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Abstract: We performed a detailed overall field survey of all specimens of the wild service tree Sorbus
torminalis (L.) Crantz in the research area in the Hádecká planinka National Nature Reserve. This research
area, with an area of 80 ha, contains one of the largest populations of the tree in Europe. In all, 1713 speci-
mens were found. This study provides a detailed description of the wild service tree population in the area.
The basic biometric parameters (height, GBH, social position, fertility) of the population were assessed. The
main emphasis of our analysis was to evaluate the population’s age structure. We used estimates of age struc-
ture based on the Chapman-Richards growth function to perform this evaluation. During the past twenty
years, the natural regeneration of the wild service tree in the nature reserve has decreased considerably. At an
experimental plot where a high forest was converted to a coppice with standards, regeneration occurred over
75% of the area. Root suckers were found at the beginning of the observation period. After 2–3 years, genera-
tive regeneration occurred.
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Introduction
The wild service tree is a typical forest companion

species with a scattered distribution in the Czech Re-
public (Kovanda 1992). No study addressing the pop-
ulation structure of the wild service tree has been
published to date in the Czech Republic. Surprisingly
few studies mention the species. Such studies either
simply note the occurrence of the wild service tree
(Velicka 1993, Cerovský et al. 2007, Dostál, 2002,
Fiedler 1974, Hofmeister 2001, Kovanda 2000, Lepší
et al. 2009, Sedlácková and Lustyk 1999) or describe
the distribution of the species in a limited area (Šefl
2007, Zahradová 1988). Studies assessing the species

from a forestry perspective are published only rarely
(Prudic 1998, Hurt and Kantor 2004). In contrast, re-
search on the wild service tree at the population level
is very frequent outside the Czech Republic. For ex-
ample, previous studies have appeared from Poland
(Bednorz et al. 2006), Italy (Belletti et al. 2008), Ger-
many, Switzerland and Denmark (Angelone et al.
2007, Rasmussen 2007, Rasmussen and Kollmann
2007, Hoebee et al. 2006), Austria (Hochbichler
2003) and the Slovak Republic (Paganová 2007).

In Central Europe, populations of S. torminalis are
scattered, often small (100 individuals) and spatially
isolated (Hoebee et al. 2007). For example, this tree
is classified as an endangered species in the Czech Re-
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public (CR) (Úradnícek et al. 2010). In Poland, it is
protected by law (Bednorz 2007b).

This study describes and evaluates the population
structure of the wild service tree in the Hádecká
planinka National Nature Reserve, which contains
one of the largest populations within the natural
range of the species. One of the aims of the research
was to evaluate the behaviour of the population in the
reserve, where management excluding human influ-
ence has been applied for 60 years and whose forest
communities consist of irregular stemwood of cop-
pice origin. We also explored the ability of the wild
service tree to regenerate naturally during conversion
to a coppice with standards and to a coppice forest.

Methods

Study area
The Hádecká planinka National Nature Reserve is

located at the northeastern edge of the city of Brno in
the CR and is a southern protrusion of the Moravian
Karst Landscape Protected Area. This reserve is lo-
cated on a karst tableland at an altitude of approxi-
mately 420 m and has an area of approximately 80 ha;
the mean annual temperature is 8.4°C, and the mean
annual precipitation is 531 mm (data from the Brno
climate monitoring station). The geological back-
ground is Devonian limestone in plateaus covered by
loess loam of various thicknesses. The forest occupies
nearly the entire area of the reserve, and the predomi-
nant woody species are Quercus petraea agg., most of-
ten Q. dalechampii (63%), and Carpinus betulus (22%).
The other woody species appear as admixtures, with
Sorbus torminalis representing 1.68% according to the
forest management plan. The stands are of coppice
origin and were gradually converted to irregular
stemwood by thinning out trunks of coppice origin
during the first half of the 20th century. Since 1950,
when the area was declared a nature reserve, manage-
ment excluding human influence has been applied to
study the spontaneous development of the forest
communities. The forests are the property of Mendel
University in Brno.

Field work
The area of the reserve was inventoried with a field

survey, and the position of each individual of the wild
service tree was surveyed using GPS (Trimble Juno
SB) and given an ordinal number. The following data
were recorded for all individuals: girth at breast
height (GBH) (measured with a tape) and total height
(by TruePulse); height of the crown base (from the
tree base to the first strong branch); fertility accord-
ing to a three-level semiquantitative scale (very fer-
tile, fertile and infertile trees); and position in the
stand, in accordance with the classification intro-

duced by Konšel (1931), as dominant, co-dominant,
intermediate, shaded viable, dead or dying trees.

In addition, a core was taken at breast height with a
Pressler borer from 47 individuals of various GBH
classes with a range of girths from 26 to 155 cm to es-
tablish the ages of these groups.

Laboratory analyses
The tree rings in the core samples were analysed

with a stereo magnifier on a measuring table with a
shifting top. The analysis was conducted with PAST
32 software.

