported (e.g., Dzwonko 1993; Bosduwajt £999;
Honnay et al. 1999). It is assumed that there a@ reasons for this
evidence: 1) the forest species are safe-site dan{iChristensen and
Peet 1984; Hester et al. 1991; Mwangi et al. 2007), or 2) drsgl
limited (Brunet and von Oheimb 1998a; Ehrlén andk€son 2000;
Matlack 1994; Van der Veken et al. 2007a).

Slow changes in environmental conditions, espgcsiil conditions,
during the succession (e.g., Gomoryova et al. 26@hnay et al. 1999;
Richter et al. 1994; Verheyen et al. 1999), and thafluence of
competition of the present herb layer (e.g., Degték al. 2007;
Prach 1994) are evidence of the safe-site limiigubthesis.

Seed limitation was often studied indirectly frome presence/absence
of the forest species and the correlation of thedbspecies in the herb
layer with the distance to the (ancient) foresg.(eButaye et al. 2001,
Peterken and Game 1984; Sitzia 2007; Vellend &0fl7). The rate of
dispersion of forest species was reported low, ¥B.m.year, in most
cases <1 m.year (see Bossuyt et al. 1999; Brunet and von Oheimb
1998a; Honnay et al. 1999).

The direct methods, through which those forms eflseand safe-site
limitation can be distinguished, are seed additamd transplantation
(Munzbergova and Herben 2005). There is only alsmahber of such
studies pertaining to the forest species. KubiK@@®4) and
Van der Veken et al. (2007b) are examples of tlanspg studies. Seed
sowing experiments have been more often practisee¢ Ehrlén and
Eriksson 2000; Ehrlén et al. 2006; Eriksson 1995st@fsson et al. 2002;
Ohlson and Ganli 2006; Verheyen and Hermy 2004).

The seed sowing experiments proved the seed liomtadf forest
species in recent forests (most of them plantedoomer agricultural
land), but in several studies the evidence for-sa&limitation also was
observed. For example Verheyen and Hermy (2004)daome of the
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sown species to be influenced by the present haybrland by the
amount of nutrients in soil, although weak influeraf the environment
and competition was also reported (e.g., Ehrlél.€1006;
Gustafsson et al. 2002).

The transplanting experiments supported the seeitation of forest
species less than the seed sowing experiments, tladsafe-site
limitation was found to be more important in thedadies. Kubikova
(1994) found that most of the species were not @blgpread from the
transplanted block even after 6 years (some spdmeson the soil block
borders), and those that were able to spread veemedfnear the block
(the largest distance was reported to be 10 nPtdmonaria obsura).
Van der Veken et al. (2007b) found the transplanpegulations of
Hyacinthoides non-scripta less viable than the source populations and the
spread of the species was found to be very slo@0630.06 m.yeaD),
although 41% of the transplanted populations (du2®) were able to
survive 45 years.

This study is focused on the seed and safe-sitgation of forest
species in early successional vegetation (grasslaaddoned for twelve
years) on mesic stands. Using a factorial desigx@eriment, the forest
species establishment in relation to seed limitatjreduced by seed
addition), light conditions (manipulated by shaditgatments) and
competition of present vegetation cover (manipddtg above-ground
vegetation removal treatment and turf disturbanceatinent) was
studied.

The following questions have been considered:

1. Are the forest species seed or safe-site limiteahiearly stage
of succession?

2. Can the shading or disturbance of the present aggetcover
increase the establishment success of forest specan early
stage of succession?
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Methods
Study site and design of the experiment

The experimental site was in the southernmost parthe Czech
Republic (48°41.468" N, 14°17.382"E, 700 m abovea slevel).
Vegetation cover at the beginning of the experim@as ruderalized
abandoned grassland of thrhenatherion elatioris alliance partly
overgrown by birch Betula pendula Roth.). The experiment plots were
fixed in the open part of the grassland in April020 and all the
treatments and measurements ended in May 2006.

The factorial design of the experiment was useotsRiere organized
in six randomized blocks. The following treatmewtse practiced: i) the
shading at a 40% level of incoming photosynthetitiva radiation
(PhAR, Sy), ii) the shading at a 5% level of incomiRYAR (S5), i) the
removal of above-ground plant biomagad), iv) the disturbance of the
turf (D7), v) the seed addition of typical forest speci€g).(For the
scheme of the experiment see Fig. 36.

The shading at the 40% level of incomifipAR treatment was
practiced using one sheet of synthetic net, whited sheets of net were
used for shading at the 5% level of incomiBgAR. The irradiance
decrease was verified using a luxmeter equippetl wiPhAR sensor.
The synthetic net (one or three sheets) was plabete the vegetation,
and the net was attached to four woody bars fixethe corners of the
plot. The height of attachment was changed dutiegvegetation season
according to the height of the vegetation to avbel extra irradiance of
the plot in the morning and late afternoon dueh low position of the
sun. Shading was practiced only during the vegetgberiod from the
beginning of April to the end of September.

Above-ground plant biomass was cut by scissorsetaigear, in May
and October, at 3 cm above ground and the abowgdrbiomass was
removed from the plot in th@ag treatment.
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To begin withD+ treatment, the above-ground biomass was cut and
removed from the plots, the turf disturbance weasciiced by a spade,
and the soil was turned. This treatment was pregtanly in May 2004
and was not repeated.

Seeds of typical forest species were collectecha Whlisky vrch
Nature Monument (ancient beech forest of thBentario
enneaphylli-Fagetum alliance) - 4 km from the experimental site in 200
Species were collected in two dates (accordingecseed production) on
the 18" of June Dentaria enneaphyllos L., D. bulbifera L., Mercurialis
perennisL.) and on the 23 of July (Actaea spicatal., Carex
sylvatica Huds, Galium odoratum(L.) Scop., Maianthemum
bifolium (L.) F.W. Schmidt Oxalis acetosella L., Paris quadrifoliaL.).
Only mature seeds with no visible damage were uSedds were sown
within three days after the collection (stored RC4in paper bags),
random hand throwing from the height of 1.2 m ieside plot was used
for Sa treatment. The following seed numbers were us@kse®dsof
A. spicata, 300 seedsof G. odoratum, 500 seeds ofC. sylvatica,
50 pseudobulb®f D. bulbifera, 100 siliques (approximately 600 seeds)
of D. enneaphyllos, 300 seeds d#. bifolium, 300 seeds dfl. perennis,
100 seeds 0fO. acetosella and 50 seeds oP. quadrifolia. The seed
addition of the following speciesP. quadrifolia, A.spicata and
O. acetosella was done by adding seeds only into the plots whin
treatment numbers 4 and 11 within the blocks 1n@ & due to the
insufficient seed numbers. The germinating capawftthe seeds (fresh,
dried, stratified by 4°C for a period of one montts determined in
laboratory conditions after sowing on garden sabstand sand. Due to
the seed limitation, some species were sown onBome treatments in
the germination capacity determination (see TaB)e IFhe seedlings
were removed from the substrate after the develapwiethe cotyledons
to reduce the competition between the seedlings tanévoid the
duplicates in the counting of the seedlings. Theatlon of the test of the
germination capacity was the same as in the expatim
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Figure 36.Experimental design. Bold blocks 5%.5 m (1 m apart), small plotsx11 m
(0.5m apart); 1-control, 2—shading at the 4@el of incoming PhAR %),
3 - shading at the 5% level of incoming PhAR)(4 - seed additiors), 5 — removal of
above-ground biomas®fg), 6 — turf disturbanceD), 7 -Dag + Sio, 8 -Dag + S5, 9 —
Dr+Sp 10-Dr+S, 11-5:+Sp, 12-5:+S, 13-Dap+Sy 14-D7+ S,
15 -Dpg + Suot Sa,

1a N L. .1LC

Obrazek 36.Schéma pokusu. &oé bloky 5,5x 5,5 m (1 m od sebe), matéverce 1x 1 m (0,5 m
od sebe); 1-kontrola, 2—stfio na 40 % dopadajicih®hAR (Sy), 3 —stikno na 5%
dopadajicihd®hAR (S;), 4 - vysev §), 5 — odstraéni nadzemni biomasyDfg), 6 — naruseni drnu
(D7), 7-Dag+Sw0, 8-Dag+S, 9-Dr+Sp 10-Dr+S, 11-S.+Sp 12-S.+5S;,
13 -Dpg + Sy, 14 —D1 + Sy, 15 -Dpg + Siot S, 16 =D + Sy + S

Data collection

Phytocenological releve was taken in the fully deped vegetation
from all the plots in 2004 (before the treatmenpleation), 2005 and
2006. Species abundance was visually estimatedemepts of the
species.

The Shannon-Wiener index of diversity was calculateom the
species composition for all the plots.

