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ABSTRACT

Species distribution models are a useful tool and are now often used in many branches of biology, especially when dealing with threatened 
organisms. In combination with GIS techniques, these models are especially important and valuable for predicting the occurrence of 
rare species, for example orchids. Orchids are an endangered plant group, protected worldwide. Questions about their conservation are 
therefore highly discussed, but not all factors affecting their survival and distribution are known. Here we present an example of using SDMs 
for analysing orchid species occurrence data from the Jeseníky Mountains in the Czech Republic. Our data were analysed using the MaxEnt 
program, which produces species distribution maps and thus allows the prediction of the potential occurrence of orchids at yet unknown 
localities. This program also determines the environmental factors affecting species distribution. This is important for the better protection 
of orchids, because only by knowing these factors can new localities be found or the management plans that are crucial for maintaining 
orchid localities be improved. We studied the most abundant orchid species in the given region. We determined the most important factors 
affecting their occurrence and also areas, where new sites are most likely to be discovered and depicted them in potential distribution maps. 
This approach can help in finding new localities of orchids and in understanding, which environmental factors influence the occurrence of 
endangered orchids.
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Introduction

Recently, questions concerning species diversity have 
become more and more important for scientists world-
wide because the diversity of life on Earth is in rapid de-
cline (Dirzo and Raven 2003; Possingham and Wilson 
2005). Thus, understanding the main factors determin-
ing species diversity (Possingham and Wilson 2005) and 
identifying important areas for conservation (Tsiftsis et 
al. 2011) is important because this is crucial for their sur-
vival. This especially holds for threatened groups such as 
orchids (Efimov 2011; Feldman and Prat 2011).

The orchid family is one of the largest and most di-
verse in taxa in the flowering plant kingdom, with esti-
mates of 880 genera and about 20,000 to 35,000 species 
(Dressler 1993; Chase et al. 2003; Cribb et al. 2003; Tsifts-
is et al. 2011). Many characteristics, such as great species 
richness, their specific role in ecosystems or endangered 
situations make it crucial to explore the distribution and 
conservation status of Orchidaceae (Zhang et al. 2015).

Predictive modelling of the geographic distributions 
of species based on the environmental conditions at sites 
of known occurrence is an important technique in an-
alytical biology, with applications in conservation and 
reserve planning, ecology, evolution, epidemiology, in-
vasive-species management and other fields (Yom-Tov 
and Kadmon 1998; Corsi et al. 1999; Peterson et al. 1999; 
Scott et al. 2002; Welk et al. 2002; Peterson and Shaw 

2003; Phillips et al. 2006). Species distribution models 
(SDMs) are widely used in many branches of biology 
(Elith and Leathwick 2009) and are especially useful for 
threatened species (Guisan et al. 2013). These numerical 
tools combine species occurrence records with environ-
mental data (Elith and Leathwick 2009). In combination 
with GIS techniques, these models are especially impor-
tant and useful for predicting occurrence of rare species 
(Guisan and Thuiller 2005), like endangered species of 
Orchidaceae. 

In this study, we used the maximum entropy algo-
rithm in the MaxEnt application (Elith et al. 2006; Phil-
lips et al. 2006; Phillips and Dudík 2008; Elith et al. 2011). 
This algorithm uses maximum entropy and Bayesian 
methods to estimate the probability distribution for each 
species based on their presence or absence. Since becom-
ing available in 2004, MaxEnt has been utilized exten-
sively for modelling species distributions. This approach 
is used by conservationists for predicting the distribution 
of a species from a set of occurrence records and environ-
mental variables (Elith et al. 2011; Fourcade et al. 2014) 
as well as many other fields of biology and ecology that 
cover diverse aims across ecological, evolutionary, con-
servation and biosecurity applications (Elith et al. 2011). 
Presence-only modelling methods require a set of known 
species occurrences together with predictor variables 
such as topographic, climatic, edaphic, biogeographic 
and/or remotely sensed data (Phillips et al. 2006; Phillips 
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and Dudík 2008). An output of the MaxEnt program are 
maps of the distribution of suitable niches and informa-
tion on the input variables needed to be put into the model.

