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Information for Delegates 
 

Symposium Location 
The 31st New Phytologist Symposium will be held in the ‘Conference Center’ of the 
University Calabria (Rende, Cosenza), Italy, 14–16 May 2013. Oral presentations will take 
place in ‘Aula Caldora’. Posters will be displayed in ‘Sala Mostre’ on 14th May and ‘University 
Club’ on 15th May (see campus map). 
 
Venue 
University of Calabria is a public institution established in 1972; it is the first and one of few 
residential university campuses in Italy. Located in Rende, a suburb of Cosenza, the 
university was founded in 1972. It currently has about 36,000 students, 1,000 teaching and 
research staff and about 800 administrative staff. The University is situated along a 
suspension bridge, which is currently 1.3 kilometres long. Its particular architecture is due to 
the cooperation between two architects: Gregotti from Italy and Martensson from 
Denmark. 
Rende is a little town in Calabria, southern Italy, it has a population of about 35,000. It is 
divided in two parts: the old town, which stands on a high hill, and the modern area, on 
level ground, which is part of the urban area of Cosenza and is the centre of the city's 
economy. 
 
Campus facilities 
The campus of the University of Calabria is host to a full range of facilities and services 
including: bar, pub, newsagent, over-the-counter products, bank, cash dispenser, florist, 
stationery and bookseller, tobacconist, church, etc. 
 
Catering 
Coffee breaks will be served in the ‘Bar Caldora’.  
Lunch (12:30–14:00) will be self-service in the ‘Campus Restaurant’. 
(Both are located near to ‘Aula Caldora’.) 
 
Accommodation 
Accommodation can be found at several hotels within close proximity (walking distance) to 
the University (see list at the back of this book).   
 
Field trip 
A whole-day field trip will take place on Thursday. This is open to all delegates who are 
attending the symposium and is included in the registration fee. All participants will travel 
by bus from the hotels. Please meet in your hotel reception at 08:00 where you will be 
taken to the buses. A lunch bag will be provided on the trip. 
 
The field trip will take place in Petrosa of Frascineto (Calabria, Southern Italy). This is located 
on the southern slopes of Pollino Mountain, on calcareous substrates, between 400 and 800 
meters above sea level, where the influence of human activities, grazing and burning have 
produced a dynamic series of vegetation.  The landscape is characterized by a mosaic of 
Pinus sp. plantations, abandoned fields, dry grasslands and semi-open pasturelands with 
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widespread shrub species:  Spartium  junceum, Rhamnus saxatilis, Cytisus infestus and Pyrus 
spinosa.  
The semi-natural grasslands are characterized by dense population of Stipa austroitalica, a 
southern Italy endemic grass. From spring until the beginning of summer these fields exhibit 
plentiful blooms of many orchids belonging to genera Anacamptis, Himantoglossum, 
Neotinea, Ophrys, Orchis and Serapias.  
 
The tour will involve walking so please wear comfortable shoes and bring a sun hat! Buses 
will return us to the hotels by around 18:00. 
 
Posters 
If you have submitted a poster abstract to share your research with the community this 
should be A0 (841 x 1189mm) or A1 (594 x 841mm) in size. Please deliver your poster to the 
desk at registration (14th May, 8:00-9:30). A member of staff will display all posters. Posters 
will be located in the ‘Sala Mostre’ on the first day (14th May) and) in the ‘University Club’ on 
the second day (15th May). Dedicated poster sessions will take place on Tuesday (17:20–
18:30) and Wednesday (16:30-18:30). Please stand by your poster at these times – there will 
be prizes! 
Posters will be removed and delivered to their owners by 18:30 on Wednesday 15th May. 
 
Map  
Maps showing the location of the conference centre of the University of Calabria and of the 
main hotels/restaurants around the University are provided at the back of this booklet. 
 
Conference Dinner 
The conference dinner will take place on Wednesday evening commencing at 20:00 in the 
‘Villa Santa Caterina’ restaurant. All participants will travel to the restaurant on buses from 
your hotels. Please meet in your hotel reception at 19:30 where you will be taken to the 
buses. Buses will return us to the hotels by around 23:00.  
 
Internet Access 
Free internet access will be available in ‘Aula Caldora’ in the conference centre. 
 
Twitter 
The official hashtag for the symposium is #31NPS. Follow @NewPhyt for updates before, 
during and after the meeting. 
 
 
  

http://twitter.com/NewPhyt
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Meeting Programme 
Tuesday 14 May 
 
8:00–9:30 Registration 
9:30–9:45 Welcome from the organisers 
  
Session 1: Mycorrhizal associations      (Chair: Lee Taylor) 
  
9:45–10:15  Introduction to evolution of orchid mycorrhizae and symbiotic germination 

Hahne Rasmussen 
  
10:15–10:45 From germination to green plants 

Jonathan Leake 
 

10:45–11:05 Selected poster talk: Hong-Hwa Chen. P17 Floral scent production 
  
11:05 –11:30 Coffee break 
  
11:30–12:00 Hydrogen stable isotope abundance patterns provide further insight into organic matter 

exchange in orchid mycorrhiza 
Gerhard Gebauer  
 

12:00–12:30 Evolution to partial and full mycoheterotrophy 
Marc-André Selosse 
 

12:30–13:00 Distribution of orchid populations - a matter of fungi? 
Melissa McCormick 

  
13:00–14:00 Lunch 
  
Session 2: Entomogamous pollination    (Chair: Giuseppe Pellegrino) 
  
14:00–14:30 Evolutionary Biology of Pollination: Male Interference Competition and Realised Adaptive 

Accuracy 
Scott Armbruster 
  

14:30–15:00       Pollination Trends of Cypripedium and Paphiopedilum 
Yi-Bo Luo 
 

15:00–15:20       Selected poster talk: Hai-Qin Sun. P46 Trade-offs between quantity and quality of fruit and 
seed 

  
15:20–15:50       Coffee break 
  
15:50–16:20 Orchid deception pollination: paradoxes and conundrums   

James Ackerman 
 

16:20–16:50       Process and pattern in the evolution of floral signals 
Florian Schiestl 
 

16:50–17:20       Above ground orchid interactions: pollination AND mycorrhizae in tropical epiphytic 
orchids 
J. Tupac Otero 
 

17:20–18:30       Poster Session 
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Meeting Programme 
 

 
Wednesday 15 May 
  
8:45–9:00 Announcements 
  
Session 3: Linking above and below-ground mutualisms  (Chair: Salvatore Cozzolino) 
  
9:00–9:30 Cheating in mutualisms: A general introduction 

Judith Bronstein  
 

9:30–10:00 Coevolution within networks of interacting species 
John Thompson 

 
10:00–10:30 Plants that cheat mycorrhizal mutualisms 

Martin Bidartondo 
  
10:30–11:00 Coffee break 
  
11:00 – 11:30 The community context of floral specialization in orchids 

Steve Johnson 
 
11:30 – 12:00 Niche partitioning and coexistence in orchids: the role of mycorrhizal fungi 

Hans Jacquemyn 
 

12:00 – 12:20 Selected poster talk: Tamara Těšitelová. P48 Ploidy-specific symbiotic interactions 
 
12:20 – 14:00 Lunch 
 
14:00 – 15:30 Discussion  
 
15:30 – 16:00 Tea 
 
16:00 – 16:30   Specialised ecological interactions in orchids and their importance for species rarity and 

conservation 
Ryan Phillips 

 
16:30 – 18:00   Poster Session  
 
19:30  Conference dinner 
  
 

Thursday 16 May 
 
Field trip to National Park of Pollino, Italy  
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Speaker Abstracts 
 

* S=speaker abstract; P=poster abstract 
 

Ackerman, James   S2.3 
Armbruster, Scott   S2.1 
Bidartondo, Martin  S3.3 
Bronstein, Judith   S3.1 
Cozzolino, Salvatore  P36 
Gebauer, Gerhard   S1.3, P10, P32, P43 
Jacquemyn, Hans   S3.5, P7 
Johnson, Steve   S3.4, P16, P21, P29 
Leake, Jonathan   S1.2 
Luo, Yi-Bo    S2.2, P3, P15 
McCormick, Melissa  S1.5 
Otero, J. Tupac   S2.5, P11 
Phillips, Ryan   S3.6, P25, P35 
Rasmussen, Hanne  S1.1 
Schiestl, Florian   S2.4, P14, P44, P47 
Selosse, Marc-André  S1.4, P4, P24, P29, P52 
Thompson, John   S3.2 
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Speaker Abstracts 
 

Session 1: Mycorrhizal associations 
Chair: Lee Taylor 
 
 
Introduction to evolution of orchid mycorrhiza and 
symbiotic germination  

S1.1 
 

HANNE N. RASMUSSEN1, FINN N. RASMUSSEN2  
 

9:45–10:15 

hnr@life.ku.dk 

 
 

1Institute of Geosciences and Nature Resource Management, University of 
Copenhagen, Rolighedsvej 23, DK-1958 Frederiksberg C, Denmark; 2Botanical 
Garden and Museum, Natural History Museum of Denmark, Gothersgade 
130, DK-1123 Copenhagen K 

 

 
Orchidaceae is well-corroborated as a monophyletic group, sister to the remainder of the 
Asparagales. Orchid mycorrhiza is structurally unique among mycorrhizal relationships in the plant 
kingdom, and by all accounts exclusively shared by all members of Orchidaceae. Based on a survey 
of orchid seedling relationships, it can be hypothesized that the ancestral orchids associated with a 
fairly narrow range of fungi  characterized by mycelia classified within Rhizoctonia. The fungal 
lifeforms were most likely saprotrophs and mild pathogens initially, but with some ectomycorrhizal 
potential. During evolution of the family it has become a common strategy among terrestrial 
species to associate with ectomycorrhizal fungi, and the relationship to fungi seems to have 
involved an ever widening range of associates, especially in roots of adult plants. Recent reports 
cover considerable parts of the fungal kingdom.  In contrast, the structural features of infection: 
entrance, distribution in the tissues of seedling and root, the behavior within cells, have remained 
largely, and remarkably, unchanged through many mycobiont changes. Thus it seems that all 
orchids inherited an exploitative system of endotroph mycorrhiza which needs only minor 
physiological modifications to accomodate new mycobionts.  Such modifications will have involved 
various checkpoints of recognition/ rejection and subsequent handling of pelotons. Many of these 
mechanisms are so far largely unknown, however.  
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From germination to green plants  S1.2 
 

JONATHAN LEAKE,  ABDULAZIZ ABUALGAITH, OLIVER KENT, SAMEERA 
ALGHAMDI, DUNCAN CAMERON  
 

10:15–10:45 

j.r.leake@sheffield.ac.uk  
 

 

The University of Sheffield, Department of Animal and Plant Sciences, Alfred 
Denny Building, Western Bank, Sheffield, S10 2TN, UK 
 

 

Orchids typically depend on fungal-supplied carbon and nutrients for establishment from dust 
seeds, normally forming mycorrhizal associations with basidiomycete fungal partners in the 
polyphyletic group rhizoctonia from early stages of germination, sometimes with very high 
specificity. This initially myco-heterotrophic life-phase is normally followed by autotrophy once the 
plants are established and produce green leaves.  The trophic switch in orchids from seedlings to 
green plants raises important questions about the mechanisms regulating the evolution, 
functioning and control of nutrient and carbon exchanges ocurring in mycorrhizal symbiosis at 
different stages of orchid lifecycles.  In non-orchid autotrophic plants the current model of plant-
fungal co-evolution and stabilization of mycorhizal symbiosis suggests control by reciprocal 
rewards of plant-photosynthate exchange for fungal-acquired soil nutrients.   Orchids represent an 
important exception to this model of stable symbiosis, by either cheating their fungal partners or 
providing rewards to them that may not be directly coupled to receipt of nutrient and carbon from 
the fungi.  This presentation considers recent evidence that provides new insights in to the 
possible mechanisms controlling co-evolution and functioning of orchid mycorrhiza, and host-
fungal specificity through lifestage-dependent trophic switching in epiphytic and geophytic 
orchids.  The findings have important implications for understanding transitions between 
mycoheterotrophy and autotrophy in orchids aand other groups of plants, and their transitions 
between autotrophy, partial mycoheterotrophy and full mycoheterotrophy.    
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Hydrogen stable isotope abundance patterns provide 
further insight into organic matter exchange in orchid 
mycorrhiza 
 

S1.3 
 

GERHARD GEBAUER, K. PREISS, A. GEBAUER, I. SCHMIEDINGER 
 

11:30–12:00 

gerhard.gebauer@uni-bayreuth.de 
 

 

BayCEER - Laboratory of Isotope Biogeochemistry, University of Bayreuth, 
95440 Bayreuth, Germany 
 

 

Previous investigations have shown that fully mycoheterotrophic orchids are enriched in heavy 
carbon (C) and nitrogen (N) isotopes in comparison to accompanying autotrophic plants. The 
underlying reason for the 13C and 15N enrichment in fully mycoheterotrophic orchids is the 
characteristic 13C and 15N enrichment in fungi, which serve as C and N source for the orchids. For a 
couple of green orchids from dark forest sites and associated with ectomycorrhizal (ECM) fungi a 
positioning specifically of C isotope abundances between fully mycoheterotrophic orchids tapping 
on ECM fungi and autotrophic reference plants has been found. This kind of nutrition is called 
partial mycoheterotrophy, i.e. partial C gain by photosynthesis and simultaneous C gain via the 
fungal route. For many green orchid species exclusively associated with fungi of the polyphyletic 
rhizoctonia group characteristic 15N enrichment was found. However, only in very few cases this 
15N enrichment was accompanied by significant 13C enrichment. Very recently it was hypothesized 
that this kind of isotope abundance pattern indicates a kind of "cryptic" partial mycoheterotrophy. 
By adding hydrogen (H) stable isotope abundance data to the C and N isotope pattern we here 
provide evidence that confirms partial mycoheterotrophy also for a couple of forest orchids 
associated with fungi of the rhizoctonia group. We investigated H, C and N isotope abundances in a 
fully mycoheterotrophic ECM orchid, in a set of partially mycoheterotrophic ECM orchids, green 
rhizoctonia orchids, fungal fruit bodies and autotrophic reference plants, all collected in a beech 
forest site in NE Bavaria, Germany. The results indicate that green rhizoctonia orchids, though not 
significantly distinguished in their C isotope abundance from reference plants, are enriched in the 
heavy hydrogen isotope 2H in comparison to autotrophic plants in a similar manner as green ECM 
orchids already identified as partially mycoheterotrophic. A fractionation against 2H from water in 
photosynthesis is the reason for the heavy depletion in 2H isotopes in the organic matter of 
autotrophic plants. The less C green orchids gain via photosynthesis the more they obviously 
become enriched in 2H in comparison to their references. Though H isotopes in organic matter are 
not as easy to access as C and N isotopes, they provide a valuable tool to tackle hitherto unsolved 
aspects of organic matter exchange in orchid mycorrhiza.  
 
 

  

mailto:gerhard.gebauer@uni-bayreuth.de
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Evolution to partial and full mycoheterotrophy S1.4 
 

MARC-ANDRÉ SELOSSE  
 

12:00–12:30 

ma.selosse@wanadoo.fr  
 

 

Equipe Inetractions Biotiques, University of Montpellier Muséum, 1919 Rte 
de Mende, Montpellier, 34000, France 

 

 
Mycoheterotrophs exploiting carbon from their mycorrhizal fungi arose repeatedly in orchid 
evolution. Intermediate evolutionarily steps exist, where the plant is green and photosynthetic, 
but use carbon from fungal associates. In some mixotrophic orchids, the rare survival of 
achlorophyllous plants (albinos) further supports their use of fungal carbon. To understand the 
phenotype of albino and the reasons for their rarity, we compared them with co-occurring green 
individuals of the mixotrophic, perennial orchid Cephalanthera damasonium. We investigated 
vegetative traits, namely shoot phenology, dormancy, CO2 and H2O exchanges, mycorrhizal 
colonization, degree of heterotrophy (using 13C abundance as a proxy) and susceptibility to 
pathogens and herbivores. We monitored seed production and germination. Albinos displayed (i) 
more frequent shoot drying at fruiting, possibly due to stomatal dysfunctions, (ii) lower basal 
metabolism, (iii) increased sensitivity to pathogens and herbivores, (iv) higher dormancy and 
maladapted sprouting, and, probably due to the previous differences, (v) fewer seeds, with lower 
germination. Over the shoot growing season, green shoots shifted from using fungal carbon to an 
increasingly efficient photosynthesis at fruiting, when fungal colonization reached its minimum. 
Conversely, achlorophylly in fruiting albinos may contribute to carbon limitation, explaining the 
above-mentioned trends. With a 103x fitness reduction, albinos failed a successful transition to 
mycoheterotrophy because of maladaptive traits inherited from their recent green ancestors. A 
contrario, successful transition to full mycoheterotrophy requires joint evolution of several traits, 
which likely supports a evolutionary meta-stability of mixotrophy. 
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Distribution of orchid populations, a matter of fungi? 
 