The proportion of gap<3aps) in the vegetation was calculated for all
the plots from the abundance of the herb lakey. Gaps = 1-E..
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To describe the character of the vegetation, tHewong functional
groups of herbs were distinguished: i) graminoi@R)( ii) annual herbs
(HA), iii) perennial rosettes HR), iv) perennial small herbsHE),

v) perennial tall herbsHT), vi) forest herbsHF, only D. enneaphyllos,
O. acetosella), vii) trees TR). The abundance of all the groups was
obtained as the sum of abundances of all the speecuded in the

group.
Seedlings of typical forest species were listed sigded by color bar
every four weeks (from April to October) in all tipdots. The plot was

carefully viewed by consideration of minimizing tdesturbance of the
vegetation by the searching activity.

Germinating capacity of the forests species

Only five species germinated in the Ilaboratory cons
(D. enneaphyllos, G. odoratum, M. bifolium, O. acetosdlla,
P. quadrifolia).

Only D. enneaphyllos germinated well, fresh seeds germinated better
than the dried or stratified ones. For more detaks Table 34.

Statistical analyses

For the statistical analyses, the following indageart variables were
used: (1) treatment (nominal variable), (2) distimte coded as ordinal
variables ranging from O to 2 (0 — without disturb@, 1 Dag, 2 -Dr),

(3) shading coded as ordinal variables ranging ffoito 2 (0 — without
shading, 1Sy, 2- ), (4) the number of years of the experiment,
(5) seed addition coded as a nominal variable (0.or

From the forest species sown oy enneaphyllos germinated in
sufficient number enable statistical analyses.

Phytocenological releves were analysed using otidimanethods in
the CANOCO for Windows program v. 4.5. Abundancéshe species
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was logarithmically transformed. Unimodal analysesre performed
(length of the gradient was higher than 2.0): iedirCorrespondence
Analysis (CA), direct Canonical Correspondence AnalysiSCA)
respectively. Manual selection of the factors 24,3nd 5 at thél = 0.05
level was used. Canodraw v. 4.0 program was usedlisigalise the
results (Leps and Smilauer 2003).

General Linear ModelsGLM) in the Canodraw v. 4.0 program were
used to test the influence of disturbance and sigadn the species
abundances, only species occupying at least 5%eoplkots were used
for statistical analyses. Poisson distributionhaf tlata was used, because
the link function of this distribution is “Log” fution, which is
recommended for the counts and frequency data (lagy Smilauer
2003; p. 122). Models were fitted by stepwise dedacwith interaction
terms to square polynom using “F” statistics at lthe 0.01 (Leps and
Smilauer 2003).

Repeated measure Analysis of VariancANQVA) in the
Statistica v. 5.0 program was used to test theiemite of the treatment,
disturbance and shading on theD. enneaphyllos seedlings
(logarithmically transformed numbers).

Repeated measufNOVA in the Statistica v. 5.0 was used to test the
influence of disturbance and shading on the abuetamf functional
groups,Gaps and Shannon-Wiener index of diversity. All the elegent
variables were logarithmically transformed.
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Table 34.Germinating capacity of the forest species [%)].

Species Fresh Dried Stratified
sand substr. sand substr. sand substr.
Actaea spicata X 0.00 X X X 0.00
Carex sylvatica 0.00 0.00 0.00 0.00 0.00 0.00
Dentaria bulbifera X 0.00 X 0.00 X 0.00
Dentaria enneaphyllos  70.17 31.17 9.00 2.17 34.17 4.17
Galium odoratum 0.67 1.67 0.0C 0.0C 0.0C 0.0C

Maianthemum bifolium  18.00 7.33 0.00 0.00 0.00 0.00
Mercurialis perennis 0.00 0.00 0.00 0.00 0.00 0.00
Oxalis acetosella 1.39 0.00 X X X X
Paris quadrifolia X 1.07 X X X 0.00

Fresh — seeds sown within three days after callectiDried - seeds sown after drying by 20°C,
Stratified- seeds stratified for one month at 45&hd — wet sand, substr. — common garden substrate.

Tabulka 34. Kli¢ivost lesnich druin [%]. Fresh —semena vyseta déi dni od skru,
Dried - semena vyseta vysuSeriatpplot 20°C, Stratified- semena vyseta pésiini stratifikaci
pii 4°C; sand — mokry pisek, substr. &zby zahradnicky substrat.

Results
Species composition

The first ordination axis in th€A explained only 4.5% of the total
variability in the data, while the first four axegplained 16.0%. The
year of the experiment was found to be the mostonapt factor
influencing the species composition (F =7.99, @&l), followed by
disturbance (F =5.42, p<0.01), shading (F=,1®8 0.01) and seed
addition (F=1.49, p<0.01). The first ordinati@xis in the CCA
explained only 2.9% of the total variability in thiata, while the first
four axes explained 6.3% of the variability.

The between year variability in the species contmrsiwas higher
than the variability caused by the treatments. [Bingest change in the
species composition was related to the treatmenft disturbance
(practiced in 2004) the following year after theatment practice (i.e., in
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2005), but the vegetation was able to close itaéiér two years (in
2006), and the species composition was able tortregethe species
composition similar to the species composition kefthe disturbance.
The ordination diagram (Fig. 37) illustrates thevelepment well:
releves taken from the plots witb; treatment in 2005 are the most
different from the others, while the releves takesm those plots in
2006 are close to the other releves in the middlehe ordination
diagram.

2.0

Figure 37. Ordination diagram foCA of the phytocenological releves. o - year 2004,
- 2005, ¢ -2006; transparent — no disturbance treatment ctipedl,
grey - above-ground biomass removed, black - distuce of the turf.

Obréazek 37. CA ordina&ni diagram fytocenologickych snirik o - rok 2004, - 2005,
¢ -2006; pthledre —plochy bez naruSeni, &edodstragni nadzemni biomasy,
cerrg - naruseni drnu.

The influence of the disturbance is visualized ime tFig. 38
(ordination diagram forCCA). Releves taken in different years are
shifted in the ordination diagram from the left (pé2004) to the right
part (2005, 2006). The two types of disturbancéhedmange the species
composition in a different way — we may distinguisinee groups of
releves: the non-disturbed treatment (in the umaet of the ordination
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diagram), the removal of above-ground biomassrtreat (in the middle
part of the diagram) and the disturbance of thé th@atment (in the
lower part of the ordination diagram). The relevenf the plots with
removal of above-ground biomass treatment are rcclosethe non-
disturbed releves, while the disturbed turf treattms more distant from
the other two groups, which indicates the highgraot of this treatment.
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Figure 38.Ordination diagram fo€CA - disturbance effect. o — year 2004, 2005,

¢ - 2006; transparent — without disturbance, gregmoval of the above-ground
biomass Dag), black — disturbance of the tuid{); Disturbance - disturbance degree
(0 — without disturbance, 1Bxg, 2 -D+), Sowing - seed addition, Shading — shading
degree (0 — without shading, 1 - shaded at the 4%l of incoming radiation,

2 - shaded at the 5% level of incoming radiatiori¢ar — time axis (year of the
experiment), Treatm. - treatment.

Obrazek 38. CCA ordin&ni diagram — vliv naruSeni. o -rok 2004,- 2005, ¢ - 2006;
prihledré — plochy bez naruSeni, Sedivodstragni nadzemni biomasy Dfg),
cerrg - naruSeni drnul¥y); Disturbance — stuienaruseni (0 — bez naruseni, D, 2 -Dy),
Sowing — vysev, Shading — stuipezastigni (0 —bez zastémi, 1-stidno na 40 %
dopadajiciho z&ni, 2-stilno na 5% dopadajiciho i=hi), Year <€asova osa (rok
experimentu), Treatm. — zasah.

The influence of the shading treatments is visadlis the Fig. 39.
Shaded releves are shifted to the left part ofdiagram (unlike the non-
shaded releves), which indicates fewer changes ha s$pecies
composition compared to the changes caused bytluemce of the year
of the experiment. In other words, shading treatrseems to slow down
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the changes in the species composition caused &y dther
environmental factors.

@
o

Oo

L
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Treatm. & O
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Figure 39. Ordination diagram fo€CA - shading effect. o — year 2004; 2005,
¢ - 2006; transparent — without shading, grey - ebdadt the 40% level of
incoming radiation (), black - shaded at the 5% level of incoming radie(S;);
Disturbance — disturbance degree (0 — without hstuce, 1 - removal of the
above-ground biomass, 2 - disturbance of the tusipwing —seed addition,
Shading — shading degree (0 — without shadingS4d, -2 -S;), Year — time axis
(year of the experiment), Treatm. — treatment.