As previously stated, species distribution data and 
modelling are increasingly being used. Although the rela-
tionship between species distribution and environmental 
variables has been extensively investigated (Peppler-Lis-
bach and Schröder 2004; Ferrier and Guisan 2006; Ferri-
er et al. 2009), these relationships were rarely used in the 
past to explain the spatial arrangement of high conser-
vation value areas (Gelfand et al. 2005). Despite the long 
history of studies on orchids, only a minute part of previ-
ous papers concerning potential and spatial distribution, 
niche conservatism, phytogeography, migration routes or 
conservation strategies of this taxonomic group included 
the use of species distribution models (e.g. Tsiftsis et al. 
2011; Angulo et al. 2012; Kolanowska 2013; Wan et al. 
2014; Vogt-Schilb et al. 2015; Hernandez-Ruiz et al. 2016; 
Reina-Rodríguez et al. 2016; Vollering et al. 2016).

All recently published studies on orchids use only cli-
matic variables in the modelling of species’ distributions. 
Here both climatic variables and the effect of vegetation 
cover (mainly consolidated layer of ecosystem, KVES) 
are seen as determining the distribution of species of or-
chids in the Czech Republic. These two factors have not 
been previously seen as acting together in determining 
the distribution of orchids. 

Methods 

The study site was located in the mountain range in 
the Hrubý and Nízký Jeseník Nature Conservation Area, 
in the Highlands of Hanušovice and surroundings in the 

Czech Republic (Fig. 1). This area is situated in the north-
east of the Jeseníky Nature Conservation Area (NCA) at 
altitudes from about 300 to 1400 masl. Because of the 
wide range in altitude, many different types of habitats 
occur in this region, such as peat bogs, meadows and pas-
tures, oak-hornbeam forests or are naturally forest-free 
areas. Many of the different habitats in the Jeseníky NCA 
are managed and suitable for many species of orchids, 
even critically endangered species such as Listera cordata 
or Orchis mascula.

As a  source of data we used information in 5 data-
bases: those of the Nature Conservation Agency of the 
Czech Republic (2006), the Czech National Phytoso-
ciological Database and the Floristic Documentation, 
all deposited in the Department of Botany and Zoolo-
gy, Faculty of Science of the Masaryk University in Brno 
(2005), the database of the South Bohemian Branch of 
the Czech Botanical Society (2017) and that of the in-
heritance of the late František Procházka (10,000 items, 
digitized from original cards). All the data from these da-
tabases are deposited in one comprehensive database at 
the Global Change Research Institute CAS, Department 
of Biodiversity Research in České Budějovice, but in or-
der to protect the orchids at the localities studied, there is 
no public access to either of these databases.

During 2017, we visited as many localities as possi-
ble to check whether particular species of orchids were 
still present there. If the species was found, the number 
of flowering plants was counted and all important infor-
mation, such as accurate GPS coordinates, the state of the 
locality and whether it was mown were recorded. A total 
of 146 localities was checked.

Because of the special demands we used the meth-
ods in MaxEnt and only the four most numerous species 

	  
Fig.	  1	  

	   	  

Fig. 1 Map showing the location of the study site, depicted in green, in the Czech Republic – Jeseníky Nature Conservation Area.
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were incorporated in all analyses. The first species anal-
ysed was Dactylorhiza fuchsii (Druce) Soó, which occurs 
in wet as well as in dry meadows, the second was Dac-
tylorhiza majalis (Rchb.) P. F. Hunt & Summerh., which 
lives in wet meadows, the third was Gymnadenia conop-
sea (L.) R. Brown, which usually occurs in xerothermic 
meadows or pastures and the fourth was Platanthera bi-
folia Rich., which flourishes in open deciduous forests.

A set of environmental and habitat variables was ob-
tained from datasets for the Czech Republic. The list of 
all variables used in the analysis of the four most numer-
ous species is described in Table 1.

All analyses were done using the MaxEnt program 
version 3.3.2 (Phillips et al. 2006; Phillips and Dudík 
2008; Elith et al. 2011). In this program, the jack knife 
procedure reveals how the species react to different en-
vironmental factors. Two different blue bars are always 
displayed in the resulting figure. The length of the dark-
blue bar indicates the importance of the effect of the se-
lected factor. The length of the light-blue bar indicates 
how much information would be lost, if the correspond-
ing factor were excluded from the analysis. Thus, deletion 
from the model of a factor associated with a long light-
blue bar would result in a large loss of explanatory power. 
Then we performed the analysis for each species. 

