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In this entry, we determined the associations of orchid species richness and the degree of their specialization to
specific environmental conditions (expressed by species specialization index) with altitude in six floristic areas in

the Czech Republic.
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| 1. Introduction

Orchids are disappearing worldwide, mostly due to habitat loss, but other factors like climate change are likely to
increase in importance during the 21st century B2, Thus, one of the most worrying issues is that we still do not
know the optimal abiotic and biotic requirements for population persistence of many of the ca. 30,000 species of
orchids Bl. There are only a few studies in the Czech Republic dealing with the factors that determine orchid
presence/absence and distribution in space, and most of them include only one or a few species and/or a limited
part of the distribution of the species studied (e.g., 4B, We still lack critical information necessary for the

conservation of Orchidaceae, especially those that are threatened or endangered.

Understanding the abundance and distribution patterns of species at large spatial scales is one of the key goals of
biogeography and macroecology BIIEl put effective conservation requires knowledge of species at small spatial
scales B0 Thys, the knowledge of orchid ecology including ecological gradients that influence the patterns in
orchid abundance, distribution, richness and composition is essential for planning and applying conservation
strategies and actions B9 as |ack of such knowledge negatively affects our ability to identify sites that are worth

protecting.

There are two crucially important values when orchid conservation and survival under climate change is
considered: number of species per unit area, and the degree to which an orchid species is specialized to specific
environmental conditions. The former clearly determines the conservation value of the area, while the latter tells us

how much a species may be endangered by changes of environmental conditions, e.g., by climate change.

The need for taking effective conservation measures is urgently required for areas and countries that have been
affected by human activities in the past decades, and thus have lost a part of their biodiversity or their species
distributions have been largely diminished 212l Thjs is especially true in the case of Central European countries,

which have been intensively affected by land use change or agricultural intensification [111. Among these countries,
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the Czech Republic was strongly affected by such changes over the last few decades. As a result, many orchids

declined and can only be found at a small number of sites (2],

There are many publications on the distribution of orchids in the Czech Republic, which indicates that both
professionals and the lay public are interested in orchids (e.g., [L3I14USJIGIA7I18IAY)  However, there is only
scattered information on the factors determining orchid distribution and species richness throughout the Czech
Republic. Recently, Stipkova et al. 29 determined the association between pollination mechanisms
(presence/absence of nectar) and orchid species density and mean species specialization index along an

altitudinal gradient in the six different phytogeographical regions in the Czech Republic.

In addition to their often specialized pollination strategies, orchids in temperate regions differ in their rooting
systems, which are thought to represent particular strategies for underground storage of resources 21, In this
context, Tsiftsis et al. B report that the spatial patterns in the distribution of orchids in Greece are associated with
their rooting systems, latitude, altitude and climate. They categorized orchids based on the morphology of their
rooting system: (i) rhizomatous orchids (considered to be the most primitive), (i) “intermediate orchids” (in
evolutionary history intermediate between rhizomatous and tuberous orchids) and (iii) tuberous orchids (the most
derived)—see Dressler (22 Averyanov [28] and Tatarenko [24] for reference. The typical shapes of terrestrial orchid

roots in the three groups are depicted in Figure 1.

Figure 1. Different types of orchid root system: (a) rhizomatous, (b) intermediate and (c) tuberous.

Tsiftsis et al. [& report that species richness of orchids with these three rooting systems is significantly associated
with altitude, whereas the degree to which an orchid species is specialized to specific environmental conditions
(e.g., their mean species specialization index that will be described later here) are largely associated with their

evolutionary history, represented by their rooting system.

However, these associations have not been studied in central Europe, where the climate is more continental and

less variable than in countries in the south of Europe (e.g., Greece). The expectation is that the more continental
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climate in Central Europe would affect the distribution of species in a more uniform way. However, there are six
different phytogeographical regions in the Czech Republic. They differ in altitude and consequently in their climatic
conditions, but also in the spatial distribution of different habitats and their geological substrates 22!, as well as in
the intensity of human activities in the past. Thus, it is expected that these differences may also affect the
distribution of orchids. Therefore, it is very important to analyze each of the phytogeographical regions separately,

instead of all of them together.