Obrazek 39. CCA ordina&ni diagram — vliv zastiémi. o - rok 2004, - 2005, ¢ - 2006;

prihledrg — plochy zasti&né na 40 % dopadajicihoigai Sy), ¢erré - plochy zastiené na

5 % dopadajiciho zéni &); Disturbance — stugienaruseni (0 — bez naruSeni, 1 - odstnan
nadzemni biomasy, 2 - naruSeni drnu), Sowing —wySkading — stugiezastigni (0 — bez
zastirni, 1 =Sy, 2 -S;), Year —¢asova osa (rok experimentu), Treatm. — zasah.

Character of the vegetation

Although, some characteristics were influenced g shading or
disturbance treatment, the time variability washkeig In general, the
disturbance treatment influence was higher thanitfleence of the
shading treatment.
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Table 35.Disturbance and shading influencing the charadiesisf the vegetation.

Shading Disturbance
Treatm. Year Interaction Treatm. Year Interaction

G R X *k%k * X *k% *%

HA X X X X X X

HR X X X Fkk X **

HS X X *k*k *% *k*k *k%k

HT X *k%k X X *k% *kk

TR X Fhk X X xhk X
Gaps *kk X *k%k X X *

S-\W index x *kk x *kk *kk *kk

Treatm. — influence of the treatment (shading/disince), Year —influence of the year of the expenit,
Interaction — influence of the year and treatmenteratction; GR - graminoids, HA - annual herbs,
HR - rosettes, HS — small perennial herbs, HT Hprtennial herbs, TR — tree seedlings, Gaps -grtigm

of the gaps in the vegetation, S-W index — ShanMiener index of diversity. * - significance 0.01 @05,

** - 0.001 to 0.01, *** - <0.001x - nonsignificant.

Tabulka 35. Vliv stinéni a naruSeni na charakter vegetace. Shadingénitin
Disturbance - naruseni, Treatm.—vliv zasahu {sflnaruseni), Year—vliv roku,
Interaction - vliv roku a zasahu; GR - graminoidyA - jednoletky, HR — byliny siizemni
razici lista, HS - malé vytrvalé byliny, HT — vysoké vytrval@liny, TR — semengy stromi,
Gaps - mezerovitost porostu, S-W index — Shannoeréfiv index diverzity. * - statisticka
vyznamnost 0.01 az 0.05, ** - 0.001 az 0.01, **#0.001,x - nepiikazné.

Disturbance increased the abundance of annual ljeobsignificant,
p = 0.06), rosettes and small perennial herbs (fmre details see
Table 35).

The proportion of thé&aps in the vegetation was found to be higher at
the plots shaded at the 5% level of incoming ramliatthe increase was
on average 9% (from 54% to 63%). Shading at the 469&l| of
incoming radiation did not influence ti&aps (Table 35).

The disturbance treatments influenced the divexditthe vegetation.
When no disturbance treatment was practiced in phat, the
Shannon-Wiener index of diversity decreased dutiregexperiment (on
average from 2.05 in 2004 to 1.78 in 2006). When dbove-ground
biomass was removed from the plot, the diversitys ieund to be
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unchanged. When the turf was disturbed, the dityersas found to
increase one year after the disturbance regimeyenage in 0.16), and
the following year a decrease on the same levieéfme disturbance was
observed. For more detail see Table 35.

Species abundance

Several species were found to be influenced bydikirbance or
shading regime.

In general, the disturbance regime influenced mepecies. The
removal of above-ground biomass treatment decretisedbundance of
Hypericum maculatum Crantz. The disturbance of the turf treatment
increased the abundance of the following speciéatricaria
discoidea DC., Myosotis arvensis(L.) Hill, Sellaria graminealL.,
Trifolium  hybridumL. Trifolium repensL., Tripleurospermum
inodorum (L.) Schultz-Bip., Veronica hederifolial. and Viola
arvensis Murray, and the abundance dtifolium montanumL. was
higher in the non-disturbed plots (see Table 3§, #0 a).

The shading treatment increased the abundancarrdienatherum
elatius (L.) J. Presl et C. Presl, while it decreased #lmindance of
Hypericum maculatum. Artemisia vulgaris L. tended to be most abundant
in non-shaded plots and less abundant in the gloasled at the 40%
level of the incoming radiation, whil&. hederifolia was most abundant
in the plots shaded at the 40% level of the incgmadiation (optimum
1.17). For more detail see Table 36, Fig. 40b.
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Table 36.Disturbance and shading influencing the abundahspexries GLM).

Disturbance Shading

M var M var
Acer pseudoplatanus Ly 6 Arrhenatherum elatius L1 18
Agrostis capillaris L1 5 Artemisia vulgaris Qo 11
Angelica sylvestris Qn 5 Astragalus glycyphyllos L} 8
Artemisia wulgaris L. 9 Dactylis glomerata Qn 4
Cerastium arvense QO 8 Galeopsistetrahit Lt 9
Epilobium montanum L1 5 Hypericum maculatum L. 19
Galium mollugo agg. L. 6 Veronica hederifolia QOn 10
Hypericum maculatum Qi 14 Vicia tetrasperma L1 7
Matricaria discoidea Lt 16
Myosotis arvensis L1 21
Phleum pratense Lt 7
Sellaria graminea L1 24
Trifolium hybridum Lt 12
Trifolium montanum Ly 18
Trifolium pratense L. 7
Trifolium repens Lt 17
Tripleurospermum inodorum Lt 43
Veronica hederifolia L1 33
Vicia tetrasperma L1 5
Viola arvensis L1 52

only significant relationships; M: L -linear, Ggquare polynom fitted, |/1 - decreases/increases,
O/n - “humped” answer, var. - explained variability][%

Tabulka 36. Vliv stinéni a naruSeni na pokryvnost déuHGLM, jen piikazné vztahy).
M: L - linearni vztah, Q -polynomialni vztah (détlo stups), 1/t - pokles/vzist,
O/n - “hrbatd” odpo¥d’, var. - vys¥étlena variabilita [%].
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a) b)

Figure 40. Disturbance and shading treatment influencing dhooe of
species GLM): a) disturbance (0 — without disturbance, 1 -oeah of the
above-ground biomass, 2 - disturbance of the twjf)lshading (0 — without
shading, 1 - shaded at the 40% level of incomimtiateon, 2 - shaded at the
5% level of incoming radiation). Only the signifidarelationships with
explained  variability  >10%.  ArrhelatArrhenatherum  elatius,
Artevulg -Artemisia  wvulgaris, Hypemacu Hypericum  maculatum,
Matrdisc —Matricaria discoidea, Myosarve Myosotis arvensis,
Stelgram Sellaria graminea, Trifhybr —Trifolium hybridum,
Trifmont - Trifolium montanum, Trifrepe —Trifolium repens,
Tripinod - Tripleurospermum inodorum, Verohede Veronica hederifolia,
Violarve -Viola arvensis.

Obrazek 4C. Vliv naruSeni a zastémi na pokryvnost druh (GLM): a) naruSeni
(O - bez naruSeni, 1 — odstéannadzemni biomasy, 2 - naruSeni drnu), b) z&stin
(0 — bez zastimi, 1 — stigno na 40 % dopadajiciho ig@i , 2 - stitno na 5 %

dopadajiciho Zz&ni). Jen pikazné vztahy s vystlenou variabilitou >10 %.

Seed addition

The forest species established poorly in the stity. Only sown
forest herb species were found, i@entaria bulbifera, D. enneaphyllos
and Oxalis acetosella. One germinating pseudobulb Bf bulbifera was
found, whileO. acetosdlla seedlings (25 in together) were found in five
plots. It was not sown into one of the plo&g(+ Dt treatment). A seed
was probably transported from the neighboring pliost of the
seedlings ofOxalis acetosella were found to be in the shaded plots,
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although they were found also in a plot withoutiulisance or shading.
No seedling ofO. acetosella was able to survive the winter period of
2005-2006.

Seedlings oD. enneaphyllos were found from April 2005 (sown in
June 2004) until the end of the experiment. Theyeweund to be only
in the plots where they were sown. Only a small bensurvived the
winter period of 2005-2006: they were found in odly plots in low
numbers (ranging from 1 to 4) in May 2006.

