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ABSTRACT

When examining the probability of extinction of a given orchid species, the species must be viewed as a metapopulation composed of many
individual populations connected by migration. In biology, much attention has been paid to the dynamics of metapopulations, especially in
the situation where metapopulation dynamics are affected by active migration of individuals between populations. However, this is not the
case with orchids. Their seeds are passively spread by wind, and therefore are unable to actively choose the point where they land (passive
migrants, unlike, e.g., butterflies, which can actively look for a suitable site that hosts, hosted or can potentially host a population of their
species (active migrants). Thus, while active migrants can often find a suitable destination for their migration, passive migrants often die after
landing at an unsuitable site. One would therefore expect that, other things being equal, the proportion of suitable sites inhabited by active
migrants is larger than that inhabited by passive migrants. In passive migrants (orchids) we may therefore meet metapopulation dynamics
of a different, yet unexplored type, in which some existing localities die out and new localities appear, in the vast majority where no orchids
have ever grown before. This type of dynamics has not yet been studied anywhere and this paper is intended to be the first step in this
direction. The main goal here is therefore empirical determination of actual distributions of population sizes in different metapopulations.

We do it in four regions of the Czech Republic and for four species of orchids, considering the factors that influence it.
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Introduction

One of the problems for organisms in general and for
orchids in particular, is a very significant decrease in their
biodiversity. According to the 2019 International Plat-
form for Biodiversity and Ecosystem Services (IPBES)
State of Biodiversity Report (Diaz et al. 2019), the sixth
mass extinction of species is currently underway, reach-
ing up to a hundred times the rate compared to the situ-
ation over the last ten million years. Most terrestrial and
aquatic organisms are threatened primarily by the loss of
natural habitats and this is also the case for orchids (Stip-
kové and Kindlmann 2021).

When examining the probability of extinction of
a given orchid species, the species must be viewed as
a metapopulation composed of many individual popu-
lations connected by migration (Hanski and Gilpin 1997;
Hanski 1999). Much attention has been paid to the dy-
namics of metapopulations, especially in the situation
where metapopulation dynamics are affected by the mi-
gration of individuals between populations (Hanski and
Gilpin 1997; Hanski 1999).

However, this is not the case with orchids. Their seeds
are passively spread by wind, and therefore are unable to
actively choose the point where they land (passive mi-
grants), unlike, e.g., butterflies, which can actively look
for a suitable site that hosts, hosted or can potentially

host a population of their species (active migrants). Thus,
while active migrants can often find a suitable destina-
tion for their migration, passive migrants often die after
landing at an unsuitable site. One would therefore expect
that, other things being equal, the proportion of suita-
ble sites inhabited by active migrants is larger than that
inhabited by passive migrants. In passive migrants (or-
chids) we may therefore meet metapopulation dynamics
of a different, yet unexplored type, in which some exist-
ing localities die out and new localities appear, in the vast
majority where no orchids have ever grown before.

It is therefore a different and unexplored type of meta-
population dynamics, in which occurrence at some local-
ities cease and new localities are occupied, which in the
vast majority of cases are where no orchids may have ever
grown before. This type of dynamics has not yet been
studied and this paper is intended to be the first step in
this direction. In defining a new type of metapopulation
dynamics, it is first necessary to determine the distribu-
tions of population sizes within different metapopula-
tions and determine the factors associated with these dis-
tributions for different species of orchid in the field. Thus
the main objective of this study is to determine the distri-
butions of population sizes in different metapopulations.
This was done in four regions of the Czech Republic and
for four species of orchids, taking into consideration the
factors associated with it.
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Materials and Methods and Zelezné hory. In this area an area of approximate-

ly 1300 km? was studied and many orchid localities re-

Study area corded. The average height of this area is approximately
For this study, four regions in the Czech Republic 660 ma.s.l.

were selected: Polabi (a lowland area), South Bohemia Jeseniky is a mountainous area in the northern part

(area of low foothills), Bohemian-Moravian Highlands of Moravia in the region of Silesia. The Hruby and Niz-
(high foothills) and Jeseniky Mountains (mountainous ky Jesenik mountains, Rychlebské hory and Krélicky
area). A map showing the areas studied is presented in ~ SnéZnik are in this area. In the Jeseniky Mountains the
Fig. 1. highest altitude is at Pradéd (1491 m a. s. 1.).

