Charles University in Prague, Faculty of Science

Institute for Environmental Studies

Ph.D. study program: Environmental Sciences

Mgr. Zuzana Stipkova

Determinants of orchid species diversity

Determinanty druhové diverzity orchideji

Doctoral Thesis

Supervisor: Prof. RNDr. Pavel Kindlmann, DrSc.

Prague, 2021



DECLARATION

Hereby I declare that this Ph.D. thesis is exclusively my own work, and that it has not been
submitted (or any of its parts) in order to obtain any academic degree earlier or at another

institution. All publications and other sources used in the thesis have been properly quoted.

PROHLASENI

Prohlasuji, ze jsem zavérecnou praci zpracovala samostatné a ze jsem uvedla vSechny pouzité
informacni zdroje a literaturu. Tato prace, ani jeji podstatna cast, nebyla pfedlozena k ziskani

jiného nebo stejného akademického titulu.

V Praze 19.04.2021 Zuzana Stipkové



LIST OF STUDIES INCLUDED IN THE DOCTORAL THESIS

Paper I: Stipkova Z, Tsiftsis S, Kindlmann P (2021) Distribution of orchids with different
rooting systems in the Czech Republic. Plants 10: 632. [F2021 = 2.762

Paper II: Stipkova Z, Tsiftsis S, Kindlmann P (2020) Pollination mechanisms are driving
orchid distribution in space. Scientific Reports 10: 850. IF2020 = 4.011

Paper III: Stipkova Z, Tsiftsis S, Kindlmann P (2021) How did the agricultural policy during
the communist period affect the decline in orchid biodiversity in Central and Eastern Europe?

Global Ecology and Conservation 26: €01498. [F2021 = 2.526

Paper IV: Stipkova Z, Kindlmann P (2021) Orchid extinction over the last 150 years in the
Czech Republic. Diversity 13: 78. IF2021 = 1.543

Paper V: Stipkova Z, Romportl D, Kindlmann P (2020) Which environmental factors drive
distribution of orchids? A case study from South Bohemia, Czech Republic. In: Mérillon J-M,
Kodja H (eds) Orchids Phytochemistry, Biology and Horticulture. Springer Nature, Cham,
Switzerland, pp. 1-33.

Paper VI: Tsiftsis S, Stipkova Z, Kindlmann P (2019) Role of way of life, latitude, elevation
and climate on the richness and distribution of orchid species. Biodiversity and Conservation

28 (1): 75-96. TFa019 = 3.142



CONTRIBUTION OF THE CANDIDATE

Paper I: ZS participated in analyses of the data in R, prepared the original draft of the
manuscript and was responsible for the communication with the journal editors (was the

corresponding author) during the submission.

Paper II: ZS participated in data analyses in R, wrote the first draft of the manuscript and led

the process of successful submission.

Paper III: ZS provided the initial idea of the paper, analysed the data in GIS and R (under the
leadership of ST), led writing of the paper and acted as the corresponding author during the

submission.

Paper IV: ZS prepared the data for analyses and figures, wrote the manuscript and was the

corresponding author during the submission process.

Paper V: ZS participated in data analysis, wrote the initial draft of the manuscript and acted as

the corresponding author during the submission process.

Paper VI: ZS participated in writing the text.

The supervisor of this doctoral thesis and the co-author of all mentioned papers, Prof. Pavel

Kindlmann, approves the contribution of the student Zuzana Stipkova as stated above.

. , ’
4 1/ / d
/ 'L‘ f. j'
v 7 s’
/ i é{,,.\

Prof. RNDr. Pavel Kindlmann, DrSc.



ACKNOWLEDGEMENTS

First of all, I would like to express my sincere gratitude to my supervisor, prof. Pavel
Kindlmann, for giving me the opportunity to study Ph.D. program under his leadership, for the
chance to join his team and for his patient guidance, motivation and continuous support of my
research during all years. I am also very grateful to him for having offered me the job in the
Global Change Research Institute in Brno, where I am still employed and always feel a strong

support.

I would also like to thank to all the people from institutes from all over the world that I
had opportunity to work with and gather data during my studies, especially to prof. Spyros
Tsiftsis from Greece. He always offered me his help when I was lost in computer programs and
analyses and without him, I would still be in the middle of my studies. I am also very grateful
to Alex Hirtz from the Botanical Garden in Quito, Ecuador, where I had the honour to spend
my practical fellowship. I would also like to thank to prof. Anthony Dixon for proofreading,
editing the English of the papers and expressing me his opinion on problematics discussed in
the papers. My thanks are also to Lenka Atexingerova for her help in the mandatory paperwork.
I also thank to Anna Vosolsobé¢ for providing me her painting of Ophrys sp.

I also thank to the Faculty of Science, Charles University, for providing me the financial
support during my practical fellowship in Colombia and Ecuador, where I had the opportunity

to spend three months and got an important background of tropical life of orchids.

I would also like to thank the Nature Conservation Agency of the Czech Republic for
providing me the permission to use their orchid database and utilize it for writing my papers.
Thanks to this, me and my colleagues were able to visit hundreds of localities and check if

orchids are still present there. We used these data in the papers we published.

Finally, my special thanks go to my friends and family, mainly to my mum and to my
beloved Tomas. They always supported me, even in black days, and I am very grateful for their

help and constant faith in me.



TABLE OF CONTENT

ABSTRACT .ttt ettt st b e bttt s bt et e st e e bt e b e et e saeebe e e 1
ABSTRAKT .ttt ettt ettt et e st et e et e s et e b e eseeese e seentesseenseentenneenseeneenes 2
INTRODUCTION.......oettiieetet ettt ettt sttt e st ete et esaeesteeneesseenseentesseensesneenes 3
Orchids and their specialized [ife Strate@ies .......cccvvieeeiiieriiieeiiie e e en 4
Orchids and their CONSEIVAtION. ........ciuiiiiiiiiieie et e 7
Orchid diStribULION PAEEITIS. .....veiiiiieeiiieeiiie et e eite et e e st e et eesaeeesteeeesaeeereeesseeessseeenaseeens 8
Factors affecting orchid diStribution .............ccocvieeiiiiiciiecciicceceeeee e 10
MAIN QUESTIONS AND HYPOTHESES .......ooiieieeiet ettt 11
MATERIALS AND METHODS .....ooitiiiiiiiteee ettt sttt 12
RESULTS AND DISCUSSION ..ottt ettt st s 14
CONCLUSIONS ...ttt ettt ettt ettt sbe et esbe et et e sbt e bt et e saeenbeeate e 17
REFERENCES ...ttt ettt ettt sbe et et sbe et st e saeenae s 20

ATTACHED PAPERS ..ot 32



ABSTRACT

Natural environment has been significantly altered by human activity in past few
decades. There is an evidence that we are now facing the sixth mass extinction and suitable
areas for species are getting smaller. Therefore, many species of plants and animals are
experiencing strong population decline and some of them even became extinct. We focused our
attention on orchids because their distribution expresses one of the highest declines among all
plant families.

In this thesis, we investigated species richness and distribution patterns of orchids, the
rate and causes of their decrease and extinction, and factors influencing their occurrence in the
Czech Republic and Greece. In the majority of the presented papers, we used a dataset based
on the database of the Nature Conservation Agency of the Czech Republic that includes more
than 115 000 of orchid records in the country. We also analysed the patterns in the six different
phytogeographical regions in the Czech Republic that differ in altitude and the composition of
local flora. The key findings are as follows:

e The specialized pollination strategy of orchids, as well as type of rooting systems, both
in the Czech Republic and in Greece, play a role in the distribution patterns of orchids
in the two countries (Papers I, IT and VI). Moreover, the trends differed between the six
floristic regions (Paper I and II). In the Czech Republic, the most widely distributed
orchid group are the rhizomatous orchids, whereas tuberous orchids were the most
widely distributed orchids in Greece (Paper I and VI). We assume that these differences
in the trends might be based on the orography of the country, distribution of suitable
habitats and types of bedrock.

e The highest decline in orchid distribution during the time periods studied was recorded
for critically endangered taxa (Paper III). The number of suitable sites for the Czech
orchids declined by 8-92%, depending on the species (Paper IV). One of the most
threatened orchid species is Spiranthes spiralis. The distribution of orchids in the Czech
Republic is mainly affected by the distribution of their habitats.

e The most important factor affecting the distribution of Czech orchids in the region of
South Bohemia was the land cover, expressed as the consolidated layer of ecosystems
(KVES). The other two important environmental predictors were the mean annual
precipitation and the slope of the terrain. The most important types of habitats (types of
KVES) for orchids in Czechia are oak and oak-hornbeam forests, followed by
agricultural meadows (Paper V). By this, we can improve management plans that are
crucial for maintaining orchid localities.
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ABSTRAKT

Ptirodni prostfedi se v poslednich desetiletich vyznamné zménilo, pfedev§im kvuli

intenzivni ¢innosti ¢loveka. Existuji dikazy pro to, Ze ted’ nejspi§ Celime Sestému velkému

vymirani druhli a vhodné aredly druht se zmens$uji. Proto se také populace mnoha rostlin a

zivo€ichii zmensSuji a mnohé z nich dokonce vymiely. My jsme naSi pozornost zaméfili na

orchideje, protoZe jejich rozsiteni vykazuje jeden z nejvyssich poklesti mezi v§emi rostlinami.