S1.5 
 

MELISSA K. MCCORMICK*, D. L. TAYLOR†, D. F. WHIGHAM*, J. P. O’NEILL*, 
R. ROCK-BLAKE‡ 
 

12:30–13:00 

mccormickm@si.edu 
 

 

*Smithsonian Environmental Research Center, PO Box 28, Edgewater, MD 
21037, USA; †Department of Biology, 167 Castetter Hall MSC03 2020, 1 
University of New Mexico, Albuquerque, NM, USA; ‡University of 
Connecticut, 75 N Eagleville Road, Unit 3043, Storrs, CT, USA 
 

 

Mycorrhizal fungi have long been hypothesized to influence orchid distribution, especially in very 
specialized and mycoheterotrophic orchids. Studies using seed packets have demonstrated that 
appropriate fungi are often much more widespread than the orchids they host. However, recent 
studies have found that some orchids only germinate in locations where host fungi are abundant; 
suggesting that germination outside existing populations may identify locations where host fungi 
are ephemerally abundant. Furthermore, within existing populations, locations where orchids 
enter dormancy more often and remain dormant longer may also be characterized by less 
abundant host fungi. Host fungus abundance can be evident as lower abundance in the soil and, 
where host fungi are also ectomycorrhizal, fewer colonized root tips of host trees. This suggests 
that orchid population dynamics, as well as their distribution, may be influenced by the 
distribution and abundance of their host fungi. Little is known about influences on the distribution 
and abundance of host fungi, but the key factors will likely be different for different fungi, as they 
have been for the orchids that have been studied. Studies using a combination of organic 
amendments, seed packets and assessment of fungi in the soil may significantly improve orchid 
conservation and restoration efforts. 
 
 

 
  

mailto:mccormickm@si.edu
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Session 2: Entomogamous pollination 
Chair: Giuseppe Pellegrino 
 
 
Evolutionary Biology of Pollination: Male Interference 
Competition and Realised Adaptive Accuracy  

S2.1 
 

SCOTT ARMBRUSTER1, JULIET WEGE2 
 

14:00–14:30 

scott.armbruster@port.ac.uk  
 

 

1School of Biological Sciences, University of Portsmouth, King Henry Bldg, 
King Henry I Street, Portsmouth, PO1 2DY, UK;  2Department of Environment 
& Conservation, Western Australian Herbarium, Locked Bag 104, Bentley 
Delivery Centre, WA 6983, Australia 
 

 

A long-standing goal in plant evolutionary biology has been to understand the role of pollination 
precision in promoting reproductive isolation and potentially increasing speciation rates.  
According to the Grant model of pre-pollination isolation, adaptively accurate flowers will place 
pollen in specific locations not contacted by stigmas of sympatric, co-flowering, potentially inter-
fertile species, thus achieving mechanical isolation even when sharing pollinators.  Stylidium 
(Stylidiaceae) flowers in Western Australia have motile columns with consistent, accurate pollen 
placement and stigma contact with pollinators.  This motility and precision would appear to set the 
stage for effective mechanical isolation, and may be a “key innovation” associated with increased 
clade species richness.  However, close inspection of pollen on pollinators shows that, despite 
precision in initial pollen placement and stigma contact, loose pollen eventually gets distributed 
widely on the pollinators’ bodies (lower realised pollination accuracy).  This may be the result of 
variation in pollinator approach directions and/or the speed and force with which the anthers 
strike the pollinators during pollen deposition, which causes pollen already in place to be dislodged 
and scattered widely.  Thus, the rapidity of column movement may be partly the result of 
evolution in response to sexual selection, specifically male-male interference competition for 
pollen “safe sites”.  In turn, this precludes floral precision from effecting reproductive isolation 
between most species, even when their stigmas contact pollinators in different locations.  Similarly 
imprecise realised pollen placement on shared pollinators may preclude mechanical isolation 
between most sympatric plant species that, unlike orchids, have loose pollen grains.   
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Pollination Trends of Cypripedium and Paphiopedilum 
 

S2.2 
 

YI-BO LUO 
 

14:30–15:00 

luoyb@ibcas.ac.cn  
 

 

State Key Laboratory of Systematic and Evolutionary Botany, Institute of 
Botany, Chinese Academy of Sciences, 20 Nanxincun, Xiangshan, Beijing 
100093, People's Republic of China 

 

 
Up to now, 24 of 156 species of three genera in subfamily Cypripedioideae have been studied on 
pollination biology. Four primary conclusions could be got from those studies: 1) The pollination 
system of two major genera in this subfamily, Cypripedium and Paphiopedilum, is highly diversity. 
Both bees pollination system including bumblebees, sweet bees, and Athophora bees, and fly 
pollination system including syrphid fly, fruit fly, and Calliphora fly, occur repeatedly in 
Cypripedium and Paphiopedilum. 2) Two genera have different deceive strategy to attract the 
pollinators. The visual cues, i.e. the color patterns of the lip, sepals, petals and staminode, are 
considered as the major attracting cues in Paphiopedilum, and olfactory cues act as the important 
attracting role in Cypripedium. 3) Both of them have a trend of transition from bees to flies 
pollination system. This transition could be resulted from either the limitation of the pollination 
route size to the pollinators or the limitation of attracing visual and olfactory cues. It seems that 
the shift occurs only one time within Paphiopedilum, and more than one times in Cypripedium. 4) 
The floral morphological features similarity between the species of Cypripedium and subgenus 
Brachypetalum of Paphiopedilum, such as P. micranthum, P. malipoense, are results of ecological 
adaptation to bumblebee or sweet bee pollination. This similarity could not be considered having 
phylogenetic implications. Moreover, we specualted that the pollination route, staminode and 
especially pouched and inflated, slipper- or urn-shaped lip, may have evolved in response to bees 
and flies as selective agents. However, the floral features of pollination route that ensuring the 
pollination success may be under different pollinator-mediated selection from that of visual and 
olfactory cues of staminode, lip and sepals which attract the pollinators to visit flowers. And the 
diversity of pollination route features in both Cypripedium and Paphiopedilum is low, having only 
solid-texured pollination route with flies pollination systems and thin-texured pollination route 
with both bees or flies pollination systems. On the contrary, the diversity of floral features 
attracting the pollinators is high, and it contributes to the floral morphology diversity of those two 
genera. 
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Orchid deception pollination: paradoxes and conundrums   

 
S2.3 

 
JAMES D. ACKERMAN, R. L. TREMBLAY 
 

15:50–16:20 

ackerman.upr@gmail.com  
 

 

Department of Biology, University of Puerto Rico, PO BOX 23360, San Juan, 
PR 00931-3360, USA 
 

 

Why does the Orchidaceae have so many species?  Because deceit pollination is common in the 
family and often associated with species rich genera, the evolution of deception may be key to 
understanding orchid diversification.  We see at least two general patterns.  First, species 
employing deceit to attract pollinators have much lower fruit set and higher fruiting failure than 
species offering rewards.  Consequently, effective population sizes are expected to be lower.  This 
would be an evolutionary unstable situation unless there is a significant advantage to deceiving 
pollinators.  One hypothesis is that deceit species increase the probability of cross-pollination, but 
in our meta-analysis of genetic data, reward and deceit species have the same levels of population 
heterozygosity suggesting that outcrossing rates are the same.  The second general pattern is that 
floral traits tend to be more variable in deceit-pollinated species potentially providing 
extraordinary variation for natural selection. The potential for long distance dispersal with unusual 
founders led to the selection-drift hypothesis as a model of orchid diversification.  But genetic 
measures of population differentiation, especially for deceptive species, suggest a high level of 
gene flow exists, which would not only counter effects of genetic drift, but also of natural selection 
casting orchid biologists adrift without a general model to explain the remarkable diversity in the 
family.  Clearly the time for reassessment is now. 
 
 

 
  



16 

 

Process and pattern in the evolution of floral signals 
 

S2.4 
 

FLORIAN SCHIESTL 
 

16:20–16:50 

florian.schiestl@systbot.uzh.ch  
 

 

Institute of Systematic Botany, University of Zürich, Zollikerstrasse 107, 
Zürich, 8008,  Switzerland 

 

 
Orchids, like most angiosperms use animals as vector for their gametes, and the interaction of 
plants with their pollinators represents a key mutualism for ecosystem functioning as well as for 
human nutrition. For maintaining interactions with pollinators, plants have evolved floral signals, 
such as color and fragrance, which advertise rewards such as nectar. Although floral signals are key 
traits for reproductive success and reproductive isolation, little is known about the evolutionary 
process that shape their properties and variability. In my talk I will discuss adaptive and non-
adaptive processes that impact on the evolution of floral signals, with special reference to the 
orchids. Pollinators impose selection on floral signals, which can eventually lead to floral isolation 
through differential pollinator adaptation. On the other hand, polyploidisation also has significant 
impacts on floral signals that can also impact on floral isolation. The genetic basis of floral signal 
variation is often simple, which has important consequences for the maintenance of adaptations 
under gene flow, and thus potential sympatric speciation. In my talk I will also show that floral 
traits and the respective traits of pollinators do not necessarily co-evolve on a macro-evolutionary 
scale. In a meta-analysis among beetle-pollinated Araceae I show that floral scent and the 
pollinators’ olfactory preferences do not co-evolve; instead, the pollinators’ preferences are older 
and floral scent evolves through pre-existing bias. 
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Above ground orchid interactions: pollination AND 
mycorrhizae in tropical epiphytic orchids 

S2.5 
 

J. TUPAC OTERO1, NICOLA. S. FLANAGAN2 

 
 

16:50–17:20 

jtoteroo@unal.edu.co   
 

 

1Instituto de Estudios Ambientales IDEA and Departamento de Ciencias 
Biológicas, Universidad Nacional de Colombia, Sede Palmira, Colombia. 
2Biology Program, Pontificia Universidad Javeriana, Cali, Colombia 

 

 
Amongst the 25-30,000 orchid species nearly 70% are tropical epiphytes, within an estimated max. 
880 genera. Understanding the evolutionary ecology of this diversity is a huge task, needing 
detailed studies of both pollinator and mycorrhizal interactions across this taxonomic diversity. In 
Colombia, we have around 4000 orchid species. The Baudó Ranges in the Choco Region have more 
than 400 species in an area smaller than Wales. While the focus has been on resolving the 
taxonomy and distributions of these species, we are studying some aspects of their ecological 
interactions. Euglossine-pollinated neotropical orchids, detailed by Darwin, are well-known for 
their high fidelity to the pollinator species, with males bees of different species collecting flower 
fragrances for mating display. But female euglossinae also pollinate flowers in search 
of nectar. The Colombian endemic orchid Rodriguezia granadensis is pollinated by male and 
female bees of Eulaema meriana, E. singulata and Exaerete smaragdina. Our finding of variation in 
nectar production in R. granadensis, indicates that the pollination syndrome in this species is not 
simple, and further study in this orchid may reveal insights into the evolution of deceptive 
pollination systems when multiple pollinator rewards are available. Possibly more numerous, but 
much less studied are the many fly-pollinated neotropical orchids. In Pleurothalis marthae 
nocturnal pollination by two fungus gnat species occurs: Mycetophila sp. (Mycetophilidae), which 
is attracted by the orchid’s fungus-like odour; and Bradysia sp. (Sciaridae), which feed on nectar 
secreted from the lip. These different pollination strategies suggest that orchids may promote 
multiple pollinators to optimize their fitness. Our studies of tropical orchid mycorrhizal interactions 
show that species of Vanilla associate mainly with Tulasnella spp. in their terrestrial roots. Aerial 
roots of Vanilla lack pelotons. In contrast, many Oncidiinae associate with Ceratobasidum spp.. 
Oncidiinae mycorrhizal species in both  Colombia (Ionopsis utriculariodes and Psygmorchis pusilla) 
and Brazil (Coppensia doniana) are closely related to Ceratobasidium from Australian temperate 
epiphytes (Sarcochilus hillii, Plectorrhiza tridentata and Sarcochilus parviflorus), suggesting a 
specialization of epiphytic orchid mycorrhizal interactions towards this fungal genus. Further 
comparative study amongst diverse neotropical orchids will provide insights into the evolution of 
the highly diverse ecological interactions, and so into the origins of the important orchid flora of 
the region. 
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Session 3: Linking above and below-ground mutualisms 
Chair: Salvatore Cozzolino 
 
 
Cheating in mutualisms: A general introduction S3.1 

 
JUDITH L. BRONSTEIN 

 
9:00–9:30 

judieb@email.arizona.edu 
 

 

Department of Ecology and Evolutionary Biology, University of Arizona, 
Tucson, Arizona 85745, USA 

 

 
Mutualisms can be thought of as ‘‘reciprocal parasitisms,’’ since natural selection will favor 
individuals that obtain commodities from their partners while investing as little as possible in 
them. Taken to its logical conclusion, organisms may be favored to adopt behaviors that do not 
benefit their partners at all, and indeed that are outright detrimental to them. Thus, mutualism 
seems quite fragile evolutionarily, prone to breaking down as one or both partners evolve into a 
better exploiter. Elucidating why mutualisms are so common in spite of this apparent threat has 
become the major goal in understanding the evolutionary dynamics of mutualism. In addition to 
the ‘‘threat from within,’’ mutualisms are assaulted by species that take advantage of rewards 
produced expressly for mutualistic partners. Here I provide a general introduction to the range of 
exploitative phenomena within mutualisms, with a particular focus on those involving orchids. I 
then review current understanding of how mutualisms, including orchid symbioses, are able to 
persist evolutionarily in the face of exploitation and the temptation to cheat. 
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Coevolution within networks of interacting species S3.2 
 

JOHN THOMPSON 
 
 

9:30–10:00 

jjnthomp@ucsc.edu 
 

 

Ecology and Evolutionary Biology, University of California, Santa Cruz, 1156 
High Street, Santa Cruz, CA 95064, USA 
 

 

We now know that coevolution among species is more relentless and proceeds at a faster pace 
than we once presumed. Coevolution can both amplify and dampen diversification of traits in 
interacting species, and it can shape networks of interacting species. The current challenge is to 
understand how coevolving interactions assemble and reassemble as interactions diversify across 
space and time in different environments. I will discuss some of the coevolutionary patterns that 
are emerging from recent studies of the pace, dynamics, and assembly of symbiotic interactions, 
both mutualistic and antagonistic. These studies highlight our growing appreciation of the 
relentlessness of evolution and coevolution driven by interactions among species.  
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Plants that cheat mycorrhizal mutualisms S3.3 
 

MARTIN BIDARTONDO 
 
 

10:00–10:30 

m.bidartondo@imperial.ac.uk 
 

 

Life Sciences,  Imperial College London, Jodrell Gate; Kew Gardens, 
Richmond, TW9 3DS, UK 

 