Polabi is in the vicinity of the towns of Jaromét and
Lovosice. This lowland area is located around the river ~ Species of orchid studied
Elbe and consists of a plain and a slightly hilly area with Four species of orchids were studied: Dactylorhiza
an altitude of 150-300 m a. s. L. It includes an area of ap- ~ majalis, Platanthera bifolia, Neottia ovata and Dactylorhi-
proximately 5,000 km?2 and is mainly an intensively man- 24 fuchsii (Figs 2a-d). These species are among the most
aged agricultural landscape, with little woodland. abundant in the areas studied.

The South Bohemian region is an area of low foot- Dactylorhiza majalis (Fig. 2a) is relatively widely dis-
hills in the southern part of the Czech Republic with ~ tributed. It is found in Western Europe, Scandinavia, the
many aquatic biotopes, which is surrounded by high- ~ Balkan Peninsula and Siberia. Until the second half of
lands. The highest point in the region is the Plechy peak ~ the 20th century, D. majalis was a widespread species,
(1378 m a. s. 1.) in the Sumava region, while the lowest is ~ especially in wet meadows and wetland habitats. It is
the level of the Orlik dam (350 m a. s. l.). On average, the =~ NOW designated an endangered species, specially protect-
altitude is around 400-600 m a. s. L. It includes an area of ~ €d species, and a vulnerable taxon (category C3) in the
approximately 10,000 km?. framework of the Red List (Grulich and Chobot 2017). In

Bohemian-Moravian Highlands is a high foothill thelower regions of the Bohemian-Moravian Highlands,
area mainly in the Vyso¢ina region, but also extends into  this species is almost extinct, or the populations are very
the Pardubicky region. This area is in the northern part of ~ small (Cech et al. 2017b).
the geomorphological region of the Bohemian-Moravian Platanthera bifolia (Fig. 2b) is perennial orchid. On
Highlands, specifically in the vicinity of Zd4rské vrchy — the Red List, it is in category C3, i.e., a vulnerable tax-
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Fig. 1 Map of the Czech Republic divided into vegetation squares showing the areas studied: Polabi (green), South Bohemia (red), Bohemian-
Moravian Highlands (blue) and Jeseniky (yellow). Source: https://www.entospol.cz/sit-mapovych-ctvercu/.
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Fig. 2 Species of orchids studied:
(a) Dactylorhiza majalis (Cech et al. 2017b), (b) Platanthera bifolia (Cech et al. 2017d),
(c) Neottia ovata (Cech et al. 2017c), (d) Dactylorhiza fuchsii (Cech et al. 2017a).

on (Grulich and Chobot 2017). It occurs mainly in forest
and non-forest biotopes, such as dry lawns including fen-
nel meadows, bushy areas, at the edges of woodland and
in deciduous forests, but especially large meadows and
deciduous habitats (Cech et al. 2017d).

Neottia ovata (Fig. 2¢) is designated a near-threatened
taxon (category C4a) in the Red List of the Czech Repub-
lic (Grulich and Chobot 2017). It has a wide ecological
amplitude and is recorded in most of Europe. It occurs
mainly in moist habitats with a higher nutrient content.
In the Bohemian-Moravian Highlands, it occurs in mes-
ophilic environments, such as wet meadows and peat-
lands. However, it is most likely to occur in very small
populations (Cech et al. 2017c).