Tato prace se zabyva bohatosti druhli a rozSifenim orchideji, mirou a pfi¢inami jejich

velkého poklesu a vymirani, a kromé toho i faktory, které ovliviuji jejich vyskyt v Ceské

republice a v Recku. Ve vétsing predlozenych studii jsme vyuzili databazi Agentury ochrany

ptirody a krajiny Ceské republiky, kterd obsahuje vice nez 115 000 tdajt o vyskytu orchideji

v CR. Typy rozsifeni orchideji jsme analyzovali v Sesti rozdilnych floristickych oblastech, které

se lisi nadmotskou vyskou a slozenim tamni flory. Hlavni vysledky jsou shrnuty nize:

Specialni strategie opylovani orchideji, stejné jako typ jejich kofenti v Ceské republice
i v Recku hraji roli pii rozsifeni orchideji ve zminénych dvou zemich (Studie I, IT a VI).
Navic jsme zjistili, Ze typy rozsiteni se 1i$1 mezi Sesti zkoumanymi floristickymi regiony
(Studie I a II). V Ceské republice jsou nejrozsifengjsi skupinou orchideje s oddenky,
naopak v Recku jsou nejéast&jsi orchideje s hlizami (Studie I a VI). Domnivame se, Ze
tyto rozdily v rozsiteni orchideji by mohly byt zaloZzeny na orografii zminénych zemi,
rozSiteni biotopt vhodnych pro vyskyt orchideji a typu podlozi.

Nejvétsi pokles v rozsiteni orchideji ve sledovanych obdobich byl zjistén pro kriticky
ohrozené druhy Ceské republiky (Studie IIT). BohuZel, poéet lokalit vhodnych pro
vyskyt Ceskych orchideji klesl o 8 az 92 % v zavislosti na druhu (Studie IV). Jeden
z nejohrozengjSich druhti orchideji ¢eské flory je Svihlik krutiklas (Spiranthes spiralis).
Vyskyt orchideji v Ceské republice je ovlivnén zejména rozsifenim jejich vhodnych
biotopti.

vegetacni pokryv, v nasich studiich vyjadfenych konsolidovanou vrstvou ekosystémil
(KVES). Dalsimi dulezitymi faktory jsou roni primérné mnozstvi srazek a sklon svahu
na lokalité. NejvyznamnéjSim typem vegetatniho pokryvu (habitatu) pro vyskyt
¢eskych orchideji v krajiné jsou dubové a dubovo-habrové lesni porosty nasledované
kulturnimi loukami, které jsou obhospodafovany mistnimi zemédélskymi druzstvy
(Studie V). Diky témto zjiSt€énim se muze zlep$it cileny management, ktery je zasadni

pro zachovani vhodného stavu orchidejovych lokalit.



INTRODUCTION

Nowadays, we hear everywhere that a drastic decrease of biodiversity is occurring. The
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES),
working under the UN auspices, published an extensive report about global assessment of plant
and animal biodiversity in May 2019 (https://www.ipbes.net/global-assessment). According to
this report, we are facing the sixth global extinction of species, species diversity in decreasing
worldwide at a fast pace, the rate of species extinction is now hundred times higher than the
average for the last ten million years and one-eighth of existing species is endangered
(https://ipbes.net/global-assessment). Furthermore, the report of IPBES states that
approximately three quarters of terrestrial and two thirds of marine environment were
significantly altered by human activity. One of the main reasons that are responsible for the
huge decrease of biodiversity in the world is loss of natural habitats of plants and animals

(https://ipbes.net/global-assessment).

Orchids are known from all over the world because of their beautiful flowers in the wild,
as well as in our gardens and homes and they became very popular in the last few decades.
There are many publications on the distribution of orchids from all over the world, which
indicate that both professionals and the lay public are interested in orchids (e.g. Millar 1978;
Seidenfaden and Wood 1992; Bose et al. 1999; Dykyjova 2003; Vicko et al. 2003; Jersdkova
and Kindlmann 2004; Prisa 2005; Averyanov et al. 2015; Antonopoulos and Tsiftsis 2017;
Tsiftsis and Antonopoulos 2017; Grulich 2017; Kiihn et al. 2019; Knapp et al. 2020;
Wagensommer et al. 2020 and many others). Unfortunately, the family of Orchidaceae is one
of the most threatened plant families showing a high risk of species extinction (Swarts and
Dixon 2009). 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 (Wotavova et
al. 2004, Pfeifer et al. 2006). Because of the high risk of extinction, orchids are listed in CITES

and protected by law in many countries in the world.

Despite the high number of studies concerning orchids, we still lack critical information
necessary for their conservation. All aspects that will be mentioned below make orchids an

excellent plant family for various studies from the point of view of many branches of biology.



Orchids and their specialized life strategies

The orchid family is an important group from the point of view of conservation biology
(Pillon and Chase 2006), being at the frontline of extinction (Swarts and Dixon 2009). Many
characteristics, such as great species richness, specific role in ecosystems, or threat of
extinction, make it crucial to explore the distribution and conservation status of Orchidaceae

(Zhang et al. 2015).

Orchids, with approximately 28 500 species (Govaerts 2020) are the most diverse and
widespread family of flowering plants (Swarts and Dixon 2009) and are classified among the
most threatened groups worldwide (Cribb et al. 2003; Kull and Hutchings 2006). They are an
ideal group for exploring determinants of species diversity. This is because of activities of
professionals and amateurs causing that orchids are well recorded and studied in many countries

in Europe (Kull et al. 2006).

Most species of orchids are threatened in the wild (Cribb et al. 2003) and are
disappearing from their natural habitats worldwide (Cribb et al. 2003; Kull and Hutchings 2006;
Knapp et al. 2020; Wagensommer et al. 2020). In Europe, all orchids are terrestrial and can be
found in almost all habitat types (Hagsater and Dumont 1996; Delforge 2006; Stipkova et al.
2017). The most species-rich area in Europe is Southern Europe, especially the Mediterranean
(Del Prete and Mazzola 1995; Hagsater and Dumont 1996). Certain orchid genera (e.g. Ophrys,
Serapias), for which Mediterranean is a centre of evolution, reach here a remarkable species
diversity (Del Prete and Mazzola 1995; Phitos et al. 1995; Pridgeon et al. 2001), whereas
species-rich genera of more northern origin (e.g. Epipactis, Dactylorhiza) reach their highest
species diversity in Central and Northern Europe (Averyanov 1990). The availability of detailed

records provide opportunities for comparative analyses of species declines over time.

Therefore, it is a pity that despite the high number of studies dealing with orchids, we
still lack rigorous analyses of this data aimed at determining the relative importance of
environmental factors and species traits associated with the decline in numbers of orchid sites
and species. However, such an analysis is crucial for making appropriate recommendations for
their conservation in terms of proposing an effective management of orchid sites (Kull and
Hutchings 2006). Terrestrial orchids are probably one of the best examples of a decline in

biodiversity among plant families.

There is an important life history trait that plays a significant role in determining orchid

presence/absence and distribution in space: their specific rooting system, which is thought to



represent particular strategies for underground storage of resources (Rasmussen 1995). In some
species, the root system consists of a simple rhizome, whereas in others it is thicker and tuberous
and serves as a storage organ. Among the European orchids, the genera Epipactis,
Cephalanthera and Cypripedium, which are believed to be the most primitive, have short
rhizomes. The most important evolutionary development in the growth forms of Orchidaceae
was the production of efficient storage organs (tuberoids). In this evolutionary process,
Pseudorchis albida is the most primitive tuberoid orchid, whereas the palmate tuberoids
(Dactylorhiza, Coeloglossum, Gymnadenia) and those with fusiform tubers (e.g. Platanthera)
evolved later (Dressler 1981; Averyanov 1990; Tatarenko 2007). Coarse division of the
European orchids in terms of their root systems could be useful for testing hypotheses of
distribution patterns, as this trait has evolved and differentiated in response to changing climatic
conditions (Averyanov 1990).

Following approaches on the evolutionary trends of the temperate orchids (Dressler 1981,
Averyanov 1990, Tatarenko 2007), the species of orchids have been classified in three
categories in this thesis. The classification was based on the above-mentioned morphology of
their root system, which also demonstrates how primitive or highly evolved the orchid species
in question is. Based on these classification criteria, the first species group consists of the
rhizomatous orchids (Cephalanthera, Corallorhiza, Cypripedium, Epipactis, Epipogium,
Goodyera, Hammarbya, Limodorum, Liparis, Malaxis, and Neottia). The second species group
consists of orchids with palmate or fusiform tubers, which represent an intermediate stage
(hereafter called as intermediate) in the evolution of the temperate orchids of Eurasia, and as a
result, this group includes the species of the genera Dactylorhiza, Gymnadenia, Platanthera
and Pseudorchis. The third species group consists of those orchids having spheroid or spindle-
shaped tuberous root system (Anacamptis, Herminium, Himantoglossum, Neotinea, Ophrys,
Orchis, Spiranthes and Traunsteinera).

Relationship of species richness of orchids with different rooting systems with various
ecological factors and rate of specialization based on specific environmental conditions have
not been studied in Europe before. To fill this gap in our knowledge, we explored the
associations of orchid species richness and the degree to which an orchid species is specialized
to specific environmental conditions (measured as species specialization index) with altitude in

the Czech Republic (Paper I) and with various ecological factors in Greece (Paper VI).

In addition to their specific rooting systems, orchids have very complicated pollination

strategies. Survival of an orchid population or even a species may strongly depend on



pollination and subsequent seed production (Jacquemyn et al. 2005a). As specialized
pollination systems may be particularly vulnerable to anthropogenic landscape modification
(Anderson et al. 2011; Pauw and Bond 2011; Phillips et al. 2015), the type of pollination system
may strongly affect species survival.