The treatment (F = 246.95, p << 0.01), time (F 6.12, p << 0.01)
and their interaction (F = 127.60, p << 0.01) wienend to be significant
for the numbers oD. enneaphyllos seedlings. The mof. enneaphyllos
seedlings were found to be in the plots shadechat40% level of
incoming radiation, while less seedlings were ia filots shaded at the
5% level of incoming radiation and in non-shadedtpl(Fig. 41b).
However, disturbance did not significantly influen¢che number of
seedlings, a trend of increasing the number of Isggsdat plots with
disturbed turf in 2005 was observed (Fig. 41a).
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Figure 41. Disturbance (a) and shading (b) influencing Bentaria enneaphyllos
seedling establishment. Time axis: year_month; sindied — no disturbance
regime, D_AB - removal of the above-ground biomd3s]T — disturbance of the
turf, 100% - non-shaded plots, 40% - shaded a#@4é level of incoming radiation,
5% - shaded at the 5% level of incoming radiati®eedling numbers are
logarithmically transformed.

Obrazek 41. Vliv naruSeni (a) a zastini (b) na uchycovanDentaria enneaphyllos.
Time —¢asova osa (rok _#sic); undisturbed — bez naruSeni, D_AB — odgtramadzemni
biomasy, D_T — naruSeni drnu, 100% - nesitn 40% - stitno na 40 % dopadajiciho
z&eni, 5%-stitno na 5% dopadajiciho iehi. No. D.ennneaphyllos (log
transformed) - logaritmicky transformovanyded semenéka D. enneaphyllos.
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Discussion

However, the between-year variability in speciesnposition was
higher than the changes in vegetation caused lyrdénce or shading
treatments, and a significant effect of the treatt:ievas found. The high
between year variability found in this study is satprising, because the
early stages of succession were reported to be Vagiable in many
studies (see e.g., Christensen and Peet 1984,n€ahd Glenn 1991,
Symonides and Borowiecka 1985).

Disturbance treatments seem to be able to influehee species
composition directly, and the changes in the sgectemposition caused
by the disturbance treatments were more quanetatian qualitative (for
similar finding see Halada 2000), unlike with theading treatments.
Shading was found to slow changes in the speciegpasition between
years, and therefore it was able to stabilize theci®s composition.
More stable species composition was reported tyfieal for late stages
of succession (Odum 1969), and in this contextsh@ding should be
viewed as a force leading the successional chatayeard the more
stable vegetation.

The turf disturbance treatment practiced in thislgtis comparable to
natural disturbances caused by wild boars. Howdherturf disturbance
was the most radical treatment causing the biggesihges in the
vegetation one year after the treatment practiod, the following year
the vegetation was able to close and to decreassptbcies diversity at
the same level as before the disturbance. Gapsedreaathis way were
therefore only short-term (for similar finding sedéso Goldberg and
Gross 1988). Although the proportion of gaps in tognplots was
relatively high, they were caused mostly by liti®hich is unsuitable for
most species seedling establishment (e.g., Donath Exkstein 2008;
Facelli and Pickett 1991a). From the shading treats) the reduction at
the 40% level of the incoming radiation treatmerdswnot able to
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produce new gaps in the vegetation, but the shaaintpe 5% of the
incoming radiation was able to increase the aburelari gaps. These
findings could explain the relatively conservatsmecies composition in
abandoned sites in the stages of the successiomnai@e by grass
species (e.g., Kiera and Guth 1998; Prach 1987). The fast regenarati
of the vegetation toward the vegetation similathe vegetation in the
surroundings in such gaps (for similar finding sé®0 Lanta and LepS$
2009) may also explain the slow changes in theiepammmposition at
abandoned sites which were reported in studiessioguon management
renewal (Dzwonko and Loster 2007; Maccherini eR@07;
Sutherland 2006). On the other hand, the synecgestect with another
factor, e.g., abnormal weather conditions, shouldraase the gap
influence, e.g., on tree seedling establishment $xen 1991; Ostfeld
and Canham 1993), which are poor competitors whi Yegetation
dominated by grasses (Prach et al. 1996).

The annuals, rosettes and small perennial herbe mere abundant
in the plots with the turf disturbance treatmerit.séems that these
disturbances are able to maintain these speciabandoned vegetation
for a relatively long period, although they areslesmpetitive with tall
vegetation (e.g., Wiegert and Evans 1964).

Lower irradiance was reported to be able to infagethe competitive
ability of the species and so indirectly incredse recruitment chance of
the species typical for later stages of successi¢ag.,
Dowiak et al. 2005), but the shading treatment was ttbteduce neither
the abundance oHT group nor the abundance of dominated grass
species in this study. In general, the shadingrtreats were of lower
impact on the species abundance than the distuglisgatment.

The decrease in species diversity in control pkts assumption with
findings of other studies, which also reported erelase in diversity after
the abandonment (e.g., Willems 1983). The diversaynd at the
beginning of the experiment corresponds to the rdiiye reported in
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other studies, e.g., Zeleny et al. (2001) foundeity of abandoned
grassland of th&olygono-Trisetion alliance to be between 2.0 and 2.2.
The disturbance was able to increase the divetsitypnly for one year.

Only forest species sown directly into the studie svere found,
which correspond also with findings in other stsddealing with seed
sowing experiments of the forest species (e.g.|/éBhand Eriksson
2000). This finding indicates the seed limitatidriree forest species.

Most of the forest species were not able to gertaeima this study,
although the seed number added were high and h&sa@eérmination
capacity in laboratory conditions was found to be lfor most of the
species. A similar finding was reported also ineotbtudies (e.g., Ehrlén
and Eriksson 2000; Kupferschmid et al. 2000), algio such a large
proportion of species was not found to be unablgetaninate in any of
these studies. For comparison, Ehrlén and Erikg2600) found the
Denntaria bulbifera able to establish in 10% ariearis quadrifolia in
44% recent woods, where the seeds were sown, ansuttrival of the
seedlings was high, i.e., 15-77%. Gustafsson et2@02) was able to
find the D. enneaphylos in 83% of plots after seven years of the sowing
treatment. For comparisodentaria enneaphyllos, which was the only
well establishing species, was not able to germaimat6% of the plots,
and its survival was found to be on average 3%énpiots, where it was
able to germinate. None of the seedlings was abtkevelop into further
stages than to the seedling with cotyledons. Skadas able to enhance
the seedling recruitment &f. enneaphyllos, and there was also a similar
trend (however insignificant) for disturbance. Thembers ofOxalis
acetosella seedlings indicate a similar pattern, but there feasd to be
an insufficient number oD. acetosella for the statistical analysis. These
findings indicate the possible safe-site limitatminthe forest species in
an relatively early stage of succession. The redsonthe safe-site
limitation of the forest species could be soil atinds (for this opinion
see also Partel and Helm 2007). The differenceoih conditions was
also reported as the reason for the dispersal diiloit of species
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transplanted with soil the block (Bruelheide 200Qubikova 1994).
Good seedling recruitment was also usually foundhm experiments,
where the species were sown into habitats simdahose from which
they had originated (e.g., Donath et al. 2007; ¢osind Tilman 2003;
Gustafsson et al. 2002). For example, Ohlson amhlG(2006) found
better recruitment of the transplant&ctaea spicata in the forests than in
the grassland. However, opposite findings were pldolished (Ehrlén
and Eriksson 2000; Foster et al. 2004; PrimackMiag 1992).

The seed transposition Qixalis acetosella, in the plot where it was
not found, is very probable, because the plot wadase surroundings of
the plot with seed addition treatment. Accordinghe topography of the
surrounding plots, zoochory seems to be the madigime explanation
for the transfer oD. acetosella seeds. The seed transposition was found
in other studies as well (Kupferschmid et al. 2000)

A high germination capacity ob. enneaphyllos was observed in
laboratory conditions (up to 70%), and the higlggsimination capacity
was observed for the fresh seeds and for the tegdton the sand (see
Table 34). The seedling recruitment in the fieldswauch lower than in
the laboratory even in the treatments where théndsg number of
seedlings were listed (about 15%), but a similadiihg was reported also
in other studies (e.g., Clarke and Davison 2001).
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Summary

The study area was situated into the southern plathe Czech
Republic (40°35-38" N, 14°11-17" E), altitude 66839n (Fig. 42).
Climatic conditions moderately oceanic betweenvwiem and cold type
(climatic regions MT 3 — Ch 7), average year terapge 6.8°C and
average year precipitation 718-1 003 mm.

Figure 42.Position of the study area in the Czech Repubilic.

Obrazek 42.Poloha zajmového tzemiGeské republice.

The SDFs on mesic stand (neither waterlogged nsicckged, with
vegetation neither ruderalised nor typical for psoils) were studied.
Forty eight plots (100 fiy were fixed in SDFs, which differed in age to
cover up the chronosequence of successional sexeti toward forests
in the study area. The species composition andntheence of the site-
and context-dependent factors on the species caotgpoand character
of the herb layer were studied, and an estimatiotme probable future
development of the tree layer was calculated.