Before describing them, we have to elucidate the 
meaning of one factor used in the analyses that consists 
of 40 sub-factors: the “consolidated layer of ecosystems” 
(KVES) (AOPK ČR 2013). KVES is a list of 40 types of 
habitat, named KVES_1, KVES_2, …, KVES_40. For 
example, KVES_6 is mesophilic meadow, KVES_29 is 
deciduous forest etc. (see Table 2 for further examples). 
Based on our many years research on orchids and infor-
mation in the literature on ecological requirements of 
individual orchid species (Procházka and Velísek 1983; 
Dykyjová 2003; Jersáková and Kindlmann 2004; Průša 
2005), we thought that these factors might be import-
ant determinants of the occurrence of these species and 
therefore included them in the analyses. KVES without 
a  number is the presence of a  certain class of habitat, 
which is therefore a  categorical variable. If this is sta-
tistically significant, it means that the occurrence of the 
corresponding species of orchid depends on a particular 
habitat. Sometimes, environmental heterogeneity (here 
called KVES_var – see Table 2), expressed as the num-
ber of different types of KVES per unit area (sometimes 
also called “grain size” in the literature, especially that on 
landscape ecology) may be important, a large KVES_var 
indicates that the landscape consists of a mosaic of many 
small units, like fields, pastures, meadows, forests etc., 
which usually indicates a low intensity of agriculture and 
consequently a good habitat for protected species. There-
fore, we always included KVES_var in our analysis.

In the analysis, the influence of climatic factors, en-
vironmental variables and other basic abiotic factors on 
orchid distribution was studied. There is a  list of these 
factors in Table 1 and their description in Table 2. The 

climatic data were obtained from the Global Change 
Research Institute CAS and a  climate character for the 
timeline of 1981–2011 was created. The objective of this 
analysis was to determine the extent to which these vari-
ables are associated with the occurrence of the species of 
orchid studied. However, at least some of the other most 
important environmental non-climatic factors were also 
included, so as not to produce a purely climatic model, 
which does not seem to be appropriate in our case, as our 
experience and information in the literature indicates that 
climate alone cannot account for the presence of orchids 
in these temperate and rather flat regions (Procházka 
and Velísek 1983; Dykyjová 2003; Jersáková and Kindl-

Table 1 The list of variables used in the analysis.

Dactylorhiza 
fuchsii

Dactylorhiza 
majalis

Gymnadenia 
conopsea

Platanthera 
bifolia

alkali dem dem dem

dem frost_days KVES KVES

frost_days KVES KVES_6 KVES_6

KVES KVES_6 KVES_var KVES_29

KVES_6 KVES_9 reactivity KVES_var

KVES_9 KVES_20 solar_rad reactivity

KVES_20 KVES_23 temp solar_rad

KVES_23 KVES_var TPI TPI

KVES_var reactivity vert_het vert_het

reactivity solar_rad

temp temp

TPI TPI

vert_het vert_het

Table 2 Description of all important factors used in all analyses.

Code Description

alkali alkalinity of bedrock

dem altitude

frost_days number of freezing days per year

KVES
– 4
– 6
– 7
– 9
– 11
– 19
– 20
– 23
– 29
– 30
– var

consolidated layer of ecosystems
– alluvial and wet meadows
– mesophilic meadows
– alpine meadows
– floodplain and wetland forests
– brash forests
– wetlands and coastal vegetation
– peat bogs and water springs
– swamps and marshes
– deciduous forests
– mixed forests
–  habitat heterogeneity (number of different types of 

habitats)

reactivity reactivity of rocks in a bedrock

solar_rad
solar radiation - total amount of incoming solar insola-
tion (WH/m2) 