Dactylorhiza fuchsii (Fig. 2d) like N. ovata, is
a near-threatened taxon (C4a) according to the Red
List (Grulich and Chobot 2017). It occurs throughout
Europe its range extends to Asia in the vicinity of Lake
Baikal. In the Bohemian-Moravian Highlands, it occurs
mainly at high altitudes, especially in oligotrophic sedge
peat meadows, very wet sedge meadows, or ephemer-
al wet habitats. It also occurs in forest habitats, such as
spruce-alder forests, forest meadows or around springs
(Cech et al. 2017a).

Database and its updates
As part of this study, data from the Discovery Data-
base of the Agency for Nature and Landscape Protec-
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tion (NDOP), which collects data on the occurrence of
plants in the Czech Republic, was used. This database is
not accessible to the public, therefore only part of it was
made available for the purposes of this project, i.e., data
concerning the four species of orchids in the four regions
studied. In total, 1466 records were listed in the database,
for which the name of the plant, GPS coordinates of oc-
currence and name of the locality, number of flowering
individuals at the locality, dates of visits, numerical desig-
nation of the vegetation square, description of the locali-
ty, possibly a note on management at that locality and the
name of the finder.

Field study

Data on the frequency of the species of orchids stud-
ied at localities located in the Bohemian-Moravian High-
lands in the NDOP were often not up to date (often more
than twenty-year-old records) or the number of flower-
ing individuals at the locality was not indicated. There-
fore, as part of the field research, the data was updated
in 2021 (for all four above-mentioned species of orchids)
and in 2022 and 2023 (only for D. majalis).

Data collection in the field always took place between
the end of May and the beginning of June, i.e., during the
peak flowering period of all the four orchids monitored.
Using the GPS coordinates listed in the NDOP, orchid
localities in the Bohemian-Moravian Highlands were
visited. Flowering individuals of orchids studied were
counted at these localities. In addition, the date of the
visit and data on the state of the site were recorded (any
management of the orchid species studied, surrounding
vegetation and water regime). A total of 114 orchid local-
ities were visited: 73 localities with possible occurrence
of D. majalis, 15 localities of D. fuchsii, 16 localities of
P, bifolia and 10 localities of N. ovata. The data were com-
pared with existing records in the NDOP, which were
then updated.

Data processing

The data were first classified in terms of regions (Po-
labi, Jeseniky, South Bohemia and the Czech-Moravian
Highlands) and then in terms of species (D. majalis,
D. fuchsii, P. bifolia and N. ovata). Data on the number
of flowering orchids were checked. If there were multi-
ple records of the number of flowering individuals at the
same location in the database, the average and standard
deviation of the number of flowering individuals from all
findings were calculated for further analyses.

Unfortunately, some data on the number of individu-
als at a locality are missing from the original records in
the NDOP, so it is not clear whether they only indicate
the occurrence of a species without a census, or no indi-
viduals. These data were removed from our calculations
and only data with a specifically marked number of flow-
ering individuals were used.

Using the “FREQUENCY” matrix function in Mi-
crosoft Excel, the sites were categorized according to

the number of flowering individuals into groups of 0,
1-10, 11-30, 31-100, 101-300, 301-1000, 1001-3000,
3001-10,000 flowering individuals (i.e, using a log scale
of population abundances).

From these data, bar graphs of the relationships be-
tween the number of populations (y-axis) and category
according to the number of flowering individuals in the
population (x-axis), i.e., the distribution of population
sizes in the region were plotted for each species and re-
gion.

Due to the insufficient suitable data for comparing
the four species of orchids in the four regions 2022 and
2023 only the species D. majalis occurring in the Bohe-
mian-Moravian Highlands was analysed in those years.

The analysis of three-years of data on the frequency of
D. majalis at locations in the Czech-Moravian Highlands
was carried out using correlation on a logarithmic scale
when graphs of the frequency of flowering individuals
of D. majalis in individual populations were plotted in
the Microsoft Excel program. The frequencies were com-
pared between years.