The studied SDFs were on average 7.4 ha largei{i@figpm 0.08 to
22 ha), the shape differed much between the stusli2lls (an average
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relative length of the SDF border was found to e Banging from 1.1
to 15.6), and the nearest distance to the bordéreoEDF was found to
be not long (on average 22 m, ranging from 10 ton30

The SDFs were semi-open growths with an averagévelirradiance
of 20% of incoming radiation in the 120 cm aboveuyd (ranging from
3 to 68%), with a relatively dense herb layer réwdgicthe incoming
radiation on average at 6% in the 5 cm above gr@uantging from 1 to
36%). Most of the SDF were on shallow soils (meaptl of the organic
soil horizon was found to be 23 cm, ranging fromto470 cm), with
relatively high rock fragment content (mean val@8¢4 ranging from 6
to 86%). Several soil characteristics were foundb® intermediate
between the numbers typical for grassland and fa@ts: soil reaction
(mean value 4.3, ranging from 3.8 to 5.6), organatter content (mean
value 11%, ranging from 5 to 21%), basal respiratid the microbial
community (mean value 2y C-CQ.g “.hod™, ranging from 0.7 to
5.8ug C-CQ.g ~.hod™).

Most of the SDFs were surrounded by SDFs (on aeel280),
grassland (31%), and forests (23%), while field®)&nd “other” land
cover (2%) were low abundant. The distance to deest grassland was
only 45+60 m, while the nearest forest was fountdedl 11+152 m away
and the nearest field 743+912 m.

The average age of the tree layer was found toOoge8rs (ranging
from 10 to 46 years), but the age structure ofrtbe layer was not found
to be homogeneous, because the maximum age ofdhlelayer was
46 years (ranging from 12 to 84 years). This figdiorresponds with the
data from the historical aerial photos: most of &i-s were not covered
by trees in 1952 (65% grasslands, 19% fields; 18¥eed by scattered
trees, and 4% by closed tree canopies), while tfalhe SDFs were
covered by trees in 1966 (33% grassland, 13% f{ie2#86 scattered
trees, 29% closed tree canopy) and most of thes pletre covered by
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trees in 1983 (4% fields, 13% grassland, 23% seattgee canopy, 60%
closed tree canopy).

The tree layer changes from the dense growth ohgdhin trees (up
to 179 trees.ard to open canopies of adult trees (down to 2 teee¥.
The age structure of the older tree layer is lggs uiform than in the
young SDFs.

The tree layer was dominated by pioneer tree spelridotal, 11 tree
species were listed in the tree layer. The anenmociso species
dominated the tree layer, but endozoochorous spegiee also able to
colonise these growths. On average 2.6 speciesfaend in a plot, and
83% of the trees were deciduous ones. The bBetul@ pendula Roth.)
was found to be the most common and most abung@antes (occupying
88% of plots, 60% of trees), but the European asgRopulus
tremula L.), Norway spruce Hicea abies(L.) Karsten), mountain ash
(Sorbus aucuparia L.), and Scots pineP{nus sylvestrisL.) were able to
dominate the tree layer as well. Of other spedhes,goat willow Galix
caprea L.) and common ash-(axinus excelsior L.) were more common
incidental trees in these growths.

The species composition of the tree-layer wasedlfiom the studied
factor to the Ellenberd indicator value and shape of the SDF (14% of
the total variability in the data explained). Therivay spruce and Scots
pine preferred colder stands, while the sycamorplenaherry-tree and
common ash preferred warmer stands. The birch oedugtes with
more irregular shapes, unlike the European aspechwireferred less
complicated shapes of the SDF (it may be a restilvegetative
reproduction of this species). The growths domihdig the European
aspen were found to be more occupied by the endbpoous cherry
tree and mountain ash, while in the SDFs domindigdbirch the
anemochorous goat willow was more common. More $f@eries were
found to be at higher altitudes and/or at coldemds, in younger
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growths and in the SDFs with more complicated shapbe abundance
of the two most common species (birch and Norwasuc® were
influenced mostly by the soil conditions, histoage and proportion of
SDF, and forests in the 300 m surroundings.

In total, fifteen tree-seedling species were listddst of the seedlings
were 10-40 cm high. An average plot contained l€édkngs of five
species. The best colonisers were species nonfispexithe stage of
succession (59% of the seedlings, 96% of the platsj anemochorous
species (75% of the seedlings, 98% of the plotpectes typical for
terminal stages of succession were able to cold@H%e of the plots, but
they took only 4% of the total number of seedlingsochorous species
occupied 85% of the plots and took 25% of the segsll Species typical
for the early stages of succession preferred plaige irradiated at the
20 cm above ground, lower altitudes, less prodacsites, and sites near
to the forest. Species typical for terminal stagesuccession preferred
lower altitudes, older growths, medium rich stamd#h more organic
matter content, lower soil reaction, and sites rfessts. Species non-
specific to the stage of succession gained in mmediged SDFs and
under a dense tree layer. Anemochorous and zoach@pecies were
not found to be influenced by any studied factor.

The sycamore maplé\¢er pseudoplatanusL.) was the most common
seedling species (60%), while the European asp@¥)1mountain ash
(10%), Norway spruce (9%), cherry tree (5%), anthmmn ash (3%)
were also abundant. The altitude and soil reactggnificantly
influenced the tree-seedling species compositiopca®ore maple
seedlings were more common in younger SDFs, whigw gfaster.
Norway spruce seedlings were negatively influendad relative
irradiance at the 20 cm above ground. The numbbirah seedlings was
negatively influenced by the relative irradiance the 20 cm above
ground and/or by the abundance of typical grasslspecies. More

cherry tree seedlings were found at plots in loalgtudes, near forests
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and in older stands. The mountain ash was more commthe plots
where the herb layer was more similar to the haybki of the forests.

An estimation of the changes for the next geneanatibthe trees was
done. It was based on a comparison of the presehestimated species
composition. The estimated tree layer species ceitipo was derived
from the number of tree seedlings according to rthesight. The
estimation predicts big changes in the tree lagecies composition. The
estimated tree layer species composition was telatethe time of
succession, nutrients, and humidity (25% of thealtotariability
explained). The shift was found to be directed tmv#éhe species
composition typical for terminal stages of sucaassibut the species
composition of the second generation of the trgerlavas still estimated
to be very different. The succession will probabgy long, and several
centuries can be expected to be necessary forutmessional changes
leading to the species composition near the naspedies composition.

Most of the species common in the present tree layge supposed to
change their abundance in the estimated tree |ay®r.most important
finding is the estimated decrease of the pioneecisp the birch, and the
predicted increase of the ubiquitous species thevhlp spruce and the
sycamore maple and the ability of species typioaltérminal stages of
succession (beech, pedunculate oak) to estableshsilves in the next
tree generation. The sycamore maple, European paadhpedunculate
oak Quercus petraea (Mattuschka) Liebl.) were found to be typical
species in the estimated tree layer, although ptesemmon species
(birch, European aspen, Norway spruce) will be noor@mon.

The results are relatively optimistic for the fdresanagers, because
only 5% of the plots probably will not be colonideg species “valuable”
for forest management, while 47% of plots will cantmore than one of
these species. Most of the plots (79%) exceededO2g@edlings of
“valuable” species per hectare, which is sufficiefdar natural
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regeneration. Almost half of the trees “valuablef forest management
were found to be deciduous.

The general character of the herb layer of the SiDRke first tree
generation could be described as follows: grasskdratacter prevails
(averageG = 20.5,G,, = 45.1), while woodland character plays a minor
role (averagaV = 8.7, W, = 18.0). Most of the species listed in the herb
layer were related to the grassland vegetationofal, 86 species, mean
abundance 33%), followed by a group of species mm@wboth in
grassland and wood (30 species, 17%), woodlandiesp€26 species,
10%), antropochorous and/or ruderal species (18iespe3%), shrub
species (10 species, 1%) and species typically iggovat clearings
(4 species, 2%). Most of the species related togthssland vegetation
were exozoochorous species (aver&@)eZ« = 22.6) and species non-
specific to the type of distribution (avera@g Ns= 11.5), while most of
the species related to the forest vegetation weeenachorous (average
W, Wd = 6.5), endozoochorous species (averalyg Zeg=5.6) or
species non-specific to the type of distributiovef@ageW,_Ns = 4.5).

Species grouped according to the biotope were inergé more
influenced by the context-dependent factors, egfigdoy the historical
vegetation cover and by the proportion of grassland forests in the
surroundings, while the proportion of “other” lanmbver and the
character of the SDF (area, shape and positionniktie SDF) were of
less importance. Of the site-dependent factors,sthike characteristics
were more important for several groups of spedas the relationships
were group dependent.

