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ABSTRACT

Decline in wet grasslands, which in the past resulted particularly from the intensification of agriculture, was accompanied by the loss of
a lot of populations of organisms, including protected and endangered species of plants and animals associated with these habitats e.g.
terrestrial orchids. The survival of populations of many species of European orchids is strongly dependent on appropriate site management,
especially regular mowing or grazing. In addition, humans can negatively affect the persistence of orchid populations in various ways,
such as conversion of orchid meadows into building areas, dams, roads etc. or the intensive use of fertilizers and contamination of areas
by fertilisers from nearby fields. Comparison of historical data with the present distribution of orchids can reveal a lot about the main
reasons for the decline in this endangered group of plants. Here we present an extensive study of the persistence of 192 historical orchid
sites in South Bohemia, with particular reference to the 5 commonest species of orchids, Anacamptis morio, Dactylorhiza majalis, Epipactis
helleborine, Epipactis palustris and Platanthera bifolia. We show that the most abundant species at the sites studied was Dactylorhiza majalis.
E. palustris, A. morio and P. bifolia are currently not present at any of the historical localities for these species. Considering more recent history,
the situation regarding orchid localities in South Bohemia is not critical, but the fate of these species should be closely monitored. The
majority of this loss is due to the cessation of mowing of the sites. Thus more attention should be paid to the management of the existing

sites. During this study, some new sites were discovered.
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Introduction

The diversity of life on Earth is in rapid decline (Dir-
zo and Raven 2003; Possingham and Wilson 2005). Thus
understanding the main factors determining species
diversity is crucial for their survival (Possingham and
Wilson 2005) and identifying important areas for their
conservation (Tsiftsis et al. 2011). This is especially the
case for threatened groups such as orchids (Efimov 2011;
Feldman and Prat 2011).

Extensively cultivated, species-rich wet meadows have
until recently been a common part of the central Europe-
an landscape. These, from the viewpoint of a farmer, are
frequently regarded as secondary habitats and their value
is still not fully appreciated, not only from a landscape
viewpoint (in particular the retention of water in the
countryside with all its consequences for the local micro-
climate), but also because of their high and valuable con-
tribution to the biodiversity of the area. Decline in wet
grasslands, which started in the past and was particularly
associated with the intensification of agriculture, was ac-
companied by the extinction of a lot of populations of
organisms, including those of protected and endangered
species of plants and animals associated with these habi-
tats, e.g., terrestrial orchids (Wotavova et al. 2004).

The survival of populations of many European or-
chids is very dependent on appropriate site management,
especially regular mowing or grazing (Waite and Hutch-
ings 1991; Lind 1992; Kull 2002). Mowing is generally
considered to result in conditions favourable for orchids

(Kull 2002), but present methods of mowing does not
necessarily result in the persistence of orchid populations
(Tamm 1991). Effect of management on orchid popula-
tions is best assessed by long-term monitoring (Inghe
and Tamm 1988; Wells and Cox 1989, 1991; Vanhecke
1991; Willems and Bik 1991; Falb and Leopold 1993;
Sieg and King 1995; Gill 1996; Wells et al. 1998; Kindl-
mann and Balounova 2001; Brzosko 2002; Jane¢kova and
Kindlmann 2002; Jersakova et al. 2002; @ien and Moen
2002; Tali 2002 etc.).

Humans, however, can negatively affect the persis-
tence of orchid populations in many other ways. One is
direct conversion of orchid meadows into building areas,
dams, roads or other products of civilisation. The other
is intensification of agriculture: negative side-effects of
modern agricultural management (intensive use of fer-
tilizers or contamination by fertilisers washed out from
nearby fields) on the occurrence of orchid populations
are confirmed by the results of several manipulative ex-
periments (Dijk and OIff 1994; Silvertown et al. 1994;
McKendrick 1996).

Comparison of historical data with the present dis-
tribution of orchids can reveal a lot about the main rea-
sons for the decline in this endangered group of plants.
This was previously done for the common orchid species
Dactylorhiza majalis at 50 historical sites in South Bohe-
mia by Wotavova et al. (2004). They found that the main
reasons for its extinction were cessation of mowing, in-
tensive use of fertilizers and contamination by fertilisers
washed out from nearby fields.
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Here we present a much more extensive study of the
persistence of 192 historical orchid sites in South Bohe-
mia, with particular reference to the 5 commonest or-
chid species, Dactylorhiza majalis, Epipactis helleborine,
Epipactis palustris, Anacamptis morio and Platanthera
bifolia. Four of them live in meadows and E. helleborine
is a forest species, which is included for comparison. Our
results indicate that the most abundant species at the sites
studied is Dactylorhiza majalis. No plants of E. palustris,
A. morio and P. bifolia were found at any of the historical
localities. Considering the more recent history, the situ-
ation regarding orchid localities in South Bohemia is not
critical, but these species should be closely monitored.
The majority of the extinctions were recorded at sites that
are no longer mowed, which is consistent with the results
of Wotavova et al. (2004). Thus more attention should
be paid to the management of existing sites. During this
study, some new sites were discovered.