temp temperature

TPI topographic position index

vert_het
vertical heterogeneity (standard deviation in terms of 
altitude)
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mann 2004; Průša 2005). Th erefore, we selected factors 
based on our experience and information in the orchid 
literature, such as descriptions of the ecological require-
ments of the species of orchids studied (Procházka and 
Velísek 1983; Dykyjová 2003; Jersáková and Kindlmann 
2004; Průša 2005). We also added TPI (topographic po-
sition index) and vertical heterogeneity (vert_het; see 
Table 1) as they might be important for the occurrence 
of particular species of orchids. TPI classifi es landscape 
in terms of slope, landform category and its position in 
the terrain, for example, whether at the top of a hill, in 
a  valley or near a  depression. Another important envi-
ronmental variable is vertical heterogeneity (vert_het). 
Th is factor indicates the degree to which the landscape 
undulates near the locality studied, in terms of altitudinal 
range. All of these factors are described in Table 2. Th e 
infl uence of alkalinity and type of rock at a particular lo-
cality were also included in the analysis (Chuman et al. 
2017) because according to the literature, some orchids 
only grow in soils on one or two types of rock (Procházka 
and Velísek 1983; Dykyjová 2003; Průša 2005). Th e fi nal 
potential distribution map was then created.

In our results, only the most important factors for 
each species of orchid are described.

Th e list of factors used in the analysis is given in Table 
1 and detailed descriptions of each factor in Table 2.

Results and Discussion 

Dactylorhiza fuchsii (Druce) Soó
Th e results of the jack knife procedure illustrated in 

Fig. 2 indicate that many of the variables included in the 
analysis have an eff ect on the distribution of D. fuchsii. 
According to the Maxent analysis, the most important 
factors are the number of frost days per year (frost_days; 

35%) and reactivity of the bedrocks at a particular local-
ity (reactivity; 17%). Other variables had only a small ef-
fect (less than 10% of variability explained) and thus were 
not included in the following description. A detailed list 
of the contributions (%) of particular factors for each of 
the species studied is shown in Table 3.

	  
Fig.	  2	  

	   	  
Fig. 2 The graph of the results of the jack knife procedure of selected 
factors for Dactylorhiza fuchsii.

A closer look at the associations of the most impor-
tant variables with the distribution of this species (Fig. 3) 
reveals certain patterns.

Fig. 3a indicates that D. fuchsii has a high probability 
of being present in areas with more frost days per year. 
From this picture, it is clearly visible that this species is 
almost absent in areas where there are only a  few frost 
days per year. Th is means that D. fuchsii should occur at 
high altitudes where the temperatures are much colder 
than in the lowlands, which is in agreement with infor-
mation in the literature (see Procházka and Velísek 1983; 
Průša 2005).

In Fig. 3b, the association with the reactivity of the 
bedrock at a  particular locality is shown. According 
to this, D. fuchsii should occur with high probabili-

Table 3 Percentage contribution of particular factors for each of the species studied.

Factor

Percentage 
contribution 
Dactylorhiza 

fuchsii

Factor

Percentage 
contribution 
Dactylorhiza 

majalis

Factor

Percentage 
contribution 
Gymnadenia 

conopsea

Factor

Percentage 
contribution 
Platanthera 

bifolia

frost_days 35 reactivity 20.5 dem 47.8 solar_rad 27.1

reactivity 17 KVES_9 19 KVES 21.5 KVES 25.7

KVES_20 8.9 KVES_6 14.4 KVES_var 11.7 KVES_var 21.6

KVES_9 8.8 dem 13.8 KVES_6 9.7 reactivity 11.4

KVES_var 6.6 KVES 12.8 reactivity 4.3 KVES_6 5.9

KVES 6.5 KVES_var 10.4 vert_het 1.8 dem 4.6

alcali 6.2 vert_het 3.8 saolr_rad 1.7 vert_het 2.3

TPI 3.2 KVES_20 2.3 TPI 1.2 KVES_29 1.5

KVES_6 2.5 frost_days 1.3 temp 0.3 TPI 0.1

dem 2.3 salor_rad 1.2

vert_het 1.5 TPI 0.5

temp 1.3 temp 0.1

KVES_23 0.1 KVES_23 0
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ty on sandstone, conglomerates or arkose (number 26) 
and metamorphic rocks like phyllite (number 10) and 
low probability on consolidated sediment rocks like 
greywacke, siltstone or shale (number 15).

In Fig. 4, is a map showing the potential distribution 
of D. fuchsii. It is clear that there are still some places in 
the region studied that are also suitable for this species 
but all of them are in the vicinity of its current distribu-
tion. Th e most suitable places for fi nding new localities 
are mainly around Skřítek National Nature Reserve and 
west of the village Karlov pod Pradědem in the highest 
parts of the Jeseníky mountains. 