Generally, orchids are characterized by a diversity and specificity of pollination mechanisms,
which may involve food-foraging, territorial defence, pseudoantagonism, rendezvous
attraction, brood-site and shelter imitation, sexual response, or habitat-selection behaviour of
their pollinators (Ackerman 1986; Tremblay 1992; Tremblay et al. 2005; Jersdkova et al. 2006;
Micheneau et al. 2009). Most plants pollinated by animals produce and offer rewards to attract
pollinators to visit their flowers (nectariferous species; Simpson and Neff 1983). Nectar is
considered the most common floral reward (Dressler 1981; Jersakova and Johnson 2006) and
can influence several aspects of pollinator behaviour (Jersakova and Johnson 2006). However,
some plants attract pollinators, although they do not offer them any reward in their flowers
(nectarless — often also called deceptive — species; Heinrich 1979; Bell 1986). The nectarless
strategy has evolved in many plant families, but most of nectarless species are orchids (Renner
2005; Jersakova et al. 2006). In general, plants of nectariferous species are visited more
frequently than nectarless plants (Neiland and Wilcock 1998; Pellissier et al. 2010). Pollinators
also visit more flowers per inflorescence in nectariferous than in nectarless species (Jersdkova
and Johnson 2006; Hobbhahn et al. 2017). Nectariferous species are less pollinator-specific
than nectarless species, among which the most pollinator-specific are sexually deceptive species
(Cozzolino and Widmer 2005; Phillips et al. 2009). As much as 60-70% of orchids have a
single pollinator species (Tremblay et al. 2005). This specialization for a single or a few
pollinators (Tremblay 1992; Phillips et al. 2009) makes orchids vulnerable to fluctuations in
pollinator abundance. Nectariferous orchids are better competitors for pollinators than
nectarless orchids (Pellissier et al. 2010). All this has consequences for fruit production and
therefore fitness of the plants. As a result, nectariferous species have a higher fruit set than
nectarless ones (Neiland and Wilcock 1998; Tremblay et al. 2005; Phillips et al. 2009;
Hobbhahn et al. 2017) in all geographical areas (Neiland and Wilcock 1998) due to pollination
limitation (Neiland and Wilcock 1998; Tremblay et al. 2005). According to facts mentioned
above, we suppose that pollination strategy plays a role in orchid distribution (Paper II).

All the above affect the altitudinal and spatial distribution of orchids, as well as a range of
ecological conditions. For example, on La Reunion Island, Jacquemyn et al. (2005b) report that
animal-pollinated orchids are more abundant at lower altitudes, while at high altitudes orchids

tended to be auto-pollinated and cleistogamous. In Switzerland, the relationship between
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altitude and frequency of orchids of different reward strategies indicates a significant decrease
in the occurrence of generalized nectarless species of orchids with increase in altitude (Pellissier

et al. 2010).

In addition to the pollination strategy, pollinator abundance can also affect fruit set in
orchids. Pollinator abundance is influenced by climate (temperature, seasonality) in a given
area, which in turn is strongly determined by altitude (Arroyo et al. 1982; Korner 2007).
Although hypotheses testing associations of species richness and niche breadth with altitude
are frequently referred to in the literature (e.g. Kluge and Kessler 2011; McCreadie et al. 2017,
Herrera et al. 2018; Vargas et al. 2018 and so on), none of these studies distinguished between

pollination strategies (nectariferous/nectarless).

Orchids and their conservation

Decline in biodiversity is unquestionable (https://www.ipbes.net/global-assessment).
There is an urgent need to stop this trend or at least slow it down. This is especially true in
Europe, where the numbers of species, abundances and distributions of many plant and animal

species have dramatically declined during recent decades.

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 (Paper III
and Paper IV). It is commonly accepted that urbanization, land use changes and intensification
of agriculture have resulted in a dramatic loss of habitats and fragmentation (Stewart 1992;
Fischer and Stocklin 1997; Kull et al. 2002, 2016; Bilz et al. 2011; Tsiftsis et al. 2011). The
current landscape in Europe is mainly a result of the changes in farm management that occurred
over recent decades (Henle et al. 2008). This affected the composition of the flora and fauna in
most areas and resulted in a decline in European biodiversity (Fahrig et al. 2011; Ferreira et al.
2013; Brunbjerg et al. 2017; Fardila et al. 2017; Poschlod and Braun-Reichert 2017; Hass et al.
2018; Kurze et al. 2018). As for most other taxonomic groups, the reasons for the decline in
orchid biodiversity include habitat loss, eutrophication and fragmentation (Wotavova et al.
2004; Janeckova et al. 2006; Kull and Hutchings 2006; Kull et al. 2016). Central European
countries have been intensively affected by land use change or agricultural intensification.
Among these countries, the Czech Republic was strongly affected by such changes over the last

few decades (Paper III). In the past, there were important changes in the use of land in the Czech



Republic, which differed from those that occurred in western parts of Europe because of the
differences in the political regimes (Adams and Adams 1971; Wédekin 1982; Krémarova and
Jelecek 2017). Before 1948, fields and meadows were traditionally managed (Kréméatova and
Jelecek 2017), which involved mowing and grazing, low intensity agriculture of small fields
and low application of fertilizers (Adams and Adams 1971). After 1948, small fields were
consolidated into huge fields (Skalos et al. 2011) and subsidies for fertilizers were provided,
which resulted in the amount of chemicals in the soil increasing rapidly (Adams and Adams
1971). As a result, many orchids declined and can only be found at a small number of sites
(Paper IV). After the change of regime in 1989, the subsidies for fertilizers ceased, which
resulted in a great decline in the use of fertilizers for a while (Reif et al. 2008). The implications

for the survival of orchid sites were not dramatic, however (Paper IV).

The knowledge of orchid ecology, including environmental gradients that influence the
patterns in orchid abundance, distribution, richness and composition, is essential for planning
and applying conservation strategies and actions (Tsiftsis et al. 2008; Swarts and Dixon 2009),
as lack of such knowledge negatively affects our ability to identify sites that are worth
protecting. We also still lack the knowledge needed to develop management plans for orchids

under current or future scenarios of habitat loss and climate change.

Among others, 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. Both values

were used for assessing which factors affect the distribution of Czech orchids (Papers I, I, VI).

Orchid distribution patterns

Understanding the abundance and distribution patterns of species at large spatial scales
is one of the key goals of biogeography and macroecology (Brown 1995; Gaston and Blackburn
2000; Paper VI), but effective conservation requires knowledge of species at small spatial scales

(Tsiftsis et al. 2008; Swarts and Dixon 2009).

Species richness decreases from the equator towards the poles (Crame 2001; Francis
and Currie 2003), and this pattern is among the most consistent ones in biogeography

(Hillebrand 2004). The dependence of species richness on elevation is usually hump-shaped
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(Vetaas and Grytnes 2002; Bhattarai and Vetaas 2003), or monotonically decreases with
increasing elevation (Bachman et al. 2004; Jacquemyn et al. 2005b), but sometimes species
richness increases with elevation or shows an inversely unimodal trend; more rarely no obvious
trend can be observed (Grytnes 2003; Hrivnak et al. 2014). In temperate regions, plant species
richness is lower in areas of cold compared to warm climatic conditions, while species niches
and range sizes tend to be broader (Stevens 1989; Thompson 2005). However, except of the
environmental gradients, other important factors are also influencing patterns and rates of niche
breadth, e.g. the life-history strategy of the studied species group (Kostikova et al. 2013). Global
warming has a direct effect on species distributions, as over the last years an increasing number
of plant species occurring in the high mountains of Europe has been observed (Steinbauer et al.
2018). Although some species expand their distribution ranges towards northern areas or to
higher elevations, other species are becoming more restricted due to the desertification observed

in the southern parts of Europe (Karamesouti et al. 2015).

Species distribution models (SDMs) are a useful tool, which is often applied in many
branches of biogeography, conservation biology, and ecology in the last decades (Elith and
Leathwick 2009), especially when threatened species are concerned (Guisan et al. 2013). These
numerical tools combine species occurrence records with environmental data (Elith and
Leathwick 2009). In combination with GIS techniques, these models are especially important
and useful for predicting occurrence of rare species (Guisan and Thuiller 2005). Although the
results of species distribution models often suffer from high levels of uncertainty of several
factors, concerning biased species distribution data, errors in environmental variables used as
predictors, spatial resolution, and the modelling process (Elith and Graham 2009; Rocchini et
al. 2011), SDMs have become widely accepted tools to predict species distributions (Tsiftsis et
al. 2012).

The maximum entropy algorithm in the MaxEnt application (Elith et al. 2006; Phillips
et al. 2006; Phillips and Dudik 2008; Elith et al. 2011) is often used for modelling species
distributions from presence-only species records (Elith et al. 2011). This approach was used by
conservation practitioners for predicting the distribution of a species from a set of occurrence
records and environmental variables (Elith et al. 2011; Fourcade et al. 2014). MaxEnt is one of
the most robust approaches of species distribution in terms of successfully estimating the area
from only a few records of occurrence (Hernandez et al. 2006; Yi et al. 2016). Despite long
history of studies on orchids, only a minute part of previous papers concerning distribution,

phytogeography, or conservation strategies of this taxonomic group included application of



species distribution models (e.g., see Kolanowska 2013; Wan et al. 2014; Reina-Rodriguez et
al. 2016; Vollering et al. 2016). Presence-only modelling methods require exclusively 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 and Dudik
2008). The above-mentioned tools help us with determining the suitable areas for orchid

occurrence and factors that influence orchid distribution in the Czech Republic (Paper V).

Factors affecting orchid distribution

Recently, questions concerning species diversity became even more important, because
the diversity of life on Earth is in rapid decline (Dirzo and Raven 2003). Therefore, one of the
most pressing tasks facing the global conservation community is trying to understand the main
factors determining diversity of species (Possingham and Wilson 2005) and identifying
important areas for their conservation (Tsiftsis et al. 2011). Orchids are also known for their
sensitivity to environmental changes (Dirzo and Raven 2003), as well as to their high extinction
risk, compared to other plant families, as a result of natural and/or anthropogenic causes
(Hutchings 1989; Kull et al. 2006). 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 orchid
species (Swarts and Dixon 2017). 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. Stipkova et al. 2017, 2018).

