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Abstract: The paper presents the results of a study on the impact of forest stand structure and development in 1998 to
2018 on the occurrence of dog’s tooth violets (Erythronium dens-canis L.) in the Mednik National Nature Monument,
Czech Republic. The research was carried out in mixed European hornbeam and sessile oak stands, herb-rich European
beech stands and the Sdzava-river Norway spruce ecotype stands. The site and stand characteristics of the following
three forest stand types were compared: 1) oak-hornbeam forests, 2) herb-rich beech forests and 3) secondary spru-
ce forests. The results showed that the ratio of sterile and fertile plants was 2.9 to 1. The occurrence of E. dens-canis
was higher in older stands with differentiated structure. On the contrary, stands characterized by a higher number of
trees and basal area negatively affected the population size of E. dens-canis. Significantly, the density of E. dens-canis
decreased with increasing stand density index (SDI) and increased with increasing diameter differentiation index in
relation to tree neighbours (TM ). During the period of 20 years, the E. dens-canis population increased by 40.4% on
permanent research plots, while the highest changes were observed on spruce plots (+92.1%) and the lowest increase
was in oak-hornbeam forests (+18.0%). The highest numbers of E. dens-canis plants were found in herb-rich beech fo-
rests (1 774 plants-ha-!), lower numbers occurred in oak-hornbeam forests (784 plants-ha-!) and minimal in secondary
spruce forests (51 plants-ha!).

Keywords: dog’s tooth violets; stand structure; oak-hornbeam stand; herb-rich beech stand, secondary spruce stand;
Mednik National Nature Monument

It is a long-term goal of forest management to
leave significant parts of specially protected areas to
spontaneous development (Gotmark 2009; Simtinek
et al. 2019, 2020; Prokapkova et al. 2020), allowing
for establishment of more diversified, i.e. more
resistant stands (Vacek et al. 2014; Seidl et al. 2016;
Bilek et al. 2016; Hajek et al. 2020) that can provide
a wide range of ecosystem services (Gamfeldt et al.
2013; Mina et al. 2018). In most areas of protection,
specific management focusing on the main nature
conservation theme is applied (DeFries et al. 2007),

which is — in this case — maintaining and improving
the northernmost population of dog’s tooth violets
(E. dens-canis L.; Liliaceae) in Europe.

This single European species of the genus Erythro-
nium is widely distributed in Southern Europe, while
the population in Central Europe is critically endan-
gered (Bartha et al. 2015; Nagy et al. 2019). E. dens-ca-
nis occurs mainly in mesic mixed deciduous forests
(e.g. Carpino-Fagetea sylvaticae Jakucs ex Passarge
1967) and mesic meadows, especially in the lowlands
with sporadic distribution range to mountain areas
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(Guitidn et al. 2002; Mondoni et al. 2012; Pupillo, As-
tuti 2017). At present, lowland populations have be-
come rare due to anthropogenic effects, for example
extensive replacement of natural forest areas with ag-
ricultural fields (Mondoni et al. 2012).

Perhaps no species of the Czech flora has attracted
such attention as E. dens-canis on the Mednik Hill
downstream the Sazava River (Hendrych 2004).
Since 1870, more than 100 newspaper articles and
about 25 academic essays have been devoted to the
issue (Pivnickova, Pecina 1980; Hendrych 2004;
Sadlo 2009). Above all, these works discuss the au-
tochthony or allochthony of the E. dens-canis in the
Czech flora and the conditions of its existence and
abundance in the Mednik National Nature Monu-
ment (NNM).

