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Symposia & Contributed Paper Abstracts  
 

 

Systematics and Biogeography of the Ronnbergia Clade (Bromeliaceae), a Case of 

Diversification Interconnecting Three Neotropical Biodiversity Hotspots 

 
Aguirre-Santoro, Julián (1)*; Michelangeli, Fabián (2); Stevenson, Dennis W. (2) 

(1) The New York Botanical Garden and The Graduate Center, City University of New York, New York, 

NY, U.S.A.; jaguirre@nybg.org 

(2) The New York Botanical Garden, Bronx, NY, U.S.A. 

 

The core Bromelioideae clade is one of the most striking examples of adaptive radiation within 

Bromeliaceae. The vast phenotypic variation that resulted from this diversification has caused 

much taxonomic conflict within this family. Recent phylogenetic studies revealed distinct 

lineages within the core Bromelioideae that are consistently well supported, thus providing a 

backbone for further taxonomic reorganization and evolutionary study of this group. We targeted 

one of the two main clades of the core Bromelioideae, the “Ronnbergia clade,” as an ideal 

candidate for detailed phylogenetic investigation because of its unresolved taxonomy, distinctive 

geographic distribution, and phenotypic heterogeneity. Based on published phylogenies, we 

hypothesized that the Ronnbergia clade is likely composed of about 60 species that belong to 

five species complexes currently placed in Aechmea, Hohenbergia, and Ronnbergia. These 

species complexes are disjunctively distributed in three Neotropical biodiversity hotspots: the 

Chocó-Darién Forest, the Greater Antilles, and the Atlantic Forest. We conducted a phylogenetic 

analysis of the Ronnbergia clade using multi-locus DNA sequence data and a comprehensive 

species sampling. Our preliminary results showed a highly supported Ronbergia clade composed 

of two subclades highly concordant with geographic distribution. One subclade encompasses 

species endemic to the Chocó-Darién forest. The second subclade contains the monophyletic 

Caribbean-endemic Hohenbergia subgenus Wittmackiopsis nested within a grade of species of 

the Aechmea lingulata complex and Ronnbergia mostly endemic to the Atlantic Forest. We 

discuss potential taxonomic changes, hypothesize biogeographic scenarios that explain the 

disjunctions among the diversity centers, and describe patterns of morphological evolution of the 

Ronnbergia clade. 

 

 

Petaloidy in the Zingiberales: On Floral Morphological Evolution and Gene Regulatory 

Networks 

 
Almeida, Ana Maria R. (1)*; Yockteng, Roxana (1); Specht, Chelsea D. (1) 

(1) Department of Plant and Microbial Biology, University of California, Berkeley, CA, U.S.A.; 

ana_almeida@berkeley.edu 

 

In plants, development has been described as a result of dynamic interactions between at least 

three distinct gene regulatory networks (GRN): the polarity network, the identity network, and 

the symmetry network. Although these GRNs interact to produce the final shape, they can also 

be understood as partially independent modules, acted upon by evolution. Here, we address to 

what extent these independent modules can be correlated to the evolution of floral morphology in 
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the Zingiberales. The Zingiberales is an order of 2,500 tropical monocot species, roughly divided 

into the basal banana group (comprising the families Musaceae, Strelitziaceae, Lowiaceae, and 

Heliconiaceae), and the ginger clade (formed by the sister families Zingiberaceae and Costaceae, 

and Marantaceae and Cannaceae). The morphological evolution of the Zingiberales flowers 

shows a striking correlation between the reduction of the number of fertile stamens, and 

increased petaloidy, at the base of the ginger clade. This scenario provides a unique opportunity 

to study the interplay between GRNs and their impact on the evolution of floral morphology in 

the Zingiberales. We hypothesize that the evolutionary pattern observed is a result of changes in 

gene copy number and gene expression pattern of, at least one of the GRNs described above. Our 

results provide evidence for the involvement of the polarity and the identity GRNs in the 

evolution of petaloidy in the Zingiberales, and shed light on possible candidate genes acting as 

links between such networks. We discuss our results in terms of broader implications for 

angiosperm morphological evolution. 

 

 

From Genes to Phenotypes and Evolution: Lacandonia Schismatica Unique Homeotic 

Floral Phenotype Challenges Gene Regulatory Models of Development 

 
Alvarez-Buylla, Elena R. (1)* 

(1) Instituto de Ecología, Universidad Nacional Autónoma de México, México D.F., 14050. México. 

eabuylla@gmail.com 

 

Spontaneous homeotic transformations fixed in natural populations demonstrate the non-linear 

and non-additive nature of the genotype-phenotype relationship and, at the same time, are 

particularly useful to study how genetic alterations contribute to developmental and 

morphological evolution. In the talk I focus on the Mexican endemic mycoheterotrophic triurid, 

Lacandonia schismatica (Triuridaceae) that has hermaphroditic homeotic reproductive axes; 

alone among 250,000 angiosperm species with central stamens, instead of carpels. I summarize 

molecular genetic data, as well as comparative morphological and evolutionary analyses towards 

the ultimate goal of unravelling the mechanisms involved in the emergence and evolution of 

Lacandonia unique flower. 

 

As a means to integrate and formally analyze the data at hand several systems-biology 

approaches are used. Gene regulatory network models address the restriction in the types and 

arrangements of floral organs among angiosperms, as well as how such restrictions are broken. 

Then models that consider the emergence of positional information to couple intracellular gene 

regulatory dynamics and lead to morphogenetic patterns are considered. Novel hypotheses 

concerning the unique floral arrangement of Lacandonia and generic patterns among 

angiosperms are discussed. 

 

 

Using MADS-Box Genes to Solve Botanical Puzzles: From Monocots to Land Plants 

 
Ambrose, Barbara A. (1)*; Smalls, Tynisha (1) 

(1) The New York Botanical Garden, Bronx, NY, USA; bambrose@nybg.org 
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MADS-box genes encode an important family of transcription factors found across the land 

plants. There are more than 100 MADS-box genes in flowering plants, which arose by 

duplication and diversification of function. MADS-box genes are most well known for their role 

in floral organ specification and as the central players in the canonical ABC model of floral 

organ identity. In addition, MADS-box genes have proven useful as molecular clues to solve 

botanical puzzles from the identity of lodicules to the molecular basis of floral organization. 

  

In the grasses, lodicules have been variously interpreted as storage organs, nectaries or petals. 

Functional and expression analyses of a B class MADS-box gene provided the first molecular 

evidence that lodicules represented a petal whorl. Lacandonia schismatica has unusual flowers 

with central stamens surrounded by carpels. Again, functional and expression analyses of B-class 

MADS box genes provided a molecular explanation for the morphology of this unusual flower. 

We are now studying MADS-box genes in plants that do not form flowers to better understand 

the evolution of this key family of transcription factors.   

 

We are analyzing MADS-box genes in the lycophyte Selaginella moellendorffii to better 

understand the role these genes play in vascular plant development. We have analyzed the 

expression patterns of MADS-box genes in S. moellendorffii and our analyses suggest that 

MADS-box genes have broad roles in lycophyte development. These studies are integral for 

understanding the role MADS-box genes in land plant evolution and development. 

 

 

Next Generation Palm Phylogenetics: Bridging Traditional Gene Sequencing and Whole 

Genome Sequencing 

 
Andersen, Uffe B. (1); Baker W.J. (2) and Lange, Conny B. A. (3)* 

(1) University of Copenhagen, Denmark; qzj295@alumni.ku.dk 

(2) Royal Botanic Gardens, Kew, Richmond, Surrey, UK 

(3) University of Copenhagen, Denmark 

 

Palm evolution has been studied for decades but the first palm phylogenies did not appear before 

the early and mid-nineties. These were based on morphological characters and were not family-

wide studies. The first phylogeny using molecular characters to be published was Uhl et al. 

(1995), based on RFLPs as well as morphology. The field of phylogenetics has since moved on 

and the use of DNA sequence based methods has become routine, first with the use of a few 

DNA sequences and recently with whole-genome sequencing. A large and unique dataset 

consisting of sequences for seven cpDNA-regions (TrnL, rps16, rbcL, matK, ndhF, rpoC1 and 

accD) representing all 183 genera in the palm family (Arecaceae) is used to demonstrate the 

evolutionary and phylogenetic hypotheses that can be tested using a dataset of this kind. This 

includes evaluation of the quality of individual DNA regions and their usefulness in construction 

of phylogenetic trees. It is also discussed, hypothetically, whether we must strive to include more 

DNA regions in our datasets, e.g. based on whole-plastome sequencing, or whether this just 

makes problems, like homoplasy, grow relative to the additional data. 
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Repatriating Araceae Taxonomic Data from European Collections to Brazil 
 
Andrade, Ivanilza M. (1)*; Mayo, Simon J. (2); Pontes, Tiago A. (3) 

(1) Universidade Federal do Piauí, Parnaíba, Brazil; ivanilzaandrade@hotmail.com 

(2) Royal Botanic Gardens, Kew, UK 

(3) Universidade Estadual de Feira de Santana, Feira de Santana, Bahia, Brazil 

 

The herbarium collections of Brazilian plants made during the nineteenth and earlier twentieth 

century by European botanists remains a vital resource for Brazil’s taxonomists, despite the 

modern development of taxonomic botany in Brazil. Unfortunately, most of these specimens 

were deposited only in European herbaria. The REFLORA project, led by the Brazilian 

Government, aims to provide better access by delivering high quality specimen images and 

metadata through the internet as part of the Virtual Herbarium of Brazil.  The first 

implementation of this major international project is at the Kew Herbarium (K), with the second 

stage at the Herbarium of the Museum National d’Histoire Naturelle, Paris (P).  

 

Since Linnaeus there have been three major peaks in the description of new taxa of Araceae 

represented in Brazil, corresponding to the work of Heinrich Schott (peak 1850-65), Adolf 

Engler (peak 1900-1920), and modern Araceae specialists (peak 1990-present). Until 1920, 

almost all new Brazilian species were described by European authors, with predominantly US 

authors from 1960 to 1990. Since the 1990s, Brazilian specialists have predominated as authors 

for Brazilian taxa.  

 

The Reflora Araceae project has so far recorded and imaged over 4,500 specimens of Brazilian 

Araceae at K. K has 97% of the genera and 51% of the species currently recorded for Brazil. At 

present it is estimated that approximately 10% of Kew’s Araceae specimens are types. Databases 

of specimen metadata and images for types and other specimens will be made available through 

the internet for consultation and review by specialists.  

 

 

Historical and Modern Perspectives on Dioscorea Systematics in Brazil with Emphasis on 

the Role of Anatomical Studies 

 
Araújo, Diogo (1)*; Martins, Shirley(2); Cohan, Alessandra (1) 

(1) Universidade Estadual Paulista, Rio Claro, São Paulo, Brazil; diogoambientais@gmail.com 

(2) Universidade Estadual do Oeste do Paraná, Cascavel, Paraná, Brazil  

 

Dioscoreaceae are mostly tuberous erect or twining herbs included among the lilioid 

monocotorder Dioscoreales. Its taxa are distributed in tropical and subtropical regions, with few 

species in temperate areas. The majority of species is in the Neotropics (about 300 spp.), 

especially in Brazil, with 135 species known. The presentation will focus on the biodiversity and 

taxonomic history of Dioscorea in Brazil.   

 

Since the first 15 species described in Brazil by Vellozo’s Flora Fluminensis (1827), the number 

of species and infragenerictaxa has increased greatly. Important studies include those of 

Grisebach for Martius’ Flora Brasiliensis (1842), with 33 species including a proposal to 

subdivide Dioscorea into eight sections. More than a century later, Barroso’s monograph in 
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Flora da Guanabara (1974) published the most complete survey of the systematicsof 25 

Brazilian Dioscoreaceae. Due to a huge number of collaborators, this includes information on 

anatomy, phytochemstry, starch grain morphology and other areas of study. Pedralli (1997) 

attempted to restart efforts on taxonomy of Dioscorea in Brazil with the study of 27 species from 

Cadeia do Espinhaço range. The Flora do Brasil project coordinated by Kirizawa, Couto and 

Araújo is the current vehicle for taxonomic, nomenclatural and biogepgraphical studies for 

Brazilian Dioscorea species. It appears that anatomy provides the most useful characters for 

systematic research. 

 

 

Phylogeny and Floral Traits: A Neotropical Orchid Case 
 
Arévalo, Rafael (1)*; Cameron, Kenneth M. (2) 

(1) Department of Botany, University of Wisconsin-Madison, 430 Lincoln Drive, Madison, WI 53706-

1381 

(2) Wisconsin State Herbarium (WIS), University of Wisconsin-Madison, 154 Birge Halll, 430 Lincoln 

Drive, Madison, WI 53706-1381 

 

Orchids are notorious for attracting pollinators by deceit, but many orchids do, in fact, offer 

rewards to pollinators. Depending on the particular pollination system, a unique combination of 

features such as flower color, shape, size, scent, and/or pilosity serve to attract specific 

pollinators. In the Neotropical orchid genus Mormolyca, with only 25 species, the labella are 

generally covered with abundant epidermal papillae that function either as food source, as odor 

emitters, as visual cues, or have an as-yet unknown function, exhibiting both reward-offering and 

rewardless species. As flower variation among species is almost certainly related to their 

pollination strategy, reproductive floral traits like the labellar papillae and floral scent profiles, 

could be useful to good effect in predicting pollination syndromes. Information on the micro-

morphological nature of labellar structures, along with floral scent profiles, was collected for 2/3 

of the species of Mormolyca. In combination with the phylogenetic reconstruction, we assess the 

evolution of labellar micro-morphology, floral scent profiles and their relation with expected 

pollination systems. Labellar papillae that tested positive for the presence of starch were found in 

the most fragrant species. The distribution of these potential food substances among species, 

depict a single origin for food rewards. We speculate that resin-mimic flowers with glossy 

labella are present in species that lack any sweet aroma. With sexual deception being present in 

the early divergent Mormolyca species, it is likely that food deception and food reward evolved 

from sexual deception, contrary to what has been observed in temperate orchids. 