Results

Images highlighted in grey were not used for further
analyses, as there were less than 10 sites in each catego-
ry with the number of flowering plants, which were not
considered to be enough for statistical analyses.

South Bohemia

In South Bohemia, D. majalis was the most common
of all four orchid species monitored (Fig. 3a). Data for
399 sites were analysed. Most often, the population of
D. majalis consisted of 1-10 flowering individuals. For
N. ovata (Fig. 3¢), at 18 out of 37 localities there were no
flowering individuals, with the populations most often
consisting of 11-30 individuals. For P. bifolia, popula-
tions of 1-10 individuals prevailed (Fig. 3b).

Jeseniky Mountains

In Jeseniky Mountains, D. fuchsii was the most com-
mon orchid (Fig. 4d), the sizes of its populations ranged
from 1 to 300 individuals. Very small populations of
D. majalis were not recorded in this region (Fig. 4a). For
P. bifolia (Fig. 4b), localities with 1-10 flowering individ-
uals predominated.

Polabi

Of the four species of orchids, N. ovata (Fig. 5¢) oc-
curred most often in Polabi, and most often in popula-
tions of 11-30 individuals, as well as P. bifolia (Fig. 5b).
The species D. fuchsii was not recorded in this region.

Bohemian-Moravian Highlands
The orchid D. fuchsii (Fig. 6d) was not as abundant as
D. majalis (Fig. 6a) in this region. There were no flower-
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and D. fuchsii (d) in South Bohemia. For grey images, the populations in all categories consisted of less than ten individuals.
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ing individuals of D. fuchsii at ten of the fifteen localities
at which it was recorded. Sixteen localities were visited
for P, bifolia (Fig. 6b).

Analysis of Dactylorhiza majalis in the territory
of the Bohemian-Moravian Highlands

In the years 2021-2023, a total of 69 locations of
D. majalis were monitored in the territory of the Bohe-
mian-Moravian Highlands (Fig. 7). In 2021 (marked in
white in the figure), a lower number of flowering individ-
uals was found overall at locations in the Czech-Moravi-
an Highlands than in the two following years, which is
mainly due to the large numbers of flowering individuals

(300 and more). In 202 the most zero findings were re-
corded. In contrast, in 2022 (hatched) the largest number
of flowering individuals was recorded.

Fig. 8 shows the correlation between the frequen-
cies of flowering individuals of D. majalis at individual
locations in the Bohemian-Moravian Highlands in two
consecutive years. The points that lie on the straight line
(y = x) in Figs 8a—c or are minimally distant from this
straight line mean that the frequency of flowering indi-
viduals of D. majalis did not differ much at each locality
in the two years monitored. On the contrary, points far
from the line marked in the figure (y = x) indicate higher
differences in the frequency of flowering individuals of
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Table 1 The average amount of precipitation in May and June in the Vysocina region in the years 2021, 2022 and 2023

(https://www.chmi.cz/historicka-data/pocasi/uzemni-srazky).

Month Long-term precipitation Total rainfall (mm) Total rainfall (mm) Total rainfall (mm)
normal (mm) in 2021 in 2022 in 2023
May 71 94 65 41
June 80 90 85 40

D. majalis at the locality. Comparing the abundances of
D. majalis at sites in 2021 and 2022 (Fig. 8a), it is appar-
ent that more flowering plants were found in 2022 than
in 2021, and a significant number of outliers were also
found. However, this was more the case for sites with low-
er numbers of individuals. In locations containing more
flowering individuals, the year-on-year differences are no
longer so striking. The results show that the findings in
2022 and 2023 (Fig. 8b) have a linear relationship. When
comparing the frequencies in 2021 and 2023 (Fig. 8c), we
can state that more outlying observations were detected
especially in localities with a smaller number of individ-
uals in the population. In Figs 8a-c, localities where no
individual was found were not recorded.