In the Czech Republic, E. dens-canis is protected
by law, but excluded from the Red List in 2012 as
an allochthonous species (Grulich 2012). However,
its autochthony or allochthony in this country is still
a matter of dispute. For example, Sddlo (2009) pre-
sented three possible explanations of its occurrence:
— it is autochthonous, and it originated from the

relict survival of a former areal expansion,

— it is autochthonous, and it spread by local intro-
duction, enabled by natural mechanisms of long-
distance spreading,

— itisallochthonous, and it spread by local introduc-
tion through human activity.

https://doi.org/10.17221/96/2020-JFS

At Mednik, E. dens-canis grows in several micro-
sites that were repeatedly affected by gold mining,
coppice management, forest grazing and timber
rafting in the past (Lozek et al. 2005), which rather
supports the theory of introduction. On the other
hand, there are other plant species very rare in the
area, such as the hirsute sedge (Carex pilosa Scop.)
from the Carpathians, growing at Mednik as well
(Malicek 2005).

This paper deals with the effect of three types of
forest stands on the occurrence of E. dens-canis
at the Mednik NNM between 1998 and 2018.
The objective was to determine: (i) production
parameters, structure and diversity of tree layer in
oak-hornbeam stands, herb-rich beech stands and
secondary spruce stands; (ii) density and dynamics
of fertile and sterile individuals of E. dens-canis
during 20 years (1998, 2008 and 2018) in each forest
type and (iii) interaction between the structure and
diversity of forest stands and the occurrence of
E. dens-canis.

MATERIAL AND METHODS

Study area. The Mednik NNM at an altitude of
220-416 m a.s.l. is located in the territory of the
Hradistko town (the Prague-West district), on the
left bank of the Sdzava Canyon (Figure 1). The mo-
tive for the protection of this area since 1930 has
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Figure 1. Localization of permanent research areas in the Mednik National Nature Monument (Map data source: ©ArcCR,

ARCDATA PRAHA, ZU, CSU, 2016)
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Figure 2. Erythronium dens-canis (fertile — upper left and sterile — upper right) in a beech stand — below in the Mednik

National Nature Monument (photo: S. Vacek)

been to maintain and support the population of
E. dens-canis (Figure 2), a species critically endan-
gered in the Czech Republic (Holub, Prochazka
2000) in its isolated northernmost European local-
ity, and also to maintain natural slope forests with
a number of protected and endangered species of
flora and fauna on an area of 31.10 ha (43.67 ha in
total, including the NNM protection zone). The av-
erage annual air temperature of the locality is 8—-9 °C
and the annual precipitation is 550-600 mm (To-
lasz et al. 2007). The bedrock consists mainly of
metabasites and partly of granodiorites. The pre-
vailing soil types are mesotrophic Cambisols and
Ranker Cambisols.

In the NNM, linden oak-hornbeam stands domi-
nate with a 63% share. It is a coppice forest with
dominant European hornbeam (Carpinus betulus
L.) and admixed small-leaved linden (Tilia cor-
data Mill.), large-leaved linden (Tilia platyphyllos
Scop.) and sessile oak (Quercus petraea /Matt./
Liebl.) and interspersed individuals of sycamore
maple (Acer pseudoplatanus L.), Norway maple
(Acer platanoides L.), field maple (Acer campestre
L.), European beech (Fagus sylvatica L.), Scots elm
(Ulmus glabra Huds.) and wild service tree (Sor-

bus torminalis /L./ Crantz). These are plant com-
munities of the alliance Carpinion Issler 1931 and
rich-base plant associations Melampyro nemorosi-
Carpinetum Passarge 1962 and Stellario-Tilietum
Moravec 1964. Quite abundant (30%) are herb-
rich beech stands with dominant Fagus sylvatica
and admixed Carpinus betulus as dominant tree
species. Sparsely interspersed is Quercus petraea
and silver birch (Betula pendula Roth). These are
plant communities of the suballiance Eu-Fagenion
Oberdorfer 1957 em. Tx. 1960 and the associa-
tion Dentario enneaphylli-Fagetum Oberdorfer ex
W. et A. Matuszkiewicz 1960. The share of relict
spruce stands of the Sazava-river Norway spruce
ecotype (the alliance Piceion abietis Pawtowski
et al. 1928) with interspersed Betula pendula is
6% and the share of seral stand with dominating
Betula pendula is 1%. Adolescent and adult stands
dominate significantly.