On a regional scale, geological substrate and the distribution of suitable plant
communities determine the distribution of species (Tsiftsis et al. 2008), whereas on broad
geographical scales, plant species richness is largely determined by climatic conditions
(Sanders et al. 2007; Acharya et al. 2011; Trigas et al. 2013), which are in turn mostly

influenced by elevation and latitude of the area considered.

A better understanding of how species richness, niche breadth and range size are
associated with geographical and/or environmental gradients is of crucial importance for
species conservation and may even help us to predict the effects of global change, specifically
when orchid distribution is considered (Swarts and Dixon 2009; Zhang et al. 2015). In spite of
many orchid atlases describing their distributions, there is only scattered information on the
factors determining orchid distribution and species richness throughout the Czech Republic
(Paper I and II).
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MAIN QUESTIONS AND HYPOTHESES

Following the information from the literature mentioned above, we tried to fill in some

gaps in orchid knowledge. The research contained in this doctoral thesis is focused on exploring

four main topics:

First, we aimed to explore the factors determining orchid species richness and the degree
to which an orchid species is specialized to specific environmental conditions in
different altitudes in the Czech Republic, based on specific life strategies of orchids,
namely: (i) different types of orchid root systems (Paper I) and (ii) different pollination
strategies of orchids (Paper II).

Second, we showed that the mass extinction of orchid localities did not avoid the area
of the Czech Republic and is associated with changes in land use and intensification of
agriculture in different time periods there (Paper III). We also quantified the percentage
decrease of the number of orchid sites in the Czech Republic based on different systems
of agriculture in individual time periods (Paper III, Paper IV).

Third, we estimated, which environmental factors affect the distribution of selected
orchid species and tried to find new, yet undiscovered, localities for orchid occurrence
in the area of South Bohemia in the Czech Republic, using potential distribution maps
generated by the MaxEnt program (Paper V).

Fourth, we explored the distribution patterns of the orchid flora in Greece based on their
root systems using spatial, ecological and climatic factors as explanatory drivers. We
asked, whether: (i) calcareous substrates, climatic conditions and spatial factors explain
orchid species richness in the three orchid groups and (ii) whether niche breadth and
range size of the orchids are different along the elevational, latitudinal and longitudinal

gradient (Paper VI).
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MATERIALS AND METHODS

The dataset of orchid records we used in Papers I-IV was based on the database of the
Nature Conservation Agency of the Czech Republic. Flora in the Czech Republic is not
uniformly distributed and depends on the region. There are six phytogeographical regions in
the Czech Republic that vary in their average altitude and are characterized by different
composition of their flora. We always analysed particular factors in each of the six

phytogeographical regions separately.

In Paper I, orchids were classified into one of three groups based on their rooting
system (rhizomatous, intermediate and tuberous), whereas in Paper I1, species were classified
as nectarless or nectariferous based on their pollination strategy. Both papers followed the same
procedures in terms of methods that we used. We extracted the altitude of each orchid record
from the altitudinal layer using the WorldClim database and divided the altitudes into 100-m
vertical intervals in each of the six phytogeographical regions of the Czech Republic. Then, we
counted the number of orchid taxa occurring in each vertical interval for each orchid category.
Finally, we calculated orchid density at each altitudinal interval and species specialization index
for each orchid species studied. This process was followed for each phytogeographical region
by considering all the orchids occurring in each site, as well as the 19 bioclimatic variables and
altitude of a specific region. We used regression in order to explore the associations of orchid
density and mean species specialization index with altitude. All analyses were performed in R,

whereas variable extraction was done using ArcGIS.

In Paper 111, we categorized orchids either as nectarless or nectariferous on the basis of
whether or not they provide nectar to their pollinators. We considered three different periods to
address the two substantial shifts in land use in the Czech Republic in 1948 (beginning of the
communist era, consolidating of small fields into large ones, increase of pesticide and fertilizers
use) and in 1989 (end of the communist era, assumed — but not confirmed — beginning of more
nature-friendly agriculture). We compared historical and recent data on species occurrences for
63 species of orchids in the Czech Republic in the three periods. We performed all analyses in
three different spatial resolutions (1 x 1 km, 5 x 5 km and 10 x 10 km), to explore whether grid
cell size affects the interpretation of our results. We used ArcMap to create the three datasets

corresponding to the three spatial resolutions and we performed all further analyses using R.

In Paper IV, we created a grid of 1 x 1 km squares from orchid records based on the
dataset of the Nature Conservation Agency of the Czech Republic. For each orchid site, we
determined the latest year when orchids were still present at the site. If the year was 1990 or
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later, the site was considered as still occupied. If the last record of an extant population at a site
was prior to 1990, this date was considered to be the date of extinction of the orchid population
at this site. We classified orchids into threat categories based on the latest Red List classification
of the Czech Republic. We analysed only those species that are in the extinct (A1) and critically
endangered (C1) categories, in total 34 species. We categorized the Al and C1 species
according to the number of sites recorded in the database and considered several newly
described species of Epipactis as a special case. For each species, we calculated the number of

sites at which extinction was recorded during the selected time periods.

In Paper V, as a source of information, we used data about orchid occurrence from five
databases that have no public access and are deposited in the Global Change Research Institute
CAS, Ceské Budg&jovice branch. We conducted field studies in the region of South Bohemia
during 2014 — 2016. During the field studies, we checked all localities mentioned in the
databases (428 localities) for all studied squares of the Czech network mapping in order to
determine, whether a selected orchid species is still present at a particular locality or whether it
has disappeared there. If an orchid species was found, we recorded information such as the
number of flowering individuals, accurate GPS position of the locality, health state of the
locality, and if the locality is managed or not. In this study, we analysed seven orchid species.
We chose a set of possible important environmental variables according to our knowledge from
various field studies and information mentioned in literature that possibly affect the distribution
of studied species. For the ecological niche modelling, we used maximum entropy method
implemented in the MaxEnt program based on the species presence-only observations and

environmental data from WorldClim database at a spatial resolution of 500 m.

In Paper VI, we divided the area of Greece into 2047 grid cells, size of each grid cell
was 10 x 10 km. Based on occurrence data obtained from Dr. Tsiftsis and his colleague, we
determined presence or absence of each orchid species in each of the 1741 grid cells in areas
where orchids occur. Then, we divided orchids into three categories based on the morphology
of their root system (rhizomatous, intermediate and tuberous). We used environmental variables
important for Greek orchids based on the knowledge of Greek orchid specialists, elevation and
three bioclimatic variables from the WorldClim database determined during the selective
procedure. To explore the associations between species richness, mean niche breadth and mean
distribution of the orchid groups and the selected predictors, we analysed the data using

regression techniques. We performed analyses in R, PASW and also used ArcGIS.

13



RESULTS AND DISCUSSION

In Paper I, the highest species density in the Czech Republic 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. The most widely distributed ones are the rhizomatous orchids, closely
followed by those with an intermediate root system. In the Czech Republic, the middle and high
altitudes are abundantly covered by forests, where most orchids from the previously mentioned
groups typically occur. The least widely distributed group is that of tuberous orchids, whose
centre of evolution, as well as the highest species richness, is in southern Europe. The trends in
both species richness and mean species specialization index differed between the six floristic
areas of the Czech Republic within each of the three orchid groups studied. We assume that
these differences in the trends might be based on the orography of the country, distribution of
suitable habitats and types of bedrock, together with availability of proper mycorrhizal fungi,
at different altitudes in the Czech Republic.

In Paper II, we found that there are more nectariferous than nectarless species of
orchids in the Czech Republic, which is consistent with other published studies. We detected
that there are differences between the six different regions in the Czech Republic in terms of
numbers and density of the studied orchid species. The trends (hump-shaped curves) in species
density of both nectarless as well as nectariferous orchid species were very similar in all
phytogeographical regions, peaking in altitudes between 300 and 900 m. We assume that the
trends strongly depend on the distribution of different habitats and availability of pollinators.
In general, most specialist species of orchids were found in low to middle altitudes. We suppose
that the association of altitude with the richness of orchid flora is much stronger than that with
the biogeography. We suggest that particular attention should be also paid to the biology and

requirements of the plant-pollinator relationships.

In Paper III, we found that many species of orchids suffered a rapid decline in their
distribution in the Czech Republic during the three time periods examined in this study. The
highest decline in distribution during the time periods considered was recorded for critically
endangered taxa (C1) of both nectariferous, as well as nectarless orchid species. The highest
decline was observed for Anacamptis coriophora and Spiranthes spiralis from nectariferous
orchids and for Himantoglossum adriaticum from the nectarless orchid group. Orchids of the
Czech Republic were intensively and severely affected both by the agricultural intensification
and specific changes in forest management practices. The distribution of orchids (both

nectarless and nectariferous) in the Czech Republic is mainly affected by the distribution of
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their habitats. One of the main reasons why orchids are declining in the Czech Republic is that
these natural habitats were artificially altered, mainly due to changes in agricultural practices
not only in the Czech Republic, but also throughout the Central Europe. We concluded that the
spatial resolution used in analyses is very important for results interpretation and emphasized
that authors should use the most precise spatial resolution available to avoid misinterpretation

of their results.