General trend observed was the preference of grassipecies to the
soil conditions closer to the soil conditions tyglidor grassland soils
(i.e., lower organic matter content, higher soiaaton). The most
important finding was that the abundance of the dla@d species
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increased with the age of the tree layer and vinéhduration of the tree
layer. However, a decrease in grassland speciesotadserved.

The increase in the woodland character of the heybr with the
duration of the tree layerA{, Amnx, historical vegetation cover) was
promoted using the (weighted) grasslandness and igliteel)
woodlandness indeces. The relationships of ther doeors were index
dependent, and no general trend was observed, texoep the
woodlandness related to the soil conditions moneilai to the forest
soils (i.e., higher organic matter content, loweit seaction and higher
microbial respiration).

Almost all of the groups of species according te ttype of
distribution related to the woodland were foundb&éomore abundant in
the SDFs with the tree layer developed for a lotigee period Aa, Arax,
historical vegetation cover), but the decreaseraugs of species related
to grassland vegetation was not observed. Manlietite- and context-
dependent factors significantly influenced the atante of the groups of
species, but the relationships were group dependedt no general
pattern could be observed.

In total, 161 vascular plant species were listat,average 328.6
species per 100 The herb layer of SDFs was found to be highly
variable (23% of the species were found only atgoé while only 18%
were found at more than 33% of the plots). An agerdiversity value
was found to be 2.6 (ranging from 0.4 to 3.5), mead as a
Shannon-Wiener index, which is relatively high.

All the common species in this study were also comispecies in the
study area and species widespread in Central Eulldgemost common
species were the following: Agrostis capillarisL., Galium
mollugo agg. L., Holcus moallisL., Veronica chamaedrysL. (present at
more than 80% plots), while the most abundant waee following
speciesAgrostis capillaris, Avenella flexuosa (L.) Drejer, Holcus mollis
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andVaccinium myrtillus L. (more than 7% abundance per occupied plot).
Most of the diagnostic and constant species weeeisp related to the
grassland vegetation (33 out of 161 species), @ipecof the
Arrhenatherion elatioris, Polygono bistortae-Trisetion flavescentis and
Violion caninae alliance. Only ten species were related to thedor
vegetation, i.e., of theDentario enneaphylli-Fagetum association,
Luzulo-Fagion andQuercion petreae alliance. Only several typical forest
species were able to establish in the SDFs, andleee usually low
abundant. Ferns andaccinium myrtillus were the only more abundant
typical forest species, and of thl@xalis acetosella L. was relatively
frequent. However, some forest species typicalofgk-beech or beech
forests were also listed in the herb layer, eAgarum europaeumL.,
Geranium robertianumL., Mercurialis perennisL. and Mycelis
muralisL.

In general, the influence of the studied factorstenfrequent species
abundance was species specific, and only a fewrgletnends could be
observed. Both site- and context-dependent factofsienced the
abundance of frequent species, and there was fdonde no big
difference or general trend true for these two $ypiefactors.

The seed and safe-site limitation of forest herlas wtudied in a
factorial designed experiment in a 12-year abandomgassland
(48°41.468" N, 14°17.382" E, altitude 700 m). Thefluence of
disturbance and shading on species compositiorergkenharacteristics
of the vegetation, and on species abundances wdedt and seedling
establishment of forest species was monitoredotil,t16 treatments in
six randomised blocks were fixed and the followmgnipulations were
performed: i) shading at the 40% level of incomPITAR, ii) shading at
the 5% level of incoming®hAR, iii) removal of above-ground plant
biomass, iv) disturbance of the turf, v) seed aolditof typical forest
species Actaea spicatal., Carex sylvaticaHuds, Dentaria

enneaphyllosL.,  D. bulbiferal.,  Galium  odoratum(L.) Scop.,
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Maianthemum bifolium (L.) F.W. Schmidt Mercurialis perennis, Oxalis
acetosdlla, Paris quadrifolia L.).

However, the between-year variability in speciesnposition was
higher than the changes in vegetation caused lyrace (iii and iv)
or shading treatments (i and ii), and the treats\evdre found to have
had a significant effect. Disturbance treatmentsevieund to be able to
influence the species composition directly, anddi@nges in the species
composition caused by the disturbance treatments mere quantitative
than qualitative, unlike the shading treatmentsadsig was found to
slow down the changes in the species composititwedsn years, and
therefore this treatment was able to stabilisesfiexies composition.

However, the turf disturbance was the most radreatment causing
the biggest changes in the vegetation one year #fie treatment
practice, and the following year the vegetation @bk to close again.
The reduction at the 40% level of the incoming aéidn treatment was
not able to produce new gaps in the vegetationtHmishading at 5% of
the incoming radiation was able to increase thaexdance of gaps.

The decrease in species diversity in control phas observed, while
the removal of above-ground vegetation was ablestabilise the
diversity and the turf disturbance treatment insegiathe diversity, but
only for a one-year period.

The annuals, rosettes and small perennial herbe mere abundant
in the plots with the turf disturbance treatment.

Most of the forest species were not able to gertajnalthough the
seed densities were high. The germination caparitylaboratory
conditions was also found to be low for most of$pecies.

Only forest species sown directly into the studg stere found. This
finding indicates the seed limitation of the foresgecies. All the
recruited species were found the following yeaerafiowing.Dentaria
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enneaphyllos was the only well establishing species, but it wasable
to germinate in 56% of the plots and its survivaswiound to be on
average 3% in the plots, where it was able to gemtai None of the
seedlings was able to develop into a further sthge to the seedling
with cotyledons. Shading treatment was able to ecdahe seedling
recruitment of D. enneaphyllos, and there was also a similar trend
(however insignificant) for disturbance of the tufeatment. The
numbers of Oxalis acetosella seedlings indicate a similar pattern,
although there was found to be an insufficient nemtf O. acetosella
for the statistical analysis. These findings inthcthe possible safe-site
limitation of the forest species at a relativelylgatage of succession.
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Shrnuti

Zajmové Uzemi se nachéazi v jizwdisti Ceské republiky (40°35-38" N,
14°11-17" E), v nadniské vySce 665 — 940 m (Obr. 42). Klima je mirn
teplé az chladné (MT 3 az Ch 7) sum&rnou rani teplotou 6,8°C a
pramérnymi srazkami 718 az 1 003 mm.

Studovany byly porosty naletovychredin na mesickém stanovisti
(ani zamokend ani vysychava stanowiSvegetace nebyla ruderalizovana
ani typickd pro chudé ualy). V porostech naletovychielin bylo
vytydeno 48 trvalych ploch (& 10039nkteré pokryvaly fedpokladanou
chronosekvenci sukcestady snérem k lesu v zagjmovém Uzemi. Prace
byla zandtena na vliv na stanovisti zavislych fakioa na kontextu
zavislych faktoh na druhové slozeni a charakter bylinného patrda By
odhadnuta z&na v druhovém slozeni stromového patra pro nastEduj
generaci stroiin

Studované porosty naletovychedtin byly v paméru 7,4 ha velké
(vrozmezi 0,08 az 22 ha)jianych tvaé (pramérna relativni délka
obvodu SDF byla 3,1, v rozmezi 1,1 az 15,6§t&ima ploch nebylaiflis
vzdalena od okraje SDF onérn¢ 22 m, v rozsahu 10 az 80 m).

Porosty naletovych fdvin jsou polootetené hajky s gimérnou
relativni ozéenosti 20 % ve 120 cm (rozsah 3 az 68%), s rekativn
hustym bylinnym patrem redukujicim relativni gexdost v5 cm na 6 %
dopadajiciho z&ni (rozsah 1 az 36 %).¢&8ina porost naletovych
drevin byla na relativemeélkych pidach (ptimérna hloubka organického
horizontu 23 cm, rozsah 4 az 70 cm) s relativgsokou skeletovitosti
(prameérné 42 %, rozsah 6 az 86 %). ¢které mdni podminky
v porostech naletovychievin byly mezi hodnotami typickymi prodai
a lesni fdy: padni reakce (prmérnd hodnota 4,3, rozsah 3,8 az 5,6),
obsah organické hmoty wge (pramérna hodnota 11 %, rozsah 5 az
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21 %), bazalni respirace {pnérna hodnota 2,7ug C-CG.g '.hod™,
rozsah 0,7 az 589 C-CQ.g ~.hod™).

Porosty naletovych rdvin byly obklopeny fedevSim porosty
naletovych devin (ptimérné 38 %), loukou (31 %) a lesy (23 %), n¥en
polem (6 %) a krajinnym pokryvem “ostatni“ (2 %).zdalenost
k nejbliz§i louce byla pouze 45+60 m, zatimco hEimu lesu
111+152 m a k nejbliz§imu poli dokonce 743+912 m.