The local forests lost their natural character not
later than in the late prehistoric times (La Tene pe-
riod, 400—100 B.C.), when they were constantly in-
fluenced by forest grazing, timber harvesting and
gold mining (Barvifova 1935; Waldhauser 1988,
1995).
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Table 1. Basic stand and site characteristics of permanent research plots

Altitude Slope  Alliances of Mean  Mean — Mean Mean
PRP GPS (m) Aspect (O;) association Species age diameter height volume
(year)  (cm) (m) (m*ha™')
49.870472N . Cb,Tp, Qp, Ap,
1A, 1B 14.452049E 300 NE 28 Carpinion Apl, Ac, Fs, Ug 76 19 16 246
2A,2B, 49.871371N .
2C. 2D 14.450304E 330 N 5 Fagion Fs, Cb, Qp, Bp 117 45 30 346
49.870320N Lo .
3A, 3B 14.449531E 380 NNE 8  Piceion abietis Pa, Bp 99 38 32 458

Cb — Carpinus betulus, Tp — Tilia platyphyllos, Tilia cordata, Qp — Quercus petraea, Ap — Acer pseudoplatanus, Apl — Acer

platanoides, Ac — Acer campestre, Fs — Fagus sylvatica, Ug — Ulmus scabra, Bp — Betula pendula, Pa — Picea abies

The study was conducted on 3 permanent re-
search areas with 8 permanent research plots
(PRP). Two PRP (1A, 1B) were covered by oak-
hornbeam stands, four PRP (24, 2B, 2C, 2D) by
herb-rich beech stands and the last two PRP (3A,
3B) by secondary spruce stands (Table 1).

Data collection. To determine the structure of
the tree layer of forest stands, a theodolite was
used in the establishment of 8 PRP of 50 x 50 m in
size (0.25 ha) in 1998, and Field-Map technology
(IFER) in 2008 and 2018. The position of all trees of
breast height diameter (DBH) > 4 cm was localized.
Crown projection was measured at least in 4 direc-
tions, perpendicularto one another. Tree heightand
height of the live crown base were measured with
a Vertex laser hypsometer (to the nearest 0.1 m)
and DBH was measured with a metal calliper (to
the nearest 1 mm).

Flowering and sterile individuals of E. dens-canis
were counted separately on each of 8 PRP (1A-3B)
in spring (from mid-March to mid-April) 1998,
2008 and 2018.

Data analysis. The stand volume was calculated
by volume equations published by Petras, Pajtik
(1991). The density of the tree layer was determined
according to stand density index (SDI), crown clo-
sure (CC) and crown projection area (CPA). Spe-
cies diversity was analysed in the framework of
species heterogeneity (Shannon 1948) and species
evenness (Pielou 1975). The structural diversity as-
sessment included the calculations of diameter and
height differentiation index (Filldner 1995), spe-
cies profile index in relation to vertical structure
(Pretzsch 2009) and stand diversity index (Jaehne,
Dohrenbusch 1997). The spatial distribution (hori-
zontal structure) was determined according to the
aggregation index (Clark, Evans 1954). Diversity
was evaluated using the SIBYLA software (Fabrika,
Dursky 2005) — (Table 2).

At first, the relation between fertile and sterile
individuals on selected PRPs in the years of evalu-
ation was tested by chi-squared test. For graphical
visualization of the relations between measured or
computed parameters of the structure, production

Table 2. Overview of indices describing the biodiversity and their common interpretation