In Paper IV, we determined the instants of extinction of Czech orchid species from their
known sites using the time span of the last 150 years. Unfortunately, the worldwide trend of
dramatic decline of the distribution of many plant species did not avoid the area of the Czech
Republic. We found that the vast majority of orchids in the Czech Republic disappeared from
many of their historical localities during all time intervals analysed. The number of sites that
are suitable for the Czech orchids declined by 8-92%, depending on the species. Moreover,
during the time span analysed, four species became extinct from the Czech orchid flora:
Anacamptis coriophora, Dactylorhiza curvifolia, Gymnadenia odoratissima and Herminium
monorchis. We also determined that the most threatened orchid species in the Czech Republic
are Spiranthes spiralis, Anacamptis palustris, Epipogium aphyllum and Goodyera repens.
These species are vanishing because of the excessive use or alteration of their natural habitats,
mainly caused by the human impact. Similar results were also observed in other European
countries. The extinction and dramatic decline of orchids in the Czech Republic seems to be
closely related with changes in agricultural practices in the open, as well as in forest habitats.
We concluded that preserving suitable orchid habitats seems to be the key for keeping Czech

orchid flora alive.

In Paper V, we explored the most important factors affecting the occurrence and
distribution of the studied species and determined areas where new sites are most likely to be
discovered in the region of South Bohemia in the Czech Republic. We proved that the amount
of arable land is an important factor that has a negative effect on the distribution of the orchid
species studied, as was also mentioned in other studies. We determined that the most important
and commonest environmental factor affecting the distribution of numerous Czech orchid
species in the region of South Bohemia was the land cover, expressed as the consolidated layer
of ecosystems (KVES). This factor played the most important role for 10 out of 11 studied
orchid species. The other two important environmental predictors were the mean annual
precipitation and the slope of the terrain (important for 7 out of 11 studied species). We also

evaluated the most important types of habitats (types of KVES) for orchids. Based on our
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results, these were the habitats of oak and oak-hornbeam forests followed by cultural meadows.
We also discovered that there are still places which are highly suitable for orchid occurrence
based on the potential distribution maps of studied species and a possible finding of a new, yet

undiscovered, locality is highly probable in such places.

In Paper VI, contrary to results in Paper I from the Czech Republic, the most widely
distributed orchids in Greece were the tuberous orchids, followed by rhizomatous and
intermediate ones. The distributions of rhizomatous and intermediate orchids are mainly
associated with the orographic configuration of Greece, whereas the tuberous orchids are
widely distributed in the southern, central and north-western areas of Greece. Spatial
distribution of Greek orchids is associated with a combination of elevation, latitude and climate.
Species richness for the three belowground (root system) strategies was significantly affected
by the predictors, whereas their mean niche breadth and mean distribution were largely
dependent on their evolutionary history expressed by the root system. The maximum elevation
was the most significant factor for the rhizomatous and intermediate orchids, whereas minimum
temperature in the coldest month was highly significant for the tuberous orchids. Our study
demonstrates that the number of tuberous orchid species declines with increasing latitude in
Greece, contrary to the other two groups. The patterns along the latitudinal gradient can be
attributed to the ecological requirements, different origin and evolutionary history of the orchid

genera forming each orchid group.
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CONCLUSIONS

In the papers mentioned above, we presented a new insight into facts that affect orchid
life. We specified the factors that have a strong impact on the presence and distribution of orchid
species and determined the extinction rate and possible future fate of Czech orchid flora. Five
out of the six studies were conducted in the Czech Republic, one in the Mediterranean area — in
Greece. Although the majority of studies was performed in the Czech Republic, we believe that
our results and subsequent suggestions are also applicable in other parts of Central Europe, as

well as in other temperate regions.

The results in Paper I revealed that the most widely distributed orchid group was that
of the rhizomatous orchids, closely followed by intermediate and tuberous orchids. Considering
that orchids from rhizomatous and intermediate groups mainly occur in forested habitats, of
which only a small part is protected, we emphasize the need to conserve forest habitats, which
host many species of orchids, in addition to open habitats. The trends in both species richness
and mean species specialization index differed between the six floristic areas of the Czech
Republic within each of the three orchid groups studied. We assume that the distribution of
orchid taxa in each group strongly depends on the distribution of suitable habitats and bedrock
types, together with mycorrhizal fungi, at different altitudes in the country, contrary to the

findings in Greece.

In Paper II, we studied how pollination mechanisms (presence or absence of nectar)
are associated with orchid species density and mean niche breadth along an altitudinal gradient
in six different phytogeographical regions in the Czech Republic. It is known that pollination
is one of the most important issues in orchid life, but the production of nectar does not provide
any guarantee against local extinction. We determined that there are more nectariferous than
nectarless species of orchids in the Czech Republic. The majority of nectariferous species can
be found in forest habitats, their reproductive success relies on nectar production and
availability of their pollinators. Therefore, we emphasize that also forest habitats, not only
meadows, should be protected in terms of plant species preservation. We also found that there
are differences between the six phytogeographical regions in terms of numbers, as well as
density of orchid species. We assume that these differences are closely connected to the
distribution of different habitats and availability of pollinators in different altitudes. We
conclude that the association of altitude with the richness of orchid flora in the Czech Republic

is much stronger than that with the biogeography.
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Paper III and Paper IV deal with the global problem that the numbers as well as
abundances and distributions of many plant and animal species have dramatically declined
during the recent decades and we may face a mass species extinction in the future.

In Paper III, we focused on changes in the distributions of orchids in the Czech Republic over
three time periods, which are distinguished by different agricultural practices. We found that
distributions of many species of Czech orchids, both nectariferous and nectarless, have
decreased markedly over time, as in other countries in Europe. We assumed that these changes
are directly associated with changes in agriculture practices in the Czech Republic after 1948
and abandonment of traditional management. However, orchids continued to decline even after
1989, probably because of intensive agriculture and extensive use of artificial fertilizers.
Moreover, we determined the effect of three different spatial resolutions and suggest that
authors should use the most precise spatial resolution available in order to avoid
misinterpretation of their results. We believe that results can be used to set up specific
conservation measures that are needed either to prevent further orchid decline or to the recovery
of specific orchid populations.

In Paper IV, we analysed the rate of extinction of orchids at various sites in different 20-year
intervals over the last 150 years, determined according to changes in society. We found that the
vast majority of orchids disappeared from many of their historical localities, the number of
orchid sites declined by 8-92%, depending on the species, and four orchid species became
extinct. Furthermore, we determined that the most threatened orchid species in the Czech
Republic are Spiranthes spiralis, Anacamptis palustris, Epipogium aphyllum and Goodyera
repens, whose status is similar in other European countries. All these changes and huge declines
seem to be closely related with changes in agricultural practices in the open, as well as in forest
habitats, and with excessive use or alteration of orchid natural habitats. Thus, we emphasize
that it is very important to protect natural habitats where Czech orchids occur to preserve them
in their natural environment.

The findings of the Paper V are interesting from the ecological, as well as conservation
point of view, not only in the Czech Republic, but also in other temperate regions. We
determined that the most important factor that affects the distribution of many orchids in the
South Bohemian region is the land cover, expressed by the consolidated layer of ecosystems
(KVES). Based on this, we further determined that the most important type of habitat (type of
KVES) for orchid presence are oak and oak-hornbeam forests and agricultural meadows. The
other significant factors were precipitation and slope of terrain. Thanks to potential distribution

maps, we found other places with suitable environmental conditions for possible orchid
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presence. We suppose that our results are important and helpful in determination of possible
new localities in the region of South Bohemia. We assume that the findings presented in this
study may help in the field of orchid conservation by protecting natural habitats with suitable

environmental conditions for orchid species.

In Paper VI, we focused on factors that determine the distribution of rhizomatous,
intermediate and tuberous orchids in the Mediterranean area of Greece. We found that the
patterns in the distribution of Greek orchid taxa are associated with geology and the special
topography (particularly in terms of elevation, latitude and climate) as well as with the
biogeography of the area, contrary to results of Paper I from the Czech Republic. The
distribution of the rhizomatous and intermediate orchid taxa is mainly driven by the orographic
configuration of Greece, tuberous orchids are widely distributed in calcareous areas across the
southern, central and north-western areas of Greece. We suppose that the patterns in the
distributions recorded for the three species groups, which differ in their root systems, are
associated with gradients in aridity, as well as in temperature. We assume that this type of study
is of interest for many biologists exploring the factors that affect the presence and distribution
of selected plant species, not only orchids. However, further research is needed on similar topics
at a finer spatial resolution, testing simultaneously the effects of global warming on the orchids

occurring around the Mediterranean.

19



REFERENCES

Acharya KP, Vetaas OR, Birks HJB (2011) Orchid species richness along Himalayan
elevational gradients. Journal of Biogeography 38: 1821-1833. DOI: 10.1111/5.1365-
2699.2011.02511.x

Ackerman JD (1986) Mechanisms and evolution of food-deceptive pollination systems in

orchids. Lindleyana 1: 108—113.

Adams AE, Adams JS (1971) Men Versus Systems. Agriculture in the USSR, Poland, and
Czechoslovakia. Free Press, New York, USA.

Anderson SH, Kelly D, Ladley JJ, Molloy S, Terry J (2011) Cascading effects of bird functional
extinction reduce pollination and plant density. Science 331: 1068-1071. DOI:
10.1126/science.1199092

Antonopoulos Z, Tsiftsis S (2017) Atlas of the Greek Orchids, vol II. Mediterraneo Editions,

Rethymno, Greece.

Arroyo MTK, Primack R, Armesto J (1982) Community Studies in Pollination Ecology in the
High Temperate Andes of Central Chile. I. Pollination Mechanisms and Altitudinal
Variation. American Journal of Botany 69: 82. DOI: 10.1002/5.1537-2197.1982.tb13237.x

Averyanov LV (1990) A review of the genus Dactylorhiza. In: Arditti J (ed) Orchid Biology —
Reviews and Perspectives. V. Timber Press Inc., Portland, USA, pp. 159-206.