The age structure of the population was then es-
tablished by the Chapman-Richards growth function
as follows:

[ ]y A e b x c
= − −* * /
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The calculations were based on the true age deter-
mined for the 47 individuals with various stem girths.

Wild service tree regeneration
The regeneration of the wild service tree was evalu-

ated in an experimental plot adjacent to the Hádecká
planinka National Nature Reserve. In this plot, a high
forest was converted to a coppice with standards. The
fenced 4-ha research area was divided into 16 squares
(50 m by 50 m). Four different treatment intensities
were applied, and four replicates were used. The
shrub layer was removed, and the tree layer was re-
duced by 100%, 77%, 63% and 54% of the stem vol-
ume (Kadavý et al. 2011). In each square, a perma-
nent phytocoenological plot was established in 2008,
and phytocoenological relevés were recorded to docu-
ment the condition of the forest before the treatment.
Afterwards, phytocoenological relevés were recorded
yearly to document the condition of the forest after
each treatment series. The series of relevés was used
to evaluate the regeneration of the wild service tree in
the plot converted to coppice with standards.

Results

The population structure of the wild
service tree in the Hádecká planinka
National Nature Reserve

In the 80-ha Hádecká planinka National Nature
Reserve, 1713 specimens of the wild service tree were
found (Fig. 1). The surrounding stands, where the
tree is present in similar numbers, also require con-
sideration. The population density was 21.4 trees per
hectare. The structure of the population in terms of
the stem girth and tree height is shown in figures 2
and 3. The most frequently represented trees are
20–60 cm in circumference, and the maximum re-
corded stem diameter was 50 cm. The height of the
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population is normally distributed and ranges from
0.5–25 m. The social characteristics of the trees indi-
cated that 38.7% of the specimens are intermediate
trees and 33.98% of the specimens are co-dominant
trees. Moreover, 22.24% are shaded but viable speci-
mens, 3.04% are dominant trees and 2.04% are dead
or dying specimens. During the year of the study,
65% of the specimens had no fruits and 35% bore
fruits. Of the fruit-bearing trees, 2% had a large num-
ber of fruits. These trees were always peripheral and
dominant. The social characteristics determined for
these trees indicated that 81% of the fruit-bearing
specimens were dominant or co-dominant and 19%
were intermediate or dying.

To estimate the age structure of the population,
the Chapman-Richards growth function was calcu-
lated as follows:

[ ]y e x= − −712 12278 1 0 0016141 1 0 8933935
. * . * / .

This calculation expresses the dependence of the
age of a specimen (y) on its girth at breast height (x)
(Fig. 4). The ages of all individuals in the population

Fig. 1. The distribution of 1713 specimens of the wild ser-
vice tree in the Hádecká planinka National Nature Re-
serve. The colours express different stem diameter

Fig. 2. Numbers of specimens of the wild service tree in the
Hádecká planinka National Nature Reserve by GBH class

Fig. 3. Numbers of specimens of the wild service tree in the
Hádecká planinka National Nature Reserve by height class

Fig. 4. Non-linear regression (CH-R growth function) be-
tween stem girth and age in the population of the wild
service tree in the study area, all parameters are statisti-
cally significant, P<10-7, R2=0.586 determination index
0.765, n = 47, asymptote fixed at 712

Fig. 5. Age structure of the population of the wild service
tree in the Hádecká planinka National Nature Reserve
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were estimated and represented with this equation
(Fig. 5). The graph shows that specimens aged 20 to
70 occur in equal proportions and at the highest fre-
quencies in the population; with increasing age, the
proportion of specimens in the population decreases
gradually. The first two age classes, representing
trees less than 20 years of age, occur at low frequen-
cies. The decrease in natural regeneration over the
past 20 years was most likely caused by the closing of
formerly open stands and the intense development of
the shrub layer in the reserve through a process of
spontaneous succession. At the time of this study,
only 13 individuals with a height less than 1.3 m were
found.

Regeneration of the wild service tree
The regeneration of the wild service tree in the

Hádecká planinka experimental plot in association
with the conversion of a high forest to a coppice with
standards occurred in 75% of the phytocoenological
relevés in 2011, three years after treatments of vari-
ous intensities. In 2008, in the closed forest before
the treatment, the regeneration of the wild service
tree was observed in only one plot in the herb layer
and three plots in the shrub layer. In spring 2009, af-
ter the treatment, regeneration was observed at four
plots in the herb layer. The shrub layer had previously
been extracted. Natural regeneration then increased
during each of the following years. Natural regenera-
tion occurred in up to eight plots in the herb layer and
2 plots in the shrub layer in 2010 and in up to 12 plots
in the herb layer and 3 plots in the shrub layer in
2011. Where specimens were cut, root suckers
formed immediately, and generative regeneration was
evident after 2 to 3 years.