 
Many plants obtain fixed carbon from fungi during establishment and/or maturity.  Some of these 
fungi are simultaneously mycorrhizal with other neighbouring plants.  Analysis of distant examples 
of cheating within mycorrhizal networks - including members of the Orchidaceae, Ericaceae, 
Corsiaceae, Burmanniaceae and Aneuraceae - indicate that cheater plants have achieved the finest 
levels of specificity towards fungi known throughout the otherwise diffuse mycorrhizal symbiosis.  
From the perspective of cheater plants, the high richness of mycorrhizal communities has low 
redundancy.  To investigate the evolutionary and ecological trade-offs involved in achieving 
narrow specificity, we can examine the germination of seeds in nature.  Cheating plants are prolific 
producers of seeds and thus the strongest selection pressure in their life history may act on 
belowground stages.  Overcoming fungal defences to maximize reverse carbon flow in mycorrhizas 
can select for specificity at every generation, and the cost of lowered establishment opportunities 
can be reduced by producing dust-like seeds that break dormancy in response to fungal signals. 
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The community context of floral specialization in orchids 
 

S3.4 
 

STEVE D. JOHNSON 

 
 

11:00–11:30 

johnsonsd@ukzn.ac.za 
 

 

School of Life Sciences, University of KwaZulu-Natal, P Bag X01, Scottsville, 
Pietermaritzburg 3209, South Africa 
 

 

Although Darwin and his contemporaries established the adaptationist framework for pollination 
biology, they studied orchids in isolation from the geographical context of the various pollination 
guilds to which they belong, and thus made little progress in identifying the factors that drive 
orchid diversification.  We now realise that the landscape in which orchids evolve is a complex 
mosaic of different selective factors, including a spatial geographical mosaic of different pollination 
guilds. Evolutionary modification of orchids to become members of these guilds occurs not only in 
response to the sensory modalities and morphology of pollinators, but also due to indirect 
interactions with other plants in the same communities. Co-occurring plants can influence the 
evolution of orchid flowering times, site of placement of pollinaria on the pollinator's body, and 
the colour and shape of flowers, as exemplified by Batesian food-deceptive mimicry. Further 
progress in understanding orchid floral evolution requires the combination of good natural history, 
a broad set of analytical  tools to quantify floral signals, experimental approaches to the study of 
selection (such as reciprocal translocations and trait modification), and a good macroevolutionary 
framework in terms of phylogenetic patterns of diversification. 
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Niche partitioning and coexistence in orchids: the role of 
mycorrhizal fungi 
 

S3.5 
 

HANS JACQUEMYN 
 
 

11:30–12:00 

hans.jacquemyn@bio.kuleuven.be  
 

 

Department of Biology, University of Leuven, Kasteelpark Arenberg 31, 
Heverlee 3001,  Belgium 

 

 
Because orchids are critically dependent on mycorrhizal fungi for seed germination and 
establishment of seedlings, differences in mycorrhizal interactions can be expected to mediate 
coexistence of terrestrial and epiphytic orchids. To test this hypothesis, we determined the 
mycorrhizal communities associating with nine orchid species co-occurring in Mediterranean 
grasslands and 34 epiphytic orchids coexisting in African rainforest using 454 pyrosequencing. 
Advanced spatial point patterns were used to compare the degree of spatial clustering and to 
assess the extent of overlap/segregation between orchid species. Finally, we related the extent of 
spatial segregation to measures of phylogenetic community dissimilarity to investigate the role of 
mycorrhiza in mediating the spatial structure of orchids. The community of mycorrhizal fungi 
consisted mainly of members of the Tulasnellaceae, although sporadically members of the 
Ceratobasidiaceae, Sebacinaceae, Russulaceae and Cortinariaceae were observed. Strong spatial 
clustering and significant spatial segregation of orchid species was observed. The degree of spatial 
clustering was related to the breadth of mycorrhizal fungi orchids associated with, whereas spatial 
segregation was related to phylogenetic community dissimilarity. The large proportion of 
segregation may indicate that mycorrhizal fungi are a key factor driving niche partitioning in 
terrestrial and epiphytic orchids and therefore represent an important mechanism mediating 
coexistence in species-rich orchid communities. 
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Specialised ecological interactions in orchids and their 
importance for species rarity and conservation 

S3.6 
 

RYAN D. PHILLIPS, K.W. DIXON 

 
16:00–16:30 

  
Ryan.Phillips@bgpa.wa.gov.au 
  

 

Kings Park and Botanic Garden, The Botanic Garden and Parks Authority, 
West Perth, 6005, Western Australia 
Evolution, Ecology and Genetics, Research School of Biology, The Australian 
National University, Canberra, ACT 0200, Australia 
School of Plant Biology, The University of Western Australia, Nedlands, 6009, 
Western Australia 

 

 
The Orchidaceae contains a tremendous diversity of species, but a common theme is specialised 
ecological interactions with pollinators and mycorrhiza. In many cases these are obligate 
relationships, making it critical to understand their impacts for intrinsically rare species and how 
they respond to modified landscapes. We have tackled these issues for two highly threatened 
genera of Australian sexually deceptive orchid. Even in species with specialised mycorrhizal 
associations, fungi tend to be much more geographically widespread than the orchid and regularly 
occur in unoccupied patches of orchid habitat. However, germination is higher within orchid 
populations, suggesting that environmental variables affect fungal abundance and/or the ability to 
support germination. In Drakaea, where orchid and pollinator habitat preferences closely overlap, 
rare orchids are associated with rare pollinators. Alternatively, in Caladenia, which generally have 
broader habitat preferences, this trend is not evident with orchid populations frequently occurring 
in sites where the pollinator is rare or absent. Our data highlights that understanding the 
underlying causes of species’ rarity requires the integration of information on habitat preferences, 
mycorrhizal ecology and pollination biology. Translating this approach into fragmented landscapes 
has supported the prediction that specialised pollination systems will be susceptible to local 
declines of the pollinator. However, demographic studies are needed to test if longevity or 
clonality can compensate for scarcity of pollinators. 
 
 
 

 
 

 

  



24 

 

Poster Abstracts 
 
* P=poster abstract 

 
Aguiar, João Marcelo    P1 
Alghamdi, Sameera    P54 
Aronne, Giovanna    P2 
Bai, Wei-Ning     P3 
Bellino, Alessandro    P4 
Bocayuva, Melissa    P5 
Breitkopf, Hendrik    P6 
Brys, Rein     P7 
Chapurlat, Elodie    P8 
Chen, Hong-Hwa    P17 
Crain, Benjamin    P9 
Ercole, Enrico     P10, P33, P50 
Flanagan, Nicola    P11 
Gamisch, Alexander    P12 
Gijbels, Pieter     P13 
Girlanda, Mariangela    P10, P33, P50 
Gross, Karin     P14, P47 
Guo, Yan-Yan     P15 
Hobbhahn, Nina    P16 
Hürkan, Kaan     P18 
Idris, Aliaa     P19 
Jaros, Ursula     P20 
Jersáková, Jana    P21, P24, P48 
Johansson, Veronika    P22 
Karremans, Adam    P23 
Kotilínek, Milan    P24 
Linde, Celeste     P25 
Lumyong, Saisamorn    P26 
MacIntyre, Donald    P27 
Martel, Carlos     P28 
Martos, Florent    P29 
Ogura-Tsujita, Yuki    P30 
Oja, Jane     P31 
Pecoraro, Lorenzo    P32 
Pereira Nunes, Carlos Eduardo  P34 
Perotto, Silvia     P10, P33, P50 
Pinheiro, Fabio    P36 
Pokorny, Joanna    P37 
Ponert, Jan     P38 
Rakosy, Demetra    P39 
Ramos Castro, Sergio Enrique   P40 
Robbirt, Karen     P41 



25 
 

Poster Abstracts 
 
Roy, Mélanie     P42, P48 
Schiebold, Julienne Marie-Isabelle  P43 
Sedeek, Khalid     P44 
Shingaki, Saki     P45 
Sun, Hai-Qin     P46 
Sun, Mimi     P47 
Těšitelová, Tamara    P24, P48 
Valadares, Rafael    P33, P49  
Worley, Anne     P51 
Yagame, Takahiro    P52 
Zi, Xiao-Meng     P53 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



26 

 

 
Poster abstracts are listed alphabetically by first author, presenting author is underlined. 
 

P1 Ionopsis utricularioides (Sw.) Lindl. (Orchidaceae) and the Baker’s Law 

 
J. M. R. B. V. AGUIAR, E. R. PANSARIN 
 
Department of Biology, Faculty of Phylosophy, Sciences and Letters of Ribeirão Preto, University of 
São Paulo, Av Bandeirantes 3900, 14040-901, Ribeirão Preto, SP, Brazil 
 
Ionopsis utricularioides is a widespread orchid, occurring throughout the Americas and also at the 
Galapagos Islands. In Puerto Rico, the species is self-compatible and is pollinated by deceit, although 
its pollinators are still unknown. The objective of our study is to determine if reproductive biology of 
Brazilian populations of I. utricularioides present differences from the already studied at the 
Caribbean island. The floral phenology of Brazilian populations was monitored and experimental 
treatments were performed. Fruit formation of open pollination flowers was also quantified at a 
marshy open area and at a forest. 55.5% of the cross-pollinated flowers formed fruits, but the self-
pollinated and the emasculated flowers formed no fruits, indicating that the plants in Brazil are self-
incompatible. At open pollination, 5.25% of the flowers formed fruits at the marshy and only 0.58% 
at the forest area. Baker’s Law states that due to natural selection, there is an enrichment of self-
compatible taxa in islands compared to the continent. For I. utricularioides, this maybe happened, as 
a dispersal event associated with bottleneck effect could have favored the colonization of the island 
by self-compatible plants. 
 

P2 Rare plant species: sustainable conservation practices start diagnosing critical stages 

in the life cycle 
 
G. ARONNE 
 
Department of Agriculture, University of Naples Federico II, via Università100, 80055 Portici (Napoli), 
Italy 
 
Many conservation biologists consider the attainment of the single species biology and ecology 
knowledge too costly in terms of scientific effort, time and economic resources. My approach starts 
considering that not all biological and ecological studies are equally relevant to conservation 
planning and management requirements and that, commissioning new studies for setting targets for 
biodiversity conservation, priority should be given to species biology traits that constitute 
bottlenecks in natural selection processes because they prevent, or slow down, the succession of 
generations. 
I propose a species-based rapid procedure aimed to analyze the life cycle of a species threatened 
with extinction in order to a) identify the main bottleneck; b) prioritize the use of economic and 
scientific resources diagnosing biological and ecological causes of the constraints; c) furnish 
information that are ready-to-use for conservation countermeasures. 
This pragmatic approach will create a point where the perspectives of conservation managers, 
practitioners and scientists can converge. In fact, practitioners can obtain information required for 
conservation action, managers can handle their limited economic resources with no wastage and 
scientists can offer their expertise with the awareness that results will have practical application. 
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P3 Genetic structure and ramets long distance dispersal of Hong Kong Lady's Slipper 

Orchid, Paphiopedilum purpuratum 

 
WEI-NING BAI, YANG-NA SUN, YI-BO LUO 
 
State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of 
Sciences, Beijing 100093, China 
 

Different modes of pollen and seed dispersal will impact the genetic diversity and genetic structure 
of populations. Seedlings or adult individual’s dispersal could also play an important role in affecting 
the population genetic structure. Paphiopedilum purpuratum is a species with clone growth through 
its tallow buds. Compared with other species of Paphiopedilum, it is the only species of 
Paphiopedilum that are not distributed in the limestone area, but is distributed in acid soil. 
Moreover, it’s often living along the stream. We used five microsatellite loci to investigate its clone 
reproduction ability and genetic structure of three nature populations in Baiyun Mountain, 
Guangdong Province. Within populations, the range for observed heterozygosity was 0.548-0.612, 
and there is no significant spatial genetic structure. We also found that P. purpuratum’s clonal 
capacity is very weak. The largest genet only has five ramets, but the longest distance between two 
ramets can be over 500m. Overall, this study provides evidence that ramets of Paphiopedilum 
purpuratum could be dispersed by long distance along the stream, which lead to no significant 
population genetic structure. 
Key Words: Paphiopedilum purpuratum; clone reproduction; migration; genetic diversity 
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P4 Ecophysiology and evolutionary pathways for partial mycoheterotrophy: insights 

from Limodorum abortivum 
 
A. BELLINO1, A. ALFANI1, M-A. SELOSSE2, R. GUERRIERI3, 4, M. BORGHETTI3, D. BALDANTONI1 

 

1Dipartimento di Chimica e Biologia, Università degli Studi di Salerno, Via Ponte don Melillo, 84084 
Fisciano, Salerno, Italy; 2Centre d’Ecologie Fonctionnelle et Evolutive, UMR 5175, CNRS 1919 route de 
Mende, 34093 Montpellier cedex 5, France; 3Dipartimento di Scienze dei Sistemi Colturali, Forestali e 
dell'Ambiente, Università della Basilicata, Viale dell'Ateneo Lucano 10, 85100 Potenza, Italy; 
4Institute for the Study of Earth, Oceans, and Space, Morse Hall University of New Hampshire, 8 
College Road, Durham, NH 03824-3525, USA 
 
Mycoheterotrophy arose repeatedly in orchid evolution, especially within partially 
mycoheterotrophic (mixotrophic) clades, whose plants gain carbon both from photosynthesis and 
mycorrhizal fungi. Evolution to full mycoheterotrophy and reversion to photoautotrophy from 
mixotrophic ancestors have been documented, but the underlying mechanisms are far from clear 
yet. To shed light on this topic, we studied the ecophysiology of the partially mycoheterotrophic 
Limodorum abortivum in a southern Italy population, where reduced fungal carbon availability was 
experimentally induced by fungicides. We focused on changes in photosynthetic pigment 
concentrations of leaves, stems and ovaries, as well as on C isotopic signature of seeds. We 
demonstrated that: (i) photosynthetic pigments are mostly concentrated in ovaries, where they 
seem to be important in photosynthesis; (ii) pigment content and photosynthesis in ovaries do not 
respond to light in natural conditions, but are enhanced by increasing light when fungal C supply is 
impaired; iii) ovaries buffer lower availability of fungal C after fungicide treatment by enhancing 
photosynthesis. The photosynthetic potential seems thus to be (i) used for fruiting, (ii) plastic in 
intensity, and (iii) repressed by fungal colonization, a situation that may allow evolution either 
toward mycoheterotrophy or full photoautotrophy, depending on the environments. 
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P5 Efficiency of Epulorhiza spp. on seed germination of Hadrolaelia and 

Hoffmannseggella species (ORCHIDACEAE) 

 
M. BOCAYUVA, T.G.R. VELOSO, S.F.OLIVEIRA, E.F.FREITAS, J.A. SILVA, W.C. OTONI, M.C.M. KASUYA. 
 
Department of Microbiology, Laboratory of Mycorrhizal Association, Viçosa Federal University, Avenida 
Peter Henry Rolfs, s/n Campus Universitário 36570-000, Viçosa, Minas Gerais, Brazil. 