Dactylorhiza majalis (Rchb.) P. F. Hunt & Summerh.
Th e results of the jack knife procedure illustrated in 

Fig. 5 indicates the various factors associated with the 
distribution of D. majalis. Many of the selected vari-
ables have an eff ect but according to the analysis, the 
most important factors are the reactivity of the bedrock 
at a  particular locality (reactivity; 20.5%), presence of 
fl oodplain and wetland forests (KVES_9; 19%) and 
mesophilic meadows (KVES_6; 14.4%) nearby. We did 
not include consolidated layer of ecosystems (KVES) 
and altitude as important even though they appear to 
be important, because as stated above, KVES without 
a  number means that the occurrence of a  particular 
species of orchid is habitat dependent. Th e jack knife 

procedure revealed certain types of KVES (KVES_6 
and 9) as more important, thus they were not included 
as a separate factor again. In the case of altitude (dem), 
the analysis indicates 700 m as the most probable alti-
tude for the occurrence of D. majalis, but the distribu-
tion of this species extends from lowlands to mountains 
(Procházka and Velísek 1983; Dykyjová 2003; Jersáková 
and Kindlmann 2004; Průša 2005). Th e indicated al-
titude (700 m) is due to the mean altitude of the area 
studied in the Jeseníky Mountains, thus this factor was 
also not included as an important variable (see Table 3 
for more information).

	  
Fig.	  5	  

	   	  
Fig. 5 The graph of the results of the jack knife procedure of selected 
factors for Dactylorhiza majalis.

	  
Fig.	  3	  

	   	  

Fig. 3 Association of Dactylorhiza fuchsii with a) number of frost days 
per year (frost_days) and b) reactivity of bedrock at a particular locality 
(reactivity).

a

b

	  
Fig.	  4	  

	   	  

Fig. 4 Map of the potential distribution of Dactyorhiza fuchsii in the 
Jeseníky Mountains. The green line on the map is the border of 
the Jeseníky Nature Conservation Area.
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Fig.	  6	  

	   	  

A closer inspection of the factors that were signifi cant-
ly associated with the distribution of D. majalis (Fig. 6) 
proved interesting.

Fig. 6a indicates the association of this species with the 
reactivity of the bedrock (reactivity). It occurs mainly in 
areas with rock types 10 and 21, which are metamorphic 
rocks like phyllite (No. 10) or metagabbro and dolerite 
(No. 21). Th is species does not fl ourish on metagranite, 
migmatite or metagreywacke (No. 18).

Fig. 6b clearly shows that the higher probability of oc-
currence of D. majalis is in areas with high occurrence 
of fl oodplain and wetland forests (KVES_9). Although 
D. majalis is mainly a  meadow species (Jersáková and 
Kindlmann 2004; Průša 2005), it is also possible to fi nd 
it in small open patches in open forests (e.g. forest and 
grassy clearings or small wet meadows). 

Fig. 6c indicates the association of the distribution 
of this species with mesophilic meadows (KVES_6). It 
is clear that the occurrence of this species is closely as-
sociated with mesophilic meadows. Th is means that D. 
majalis is more likely to occur in areas in the vicinity of 
mesophilic meadows. Both previous fi gures of KVES in-
dicate that if there are any wet areas nearby, the proba-
bility of D. majalis being present is almost zero. Th is is in 
accordance with the literature, which indicates that these 
types of habitat are suitable for this species (Procházka 
and Velísek 1983; Dykyjová 2003; Jersáková and Kindl-
mann 2004; Průša 2005).

Map of the potential distribution of D. majalis (Fig. 7) 
indicates there are other potentially suitable localities 
for this species in the Jeseníky Mountains, but most are 
near to existing localities. New localities are most likely 
to be found around Vysoká Hole hill and in the Skřítek 
National Nature Reserve. Other potentially suitable areas 
are between the villages of Karlova Studánka and Anděl-
ská Hora and in the vicinity of the village Nová Rudná.