To fill this gap in our knowledge, here we explore the associations of orchid species richness (adjusted for area
considered) and the degree to which an orchid species is specialized to specific environmental conditions
(measured as species specialization index—see its definition below) with altitude in the Czech Republic. For the
reasons described above, we distinguish six phytogeographical regions and perform the analyses for each of them
separately. We distinguish three basic trends in these relationships: linear, parabolic or cubic, and we then look at

whether these trends differ between the three rooting systems studied here.

| 2. Orchid Species Density along Altitudinal Gradients

The fact that species are not uniformly distributed across the globe stimulated Stevens [28] to write and publish his
research on latitudinal Rapoport’s rule (LRR), which considers patterns of species distribution along latitudinal
gradients, and a few years later he extended this hypothesis to include elevational gradient (elevational Rapoport’s
rule, ERR [29). Since then, a large number of studies have been published on different organisms (e.g., plants,
animals) occurring in different areas of the world (e.g., [28l22BA31] |t js worth mentioning that even for the same
group of organisms, the explanations for the distributions differ considerably, so it is possible that the trends are

associated with their functional groups (e.qg., [Bll20132]),

The results presented support the existence of a hump-shaped curve; however, linear as well as cubic trends were
also recorded. The highest species density was recorded between 300 and 900 m, which could be attributed to the
fact that the distributions of many species of orchids overlap at these altitudes 2. Naturally, phytogeographical
regions in the Czech Republic do not have clear boundaries and there are many transitional zones between
regions. Unlike the high number of species at mid altitudes, there are far fewer species at the highest altitudes, and

they are mainly specialists that flourish in extreme conditions in mountains.

| 3. Patterns in the Distributions of the Three Orchid Groups

The distributions of each of the three orchid groups correspond to their specific ecological requirements, like
altitude, type of bedrock or type of habitat, which confirm the patterns identified by Tsiftsis et al. [ in southern
Europe. In the Czech Republic, the most widely distributed are the rhizomatous orchids, closely followed by those
with an intermediate root system. The rhizomatous orchids include genera
like Corallorhiza, Epipactis, Epipogium and Cephalanthera, which mainly thrive in various kinds of forest habitats.

This group has a wider distribution than the other two groups. It is likely that forest habitats, where rhizomatous
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orchids mostly occur, are more or less uniformly distributed throughout the Czech Republic. Like the rhizomatous
orchids, intermediate orchids, such as Dactylorhiza spp., Gymnadenia spp. and Platanthera spp., occur in forests
and open habitats. This means that many species occur almost everywhere in the Czech Republic. The least
widely distributed group is the tuberous orchids. In general, tuberous orchids (species in the
genera Anacamptis, Ophrys and Orchis) mainly grow in open habitats, such as grasslands or meadows. However,
our results for this group differ from those reported for Southern Europe 8, where tuberous orchids are the most
widely distributed group. Tuberous orchids evolved later than rhizomatous or intermediate orchids and are well
adapted to the dry and hot climate around the Mediterranean, where their richness is really high I3l As a result,
they are better represented in southern countries, e.g., in the Mediterranean, compared to countries where the
climate is continental, as in Central Europe. However, there are some tuberous orchids that are well adapted and
occur in areas with a continental climate (e.g., Orchis pallens, Traunsteinera globosa, Anacamptis morio). Although
such species can occur throughout the Czech Republic from a climatological point of view, they are restricted
because they mostly prefer a calcareous substrate that does not occur everywhere. The large number of species of
tuberous orchids recorded in the SE part of the country (Bilé Karpaty), however, could be attributed either to the
presence of calcareous substrates, the extensive distribution of grassland communities or the higher temperatures
there than in other areas in the Czech Republic. The significance of this area was identified in the 1990s and then
subject to huge restoration program (in Bilé Karpaty NCA). About 500 hectares of arable land were converted back
into dry or mesic grasslands, where tuberous orchids flourish, using a high-diversity regional seed mixture. Nearly
all species sown successfully established and nearly half of unsown target species established spontaneously,
including orchids. All of these grasslands are maintained by regular mowing, which favors grassland orchids by

reducing the competition with the other herbaceous species of plants [24331[36],

4. Orchid Species Richness in the Different
Phytogeographical Areas

Previously, it was reported that the association of the composition of the orchid flora in the Czech Republic with
altitude is much stronger than with biogeography 22, which differs from the results reported for other countries
(e.g., Greece, Colombia) where different areas host different orchid taxa B4, This may be attributed to the
different distribution and height of mountains in the above-mentioned countries. In countries with high mountain
ranges (e.g., Greece, Colombia), natural barriers can exist, which together with other factors can delimit the
dispersal of orchid seeds from one place to another. In contrast, in the Czech Republic, the highest mountains are
present mainly at the borders with other countries and are not so high (max 1600 m), so orchid seeds are able to

be dispersed over long distances within the country.