Criterion Quantifiers Label

Evaluation

Horizontal structure Aggregation index R (C&Ei)

mean value R = 1; aggregation R < 1; regularity R > 1

Vertical diversity Species profile index A (Pi)

range 0—1; balanced vertical structure A < 0.3;
selection forest A > 0.9

) o Diameter dif. ™ , (Fi) range 0-1; low TM < 0.3;
Structure differentiation . . -
Height dif. TM, (Fi) very high differentiation TM > 0.7
Heterogeneity H’ (Si) minimum H’ = 0, higher H” = higher values
Species diversity )
Evenness E (Pi) range 0—1; minimum, E = 0, maximum E = 1
B <4
Complex diversity Stand diversity B (J&Di) monotonous structure 5 <

uneven structure B = 6-8; very diverse structure B > 9
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Table 3. Stand structure and production characteristics in various forest types in 1998, 2008 and 2018

Age  DBH h N BA v CPA cc
PRP Year (;g) (cm) (m) (treesha’) (mha’) (m*ha)  (ha) (%) Spr
1998 64 15.9 140 1390 276 175 4.92 99.3 0.64
1A-1B 2008 74 17.1 151 1336 308 219 5.03 99.3 0.70
2018 84 18.3 159 1262 332 256 5.05 994 074
1998 105 47.2 28.6 162 28.1 467 1.76 82.7 0.41
242D 2008 115 493 29.4 157 29.6 506 1.76 82.7 0.43
2018 125 516 30.4 146 30.1 528 171 81.8 0.43
1998 88 33.3 29.3 480 41.9 533 120 69.9 0.64
3A-3B 2008 98 364 303 471 49.3 637 1.34 73.6 0.72
2018 108 39.5 31.1 458 56.1 733 4.92 77.3 0.80

Age — average stand age, DBH — mean quadratic breast height diameter, # — mean height, N — number of trees per hectare,

BA - basal area, V — stand volume, CPA — crown projection area, CC — canopy closure, SDI — stand density index

and diversity of tree layer, the redundancy analy-
sis (RDA) was performed using CANOCO 5 (Leps,
Smilauer 2003). The parameter symbols are ex-
plained in Table 3 and 4.

Linear regression was used to assess the effects
of parameters, which showed the highest correla-
tion with the abundance of E. dens-canis on selected
PRPs. R software (R Core Team 2018) was used for all
computations related to linear regression analyses.

RESULTS

Structure of the tree layer

Close-to-nature oak-hornbeam stands

The number of live trees ranged from 1268 to
1512 trees-ha™! in 2008 (Table 3). In 20 years, the
total numbers decreased by 8.4-9.5%. SDI ranged
between 0.60 and 0.68 in 1998; and it increased

by 13-16% in the same period, while CPA in-
creased only very slightly (by 2—-3%). The average
basal area was 26.1-29.0 m*ha! in 1998, increas-
ing by 19-22% in 20 years. The stand volume of
coppice-with-standards ranged between 171 and
178 m*-ha~! in 1998, when hornbeam accounted for
50—-61%, linden for 18—20% and oak for 17-31%. In
the 20 years’ period, the stand volume increased by
43-51%: 51-58% in hornbeam, 32-59% in linden
and 20-29% in oak. On PRP 1A and 1B, the highest
number of trees with the lowest stand volume was
observed from all PRP (Table 3).

Close-to-nature herb-rich beech stands

The number of live trees ranged from 144 to
172 trees-ha™! in 2008 (Table 3). In 20 years, the
total numbers decreased by 2.4—11.7%. SDI ranged
between 0.39 and 0.44 in 1998, slightly increasing
on PRP 2B-2D in 20 years’ time (by 2-15%) and

Table 4. Diversity of tree layer in various forest types in 1998, 2008 and 2018

PRP Year R (C&Ei) A (Pri) B (J&Di) TM,, (Fi) TM, (Fi) H’ (Si) E (Pii)
1998 1.436 0.502 8.630 0.316 0.194 0.444 0.508
1A-1B 2008 1.427 0.509 8.561 0.329 0.195 0.446 0.510
2018 1.396 0.509 8.551 0.341 0.209 0.443 0.506
1998 1.141 0.377 6.058 0.388 0.282 0.201 0.400
2A-2E 2008 1.151 0.343 5.810 0.386 0.259 0.212 0.421
2018 1.119 0.359 5.737 0.398 0.258 0.227 0.452
1998 1.187 0.359 5.953 0.242 0.139 0.189 0.256
3A-3B 2008 1.183 0.369 5.248 0.254 0.133 0.175 0.250
2018 1.168 0.363 4.878 0.263 0.126 0.170 0.243