Pramérny wek stromového patra byl 30 rok(rozsah 10 az 46 let),
vékova struktura stromového nebyla homogennitanpmy maximalni
vék stromového patra byl 46 let (rozsah 12 az 84 Wtk stromoveho
patra koresponduje s daty ziskanymi leteckym sni@ikim: v roce 1952
vétSina ploch nebyla porostla stromy (65 % louka,%dole, 13 %
roztrouseny nalet, 4 % zapojeny nalet), v roce 19d6é polovina ploch
porostla stromy (33 % louka, 13 % pole, 25 % radeny nalet, 29 %
zapojeny nélet) a v roce 1983 bylat&ina ploch porostla stromy (4 %
pole, 13 % louka, 23 % roztrouSeny nélet, 60 % pagonalet).

V prabéhu sukcese se stromoveé patréninz hustého zapoje mladych
stromii (aZ 179 strornar®) v relativi oteweny porost (i méh nez
2 stromy.ar). Veékova struktura stromového patra je u stardich pioros
mére uniformni.

Ve stromovém pae dominovaly pionyrské druhy stramCelkem
bylo zaznamenano 11 drutstromi. Ve stromovém p#& dominovaly
anemochorni druhy, ale zoochorni druhy byly takéopay kolonizovat
tyto porosty. V piiméru bylo zaznamenano 2,6 druhu na jedné ploSe,
z toho 83 % stroin bylo opadavych. Bza @etula pendula Roth.) byla
Z ostatni drubh  osika Populus tremulalL.), smrk icea
abies (L.) Karsten), je¢db Sorbus aucuparial.) a borovice Rinus
sylvestrisL.) byly schopny dominovat stromovému patru. Vrbeaj
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(Salix capreal.) a jasan Fraxinus excelsior L.) byly negasgjSimi
vtrouSenymi @evinami.

Ze studovanych faktér druhové slozeni stromového patra bylo
ovlivnéno Ellenbergovou hodnotod” a tvarem SDF (tyto faktory
vyswtlily 14 % celkové variability v datech). Smrk a rbwice byly
hojr¢ji zastoupeny na chladj$ich stanovistich, zatimcoigh, teSa a
jasan preferovaly teplejSi stano¥iStBtiza byla ¢asgji v porostech
naletovych @evin s nepravidelnym tvarem, zatimco osika bydetji
zastoupena v SDFs s pravidelnym tvaremiZense jednat oudledek
vegetativniho rozmnozovani tohoto druhu). V pordstenaletovych
drevin, v nichZz dominovala osika byly vice zastoupemglozoochorni
druhy teSa (Prunus avium (L.) L.) a jerab, zatimco v porostech, v nichz
dominovala biza byla vice zastoupena anemochorni vrba jivae Vic
druhi stroma bylo ve vySSich nadniskych vyskadch a/nebo na
chladrgjSich  stanovistich, v mladSich  porostech a v SDFs
s komplikovanym tvarem. Pokryvnost dvou dasgjSich drutii biizy a
smrku byla ovlivina pgedevsSim pdnimi podminkami, vegetaim
krytem v minulosti, ¢kem a podilem SDF a lesa v okoli 300 m.

Celkem bylo zaznamenano 15 diulsemenéki stromi, vétSina
semenéki byla 10 az 40 cm vysoka. #nérna plocha obsahovala 145
semendka peti druhi. Nejlépe se uchycovaly semeékg druhi
nespecifickych ke stadiu sukcese (59 % seriena96 % ploch) a
anemochorni druhy (75 % semék& 98 % ploch). Druhy typické pro
terminalni stadia sukcese byly schopné koloniz®&m%o ploch, ale na
celkovém potu semenéki se podilely jen 4 %. Zoochorni druhy
obsadily 85 % ploch a twity 25 % semengt. Druhy typické pro rané
faze sukcese preferovaly plochy s vySSi relatividenosti ve 20 cm,
niz§i nadmeské vysky, mé#& Uzivha stanoviét a plochy blizko lesa.
Druhy typické pro terminalni stadia sukcese prefalynizsi nadmiske
vysSky, starSi porosty, i®dré 0zivnha stanovigt s vySSim podilem

Al

223



Chapter 10

nespecifické ke stadiu sukcese byly vice zastoupengtedre starych
porostech naletovychielvin a pod hustym zapojem stromového patra.
Anemochorni a zoochorni druhy nebyly zavislé nangad studovaném
faktoru.

Javor klen Acer pseudoplatanusL.) byl negasgjSim semeng&em
(60 %), hojrji byly zastoupené také druhy: osika (10 %jake (10 %),
smrk (9 %), teSai (5 %) a jasan (3 %). Nadirska vysSka ajodni reakce
vyznami¢ ovliviiovaly druhové sloZzeni semeiké stromi. Semenéky
klenu byly ¢astji v mladSich porostech naletovychiediin, které rostly
rychleji. Semenéky smrku byly negativé ovlivnény relativni ozéenosti
ve 20 cm. Semexkily biizy byly negativi ovlivnény relativni ozéenosti
ve 20 cm a/nebo pokryvem typicky chich druli. Vice sementku
treSré bylo na plochach v nizSich nadiskych vyskach, v blizkosti lesa
a ve starSich porostech.rdle byl vice zastoupen na plochach jejichz
bylinné patro bylo vice podobné lesnimu bylinnératryn

Byla odhadnuta zema v druhovém sloZeni stromového patra pro
nasledujici generaci stramOdhad byl zalozen na porovnani &&snéeho
slozeni stromoveho patra a odhadnutého slozemé kido provedeno na
zaklad druhového slozeni a vysky semé&kd stromi. Odhadované
zmeény v druhovém slozeni byly velké a byly vztazenyaku sukcese,
zivindm a m@dni vihkosti (celkem tyto faktory vystlily 25 % celkové
variability). Zména v druhovém slozeni byla sovana smrem
k druhovému slozeni typickému pro terminalni stadiakcese, ale
druhové sloZeni druhé generace sttdiglo odhadnuto odliSné. Sukcese
snerem k terminalnimu stadiu bude prépddobre dlouhd a potrva
nékolik stoleti nez sukcesni zmy povedou k druhovému slozeni
stromoveho patra blizkému potencialiirgzené vegetaci.

VétSina  druth  béznych v prvni  generaci stromového patra
pravdEpodobré zmeni zastoupeni v nasledujici generaci.
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NejvyznamgjSim zjiSénim je pedpokladany pokles zastoupeni
pionyrského druhuilizy, a nafist zastoupeni smrku a klenu, které jsou
ke stadiu sukcese nespecifické, dedpokladané uchyceni diuh
termindlnich stadii sukcese (buk, dub). VySSi agstai klenu, buku,
osiky a dubu Quercus petraea (Mattuschka) Liebl.) odliSovalo
odhadnuté stromové patro od stavajicihokoh druhy typické pro
stavajici stromoveé patro ifaa, osika a smrk) budou nadale hojn
zastoupené.

Vysledky odhadu z#n ve stromovém pgg pro nasledujici generaci
stromi jsou optimistické z hlediska lesniho hospedd. Jen pro 5 %
ploch nebylo pedpo¥zeno, Ze jejich stromové patro nebude
kolonizovano druhy cennymi z hlediska lesniho hogsivi, zatimco
47 % bude obsahovat vice nez jeden takovyto drihMiEiné ploch
(79 %) paet semenéu stromi cennych z hlediska lesniho hospisdié
ptesahl 2 000 ks.ha coZ je poet dostatény pro girozené zmlazeni.
Témet polovina semertka dievin cennych pro lesni hospadéi byla
opadavou tevinou.

Celkovy charakter bylinného patra pofostaletovych évin v prvni
generaci je mozné popsat nasledovipirevazuje ldni charakter
(pramérnéa G = 20,5, G, = 45,1), zatimco lesni charakter je jen velmi
malo vyvinut (ptimérna W=28,7, W, =18,0). WtSina druli
zaznamenana Vv bylinnem pat byla druhy typickymi pro kni
spole&enstva (celkem 86 drahprimérna pokryvnost 33 %), hojné byly
také druhy spolmé Iwnim a lesnim stanovistim (30 dfyhl7 %),
nasledovaly lesni druhy (26 diiyhlO %), druhy vazané na antropogenni
a nebo ruderalni stanows{18 drutii, 3 %), druhy kovin (10 druld,

1 %) a druhy pasek (4 druhy, 2 %)&tSina drulh vazana na kni
spol&enstva byla exozoochornich gpmérné G, _Ze = 22,6) a druhy
nespecifické ke Zjsobu roz&ovani (piimérné G, Ns=11,5), na rozdil
od druhi typickych pro lesni stanovi§t u nichz pevazovaly druhy

anemochorni  (f@mérné W, Wd =6,5), endozochorni (pmérné
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Wi, Zeg =5,6) nebo druhy nespecifické vzhledem ke tspbu
rozSiovani (pameérnéW,, Ns = 4,5).