 
Brazilian orchid’s symbiotic propagation essays using Epulorhiza isolates have been developed, 
confirming the efficiency of Rhizoctonia-like fungi during germination and seedlings development. 
The aim of the present work is to clarify the specificity of mycorrhizal association and to develop an 
efficient in vitro seed germination protocol. Four Epulorhiza isolates were tested in tree endangered 
orchid species: Hadrolaelia jongheana, Hoffmannseggella caulescens and Hoffmannseggella 
cinnabarina. HC3E, M65 and HB2E Fungi isolates are phylogenetically related, but they are not 
similarly efficient. The Epulorhiza isolates tested supported seed germination, but only M65 
supported further protocorm development. The seeds of non inoculated treatments (B&G, Knudson 
and OMA) also germinated, but in OMA medium reached only Stage 2. The Stage 5 were reached by 
H. jongheana in Knudson, and H. cinnabarina in B&G. The seedlings growing in inoculated 
treatments presented higher macronutrients content, then those growths in non-inoculated, 
confirming the crucial role of mycorrhizal. For Hoffmannseggella species the development was 
higher when inoculated with M65 and for H.jongheana no difference was observed between those 
inoculated with M65 or HJ21B, or when growth in the non-inoculated Knudson medium. The 
epiphyte H. jongheana showed to be less dependent on mycorrhizal than the rupicolous H. 
caulescens and H. cinnabarina. 
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P6 Ophrys nuclear gene phylogenetics reveals pollination syndrome patterns and 

ephemeral species 
 
H. BREITKOPF1, P.M. SCHLÜTER2, R. ONSTEIN2, D. CAFASSO3 
 
1Institute of Biochemistry and Biology, Biodiversity Research/Systematic Botany, University of 
Potsdam, Maulbeerallee 1, D-14469, Potsdam, Germany; 2Institute of Systematic Botany, University 
of Zürich, Zollikerstrasse 107, CH-8008 Zurich, Switzerland; 3Department of Biology, University of 
Naples Federico II, Via Cinthia, I-80126, Naples, Italy 
 
Diversification of Ophrys is likely driven by the plants potential to quickly shift to a different isolating 
pollinator through minor scent modifications, and possibly by hybridization. Lack of sequence 
variation in ITS and cp-genes has led scientists to lump effectively isolated lineages together as 
phylogenetic species, or to invoke frequent hybridization. Nuclear gene regions (5 new in this study 
+ LFY) for 38 taxa spanning all genetically defined groups were analyzed to approximate the species 
tree. We aimed at improving resolution and linking phylogenetic history to distribution and 
pollination syndrome evolution. Additionally, we explore possible correlates of Ophrys diversification 
by time calibrating the phylogenetic tree and estimate diversification rate variation.  
The incongruent genealogies yield a tree with varying support. Distribution and pollinator data 
depict a discontinuity between the Eastern and Western Mediterranean. Wasp and Eucera bee 
pollinated taxa colonized the Mediterranean area since ~5My. Then, in the last 1My after 
establishment of the Mediterranean climate, Ophrys radiated with Eucera pollinators in the Eastern 
Mediterranean, and later with non-Eucera bee pollinators in the Central and Western 
Mediterranean. Observed increase in both diversication and extinction rate of a recently radiating 
clade could result from high lineage turnover; i.e. young Ophrys species are possibly evolutionary 
instable and short-lived. 
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P7 Asymmetric gene introgression in two closely related Orchis species: evidence from 

morphometric and genetic analyses 

 

R. BRYS, H. JACQUEMYN 
 
Department of Biology, University of Leuven, Kasteelpark Arenberg 31 - box 2435, Heverlee 3001, 
Belgium 
 
In species of the genus Orchis, floral isolation has been shown to be weak, whereas late-acting 
reproductive barriers are mostly strong, often restricting hybridization to the F1 generation. Only in 
a few species hybridization extends beyond the F1 generation, giving rise to hybrid swarms. 
However, little is known about the abundance of later-generation hybrids and what factors drive 
their occurrence in hybrid populations. In this study, molecular analyses were combined with 
detailed morphological measurements in a hybrid population of the closely related Orchis militaris 
and O. purpurea, to investigate the hypothesis that the abundance of later-generation hybrids is 
driven by changes in floral characters after hybridization that exerts selective pressures that in turn 
affect hybridization. 
Both the molecular and morphological data point to extensive genetic and morphological 
homogenization and asymmetric introgression. Plants with large floral displays or with flowers that 
resembled more O. purpurea had higher female fitness than plants with small floral displays or 
flowers resembling more O. militaris, suggesting that directional selection have contributed to the 
observed patterns of introgression. 
These results indicate that in closely related orchid species hybridization and gene introgression may 
be partly driven by selection for floral traits of one of the parental types. 
 

 
P8 Pollinator-mediated selection on floral traits in the fragrant orchid Gymnadenia 

conopsea 
 
E. CHAPURLAT, J. ÅGREN, N. SLETVOLD 
 
Department of Plant Ecology and Evolution, Evolutionary Biology Centre, Uppsala University, 
Norbyvägen 18D, Uppsala, SE 752 36, Sweden 
 
Most studies of phenotypic selection on floral traits infer that any detected selection is mediated by 
pollinators. However, the evidence for pollinator-mediated selection (PMS) is still scarce and has 
even more rarely been connected to geography. Yet, studies of geographical variation in natural 
selection are central to our understanding of adaptive differentiation and speciation. In this study, 
we quantified and tested for spatial variation in PMS on floral traits. We measured selection on 
phenology, floral display and spur length in 4 populations of the fragrant orchid, Gymnadenia 
conopsea. To quantify PMS, we measured and compared phenotypic selection gradients in open-
pollinated plants and hand-pollinated plants (N circa 120 per treatment). There was PMS selection 
on floral traits but targets and strength of PMS varied spatially. We also detected correlational 
selection on some trait combinations in open-pollinated plants. Our study demonstrates that 
pollinators mediate part but not all of the selection on floral traits (including correlation selection). 
We also show that PMS is likely to vary spatially. 
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P9 Recognizing the relationship between bryophytes and orchid populations 

 
BENJAMIN J. CRAIN 
 
Department of Biology, University of Puerto Rico- Rio Piedras, PO Box 23360, San Juan, Puerto Rico, 
00931-3360, U.S.A. 
 
Epiphytic orchid communities in tropical montane ecosystems are particularly vulnerable to climate 
change and habitat degradation.  Lepanthes is a large genus of primarily epiphytic orchids that is 
prominent in the Neotropical flora.  Generally, these orchids are rather delicate, but they often 
occur in highly exposed habitats, thus leading to the theory that they are dependent on bryophyte 
cover to prevent desiccation.  Accordingly, the aim of this project was to determine if the 
distribution of Lepanthes populations is limited by the distribution of moss cover on trees.  To 
accomplish this, bryophyte cover was measured on phorophytes hosting Lepanthes spp. as well as 
on other unoccupied trees in the immediate vicinity.  The results suggest that the distribution of 
Lepanthes populations is correlated with high levels of moss cover and there is often substantially 
more moss cover at locations where Lepanthes occur than at locations where they do not occur.  
Accordingly, bryophytes appear to form a commensalism with this diverse group of orchids.  The 
results of this study corroborate the findings of similar studies that suggest moss cover is important 
for orchid growth and survival.  Consequently, if climate change and habitat degradation adversely 
affect moss coverage on trees, Lepanthes orchids may suffer concomitantly. 
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P10 Mycorrhizal seasonal variation and nutrient flow in Anacamptis morio 
 
E. ERCOLE1, M. ADAMO1, M. RODDA1, G. GEBAUER2, M. GIRLANDA1, S. PEROTTO1 

 

1Department of Life Sciences and Systems Biology, University of Turin, Viale P.A. Mattioli 25, 10125, 
Torino, Italy; 2Laboratory of Isotope Biogeochemistry, Center of Ecology and Environmental Research 
(BayCEER), University of Bayreuth, Germany 
 
Whereas orchid protocorm development in nature requires a carbon supply from symbiotic 
mycorrhizal fungi, adult orchids can adopt different trophic strategies. Achlorophyllous orchids are 
fully mycoheterotrophic, whereas sciaphilous species are mixotrophic as they derive carbon from 
both photosynthesis and fungal partner (Selosse and Roy, 2009). Stable isotopes measurements 
indicate that some green meadow orchids also receive carbon from the mycorrhizal partner because 
they are enriched in 13C (Girlanda et al., 2011). 
We hypothesized that mixotrophy in green orchids may be a temporary nutritional strategy to meet 
an increased energy demand during the growing season. We therefore investigated, in the 
photosynthetic orchid Anacamptis morio, mycorrhizal fungal diversity and variations in 13C and 15N 
abundances at different times during the vegetative season.  
Phylogenetic and multivariate analyses indicated variations in the fungal community, with a wide 
range of fungi mainly belonging to Tulasnella and Ceratobasidium. Isotopic abundances showed 
consistent plant 15N enrichment, as observed in other orchids. By contrast, 13C abundance in A. 
morio indicated a mixotrophic strategy only during the flowering period, which may correspond to 
the maximum need for energy. These results confirm that uptake of fungal-derived carbon occurs in 
photoautotrophic orchids and indicate that it is a dynamic process. 
 
Girlanda M, Segreto R, Cafasso D, Liebel HT, Rodda M, Ercole E, Cozzolino S, Gebauer GP, Perotto S, 
2011. Photosynthetic Mediterranean meadow orchids feature partial myco-heterotrophy and 
specific mycorrhizal associations. Am. J. Bot. 98(7): 1148-1163. 
Selosse MA and Roy M, 2009. Green plants that feed on fungi: facts and questions about 
mixotrophy. Trends Plant Sci. 14: 64-70. 
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P11 Hotspots within hotspots: Diversity and community composition of root 

endophytic fungi among Vanilla species in tropical dry and humid forests in Colombia 
 
N.S. FLANAGAN1, 2, A.T. MOSQUERA-ESPINOSA1, 2, J.T. OTERO1, 3 

  

1Research Group in Orchids, and Plant Ecology & Systematics; 2Biology Program, Pontificia 
Universidad Javeriana, Calle 18 No. 118-250 Cali, Colombia;  3Departamento de Ciencias Biológicas, 
Universidad Nacional de Colombia sede Palmira, Cra 32 12-00, Palmira, Valle del Cauca, Colombia. 
 
While peloton-forming orchid mycorrhizal fungi are widely studied, the diversity, host specificity, 
and ecological roles of other orchid endophytic fungi are poorly known. We applied culture-
dependent approaches to study the fungal endophyte communities in terrestrial roots of seven 
Vanilla species, distributed across two tropical biodiversity hotspots in Colombia: Andean dry forest; 
and humid Pacific forest. 137 isolates from 32 individual plant samples comprised 82 discrete OTUs. 
81% of isolates fell within nine orders of Ascomycota. In the Basidiomycota, four orders, including 
Cantharellales (Tulasnella spp.) were represented. Considerable novel biodiversity was discovered: 
30% of isolates represented OTUs distinct to GenBank accessions (<97% ITS identity). Only three of 
37 genera (including Tulasnella) exceeded the frequency of 7% of isolates. The Vanilla endophyte 
communities differed between dry and humid habitats, with only five genera detected in both 
regions, and also between species. Nine of the 11 isolates from Vanilla bicolor showed less than 90% 
identity to deposited GenBank accessions. Even considering only easily-culturable fungi, the roots of 
Vanilla spp. represent hotspots of fungal diversity, with many fungal species not yet recovered from 
other biomes. Ongoing studies focus on the diversity of unculturable fungi, and the ecological 
functions of these orchid fungal symbionts. 
 

P12 Disentangling the relative roles of ecology and geography in Madagascan 

Bulbophyllum speciation over (Late) Quaternary time scales 
 
ALEXANDER GAMISCH1, GUNTER ALEXANDER FISCHER2, HANS PETER COMES1 

 

1Department of Organismic Biology, University of Salzburg, A-5020 Salzburg, Austria; 2Kadoorie Farm 
and Botanic Garden Corporation, Lam Kam Road, Tai Po, N.T., Hong Kong SAR 
 
Madagascar is well known for its highly endemic and diverse flora and regionally pronounced 
environmental gradients. However, the evolutionary and ecological processes shaping this diversity 
in space and time remain poorly understood. Here we use phylogenetic methods, cluster analysis, 
and ecological niche modelling of present and past potential distributions to disentangle the relative 
roles of ecology and geography in the radiation of an ecologically diverse clade of Madagascan 
Bulbophyllum orchids (30 species). Based on bioclimatic layers and 603 point localities of geo-
referenced plant material collected at various expeditions in Madagascar or taken from herbarium 
specimens, these 30 species were found to presently occupy three distinct altitudinal climatic niches 
or ecozones (i.e. coastal wet, mid-altitude seasonally dry, and high-altitude dry). Preliminary 
phylogenetic reconstructions revealed frequent niche shifts throughout the Late 
Tertiary/Quaternary history of the clade. However, sister species were found more often to occupy 
different niches in geographically separated areas, suggesting important roles of both ecology and 
geography in driving Madagascan orchid speciation. As most of these species were inferred to have 
originated during the (Late) Quaternary, and apparently expanded their ranges during glacials, we 
hypothesize that these speciation events largely reflect adaptive responses to (Late) Quaternary 
climate change. 
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P13 Landscape scale variation in nectar traits of the butterfly pollinated orchid 

Gymnadenia Conopsea 

 
P. GIJBELS, W. VAN DEN ENDEN, O. HONNAY 
 
Laboratory of Plant Conservation and Population Biology, University of Leuven, Arenbergpark 
31/2435, 3000 Leuven, Belgium 
 
Variation of nectar characteristics has been rarely explored, yet it is an essential aspect to our 
understanding of how pollinator-mediated selection might act on nectar traits within and between 
species. This research dissects variation in nectar volume, sugar and amino acid composition of 
Gymnadenia conopsea populations into components due to variation among populations, plants 
within populations and flowers within individuals. Furthermore we correlate the observed variation 
between populations to environmental variables. The proportions of sugars and amino acids in 
nectar samples were determined using high performance liquid chromatography (HPLC). All nectar 
characteristics showed significant variation between populations and between individuals. The 
highest proportion of variance in nectar characteristics was often found between flowers of the 
same individual. Furthermore, we found that nectar characteristics where significantly influenced by 
environmental variables. Our results contradict the prevailing notion that nectar characteristics, 
especially AA composition, are relatively constant within species. Consequently, more elaborate 
nectar sampling designs are recommended when investigating variability in nectar composition 
between species. Furthermore, the extensive within-plant variation in nectar traits will limit the 
potential of pollinator-mediated selection on nectar chemistry of G. conopsea individuals but could 
also be advantageous for plants through a reduction of geitonogamous pollination by variance-
sensitive pollinators. 
 

P14 Floral signal evolution in the rewarding orchid genus Gymnadenia is influenced by 

pollinators and ploidy level 
 
K. GROSS, F. P. SCHIESTL 
 
Institute of Systematic Botany, University of Zurich, Zollikerstrasse 107, 8008 Zurich, Switzerland 
 
Orchids, which display strikingly diverse floral signals, are ideal to study processes of signal 
evolution. Pollinators select for specific floral signals and regionally varying pollinators may impose 
different selection. Internal factors such as (auto)polyploidisation may cause diversification within 
populations. However, how such adaptive and non-adaptive factors affect floral signals is poorly 
understood. We analysed phenotypic selection on floral signals in lowland and mountain 
populations in the rewarding orchid Gymnadenia odoratissima over two consecutive years. Selection 
on plant and inflorescence size was positive and stronger in the first year. Positive selection on some 
scent compounds was stronger in lowland populations, whereas the direction of selection on other 
scent compounds differed between years. To investigate how polyploidisation influences floral 
signals, we determined ploidy levels in G. conopsea using flow cytometry. Tetraploids were larger, 
flower colour intensity differed between cytotypes, and while some scent compounds were emitted 
in higher amounts, others were emitted in lower amounts in tetraploids. Moreover, tetraploids had 
a higher reproductive success. Plot experiments tracking pollen transfers revealed that pollinators 
caused at least some floral isolation between cytotypes. Overall, this study shows that both 
pollinator-mediated selection and polyploidisation shape floral signals, but differently so for 
different scent compounds. 
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P15 Diversification and reticulate evolution in Paphiopedilum 

 
YAN-YAN GUOa, b, YI-BO LUOa, ZHONG-JIAN LIU b, XIAO-QUAN WANGa 
 
a State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, the Chinese 
Academy of Sciences, Beijing 100093, China; b The Orchid Conservation and Research Center of 
Shenzhen, Shenzhen 518114, China 
 
Paphiopedilum Pfitzer is the largest genus of the subfamily Cypripedioideae, and has a much higher 
species diversity than its sister clade. We sampled 28 species from the genus, and investigated its 
evolutionary history with five cpDNA and four low-copy nuclear genes. The results showed that, in 
the phylogeny of Paphiopedilum, the subgenus Parvisepalum has a basal position, followed by the 
subgenus Brachypetalum, and finally the five sections of subgenus Paphiopedilum. In the subgenus 
Paphiopedilum, sect. Coryopedilum is closely related to sect. Pardalopetalum in all gene trees, 
whereas positions of the other three sections (Cochlopetalum, Paphiopedium, and Barbata) are 
discordant between chloroplast and nuclear gene trees, even between different nuclear gene trees. 
In particular, in some gene trees, sect. Cochlopetalum and sect. Paphiopedium do not form 
monophyletic groups, respectively. These may suggest that intersectional hybridization and 
reticulate evolution might have occurred. 
 