Gymnadenia conopsea (L.) R. Brown
Th e results of the jack knife procedure are illustrated 

in Fig. 8, which indicates that distribution of this species 
is associated with many of the variables considered. Th e 
analysis indicates that the most important variables are 
altitude (dem; 47.8%), consolidated layer of ecosystems 
(KVES; 21.5%) and habitat heterogeneity (KVES_var; 
11.7%). In this case, it is relevant to mention also the 
fourth most important factor because it is connected 
with the KVES variable, which indicates that the occur-
rence of G. conopsea is dependent on a  particular type 
of habitat, mesophilic meadows (KVES_6), which is con-
gruent with information in the literature (Procházka and 
Velísek 1983; Dykyjová 2003; Jersáková and Kindlmann 
2004; Průša 2005). Although this factor explained less 
than 10% of the variability and was not included in the 
list of the most important factors, it is important to men-
tion it. Th e detailed contribution of each factor is shown 
in Table 3.

	  
Fig.	  6	  

	   	  

Fig. 6 Association of Dactylorhiza majalis with the a) reactivity of the bedrock at a particular locality (reactivity), b) presence of fl oodplain and wetland 
forests near selected localities (KVES_9) and c) presence of mesophilic meadows near selected localities (KVES_6).

a b

c
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A  closer inspection of the most important variables 
associated with the distribution of G. conopsea (Fig. 9) 
proved interesting. 

Fig. 9a indicates the important association between 
altitude (dem) and the distribution of this species. It is 
clear that G. conopsea occurs mainly at high altitudes in 
highlands and mountains, and rarely in lowlands. Průša 
(2005) mentions that this species is absent in lowlands.

Fig. 9b indicates that the distribution of this species 
is associated with the consolidated layer of ecosystems 
(KVES) and this species occurs mainly in wetlands of 
various types (KVES_19, KVES_6 and KVES_4), natural 
shrub land (KVES_17) and alpine meadows (KVES_7). 
Especially its possible occurrence in alpine meadows is 
interesting because this habitat only occurs on the high-
est parts of mountains in the Czech Republic and one of 
the areas is in the area studied, the Jeseníky Mountains. 
All of these results are in accordance with information 
in the literature (Procházka and Velísek 1983; Dyky-
jová 2003; Jersáková and Kindlmann 2004; Průša 2005), 
which indicate that this species mainly occurs in from 
hilly areas to mountains and in wet meadows as well as in 
xerothermic pastures and shrub land.

Fig. 9c indicates that the third most important fac-
tor is habitat heterogeneity (KVES_var). Th is indicates 
that the distribution of G. conopsea is mainly associated 
with landscapes consisting of a mosaic of many smaller 

	  
Fig.	  7	  

	   	  

Fig. 7 Map showing the potential distribution of Dactyorhiza majalis 
in the Jeseníky Mountains. The green line indicates the borders of the 
Jeseníky Nature Conservation Area.

	  
Fig.	  8	  

	   	  
Fig. 8 The graph of the results of jack knife procedure of selected factors 
for Gymnadenia conopsea.

biotopes. Th is confi rms our expectation and experience 
gained from fi eld studies that this species is more likely 
be found in these types of landscapes, probably because 
they are little aff ected by agriculture. 

In Fig. 10, there is a  map of the potential distribu-
tion of G. conopsea in the area of the Jeseníky Moun-
tains studied. It is clear that there is still a  possibility 
of fi nding new localities for this orchid. Except for the 
current localities, the most suitable habitats are likely to 
be mainly on the highest mountains (e.g. Vysoká Hole, 
Praděd, Mravenečník) and in small areas east of the city 
of Jeseníky and north of village Branná outside of the 
Jeseníky NCA.

Platanthera bifolia Rich.
Th e results of the jack knife procedure are displayed 

in Fig. 11. Th e analysis revealed that solar radiation (so-
lar_rad; 27.1%) is the most important factor associated 
with the distribution of Platanthera bifolia. Other impor-
tant factors are consolidated layer of ecosystems (KVES; 
25.7%) and habitat heterogeneity (KVES_var; 21.6%). 
For more information about the association with various 
factors see Table 3.

Closer inspection of the factors most signifi cantly as-
sociated with the distribution of P. bifolia (Fig. 12) proved 
interesting.