A total of 15 locations were found in the Bohemi-
an-Moravian Highlands, where not a single flowering
individual was found in any of the monitored years. Such
localities were not recorded in Figs 8a—c due to the log-
arithmic scale since the logarithm of zero is not defined.
However, ten localities were found where significant vari-
ability in the abundance of D. majalis was observed in in-
dividual years, when no flowering individual was found
for one or two years (Fig. 9). At seven locations, no flow-
ering individual was found in 2021, but in subsequent
years there was an increase in the frequency of flower-
ing individuals at the monitored locations. In the 2022
season, there was a significant decrease in the number
of flowering individuals at the Pod Lhotami and Blatiny
sites, where 150 and 9 were counted in 2021 respectively,
but in 2022 there were none, or only one flowering indi-
vidual recorded at the location. No flowering individuals
were found at the Zimka and Blatiny locations in 2023.

Meteorological data

Temperature data were obtained from publicly avail-
able data of the Meteorological Station in the village
Svratouch. This village is in the Bohemian-Moravian
Highlands on the border of the Vysoc¢ina and Pardubice
regions. However, this area well represents the character
of the study area. Data regarding the total amount of pre-
cipitation in the Vysocina region were obtained from the
Czech Hydrometeorological Institute. When compar-
ing year-to-year differences in population sizes, records
of temperatures and total precipitation in the Bohemi-
an-Moravian Highlands were monitored.

Interannual temperature variability
In 2021, May temperatures were significantly lower
than in 2022, when May temperatures were, on the con-

trary, above average (Figs 10a-b). In 2023, May temper-
atures hovered around the long-term average (Fig. 10c).
June was above average warm in 2021 (Fig. 10d).

Interannual variability in precipitation

In 2021, the total amount of precipitation in the ob-
served area during the month of May was 94 mm (Ta-
ble 1), also in June of this year, the amount of precip-
itation was rather above average. In 2022, the total of
May and June precipitation was close to the long-term
precipitation normal. May and June 2023 were very
dry months, the total precipitation in both months was
around 40 mm.

Discussion

There are not many studies dealing with the issue
of plant metapopulations, especially in orchids. This is
probably because it is difficult for plants to map accurate-
ly the migration of seeds, the colonization of new territo-
ries, or to clearly mark the monitored population as ex-
tinct. Therefore, when studying plant metapopulations,
we should consider other factors, such as plant dormancy
and the occurrence of sterile individuals (Jersakova and
Kindlmann 2004), the existence of a seed bank, adapta-
tion to changing conditions and limits in seed dispersal
(Husband and Barrett 1996).

Due to the complicated symbiotic relationships of or-
chids with other organisms, monitoring and searching
for new orchid locations could correspond to the pres-
ence of pollinators and mycotrophic fungi (Gaskett and
Gallagher 2018). Therefore, orchids can be referred to as
indicators of the state of vegetation (Newman et al. 2007).

This study provides the basis for a new model of or-
chid population dynamics.

Population sizes of individual orchid species

The typical size of an orchid subpopulation within
a metapopulation is among the data that could be essen-
tial for species conservation, as it could facilitate decisions
about priority protection or the application of appropri-
ate management. The abundance of individual plant spe-
cies tends to be monitored at individual locations. Orchid
coverage is most often studied, i.e., the number of indi-
viduals per unit area (Bhattarai et al. 2014), or transects
of exact area are measured, where the rate of their occu-
pancy is monitored (most often 10 x 10 km (Kull and
Hutchings 2006; Tsiftsis and Tsiripidis 2020), 5 x 5 km,
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or 4 x 4 km (Jacquemyn et al. 2005)). Therefore, it can be
quite complicated to compare such values. In addition,
scientific works focusing on the population dynamics of
orchids often study only one orchid population whose
future fate they try to model (Compagnoni et al. 2016).
However, such measurements may lead to different con-
clusions. If we were about to measure the frequency of
orchids in this way as part of field research in the Bo-
hemian-Moravian Highlands, we would get distorted
results, because the monitored area is not so extensive.
In addition, there are relatively large areas covered with
spruce forests where orchids have not been found. There-
fore, in this work we analyse the frequencies of flowering
individuals at individual locations within metapopula-
tions of different orchid species, across regions, as a basis
for a new metapopulation modelling approach.