 

 

Narcissus (Amaryllidaceae) as a Model System for Studying Ecology and Evolution of 

Plant Reproductive Systems 

 
Arroyo, Juan (1)* Pérez-Barrales, Rocío (1, 2); Santos-Gally, Rocío (1); Simón-Porcar, Violeta (1) 

(1) Dept. of Plant Biology and Ecology, University of Seville, Spain. * arroyo@us.es 

(2) School of Biological Sciences, University of Portsmouth, UK 

 

Daffodils have long interested naturalists due to their cultural significance and apparent 

biological complexity. Recently, evolutionary biologists have become interested, due to the 
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intriguing combination of floral traits, which allows the long-standing hypotheses on the 

evolution of some reproductive systems to be assessed. 

 

We show how ecological and evolutionary information is relevant to disentangle the complex 

floral morphology of the species, with particular reference to reciprocal style polymorphism, a 

trait which has intrigued naturalists including Darwin himself. We show how stigma-height 

dimorphism, a supposedly unstable state in the evolution to heterostyly, is common in Narcissus. 

Here, the abundance of stigma-height dimorphism is due to its good performance on the 

promotion of disassortative mating, the ultimate goal of heterostyly, despite the apparent 

limitation of the low reciprocity of sex organs. In particular our investigations of two groups, 

Sect. Apodanthi and Subgen. Hermione, have shed light on how complex interactions between 

(1) pollination by different pollinators with long and short proboscis, (2) late-acting self-

incompatibility, (3) flower architecture, and (4) differentiation between montane and lowland 

habitats have played a role in determining that in some cases stigma-height dimorphism is stable 

and common, whereas in others it leads to typical reciprocal heterostyly or to the loss of 

polymorphism. We approach this research program at both macroevolutionary and 

microevolutionary levels, showing its dynamics at different temporal scales in the development 

of the Mediterranean region, where the genus diversified, and evaluating phylogenetic 

correlations among traits. 

 

 

Phylogenetic Relationships and Biogeographic History of Iriarteeae (Arecaceae) 

 
Bacon, Christine D. (1, 2*); Florez, Alexander (2); Balslev, Henrik (3); Bernal, Rodrigo (4); Jaramillo, 

Carlos (5); Antonelli, Alexandre (1) 

(1) Department of Plant and Environmental Sciences, University of Gothenburg, Carl Skottsbergs gata 

22A, 413 19 Göteborg, Sweden 

(2) CINBIN, Universidad Industrial de Santander, Bucaramanga, Santander, Colombia 

(3) Ecoinformatics and Biodiversity Group, Department of Bioscience, Aarhus University, Ny 

Munkegade 116, Build 1540, 8000 Aarhus C, Denmark 

(4) Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Apartado 7495, Bogotá, 

Colombia 

(5) Smithsonian Tropical Research Institute, Apartado Postal 0843-03092, Panamá, República de Panamá 

 

Iriarteeae comprise five genera and 32 species and includes keystone species essential for forest 

structure and ecological assembly such as Iriartea deltoidea and Socratea exorrhiza. The tribe is 

found in lowland to mid-elevation forests from Nicaragua to Bolivia and from the Pacific coast 

of South America to the eastern flanks of the Andes and east into the Guiana Shield. To 

understand the evolutionary relationships within Iriarteeae our sampling focused on the entire 

biogeographic distribution of each of the species with 93% of sampled species represented by 

two or more individuals. We generated sequence data for 11 loci (5 chloroplast and 6 nuclear) to 

reconstruct a coalescent species tree and infer relationships amongst genera and species to, in 

turn, allow for tests of biogeography and community phylogenetics in the tribe. Our results 

define inter-generic relationships and resolve all genera as strongly supported monophyletic 

groups. The patterns of lineage diversification correspond to Andean orogeny and the formation 

of the Amazon basin. A description of the fossil pollen record is presented and compared with 

the phylogenetic results for a holistic interpretation of the biogeographic evolution of Iriarteeae. 
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We also highlight the Andean radiation of Wettinia and the derivation of Amazonian lineages 

within the genus. 

 

 

Global Biogeography and Diversification History of Palms 

 
Baker, William J. (1)*; Eiserhardt, Wolf L. (2); Kissling, W. Daniel (2); Svenning, Jens-Christian (2); 

Couvreur, Thomas L.P. (3) 

(1) Royal Botanic Gardens, Kew, Richmond, United Kingdom; w.baker@kew.org 

(2) Department of Bioscience, Aarhus University, Denmark 

(3) Institut de Recherche pour le Développement, France 

 

Recent biogeographic and ecoinformatic studies of palms provide a global context for the spatio-

temporal evolution of palms and the tropical rain forests that they inhabit. Palms display high 

rain forest niche conservatism, with >90% of species occurring in this biome. The global 

distribution of clades and species richness is highly structured, suggestive of complex, 

differentiated patterns of evolutionary drivers. Macroecological studies show that palm species 

richness is globally contingent on climatic variables typical of the humid tropics, while island 

palm floras are also influenced by area and habitat heterogeneity variables. Incorporation of 

phylogenetic evidence reveals strong imprints of in situ diversification in the Neotropics and on 

islands, of biotic interchange, and of forest loss in Africa. We inferred an origin for palms in the 

mid-Cretaceous of Laurasia, which is significant for our understanding of rain forests because 

fossil evidence for this biome prior to the Palaeocene is weak. Lineage diversification in palms 

has proceeded in a constant manner from 100 Ma at least until the Miocene, conforming to the 

museum model of diversification. Since the Miocene, diversification rates of species-rich 

lineages have increased, consistent with ecoinformatic evidence for the role of in situ radiations 

on islands and the Neotropics identified above. Species-level phylogenetic studies and 

ecoinformatic analyses of the impact of past climate change, geological processes and sea level 

change on palm diversity are now required to add essential detail to the broad global picture 

given here. 

 

 

Evolution and Floral Development in Wax Palms (Ceroxylon) and Vegetable Ivory Palms 

(Tribe Phytelepheae) 

  
Anders S. Barfod (1)*, Fred W. Stauffer (2), Manju Belhara (1), Henrik Balslev (1)

 

(1) Dept. of Bioscience, Aarhus University, Denmark
 

(2) Conservatoire et Jardin Botaniques, Genève, Switzerland 

 

To most palm systematists it came as a surprise when molecular evidence pointed to a sister 

group relationship between the tribe Ceroxyleae in the subfamily Ceroxyloideae and the 

Phytelephantoid palms formerly referred to a subfamily of their own, now placed in the tribe 

Phytelepheae.  Here we compare floral ontogenetic sequences of representatives of the two 

groups to identify shared and distinguishing traits. The Phytelephantoid palms probably 

originated 25–15 millions years ago in early Miocene, which is more recent than has been 

suggested previously. They are characterized by a number of synapomorphies in the 

inflorescences and flowers, so unusual within the palms that they have clouded the interpretation 
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of ancestral relationships for centuries. We suggest that the saltatory evolution of the 

Phytelepheae within Ceroxyloideae is a striking example of paedomorphosis within the 

Monocotyledons.  

 

 

Systematics and Evolution of Tillandsioideae (Bromeliaceae) 

 
Barfuss, Michael H. J. (1)*; Samuel, Rosabelle (1); Till, Walter (1) 

(1) Department of Systematic and Evolutionary Botany, University of Vienna, Vienna, Austria; 

michael.h.j.barfuss@univie.ac.at 

 

Tillandsioideae is a morphologically and genetically well defined, commonly accepted subfamily 

of Bromeliaceae. It comprises more than 1300 spp. in nine traditionally recognized genera. 

Previous studies have shown that several taxa are polyphyletic and many species are wrongly 

classified. However, low variation in plastid sequences, poor taxonomic sampling and partially 

resolved trees have yet prevented a conclusive internal classification. 

In the current study we have included more than 440 accessions covering approximately one 

third of the described species having plastid and low-copy nuclear DNA sequences for 

phylogenetic reconstruction. Alcantarea, Catopsis, Glomeropitcairnia, and Werauhia are 

monophyletic. Racinaea and Guzmania are paraphyletic because some taxa of other genera are 

included. Mezobromelia, Vriesea, and Tillandsia in their classical sense are polyphyletic. A 

similar picture is seen for sections and subgenera of Vriesea and Tillandsia, respectively. 

Mapping traditional morphological characters for taxon delimitation on the phylogenetic tree 

shows that their exclusive usage results in artificial groupings. To accommodate newly observed 

phylogenetic relationships, selected morphological characters were evaluated and tested for their 

utility to define clades. No single character, but combinations of characters seem promising. 

A revised classification for Tillandsioideae is hence presented: Two new subtribes 

(Cipuropsidinae, Vrieseinae), eight additional genera (e.g., Cipuropsis, Josemania, Lemeltonia, 

Waltillia, Zizkaea), and three new subgenera (Racinaea subg. Pseudophytarrhiza, Tillandsia 

subg. Viridantha, T. subg. Pseudovriesea) are recognized and circumscriptions of previous 

genera modified. Several species need to be reclassified. However, many clades still need further 

attention in species sampling, especially the subtribe Cipuropsidinae, genus Mezobromelia and 

clades within Tillandsia. 

 

 

Connecting People and Herbaria to Develop a Global Resource: An Example Using the 

Hordeeae  

 
Barkworth, Mary E.  (1)*; Cabi, Evren (2); Dyreson, Curtis (3)

 

(1) Intermountain Herbarium, Department of Biology, Utah State University, Utah 84322-5305, U.S.A. 

mary.barkworth@usu.edu 

(2) Department of Biology, Faculty of Science, Atatürk University, 25240, Erzurum, Turkey 

(3) Computer Science Department, Utah State University, Logan, Utah 84322-4205, U.S.A. 

 

The global Biodiversity Information Facility pioneered the concept of making biodiversity 

information widely and freely accessible. Symbiota is free, OpenSource software that, by making 

it easy to for herbaria to collaborate in presenting biodiversity information in a way that appeals 
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to diverse audiences and encourages participation in the provision of such information. Such a 

site can be used to synthesize existing information and identify gaps in our knowledge while 

promoting collaboration and engagement by systematists throughout the world in developing a 

new and distinctive global resource. Such sites are being used extensively to develop regional 

herbarium networks in the U.S.A. We shall potential of a Symbiota site for meeting these 

challenges using a) the Hordeeae and b) the Poaceae in North America and discuss the 

challenges involved in realizing this potential.  

 

 

Corallorhiza as a Model for Understanding Evolution in Mycoheterotrophs 

 
Barrett, Craig F. (1); Freudenstein, John V. (2)* 

(1) California State University, Los Angeles, Los Angeles, California, USA; cbarret5@calstatela.edu 

(2) Ohio State University, Columbus, Ohio, USA 

 

Parasitic, holomycotrophic plants present numerous examples of extreme morphological and 

genomic reduction.  Nearly half of the ~400 described holomycotrophs belong to Orchidaceae, 

with some genera composed exclusively of leafless, parasitic species.  The North American 

Corallorhiza has become a non-standard model for studying morphological, physiological, 

ecological, and genomic consequences of relaxed photosynthetic constraints resulting from 

obligate parasitism upon fungi.  Corallorhiza is a promising system for studying changes that 

accompany shifts from autotrophy to heterotrophy, because the amount of green, putatively 

photosynthetic tissue varies among its 12 species.  Furthermore, accelerated mutation rates have 

been observed among species, providing substantial variation for phylogeographic and molecular 

evolutionary studies.  The green, circumboreal C. trifida is an inefficient photosynthesizer, but 

nothing is known of the other 11 species, most of which are putatively non-photosynthetic.  

Corallorhiza targets ectomycorrhizal fungi in Russulaceae and Thelephoraceae, and varies 

among species in host specificity.  For example: Corallorhiza maculata comprises several host 

races specific to Russulaceae genotypes; C. wisteriana parasitizes members of both 

aforementioned fungal families; while C. striata associates with a single thelephoraceous species 

across North America.  Probe hybridization analyses of plastomes indicate deletions among non-

green species, with C. striata and C. maculata displaying the most reduction; a pattern mirrored 

by the presence of rbcL psuedogenes in these complexes.  Whole plastome sequencing indicates 

Corallorhiza is early in the process of plastome degradation as due to holomycotrophy, 

compared to other parasites.  Recent advances in sequencing technologies allow genomic 

inquiries of variation, host-specificity, symbiotic physiology, and reproductive mode in these 

unique plants. 