P16 Do tradeoffs between mating quality and quantity maintain deceitful versus 

rewarding pollination strategies in South African Disa orchids? 
 
N. HOBBHAHN, S. D. JOHNSON, L. D. HARDER 
 
Department of Biological Sciences, 2500 University Drive NW, University of Calgary, Calgary, Alberta, 
T2N 1N4, Canada; School of Life Sciences, University of KwaZulu-Natal, Private Bag X01, Scottsville, 
Pietermaritzburg 3209, South Africa 
 
Floral rewards promote pollination by encouraging regular visitation and flower fidelity by 
pollinators; however, a third of orchid species produce no rewards for pollinators, suggesting that 
the relative benefits of reward production and rewardlessness are context-dependent. The cross-
promotion hypothesis proposes that floral rewardlessness reduces self-pollination and enhances 
outcrossing by altering pollinator behavior; thereby offsetting the quantitative mating costs of 
reduced pollen dispersal and fruit set. We tested this hypothesis by comparing pollinator behavior, 
pollen fates, and fruit set between rewardless and rewarding species of Disa, a southern African 
orchid genus in which nectar rewards evolved repeatedly from rewardless ancestors. Rewardless 
and rewarding species experienced proportionally equivalent self-pollination. Rewardless species 
exported less pollen than rewarding species, but dispersed pollen to more distant mates, so that 
mate quality could compensate for reduced mate number if populations are genetically structured. 
Rewarding species experienced significantly higher pollen removal and deposition, and fruit set than 
rewardless species. Given the quantitative benefits of reward production for reproduction, 
persistence of deceit pollination suggests that significant post-dispersal modification of mating 
outcomes equalizes fitness of rewarding and rewardless species. Lifetime comparative studies of 
mating and reproductive success are needed to clarify the relative benefits of the two pollination 
strategies. 
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P17 Floral scent production in Phalaenopsis bellina 

 
Y-Y HSIAO, Y-P YANG, H-H CHEN 

 
Department of Life Sciences, National Cheng Kung University, Tainan 701, Taiwan 

 
The scent secretory structures, fragrant components and scent related genes were studied in 
Phalaenopsis bellina, a fragrant species of Phalaenopsis. Dynamic headspace technique was used to 
collect volatiles emitted from floral buds and flowers of P. bellina. Its scent components were found 
to be monoterpenes of geraniol, linalool, and their derivatives, and maximally emitted from day 5 
post-anthesis. Geranyl diphosphate synthase (GDPS) is generally considered to be responsible for 
the biosynthsis of monoterpene precursors. The cDNAs corresponding to GDPS small and large 
subunits (PbGDPS_SSU and LSU) were isolated. PbGDPS_LSU constitutively expressed in all floral 
developmental stages, while the expression of PbGDPS_SSU is flower specific. Coexpression of 
PbGDPS_LSU with PbGDPS_SSU in E. coli yielded the highest prenyltransferase activity than either 
PbGDPS_LSU or PbGDPS_SSU per se. In addition, PbGDPS_LSU have ability to interact with 
PbGDPS_SSU to form a heterodimer. Virus induced gene silencing results showed that the 
PbGDPS_SSU was the major controller of scent production. Furthermore, the downstream 
monoterpene synthases were cloned and their expression pattern revealed that both PbLinS and 
PbGerS maximally expressed on D+5 stage and concomitant with the maximal floral scent emission. 
These results together reflect the cell biology of fragrance emission during orchid flowering.  
 

P18 Niche Modelling can help to understand parentage of an orchid hybrid 

 
KAAN HÜRKAN, EDVÁRD MIZSEI, MOLNÁR V. ATTILA, AHMET GÖNÜZ, GÁBOR SRAMKÓ 
 
Department of Botany, Faculty of Sciences, University of Debrecen, H-4010 Debrecen, Egyetem tér 1, 
Hungary 
 
×Comptoglossum agiasense was firstly described relatively recently in 2004 as a rare intergeneric 
hybrid between Comperia comperiana and Himantoglossum montis-tauri on the Island of Lesvos 
(Greece). In the following years (2009 and 2010) the hybrid was also reported from different places 
in district Samsun (Turkey). However, the parentage is highly questionable as H. montis-tauri is 
geographically confined to S Turkey. When we tested the origin of this hybrid by means of molecular 
markers nrITS (nuclear) and trnL-rpl32-ndhF (chloroplast), these regions failed to provide resolution 
between the recently diverged putative parents (H. comperianum, H. montis-tauri, H. caprinum and 
H. jankae). Therefore, we applied Niche Modelling to characterise the ecological niche of the 
potential parents species in order to measure distributional overlap between these species with 
MaxEnt method. The model was derived from non-multi-correlating (rs<0.7) eco-geographical 
variables and “presence-only” data from 377 field observations. Niche overlap determined by 
Schoener’s D value indicated the highest overlap between Comperiana and H. jankae, which is 
surprising because the geographic overlap is apparently higher with H. affine. Nonetheless, our 
detailed morphological measurements indicate H. jankae as parent of the hybrid. Our study 
demonstrate the potential usefulness of Niche Modelling in orchid research. 
 
 
 



38 

 

P19 Immunocytochemical changes in the host cells during colonisation of Miltoniopsis 

orchids 
  
N.A. IDRIS, D.A. COLLINGS, A. GARRILL  
 
School of Biological Sciences, University of Canterbury, Private Bag 4800, Christchurch, New Zealand  
 
The interaction between orchid root cells and mycorrhizae results in characteristic changes in the 
morphology and cytology in both organisms. The mycorrhiza, having entered the plant cell by 
perforating the cell wall and grown to form pelotons, is separated from the cell cytoplasm by an 
interfacial matrix. The orchid cell must contain a mechanism for the acceptance or rejection of the 
fungus, which is suspected to occur either in the plant cell wall or at the plasma membrane. This 
study aims to determine the changes occurring in the plant cell during mycorrhizal colonisation of 
the pansy orchid Miltoniopsis, an orchid native to Brazil, by an as yet unidentified fungal species. 
Immunofluorescence microscopy, with antibodies raised against pectin and hemicellulose, has been 
used to probe the different stages of the interaction from colonisation to peloton lysis and digestion. 
Different labelling patterns can be observed in the interfacial matrix that surrounds the pelotons in 
live and degrading pelotons, signifying a change in composition. A three dimensional visualization of 
the different peloton stages was constructed from fluorescence imaging of the fungal cell wall 
stained by lactofuchsin. Attempts are also currently underway to perform live cell imaging of the 
cells undergoing colonisation. 
 
 

P20 Reproductive and population genetic consequences of remote island colonization 

in Bulbophyllum occultum THOUARS (Orchidaceae) from Madagascar and La Réunion 
 
URSULA JAROS1, GUNTER A. FISCHER2, HANS PETER COMES1 

 

1Department of Organismic Biology, University of Salzburg, Hellbrunnerstr. 34, A-5020 Salzburg, 
Austria; 2Kadoorie Farm & Botanic Garden Corporation, Lam Kam Road, Tai Po, N.T., Hong Kong 
 
A common pattern seen in plants that colonize islands is the evolution of higher selfing rates. For 
example, almost half of the native orchid species in La Réunion are auto-pollinating. However, little 
is known about evolutionary shifts in orchid mating system and their population genetic 
consequences after establishment on this remote island. Here, we utilize a natural colonization of La 
Réunion by the self-compatible Bulbophyllum occultum (Orchidaceae) from Madagascar to assess (i) 
the influence of colonization on selfing rates and flower-morphological divergence; and (ii) the 
distribution of cytoplasmic (cpDNA) and nuclear (nSSR) genetic diversity in ‘mainland’ (i.e. 
Madagascan) vs. island populations. 
Madagascan populations were found to vary in mating type, possessing pollinator-dependent and 
auto-pollinating morphs, with and without a rostellum, respectively. By contrast, populations in La 
Réunion are fixed for the auto-pollinating morph and genetically impoverished, resulting from the 
confounding effects of bottlenecks and high levels of selfing associated with island colonization. 
However, Madagascan populations also showed genetic signs of inbreeding and fragmentation 
(‘insularization’), particularly in human-disturbed areas. Hence, selfing rate variation in B. occultum is 
likely controlled by a complex interplay of local demographic and genetic factors as a result of 
different evolutionary histories in Madagascar and La Réunion. 
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P21 The evolution of floral mimicry: identifying traits that visually attract pollinators 

  
J. JERSÁKOVÁ 1, 2, A. JÜRGENS 2, P. ŠMILAUER 1, S. D. JOHNSON 2 

 
1 University of South Bohemia, České Budějovice, Czech Republic; 2 School of Life Sciences, University 
of KwaZulu-Natal, Pietermaritzburg, South Africa 
 
Some orchids are Batesian floral mimics imitating flowers of sympatric rewarding species to attract 
pollinators.  It is not yet well understood which traits are critical for pollinator attraction, although 
colour, shape and scent have been implicated. We conducted field-based experiments using plastic 
flowers differing in spectral and shape properties offered to long-proboscid tabanid flies at two sites 
– one where the fly-pollinated orchid mimic Disa pulchra occurs with its pink-flowered model, the 
iris Watsonia lepida, and another where the flies forage on a blue-flowered rewarding plant 
Agapanthus campanulatus. Flies intensively visited and probed plastic flowers of colours 
indistinguishable in a fly vision model from those of the rewarding plants. Inflorescence architecture 
and brightness of plastic flowers made little difference to fly attraction, but those matching the 
shape and nectar guides of Watsonia flowers were significantly more attractive. Flowers of the focal 
plant species are weakly scented and divergent in scent. We show that traits that mimic, in order of 
importance, the spectra, shape and nectar guides of flowers of rewarding plants would be under 
strong selection in food-deceptive orchids as they maximize their attractiveness. We also elucidate 
why food-deceptive orchids match the rewarding plants more in visual attributes than scent 
chemistry.   
 

P22 Recruitment and plant-fungi interactions in Pyroleae species  

 
V.A. JOHANSSON, O. ERIKSSON 
 
Department of Ecology, Environment and Plant Sciences, Stockholm University, SE-10691 Stockholm, 
Sweden 

 

The tribe Pyroleae (Ericaceae) contains forest species which are believed to be partially 
mycoheterotrophic, with some exceptions. All Pyroleae species have dust seeds and develop 
subterranean seedlings which are fully mycoheterotrophic. We study recruitment processes in six 
Swedish Pyroleae species in a field study area on Öland using a combination of sowing experiments 
followed by stable isotope analysis to assess mycoheterotrophy and molecular studies to identify 
fungal hosts. We here report the first part of this project focusing on seed vs. microsite limitation of 
recruitment. The six studied species varied in factors limiting recruitment. Pyrola minor was found to 
be mostly seed limited whereas P. chlorantha, Orthilia secunda and Chimaphila umbellata were 
mostly microsite limited. Two species, Moneses uniflora and P. rotundifolia were limited by a 
combination of both factors. Preliminary results suggest that P. chlorantha and O. secunda, as adult 
plants, have a higher degree of mycoheterotrophy than the other study species. Ongoing studies will 
reveal the identity of the fungal hosts. 
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P23 Pollination in Pleurothallidinae (Orchidaceae): convergence driven by myophily? 

 

ADAM P. KARREMANS, F. PUPULIN, B. GRAVENDEEL  
 
Lankester Botanical Garden, University of Costa Rica, Costa Rica; Naturalis Biodiversity Center – NHN 
Leiden University, The Netherlands 
 

 

Generic and subgeneric classification in Pleurothallidinae has traditionally been quite a hazardous 
task, mainly because plant and flower diversity is immense among the 5000 accepted species in the 
subtribe. Species groups that could be easily separated from others because of specific floral traits 
had traditionally been placed in well-defined generic concepts. However, with the use of molecular 
techniques it became evident that most genera in Pleurothallidinae were poly- and/or paraphyletic, 
evidencing also that those specific floral traits evolved several times independently in the subtribe. 
Morphologically similar traits such as apical anthers and stigmas, and complex pollinaria, which 
undoubtedly are involved in pollination, are found independently in the Pleurothallis, Specklinia and 
Stelis clades. Myophily, or pollination by flies, is considered to be the most common type of 
pollination among Pleurothallids, however the pollinators of most species are still unknown. Fly 
pollination has been reported in species of all three of the clades mentioned, suggesting that their 
flower morphology might have converged driven by adaptation to particular fly groups. Noteworthy 
is that although in most groups of Pleurothallidinae anthers and stigmas are ventral and pollinaria 
are simple, it is the most species rich groups that have apical anthers and stigmas and complex 
pollinaria. 
 

P24 Genus Neottia, an early step in a shift from autotrophy to mycoheterotrophy in 

orchids? 
 
M. KOTILÍNEK, T. TĚŠITELOVÁ, J. JERSÁKOVÁ, F-X. JOLY, M-A. SELOSSE 
 
Faculty of Science, University of South Bohemia, Branišovská 31, CZ-370 05 České Budějovice, Czech 
Republic 
 
Several plant families evolved mycoheterotrophy, but the evolution of such nutritional shift has 
been little studied. We investigated mycorrhizal associations and a nutritional mode of two green 
orchid species, Neottia ovata and N. cordata, closely related to a non-green N. nidus-avis which 
associates with ectomycorrhizal Sebacinales, clade A. We analyzed mycorrhizal symbionts of N. 
ovata and N. cordata adults from 38 European sites and different habitats, and measured the 
natural content of stable isotopes 13C and 15N in adults. Further, we investigated the germination 
course of both species at 18 sites in the Czech Republic, and analyzed fungal spectra of N. ovata 
seedlings. Seeds of both species suffered high mortality during in situ germination. While N. ovata 
produced few protocorms, N. cordata never reached a protocorm stage. Sebacinales, clade B, 
dominated in both seedlings and adults of both species independently of habitat type and site 
geography. Additionally, ectomycorrhizal fungi and members of Tulasnellaceae were found. Natural 
content of stable isotopes did not indicate significant nutrient gain by mycoheterotrophy. 
Association of both Neottia species with Sebacinales, clade B, together with the co-occurrence of 
ectomycorrhizal fungi could serve as a predisposition for the shift to full mycoheterotrophy in the 
Neottia genus. 
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P25 Mycorrhizal specificity among Australian sexually deceptive orchid genera: 

Implications for species delimitation in orchid mycorrhizae using ITS 
 
C. C. LINDE1, R. D. PHILLIPS2, M. D. CRISP1, R. PEAKALL1  
 
1Research School of Biology, Evolution, Ecology and Genetics, The Australian National University, 
Canberra, ACT 0200, Australia; 2 Kings Park and Botanic Garden, The Botanic Garden and Parts 
Authority, West Perth, WA 6005, Australia 
 
Delimitation of species of mycorrhizal fungi is critical to understanding the ecological and 
evolutionary consequences of mycorrhizal specialisation. Studies of mycorrhizal specificity in orchids 
primarily rely on quantifying genetic divergence among clades of ITS sequences. Here, we undertake 
the first rigorous test of mycorrhizal specificity in orchids using eight sequence loci to delimit 
species. We focused on representatives of the Australian genera Chiloglottis (9 species), Drakaea (7 
species), Paracaleana (5 species) and Arthrochilus (1 species). Four species of Tulasnella fungi were 
identified, one used by Drakaea and Paracaleana, one used by Chiloglottis and at least two used by 
Arthrochilus oreophilus. The difference between the fungi from Chiloglottis and Drakaea was 
supported by the absence of germination in a cross-specificity trial. Sequence divergence among the 
Chiloglottis and Drakaea+Paracaleana associated lineages is 18% across the eight loci, with evidence 
for phylogeographic clustering within mycorrhizal species. Complete sharing of a mycorrhizal fungal 
species within orchid genera demonstrates that the mycorrhizal partners have not contributed to 
patterns of speciation and biogeography within these genera. The phylogenetic results from eight 
loci are strongly congruent with those from using ITS alone, supporting the case for the utility and 
reliability of ITS in fungal species delimitation. 
 