Methods

For our analyses, we selected the following five most
abundant species in the study area:

- Dactylorhiza majalis, also known as the west-
ern-marsh orchid (Reichenb., Hunt and Summerh),
has a relatively wide ecological tolerance occurring in
lowlands and mountains, in wet to damp meadows,
wetlands and peatlands and is less sensitive to high
levels of nitrogen than other orchid species (Jatiova
and Smitédk 1996; Wotavovd et al. 2004; Janeckova et
al. 2006). Its leaves appear usually during April and
last until July and it flowers mainly in May and June
(Wotavova et al. 2004; Janeckova et al. 2006). This
species is almost extinct in lowland basins, where it
survives mainly in protected areas (Jatiova and Smitak
1996). Generally speaking, it is classified among the
most vulnerable species by the IUCN (Wotavova et al.
2004).

- Broad-leaved helleborine (Epipactis helleborine (L.)
Crantz) is the commonest and most widely distribut-
ed species in this genus and occurs from the Mediter-
ranean area to boreal zones up to 2000 m (Ehlers et
al. 2002; Delforge 2006). It grows in forests, at forest
edges and also in anthropogenic habitats such as rural
and urban road verges, tracks, parks and lawns (Holl-
ingsworth and Dickson 1997; Stefaniak et al. 2011)
and flowers mainly from June to September (Rewicz
et al. 2015). In this study, it is the only representative
of a forest species.

- Epipactis palustris (marsh helleborine) is widely dis-
tributed occurring throughout most of Europe, but
totally absent from the southern Mediterranean re-
gion. This species grows on moist to wet substrates,
which are poor in nutrients. It has a long flowering pe-
riod; however, the peak of flowering occurs between
mid-July and mid-August (Jacquemyn et al. 2014).

- Anacamptis morio is a perennial herb, which has
a broad ecological range and occurs in various hab-
itats: in semi-wet meadows, pastures and on shrub-
by slopes in lowland areas and the submontane zone
(Delforge 1995; Jersakova et al. 2002). This species
flowers in early May and after seed dissemination all
above ground parts die off and the first leaves appear
again in September to October. A. morio belongs to
the orchid group with an above ground rosette, which
persists over winter (Jersakovd et al. 2002).

- Platanthera bifolia (bog orchid), is found in moist
habitats in temperate and subtropical regions (Patt
et al. 1989). It is a terrestrial orchid with a Eurasian
distribution (Hultén and Fries 1986), growing in open
forests and meadows (Stpiczynska 1997) and flower-
ing from May to July (www.botany.cz).

We surveyed all the available historical and recent da-
tabases of terrestrial orchid localities in South Bohemia.
We selected at random a total of 192 of these orchid lo-
calities, which according to the databases hosted some of
the above five species in the past and revisited all of them
in the flowering periods of the orchid species indicated as
present there in the databases. We distinguished “histor-
ical sites”, those reported before 2000, and “recent sites”,
those reported after 2000. The choice of the year 2000 as
a border line between “historical” and “recent” sites was
chosen arbitrarily.

At each of the sites where there were no longer any
orchids we determined the reason for this as either “over-
grown’, lack of mowing or grazing, or “human pressure’,
conversion of orchid meadows into building areas like
dams, roads or other products of civilisation, or effects
of intensive use of fertilizers or contamination by fer-
tilizers washed out from nearby fields. Some sites were
labelled as “not found” or “undiscovered”. This was the
cases when a site corresponding to the description in
the database was not found in the area indicated or in the
vicinity of up to about 1 km. These may be cases where
man has changed the landscape so dramatically during
recent decades (e.g., by merging fields, building roads
or other buildings) that the original site was no longer
recognizable.

Results

During 2014 we visited a total of 192 localities. Num-
bers of localities visited where the five most abundant spe-
cies were recorded are shown in Table 1. Fig. 1 presents
numbers of sites where there were living orchids, where
there were currently no orchids and those that could not
be found. The most abundant species was D. majalis,
most likely because it is less demanding in terms of envi-
ronmental conditions than the other species.

The commonest causes of localities becoming unsuit-
able for orchids are given in Fig. 2: overgrowing of the
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site by other more dominant species. Even some forest
sites of E. helleborine were overgrown by undergrowth.
Other causes include human activities like converting
meadows into fields or deforestation in the case of E. hel-
leborine.