Discussion
According to the most recent inventory in Poland,

the wild service tree occurs at 73 natural sites, and its
population does not exceed 2500 individuals (regen-
eration not included). Local populations are small,
and only 8 sites have more than 100 trees (Bednorz
2007b). Müller et al. (2000) recorded 76 trees, with
an area of 0.6 ha, at their experimental plot near
Bamberg in Bavaria, Germany; however, the plot has
an area of only 3 ha. Belletti et al. (2008) describe 22
populations in Italy, with a density of 5–40 specimens
per hectare. Out of 19 populations in Germany, Swit-
zerland and Denmark, only 7 contain more than 100
specimens, with a maximum of 1000 (Rasmussen
2007). The Rambouillet forest near Paris, the study
area of Oddou-Muratorio et al. (2005), with a size of
485 ha, had 185 mature trees (more than 5 cm in di-
ameter). Angelone et al. (2007) studied 26 popula-
tions in Switzerland, with 16–532 individuals; how-
ever, one population had 2000 specimens. In Switzer-

land, Hoebee et al. (2006) recorded data for 10 popu-
lations, with 13–143 individuals. In another study
(Hoebee et al., 2007), these authors investigated 2
populations; one had 96 individuals in an area of 18
ha, and the other had 27 individuals in an area of 2 ha.
At the northern limit of the species’ distribution in
Denmark and northern Germany, 14 populations are
known; the species occurs in small populations of
3–300 specimens on islands in the Baltic Sea (Ras-
mussen and Kollmann 2007). This scattered species
combines an extensive range with low local density,
usually less than one individual per hectare
(Oddou-Muratorio et al. 2005). In addition,
Demesure et al. (2000) reported that the species oc-
curs at low densities of 0.1–30 individuals per ha. In
this context, the population in the Hádecká planinka
National Nature Reserve and the surrounding stands
is one of the most extensive populations in Central
Europe, with a relatively high density comparable to
that of the population investigated by Hochbichler
(2003) in Austria. The density of this Austrian popu-
lation is 36 trees per hectare (dbh > 7 cm) in an area
of about 130 ha.

The age structure of wild service tree populations
is addressed by Rasmussen and Kollmann (2007),
who find that the largest proportion of specimens oc-
curs in the youngest age classes (up to 20 years of
age) in five populations. This aspect of age structure
differs completely from that found in the population
of the Hádecká planinka National Nature Reserve, in
which the number of specimens aged 10–20 is less
than the number of specimens in the other age classes
and the number of specimens below 10 years of age is
negligible. In this reserve, the management policy
based on the exclusion of human influence that has
been applied to study the spontaneous succession of
communities of thermophilic oak stands can lead to a
gradual decline of the wild service tree. The reason for
the decline is the gradual closing of a formerly open
stand and the creation of a thick shrub layer. These
changes decrease the proportion of light entering the
stand. Under these conditions, the wild service tree
does not regenerate and is less fertile. Because only
the trees that grow at the stand edges are prolific, this
characteristic considerably increases the significance
of these habitats (Škodová and Gajdoš 2011). No im-
mediate risk is involved, however. Hurt and Kantor
(2004) recorded ages ranging from 136 to 389 years
for wild service trees in forest stands in the Krivo-
klátsko region. In contrast, the wild service trees in
the study area are much younger. These younger ages
imply that the population of these trees in the study
area is not threatened. A possible solution is to define
a sufficiently large buffer zone within the reserve to
manage as a coppice with standards. The ecological
requirements of the wild service tree are entirely sat-
isfied only under management as a coppice with stan-
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dards. This very favourable opinion is shared by many
foresters interested in the ecology and silviculture of
wild service trees (Nicolescu et al. 2009). The conver-
sion of high forest to coppice with standards is vege-
tative at first. After 2–3 years, this treatment also pro-
duced generative regeneration of the wild service
tree. Rasmussen and Kollmann (2004) observed an
absence of generative regeneration at the edge of the
natural range of the wild service tree. Generative re-
generation was replaced by regeneration via root
suckers. If regeneration is insufficient, as certain au-
thors have observed (e.g., Biedenkopf et al. 2007), we
can also introduce plants from seeds (Bednorz 2007a,
Takos and Efthimiou 2003). Furthermore, in vitro
propagation procedures have been studied (Malá et
al. 2009). Natural regeneration from seeds can be en-
dangered by competition from faster-growing woody
plants (Collet et al. 2008), massive feeding on seeds
by rodents (Velicka 1993) and browsing by ungulates
(Biedenkopf et al. 2007, Collet et al. 2008), although
Boulanger et al. (2009) classify the wild service tree
among the plants least endangered by browsing. The
growth of saplings appears to be a more troublesome
issue. Sapling growth is most likely limited by an in-
sufficient supply of light under closed canopies
(Kausch-Blecken 1994, Müller et al. 2000, Rasmus-
sen 2007, Paganová 2007, 2008). According to Nico-
lescu et al. (2009), newly germinated seedlings re-
quire full overhead light. Otherwise, they soon disap-
pear. Few examples of the successful regeneration of
the wild service tree from seeds are documented.
However, Bednorz et al. (2012) describes a popula-
tion density of up to 337 young trees per hectare in a
study plot in the Jamy Forest District, and Hoch-
bichler (2003) counted up to 850 trees per hectare in
a young stand in an area of about 130 ha managed as a
coppice with standards.
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