Fig. 12a indicates that the occurrence of this species is 
most closely associated with solar radiation (solar_rad). 
In the Czech Republic, the extent of solar radiation dose 
not diff er across the whole country so this factor main-
ly tells us, that P. bifolia occurs in shady or sunny plac-
es. From this picture, it is clear that this species occurs 
mainly in places with a low value for solar radiation that 
is in shady places. As mentioned above, this result corre-
sponds with the information in the literature on the hab-
itat of P. bifolia (Procházka and Velísek 1983; Dykyjová 
2003; Jersáková and Kindlmann 2004; Průša 2005).

Fig. 12b indicates the biotope (KVES) most closely as-
sociated with each species. According to this analysis it is 
mainly brash forest (KVES_11), but also alluvial and wet 
meadows (KVES_4), mesophilic meadows (KVES_6), 
fl oodplain and wetland forests (KVES_9) and mixed 
forests (KVES_30). Th ese results are congruent with 
the previous results for solar radiation that indicate this 
species occurs mainly in shady places. Forests are shady 
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places and tall grasses in mesophilic meadows also pro-
vide shade. Wet meadows can also include tall vegetation 
or border on forests. Our results are in accordance with 
the information in the literature (Procházka and Velísek 
1983; Dykyjová 2003; Jersáková and Kindlmann 2004; 
Průša 2005), which indicate that this species occurs in 
forests as well as meadows, and also occurs in wet and 
dry places.

In Fig. 12c, the association between the distribution 
of P. bifolia and habitat heterogeneity (KVES_var) is 
displayed. Clearly, this species occurs mainly in areas of 
high environmental heterogeneity, that is, areas that con-
sist of many small habitats. Th e probability of this species 
occurring in an area covered by a single habitat is almost 
zero. 

	  
Fig.	  9	  

	   	  

	  
Fig.	  9	  

	   	  

Fig. 9 Association of Gymnadenia conopsea with a) altitude (dem), b) consolidated layer of ecosystems (KVES) and c) habitat heterogeneity (KVES_var).

a b

c

	  
Fig.	  10	  

	   	  

Fig. 10 Map showing the potential distribution of Gymnadenia conopsea 
in the Jeseníky Mountains. The green line indicates the borders of 
Jeseníky Nature Conservation Area

	  
Fig.	  8	  

	   	  
Fig. 11 The graph of the results of the jack knife procedure of selected 
factors for Platanthera bifolia.
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Fig. 13 is a map showing the potential distribution of 
P. bifolia in the area studied. Th is map shows four oth-
er potential places that are suitable for the occurrence of 
this species: east of the village Sobotín around the stream 
Merta, around the village of Kouty nad Desnou, between 
the village of Loučná nad Desnou and the Dlouhé Stráně 
water reservoir, and around the village of Štědrákova in 
the east of the region studied.

Conclusions

Th e Maxent program is a useful tool for predicting the 
potential occurrence of endangered species in selected ar-
eas or a country, not only for orchids. Based on the results 
of this study, the most important factors for the species 
studied were diff erent types of vegetation (consolidated 
layer of ecosystems; KVES) and high environmental het-
erogeneity and landscape structure (KVES_var). For the 
two species of Dactylorhiza studied, the common impor-
tant factor was the nature of the bedrock (reactivity), or 
more precisely they mainly occur in areas with phyllite 
rocks and rarely in those with greywacke.

Th e results could be very helpful in identifying new, 
yet unknown localities of Dactylorhiza fuchsii, Dacty-
lorhiza majalis, Gymnadenia conopsea and Platanthera 
bifolia, which are endangered species in the Czech Re-

	  
Fig.	  12	  

	   	  

	  
Fig.	  12	  

	   	  

Fig. 12 Association of Platanthera bifolia with a) solar radiation (solar_rad), b) consolidated layer of ecosystems (KVES) and c) habitat heterogeneity 
(KVES_var).

a b

c

	  
Fig.	  13	  Fig. 13 Map showing the potential distribution of Platanthera bifolia 
in the Jeseníky Mountains. The green line is the border of the Jeseníky 
Nature Conservation Area.
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public. Without a potential distribution map, searching 
for new localities would be time consuming and less ef-
fective. Such maps would also be helpful for orchid con-
servation as it would enable conservationists to focus on 
areas where it is most likely that particular species of or-
chids are present.

In general, this work should serve as a tool for orchid 
conservation and for determining the most important 
factors associated with the distributions of orchids in the 
Czech Republic.
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