 

 



 

12  Monocots V Abstracts  

Plastid Genomes Provide Resolution and Support for Deep Relationships among the Palms 

 
Barrett, Craig F. (1)*; Baker, William J. (2); Leebens-Mack, James (3); Lim, Gwynne (4); Mayfield, 

Dustin (5); Pires, J. Chris (5); Stevenson, Dennis Wm. (6); Davis, Jerrold I. (4) 

(1) California State University, Los Angeles, Los Angeles, California, USA; cbarret5@calstatela.edu 

(2) Royal Botanic Gardens, Kew, Richmond, Surrey, UK 

(3) University of Georgia, Athens, Georgia, USA 

(4) Cornell University, Ithaca, New York, USA 

(5) University of Missouri, Columbia, Missouri, USA 

(6) New York Botanical Garden, Bronx, New York, USA 

 

Palms are a hallmark of the tropics, and are of significant ecological and economic importance.  

The order (Arecales) encapsulates immense morphological diversity, including variation in 

growth form, inflorescence structure, and leaf structure.  The ecological significance and 

morphological diversity of palms has prompted over a century of anatomical/morphological, 

physiological, ecological, and systematic studies.  Palm evolutionary biology has a rich history, 

and has experienced nearly constant advancement, especially with the publication of Genera 

Palmarum and, more recently, several molecular phylogenies that include all palm genera.  

Despite such major progress in the understanding of palm evolutionary relationships, some 

regions lack robust support.  Furthermore, relationships among tribes of Coryphoideae and 

Calamoideae are only partially resolved in the most comprehensive recent multigene analyses.  

Twenty five representative palms were sequenced using Illumina technology to generate 

complete plastomes, with the objective of fully resolving and establishing support for 

relationships among subfamilies and tribes (focusing on non-Arecoid tribes).  Based on 83 

protein coding genes of the plastid genome, high resolution and strong support is observed 

among the five palm subfamilies.  Nypa fruticans—the sole member of subfamily Nypoideae—is 

strongly supported as sister to (Coryphoideae, (Ceroxyloideae, Arecoideae)), and Calamoideae 

sister to the rest of the family.  This finding is in agreement with other recent molecular 

phylogenies.  Relationships among Calamoid and Coryphoid tribes are also highly resolved with 

strong support.  Future studies will include increased taxon sampling (particularly of 

Arecoideae), sampling of additional nuclear and mitochondrial loci, and combination of these 

data with previously generated taxon-rich matrices. 

 

 

Resolution of the Phylogenetic Position and Diversity of the Tetraria Capillaris Complex 

(Cyperaceae, Schoeneae): Evidence for a New Genus of Eleven Species 

 
Barrett, Russell L. (1); Bruhl, Jeremy J. (2); Wilson, Karen L. (3)* 

(1) University of Western Australia, Crawley, Western Australia, Australia 

(2) University of New England, Armidale, NSW, Australia 

(3) Royal Botanic Gardens & Domain Trust, Sydney, Australia; Karen.wilson@rbgsyd.nsw.gov.au 

 

Phylogenetic position and diversity of the Australasian Tetraria capillaris species complex is 

assessed based on analysis of ETS, ITS, trnL intron, and trnL-F intergenic spacer DNA sequence 

data. The phylogenetic position of this species complex is resolved as highly divergent from 

Tetraria s. str. and warrants description as a new genus in Cyperaceae tribe Schoeneae. A sister 

relationship to the southern African monotypic genus Neesenbeckia is strongly supported. 
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Detailed phylogenetic studies of the species complex identify eleven lineages that are recognised 

at specific rank. Formal descriptions of a new genus occurring in Australia and New Zealand and 

nine new species have been prepared. 

 

 

Is There a Role for Deep Homology in the Evolutionary Shallows? 

 
Bateman, Richard M. (1)* 

(1) Jodrell Laboratory, Royal Botanic Gardens Kew, Richmond, Surrey, TW9 3DS, U.K. 

r.bateman@kew.org 

 

Within the discipline of comparative biology, the concept of homology was first devised for 

morphological characters, then adapted for molecular characters, and is now being belatedly 

shoehorned into developmental contexts. But whereas organisms can be scored as static entities 

for inclusion in both morphological and molecular matrices, such that dynamic transitions can 

occur only between successive nodes on the resulting rooted phylogeny, developmental 

characters can be scored only as dynamic transitions between contrasting states within a 

particular organism. Thus, any attempt to use development in the context of comparative biology 

requires the use of dynamic transitions within organisms as raw data for characterising dynamic 

transitions between organisms. This requirement causes the relative and absolute timing of 

events – properties irrelevant when scoring static morphological and sequence data – to become 

a crucial criterion for delimiting character states. The superimposition of real (developmental) 

time on homology assessment has thus far seriously constrained attempts to code development in 

phylogenetic analyses. It is arguably at least partly for this reason that most comparative 

developmental studies contrast either radically different organisms, where it is assumed that only 

the fundamental genetic underpinnings have remained constant, or subtly different phenotypes of 

the same species (not least Arabidopsis), which are assumed to differ only in a single targeted, 

genetically determined trait. In such single-trait studies, homology (however defined) is near-

universal between the studied phenotypes and so in practice is virtually nullified. Unfortunately, 

the speciation processes central to systematic and evolutionary biology actually occur midway 

between the genealogical extremes of extensive non-homology and near-uniform homology. 

 

 

Evolution and Molecular Phylogeny of the Genus Scleria 

 
Bauters, Kenneth (1)*; Larridon, Isabel (2); Muasya, Muthama A. (2); Vrijdaghs, Alexander (3); 

Simpson, David A. (4); Goetghebeur, Paul (1) 

(1) Ghent University, Department of Biology, Research Group Spermatophytes, K.L.Ledegankstraat 35, 

9000 Ghent, Belgium; * Kenneth.Bauters@UGent.be 

(2) University of Cape Town, Botany Department, Rondebosch 7700, South Africa 

(3) K.U. Leuven, Institute of Botany and Microbiology, Laboratory of Plant Systematics, Kasteelpark 

Arenberg 31, 3001 Leuven, Belgium 

(4) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, UK 

 

The genus Scleria, commonly known as nut rushes or razor grass, is with its ca. 250 species one 

of the larger genera in the sedge family (Cyperaceae). The status of infrageneric taxa in Scleria 

still is a controversial taxonomic activity since all infrageneric classifications to date resulted 
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from personal interpretations of morphological characters without the support of molecular data 

(Camelbeke, 2002). The existing conflicting infrageneric classifications of the genus Scleria 

indicate the necessity to establish a worldwide molecular phylogeny of this genus. Furthermore, 

at the base of the Scleria nutlet a cupule and a hypogynium are found. The origin and function of 

these structures are still unknown. 

A preliminary molecular phylogenetic hypothesis with the marker ndhF was constructed. The 

results show how the different sections are delimitated and how they are related to each other. 

The results also provide insights in the evolution of inflorescence and spikelet characters in 

Scleria.  

An ontogenetic study of two species, Scleria depressa and Scleria terrestris, was performed to 

unravel the mystery surrounding the structures found at the base of the Scleria nutlet. In Scleria 

depressa these structures seem to play an important role in the dispersal of the nutlets since they 

result in the capacity to float. The preliminary results of the molecular phylogenetic study and 

the ontogenetic study are presented and future prospects are explained. 

 

 

Morphological and Anatomical Variation in Fruits and Seeds of Extant and Fossil 

Zingiberales and Their Systematic Significance  

 
Benedict, John C. (1)*, Selena Y. Smith (2), Margaret E. Collinson (3), Jana Leong-Škorničková (4), 

Chelsea D. Specht (5), Xianghui Xiao (6), Julie Fife (7,8), Federica Marone (7) 

(1) Dept. of Biology, University of Guam, Mangilao, Guam, John.Benedict@asu.edu 

(2) Dept. of Earth & Environmental Sciences and Museum of Paleontology, University of Michigan, USA  

(3) Dept. of Earth Sciences, Royal Holloway University of London, UK 

(4) Singapore Botanic Gardens, Singapore 

(5) Dept. of Plant and Microbial Biology & University and Jepson Herbaria, University of California, 

Berkeley, USA 

(6) Advanced Photon Source, Argonne National Labs, USA
 
 

(7) Swiss Light Source, Paul Scherrer Institut, Switzerland 

(8) Ecole Polytechnique Federale de Lausanne, Lausanne, Switzerland 

 

The Zingiberales are a diverse group of economically and ecologically important tropical plants, 

consisting of eight families comprising ~2500 species that include bananas (Musa) and gingers 

(Zingiber). The fossil record is in need of further study to provide data for inferences of 

phylogenetic relationships, timing of divergences, and trait evolution within the group. Fossil 

fruits and seeds provide some of the earliest evidence for Zingiberales and date back at least to 

the Campanian (~80 mya). Cretaceous and Paleogene fossils include several extinct taxa 

attributed to Musaceae, Zingiberaceae, or are not placed to family. The most spatially and 

temporally widespread genus, Spirematospermum, has been variably assigned to Zingiberaceae 

or Musaceae, raising questions about our understanding of fruit and seed structure. Non-

traditional sectioning methods and synchrotron-based X-ray tomographic microscopy were used 

to yield images with high-resolution anatomical and 3D morphological details useful for 

addressing the familial placement of Spirematospermum. This is coupled with a broad study of 

extant and extinct members of Zingiberales, including newly described Spirematospermum-like 

fossils from the Paleocene of North America. Sampling was focused on Zingiberaceae, as this is 

the most diverse lineage. The four subfamilies of Zingiberaceae are currently well-supported as 

monophyletic but intergeneric relationships are poorly resolved; this new data provides 
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morphological characters of phylogenetic significance that support both previously recognized 

and recently proposed clades in Zingiberaceae, based on molecular and morphological data. 

Integrating morphological data and the fossil record into broadly-sampled phylogenetic studies 

will provide a better understanding of the complex evolutionary history of Zingiberales.  

 

 

Evolutionary History of Poa (Poaceae Tribe Poeae) In the Australasian-Malesian Region  
 
Birch, Joanne L. (1)*; Murphy, Daniel J. (1); Cantrill, David J. (1);

 
and Walsh, Neville G. (1) 

(1) Royal Botanic Gardens Melbourne, Birdwood Avenue, South Yarra, VIC 3141, Australia; 

Joanne.Birch@rbg.vic.gov.au 

 

In Australia, Poaceae tribe Poeae is represented by 19 genera and 94 species; with the genus Poa 

dominant in terms of species number. The evolutionary relationships of Australian Poa are 

incompletely understood and have proven challenging to resolve, in part due to low sequence 

divergence. The majority of Australian species sampled to date are placed in Poa subgenus Poa 

supersection Homalopoa section Brizoides subsection Australopoa, with a small number of 

species placed in other subsections Austrofestuca, Brizoides, and Neuropoa. In the current study 

phylogenetic relationships of Poa from the Australasian-Malesian region were investigated, 

within the context of broader Australian Poeae diversity.  This has allowed identification of 

monophyletic Australian lineages, and assessment of the biogeographical history of Poa within 

the Australasian region. For this study, a total of 49 Australian Poa taxa, six New Zealand 

species, and nine Malesia species were sampled, along with 49 species from subtribe Poinae. 

Sequence data were generated from three chloroplast (rbcL and matK genes and the rpl32-trnL 

intergenic spacer) and two nuclear (ITS, ETS) markers and maximum parsimony, maximum 

likelihood, and Bayesian analysis criteria were applied for phylogenetic reconstruction. Multiple 

strongly supported clades are recognized and relationships within and among these clades are 

presented. Subsection Australopoa is not monophyletic as other subsections are nested within it. 

Poa morphology will be considered in light of these relationships. Incongruence is observed in 

the placement of a number of taxa in phylogenies based on chloroplast and nuclear datasets and 

possible sources of this incongruence will be discussed.   

 

 

The Astelioid Clade (Asparagales): An Investigation of Geophytism, Morphology, and 

Habitat Diversity in a Phylogenetic Context 

 
Birch, Joanne L. (1)*; Kocyan, Alexander (2) 

(1) Royal Botanic Gardens Melbourne, Private Bag 2000, Birdwood Avenue, South Yarra VIC 3141, 

Australia; Joanne.Birch@rbg.vic.gov.au 

(2)
 
University of Potsdam, Institute of Biochemistry and Biology, Biodiversity Research/Systematic 

Botany, Maulbeerallee 2a, D-14469 Potsdam, Germany 

 

The astelioid clade (Asparagales) contains five families, the Asteliaceae, Blandfordiaceae, 

Boryaceae, Hypoxidaceae and Lanariaceae. Astelioid taxa are found on all four Gondwanan 

landmasses as well as Pacific and Indian archipelagos. With the exception of Asteliaceae, all 

astelioid families contain geophytic taxa including a range of geophytic forms and structures e.g. 

resurrection plants, annual corms, and tuberous rhizomes. The extensive habit, habitat, and 
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morphological diversity within the astelioid clade is considered in light of the recent phylogeny 

in which all current genera are represented. The phylogeny was reconstructed based on the 

plastid DNA regions (rbcL, trnL-trnL-F, trnS-G, rps16-trnK, and petL-psbE). Divergence times 

were estimated using a Bayesian log-normal relaxed molecular clock (UCLN) calibrated 

according to Astelia s.l. fossil data. Morphological and ecological traits, including habit, habitat, 

and storage structures were reconstructed onto the phylogeny using parsimony and maximum 

likelihood methods.  

 

Results indicate that Boryaceae and Blandfordiaceae are successive sister to the clade containing 

Asteliaceae/Hypoxidaceae/Lanariaceae. Relationships suggest extensive plasticity of vegetative 

and reproductive characters. Multiple shifts in geophytic form are inferred. While the majority of 

genera possess tuberous rhizomes, Pauridia and Empodium have annual corms and the storage 

capacity of rhizomes has been secondarily lost in the Asteliaceae. However, it is in the 

Asteliaceae that the greatest habitat diversity is observed, with taxa present across a wide range 

of vegetation types. Biogeographic results suggest an Australian origin for the astelioid clade 

with the greatest radiation of Hypoxidaceae and Lanariaceae in Africa and that of Asteliaceae in 

New Zealand.  