R — Clark-Evans index of aggregation, A — species profile index, B — stand diversity index, TM, — diameter differentiation

index, TM, — height differentiation index, H " — index of species heterogeneity, E — index of species evenness
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slightly decreasing on PRP 2A (by 5%). In the same
period, CPA on PRP 2A, 2B and 2D decreased (by
5-10%) and increased (by 11%) on PRP 2C. The av-
erage basal area was 26.4-31.1 m*ha~! in 1998, in-
creasing by 2—18% on PRP 2B-2D and decreasing
by 1% on PRP 2A during the monitored 20 years.
The stand volume ranged between 419 and
545 m3ha!in 1998, when beech accounted for 79—
97% and hornbeam for 3—15% in. In the 20 years’
time period, the stand volume increased by 4—24%:
2-13% in beech and 0-74% in hornbeam. On PRP
2A, the lowest number of trees was recorded from
all PRPs.

Secondary spruce stands

The number of live trees ranged between 476 and
484 trees-ha™! in 2008 (Table 3). In 20 years, the to-
tal numbers decreased by 2.6-6.6%. SDI ranged be-
tween 0.61 and 0.66 in 1998, increasing by 23—28%
in the 20 years’ time period. In the same period,
CPA increased by 21-26%. The average basal area
was 39.1-44.6 m*ha~! in 1998, increasing by 31 to
38% in 20 years. The stand volume ranged between
494 and 571 m®*ha! in 1998, when spruce account-
ed for 83-97%. In the 20 years’ time period, the
volume increased by 34-41%; 35-44% in spruce.
Overall, the largest stand volume (767 m? ha™!) was
recorded on PRP 3A in 2018 from all PRPs.

Biodiversity of the tree layer

Close-to-nature oak-hornbeam stands

Horizontal structure (R index) of the tree layer
in hornbeam-oak stands was random to regular in
the investigated period (Table 4). The diameter and
height differentiation of the structure (7M, and
TM,) was medium. Vertical structure (A) shows
high diversity. Overall stand diversity by B index
indicates a diverse structure throughout the study
period. Species diversity was medium according to
the entropy H " and species evenness E. Compared
to other forest types, the highest stand diversity,
vertical diversity and species diversity were ob-
served in oak-hornbeam stands.

Close-to-nature herb-rich beech stands

The horizontal structure of tree layer in the herb-
rich beech stands shows a random spatial pattern
during the 20 years study (Table 4). Species profile
index A shows the balanced vertical structure on
PRP 2A-2B and moderately diversified structure
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on PRP 2C-2D. The diameter differentiation TM,
was low on PRP 2A and 2D and moderate on PRP
2B and 2C. The height differentiation TM, of the
structure was low on PRP 2A, 2C and 2D, and mod-
erate on PRP 2B. Overall stand diversity B indicates
an even structure on PRP 2A, 2B and 2D, and an
uneven structure on PRP 2C during the investigat-
ed period. In terms of species diversity according
to entropy H ', PRP 2A, 2B show very low diversity,
PRP 2D low diversity and PRP 2C shows medium
diversity. In terms of species evenness E, PRP 2A,
2C and 2D show predominantly medium diversity
and low biodiversity is on PRP 2B.

Secondary spruce stands

The horizontal structure of trees in the secondary
spruce stands shows random aggregation according
to R index during the study period (Table 4). Ver-
tical structure shows medium diversity according
to A index. The diameter differentiation TM , was
low. The height differentiation TM, of the structure
was very low on PRP 3A and low on PRP 3B. Stand
diversity index B indicates an even to monotone
structure on PRP 3A and an uneven structure on
PRP 3B during the investigated period. In terms of
species diversity according to entropy H " and spe-
cies evenness E, PRP 3A shows very low diversity
and PRP 3B low biodiversity. Generally, the lowest
diversity from all compared forest types was deter-
mined in these spruce PRPs.