Averyanov LV, Nguyen KS, Tich NT, Nguyen PT, Nong VD, Nguyem VC, Xuan CC (2015)
New orchids in the flora of Vietnam. Wulfenia 22: 137-188.

Bachman S, Baker WJ, Brummitt N, Dransfield J, Moat J (2004) Elevational gradients, area
and tropical island diversity: an example from the palms of New Guinea. Ecography 27:

299-310. DOI: 10.1111/5.0906-7590.2004.03759.x

Bell G (1986) The evolution of empty flowers. Journal of Theoretical Biology 118: 253-258.
DOI: 10.1016/S0022-5193(86)80057-1

Bhattarai KR, Vetaas OR (2003) Variation in plant species richness of different life forms along
a subtropical elevation gradient in the Himalayas, east Nepal. Global Ecology and

Biogeography 12: 327-340. DOI: 10.1046/7.1466-822X.2003.00044.x

Bilz M, Kell SP Maxted, N, Lansdown RV (2011) European Red List of Vascular Plants.

Publication Office of the European Union, Luxembourg, Luxembourg.

20



Bose TK, Bhattacharjee SK, Das P, Basak UC (1999) Orchids of India. Naya Prokash, Calcutta,

India.
Brown JH (1995) Macroecology. University of Chicago Press, Chicago, USA.

Brunbjerg AK, Hoye TT, Eskildsen A, Nygaard B, Damgaard CF, Ejrnas R (2017) The
collapse of marsh fritillary (Euphydryas aurinia) populations associated with declining

host plants abundance. Biological Conservation 211: 117-124. DOLI:
10.1016/j.biocon.2017.05.015

Cozzolino S, Widmer A (2005) Orchid diversity: An evolutionary consequence of deception?
Trends in Ecology and Evolution 20: 487-494. DOI: 10.1016/j.tree.2005.06.004

Crame JA (2001) Taxonomic diversity gradients through geological time. Diversity and
Distribution 7: 175-189. DOI: 10.1111/.1472-4642.2001.00106.x

Cribb PJ, Kell SP, Dixon KW, Barrett RL (2003) Orchid Conservation: a Global Perspective.
In: Dixon KW, Kell SP, Barrett RL, Cribb PJ (eds.) Orchid Conservation. Natural History
Publications, Kota Kinabalu, Sabah, pp. 1-2.

Del Prete C, Mazzola P (1995) Endemism and speciation in the orchids of Mediterranean

1slands. Flora Mediterranea 21: 119-134.

Delforge P (2006) Orchids of Europe, North Africa and the Middle East. A & C Black, London,
UK.

Dirzo R, Raven PH (2003) Global state of biodiversity and loss. Annual Review of Environment
and Resources 28: 137-167. DOI: 10.1146/annurev.energy.28.050302.105532

Dressler RL (1981) The Orchids: Natural History and Classification. Harvard University Press:
Cambridge, MA, USA.

Dykyjova D (2003) Ekologie stiedoevropskych orchideji. KOPP, Ceské Budgjovice, Ceska
republika.

Elith J, Graham CH (2009) Do they? How do they? WHY do they differ? On finding reasons
for differing performances of species distribution models. Ecography 32: 66-77. DOI:
10.1111/5.1600-0587.2008.05505.x

Elith J, Graham CH, Anderson RP, Dudik M, Ferrier S, Guisan A, Hijmans RJ, Huettmann F,
Leathwick JR, Lehmann A, Li J, Lohmann LG, Loiselle BA, Manion G, Moritz C,
Nakamura M, Nakazawa Y, Overton JMCM, Townsend Peterson A, Phillips SJ,

21



Richardson K, Scachetti-Pereira R, Schapire RE, Soberon J, Williams S, Wisz MS,
Zimmermann NE (2006) Novel methods improve prediction of species’ distributions from

occurrence data. Ecography 29: 129-151. DOI: 10.1111/5.2006.0906-7590.04596.x

Elith J, Leathwick JR (2009) Species distribution models: ecological explanation and prediction
across space and time. Annual Reviews in Ecology, Evolution and Systematics 40: 677—

697. DOI: 10.1146/annurev.ecolsys.110308.120159

Elith J, Phillips SJ, Hastie T, Dudik M, Chee YE, Yates CJ (2011) A statistical explanation of
MaxEnt for ecologist. Diversity and Distributions 17: 43-57. DOI: 10.1111/5.1472-
4642.2010.00725.x

Fahrig L, Baudry J, Brotons L, Burel FG, Crist TO, Fuller RJ, Sirami C, Siriwardena GM,
Martin J-L (2011) Functional landscape heterogeneity and animal biodiversity in
agricultural landscapes. Ecology Letters 14: 101-112. DOI: 10.1111/;.1461-
0248.2010.01559.x

Fardila D, Kelly LT, Moore JL, McCarthy MA (2017) A systematic review reveals changes in
where and how we have studied habitat loss and fragmentation over 20 years. Biological

Conservation 212: 130-138. DOI: 10.1016/j.biocon.2017.04.031

Ferreira PA, Boscolo D, Viana BF (2013) What do we know about the effects of landscape
changes on plants-pollinator interaction networks? Ecological Indicators 31: 35-40. DOI:

10.1016/j.ecolind.2012.07.025

Fischer M, Stocklin J (1997) Local extinction of plants in remnants of extensively used
calcareous grasslands 1950-1985. Conservation Biology 11: 727-737. DOI:
10.1046/7.1523-1739.1997.96082.x

Fourcade Y, Engler JO, Rodder D, Secondi J (2014) Mapping species distributions with
MAXENT using a geographically biased sample of presence data: a performance
assessment of methods for correcting sampling bias. PLoS One 9: ¢97122. DOI:
10.1371/journal.pone.0097122

Francis AP, Currie DJ (2003) A globally consistent richness—climate relationship for
angiosperms. American Naturalist 161: 523-536.

Gaston KJ, Blackburn TM (2000) Patterns and Process in Macroecology. Blackwell Science
Ltd, Cambridge, UK.

22



Govaerts R (2020) World checklist of Orchidaceae. Facilitated by the Royal Botanic gardens,
Kew. Http://wcsp.science.kew.org/. (Accessed 31 January 2020).

Grulich V (2017) The Red List of vascular plants of the Czech Republic. Ptiroda 35: 75-132.

Grytnes JA (2003) Species-richness patterns of vascular plants along seven altitudinal transects

in Norway. Ecography 26: 291-300. DOI: 10.1034/.1600-0587.2003.03358.x

Guisan A, Thuiller W (2005) Predicting species distribution: offering more than simple habitat
models. Ecology Letters 8: 993—1009. DOI: 10.1111/5.1461-0248.2005.00795.x

Guisan A, Tingley R, Baumgartner JB, Naujokaitis-Lewis I, Sutcliffe PR, Tulloch AIT, Regan
TJ, Brotons L, McDonald-Madden E, Mantyka-Pringle C, Martin TG, Rhodes JR, Maggini
R, Setterfield SA, Elith J, Schwartz MW, Wintle BA, Broennimann O, Austin M, Ferrier
S, Kearney MR, Possingham HP, Buckley YM (2013) Predicting species distributions for
conservation decisions. Ecology Letters 16: 1424—-1435. DOI: 10.1111/ele.12189

Hass AL, Kormann UG, Tscharntke T, Clough Y, Baillod AB, Sirami C, Fahrig L, Martin J-L,
Baudry J, Bertrand C, Bosch J, Brotons L, Burel F, Georges R, Giralt D, Marcos-Garcia
MA, Ricarte A, Siriwardena G, Batary P (2018) Landscape configurational heterogeneity
by small-scale agriculture, not crop diversity, maintains pollinators and plant reproduction

in western Europe. Proceedings of the Royal Society B — Biological Sciences 285:

20172242. DOL: 10.1098/rspb.2017.2242

Hagsater E, Dumont V (1996) Orchids: status, survey and conservation action plan. IUCN,

Gland, Switzerland.
Heinrich B (1979) Bumblebee Economics. Harvard University Press, Cambridge, USA.

Henle K, Alard D, Clitherow J, Cobb P, Firbank L, Kull T, McCracken D, Moritz RFA, Niemela
J, Rebane M, Wascher D, Watt A, Young J (2008) Identifying and managing the conflicts
between agriculture and biodiversity conservation in Europe — a review. Agriculture,

Ecosystems and Environment 124: 60-71. DOI: 10.1016/j.agee.2007.09.005

Hernandez P, Graham C, Lawrence L, Albert D (2006) The effect of sample size and species
characteristics of performance of different species distribution modelling methods.

Ecography 29: 773-785. DOI: 10.1111/5.0906-7590.2006.04700.x

Herrera JM, Ploquin EF, Rasmont P, Obeso JR (2018) Climatic niche breadth determines the

response of bumblebees (Bombus spp.) to climate warming in mountain areas of the

23



Northern Iberian Peninsula. Journal of Insect Conservation 22: 771-779. DOI:

0.1007/s10841-018-0100-x

Hillebrand H (2004) On the generality of the latitudinal diversity gradient. American Naturalist
163: 192-211.

Hobbhahn N, Johnson SD, Harder LD (2017) The mating consequences of rewarding vs.
deceptive pollination systems: Is there a quantity-quality trade-off? Ecological

Monographs 87: 91-104. DOI: 10.1002/ecm.1235

Hrivnak R, Gomory D, Slezék M, Ujhazy K, Hédl R, Jarcuska B, Ujhdzyova M (2014) Species
richness pattern along altitudinal gradient in central European beech forests. Folia

Geobotanica 49: 425—441. DOI: 10.1007/s12224-013-9174-0

Hutchings MJ (1989) Population biology and conservation of Ophrys sphegodes. In: Pritchard
HW (ed) Modern methods in orchid conservation: the role of physiology, ecology and

management. Cambridge University Press, Cambridge, UK.