 

 

Fruit Character Evolution in Palms 

 
Bobrov AlexeyV.F.Ch. (1); Dransfield John (2); Romanov Mikhail S. (3)* 

(1) Department of Biogeography, Geographical Faculty, M. V. Lomonosov Moscow State University, 

Moscow, 119991, Russia 

(2) Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AE, UK 

(3) Department of Dendrology, Main Botanical Garden nm. Tsitsin N. V. RAS, Botanicheskaya st., 4, 

127276, Moscow, Russia, romanovmikhail@hotmail.com 

 

Fruit character evolution in palms is evaluated based on distribution of character states on the 

palm supertree. Original and pre-existing data available in the literature are analyzed and 

apomorphic and plesiomorphic features of palm fruit structure are revealed. The exocarp and 

peripheral zones of the mesocarp, differentiation of the mesocarp into specific histological zones, 

endocarp structure, developmental mode, structure and localization of the stone (pyrene) in the 

pericarp determine the anatomical type of the fruit and are the most important features of the 

pericarp. The peculiar synapomorphy of Calamoideae, Nypoideae and Coryphoideae (excepting 

Caryoteae) is a single-layered unspecialized endocarp (also in some Arecoideae). The 

development of the stone(s) in the middle of the mesocarp is a synapomorphy of Eugeissoneae 

(Calamoideae), Nypoideae, and some Trachycarpeae, Cryosophileae, and Borasseae 

(Coryphoideae). The sclerified single-layered palisade endocarp comprising the pyrene is a 

symplesiomorphy of Caryoteae (Coryphoideae), Ceroxyloideae and many Arecoideae. The 

pyrene composed of fiber-like sclereids of the inner zone of the mesocarp and the endocarp is a 

synapomorphy of Cocoseae (Arecoideae). Scales covering the fruits, composed of exocarp and 

the peripheral zone of the mesocarp is a synapomorphy for Calamoideae. Corky-warted fruits are 

a morphological symplesiomorhy of some members of Coryphoideae, Ceroxyoideae, and 

Arecoideae, while their pericarp anatomy differs in many important details. Aerenchyma 

development in the peripheral mesocarp layer in Nypa, Cocos, Lodoicea, Borassus and 

Borassodendron is an example of a symplesiomorphy (adaptation for hydrochory). 
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A Revised Evolutionary History of Poales 

 
Bouchenak-Khelladi, Yanis (1)*; Linder, H. Peter (1); Muasya, A. Muthama (2) 

 (1) University of Zürich, Institute of Systematic Botany, CH 8008, Zürich, Switzerland; 

boucheny@tcd.ie 

(2) Department of Biological Sciences, University of Cape Town, Private Bag X3, Rondebosch 7701, 

South Africa 

 

The monocot order Poales (ca. 20,000 species) encompasses about 35% of all monocot species 

and includes economically important crops. Extant Poales families (i.e. Anarthriaceae, 

Bromeliaceae, Centrolepidaceae, Cyperaceae, Ecdeiocoleaceae, Eriocaulaceae, Flagellariaceae, 

Hydatellaceae, Joinvilleaceae, Juncaceae, Mayacaceae, Poaceae, Rapataceae, Restionaceae, 

Thurniaceae, Typhaceae and Xyridaceae) occur in all terrestrial and aquatic systems worldwide, 

and many of these groups are ecologically dominant. Poales exhibit a tremendous diversity in 

terms of life forms (except trees), habitats (from deserts to the tropics through aquatic systems) 

and metabolism (CAM, C3 and C4 photosynthetic pathways). Therefore, the understanding of 

Poales evolution can help us understand which climatic and ecological factors drove the 

formation of such diversity from the Cretaceous through the Cenozoic.  

Here we present the largest Poales phylogeny (471 species) using two chloroplast DNA regions, 

rbcL and ndhF. Using molecular dating and ancestral reconstructions of photosynthetic, habitat 

and life form traits, we tested if habitat preferences are correlated with particular adaptations (life 

forms and/or metabolic pathways).  

We found that Poales originated in wet habitats of the early Cretaceous (133 mya) then moving 

to drier and more open habitats via forest understory during the Cenozoic. The appearance of the 

C4 pathway in Poales occurred at the Eocene-Oligocene transition. Shift in habitat preferences 

occurred several times and triggered novel adaptations (i.e. appearance of annual life forms and 

metabolic pathways).  

 

 

Welcome Centrolepidaceae, As a Subfamily of Restionaceae (Poales)? 

 
Briggs, Barbara G. (1)* 

(1) Royal Botanic Garden, Sydney, Australia; barbara.briggs@rbgsyd.nsw.gov.au 

 

The centrolepid clade appears in DNA-based phylogenetic trees and also in morphological 

phylogenies on a very long branch. It is therefore somewhat unstable in its position in 

phylogenetic trees. The best available evidence, from cpDNA, is that it is embedded in 

Restionaceae, although it is placed as sister to Restionaceae in trees that are more distorted by 

long-branch attraction. If it is accepted as a subfamily of Restionaceae, that enlarged family is 

characterised by the loss of the outer staminal whorl and differs from almost all other Poalean 

clades in the presence in the stems of a sclerenchyma cylinder surrounded by a parenchyma 

sheath. 

 

Our concept of the southern hemisphere family Restionaceae as substantial wiry herbs with 3- or 

2- merous flowers is challenged by these diminutive drought-avoiding annuals and cushion-

forming plants of subalpine or subantarctic habitats, with flowers so bizarre that they have been 

interpreted until recently as pseudanthia. 
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Simple Sedge Id: Sedge Genera of the World II 

 
Bruhl, Jeremy J. (1)*; Weber, Odile (2); Simpson, Dave A. (2); Wilson, Karen L. (3) 

(1) University of New England, Armidale NSW, Australia 

(2) Royal Botanic Garden, Kew, UK 

(3) Royal Botanic Gardens and Domain Trust, Sydney, Australia 

 

‘Sedge genera of the World’ is a DELTA dataset of generic descriptions covering many 

morphological and anatomical characters for Cyperaceae, which provides for interactive 

identification and data retrieval via Intkey and potentially other systems. We report on progress 

towards the rebirth and internet delivery of a streamlined and image-rich dataset of the Sedge 

genera of the World. The talk should be of value to others who are about to embark or are on the 

same journey, and allow others to join in on this cooperative project. 

 

 

Phylogeny and Biogeography in Schoeneae (Cyperaceae) and Their Taxonomic 

Consequences 

 
Bruhl, Jeremy J. (1)*; Viljoen, Jan-Andriaan (2); Barrett, Russell L. (3); Forest, Felix (4); Gibbs, Adele 

K. (1); Muasya, A. Muthama (2); Musili, Paul M. (1)(5); Slingsby, Jasper A. (2); Simpson, Dave A. (4); 

Verboom, G. Anthony (2); Waterway, Marcia J. (6), Wilson Karen L. (7) 

(1) University of New England, Armidale, NSW, Australia; jbruhl@une.edu.au 

(2) University of Cape Town, Cape Town, South Africa 

(3) University of Western Australia, Crawley, Western Australia, Australia 

(4) Royal Botanic Garden, Kew, UK 

(5) National Museums of Kenya, Nairobi, Kenya 

(6) McGill University, Montreal, Canada 

(7) Royal Botanic Garden, Sydney, Australia 

 

We reevaluate the monophyly of the Schoeneae using c. 90 terminals and an expanded dataset 

for ETS, ITS, rbcL, rps16 intron and trnL intron, using Bayesian analysis for estimation of 

phylogeny. Ancestral areas and habitats were reconstructed on a dated tree using dispersal-

extinction-cladogenesis models, with use of BEAST and Lagrange. 

 

Schoeneae s. str. are resolved as monophyletic, with the exclusion of Cladium, Rhynchospora, 

Scleria and Arthrostylis—all of which have been linked or included in Schoeneae—and of 

Carpha and Trianoptiles, which are tenuous members of the tribe. The tribe originated in 

Australia in the Palaeocene with rapid divergence of six lineages c. 50 Ma within Australia, and 

with multiple dispersal events across southern oceans. Diversification of Schoeneae is linked to 

development of seasonal climates in Australia and southern Africa. Three genera (Costularia, 

Schoenus, Tetraria) that occur in Africa and Australasia are polyphyletic. Taxonomic 

implications of the study will be discussed. 
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Biogeography, Habitat and Diversification: Insights from a Chronogram for the Tribe 

Rhynchosporeae (The Beaksedges; Cyperaceae) 

 
Buddenhagen, Christopher (1); Mast, Austin (1); Thomas, W. Wayt (2). 

(1) Florida State University, Department of Biological Science, 319 Stadium Drive, Tallahassee, FL, 

32306, USA 

(2) New York Botanical Garden, Bronx, New York, NY, 10458-5126, USA 

 

After the Oligocene there was a significant spread and diversification of taxa that form vast 

grasslands and savannas worldwide, this was a shift away from a predominantly warm and wet, 

forested world. Tribe Rhynchosporeae (the beaksedges; Cyperaceae), a group found 

predominantly in grasslands and forest  in tropical and subtropical America, is ideal for 

understanding the spread of this grassland and savanna habitat and the evolution and 

biogeography of its biota. We sampled chloroplast DNA sequences (the trnL/F region) from over 

70 of the ca. 400 species in the tribe. We inferred the mean age of the crown group for 

Rhynchosporeae as 36 million years (95% credible interval= 17-58). Fitch parsimony 

reconstruction suggests that the crown group probably arose on the Brazilian Shield in 

savanna/grassland habitat, with considerable currently unexplained vagility in the lineage 

following that origin and at least 4 independent shifts into forest understory or edge. Many of the 

SE N American Coastal Plain species share a close relationship, suggesting a migration of a 

common ancestor from the Brazilian Shield to that area ca. 25 million years ago with subsequent 

diversification producing ca. 55 spp. currently found there. We sampled 18 of the 28 sections of 

Rhynchospora and found that 14 are not monophyletic. We also examined whether habitat and 

distributional shifts are correlated with morphological changes to fruits and inflorescences.  

 

 

The Evolution of Genome Size and Base Composition in Cyperid Clade (Poales) 

 
Bures, Petr (1)*; Muasya, A. Muthama (2); Lipnerova, Ivana (1); Zedek, Frantisek (1); Bauters, Kenneth 

(3); Viljoen, Jan-Andriaan (2); Gonzalez Elizondo, Maria S. (4); Barrett, Russell L. (5); Goetghebeur, 

Paul (3); Bruhl, Jeremy J. (6); Mwachala, G (7); Prychid, Christina J. (6); Hroudova, Zdena (8); Thomas, 

W. Wayt (9); Wilson, Karen L. (10) 

(1) Masaryk University, Brno, Czech Republic; bures@sci.muni.cz 

(2) University of Cape Town, Cape Town, South Africa 

(3) Ghent University, Belgium 

(4) Instituto Politecnico Nacional, Durango, Mexico 

(5) University of Western Australia, Crawley, Australia 

(6) University of New England, Armidale, Australia 

(7) National Museums of Kenya, Nairobi, Kenya 

(8) Institute of Botany, Pruhonice, Czech Republic 

(9) New York Botanical Garden, U.S.A. 

(10) Royal Botanic Gardens & Domain Trust, Sydney, Australia 

 

Using flow cytometry, we analyzed genome size (2C, nuclear DNA amount) and genomic base 

composition (GC content) in more than 600 taxa of Cyperaceae + Juncaceae + Thurniaceae 

covering representatively all main lineages of this Cyperid clade.  
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Compared to representatives of the other 13 families in Poales, the evolution of the holokinetic 

chromosome structure in the Cyperid clade is associated with substantial decrease in genome 

size and with a shift in genomic base composition to lower GC content. Only in the lineages of 

Eleocharis, Tetraria and Schoenus, did genome size increase. Generally, higher divergence in 

genome size has evolved in non-tropical genera and widely distributed species had smaller 

genomes. 

 

In some genera, reduction in chromosome number was associated with increased genome size. 

This is consistent with the model of holokinetic drive (see abstract of Zedek and Bures) which 

also explains the extreme variation in chromosome size at a relatively fine phylogenetic scale in 

Cyperaceae. 

 

 

Recent Advances in the Systematics of the Orchid Subfamily Vanilloideae  
 
Cameron, Kenneth* (1); and Giraldo, Giovanny (1)  

(1) University of Wisconsin, Department of Botany, Madison, WI, 53706, USA; kmcameron@wisc.edu 
 

The fourteen genera of Vanilloideae are now widely recognized as members of two orchid tribes: 

Pogonieae (Duckeella, Cleistes, Cleistesiopsis, Isotria, Pogonia) and Vanilleae (Epistephium, 

Eriaxis, Clematepistephium, Lecanorchis, Galeola, Cyrtosia, Erythrorchis, Pseudovanilla, 

Vanilla).  Attempts to reconstruct the phylogeny of the subfamily using molecular data and to 

estimate the age of the various lineages has been a challenge because of high levels of sequence 

divergence relative to other orchids, reduction of the plastome within mycoheterotrophic taxa, 

rarity of plant material, and discordance among gene trees.  Published estimates (71 mya) 

indicate that Vanilloideae is younger than previously hypothesized, and that most of its present 

cosmopolitan distribution is due to long distance dispersal.  This claim and the problem of 

working with widespread, rare, relictual species continue to shroud Vanilloideae in mystery.  