Figs. 3 and 4 show the effect of differences in manage-
ment on populations of E. palustris and A. morio. Both of
the sites for A. morio hosted a viable population of this
species 15 years ago. The population at the unmown site
went extinct, while that at the mown site is thriving and
consists of tens of thousands of flowering plants.

Figs. 5 and 6 show the percentage of localities that
became unsuitable for particular orchids (Fig. 5) and at
historical vs. recently recorded localities (Fig. 6). There
were no records of historical localities in the databases
for this species, which explains the lack of corresponding
data in Fig. 6.

For orchid dynamics it is very important that even
during the first year we found a number of previously
unrecorded localities (Fig. 7): 11 for D. majalis, 12 for
E. helleborine and 1 each for O. morio and P. bifolia. No
new localities were recorded for E. palustris.

Discussion

The small decline in the number of localities with
D. majalis may be due to its typical habitat, wet mead-
ows, being unsuitable for farming and therefore its local-
ities were usually not as much affected by people as other
kinds of habitats. The decline in this species was therefore
caused mainly by the absence of mowing and intensive
use fertilizer (Wotavova et al. 2004). Jatiova and Smitdk
(1996) in contrast, report that only 202 out of 1141 sites
for D. majalis in Moravia (eastern part of the Czech Re-
public) still hosted this species in 1995. It may be that
agricultural intensification was more marked in Moravia.
It is a general trend that wet meadows, which are rich in
biodiversity, are currently rapidly disappearing (Wotavo-
va et al. 2004).

E. helleborine is a forest species. Forests have not been
disturbed as much as open localities and therefore there
has been less of a decline in the number of suitable local-
ities for E. helleborine. According to Rewicz et al. (2015),
there are big differences between natural and anthropo-
genic populations of E. hellebrine in the amount of seed

Table 1 Number of localities with the five most abundant species visited
in South Bohemia.

Species Number of localities visited
Dactylorhiza majalis 121
Epipactis helleborine 28
Epipactis palustris 6
Anacamptis morio 12
Platanthera bifolia 25

produced and the size of the plants, which can affect its
population dynamics and therefore its persistence in the
countryside.

E. palustris has similar ecological demands to D. ma-
jalis, so the decline in the number of suitable localities for
this species is similar, except for historical sites. However,
the databases contain only 2 historical sites, neither of
which are now suitable and therefore this estimate is not
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Fig. 1 Number of localities in South Bohemia where the different orchids
are currently present or extinct, and the number of localities that could
not be found.
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Fig. 2 Main causes of localities becoming unsuitable for orchids in South
Bohemia.

Fig. 3 Photograph showing the overgrowing of a locality for Epipactis
palustris by Phragmites australis.
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Fig. 4 Comparison of an unmown (A) and mown (B) site for A. morio. Both sites hosted a viable population of this species 15 years ago. The population
at the unmown site went extinct, while that at the mown site is thriving and hosts ten of thousands of flowering plants.
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Fig. 5 Percentage extinctions at all localities for the five species of
orchids.
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Fig. 6 Percentage extinctions at historical vs. recent localities for the five
species of orchids.
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Fig. 7 Number of new localities recorded during summer 2014.

reliable. In fact, there has been a marked decline in the
distribution of E. palustris in Britain (Kull and Hutch-
ings 2006). The number of populations declined by about
24.6%, most of which disappeared before 1930. The major
cause of its decline is believed to be drainage of marshes
together with agricultural improvements and inadequate
management (Jacquemyn et al. 2014).

A. morio grows in dry meadows and pastures in the
study area, which were very often converted into agricul-
tural fields and because of this the number of localities
for this species declined (especially in the case of the his-
torical localities). Another reason for the rapid decline
might be the cessation of mowing or management in
general (Fig. 4; see also Kindlmann and Balounova 1999,
2000; Jersakova et al. 2002).

The situation for P. bifolia is more complicated. This
species seems to be affected by habitat conditions, as
they differ in size, proportion of flowering individuals
and the effectiveness of reproduction, which is connect-
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ed with their ability to store resources before flowering
(Calvo 1990; Brzosko 2003). Shade can also play a role.
For example, Brzosko (2003) found that plants growing
in full light had longer inflorescence and produced more
flowers and fruits than those growing in shade. We are
not quite sure, why the decline was so dramatic in the
populations studied. More research is therefore needed
on this topic.

Condlusions

Our results indicate that the most abundant species at
the sites studied was Dactylorhiza majalis. There are cur-
rently no plants of E. palustris, A. morio and P. bifolia at
any of the historical localities for these species. Consid-
ering more recent history, the situation regarding orchid
localities in South Bohemia is not critical, but these spe-
cies should be closely monitored. The majority of extinc-
tions was due to cessation of mowing, which is consist-
ent with the results of Wotavova et al. (2004). Thus more
attention should be paid to the management of existing
sites. During this study, some new localities for these or-
chids were recorded.
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