The occurrence of Erythromium dens-canis in
various stand types

The occurrence of E. dens-canis in various stand
types (oak-hornbeam, herb-rich beech and second-
ary spruce stands) on the studied PRP is presented
in Table 5. The maximum occurrence of E. dens-
canis during the monitored period was recorded
in herb-rich beech stands (1 774 plants-ha™),
considerably lower in oak-hornbeam stands (784
plants-ha™!) and minimal in secondary spruce
stands (51 plants-ha™!). Specifically, the highest
density of 2552 plants-ha~'was observed on beech
PRP 2A in 2018. In the years 1998-2008 there was
a slight decrease, stagnation or only a very small
increase in the population of E. dens-canis while
in the years 2008-2018 it increased noticeably.
During the period of 20 years, the population of
E. dens-canis increased by 40.4% on all PRP, while
the highest change was observed in spruce stands
(+92.1%), while the lowest increase was in oak-
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Table 5. Erythronium dens-canis occurrence in various forest types in 1998, 2008 and 2018

Density 1A-1B (Carpinion) 2A-2D (Fagion) 3A-3B (Piceion abietis)
(plantsha™) 1998 2008 2018 1998 2008 2018 1998 2008 2018
Sterile 500+70 588+75 634+94 1170+314 1212+317 1398+301 32+22 38+27 50+26
Fertile 172+ 34 198+ 18 262 +43 505+ 135 458+ 141 578+137 6+6 107 18 +7
Total 672+97 786+75 896+ 124 1675+447 1670+454 1976 +435 38+27 48+34  68+32

hornbeam stands (+18.0%). The ratio of sterile to
fertile plants was 2.9:1 in total. The highest occur-
rence of E. dens-canis was recorded in stand open-
ings where the ratio of sterile to fertile individuals
was significantly lower (1.7:1).

Relationship between Erythronium dens-canis
and forest structure and diversity

The chi-squared test of independence in the
counts table (Table 5) showed insignificant results
(chi-squared = 13.52, df = 23, P-value = 0.94). This
result is consistent with the results of RDA, where
no difference in the abundance of fertile and sterile
individuals in relation to stand parameters was ob-
served, see Figure 3.

Generally, the occurrence of E. dens-canis is
higher in older, differentiated stands (positive cor-
relation with TMd, TMh, dbh and & was observed).
Contrary to that, the high stand density, which is
naturally connected with higher basal area and
number of trees on PRP, negatively affects the pop-
ulation size of E. dens-canis. Linear regression (the
relation of E. dens-canis abundance on PRPs to the

most significant parameters revealed by RDA — SDI
and TMd) confirmed effects of parameters which
showed the highest correlation with the number
of E. dens-canis plants (Figure 4). Both parameters
appeared to be significant indicators of E. dens-
canis occurrence — the number decreased with
increasing values of stand density index (SDI) and
increased with increasing diameter differentiation
(TMd).

DISCUSSION

Structure of the tree layer

In Europe, attention has recently been paid to
mixed oak and beech stands as important tim-
ber production species (del Rio et al. 2014; Vacek
et al. 2018, 2019a). In oak-hornbeam stands, the
number of trees ranging between 1 268 and 1 512
individuals per ha in 1998 indicates very variable
medium-aged stands and a significant influence of
the original way of pasture management. In former
coppices, the canopy has improved significantly, as
documented in similar cases at other sites (Paillet
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Figure 3. Ordination diagram for the redundancy analysis. A permutation test showed significant results on all axes
(pseudo-F = 232, p = 0.004). The first two axes explained 99.9% of variability;