Nevertheless, there has been significant attention focused on the systematics of the larger 

vanilloid genera (especially Vanilla, Cleistes, and Epistephium) over the past few years.  In 

particular, the recent taxonomic treatment by the late Mexican botanist Miguel Soto has done 

much to advance the systematics of Vanilla.  A monograph of South American Epistephium by 

the authors is also in progress. These new insights and an overview of future directions will be 

reviewed.          

 

 

Xyridaceae Phylogeny and Systematics: Current Status and Future Perspectives 

 
Campbell, Lisa M. (1)*, Wanderley, Maria G. L. (2), Mota Nara (3), Conn, Barry J. (4), and Little, 

Damon P. (1)
 

(1) The New York Botanical Garden, Bronx, NY U.S.A.; lcampbell@nbyg.org 

(2) Instituto de Botânica, São Paulo, SP, Brazil 

(3) Departamento de Botânica, Universidade Federal de Minas Gerais, MG, Brazil 

(4) National Herbarium of New South Wales, Royal Botanic Gardens and Domain Trust, Sydney, 

Australia 
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Xyridaceae are petaloid monocots comprising five genera and about 415 species. The family is 

mostly pantropical and subtropical; four of the five genera are endemic to the Neotropics, where 

the greatest species diversity occurs. Many species have narrow distributions and there are only 

two putative amphiatlantic distributions. Two subfamilies have been recognized: Abolbodoideae 

(Abolboda, Aratitiyopea, and Orectanthe) and Xyridoideae (Achlyphila and Xyris) and 

infrageneric classifications have been proposed for Xyris, which includes about 95% of the 

species. Utilizing four markers (matK, ndhF, cox3, and rbcL), our on-going phylogenetic 

analysis includes all genera, about half the species of Abolboda, and over half the species of 

Xyris representing the four sections. Sampling is densest from the Brazilian and Guiana shields 

of South America, regions of species richness, and North America. Parsimony analysis resolves 

Mayaca (Mayacaceae) as sister to Eriocaulaceae-Xyridaceae. Xyridaceae and the constituent 

genera are monophyletic and the traditional subfamilies are resolved. Abolbodoideae are 

resolved as Aratitiyopea-Orectanthe sister to Abolboda. The more diminutive species of 

Abolboda are derived. Xyris sect. Pomatoxyris, which we will recognize as a subgenus, is sister 

to the rest of Xyris, and includes 18 species from either southwestern or southeastern Australia. 

Within the large Xyris clade neither X. sect. Nematopus, presently circumscribed as confined to 

the Neotropics and the most speciose, nor X. sect. Xyris, about 100 species found throughout the 

distribution of the family, are recovered. A small section from the Espinhaço range, yet to be 

formalized, is monophyletic.  

 

 

Panbiogeography of the Genus Spathiphyllum (Araceae) in the Neotropics, a Primary 

Biogeographical Homology Hypothesis 

 
Cardona, Felipe A. (1)*; Mejia, Fabian G. (1) 

(1) Herbario Universidad de Antioquia, Medellín, Colombia; cardonaf@gmail.com 

 

In this study we analyzed the panbiogeographic distribution of the genus Spathiphyllum Schott 

(Araceae), in order to know the biogeographical relationships between species and sections 

within the genera in neotropical rain forests of Central and South America. The tracks were 

generated from publicly available databases (Tropicos, GBIF and HUA). We mapped the 

distribution of Neotropical species according to the Biogeographical Provinces for Latin 

America and the Caribbean. Individual tracks were generated from 1,855 records distributed in 

46 species. Our results indicated four main tracks and a node located near the Panama isthmus.  

We estimated two generalized tracks for Spathiphyllum sect. Amomophyllum. The first track is 

located in the Amazon foothills of the Andes (Ecuador and Peru); and the second track is located 

between the south of the Talamanca mountain (Panama) and Magdalena (Colombia). The two 

remaining tracks for Spathiphyllum sect. Spathiphyllum are located in the Talamanca Mountain 

Range and Central America respectively. Our results are consistent with hypotheses relating 

different tectonic and paleoclimatic events in Central and South America affecting the 

diversification of Spathiphyllum in the region. The generalized track analyses indicate that the 

most diverse sections within Spathiphyllum have a clear geographic component. Future research 

relating the phylogeny of Spathiphyllum with its current geographical distribution is ongoing. 
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Using Next-Gen Sequencing to Improve Phylogenetic Resolution in a Rapid Radiation of 

Species, Anthurium (Araceae), Preliminary Data 
 
Carlsen, Mónica M. (1, 2)*; McKain, Michael (2); Kellogg, Elizabeth A. (2) 

(1) Missouri Botanical Garden, P.O. Box 299, St. Louis, Missouri 63166, U.S.A.; 

monica.carlsen@mobot.org 

(2) University of Missouri – St. Louis, One University Boulevard, Research 223, St. Louis, MO 63121 

 

Anthurium is an extremely diverse and strictly neotropical genus of Araceae that includes ca. 

1,000 species. The most recent molecular phylogeny of the genus includes 102 Anthurium 

species and eight outgroups, and was able to distinguished 18 highly supported clades within the 

genus. That phylogeny was generated using standard Sanger sequencing of chloroplast (trnG 

intron, trnH-psbA and trnC-ycf6 intergenic spacers) and nuclear (CHS first intron) DNA regions. 

This dataset also revealed a molecular signature of very low DNA sequence differentiation 

among Anthurium species, consistent with a pattern of rapid and recent species radiation, 

originating approximately 5-8 Mya following the uplift of the Andes. Not surprisingly, 

relationships among the 18 major clades were not supported, and the backbone of the phylogeny 

was still unresolved, therefore precluding further assessments of character evolution within the 

genus. In this preliminary study, we used Next-Gen sequencing to generate entire chloroplast 

genomes for 22 Anthurium species representing most major clades in the previous phylogeny, in 

order to investigate the amount of data necessary to improve the phylogenetic resolution within 

the genus. Plastomes for outgroups were assembled from publically available data, and represent 

other aroid genera, Acorus and Alismataceae. As expected, preliminary data suggest that the use 

of full chloroplast genome alignments greatly increases the number of informative sites and 

phylogenetic support in deeper nodes of the phylogeny. Moreover, some areas of the plastome 

were identified as providing a higher number of informative characters, and thus could be 

targeted for subsequent studies. Using a supertree approach, both phylogenetic estimates (i.e. 

Sanger-based and Next-Gen based) were combined to produce a better resolved picture of the 

evolutionary history of Anthurium, and to highlight areas still in need to improvement. 

 

 

The Evolutionary History of Anthurium (Araceae) Through Time and Space 

 
Carlsen, Mónica M. (1, 2)* 

(1) Missouri Botanical Garden, P.O.Box 299, St. Louis, MO 63166, USA; monica.carlsen@mobot.org 

(2) Biology Department, University of Missouri – St. Louis, One University Boulevard, Research 223, St. 

Louis, Missouri 63166, USA 

 

Anthurium is the richest genus in Araceae, with ca. 1000 species distributed throughout the 

Neotropics from southern Mexico to northern Argentina. Results of a molecular phylogeny, 

including 102 Anthurium species, generated with combined chloroplast (trnG intron, trnH-psbA 

and trnC-ycf6 intergenic spacers) and nuclear (CHS first intron) DNA sequences were used to 

understand the timing and patterns of diversification within the genus. Molecular evidence 

reveals that the initial divergence between Anthurium and its sister genus Pothos is quite old, but 

it was much later in time that Anthurium itself diversified explosively. A molecular signature of 

very low DNA sequence differentiation among species and increased diversification rate when 

compared to its sister genus, revealed a pattern consistent with a rapid and recent species 
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radiation, originating approximately 5-8 Mya following the uplift of the Andes. The pattern of 

rapid diversification is also coupled with geography, where species in close geographic 

proximity are more closely related to each other, even if they differ in terms of vegetative 

morphology. Ancestral area reconstructions indicate that the genus Anthurium was quite 

widespread in Central America, west Andes and the Amazonia before it started to diversify. 

Throughout the evolutionary history of the genus, nine major species diversification events have 

occurred in the West Andes, four in the Amazonia, four in Central America, and one is exclusive 

to the Caribbean in the Lesser Antilles. 

 

 

Pollination Ecology of Ceroxylon sasaimae 

 
Carreño, Javier I. (1); Núñez, Luis A. (2); Sanín, María José (3); Galeano, Gloria (3) 

(1) Laboratorio de Botánica, Universidad de los Andes, Bogotá, Colombia; ji.carreno28@uniandes.edu.co 

(2) Programa de Biología, Universidad de La Salle, Bogotá Colombia; lanunez@unisalle.edu.com 

(3) Instituto de Ciencias Naturales (ICN), Universidad Nacional de Colombia, Bogotá, Colombia; 

mjsanin@unal.edu.co, gagaleanog@unal.edu.co 

 

During 2010-2012 we estudied the pollination ecology of Ceroxylon sasaimae, in a fragment of 

premontane forest in Colombia. For over 16 years, the species had been only known of this 

population that consists of nearly 200 adult palms, and had been therefore catalogued as 

critically endangered. Although it was discovered in 2011 in another restricted forest fragment, it 

faces serious conservation threat. We present data on flower morphology and development, 

phenology, floral biology, scent, pollinators, and set fruit.  This dioecious palm grows 8-15 m, 

with interfoliar inflorescences. A male individual produces 8-12 simultaneous inflorescences, 

and a female individual 10-15.  Flowering occurs along the year, but peaks in May-June. Male 

inflorescences open in the morning, and release a low level of floral scent mainly composed by 

Tetradecene, Tetradecan and Butilhidroxitoluene. An inflorescence is visited by 10,000- 35,000 

insects representing 39 species (Nitidulidae, Curculionidae, and Apidae, Meliponini). Pistillate 

inflorescences attract insect pollinators by chemical mimicry, which is achieved through the high 

similarity (98%) in the floral scent. Mystrops pulchra is the main pollinator, contributing with 

90% of pollen transport in this palm. Since C. sasaimae is a dioecious species, which does not 

develop fruits by apomixis and in which wind pollination is negligible, it is here considered as 

strictly xenogamous. This palms is reproductively efficient, as reflected in the number of 

infrutescences per year and substantial fruit set. Due to its restricted geographic distribution, and 

to the small size of its populations it constitutes a priority candidate for a conservation rescue 

plan. 

 

 

The Tribe Chamaedoreeae as a Case Study for the Evolution of Sexual Systems in Palms 

 
Castaño, Felipe (1)*; Stauffer, Fred (2); Marquinez, Xavier (3); Pintaud, Jean-Christophe; Galeano, 

Gloria (3); Tregear, James (1) 

(1) UMR DIADE, Palm Developmental Biology Group, IRD Montpellier, France; felipe.castano@ird.fr 

(2) Conservatoire et Jardin Botaniques, Genève, Switzerland 

(3) Universidad Nacional de Colombia, Bogotá, Colombia 
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More than 80% of palms produce single sex male or female flowers, most of these species being 

either dioecious or monoecious. Unisexual flower development can serve to promote outbreeding 

and can also help optimise resource allocation. Dioecy is the strongest degree of separation of the 

sexes and ensures that self-pollination never occurs. Although only a small percentage of 

angiosperms are dioecious, this condition characterises about 20% of palm genera. The tribe 

Chamaedoreeae displays variability in sexual expression patterns and in the structure and 

arrangement of flowers, constituting an interesting group in which to study sexual dimorphism 

and its evolution. Given the accepted monophyly of the tribe, two key characters appear to have 

evolved more than once within the group: dioecy and solitary flowers. The latter two characters 

are shared by Chamaedorea and Wendlandiella, while Gaussia, Hyophorbe and Synechanthus 

have flowers arranged only in acervuli and are monoecious. This study is aimed at investigating 

sex differentiation in palms, via a comparison of monoecious and dioecious species in the 

Chamaedoreeae. In order to improve our knowledge of flower structure and ontogeny, scanning 

electron microscopy and anatomical sectioning were performed on inflorescences at different 

developmental stages. In parallel, we used transcriptome analysis to identify genes displaying 

sex-dependent expression in Chamaedorea tepejilote. The spatio-temporal profiles of expression 

of selected genes were studied using in situ hybridization. The data obtained will help improve 

our knowledge of sexual expression in palms and its evolution. 

 

 

Comparative Genomics, Phylogenetic, and Biogeographical Studies of the Brachypodium 

(Pooideae: Brachypodieae) Model Complex 

 

Catalán, Pilar (1)*; López-Alvarez, Diana (1); Contreras, Bruno (2); Cantalapiedra, Carlos (2); Gordon, 

Sean (3); Vogel, John (3) 

(1) Department of Agricultural and Environmental Sciences, University of Zaragoza, Huesca, Spain; 

pcatalan@unizar.es 

(2) Estación Experimental de Aula Dei-CSIC, Zaragoza, Spain 

(3) USDA-ARS-WRRC, Albany, CA, USA 

 

High throughput sequence reads of chloroplast genomes can be effectively identified from whole 

genome sequence pools by k-mer composition. Taking as reference all Poaceae chloroplast 

genomes currently available, we have assembled the plastid genomes of the three species of the 

Brachypodium distachyon complex (B. distachyon, B. stacei, B. hybridum) and have conducted 

phylogenomic analysis. B. stacei, despite a sequence identity to B.distachyon of 99.8%, carries a 

unique 1Kb insert located in a similar position than other inserts observed in Hordeum and 

Oryza. Our analyses suggest that a similar insert is found within the chloroplast chromosome of 

B.hybridum. The complete elucidation of the maternal inheritance of the whole plastome could 

help to solve the polyphyletic and bidirectional hybrid origin of this allopolyploid species.  