P26 Symbiotic orchid seed germination of Pecteilis susannae (L.) Rafin and idole-3-

acetic acid (IAA) production by mycorrhizal fungi  
 

S. LUMYONG1, R. CHUTIMA2 

 
1Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand; 
2Department of Biology, Faculty of Science and Technology, Pibulsongkarm Rajabhat University, 
Phitsanulok 65000, Thailand   
 
Conservation of endemic orchid need suitable orchid mycorrhiza when grow in nursery before 
transplant to natural habitat.  Symbiotic seed germination of Pecteilis susannae (L.) Rafin and IAA 
production were investigated using 11 fungal isolates recovered from roots of P. susannae, Eulophia 
spectabilis, Paphiopedilum bellatulum and Spathoglottis affinis. Seed germination and protocorm 
development were evaluated up to 133 days after sowing. Protocorm development was most 
advanced, up to stage 5 (elongation of the first leaf), when seeds were cultured with 4 Epulorhiza 
isolates obtained from roots of P. susannae. While seed was incubated without fungi development 
was limited to stage 3 of protocorm development (appearance of promeristem). Epulorhiza sp. 
CMU-SLP 007 produced the highest levels of IAA (155.63 µg/ml) when grown in a culture medium 
supplemented with 4 mg/ml of L-tryptophan. This fungal IAA could also promote growth of non- 
host plant such as kidney bean (Phaseolus vulgaris), corn (Zea mays) and rice (Oryza sativa) seedling 
when compared with controls. This is the first report of protocorm developmental stage 5 in P. 
susannae using compatible fungal symbionts and IAA production by orchid mycorrhizal fungi isolated 
from these Thai native terrestrial orchids.  
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P27 An interesting cluster of Orchid species in a seed crop of Leontodon hispidus 

 

D. MacINTYRE, J. LIPINGTON 
 
Flora locale, Manor Farm, Langridge, Bath, BA1 8AJ, UK  
 
Manor Farm, Langridge, is a traditional lowland mixed farm on limestone. Seed crops of 50-100 
native wild UK species have been grown here on the arable land since 2000. A crop of Leontodon 
hispidus was sown in 2001 and has been maintained since by the application of herbicides and late 
summer topping. By 2007 the crop had been colonized by large numbers of Ophrys apifera with 
numbers peaking in 2009 and maintained since. O. apifera did not colonize other seed crops, but 
was present on the farm prior to 2001, occurring rarely as single plants in field margins. From 2009-
2012 the crop of L. hispidus was further colonized by other Orchid species, with a total of seven 
species recorded in 2012. Three of these species were present, but rare, within 1km of the crop, the 
other four species are not known to occur less than 2km from the crop.  The number of flowering 
individuals of each Orchid species present in the crop was counted in 2012, and this is presented 
together with distances to known wild populations of each species. These observations suggest that 
the conditions provided by this crop of L. hispidus are conducive to the establishment of some 
Orchid species. Further, the presence of Orchid species that are not known to occur locally suggests 
long distance dispersal on the wind. There is some evidence that seed of Orchid species has 
moderate to poor longevity in the soil seed bank. Our observations suggest that Orchid species may 
also rely on an “atmospheric seed bank” for survival. 
 
 

P28 Flowers of Telipogon peruvianus (Orchidaceae) elicit pre-mating behaviour in 

males of Eudejeania sp. (Tachinidae) in order to become pollinated 
 
C. MARTEL, M. AYASSE 
 
Institute of Experimental Ecology, Ulm University, Albert-Einstein-Allee 11, Ulm 89069, Germany 
  
Pollination by sexual deception involves the cheating of male insects and, in most occasions, eliciting 
them to copulate with the insect-like flowers (pseudocopulation). The Neotropical genus Telipogon 
was suggested to be pollinated by pseudocopulation; however, so far there is not much information 
to support this assumption. We used behavioral observations, performed SEM analyses and 
measured reproductive success in order to study the mechanisms of pollination in Telipogon 
peruvianus. In the field we recorded males of Eudejeania sp.  pollinating T. peruvianus flowers 
showing pre-mating behavior; however, they did not perform copulation attempts and flew away 
after landing for few seconds. Thus, the orchid is taking advantage of the pre-mating behavior of 
Eudejeania sp. to selectively attach the pollinarium to the legs. Therefore sexual deception in T. 
peruvianus does not involve pseudocopulation. In presence of pollinators 42% of the flowers 
developed fruits, the highest pollination success within sexual deceptive species. SEM analyses 
reveal that flowers bear three kinds of cells on the lip surface probably mimicking the three kinds of 
Eudejeania sp.’s bristles. However, the resemblance in micro-sculpture and micro-morphology is 
poor that may explain why males quickly fly away and copulation attempts were not observed. 
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P29 Evidence for extreme specialization in both above- and belowground symbioses in 

Gastrodia (Orchidaceae) 
 
F. MARTOS, M.-A. SELOSSE, S. D. JOHNSON 
 
School of Life Sciences, University of KwaZulu-Natal, Private Bag X01 Scottsville, Pietermaritzburg 
3209, South Africa 
 
Orchids show an overall tendency towards specialization for the aboveground interaction with 
animal or insect pollinators and the belowground symbiosis with mycorrhizal fungi. It has been 
nevertheless hypothesized that specialization for these two interaction types may limit the 
ecological opportunities of an orchid species, and be evolutionarily unstable, hence leading to a 
trade-off between specialization and generalization above- and below-ground. In this paper, we 
challenge this hypothesis by providing evidence that extreme specialization for both symbioses is 
likely to co-occur in some orchid species, especially in mycoheterotrophic orchid species. Gastrodia 
similis (tribe Gastrodieae) is an achlorophyllous orchid that is exclusively found in the lowland 
rainforest of Réunion (Mascarene Islands). We previously showed that Gastrodia parasitizes a white-
rot fungus (Resinicium sp.) through mycorrhizal symbioses, and in that way obtains carbon from 
decaying organic matter. In a more recent study, we found that Gastrodia targets the sensory 
system of females of the fly Scaptodrosophila triangulifer (family Drosophilidae) through olfactory 
mimicry of a brood site. In this system, the flowers produce a mixture of ester volatiles during the 
day, thus attracting a narrow subset of the drosophilid flies present in the forest habitat. By carrying 
out thorough tests on the olfactory response of these drosophilid flies in natura, we reached an 
original, comprehensive insight into the chemical basis of specialization in this pollination system. 
 
 

P30 Shifts in mycorrhizal fungi during the evolution of autotrophy to 

mycoheterotrophy in Cymbidium 
 
Y. OGURA-TSUJITA, J. YOKOYAMA, K. MIYOSHI, T. YUKAWA 
 
Botanical Gardens, Tohoku University, Kawauchi 12-2, Sendai, 980-0862, JAPAN 
 
Mycoheterotrophic plants, which completely depend upon mycorrhizal fungi for their nutrient 
supply, show unusual associations with fungal partners. The processes involved in shifting fungal 
associations during cladogenesis of plant partners from autotrophy to mycoheterotrophy have not 
been demonstrated based on a robust phylogenetic framework. Consequences of mycorrhizal shift 
were examined in Cymbidium (Orchidaceae) using achlorophyllous and sister chlorophyllous species. 
Fungal associates of the two achlorophyllous mycoheterotrophs, their close relatives, the 
chlorophyllous mixotrophs and an outgroup, the chlorophyllous autotroph, were identified by ITS 
sequences. Molecular identification of mycorrhizal fungi revealed: 1) the outgroup autotroph is 
predominantly dependent on saprobic Tulasnellaceae, 2) the mixotrophs associate with the 
Tulasnellaceae and ectomycorrhizal groups including the Sebacinales, Russulaceae, Thelephoraceae 
and Clavulinaceae and 3) the two mycoheterotrophs are mostly specialized with ectomycorrhizal 
Sebacinales. Fungal partners in Cymbidium have shifted from saprobic to ectomycorrhizal fungi via a 
phase of co-existence of both nutritional types of fungi. These three phases correspond to the 
evolution from autotrophy to mycoheterotrophy via mixotrophy in Cymbidium. We demonstrate 
that shifts in mycorrhizal fungi correlate with the evolution of nutritional modes in plants. 
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P31 Time and habitat patterns of orchid-associated fungal communities revealed by 

454 pyrosequencing 
 
JANE OJA, MOHAMMAD BAHRAM, LEHO TEDERSOO, TIIU KULL, URMAS KÕLJALG  

 

Department of Botany, Institute of Ecology and Earth Sciences, University of Tartu, Lai 40,Tartu, 
Estonia 
 

Orchids are known for their specialization to different environmental and biotic factors especially 
pollinators and mycorrhizal fungi. Understanding specificity between orchids and fungi has been a 
central research issue, because while of its importance to germination and growth of orchids.  Both 
germlings and adult orchids obtain a substantial amount of nutrients from their fungal partners. 
Some studies have shown that orchids may switch fungi during the development. By contrast, fungal 
partners are not dependent on orchids for their reproduction and dispersal and can survive either as 
free-living saprophytes or parasites. The present study characterizes fungal communities of the same 
terrestrial orchid species and soil fungal diversity in two different habitats, and their dynamics during 
the vegetation period. We collected roots of three orchid species - Cypripedium calceolus, Listera 
ovata, and Orchis militaris - from meadow and forest sites across western Estonia and at three 
different times from June to August. In addition, we sampled the surrounding soil of the roots. 
Fungal communities in different samples were identified using the 454-pyrosequencing technique. 
Our results show various patterns across fungal communities in orchid roots as well in soil, and 
indicate some degree of specificity towards symbiotic fungi and environmental conditions. During 
the growing season, both fungal communities revealed seasonal and temporal changes in 
composition and function.  
 

P32 Mycorrhizal associations and nutritional modes in photosynthetic Estonian 

meadow orchids 
 
L. PECORARO1, G. GEBAUER2, T. KULL1 

 

1Institute of Agricultural and Environmental Sciences, Estonian University of Life Sciences, Riia St. 
181, Tartu 51014, Estonia; 2BayCEER - Laboratory of Isotope Biogeochemistry, University of Bayreuth, 
95440 Bayreuth, Germany 
 
Association with symbiotic fungi has a crucial impact on orchid growth and metabolism from 
germination through the seedling stage and in many cases throughout life. Recent advances in 
studying of orchid mycorrhizae are linked to the development of molecular techniques that enable 
identification of fungal symbionts, whereas the recent application of stable isotope analyses has 
represented a powerful tool for understanding nutrient exchange between orchids and fungi. 
We assessed the identities of fungi associated with the photosynthetic terrestrial orchids 
Dactylorhiza fuchsii, D. incarnata, Gymnadenia conopsea and Ophrys insectifera using microscopy 
and DNA sequencing. We also applied stable nitrogen and carbon isotope abundance analyses in 
order to test whether nutrients are gained from the fungal symbiont. For each orchid species, 
genomic DNA was extracted from mycorrhizal roots of fifteen adult plants collected in grassland 
sites in Estonia. The fungal ITS were amplified and sequenced. Data showed that investigated orchids 
are associated with a range of fungi belonging to Basidiomycota and Ascomycota. Among them, 
fungal taxa belonging to Tulasnellaceae were identified in most of the analyzed samples. All orchid 
species depend on their fungal symbionts at least for nitrogen nutrition as they were significantly 
enriched in 15N compared with neighboring non-orchid plants. 

http://www.scopus.com/record/display.url?eid=2-s2.0-84864546249&origin=resultslist&sort=plf-f&src=s&st1=vegetation+season+fungi&sid=C546A03E75C0E4F645DF92B743568E05.I0QkgbIjGqqLQ4Nw7dqZ4A%3a50&sot=b&sdt=b&sl=38&s=TITLE-ABS-KEY%28vegetation+season+fungi%29&relpos=6&relpos=6&searchTerm=TITLE-ABS-KEY%28vegetation+season+fungi%29
http://www.scopus.com/record/display.url?eid=2-s2.0-84864546249&origin=resultslist&sort=plf-f&src=s&st1=vegetation+season+fungi&sid=C546A03E75C0E4F645DF92B743568E05.I0QkgbIjGqqLQ4Nw7dqZ4A%3a50&sot=b&sdt=b&sl=38&s=TITLE-ABS-KEY%28vegetation+season+fungi%29&relpos=6&relpos=6&searchTerm=TITLE-ABS-KEY%28vegetation+season+fungi%29
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P33 Plant gene expression in mycoheterotrophic stages of orchid mycorrhiza  

 
S. PEROTTO, A. BENETTI, R. B. S VALADARES, E. ERCOLE, M. RODDA, M. GIRLANDA, R.BALESTRINI 

 
Department of Life Sciences and Systems Biology, University of Turin and Institute for Plant 
Protection, CNR, Viale P.A. Mattioli 25, 10125, Torino, Italy 
 
All orchids are mycoheterotrophic (MH) during early development and rely on fungal-derived carbon 
for growth. When adult, most orchids develop photosynthetic organs, but species adapted to shaded 
forest habitats can remain fully or partially MH (Selosse and Roy, 2009). In comparison with other 
mycorrhiza, the cellular and molecular aspects of the orchid plant-fungus interaction have been 
largely neglected. As orchid mycorrhiza has often been portrayed as an example of controlled 
parasitism (Burges 1939, Rasmussen & Rasmussen, 2009), we have investigated the expression of 
some plant genes, possibly related to plant response, in MH stages of the plant-fungus interactions 
in two orchid species.  
Levels of expression of genes selected from EST libraries were assessed in mycorrhizal and non 
mycorrhizal tissues by quantitative real time PCR both in achlorophyllous protocorms of the 
Mediterranean green orchid species Serapias vomeracea, co-cultured with Tulasnella calospora, and 
in roots of the partial MH species Limodorum abortivum, in association with Russula delica.  
Some nodulin-like genes were up-regulated in the mycorrhizal tissues, which did not show significant 
induction of defense and stress responses. Although preliminary, these results would suggest that 
the hypothesis of an arms race between the partners of orchid mycorrhiza is not supported by 
molecular data. 
 
Burges A 1939. The defensive mechanism in orchid mycorrhiza. New Phytol 38: 273-283 
Rasmussen HN, Rasmussen FN 2009. Orchid mycorrhiza: implications of a mycophagous life style. 
Oikos 118: 334-345. 
Selosse MA and Roy M 2009. Green plants that feed on fungi: facts and questions about mixotrophy. 
Trends Plant Sci. 14: 64-70. 
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P34 Can orchids be deceived by pollinators? Orchid weevils: from florivory to 

pollination parasitism and conditioned mutualism 
 
C. E. PEREIRA NUNES, M. SAZIMA 
 

Department of Plant Biology, State University of Campinas - Unicamp, Rua Monteiro Lobato 255, 
Cidade Universitária "Zeferino Vaz", Campinas, SP, P.O. Box 6109, 13.083-970, Brasil 
 

Studies on pollination of Dichaea cogniauxiana and D. pendula led to discovery of an intriguing 
pollination system. The work was conducted at the Serra do Mar State Park, São Paulo, Brazil. For 
both species, flower visitors were recorded, and to determine reproductive systems, controlled 
pollination experiments were conducted. Female weevils of Montella sp. nov. deliberately self-
pollinated and afterwards oviposited inside the stigmatic cavity, repeating this behavior in 
unpollinated flowers. Weevils´ larvae fed on ovules of D. cogniauxiana causing fruit abortion by the 
end of the larval stage. Under natural conditions, infestation by weevils reached 18% (18/100) of 
fruits; thereby non-nursery pollination is possible. Some larvae containing fruits are lost (27,78%; 
5/18), but most are “rescued” by a parasitoid Braconidae wasp (72,22%; 13/18), who kills weevil’s 
larvae before too much damage is inflicted to the fruit, which continues developing until seed 
release, converting pollination parasitism into “conditioned mutualism”. Montella sp. weevils also 
self-pollinate the self-incompatible D. pendula, thus ovules do not develop and ovaries are aborted. 
Montella spp. are known florivores associated with other orchid species, however, nursery 
pollination behavior was never described for this taxon. Therefore, this work provides new insights 
on evolution of nursery pollination and of pollination mutualisms. 
 