R — Clark-Evans index of aggregation, A — species profile index, B — stand diversity index, TM, — diameter differen-
tiation index, TM, — height differentiation index, H” — index of species heterogeneity, £ — index of species evenness,
DBH — mean quadratic breast height diameter, # — mean height, N — number of trees per hectare, BA — basal area,
V — stand volume, CPA — crown projection area, CC — canopy closure, SDI — stand density index
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Figure 4. The relationship between the abundance of Erythronium dens-canis per plot and the most significant parameters

affecting its abundance identified by redundancy analysis (Figure 3); SDI — stand density index, TM, (Fi) — diameter

differentiation index

et al. 2010; Millerova et al. 2015). At the same time,
SDI has increased by 13-16% in the period under
review, which may gradually lead to a change in the
species composition (Petritan et al. 2012) like in
our case (increase of the share of fast-growing tree
species compared to oak). Some authors suggest
the original form of management might influence
the stand even 100 years later (Paillet et al. 2010;
Miillerova et al. 2015).

In herb-rich beech stands the number of trees
(144-178 trees per ha in 1998) is reduced due to
specifics of the locality to improve conditions for the
E. dens-canis populations in its isolated northernmost
European distribution area (Hendrych 2004; Sadlo
2009). E. dens-canis needs sufficient light for success-
ful growth (Guitian et al. 2002). Beech is the strongest
competitor in this locality, which corresponds to its
ecological characteristics (del Rio et al. 2014; Bosela
et al. 2016), and therefore it maintains its dominant
position. Similar results from comparable stand and
habitat conditions from the Orlické hory Mts. (478—
601 m*ha!) were reported by Vacek et al. (2014,
2017). Expansion of beech natural regeneration was
confirmed also in the Jizerské hory Mts. (Slanaf et al.
2017) and Broumov region (Vacek et al. 2015).

In the secondary spruce stands, the original
number of trees ranging from 476 to 484 tress-ha!
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decreased slightly during the monitored period.
Spruce stands throughout Europe are currently at
great risk from ongoing climate change, especially
rising temperatures and summer drought (Zang et
al. 2014; Cukor et al. 2019; Vacek et al. 2019b, 2020)
that lead to bark beetle outbreaks (Krejci et al. 2013;
Putalova et al. 2019; Toth et al. 2020). In addition,
the stand volume increased by 41% in 20 years. The
results show that despite all climate change threats,
the spruce stands in monitored localities have not
been significantly affected, probably due to the spe-
cific microclimate and sufficient water resources.

Biodiversity of the tree layer

The spatial arrangement of the studied oak-horn-
beam stands is relatively variable from slightly reg-
ular through mostly clustered to random. Slightly
different results were given by Rozas (2003), who
presented a clustered structure for old-growth
beech-oak lowland stands, mainly due to gaps in the
canopy that arise after the death of dominant trees.
Vacek et al. (2018) also presented relatively hetero-
geneous results for oak stands, where the high forest
showed predominantly random distribution while
the low forest was characteristically clustered. In
spruce and herb-rich beech stands, spatial distribu-
tion of trees was random with tendency to regular
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distribution. Similarly, Bulusek et al. (2016) docu-
mented prevailing regular to random horizontal
structure for beech forests in sites of lower altitudes.
A mostly random to moderately regular spatial pat-
tern was also observed for beech and spruce forests
in the Krkonose Mts. (Zahradnik et al. 2010).

The overall diversity of stands, which is strongly
influenced by habitat conditions (Vacek et al. 2015;
Cater, Diaci 2017; Krali¢ek et al. 2017), was mark-
edly differentiated: the oak-hornbeam stands had
a diversified structure, the herb-rich beech stands
had an even to uneven structure and the secondary
spruce stand structure ranged from monotone to
uneven. The results show a broad diversity of vege-
tation, whether caused by microhabitat conditions,
species composition, age or forest management in
the past. In relation to age, it has been document-
ed that the younger developmental stages tend to
be more diverse than the older ones (Spitzer et al.
2008) although our results do not prove that.