In general, the trend in the density of species of orchids along altitudinal gradients is hump-shaped, but linear and
cubic trends were also recorded. Density of species of orchids in the three groups differed in the six
phytogeographical regions but the trends were similar in the Bohemian-Moravian mesophyticum and both
oreophyticums, whereas in the other three regions the trends were different. These differences can be attributed to

many aspects connected with the life history strategies of orchids. Orchids need vegetation in which they can grow
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and establish new populations from seeds. Thus, the spatial distribution of suitable vegetation has a big effect on
the density of orchids in different regions [LI293813911401 |5 aqddition to vegetation, geological substrate plays an
important role in determining the distribution of orchids B2, Many tuberous orchids show a clear preference for
areas with a calcareous substrate, whereas rhizomatous and intermediate orchids occur at sites with siliceous
substrates. The same pattern is also recorded in Greece, where numbers of species of tuberous orchids increase
with increase in the percentage of calcareous substrates within grid cells 8. This may account for the difference in
tuberous orchids recorded in the Bohemian part of the Czech Republic and in the Pannonian and Carpathian parts
of these regions. Granite is frequent and there are only small calcareous areas, the preferred substrate for
tuberous orchids, in the Bohemian part of the Czech Republic, whereas calcareous substrates are frequent in the

Pannonian and Carpathian regions.

Mycorrhizal fungi and orchid pollinators are other important factors that indirectly affect orchid distribution.
Distribution of mycorrhizal fungi in soil and of pollinators at different altitudes is expected to play a significant role.
Orchids are strongly dependent on fungi for seedling germination, establishment and growth, so the distribution
and diversity of orchids might depend on the associated fungal communities #3l. Although mycorrhizal associations
are predominantly generalist, specialized mycorrhizal interactions have repeatedly evolved in orchids, indicating
their potential role in limiting the geographical range of orchids 2. It is mentioned by several authors that
mycorrhizal fungi affect local plant distribution 3! and orchids are not an exception 4. There is evidence that the
abundance together with distribution of orchid mycorrhizal fungi are important drivers of orchid density 22!,
However, more studies on orchid mycorrhizal fungi are needed for a better understanding of the factors shaping

the distribution of mycorrhizal fungi along altitudinal gradients €.

Distribution of pollinators differs with altitude, with high altitude areas being the poorest 42, Such differences may
play an important role in pollination success, with orchids at low altitudes producing more fruit (and seeds) than
those at high altitudes. This is reported for Hungary by Gilian et al. 48, where the reproduction success of the two
lowest mountain populations of Cephalanthera rubra was extremely high (83—85% of the flowers produced fruit),
whereas populations at higher altitudes produce significantly fewer fruits (about 40% of the flowers produced fruit).
Populations at high altitudes might be limited by pollinators as well as by climatic conditions (such as low
temperature and irradiance). Thus, temperatures and subsequent climatic conditions in different phytogeographical

regions also play a role in the density of the three orchid groups.

5. Relationship between Mean Species Specialization Index
and Altitude

The general distribution of each of the three orchid groups is determined by the specific ecological requirements of
all species in each group, the spatial distribution of different habitats and the presence of pollinators and
mycorrhizal fungi “9BA We used the species specialization index (SS/). SS/ was calculated using the climatic
conditions in all the places in the Czech Republic where an orchid occurred. In general, the breadth of a species

niche increases with increase in altitude 1. However, Tsiftsis et al. [ in their study on Greek orchids found that
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these trends are mostly associated with orchid life forms. Similar to Tsiftsis et al. 8], we also recorded different

trends in the three species groups and six phytogeographical areas in the Czech Republic.