Combined bayesian phylogenetic analysis based on two cloned nuclear (ETS, ITS) and two 

plastid (ndhF, trnTL) genes resulted in a Brachypodium species-tree showing the early 

divergence of relictual perennials (B. boissieri, B. mexicanum) and annuals (the B. distachyon 

complex) and a later split of the recently evolved core perennial clade (11 taxa). Bayesian dating 

analysis (Beast) and ancestral area reconstructions (DEC models) support a early-Miocene origin 

of the Brachypodium ancestor in the circumMediterranean region, followed by succesive 

dispersals to America, Africa and SE Asia in mid-Miocene, Pliocene and Pleistocene times, 

respectively. 
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An Updated Classification of Orchidaceae 

 
Chase, Mark W. (1)* 

(1) Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3DS, UK; email: 

m.chase@kew.org 

 

The first phylogenetic classification of Orchidaceae was produced in 2003, and a great deal more 

is now known about relationships of the tribes and subtribes. Five subfamilies are still 

appropriately recognized, and very little has changed in terms of classification in all but 

Epidendroideae. Within Epidendroideae, a number of problematic genera and subtribes have 

now been placed. The biggest changes are those of the taxa associated with Vandeae, the 

position of Thaia and the placement of Bulbophyllum and Dendrobium with Malaxidae. 

 

 

Tiptoe Through the Tulips: Phylogeny, Classification and Nomenclatural History of Tulipa 

(Liliaceae) 

 
Christenhusz, Maarten  J. M. (1)*; Fay, Michael F. (1); Chase mark W. (1) 

(1) Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey, U. K.  

 

An estimated 70 species of tulips occur from south-western Europe and North Africa through the 

Middle East and Central Asia to the Himalayas, China and Mongolia. Since early mediaeval 

times, tulips were popular in the gardens of Persia and Central Asia, where bulbs from the wild 

were traded and planted in private gardens. Many new species were described from cultivation, 

often without knowing the wild origin of the bulbs, and early cultivars escaped into nature (but 

often as weeds in cultivated fields) and were described as species from these naturalised 

population. To be certain of the identifications of the material we have been studying, original 

species descriptions and type specimens of as many names as possible were reviewed, names 

typified when needed, and a revised checklist of the genus was prepared. To understand the 

classification of the genus, we investigated phylogenetic relationships in the genus using DNA 

sequences from four plastid regions and the internal transcribed spacer region of nuclear 

ribosomal DNA. Erythronium and Amana were used as outgroups. We included all major 

lineages previously identified as distinct in Tulipa. Tulipa was strongly supported as 

monophyletic with four clearly defined clades, although relationships between them were 

unclear. Section Clusianae (i) should be excluded from subgenus Tulipa and accepted at 

subgeneric rank. Subgenus Eriostemones (ii) and the remaining species of subgenus Tulipa (iii) 

were both strongly supported, and some support was found for section Biflores within subgenus 

Eriostemones. Tulipa sprengeri, traditionally placed in subgenus Tulipa, is shown to be a 

member of Eriostemones, which is consistent with morphological characters. Subgenus Orithyia 

(iv), in this study represented by T. uniflora, forms a fourth clade, which is found to be sister to 

the rest of the genus. It is plesiomorphic with stalked ovaries, a character not found in other 

groups of Tulipa, but common in Amana, Erythronium and other Liliaceae.  
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Asymmetric Specialization: A Common Feature in Plant-Pollinator Interactions among 

South American Iridaceae? 

 
Chauveau, Olivier (1)*; Nadot, Sophie (2); Souza-Chies, Tatiana T. (1) 

(1) Departamento de Botânica, Universidade Federal do Rio Grande do Sul, RS, Brazil; 

oli.chauveau@laposte.net 

(2) Unité Ecologie, Systématique et Evolution, Université Paris-Sud, Orsay, France 

 

Bees are the world’s dominant pollinating agents. Their role in pollination and sexual 

reproduction ranges from simply beneficial to essential for the pollination of much of the natural 

vegetation of the world. In addition to or instead of pollen and nectar, which are the two most 

common resources collected by bees, flowers of 11 unrelated families distributed throughout the 

angiosperms produce non-volatile oils. These oils are collected and mainly used as food stores 

for larvae by specialized bees of the Melittidae and Apidae families, which account for less than 

2% of the species richness of the Hymenoptera. The richest array of oil-collecting bees and oil 

flowers is found in the Neotropical region and the secretion of floral oils related to oil-bee 

pollination is the prevalent specialized pollination system in Neotropical Iridaceae. 

 

Reciprocal specific pollination interactions are extremely rare but the mutualistic relationships of 

oil-collecting bees and their oil hosts are unusually highly specialized. Investigations of known 

plant-pollinators interactions among oil flowers of South American Iridaceae suggest that even 

the most extreme relationships in this system are decidedly asymmetric. Oil-collecting bees are 

rarely specific to a particular genus of Iridaceae and are often effective pollinators of oil-

secreting flowers of different angiosperm families. Plant-pollinator associations are rather diffuse 

because oil flowers are generally visited by a broad spectrum of specialized pollinators and 

likewise, pollinators often use a wide array of oil-secreting plant species. 

 

 

Recent Advances in Understanding the Evolution and Systematics of the Bambusoideae 

(Poaceae) 

 
Clark, Lynn G. (1)*; Kelchner, Scot A. (2); Li, De-Zhu (3); Oliveira, R. Patricia (4); Fisher, Amanda (5); 

Triplett, Jimmy K. (6) 

(1) Iowa State University, Ames, IA, U.S.A.; lgclark@iastate.edu 

(2) Idaho State University, Pocatello, ID, U.S.A. 

(3) Kunming Institute of Botany, Kunming, Yunnan, China 

(4) Universidade Estadual de Feira de Santana, Feira de Santana, Bahia, Brazil 

(5) Rancho Santa Ana Botanic Garden, Claremont, CA, U.S.A. 

(6) Jacksonville State University, Jacksonville, AL, U.S.A. 

 

Bambusoideae (bamboos) are one of nine crown clade lineages within the Poaceae, representing 

the only one of these to diversify in forest habitats.  The Bambusoideae comprise 1,448 

described species classified into three tribes:  Arundinarieae (temperate woody bamboos, 533 

spp.), Bambuseae (tropical woody bamboos, 792 spp.) and the Olyreae (herbaceous bamboos, 

124 spp.).  The Arundinarieae is uniformly tetraploid (x = 12) and consists of 12 lineages that do 

not correspond with traditionally recognized subtribes; a complex history of reticulation is 

documented for this tribe.  Bambuseae includes both tetraploid (x = 10, 11 or 12) and hexaploid 
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(x = 12) lineages and consists of seven morphology-based subtribes (three neotropical, four 

paleotropical) that are largely supported by molecular data.  Olyreae exhibit variable base 

chromosome numbers but are largely diploid with polyploidy in some lineages.  Description of 

new species continues unabated in the subfamily and new genera continue to be recognized in 

light of recent molecular phylogenetic results and the re-assessment of morphological characters.  

Monophyly of Bambusoideae is well established based on both plastid and nuclear DNA 

sequence data but relationships among the three major lineages are still ambiguous because 

plastid and nuclear tree topologies conflict with respect to monophyly of the woody bamboos.  

Nuclear data from three markers suggest multiple allopolyploid origins of the woody lineages 

and strongly support monophyly of the woody bamboos.  Results from network analyses of 

plastid data are also consistent with this, even though prior tree topologies of plastid sequence 

data strongly support paraphyly of the woody bamboos.   

 

 

Australian Orchids: A DNA Based Reassessment of the Status of Genera and Some 

Threatened Species 

 
Clements, Mark A. (1)* 

(1) Centre for Australian National Biodiversity Research, Canberra, Australia; mark.clemetns@csiro.au 

 

In Australia there is a desire to provide a more reliable basis for determining genera and species 

boundaries for orchids, especially those listed as threatened. Also scientific investigation on 

orchids has increasingly been sought to provide outcomes in growing public infrastructure 

developments to offset the effects of development on ecosystems. As part of this phylogenetic 

reassessment of tribe Diurideae and subtribe Pterostylidinae (Cranichideae), including genera 

and some species complexes has been undertaken with, at times, some surprising results of 

significant consequences for conservation management.  Drakaeinae and Megastylidinae are 

confirmed as embedded within a broader Thelymitrinae whilst studies on Rhizanthellinae, is 

shown to be embedded within Prasophyllinae.  Pterostylidinae is comprised of nine major 

lineages equivalent to the rank of genera in related taxa. At the species level, the taxonomic 

status of the Caladenia retictulata complex that includes eight nationally or state listed 

threatened species and that of Corybas dowlingii has been resolved and recommendations will be 

made for its delisting as threatened species. In a highly significant new development the Long-

nosed Bandicoot (Parameles nasuta) has been identified as the probable seed vector for 

Rhizanthella slateri the Eastern Australian Underground Orchid and this has  possible significant 

impact on future plans of management and survival of it and the Western Australian Rhizanthella 

species.  

 

 

Floral Anatomy and Embryology of Eriocaulaceae (Poales) 

 
Coan, Alessandra I. (1)*; Scatena, Vera L. (1) 

(1) Departamento de Botânica, Instituto de Biociências de Rio Claro, Universidade Estadual Paulista – 

UNESP; aicoan@rc.unesp.br 

 

The genus concept within the pantropical Eriocaulaceae is widely discussed because it is mainly 

based on a few floral characters. The comparative studies on floral anatomy and embryology of 
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representatives of all ten genera have contributed to a multidisciplinary approach leading to a 

reassessment of phylogenetic relationships within the Eriocaulaceae. In Paepalanthoideae the 

staminate flowers show scale-like staminodes in the androecium that indicate a probable 

reduction of the outer whorl of stamens found in Eriocauloideae. The occurrence of nectariferous 

pistillodes in staminate flowers of both subfamilies and the presence of nectariferous portions of 

the style in the pistillate flowers of Paepalanthoideae are highlighted as nectarifeous structures in 

Eriocaulaceae. Among the Paepalanthoideae, only Rondonanthus shows long and vascularized 

staminodes in pistillate flowers, placing the genus as basal in the subfamily. The embryological 

characters are highly uniform. However, the number of microsporangia that was assumed as a 

valuable taxonomic feature in the delimitation of genera is shown to be unstable and restricted to 

Paepalanthoideae. The unique pollen morphology may be related to mechanical processes to 

accommodate the increase in volume after early formation of the pollen wall and may indicate a 

connection with an inaperturate ancestor. The shape of the proximal region of the 

megagametophyte may be responsible for the formation of the unique antipodal cyst, a peculiar 

feature of Eriocaulaceae. The seed coat structure is uniform in origin and is reinforced as a 

consistent taxonomic character, as well as the evidence of a micropylar seed operculum in 

representatives of both subfamilies. 

 

 

Problems Concerning the Biodiversity and Distribution of Iridaceae in Italy 

 
Maretta Colasante (1)* 

(1) Department of Environmental Biology, University of Rome 'La Sapienza', Italy; 

maretta.colasante@uniromal.it 

  

In Italy the Iridaceae show high biodiversity and consist of a fair number of genera and species. 

Some of these are well distributed in the regions, others show a punctiform distribution and are 

found only in some regions, while the remainder are endemic to Italy. The distribution of some 

species is repeatedly reported in the literature with certainty, while that of other less easily 

identifiable taxa (with diagnostic characters barely visible and/or the presence of polymorphism 

and polyploidy in populations), in fact, shows an error of assessment regarding their true areas of 

distribution. In particular, a thorough and methodical comparative study (analysis of 

observations in the field and of biosystematics) is important and more likely to promote the 

solution of taxonomic-nomenclatural problems. Such an approach will not only discourage the 

proliferation of species names, but also emphasise the real separation of those closely related yet 

distinct taxa and allow the recognition of synonymy, especially in taxa with a high level of 

criticality, as in Crocus vernus (L.) Hill, Iris sicula Tod., I. lutescens Lam., Iris x germanica L., 

etc. As a result, all of this contributes towards a better understanding of their real condition and 

invites experts to take appropriate protective measures, according to the Strategic Plan for the 

Protection of Biodiversity, 2011-2020. 
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An Update of Monocot Macrofossil Data, With Emphasis on Oceania and the Southern 

Hemisphere  

 
Conran, John G. (1)*; Bannister, Jennifer M. (2); and Lee, Daphne E (3) 

(1) Australian Centre for Evolutionary Biology and Biodiversity & Sprigg Geobiology Centre, School of 

Earth & Environmental Sciences, DX 650 312, The University of Adelaide, SA 5005, Australia; * 

john.conran@adelaide.edu.au 

(2) Department of Botany, University of Otago, PO Box 56, Dunedin 9016, New Zealand 

(3) Department of Geology, University of Otago, PO Box 56, Dunedin 9016, New Zealand 

 

The macrofossil record of fossil monocotyledons is updated based on recent finds globally, in 

some instances dating back to the Cretaceous, and covering diverse groups including the 

Alismatales, Araceae, Arecaceae, Cyclanthaceae and bambusoid Poaceae. In particular, reports 

for mummified leaf fossils with good cuticular preservation from the Southern Hemisphere are 

summarised. A number of families in several different orders show significant fossil age or range 

extensions, such as Ripogonaceae in the Eocene of Tasmania and New Zealand and calamoid 

and diverse other palms from the Eocene of southern New Zealand. There are also first 

macrofossil records for several families or subfamilies including Orchidaceae: Epidendroideae 

(Dendrobium and Earina), Asteliaceae (Astelia), Xanthorrhoeaceae: Hemerocallidoideae 

(Dianella/Phormium) and Alstroemeriaceae: Luzuriagoideae (Luzuriaga), Cyperaceae (aff. 