Since there was not enough data available in the
NDOP database for all four species of orchids in
the monitored regions, we only have relevant data on the
typical population size for Dactylorhiza majalis in South
Bohemia (Fig. 3a) and the Bohemian-Moravian High-
lands (Fig. 6a) and for Dactylorhiza fuchsii in Jeseniky
(Fig. 4d). The data on Platanthera bifolia and Neottia ova-
ta in individual regions were not considered sufficient, as
a maximum of nine individuals were found in the group,
and for this work we chose that the minimum is ten lo-
calities in the group.

The above-mentioned lack of data was because the
data from the NDOP was greatly reduced to be as rele-
vant as possible. Only flowering individuals were anal-
ysed, at sites that were verified in 2010 at the latest. If re-
cords from one site were available more than once (= e.g.,
counted in different years), only their arithmetic mean
was used. This filtered out the most recent data, but also
reduced the total amount of data. The results of this work
indicate that the distribution of population sizes within
different metapopulations of orchids should be studied
rather over a large area, in this case preferably over the
entire territory of the Czech Republic.

We can observe considerable variability in the num-
ber of individuals in individual populations of D. majalis.
In 2021 and 2022, populations with 31-300 individuals
prevailed in the territory of the Czech-Moravian High-
lands (Fig. 7), which can be characterized as a relatively
stable population. However, it is possible that a large pro-
portion of small sites with only population units are not
reported in the NDOP because larger populations attract
more attention from both the public and researchers. It
can be seen from Fig. 8b that the seasons of 2022 and
2023 were very similar in terms of the number of flower-
ing individuals of D. majalis at the locations in the Bohe-
mian-Moravian Highlands. It is true that the interannual
variability in the number of flowering D. majalis orchids
was observed rather in small populations (Figs 8a—c).

In southern Bohemia, medium-sized populations of
D. majalis dominated (Fig. 3a), i.e. those where the pop-
ulation consisted of a hundred or fewer individuals. Wo-

tavova et al. (2004) reported that 24% of D. majalis pop-
ulations in southern Bohemia were described as stable
populations (populations in which more than 100 flow-
ering plants occurred), while in this work 28.5% of pop-
ulations with stable abundance of D. majalis in the same
region. From the point of view of nature protection, the
most serious thing is that between the 1970s and 1997,
approximately two thirds of all monitored populations of
D. majalis in South Bohemia became extinct (Wotavova
et al. 2004).

Platanthera bifolia formed medium-sized populations
of 200-250 flowering individuals (Gorchakovskii and
Igosheva 2003), in contrast, our results from southern
Bohemia show that P. bifolia occurs in smaller popula-
tions of up to a hundred individuals (Fig. 3b).

Neottia ovata is among the most widespread species
in Europe (Kull et al. 2016). In a study from the middle
Urals, it is stated that the population of N. ovata occurs in
small populations of around fifty individuals, and rath-
er in lower cover densities (Gorchakovskii and Igosheva
2003). The results of this work show that N. ovata is dom-
inated by populations of 11-30 individuals in the Polabi
region (4c).

The frequencies of Dactylorhiza fuchsii analysed in the
Jeseniky region (Fig. 4d) most often range from one to
300 individuals, when no size group significantly domi-
nates. However, larger populations were found only min-
imally.

The influence of temperature and precipitation
on the size of the metapopulation of Dactylorhiza majalis
in the territory of the Bohemian-Moravian Highlands

During the year-to-year monitoring of the frequen-
cy of D. majalis at individual locations in the Bohemi-
an-Moravian Highlands, a certain variability was detect-
ed. The data were taken in the months of May and June.
In the records, the interannual temperature differences in
the months when the data were collected were also sig-
nificantly reflected.