P35 Convergent specialisation – the sharing of pollinators by sympatric genera of 

sexually deceptive orchids  
 
R.D. PHILLIPS, C. HAYES, M.D. CRISP, K.W. DIXON, R. PEAKALL 
 
Evolution, Ecology and Genetics, Research School of Biology, The Australian National University, 
Canberra, ACT 0200, Australia; Kings Park and Botanic Garden, The Botanic Garden and Parks 
Authority, West Perth, 6005, Western Australia; School of Plant Biology, The University of Western 
Australia, Nedlands, 6009, Western Australia 
 
Pollinator sharing offers powerful insights into the floral traits associated with the evolution of a 
pollination system and the consequences of floral traits for pollinator behaviour. In newly discovered 
Australian systems, convergent evolution of pollinator use creates novel opportunities to elucidate 
the adaptations underpinning the evolution of sexual mimicry and subsequent speciation. 
Phylogenetic analyses of the pollinators of over 50 species of sexually deceptive orchid from south-
western Australia revealed several cases of pollinator sharing at different evolutionary scales. 
Multiple cases of pollinator sharing occurred between Caladenia and Drakaea, and between 
distantly related Caladenia. Using a case of pollinator sharing between Drakaea and Caladenia, we 
showed that variation between species in the site of scent release strongly influences pollinator 
behaviour. Scent release from the labellum makes a flower more efficient at converting attraction 
into pollination, leading to higher pollination rates. Drakaea and Caladenia appear to have 
independently evolved the use of pyrazines to attract pollinators. In both genera, there has been a 
radiation of orchid species within the same clade of wasps, suggesting that a characteristic of these 
wasps favours diversification. This system provides a unique opportunity to understand the 
molecular and chemical processes underpinning the diversification of sexually deceptive orchids.  



47 
 

P36 When phylogeography meets speciation: deep genetic structure and outbreeding 

depression reveal early stages of reproductive isolation in Neotropical orchid species 
 
FÁBIO PINHEIRO1, SALVATORE COZZOLINO2, FÁBIO DE BARROS1, TIAGO M.Z.M. GOUVEIA1, 
ROGÉRIO M. SUZUKI1, MICHAEL F. FAY3, CLARISSE PALMA-SILVA1 

 
1Instituto de Botânica, 04301-012, São Paulo, SP, Brazil; 2Dipartimento di Biologia Strutturale e 
Funzionale, Complesso Universitario di Monte S. Ângelo, Università degli Studi di Napoli Federico II, 
80100, Napoli, Italy; 3Jodrell Laboratory, Royal Botanic Gardens Kew, Richmond, Surrey, TW9 3DS, UK 
 
Phylogeographic studies provide an important framework for investigating the mechanisms 
operating during the earliest stages of speciation, sincereproductive barriers can be examined 
among divergent lineages identified at temporal and geographical scales. The aim of this study was 
to investigate the evolution of early stages of intrinsic postmating isolation among different 
populations and lineages of Epidendrum denticulatum, a Neotropical orchid distributed across 
different biomes in South America. For both nuclear and plastid markers, we estimated genetic 
diversity and structure, using haplotype network, differentiation tests, Bayesian assignment analysis 
and divergence time of the main lineages. Reproductive barriers among divergent lineages were 
examined by analysing seed viability following reciprocal crossing experiments. Strong 
phylogeographic structure was found, indicating that E. denticulatum was restricted to multiple 
refuges during South American forest expansion events. Large asymmetries in seed set were 
observed among lineages, suggesting the presence of Bateson-Dobzhansky-Muller genic 
incompatibilities associated with cytonuclear interactions. Gametophyte-sporophyte negative 
interactions (late prezygotic barrier) and embryo mortality (early postzygotic barrier) are probably 
the main reproductive isolation mechanisms involved. Since divergence time estimates indicate that 
the main lineages diverged in the last million years, this study confirms the important role of 
Pleistocene climatic changes in the diversification of these lineages. 
 

P37 Influence of additives plant origin (lyophilized fruit and vegetables) on the growth 

and seedling development Dactylorhiza sambucina (L.) Soó in vitro cultures 
 
J. POKORNY 
 
Wrocław University of Environmental and Life Sciences, Department of Botany and Plant Ecology, pl. 
Grunwaldzki 24 a, 50-365 Wrocław, Poland  
 
For several years on the Lower Silesia observed disappearance of positions, reduction of population 
and area population of Dactylorhiza sambucina. The seeds are characterized by a low viability and 
germination. In studies on the reintroduction of endangered species were used by cultures in vitro. 
To the basic composition of the culture media (Fa and Lucke) were added lyophilized fruit and 
vegetables in order to extend the life and better the development of D. sambucina seedlings. The 
largest growth were observed in the roots of Fa + kiwi fruit medium (16,70 mm), Fa + onion (1,.20 
mm) and Fa + berry (13,80 mm). The largest growth were observed in leaf Fa + medium onion (21,00 
mm), Lucke + strawberries (20,00) and Lucke + peas (18,8 mm). Multiplication of protocorms 
occurred on the medium Lucke + peas and Luke+ rose. The largest number of live seedlings were 
grown on media Fa (40%)+ currant and Lucke +peas (35%). 
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P38 Orchids utilize trehalose as carbon and energy sources by the action of trehalase 

 
J. PONERT1,2, H. LIPAVSKÁ1 

 
1Department of Experimental Plant Biology, Faculty of Science, Charles University in Prague, Viničná 
5, 128 44 Praha 2, Czech Republic; 2 Prague Botanical Garden, Nádvorní 134, 171 00 Praha 7 – Troja, 
Czech Republic    
 
During early stages of development, orchid nutrition depends exclusively on mycorrhiza. The 
question remains, however, which compounds are transferred in mycorrhizas and what are their 
roles.  
To address the question, we have tested the ability of protocorms of selected orchid species 
(Dactylorhiza majalis, Ophrys lojaconoi) to utilize different saccharides under in vitro conditions. The 
results confirmed sucrose, fructose, glucose, raffinose, sorbitol and trehalose as suitable compounds 
to provide energy and carbon skeletons for protocorm growth. Maltose and mannitol were utilized 
only to a low degree and galactose applied as the only carbohydrate source was not metabolised at 
all.  
Higher plants are able to synthesise trehalose, nevertheless, most of them contain very low amounts 
of this sugar and reserve it only for signalling purposes. The levels of trehalose and their derivatives 
are controlled, besides other enzymes, also by trehalase, splitting it into two molecules of glucose. In 
our experiments, the application of trehalase-specific inhibitor, validamycin A, to trehalose-
supported cultures led to nearly total inhibition of protocorm growth which indicates trehalase 
activity being responsible for trehalose utilization. Additionally, histochemical trehalase activity 
detection in protocorms and roots is presented.  
 
The work was supported by grant MSM 0021620858 and grant SVV265203/2012.  
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P39 Three-dimensional geometric morphometrics for studying floral shape variation in 

Aegean Ophrys species 

 

D. RAKOSY, Y. STÄDLER, M. AYASSE, E. WEBER, H.F. PAULUS 
 

Department of Integrative Zoology, University Vienna, Althanstrasse 14, 1090 Vienna, Austria; 
Department of Functional and Structural Botany, University Vienna, Rennweg 14, 1090 Vienna, 
Austria; Institute of Experimental Ecology, University Ulm, Albert Einstein Allee 11, Ulm, Germany 

 

Understanding the patterns of floral shape variation between the pollinator delimited species of the 
sexually deceptive genus Ophrys has been difficult because of the complex three-dimensional 
structure and high intra-specific variability of the flowers. Here we aim to assess for the first time the 
utility of integrating µCT scans and three-dimensional geometric morphometrics, for understanding 
intra- and interspecific flower shape variation in the Aegean representatives of the O. 
tenthredinifera complex. Further by combing the morphological data with chemical analyses of the 
floral scent and pollinator experiments we discuss the role of flower shape in this specific plant-
pollinator interaction. Traditional morphometric analyses performed on the Aegean representatives 
of the O. tenthredinifera complex, revealed high variation in floral characters, failing to separate 
between pollinator delimited taxa. The results of the three-dimensional geometric morphometrics 
analyses, while confirming that most of these taxa are likely to be cryptic species, showed distinct 
floral shape variation patterns at least in some species. These patterns corresponded to those 
revealed by pollinator experiments and floral chemical compounds. As different pollinators seem to 
have selected different floral shapes, it appears likely that floral shape does play a role in mediating 
pollination, at least in some species, possibly by regulating the pseudocopulation efficiency. 
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P40 Reproductive ecology in Habenaria novemfida (Orchidaceae), in Central Mexico  
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Ecología, Universidad Nacional Autónoma de México, Apartado Postal 70‐367, 04510 México, D.F. 
México; 2Departamento de Botánica, Instituto de Biología, Universidad Nacional Autónoma de 
México, Apartado Postal 70‐367, 04510 México, D.F. México 
  
The genus Habenaria is a terrestrial group of species pollinated by moths. Despite recent 
evolutionary studies focused on the floral biology, there has been little information on the 
reproductive system and other plant‐animal interactions. In this study we describe the reproductive 
system, nectar production within and among inflorescences, and pre‐dispersal fruit predation in a 
natural population of Habenaria novemfida.  
Percentages of within and among nectar variance were quite similar. Nectar volume and sugar was 
higher in autonomous self‐pollination, nectar concentration was higher in manual outcross, and 
sugar was higher in autonomous self‐pollination than in manual self‐pollination or manual‐outcross. 
The three nectar traits were affected by patch location. Volume and sugar are differently allocated 
along the inflorescence, while concentration remains equal. Fruit production was not different 
among manual self‐pollination and manual‐outcross, while autonomous self‐pollination plants 
produced no fruit. Fruit length in parasitized fruits was high than in manual self‐pollination and 
manual‐outcross, while fruit width was higher in manual self‐pollination and parasitized fruits than 
in manual‐outcross.  
Results indicated that the studied species is highly self‐compatible reducing the costs of selfing, but 
requires of pollinators to ensure successful reproduction. Fruit production was apparently limited by 
resources and pre‐dispersal seed predation. These results are complemented with field evidence to 
examine how natural selection acts on floral display, nectar production per flower and flower size in 
a natural population (150 plants). 
 

 
 
 
 
 
 
 
 
 



51 
 

P41 Phenological responses of a sexually deceptive orchid (Ophrys sphegodes) and its 

pollinator (Andrena nigroaenea) to temperature: implications of climate change for a 
plant-pollinator synchrony 
 
K.M. ROBBIRT 1, 2, D.L. ROBERTS 1, 4, M.J. HUTCHINGS 3, A.J. DAVY 2   
 

1Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, UK; 2School of Biological Sciences, 
University of East Anglia, Norwich, NR4 7TJ, UK; 3School of Life Sciences, University of Sussex, 
Brighton, Sussex, BN1 9QG, UK; 4Durrell Institute of Conservation and Ecology, School of 
Anthropology and Conservation, University of Kent, Canterbury, CT2 7NR, UK  
 
Pollination in the sexually deceptive orchid Ophrys sphegodes relies on attracting males of the 
solitary bee Andrena nigroaenea into pseudo-copulation with its flowers: thus male mating activity 
and flowering must be synchronous and females are potential competitors with flowers. 
Relationships between collection date of A. nigroaenea and mean spring temperature were 
examined, using 3,000 recent field observations (1975-2007), to validate the use of a longer (1893-
2007) dataset, derived from museum specimens, in which the sexes of bees could be distinguished.  
Male and female flight times were compared independently with the known flowering trend of O. 
sphegodes, revealing considerable potential for phenological divergence between male flight time 
and orchid flowering time with increasing spring temperature. 
 

P42 What can we learn from albino individuals in orchids? 

 
MÉLANIE ROY 
 

Laboratoire Evolution et Diversité Biologique, Université Paul Sabatier – CNRS, Bâtiment 4R1, 118, 
route de Narbonne, 31062 TOULOUSE Cedex 4, France. 
 
Albino individuals – that lack photosynthesis – are rarely recorded in orchids, and always at a low 
frequency within populations. However, this phenomenon, which can appear from punctual 
mutations in other plants, is somehow favoured by mycoheterotrophy, as these individuals receive 
their organic carbon from their mycorrhizal fungi. Such albino individuals are not only clues to detect 
mycoheterotrophy among orchids, they can also be used as mutants to study the consequence of 
full mycoheterotrophy on individuals fitness, and to understand how such a strategy can be selected. 
Here, we record albino individuals in orchids, mostly in France, based on observations and literature. 
This database permitted to test if albino individuals appear more frequently in some tribes or 
environment, and if this phenomenon can be linked with some mycorrhizal fungi. 
In all, albino individuals were recorded in 31 species in France and 11 genera, mostly in Neottieae 
but also in other tribes and most cases were recorded in forest habitats, in species commonly 
associated with ectomycorrhizal fungi. 
However, the occurrence of rare cases in meadows, in Ophrys or Orchis genera, points out that full 
mycoheterotrophy can appear punctually, but that only ectomycorrhizal fungi may sustain such 
individuals until fruiting or even for several years. To complete this first investigation, more data on 
fruitset and survival should be acquired, together with data on mycorrhizal status and 
microenvironment. 
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P43 Elucidating the carbon and nitrogen gains of orchids in mountainous habitats – A 

stable isotope approach* 
 
J. M.-I. SCHIEBOLD, G. GEBAUER 

 
Laboratory of Isotope Biogeochemistry, Bayreuth Center of Ecology and Environmental Research 
(BayCEER), University of Bayreuth, 95440 Bayreuth, Germany 
 
We screened orchids in the Northern Limestone Alps in the Austrian province of Vorarlberg near 
Marul for their carbon (C) and nitrogen (N) gains (e.g. autotrophy, partial or full mycoheterotrophy) 
and habitats. Leaf samples of 9 species from 8 genera belonging to the two subfamilies 
Epidendroideae and Orchidoideae and accompanying autotrophic non-orchid plant species as 
references for site-conditions were collected from 8 locations, covering mountainous habitats from 
closed forests to open sites. We conducted stable isotope natural abundance analyses to test 
whether C and N are gained through autotrophic means or via the mycorrhizal fungi route. Our 
results show that full mycoheterotrophy among the investigated adult orchids is exclusively found in 
Neottia nidus-avis of the Epidendroideae subfamily growing in light-limited forests. Most orchids of 
open habitats (meadow orchids) showed slight but noticeable enrichment in 15N, whereas 13C 
signatures remained modest indicating low N gains from fungi and apparently no C gain from the 
fungal source. Relative abundance of 15N and 13C is expressed by enrichment factors ε. Ongoing 
measurements of δD and the identification of fungal partners by molecular methods are expected to 
further elucidate the degree of mycoheterotrophy among the green orchids. 
 