Carex), Asparagaceae: Lomandroideae (Cordyline), Restionaceae, and Xeronemataceae 

(Xeronema), from the Miocene of New Zealand There is also the discovery of an Ensete-like 

seed of Pakawaua (Musaceae) and a leaf fragment of a Miocene-aged possible second species. 

The biogeographic and palaeoecological implications of these records, especially for tropical or 

subtropical taxa at occurring at mid to high southern latitudes, as well as the use of these records 

for improved dating of monocot divergence ages are also discussed. In particular, the role and 

ecology of the relatively high diversity monocot fossils in the sclerophyllous swamp forest at 

Newvale in Southland and the lake-edge rainforest at Foulden Maar is explored. 

 

 

The Monocot Fossil Pollen Record of New Zealand and Its Implications for Palaeoclimates 

and Environments  

 
Conran, John G. (1)*; Kennedy, Elizabeth M. (2); Mildenhall, Dallas C. (2); Raine, J. Ian (2); and Lee, 

Daphne E (3) 

(1) Australian Centre for Evolutionary Biology and Biodiversity & Sprigg Geobiology Centre, School of 

Earth & Environmental Sciences, DX 650 312, The University of Adelaide, SA 5005, Australia; 

*john.conran@adelaide.edu.au 

(2) GNS Science, PO Box 30 368, Lower Hutt 5040, New Zealand 

(3) Department of Geology, University of Otago, PO Box 56, Dunedin 9016, New Zealand  

 

The record of fossil monocotyledonous pollen in New Zealand is summarized and discussed in 

terms of age, biogeographic significance and palaeoecological implications. The fossil monocot 

pollen record covers reports of taxa variously ranging from the Paleogene to present, with 

diverse groups represented, including: Alstroemeriaceae: Luzuriagoideae (Luzuriaga), 

Amaryllidaceae?, Arecaceae (including Nypa and aff. Metroxylon), Asparagaceae: 

Lomandroideae (Cordyline), Asteliaceae (Astelia), Cyperaceae, Flagellariaceae? (or 

Hopkinsiaceae?), Lyginiaceae?, Orchidaceae?, Pandanaceae, Poaceae, Restionaceae (aff. 
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Hypolaena), Ripogonaceae (Ripogonum), Typhaceae (Typha and Sparganium), and 

Xanthorrhoeaceae: Hemerocallidoideae (Dianella and Phormium). There are also monosulcate 

and reticulate liliod, as well as echinate and gemmate arecoid palynomorphs known from the late 

Cretaceous. The biogeographic and palaeoecological implications of these records, especially for 

tropical or subtropical taxa at occurring at mid to high southern latitudes, as well as the use of 

these records for improved dating of monocot divergence ages are also discussed.  

 

 

Overview of Diversity in Brazilian Dioscorea and a Brief Summary of Active Areas of 

Applied Research in Brazil 

 
Couto, Ricardo S. (1) 

(1) Programa de pós-graduação em Botânica - Museu Nacional/UFRJ. Quinta da Boa Vista s/n. 20940-

040, São Cristóvão, Rio de Janeiro, RJ, Brasil. (rsscouto@gmail.com)  

 

The Dioscoreaceae are pantropical, with some occurrences in temperate climates. Of the 

estimated 650 species, most belong to Dioscorea, the most important genus economically and 

taxonomically. The American continent has the greatest diversity in the family, with almost two 

thirds of the species, especially in the neotropical zone. 

 

Brazil is especially rich in Dioscorea but the diversity is poorly documented. In addition to 

classical works such as Flora Fluminesis and Flora Brasiliensis, studies of Dioscoreaceae are 

limited to a few species listings and regional floras, with little information about the species and 

poor taxonomic resolution. Through the initiative of the "Catalogue of Plants and Fungi of 

Brazil" and a few state floras, we now have a better understanding of the diversity of the 

Brazilian flora in general, and a reasonable first estimate for Dioscoreaceae. To date 131 species 

of Dioscorea have been recorded in Brazil, including 96 endemics; these occur across diverse 

habitats, with the largest number of species occurring in the Tropical Rainforest of the Atlantic 

coast. Brazil is thus the country with greatest concentration of Dioscorea species in the world 

(approximately 20% of species of the family). Of the 56 sections proposed by Knuth for the two 

largest subgenera (Eudioscorea and Helmia), 25 occur in Brazil, plus two new sections proposed 

by Brazilian researchers. These 27 sections exhibit great morphological diversity.  

 

With greater knowledge of the family, new initiatives are now being supported in different areas 

of applied research, including ecology, anatomy, palynotaxonomy, chemistry, cultivation, 

nutrition and pharmacology. 
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Phylogenetics and Evolution of the African Rattans Using Next Generation Sequencing 

Methods: Insights into African Rain Forest Evolution 

 
Couvreur, Thomas, L.P. (1,2)*; Faye, Adama (1); Pintaud, Jean-Christophe (1); Baker, William, J. (3); 

Sonké, Bonaventure (2) 

(1) Institut de Recherche pour le Développement,  UMR-DIADE, BP 64501, F-34394 Montpellier cedex  

5, France 

(2) Université de Yaoundé I, Ecole Normale  Supérieure, Département des Sciences  Biologiques, 

Laboratoire de Botanique  systématique et d’Ecologie, B.P. 047, Yaoundé  Cameroon 

(3) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, United Kingdom 
 

The almost 10-fold lower number of palm species in continental Africa compared to other 

tropical regions has puzzled researchers for decades. The rattans (palm lianas) of the subtribe 

Ancistrophyllinae represent one third (21 species) of African palm diversity and are a 

conspicuous component of rain forests across Central and West Africa. We used this clade to test 

hypotheses about African rain forest evolution through time. Because resolution within the clade 

is hard to achieved using few markers, we adapted a next generation sequencing approach to 

maximize sequence information in a cost effective manner. 

A total of 19 species out of 21 were sampled for this study. Four chloroplast regions were 

sequenced using the traditional Sanger method. For six nuclear markers, we used the Targeted 

Amplicon Sequencing (TAS) approach were by individual markers are pre amplified using PCR 

and barcoded using specific 6 base pair nucleotides. These amplicons were then pooled and 

passed on a ¼ of Roche 454 GS FLX+ plate. The resulting phylogenetic tree was dated using 

fossils and secondary calibration points. Diversification analyses were conducted. 

The results provided insights into the evolutionary history and diversification patterns within 

African rain forests over the last 45 million years. 

 

 

Palms, Fossils and the Evolution of Tropical Rain Forests 
 
Couvreur, Thomas, L.P. (1,2)*; Forest, Felix (3); Baker, William, J. (3) 

(1) Institut de Recherche pour le Développement,  UMR-DIADE, BP 64501, F-34394 Montpellier cedex  

5, France 

(2) Université de Yaoundé I, Ecole Normale  Supérieure, Département des Sciences  Biologiques, 

Laboratoire de Botanique  systématique et d’Ecologie, B.P. 047, Yaoundé  Cameroon 

(3) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, United Kingdom 

 

Tropical rain forests are the most diverse terrestrial ecosystems on the planet. Where, when and 

how this diversity arose is still highly debated. Palms are a conspicuous component of this biome 

both in terms of species abundance and ecological importance. They provide important insights 

into the evolution of rain forests. Palms have a dense fossil record but few of them can be 

accurately placed at specific nodes within the family. 

We dated the previously published supertree of the palm family with a near complete generic 

sampling using “four gold standard fossils” under a relaxed Bayesian method. A lineage through 

time plot was constructed based on the resulting chronogram and diversification models were 

fitted under a maximum likelihood method. Ancestral areas were constructed using the 

maximum likelihood dispersal-extinction-cladogenesis model under a stratified time frame. 
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Our results represent the first family-wide dated molecular phylogeny for palms and indicate that 

the family started to diversify during the mid Cretaceous (100 million years ago) in the ancient 

land mass Laurasia. This suggests that initial TRF-like diversification took place during the mid 

Creaceous, significantly before what is suggested by paleobiological evidence. The LTT plot as 

well as the fitted models indicated that diversification has been relatively steady over time, 

providing support to a museum model of tropical diversification. We discuss the implication of 

these results for rain forest evolution on a global scale as well as address the apparent 

contradiction between molecular dating and the fossil record. 

 

 

An Overview of Research with Araceae 

 
Croat, Thomas B. (1) 

(1)Missouri Botanical Garden, St. Louis, MO, U.S.A.; Thomas.croat@mobot.org 

 

The Araceae, especially neotropical Araceae, is one of the dominant plant families with species 

occurring in most mesic life zones.  Anthurium with more than 1500 species have been recently 

studied at the molecular level and is now better understood at the sectional level. Philodendron 

remains poorly known at the sectional level and many species remain undescribed. Some of the 

medium-sized genera such as Monstera and Spathiphyllum which had in the past been revised 

are still rather poorly known but are now being revisited. Heteropsis and Adelonema (formerly 

Homalomena) have been revised but have not yet been published. Rhodospatha has been the 

subject of considerable investigation but a full revision is pending. Chlorospatha has been 

revised and the publication is in press. The genera in greatest need of attention are 

Dieffenbachia, Stenospermation and Xanthosoma. Many of the smaller genera are found in tribe 

Spathicarpeae and recent studies have given a new understanding to a broad spectrum of aroid 

genera in South America.  The Araceae is diverse in terms of its systems of pollination and 

recent studies have brought new insights into how aroids are pollinated. This symposium on 

neotropical Araceae, though too brief to offer a comprehensive look at the family, will 

nevertheless allow us an opportunity to report on some of the more significant results of 

investigations since our last scientific meeting in Nancy, France in 2009. 

 

 

Mitochondrial Evolution and Alismatid Phylogenetics: Can We Keep Our Heads Above 

Water? 

 
Cuenca, Argelia (1)*; Petersen, Gitte (1); Seberg, Ole (1); Stevenson, Dennis W. (2); Graham, Sean (3); 

Ross, Gregory (3); Thadeo, Marcela (2); Davis, Jerrold I. (4) 

(1) Natural History Museum of Denmark, University of Copenhagen, Denmark; acuenca@snm.ku.dk 

(2) New York Botanical Garden, Bronx,
 
New York, USA 

(3) University of British Columbia, Vancouver, Canada 

(4) Cornell University, Ithaca, New York, USA 

 

Some of the earliest splits in the monocot part of the Tree of Life are still ambiguously resolved: 

Is Acoraceae the sister to all other monocots, and what is the branching order of the major clades 

within the Alismatales? The maternally inherited organelle genomes would a priori be expected 

to provide us with congruent phylogenetic signals, but this is not the case. To unravel the causes 
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of this incongruence, knowledge of the evolutionary mechanics of the organelle genomes is 

essential. 

 

Whereas the evolution of the plastid genome is relatively well known, most aspects of 

mitochondrial genome evolution have remained obscure. However, through whole genome 

sequencing of mitochondrial genomes a wealth of new information is becoming available and 

sheds light on aspects such as the size and structure of the mitochondrial genome, gene content 

(including gene loss and formation of processed paralogs), substitution rates of coding and non-

coding regions, and frequency and distribution of RNA editing. Ultimately, such information 

will give us a key to understanding the phylogenetic value of mitochondrial data in monocots in 

general and alismatids in particular. 

 

 

Anatomical Analysis in the Taxonomic Study of Xyridaceae 

 
Cury, Graziela (1)*; Wanderley, Maria das Graças L. (2); Campbell, Lisa M. (3) 

(1) Universidade de São Paulo, São Paulo, São Paulo, Brazil; grazielacury@hotmail.com 

(2) Instituto de Botânica de São Paulo, São Paulo, São Paulo, Brazil 

(3) The New York Botanical Garden, Bronx, NY, U.S.A. 

 

Xyridaceae is an important family of Brazilian monocotyledons and one of the main areas where 

a diverse range of this family is found is the Espinhaço Mountains, States of Minas Gerais and 

Bahia. Of the five genera that constitute this family, Xyris is the largest, with about 400 species, 

representing about 43% of the total species of the family. In Brazil, there are about 183 species, 

mainly in open areas of Cerrado fields and rocky fields of the Espinhaço Mountains, where there 

is a high degree of endemism. The frequent occurrence of sympatric species of Xyris, sometimes 

with overlapping of the flowering period, contributes to the formation of probable interespecific 

hybrids observed in the region of rocky fields. Thus, they form complexes of species which are 

difficult to distinguish based on vegetative and reproductive morphology. Some studies have 

shown that morpho-anatomical analyses are useful for recognising Xyris species, and may be an 

important parameter in the identification of species complexes, commonly seen in the genus. 