We assume that the differences in the trends in the phytogeographical regions might be based on the distribution
patterns of orchids specific to a given area. In the current study, the majority of the specialized species of orchids
were recorded at low to middle altitudes. However, most regression curves were typically hump-shaped, which
means that species recorded at high and low altitudes are generalists, as they are recorded at sites with a wide
range of environmental conditions. This is in accordance with our previous study in which different pollination
strategies of orchids were considered 29, However, there are some differences in the occurrence of specialist and
generalist orchids. In the Bohemian-Moravian mesophyticum, the trend recorded for the intermediate group
supports the previous statement, whereas the distribution patterns of rhizomatous and tuberous orchids differed
slightly. The most specialized species of rhizomatous orchids (such as Epipactis pontica) were recorded also at the
highest altitudes in this region, and in the case of tuberous orchids, the incidence of specialist species decreased
with increase in altitude and is not hump-shaped. Another example of a difference are the trends for the species
distributed in oreophyticums. In both areas, intermediate orchids were the least specialized and tuberous orchids
the most specialized orchid group. This specific pattern may be attributed to the ecological requirements of these
species. In both areas, there are tuberous orchids with narrow species specialization index (e.g., Anacamptis
pyramidalis, Ophrys insectifera or Neotinea tridentata), which occur more frequently in southern Europe [ and are
rather rare at low and medium altitudes in both oreophyticums. In the case of Carpathian oreophyticum, the trends
for all species groups only differ slightly. The most specialized species (the rhizomatous Cephalanthera rubra,
intermediate Pseudorchis albida and tuberous Anacamptis morio) occur at low (ca. 600 m) and the highest
altitudes in this phytogeographical region. At other altitudes, orchids are generalists, occurring in a wide range of
environmental conditions. The narrower niches of tuberous orchids compared to rhizomatous and intermediate
orchids could be due to the distribution of forest and grassland habitats at particular altitudes. In the Carpathian
oreophyticum, there are more forests at low and high altitudes, which are replaced by grassland at middle altitudes,
where tuberous orchids typically occur. These grasslands are currently maintained by traditional management,
mainly pastoralism. At the highest altitudes, this area is covered by alpine vegetation that is unsuitable for orchids,

with only specialist orchids occurring in these harsh conditions.

In general, the differences in the distribution of specialists and generalists within each group might be due to the
very different distributions of open and forested habitats in the phytogeographical regions. In the Czech Republic,
the middle and high altitudes are abundantly covered by forests 19, where most rhizomatous and several of the
intermediate orchids typically occur. This is in accordance with our results: rhizomatous and intermediate orchids
were more widely distributed in floristic areas at high altitudes (mesophyticums and orephyticums). However,
natural non-forested areas are also present in the highest altitudinal zone in the Carpathians 19321 \where most
specialist tuberous orchids occur. Open habitats are typically inhabited by tuberous and some of the intermediate
orchids. Some species in these groups belong to the most endangered orchid taxa in the Czech Republic 53], Wwe
fully agree with Jacquemyn et al. 49 that the extinction of orchids is significantly related to the survival of the
habitats where these orchids occur.
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Distribution of habitats is closely connected with the distribution of orchid pollinators. Some orchids, mainly those
occurring in forests, rely on pollinator being present to produce seeds 24, The abundance of pollinators is declining
all over the world B2 and is influenced by climate (e.g., temperature and seasonality) in a given area, which in turn
is strongly determined by altitude 7. Another factor influencing species specialization index is orchid rarity.
Previously, it was reported that a nectar reward affects rarity and the probability of extinction of orchids [29[431[56][57],
Similarly, in south-western Australia, sexually deceptive taxa are more often rare than food-rewarding taxa [&l.
Conservation efforts will be most effective if they combine ex situ strategies at locations with high habitat
conversion rates and reservation strategies in rarity and richness hotspots, particularly where they overlap B2,
Moreover, in the Australian hotspot, the Southwest Australian Floristic Region, the greatest number of rare taxa

occurred in areas of high taxon richness and naturally fragmented edaphic environments 58],

Another important finding of the present study is the mismatch in the number of species and SS/ values.
Comparing Figure 4 with Figure 5 reveals that in most areas with high species richness (expressed in terms of
orchid density) are associated with low values of the mean species specialization index, and vice versa. This could
be attributed to the fact that in areas with a high number of species, most species or a considerable number of
species are widely distributed with low SSI values, which results in low values for the mean SSI/. In contrast, in
areas where only a few species were recorded (e.g., tuberous orchids in the Bohemian-Moravian oreophyticum),
most of these species are not widespread in the Czech Republic, and as a result their SS/ values are high. It could
be hypothesized that the ecological conditions in areas with just a few species are extreme (e.g., climatic, soil) and

consequently only a small number of species can occur there and nowhere else.
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Figure 4. Density of tuberous, intermediate and rhizomatous orchid taxa recorded at different altitudes in the

phytogeographical region of: (a) Bohemian thermophyticum, (b) Bohemian-Moravian mesophyticum, (c)
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Bohemian-Moravian oreophyticum, (d) Pannonian thermophyticum, (e) Carpathian mesophyticum and

Carpathian oreophyticum.
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Figure 5. Relationships between mean species specialization index (SS/) and altitude recorded for the three orchid

groups in the phytogeographical area of: (a) Bohemian thermophyticum, (b) Bohemian-Moravian mesophyticum,

(c) Bohemian-Moravian oreophyticum, (d) Pannonian thermophyticum, (e) Carpathian mesophyticum and

Carpathian oreophyticum.
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