* Data collected in an interdisciplinary field course in 2012 in Marul/Austria by A. Aures, M. Christé, 
A. Endreß, L. Heuss, A. Makiola, N. Sänger, J. Schiebold, M. Thieme 
 
 

P44 Transcriptome and proteome analyses reveal candidate genes for specific 

pollinator attraction in sexually deceptive orchids 
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Plant Biology, University of Zurich, Zollikerstr. 107, CH-8008 Zürich, Switzerland 
 
Sexually deceptive orchids of the genus Ophrys mimic the mating signals of their pollinator females 
to attract males as pollinators. This mode of pollination is highly specific and leads to strong 
reproductive isolation between closely related species such as O. exaltata, O. sphegodes and O. 
garganica. Floral traits such as odour, colour and morphology are necessary for successful pollinator 
attraction. In order to identify candidate genes involved in these traits, floral reference 
transcriptomes and proteomes were generated using a combination of next-generation sequencing 
and shotgun proteomics. In total, 121 917 unique transcripts and 3531 proteins were identified. This 
represents the first orchid proteome and transcriptome from the orchid subfamily Orchidoideae. 
Candidate genes for hydrocarbon (odour) and anthocyanin (colour) biosynthesis were represented 
by 156 and 61 unique transcripts in 20 and 7 genes classes, respectively. Moreover, transcription 
factors putatively involved in the regulation of flower odour, colour and morphology were 
annotated, including Myb, MADS and TCP factors.  
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Dark-septate endophytic (DSE) fungus has wide host rages and may live with its host plants in 
symbiotic relationship. However the interaction between DSE fungi and orchid plants is largely 
unknown. Thus, the objective of this study is to realize the associated DSE species in the 
development of S. sinensis growth. Totally 36 fungal isolates obtained from roots of S. sinensis 
collected from a lawn area in Ibaraki, Japan. To test their endophytic nature with host plant, 
randomly selected 18 isolates including Penicillium spp., Fusarium oxysporum, Leptodontium 
orchidicola and Tulasnella calospora were inoculated with Brassicae plant. The plant was most 
promoted by the Isolate belonging to Leptodontium orchidicola. To our knowledge, it is the first 
report of L. orchidicola isolated from S.sinensis.  The isolate also induced germination and 
development of S. sinensis seeds. The percentage of the rate was 13.3%. Although the rate was 
lower than the positive control with Tulasnella calospora (24.1%), at least we could show that L. 
orchidicola can support orchid growth. 
 

 
 
P46 Trade-offs between quantity and quality of fruit and seed in single vs. multi-

flowered orchids and rewarding vs. non-rewarding orchids 
 
HAI-QIN SUN 
 
State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of 
Sciences, Beijing 100093, China 
 
Trade-offs between flower size and number are hypothesized to be a major constraint on the 
evolution of floral display. However, few attempts have been made to understand the adaptive 
consequences of this trade-off. If pollinators are a limiting resource for fruit production, single-
flowered plants are expected to be disadvantageous in reproductive success compared to multi-
flowered plants. I tested this prediction by comparing measures of reproductive success, and fruit 
and seed qualities among seven pollinator-limited orchid species which differ distinctively in floral 
display and pollination strategy, over three successive years. Single-flowered species demonstrated 
significantly lower fruit set and pollination efficiency, but produced significantly larger fruits with 
more seeds than multiple-flowered species with the same pollination strategy. Non-rewarding 
species had significantly lower rates of reproductive success, but significantly higher seed quality 
than rewarding species. Both male and female reproductive success showed a significant positive 
relationship with the number of flowers in both rewarding and non-rewarding species. This study 
links trade-offs between flower size and number and between absence and presence of nectar to 
trade-offs between reproductive success (quantity) and seed and fruit qualities, and presents new 
evidence for an understanding of the significance of trade-offs in the evolution of life-history 
characteristics.  
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M. SUN, K. GROSS, F. P. SCHIESTL 
 
Institute of Systematic Botany, University of Zürich, Zollikerstrasse 107, 8008 Zürich, Switzerland 
 
Current evolutionary theory suggests that studies in the local adaptation of floral phenotypes in 
response to geographic divergence of pollinators are essential for understanding floral 
macroevolution. Despite this, there is still a lack of research in this area. The rewarding orchid 
Gymnadenia odoratissima is a European species that spans a large altitudinal gradient, and thus may 
encounter different pollinator guilds along this gradient. We investigated evidence of local pollinator 
adaptation by methods of reciprocal transfer experiments, as well as pollinator community and floral 
phenotype characterisation of lowland and mountain plant populations. The results showed distinct 
differences in pollinator guilds, as well as differences in floral morphology, floral scent composition, 
and floral colour between the plants of the lowland and mountain populations. The reciprocal 
transfer experiments showed that mountain plants always had significantly higher reproductive 
success compared to lowland plants. This could potentially be attributed to the higher number of 
functional groups and taxonomic diversity of pollinators in the mountain populations. This study 
provides results that can further our understanding of floral divergence through pollinator-driven 
adaptation. 
 

 
P48 Ploidy-specific symbiotic interactions: partitioning of mycorrhizal associates 

between cytotypes of the Gymnadenia conopsea group (Orchidaceae) 
 
TAMARA TĚŠITELOVÁ, JANA JERSÁKOVÁ, MÉLANIE ROY, BARBORA KUBÁTOVÁ, JAKUB TĚŠITEL, 
TOMÁŠ URFUS, PAVEL TRÁVNÍČEK, JAN SUDA 
 
Faculty of Science, University of South Bohemia, Branišovská 31, 370 05 České Budějovice, Czech 
Republic; Institute of Botany, Academy of Sciences of the Czech Republic, Průhonice 1, 252 43 Czech 
Republic 
 
Polyploidy is widely recognized as a major mechanism of sympatric speciation in plants, yet little is 
known about its effects on interactions with other organisms. Mycorrhizal fungi are among the most 
common plant associates and play an important role in nutrient supply of a plant. It remains to be 
understood whether the symbiotic mycorrhizal communities of ploidy-variable plants may be ploidy-
specific. We examined mycorrhizal associations in three cytotypes (2x, 3x, 4x) of the Gymnadenia 
conopsea group (Orchidaceae) at different spatial scales and in different ontogenetic stages, 
including (i) adults from mixed- and single-ploidy populations at a regional scale, (ii) closely-spaced 
adults within a mixed-ploidy site, and (iii) germinating seedlings. All Gymnadenia cytotypes 
associated with numerous fungal taxa mainly from saprotrophic Tulasnellaceae (Basidiomycota). 
Nonetheless, both adults and seedlings of diploids and their autotetraploid derivates significantly 
differed in the identity of their mycorrhizal associates. Inter-ploidy segregation of mycorrhizal 
associates was most pronounced within a site with closely intermingled cytotypes. This study 
provides the first evidence that polyploidization of a plant can be associated with a shift in the 
species composition of mycorrhizal symbionts. This divergence may lead to niche partitioning and 
facilitate establishment and co-existence of different cytotypes.  
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R. B. S. VALADARES, H. HERRERA, E. C. SANTOS, M. R. LAMBAIS 
 
Universidade de São Paulo, Escola Superior de Agricultura “Luiz de Queiroz” (ESALQ), Depto de 
Ciência do Solo, Av. Pádua Dias 11 13418-900 Piracicaba, São Paulo, Brazil 
 
The nature of orchid mycorrhiza makes it an unique system to investigate expression of symbiosis-
related genes and proteins. We have used a gel-free MS-based proteomic approach to identify 
changes in mycorrhizal roots of the terrestrial orchid Oeceoclades maculata, harvested at the 
University of São Paulo campus (Piracicaba, Brazil). Mycorrhizal and non-mycorrhizal roots from four 
O. maculata plants were pooled to yield each of the 3 biological replicates for each condition. 
Proteins were extracted following the procedure described by Wang et al (2003) for recalcitrant 
plant tissues and desalted, prior to trypsin digestion and loading onto an ESI-Q-ToF tandem mass 
spectrometer. Mascot searches were performed against the NCBI nr-greenplants database and 
validated in Scaffold 3.6.2  with the PeptideProphet and ProteinProphet algorithms. Ninety-four 
proteins were identified  (p<0.08) and 37 proteins showed significant changes (p-value <0.1, fold 
change >1.2), being 17 proteins up-regulated and 20 proteins down-regulated in mycorrhizal roots. 
Our data suggest a general induction of defense responses (e.g. ROS regulation, defense signaling, 
phytoalexins and proteinase inhibitors biosynthesis) as well as of carbohydrate metabolism and 
water transport. This experiment generated the first proteomic dataset from orchid mycorrhizal 
roots, and provides a tool to unravel the mechanisms that control symbioses development. 
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A number of studies have indicated that the patchy presence and abundance of specific mycorrhizal 
fungi in soil may contribute to spatial patterns of recruitment and establishment of orchids, 
determining nonrandom plant distribution (e.g. Jacquemyn et al. 2012a, Mc Cormick et al. 2012). By 
contrast, the distribution of the mycobionts is generally assumed to be independent of the orchids, 
because they are not thought to be obligately associated with the latter plants. However, little is 
known about the actual ecology of these fungi (particularly for the rhizoctonias establishing 
symbiosis with open habitat orchids), as well as factors structuring their communities in the soil. 
We have investigated the mechanisms determining the community assembly of fungi symbiotic with 
Orchis purpurea and Anacamptis morio (two species with a clustered small-scale distribution; 
Jacquemyn et al. 2007, 2012b) at a meadow site in Northern Italy. Spatially explicit sampling of soil 
cores at increasing distances from the host plants was followed by direct DNA extraction from soil, 
amplification with both specific and generic fungal primers, and high-throughput sequencing (MiSeq) 
of the ITS region. The relative importance of dispersal limitation, environmental filtering, biotic 
interactions, and neutral processes for local community assembly in soil is being addressed. 
 
Jacquemyn H. et al. 2007. A spatially explicit analysis of seedling recruitment in the terrestrial orchid 
Orchis purpurea. New Phytologist 176: 448-459 
Jacquemyn H. et al. 2012a. Nonrandom spatial structuring of orchids in a hybrid zone of three Orchis 
species. New Phytologist 193: 454-464 
Jacquemyn H. et al. 2012b. Spatial variation in below-ground seed germination and divergent 
mycorrhizal associations correlate with spatial segregation of three co-occurring orchid species. 
Journal of Ecology 100: 1328-1337   
Mc Cormick M.K. et al. 2012. Limitations on orchid recruitment: not a simple picture. Molecular 
Ecology 21: 1511-1523 
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Hybridization can threaten endangered species, but pre-zygotic mating barriers may reduce 
hybridization rates.  The endangered small white lady’s slipper, Cypripedium candidum, and the 
widespread yellow lady’s slipper, C. parviflorum, trap generalist pollinators in their enlarged labella.  
Differences between species in the size of insect pollination (entry and exit) routes may affect 
pollinator diversity and mating opportunities.  We studied genetic evidence for hybridization in 16 
Canadian populations, and reproductive biology in 3 populations for 3 years.  Genetic fingerprints 
(AFLP’s) confirmed first and later generation hybrids, and suggested gene flow from the endangered 
to the widespread species. Seven chloroplast markers were invariant between species so we could 
not determine the maternal parent.  Fruit set, seed set, and pollen viability were lowest in 
C. candidum, intermediate in hybrids, and highest in C. parviflorum; increased reproductive success 
among taxa corresponded to increases in pollination route size and visitor abundance (flies and 
solitary bees).  Within taxa, hybrids with larger exit routes set more fruit.  We suggest that smaller 
pollination routes limit reproduction in the endangered C. candidum compared to C. parviflorum, but 
pollination routes may also influence the direction of gene flow by reducing the probability that 
hybrids backcross to C. candidum. 
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forming Ceratobasidiaceae fungi  
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1Fungus/Mushroom Resource and Research Center, Faculty of Agriculture, Tottori University 4-101 
Koyama-Minami, Tottori, 680-8553, Japan; 2Kanagawa Prefectural Museum of Natural History 499 
Iryuda, Odawara, Kanagawa 250-0031, Japan; 3The United Graduate School of Agricultural Sciences, 
Tottori University, 4-101 Koyama-cho-minami, Tottori 680-8553, Japan; 4Centre d'Ecologie 
Fonctionnelle et Evolutive, 1919 Route de Mende, 34 293 Montpellier cedex 5, France; 5Department 
of Natural and Environmental Science Teikyo University of Science 2525 Yatsusawa, Uenohara 409-
0193, Japan 
 
We investigated the fungal symbionts and carbon nutrition of a Japanese forest photosynthetic 
orchid, Platanthera minor, whose ecology suggests a mixotrophic syndrome, i.e. mycorrhizal 
association to ectomycorrhiza-forming fungi and partial exploitation of fungal carbon. We performed 
molecular identification of symbionts by PCR amplifications of the fungal ribosomal DNA on hyphal 
coils extracted from P. minor roots. We tested for a 13C and 15N enrichment characteristic of 
mixotrophic plants. We also tested the ectomycorrhizal abilities of orchid symbionts by a new 
protocol using direct inoculation of hyphal coils onto roots of Pinus densiflora seedlings. In 
phylogenetic analyses, most isolated fungi were close to ECM-forming Ceratobasidiaceae clades 
previously detected from a few fully heterotrophic orchids or environmental ectomycorrhiza 
surveys. The direct inoculation of fungal coils of these fungi resulted in ectomycorrhiza formation on 
P. densiflora seedlings. Stable isotope analyses indicated mixotrophic nutrition of P. minor, with 
fungal carbon contributing from 50% to 65%. This is the first evidence of photosynthetic orchids 
associated with ectomycorrhizal Ceratobasidiaceae taxa, confirming the evolution of mixotrophy in 
the Orchideae orchid tribe, and of ectomycorrhizal abilities in the Ceratobasidiaceae. Our new 
ectomycorrhiza formation technique may enhance the study of unculturable orchid mycorrhizal 
fungi. 
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symbiotic fungus in Dendrobium aphyllum (Orchidaceae) 
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1Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, the Chinese 
Academy of Sciences, Mengla, Yunnan 666303, China;2Graduate University of Chinese Academy of 
Sciences, Beijing 100049, China 
 
The epiphytic orchid, Dendrobium aphyllum, is used as a traditional Chinese medicine, and became 
locally endangered in recent years because of over-collection. To obtain the compatible mycorrhizal 
fungi of D. aphyllum for future reintroduction, we used in situ seed baiting techniques to get the 
protocorms. The developing protocorms and young seedlings from the four of seven bating sites 
were successfully obtained after 10 months of bating the seeds in situ. Subsequently, nine fungal 
strains (FDaI1- FDaI9) were isolated from three bating sites, one Tulasenlla (FDaI7) and one 
Trichoderma (FDaI2) fungi were identified by morphological characteristics and by molecular 
method. In seeds with fungus inoculation experiments, FDaI7 (Tulasenlla sp.) was effective for seed 
germination, protocorm formation and seedlings development. Whereas, FDaI2 (Trichoderma sp.) 
had no effect on seed germination, and may even inhibit germinating in dark conditions. FCb4 
(Epulorhiza sp.) isolated from Cymbidium mannii was demonstrated to support seed germination 
under light condition, but not effective for the subsequent protocorm development. After 39 days 
cultivation, (10.83±9.54) % protocorms had developed to supreme stage 5 (emerged the second leaf 
and continue developed) under the light condition (12/12h light/dark), while none developed to 
stage 5 under the dark condition (0/24h light/dark). Protocorms could only further develop to 
seedlings under light condition may suggest that the development of young seedlings require light 
based on the effective symbiotic fungi. These findings will aid in seedling production, conservation 
and reintroduction of D. aphyllum. 
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seedling development of geophytic and epiphytic orchids 
 
S. A. ALGHAMDI, J.R. LEAKE, I. JOHNSON, D. D. CAMERON 
 

Department of Animal and Plant Sciences, University of Sheffield, Western Bank, Sheffield, S10 2TN 
 
In the early stages of their lifecycle, geophytic orchids germinate in soil and leaf litter, are non-

photosynthetic, and reliant on carbon acquired from a fungal symbiont for germination and 

establishment. In contrast, epiphytic orchids are typically exposed to relatively high light levels from 

an early stage of development thus the extent to which they are reliant on fungal carbon for 

germination and early development is unknown. The interactive effects of light and mycorrhizal 

fungi availability on germination were investigated in vitro using axenic agar microcosms for three 

species of temperate geophytic orchid and one species of tropical epiphytic orchid. All of the three 

geophytes achieved higher rates of growth in association with their fungal partners. Geophyte 

response to sugar as a replacement for fungus-supplied carbon was species-specific. Light inhibited 

the growth of all geophytes whether grown symbiotically or asymbiotically. Light was not inhibitory 

to the epiphyte when grown with its fungal partner and it grew equally well in the dark irrespective 

of whether its carbon was provided by the fungus or exogenously. For the first time, we show the 

potential ecological importance of mycorrhizal fungi in overcoming light inhibition of seed 

germination and growth in epiphytic orchid.   
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