Jacquemyn H, Brys R, Hermy M, Willems JH (2005a) Does nectar reward affect rarity and
extinction probabilities of orchid species? An assessment using historical records from
Belgium and the Netherlands. Biological Conservation 121: 257-263. DOI:
10.1016/j.biocon.2004.05.002

Jacquemyn H, Micheneau C, Roberts DL, Pailler T (2005b) Elevational gradients of species
diversity, breeding system and floral traits of orchid species on Réunion Island. Journal of

Biogeography 32: 1751-1761. DOI: 10.1111/5.1365-2699.2005.01307.x

JaneCkova P, Wotavova K, Schodelbauerova I, Jersakova J, Kindlmann P (2006) Relative
effects of management and environmental conditions on performance and survival of

population of a terrestrial orchid, Dactylorhiza majalis. Biological Conservation 129: 40—

49. DOI: 10.1016/j.biocon.2005.09.045

Jersakova J, Johnson SD (2006) Lack of floral nectar reduces self-pollination in a fly-pollinated
orchid. Oecologia 147: 60-68. DOI: 0.1007/s00442-005-0254-6

Jersékova J, Johnson SD, Kindlmann P (2006) Mechanisms and evolution of deceptive
pollination in orchids. Biological Reviews 81: 219-235. DOI:
10.1017/S1464793105006986

Jersdkova J, Kindlmann P (2004) Zasady péce o orchidejova stanovisté. KOPP, Ceské

Budgjovice, Ceské republika.

24



Karamesouti M, Detsis V, Kounalaki A, Vasiliou P, Salvati L, Kosmas C (2015) Land-use and
land degradation processes affecting soil resources: evidence from a traditional
Mediterranean cropland (Greece). CATENA 132: 45-55. DOLI:
10.1016/j.catena.2015.04.010

Kluge J, Kessler M (2011) Influence of niche characteristics and forest type on fern species

richness, abundance and plant size along an elevational gradient in Costa Rica. Plant

Ecology 212: 1109-1121. DOI: 10.1007/s11258-010-9891-x

Knapp WM, Frances A, Noss R, Naczi RFC, Weakley A, Gann GD, Baldwin BG, Miller J,
MclIntyre P, Mishler BD, Moore G, Olmstead G, Strong A, Kennedy K, Heidel B,
Gluesenkamp D (2020) Vascular plant extinction in the continental United States and
Canada. Conservation Biology 35: 360-368. DOI: 10.1111/cobi.13621

Kolanowska M (2013) Glacial refugia and migration routes of the neotropical genus Trizeuxis
(Orchidaceae). Acta Societatis Botanicorum Poloniae 82: 225-230. DOI:
10.5586/asbp.2013.024

Kostikova A, Litsios G, Salamin N, Pearman PB (2013) Linking life-history traits, ecology, and
niche breadth evolution in North American eriogonoids (Polygonaceae). American

Naturalist 182: 760-774. DOI: 10.1086/673527

Korner C (2007) The use of ‘altitude’ in ecological research. Trends in Ecology and Evolution

22:569-574. DOL: 10.1016/j.tree.2007.09.006

Krémarova J, JeleCek L (2017) Czech traditional agroforestry: Historic accounts and current

status. Agroforestry Systems 91: 1087—1100. DOI: 10.1007/s10457-016-9985-0

Kull T, Hutchings MJ (2006) A comparative analysis of decline in the distribution ranges of
orchid species in Estonia and the United Kingdom. Biological Conservation 129: 31-39.

DOI: 10.1016/j.biocon.2005.09.046

Kull T, Kindlmann P, Hutchings M, Primack R (2006) Conservation biology of orchids:
introduction to the special issue. Biological Conservation 129: 1-3. DOLI:

10.1016/j.biocon.2005.11.011

Kull T, Kukk T, Leht M, Krall H, Kukk U, Kull K, Kuusk V (2002) Distribution trends of rare

vascular plant species in Estonia. Biodiversity and Conservation 11: 171-196.

25



Kull T, Selgis U, Pecina MV, Metsare M, Ilves A, Tali K, Sepp K, Kull K, Shefferson RP
(2016) Factors influencing IUCN threat levels to orchid across Europe in the basis of
national red lists. Ecology and Evolution 6 (17): 6245-6265. DOI: 10.1002/ece3.2363

Kurze S, Heinken T, Fartmann T (2018) Nitrogen enrichment in host plants increases the
mortality of common Lepidoptera species. Oecologia 188: 1227-1237. DOI:
10.1007/s00442-018-4266-4

Kiihn R, Pedersen HZE, Cribb P (2019) Field Guide to the Orchids of Europe and the
Mediterranean. Kew Publishing, Royal Botanic Gardens, Kew, UK.

McCreadie JW, Hamada N, Grillet ME, Adler PH (2017) Alpha richness and niche breadth of
a widespread group of aquatic insects in Nearctic and Neotropical streams. Freshwater

Biology 62: 329-339. DOL: 10.1111/fwb.12870

Micheneau C, Johnson SD, Fay MF (2009) Orchid pollination: from Darwin to the present day.
Botanical Journal of the Linnean Society 161: 1-19. DOI: 10.1111/3.1095-
8339.2009.00995.x

Millar A (1978) Orchids of Papua New Guinea, an introduction. Australian National University

Press, Canberra, Australia.

Neiland C, Wilcock M (1998) Fruit Set, Nectar Reward, and Rarity in the Orchidaceae.
American Journal of Botany 85: 1657-1671. DOI: 10.2307/2446499

Pauw A, Bond WJ (2011) Mutualisms matter: Pollination rate limits the distribution of oil-
secreting orchids. Oikos 120: 1531-1538. DOI: 10.1111/j.1600-0706.2011.19417.x

Pellissier L, Vittoz P, Internicola Al, Gigord LDB (2010) Generalized food-deceptive orchid
species flower earlier and occur at lower altitudes than rewarding ones. Journal of Plant

Ecology 3: 243-250. DOI: 10.1093/jpe/rtq012

Pfeifer M, Wiegand K, Heinrich W, Jetschke G (2006) Long-term demographic fluctuations in
an orchid species driven by weather: Implications for conservation planning. Journal of

Applied Ecology 43: 313-324. DOI: 10.1111/5.1365-2664.2006.01148.x

Phillips SJ, Anderson RP, Schapire RE (2006) Maximum entropy modelling of species
geographic distribution. Ecol Model 190: 231-259. DOIL:
10.1016/j.ecolmodel.2005.03.026

26


https://doi.org/10.1016/j.ecolmodel.2005
https://doi.org/10.1016/j.ecolmodel.2005

Phillips SJ, Dudik M (2008) Modelling of species distributions with Maxent: new extensions
and a comprehensive evaluation. Ecography 31: 161-175. DOIL: 10.1111/5.0906-
7590.2008.5203.x

Phillips RD, Faast R, Bower CC, Brown GR, Peakall R (2009) Implications of pollination by
food and sexual deception for pollinator specificity, fruit set, population genetics and
conservation of Caladenia (Orchidaceae). Australian Journal of Botany 57: 287-306. DOL:
10.1071/BT08154

Phillips RD, Peakall R, Retter BA, Montgomery K, Menz MHM, Davis BJ, Hayes C, Brown
GR, Swarts ND, Dixon KW (2015) Pollinator rarity as a threat to a plant with a specialized

pollination system. Botanical Journal of the Linnean Society 179: 511-525. DOI:
10.1111/b0j.12336

Phitos D, Strid A, Snogerup S, Greuter W (1995) The red data book of rare and threatened
plants of Greece. WWF for Nature, Athens, Greece.

Pillon Y, Chase M (2006) Taxonomic exaggeration and its effects on orchid conservation.

Conservation Biology 21: 263-265. DOI: 10.1111/5.1523-1739.2006.00573.x

Poschlod P, Braun-Reichert R (2017) Small natural features with large ecological roles in
ancient agricultural landscapes of Central Europe — history, values, status, and

conservation. Biological Conservation 211: 60—68. DOI: 10.1016/j.biocon.2016.12.016
Possingham HP, Wilson KA (2005) Biodiversity — turning up the heat on hotspots. Nature
436: 919-920. DOI: 10.1038/436919a

Pridgeon A, Cribb P, Chase M, Rasmussen F (2001) Genera Orchidacearum, vol. 2.
Orchidoideae (Part 1). Oxford University Press Inc, New York, USA.

Priisa D (2005) Orchideje Ceské republiky. Computer press, Brno, Ceské republika.

Rasmussen HN (1995) Terrestrial Orchids from Seed to Mycotrophic Plant. Cambridge
University Press, Cambridge, UK.

Reif J, Voiisek P, Stastny K, Bejéek V, Petr J (2008) Agricultural intensification and farmland
birds: new insight from a central European country. Ibis 150: 596-605. DOI:
10.1111/3.1474-919X.2008.00829.x

Reina-Rodriguez GA, Rubiano JE, Llanos FAC, Otero JT (2016) Spatial distribution of dry

forest orchids in the Cauca River Valley and Dagua Canyon: towards a conservation

27



strategy to climate change. Journal for Nature Conservation 30: 32-43. DOI:
10.1016/5.jnc.2016.01.004

Renner SS (2005) Nectarless flowers in the angiosperms and the role of insect cognition in their
evolution. In: Waser NM, Olerton J (eds) Plant-animal interactions: from specialization to

generalization. University of Chicago Press, Chicago, USA, pp. 123-144.