In 2021, when May temperatures were lower than
the long-term average, orchids were observed on aver-
age 14 to 21 days later at sites in the Bohemian-Moravi-
an Highlands than in other census years. In addition, an
overall lower amount of flowering D. majalis individuals
was found at the sites in 2021, which is apparently direct-
ly related to the low May temperatures in 2021 (Fig. 10a).
In May 2021, 23 mm more precipitation was measured
than the long-term precipitation average in the Vysoci-
na region (Table 1). These data correspond to the results
of Wotavova et al. (2004). According to Hornemann et
al. (2012), high temperatures during peak flowering can
cause plant wilting. But it seems that the above-average
high temperatures that were measured in June in 2022
(Fig. 10e) did not have a negative effect on the number
of flowering individuals at the locations in the Bohemi-
an-Moravian Highlands, as the highest number of flow-
ering individuals was found overall in this year. However,
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the data collection took place at the beginning of June,
so the effect of temperature could become apparent lat-
er. May and June 2023 were extremely poor in precipita-
tion in the Vysocina region (Table 1), which amounted
to only 41 mm, respectively 40 mm, which corresponds
to approximately half of the long-term precipitation
normal.

Variability in the number of flowering individuals at sites

At ten localities in the Bohemian-Moravian High-
lands, significant variability in the frequencies of D. ma-
jalis was observed, when no flowering individual was
found in one or two years (Fig. 9). A particularly signif-
icant increase in the number of flowering individuals of
D. majalis was recorded in the localities at PR Volakiiv
kopec I. and II. and in the Nad Samotinem I location,
where up to 150 flowering plants were recorded in 2022
and 2023. This could be related to the fact that in 2021
there was significantly higher grass at the sites than in
the following two years, which caused the orchids to be
shaded and subsequently sterile. Or it could be that the
orchids were hidden in tall grass and not found during
field research. On the contrary, 150 flowering D. majalis
were described at the Pod Lhotami site in 2021, but then,
in 2022, there were zero findings. However, in 2023, sev-
en flowering plants were found here. This was due to the
fact that the site was cut at an inappropriate time in 2022,
i.e., before the D. majalis seeds had matured, which prob-
ably caused a decrease in the total number of individuals
in the population in the following year as well. The results
of this work confirm that inappropriate site management
can adversely affect the metapopulation dynamics of or-
chids.

During field research, subpopulations with no flower-
ing individuals were also observed. It is possible that in
the year in question the population consisted exclusively
of sterile (non-flowering) individuals, but the seasonal
variability in the number of individuals found in the pop-
ulation can also be explained by dormancy in some or-
chids, when only the underground parts of the plant ex-
ist in orchids in each season (Jersakova and Kindlmann
2004; Nicole et al. 2005). Dormancy usually lasts no lon-
ger than two years (Shefferson et al. 2001), but there have
also been cases where dormancy in plants lasted for more
than ten years (Jersakova and Kindlmann 2004). During
the observation of the population of D. majalis in the
Bohemian-Moravian Highlands, fifteen localities were
described where not a single flowering individual was
found in any of the observed years. Such localities can be
described as extinct, because Wotavova et al. (2004) state
that a three-year gap in plant flowering indicates a very
high probability that a given population at a site is al-
ready extinct.

In this work, only flowering plants were included in
the analysis, because for them it is possible to determine
their exact number, while it is not possible for sterile in-
dividuals.

Records on the number of individuals in the meta-
population should be monitored more than once, be-
cause the capture of species during one visit to the site is
around 80%, therefore long-term monitoring is needed
(Vogt-Schilb et al. 2013). For the reasons stated above,
for a better study of the metapopulation dynamics, the
localities with the occurrence of D. majalis were visit-
ed repeatedly (in 2021, 2022 and 2023), and for further
research it would be appropriate to visit the monitored
localities in the following years as well, since long-term
field research and information about the environment
are very important for the study of plant populations
(Stipkova and Kindlmann 2021).