Erythronium dens-canis occurrence in various
stand types

The highest occurrence of E. dens-canis during
the monitored period was recorded in herb-rich
beech stands, while it was considerably lower in
oak-hornbeam stands and minimal in secondary
spruce stands. Higher numbers of E. dens-canis
plants were confirmed in older and more differen-
tiated stands. Contrarily, the high SDI, naturally as-
sociated with higher basal area and number of trees,
negatively affects the E. dens-canis population.

The numbers of E. dens-canis plants in the pro-
tected area vary considerably from tens to thou-
sands of flowering individuals (e.g. Razicka 1927;
Vorel 1990; Hendrych 2004). These works suggest
that the abundance of Erythronium dens-canis
decreased over the years. The estimation of the
E. dens-canis numbers is probably influenced by
the fact that, in a thick layer of raw humus, ster-
ile specimens are particularly hard to notice when
compared to the flowering ones, since they are par-
tially covered by leaves. In addition, the area of the
protected territory has been decreasing over the
years (Hendrych 2004). This locality is exception-
ally convenient for E. dens-canis. It is a typical oak-
hornbeam habitat, even comparable to the natural
E. dens-canis sub-Mediterranean oak forests of the
alliance Erythronio-Carpinion (Sadlo 2009). For
example, Carex pilosa, Hierochloé australis and
Melica uniflora grow here, supporting the idea of

E. dens-canis autochthony. E. dens-canis has quite a
wide range of distribution from humus-richer types
of thermophilic oak stands through oak-hornbeam
stands to herb-rich beech stands (Hendrych 2004).
E. dens-canis at Mednik could be a relic of the
warm pre-Holocene epoch (Hendrych 2004; Lozek
2007). It is now apparent that some thermophilic
species of the oceanic climate have survived the
cold and continental fluctuations of the Pleistocene
in our conditions until now (Stewart, Lister 2001).
However, it is difficult to explain why, after such a
long time, the E. dens-canis would remain in a sin-
gle location in the Czech Republic, at Mednik (Sad-
lo 2009). Similarly to Mednik, the occurrence of
E. dens-canis in the Brzotinské skaly National Na-
ture Reserve in the Slovak Karst is discussed, where
E. dens-canis is accompanied by another relict spe-
cies Carex brevicollis (Kochjarova et al. 2004).

A significant geophyte, the E. dens-canis is quite
easy to grow wild. Hendrych (2004) mentioned
planting and subsequent growing wild at nearby
Stéchovice, at the South Bohemian town of Milevsko
and at several localities in Austria and Switzerland.
Indeed, it is not rare for the alliance Erythronio-Car-
pinion to grow wild in our conditions. Numerous ex-
amples were presented by Pysek et al. (2002).

Pysek et al. (2002) considered E. dens-canis to be
an introduced species and listed it in the Catalogue
of Alien Species. Sadlo (2009), however, stated that
neither natural nor anthropogenic origin of E. dens-
canis at the Mednik locality could be confirmed or
rejected without direct evidence. However, it is
necessary to continue to protect E. dens-canis at its
location in Mednik.

CONCLUSION

Since 1930, the stands of oak-hornbeam, herb-rich
beech and secondary spruce in the Mednik locality
have been specifically managed to maintain and ex-
pand the population of Erythronium dens-canis, i.e.
legally protected species in the Czech Republic. The
largest population of E. dens-canis was found in herb-
rich beech forests. In terms of supporting manage-
ment practices, the oak-hornbeam stands have long
been managed as coppices while the herb-rich beech
and secondary spruce stands were undergoing very
strong tending interventions carried out to reduce
the canopy and eliminate the lower layer. Generally, a
decrease in stand density has a positive effect on the
E. dens-canis population. Moreover, natural regen-
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eration is almost absent in the studied stands due to
damage caused by ungulates. This is an almost opti-
mum condition for the E. dens-canis population, but
in view of the continuing disintegration of beech and
spruce stands, it will become a serious issue.
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