Rocchini D, Hortal J, Lengyel S, Lobo JM, Jimenez-Valverde A, Ricotta C, Bacaro G,
Chiarucci A (2011) Accounting for uncertainty when mapping species distributions: the
need for maps of ignorance. Progress in Physical Geography 35: 211-226. DOI:
10.1177/0309133311399491

Sanders NJ, Lessard J-P, Fitzpatrick MC, Dunn RR (2007) Temperature, but not productivity
or geometry, predicts elevational diversity gradients in ants across spatial grains. Global

Ecology and Biogeography 16: 640—649. DOI: 10.1111/5.1466-8238.2007.00316.x

Seidenfaden G, Wood JJ (1992) The Orchids of Peninsular Malaysia and Singapore. Olsen &

Olsen, Fredensborg, Denmark.

Simpson BB, Neff JL (1983) Evolution and diversity of floral rewards. In: Jones CE, Little RJ
(eds.) Handbook of Experimental Pollination Biology. Van Nostrand Reinhold Company,
New York, USA, pp. 142-159.

Skalo§ J, Weber M, Lipsky Z, Trpékova I, Santrickova M, Uhlitova L, Kukla P (2011) Using
old military survey maps and orthophotograph maps to analyse long-term land cover
changes — case study (Czech Republic). Applied Geography 31: 426-438. DOI:
10.1016/j.apgeog.2010.10.004

Steinbauer MJ, Grytnes J-A, Jurasinski G, Kulonen A, Lenoir J, Pauli H, Rixen C, Winkler M,
Bardy-Durchhalter M, Barni E, Bjorkman AD, Breiner FT, Burg S, Czortek P, Dawes MA,
Delimat A, Dullinger S, Erschbamer B, Felde VA, Fernandez-Arberas O, Fossheim KF,
Gomez-Garcia D, Georges D, Grindrud ET, Haider S, Haugum SV, Henriksen H, Herreros
MJ, Jaroszewicz B, Jaroszynska F, Kanka R, Kapfer J, Klanderud K, Kiihn I, Lamprecht
A, Matteodo M, di Cella UM, Normand S, Odland A, Olsen SL, Palacio S, Petey M,
Piscova V, Sedlakova B, Steinbauer K, Stockli V, Svenning J-C, Teppa G, Theurillat J-P,
Vittoz P, Woodin SJ, Zimmermann NE, Wipf S (2018) Accelerated increase in plant
species richness on mountain summits is linked to warming. Nature 556: 231-234. DOI:

10.1038/s41586-018-0005-6

28



Stevens GC (1989) The latitudinal gradient in geographical range: how so many species coexist

in the tropics. American Naturalist 133: 240-256. DOI: 10.1086/284913

Stewart J (1992) Nature and Environment. In: The Conservation of European Orchids, vol. 57.

Council of Europe Press, Strasbourg, France.

Swarts ND, Dixon WD (2009) Terrestrial orchid conservation in the age of extinction. Annals

of Botany 104: 543-556. DOI: 10.1093/aob/mcp025

Swarts ND, Dixon KW (2017) Conservation Methods for Terrestrial Orchids. J. Ross
Publishing, Plantation, USA.

Stipkova Z, Kosanovda K, Romportl D, Kindlmann P (2018) Determinants of Orchid
Occurrence: A Czech Example. In: Sen B, Grillo O (eds) Selected Studies in Biodiversity.
InTech Open, London, UK, pp. 1-24.

Stipkova Z, Romportl D, Cernocka V, Kindlmann P (2017) Factors associated with the
distributions of orchids in the Jeseniky Mountains, Czech Republic. European Journal of

Environmental Sciences 7: 135-145.

Tatarenko I (2007) Growth habits of temperate terrestrial orchids. In: Cameron KM, Arditti J,
Kull T (eds.) Orchid Biology — Reviews and Perspectives, IX. The New York Botanical
Garden Press, Bronx, USA, pp. 91-161.

Thompson JD (2005) Plant evolution in the Mediterranean. Oxford University Press, Oxford,
UK.

Tremblay RL (1992) Trends in the pollination ecology of the Orchidaceae: evolution and
systematics. Canadian Journal of Botany 70: 642—650. DOI: 10.1139/b92-083

Tremblay RL, Ackerman JD, Zimmerman JK, Calvo RN (2005) Variation in sexual
reproduction in orchids and its evolutionary consequences: A spasmodic journey to
diversification. Biological Journal of the Linean Society 84: 1-54. DOI: 10.1111/5.1095-
8312.2004.00400.x

Trigas P, Panitsa M, Tsiftsis S (2013) Elevational gradient of vascular plant species richness
and endemism in Crete — the effect of post-isolation mountain uplift on a continental island

system. PLoS ONE 8(3): €59425. DOI: 10.1371/journal.pone.0059425

Tsiftsis S, Antonopoulos Z (2017) Atlas of the Greek Orchids, vol 1. Mediterraneo Editions,

Rethymno, Greece.

29



Tsiftsis S, Tsiripidis I, Karagiannakidou V, Alifragis D (2008) Niche analysis and conservation
of orchids of east Macedonia (NE Greece). Acta Oecologica 33: 27-35. DOL
10.1016/j.acta0.2007.08.001

Tsiftsis S, Tsiripidis I, Trigas P (2011) Identifying important areas for orchid conservation in
Crete. European Journal of Environmental Sciences 1: 28-37. DOI:

10.14712/23361964.2015.44

Tsiftsis S, Tsiripidis I, Trigas R, Karagiannakidou V (2012) The effect of presence/absence vs.
continuous suitability data on reserve selection. European Journal of Environmental

Sciences 2(2): 125-137. DOI: 10.14712/23361964.2015.33

Vargas HA, Rasmann S, Ramirez-Verdugo P, Villagra CA (2018) Lioptilodes friasi
(Lepidoptera: Pterophoridae) niche breadth in the Chilean mediterranean matorral biome:
trophic and altitudinal dimensions. Neotropical Entomology 47: 62-68. DOI:
10.1007/s13744-017-0514-2

Vetaas OR, Grytnes JA (2002) Distribution of vascular plant species richness and endemic
richness along the Himalayan elevation gradient in Nepal. Global Ecology and

Biogeography 11: 291-301. DOI: 10.1046/j.1466-822X.2002.00297.x
Vicko J, Dité D, Kolnik M (2003) Orchids of Slovakia. ZO SZOPK, Zvolen, Slovakia.

Vollering J, Schuiteman A, de Vogel E, van Vugt R, Raes N (2016) Phytogeography of New
Guinean orchids: patterns of species richness and turnover. Journal of Biogeography 43:

204-214. DOI: 10.1111/3b1.12612

Wagensommer RP, Medagli P, Turco A, Perrino EV (2020) IUCN Red List evaluation of the
Orchidaceae endemic to Apulia (Italy) and considerations of the application of the [IUCN
protocol to rare species. Nature Conservation Research 5 (Suppl. 1): 90-101. DOL:
10.24189/ncr.2020.033

Wan J, Wang C, Han S, Yu J (2014) Planning the priority protected areas of endangered orchid
species in northeastern China. Biodiversity and Conservation 23: 1395-1409. DOI:
10.1007/s10531-014-0671-0

Widekin KE (1982) Agrarian Policies in Communist Europe. A Critical Introduction.
Allanheld, Osmun Publishers, Totowa, USA.

30



Wotavova K, Balounovéa Z, Kindlmann P (2004) Factors affecting persistence of terrestrial
orchids in wet meadows and implications for their conservation in a changing agricultural

landscape. Biological Conservation 118: 271-279. DOI: 10.1016/j.biocon.2003.09.005

Yi Y-J, Cheng X, Yang Z-F, Zhang S-H (2016) Maxent modelling for predicting the potential
distribution of endangered medicinal plant (H. riparia Lour) in Yunnan, China. Ecological

Engineering 92: 260-269. DOI: 10.1016/j.ecoleng.2016.04.010

Zhang 7ZJ, Yan YJ, Tian Y, Li JS, He JS, Tang ZY (2015) Distribution and conservation of
orchid species richness in China. Biological Conservation 181: 64-72. DOI:

10.1016/j.biocon.2014.10.026

31



ATTACHED PAPERS

Paper I: Stipkova Z, Tsiftsis S, Kindlmann P (2021) Distribution of orchids with different
rooting systems in the Czech Republic. Plants 10: 632. IF2021 = 2.762

Paper II: Stipkova Z, Tsiftsis S, Kindlmann P (2020) Pollination mechanisms are driving
orchid distribution in space. Scientific Reports 10: 850. IF2020 = 4.011

Paper III: Stipkova Z, Tsiftsis S, Kindlmann P (2021) How did the agricultural policy during
the communist period affect the decline in orchid biodiversity in Central and Eastern Europe?

Global Ecology and Conservation 26: €01498. IF2021 = 2.526

Paper IV: Stipkova Z, Kindlmann P (2021) Orchid extinction over the last 150 years in the
Czech Republic. Diversity 13: 78. IF2021 = 1.543

Paper V: Stipkova Z, Romportl D, Kindlmann P (2020) Which environmental factors drive
distribution of orchids? A case study from South Bohemia, Czech Republic. In: Mérillon J-M,
Kodja H (eds) Orchids Phytochemistry, Biology and Horticulture. Springer Nature, Cham,
Switzerland, pp. 1-33.

Paper VI: Tsiftsis S, Stipkova Z, Kindlmann P (2019) Role of way of life, latitude, elevation
and climate on the richness and distribution of orchid species. Biodiversity and Conservation

28 (1): 75-96. IF2019 = 3.142

32



	ABSTRACT
	ABSTRAKT
	INTRODUCTION
	Orchids and their specialized life strategies
	Orchids and their conservation
	Orchid distribution patterns
	Factors affecting orchid distribution

	MAIN QUESTIONS AND HYPOTHESES
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES
	ATTACHED PAPERS