Skupiny druli vyliSené na zakladbiotopu byly vice ovliviiny na
kontextu zavislymi prognnymi, a to pedevsSim vegetaim krytem
v minulosti a podilem luk a lesa v okoli. MéduleZitymi na kontextu
zavislymi faktory byl podil krajinného pokryvu “@dhi® a faktory
spojené s charakterem porostu naletovyidvid (rozloha, tvar a pozice
plochy uvnit SDF). Z na stanovisti zavislych fakéoboyly vyznamné pro
nekteré skupiny druln pidni podminky, ale vztah byl vzdy zavisly na
skupirg a vysledky nelze zobecnit. Druhy typické prénuspol€enstva
dosahovaly vysSi pokryvnosti nagach s charakterem blizSim¢him
padam (niz8i obsah organické hmoty a vySSidrp reakce).
NejvyznamgjSim zjis€nim bylo, Zze pokryvnost lesnich diuhrostla
s wkem stromového patra a sdélkou trvani stromoveélairap
Pokryvnost Iéni druhi vSak s ¥kem piikazre neklesala.

Vliv staii stromového patraA, Amnx, Vegeténi kryt v minulosti) na
lesni/lini charakter bylinného patra byl vyr&@i pri pouziti indexi
(vdzené) lesnatosti a (vazené¥natosti. Ostatni faktory ovlivovaly
jednotlivé indexy, ale nebyl pozorovan zadny obetreynd, s vyjimkou
lesnatosti, kterd byla vysSSi nadach ve sledovanych charakteristikach
blizSich lesnim pdam (vysSi obsah organické hmoty, niz&ip reakce
a vySSi bazalni respirace).

Témei vSechny skupiny drdh vyliSenych na zaklad zpisobu
rozSiovani vztazené klesnim spé&dmstiim byly vice zastoupené
v porostech naletovychielvin s déle vyvinutym stromovym patremy,(
Amax, Vegeténi kryt v minulosti), &koli pokles pokryvnosti skupin driih
vztazenych k lenim spoléenstvim s rostoucim &kem stromoveho patra
nebyl pozorovan. Cel&ada na stanoviSti zavislych i na kontextu
zavislych faktott ovliviiovala pokryvnost skupin drihvyliSenych na
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zakladt zpasobu roz&ovani, ale vztahy byly individualni a nebyl zjist
zadny obecny trend.

V bylinném pate bylo celkem zaznamenano 161 drutévnatych
rostlin, v piméru 32+8,6 drufi na 100 A Druhové sloZeni bylinného
patra bylo velmi variabilni (23 % dratbylo zaznamenano jen na jediné
plosSe, jen 18 % druhbylo pgfitomno na vice nez 33 % ploch)aR®rna
druhova diverzita, stanovena jako Shannon-Wienendex diverzity,
byla 2,6 (rozsah 0,4 az 3,5), coz je relativgsoka hodnota.

VSechny druhy hojné v bylinném patbyly druhy hojné v zajmovém
uzemi a druhy &né ve sedni Evrog. Negastji zaznamenanymi druhy
(na vice nez 80 % ploch) bylyAgrostis capillarisL., Galium
mollugo agg. L., Holcus mollisL., Veronica chamaedrysL.; zatimco
nejvice zastoupenymi druhy (vice nez 7 % na obsaz#oSe) byly:
Agrostis capillaris, Avenella flexuosa (L.) Drejer, Holcus mollis a
Vaccinium myrtillusL. VétSina diagnostickych a/nebo konstantnich
druhi byly druhy l&nich spoléenstev (33 ze 161 drtij) a to fedevsim
svazi Arrhenatherion elatioris, Polygono bistortae-Trisetion flavescentis
a Violion caninae. Jen deset druahbylo vztazeno k lesni vegetaci, a to
k asociaci Dentario enneaphylli-Fagetum a sva#m Luzulo-Fagion a
Quercion petreae. V porostech naletovychievin se bylo schopno
uchytit jen relativd malo drulii lesnich drub a tyto ntly zpravidla
malou pokryvnost. Jen kapradiny a indda (Vaccinium myrtillusL.)
byly vice zastoupeny, z ostatnich lesnich drGixalis acetosella L. byl
zaznamenaastji. Z druhi vazanych na hiiny nebo dubo-bukové lesy
byly zaznamenany druhy: Asarum europaeumL., Geranium
robertianum L., Mercurialis perennis L. aMycelismuralis L.

Odpowd na studované faktory byla druRowspecifickd a bylo
pozorovano jen malo obecnych tréndHojné druhy byly ovliviovany
jak na stanovisti tak na kontextu zavislymi fakt@ynebyl pozorovan
vyrazny rozdil mezigmito dwma skupinami faktdi.
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Limitace semeny a limitace stano¥ist byla zji¥ovana na dvanact let
opusténé louce (48°41,468" N, 14°17,382" E, 700 m n. mpgmoci
faktorialné uspdadaného pokusu. Byl sledovan vliv naruseni a&mstina
druhové sloZeni, celkovy charakter vegetace a pokist jednotlivych
druhi a bylo zji¥ovano uchycovani semeitkd lesnich drufi. Pokus o
16 zasazich byl uspéddan v Sesti znaho#élgch blocich s nasledujicimi
typy zasah: i) stirtni na 40 % dopadajiciho fotosynteticky aktivniho
zaeni (PhAR), ii)stirkni na 5 % PhAR, iii) odstrargni nadzemni
biomasy, iv) naruSeni drnu, Vv) vysev lesnich drActaea spicata L.,
Carex sylvaticaHuds, Dentaria enneaphyllosL., D. bulbiferalL.,
Galium odoratum (L.) Scop.,Maianthemum bifolium (L.) F.W. Schmidt
Mercurialis perennis, Oxalis acetosella, Paris quadrifolia L.).

Ackoli meziraini variabilita v druhovém slozeni byla vySSi nezayn
zpisobené narusenim (zasahy iii a iv) nebo zasiin (zasahy i a ii),
tyto zasahy vyznamnovliviiovaly druhové slozeni vegetace. Zastin
melo obecrk mensi vliv na zrnu zastoupeni jednotlivych drimez
naruseni. NaruSeni oviievalo druhové slozeni ifmo a znéna
v pokryvnostech byla spiSe kvantitativni nez keaaiNini, na rozdil od
vlivu zastirgni. Zastigni zpomalovalo zgnu druhového slozenidase,
a proto zastini stabilizovalo druhové sloZeni vegetace.

Ackoli naruSeni drnu jakoZzto nejvyragéi zasah zfsobovalo
nejwetsi zneny ve vegetaci (prvni rok po zasahu), v druhém pmmaisu
se vegetace zapojila. Zasiih na 40 % dopadajiciho ighi nebylo
schopné otait zapoj, zatimco stémi na 5 % dopadajiciho i jiz
vyznam snizilo pokryvnost porostu.

Na kontrolnich zasazich doslo k poklesu diverzgtimco odstrami
nadzemni biomasy bylo schopné stabilizovat Giadigerzity a naruseni
drnu vedlo ke zvySeni diverzity jeden rok po zasahu

Jednoleté rostliny, rostliny gigemni fizici listh a malé vytrvalé
byliny byly vice zastoupeny v zasazich s naruSeirim.
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VétSina lesnich druhneklila a nebyla se schopna v porostu uchytit,
ackoli pocet pidanych semen byl vysoky. &8ina druli klicila malo
také v laboratornich podminkach. Na pokusné plogdg taznamenany
pouze lesni druhy, které byly¥imo vysety, coz d¢i o limitaci semeny
lesnich drufi. VSechny semeriky lesnich drufi se objevily nasledujici
rok po vyseti. Jen Kglnice devitilista Dentaria enneaphyllos) se
uchycovala v pé&tech dostatnych pro statistické hodnoceniiegto se
nebyla schopna uchytit v 56 % ploch do kterych hwylaeta a prmeérné
jen 3% semerskt preZilo do konce pokusu. Zadny ze senina
kycelnice nedosahl pokédejSiho stadia nez semetkd s dloznimi
listky. Stiréni zvySovalo peet uchycenych semetidi D. enneaphyllos.
Podobny trend, &oli nepiikazny, byl pozorovan pro naruseni drnu.
Podobnéa odpad’ na jednotlivé zasahy byla pozorovana pravel
kysely Oxalis acetosella), ktery vSak nekéil v dostaténém pdtu pro
statistické hodnoceni. VySe znang vysledky indikuji, Ze lesni druhy
jsou v rané fazi sukcese limitovany stanainst
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