Size of localities

Another question remains what the ideal site size
is where the orchid populations are located. As part of
this work, it was found that in the Bohemian-Moravian
Highlands, orchid localities with a rather small area of up
to 1 ha predominate. In a study of Wotavova et al. (2004)
it was stated that only 18% of all studied orchid sites of
D. majalis in the south of Bohemia had an area larger
than 5,000 m?. In addition, almost half of all populations
were found in waterlogged meadows, which are habitats
that are among the most endangered in the Czech Repub-
lic (https://mokrady.wbs.cz/Mokrady---zakladni-infor-
mace.html). However, as part of the protection of plants
of the Orchidaceae family, it is necessary to monitor not
only meadow biotopes, but also forest habitats, which are
also frequent orchid sites (Stipkov4 et al. 2021).

Causes of the decline of orchids
in the Bohemian-Moravian Highlands

In the case of Dactylorhiza majalis, orchid populations
in the territory of the Bohemian-Moravian Highlands
are threatened primarily by the realization of industri-
al buildings, but also by the drainage of the landscape,
the progressive succession and degradation of meadow
biotopes and the absence of mowing or grazing (Cech
et al. 2017b). For Platanthera bifolia, like the case of
Dactylorhiza fuchsii, the biggest problem for the growth
of these orchids in the territory of the Bohemian-Mora-
vian Highlands is the overgrowth and afforestation of
localities, the degradation of non-forest habitats, unsuit-
able felling times and excessively intensive grazing (Cech
etal. 2017a,d). Neottia ovata is decreasing in the territory
of the Bohemian-Moravian Highlands mainly due to the
application of intensive agricultural practices, which lead
to eutrophication and often to the disappearance of rich-
er mesophilic lawns and original vegetation. For popu-
lations that are found in alder forests or in lit places in
deciduous forests, the most threatening is the change in
the species composition of the forest to conifers (Cech et
al. 2017¢).

A large part of the orchid populations in the Bohemi-
an-Moravian Highlands is located especially in protected
areas and receives appropriate care. However, small lo-
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calities with only plant units that do not attract interest
in nature conservation are primarily at significant risk
(Cech et al. 2017a).

Orchid restoration

Restoration or creation of new sites is not a very fre-
quent phenomenon. Despite this, there have been efforts
to restore orchid populations, to which orchids generally
respond very slowly (Jersakova et al. 2002). Restoration
of orchid habitats can be complicated due to their com-
plex life cycle. However, it has been proven that intro-
duced orchids can re-establish a symbiotic relationship
with fungi (Fay et al. 2018).

Condusions

The aim here was to find the basis for a new meta-
population model specially adapted for plants from the
Orchidaceae family. As part of this goal, it was possible to
analyse the population size distribution of some orchid
species in three regions, namely: Dactylorhiza majalis in
South Bohemia and the Czech-Moravian Highlands and
Dactylorhiza fuchsii in Jeseniky. In Jeseniky, individual
populations of D. fuchsii reached up to 300 individuals,
just like D. majalis in South Bohemia. Variability in popu-
lation size within the metapopulation of D. majalis in the
Bohemian-Moravian Highlands was monitored at six-
ty-nine locations over three years (2021, 2022 and 2023)
and it was found that the number of individuals in the
population is largely influenced by May temperatures and
total precipitation in this month. Correct management of
the sites, which should correspond to the requirements of
the protected orchid species, also has a significant effect
on the presence of orchids on the sites. The population
size of D. majalis in the Bohemian-Moravian Highlands
was most often around 31-100 flowering individuals, or
101-300 flowering individuals in the population.

Thus, the variables that should be included in a new
metapopulation model for the study of orchids are the
following: the typical distribution of population siz-
es within a single orchid species for a given region, the
quality of management, temperature and rainfall, and the
possibility of individual sterility or their dormant state.
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