With the aim of elucidating the specific delimitation and characterization of the genus, the leaf 

anatomy of 18 species of Xyris was analyzed with optical and scanning electron microscopy. The 

results were effective at separating the species, and highlighted the following characteristics: 

papillae on the surface or on the edges of the leaf, presence of trichomes, wax deposition pattern, 

cuticle thickening, stomatal arrangement, developed substomatal chambers, pattern of vascular 

bundles, fibrous tissue in the vascular bundles, presence of palisade parenchyma and pattern of 

disintegration of spongy parenchyma. 

 

 

Anatomical Evidences of the Meristematic Activity of the Endodermis and Pericycle in the 

Primary Thickening of Xyris L. (Xyridaceae) 

 
Cury, Graziela (1)*; Menezes, Nanuza L. (1) 

(1) Universidade de São Paulo, São Paulo, São Paulo, Brazil; grazielacury@hotmail.com 
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Over the past 50 years, the predominant explanation of primary thickening in monocotyledons 

has been to assign this activity to a lateral meristem, the PTM (Primary Thickening Meristem). 

Recently, a group of researchers has challenged this idea, attributing this thickening to the action 

of the pericycle and the endodermis with meristematic activity in the rhizome. With the aim of 

demonstrating which tissues are responsible for the primary thickening in the stem of Xyris, the 

anatomy of roots, rhizomes and leaves of species collected in Serra do Cipó (Minas Gerais - 

Brazil) was analyzed. It was found that the rhizomes presented, in the boundary between the 

cortex and the vascular system, a pericycle forming vascular bundles centripetally and an 

endodermis, both in meristematic activity, producing the inner cortex (or part of it) centrifugally, 

a fact already known to occur in roots. The demarcation between the pericycle and the 

endodermis was verified by the lack of correspondence between the resulting cells of the two 

meristems and by the thickening of the cells produced from the initial endodermal and 

endodermis. The adventitious roots produced by the rhizome are formed by the pericycle and 

have a continuous lignified endodermis between the two organs, in the same way as in the leaf 

traces. The lignified endodermis has been referred as endodermis-like layer by the authors who 

admit that there is PTM. In Xyris this denomination was disputed, corroborating the studies that 

attribute the primary thickening to the pericycle and the endodermis, both with meristematic 

activity.  

 

 

Phylogenetic Structure and Morphological Patterns in the Grass Subfamily Pooideae 

 
Davis, Jerrold I. (1)*; Soreng, Robert J. (2) 

(1) Cornell University, Ithaca, NY, USA; jid1@cornell.edu 

(2) National Museum of Natural History, Smithsonian Institution, Washington, DC, USA 

 

The grass subfamily Pooideae, with about one third of all species of the family, represents the 

largest radiation of C3 grasses.  They are the dominant grasses in frigid to temperate (with cool-

season precipitation) climates world-wide, and are characterized by an herbaceous habit, pooid 

embryo formula, small embryo, early loss of bicellular microhairs, and lanceolate lodicules with 

faint vascularization.  A phylogenetic matrix has been assembled, with five plastid-encoded 

genes and 50 morphological characters scored for 120 taxa, including 41 outgroup taxa and 79 

representatives of Pooideae.  Within Pooideae, 13 major groups recognizable as tribes are 

recovered.  Morphological synapomorphies are identified for several groups of two or more 

tribes, but other such groups, though strongly supported by the molecular data (including 

inversions and indels), are not known to be demarcated by morphological characters.  Of the 

morphological features that do mark major groups, many are not commonly used for 

identification, such as lodicule form and vascularization, features of the embryo, and stylar 

fusion, and even these are generally homoplasious within the groups that they demarcate.  The 

presence of an awn borne in a sinus is a synapomorphy for a clade that includes Stipeae and three 

smaller tribes, but this feature is lost several times within the clade.  The largest tribe, in terms of 

the number of species, is Poeae s.l., which includes the traditional tribe Aveneae and other 

groups previously recognized as tribes.  Two features recognizable as synapomorphies for this 

group are the presence of lipid and compound starch grains in the endosperm. 
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Conflict and Congruence among Data Partitions in an Analysis of Monocot Relationships 

 
Davis, Jerrold I. (1)*; Barrett, Craig F. (2); Cohen, James I. (3); Conran, John G. (4); Meerow, Alan W. 

(5); Petersen, Gitte (6); Seberg, Ole (6); Stevenson, Dennis W. (7); Zomlefer, Wendy B. (8) 

(1) Cornell University, Ithaca, NY, U.S.A.; jid1@cornell.edu 

(2) California State University, Los Angeles, CA, U.S.A. 

(3) Texas A&M International University, Laredo, TX, U.S.A. 

(4) University of Adelaide, Adelaide, South Australia, Australia 

(5) USDA-ARS-SHRS, National Germplasm Repository, Miami, FL, U.S.A. 

(6) University of Copenhagen, Copenhagen, Denmark 

(7) New York Botanical Garden, Bronx, NY, U.S.A. 

(8) University of Georgia, Athens, GA, U.S.A. 

Phylogenetic data sets comprising sequences of one or a few genes (produced by Sanger 

sequencing) have been utilized for many years, and an enormous body of sequence data now 

exists.  Genomic data sets currently being generated (using new technologies) consist of 50 or 

more genes, sometimes hundreds.  Data of both types can be combined in matrices in which 

many taxa are sampled for a few genes, and relatively few taxa are sampled for many genes.  

Assessment of support for various clades by the data partitions in such matrices presents 

challenges akin to those seen in "supermatrices," in which sequences of most or all of the 

sampled genes are present for different subsets of the taxa.  A monocot data set has been 

assembled, with 363 taxa, 89 of them scored for 62 plastome genes, with the remainder scored 

for four genes (two each from the plastid and mitochondrial genomes).  Patterns of support for 

clades by the various data partitions are analyzed with newly-developed resampling tools, which 

apportion support for each group resolved by the overall matrix, and for alternative groups 

favored by one or more partitions.  Substantial conflict is observed among the partitions with 

regard to the sister group of the monocots and the deepest relationships within the monocots (as 

noted previously by several authors).  Elsewhere, the data partitions exhibit a wide variety of 

patterns of mutual support and conflict.  By identifying and quantifying conflict among the data 

partitions, these approaches help to identify genes and clades that warrant further attention. 

 

 

Large-Scale Transcriptome Sequencing and Phylogenetic Hypotheses for Monocots Based 

On Analyses of 970 or More Low Copy Nuclear Genes 

 
dePamphilis, Claude W. (1)* 

(1) Pennsylvania State University, University Park, PA, U.S.A. 

 

With more than 20% of angiosperm species occupying a wide diversity of terrestrial and aquatic 

habitats, and diverse structure, physiology, and biochemistry, the monocots represent one of the 

major radiations of flowering plants. The Monocot Tree of Life Project (MonATOL) is using a 

wide range of data to generate phylogenetic hypotheses and work to understand monocot 

evolutionary history.  Here, we focus on the analysis of large transcriptome datasets that we are 

generating from across the ordinal diversity of monocots.  Using Illumina paired-end sequencing 

of cDNA libraries constructed from young leaf tissue RNAs, we are obtaining tens of millions of 

sequence reads that represent the large majority of leaf genes expressed in each species.  

Following de novo assembly of the transcriptome sequence data, a variety of analyses are being 

used to explore phylogenetic history, with a focus on 970 single or low copy nuclear genes 
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across angiosperms or a larger number of single or low copy nuclear genes in monocots.  

Analysis including 44 species representing 29 families and 10 orders confirm many aspects of 

phylogenetic history obtained from plastid genomes, including monophyly of extant monocots, 

and the relationships of a majority of well studied ordinal groups, with a number of interesting 

differences between plastome and nuclear gene hypotheses.  The data are also providing a 

massive resource for exploring the history of ancient gene and genome duplications, the 

evolution of biochemical pathways, molecular evolutionary dynamics, and the history of 

developmental regulators throughout the monocots.   Transcriptome sequencing is the most 

economical route to large-scale gene discovery and a vastly improved understanding of 

molecular evolutionary history in plants.  

 

 

New Ways to Squeeze Function From Sequences 

 
DeSalle, Rob (1)* 

(1) American Museum of Natural History, New York, USA 

 

Determining the function of genes is a major goal of modern genomics.  The large number of 

genes in the genomes of organisms (even in the smaller microbial genomes) often makes the task 

difficult and daunting.  A simple view of the task is to divide the genes, gene regions and 

noncoding regions of the genomes of organisms into categories of functionally important versus 

irrelevant genes.  The categorization usually results in lists of genes that can then be the focus of 

further functional study. One approach to target genes for functional analysis is through the 

reconstruction of phylogenies using genomic data. Another approach is to characterize genomes 

and then place them in a phylogenetic context. The purpose of this talk is to summarize these 

approaches, point out their methological biases, and to expand on the utility of each. 

 

 

Biogeography of Eriocaulaceae (Poales) in Northern South America 

 
Diaz, Amalia (1)*; Echternacht, Livia (2); Simpson, Beryl (1) 

(1) The University of Texas at Austin. School of Biological Sciences, Plant Biology Graduate Program. 

(2) Universidade Federal de Minas Gerais, Departamento de Botânica. Belo Horizonte, Brazil 

*Corresponding author: amaliadiaz@utexas.edu 

 

Highlands occupy more than 30% of the South American landmass and they comprise ancient, 

Precambrian formations as well as young, complex groups of geomorphological units from the 

Tertiary and Quaternary. In Central and Northern South America, highlands ar

3000 meters of elevation in Venezuela, Colombia, Ecuador and 

northern Peru, that belong to the complex Andean system. Different taxonomic groups like 

plants, birds, butterflies, frogs, and beetles, share a common disjunct distribution among these 

three highland masses, suggesting there is a common series of geological events that gave rise to 

this biogeographical pattern. In order to unravel this series of events for the specific case of 

plants, we reconstructed the evolutionary history of the Neotropical representatives of the family 

Eriocaulaceae (Poales), using molecular data from three chloroplast markers (trnL/trnF 
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psbA/trnH, trnL intron) and one nuclear region (Internal Transcribed Spacer – ITS). Preliminary 

results suggest that Brazilian species are older than Andean spe

-

independent migrations of tropical and temperate 

elements, this study provides further information about the tropical origins of this poorly known 

flora.  

 

 

Phylogenomics of Crown Grasses 

 
Duvall, Melvin R. (1)*; Clark, Lynn G. (2); Kelchner, Scot A. (3); Burke, Sean V. (1); Columbus, J. 

Travis (4); Edger, Patrick P. (5); Ingram, Amanda L. (6), Mayfield, Dustin R. (5); Pires, J. Chris (5); 

Saarela, Jeffrey M. (7); Wysocki, William P. (1); Zuloaga, Fernando O. (8) 

 (1) Northern Illinois University, DeKalb, IL, U.S.A.; mel-duvall@niu.edu 

(2) Iowa State University, Ames, IA, U.S.A. 

(3) Idaho State University, Pocatello, ID, U.S.A. 

(4) Rancho Santa Ana Botanic Garden, Claremont, CA, U.S.A. 

(5) University of Missouri, Columbia, MO, U.S.A. 

(6) Wabash College, Crawfordsvill, IN, U.S.A. 

(7) Canadian Museum of Nature, Ottawa, Canada 

(8) Instituto de Botánica Darwinion, San Isidro, Argentina 

 

The grass family exhibits an adaptive transition from a grade of depauperate stem lineages 

inhabiting tropical forest floors to an explosive radiation of crown species of largely open 

habitats. A phylogenomic study was conducted to investigate this adaptive transition. 

Chloroplast genome (plastome) sequences were newly determined from representatives of 50 

genera in 10 of 12 subfamilies and analyzed with 21 previously determined plastomes. 

Phylogenomic analyses of completely aligned plastomes resolved the backbone of the phylogeny 

with maximal support. Major subclades were also retrieved with strong support including 

(Bambusoideae, Pooideae), ((Bambuseae, Olyreae), Arundinareae), (Andropogoneae, 

Paspaleae), (Chloridoideae, Danthonioideae), (Stipeae, (Brachypodium, Poeae)), and others. 

Substitution rates were highly variable. Along the backbone of the phylogeny, rates were high 

among deeply diverging lineages suggesting a long evolutionary history with little diversification 

or many extinctions. Among crown grasses, the lowest rates were observed among woody 

bambusoids, although the terminal branch for a representative of Olyreae was among the longest 

in the phylogeny. Estimates of the divergence of crown grasses range from 51 - 80 Ma, which 

reflects conflicting interpretations of paleontological evidence. Coincident with the lower end of 

this range at about 55 - 56 Ma is the well-documented Paleocene – Eocene thermal maximum 

(PETM). Recent evidence for a hotter and more arid East African environment during the PETM 

suggests a selective trigger for the movement and subsequent diversification of crown grasses 

into open habitats. Evidence associated with the shade-adapted Puelioideae, which occupy the 

critical node just prior to the adaptive transition, is examined.  
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Comanthera Phylogeny (Eriocaulaceae): Radiation and Micro-Endemism on the Brazilian 

Highlands  
 
Echternacht, Livia (1)*; Sano, Paulo (2); Dubuisson, Jean-Yves (3) 

(1) Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil 

(2) Universidade de São Paulo, São Paulo, São Paulo, Brazil 

(3) UMR 7207 CNRS MNHN UPMC, Paris, France 

 

Comanthera (Eriocaulaceae) comprises 41 species, most of them narrow-endemic in the 

highlands of the Espinhaço Mountain Range, in southeastern Brazil. Numerous species are 

threatened with extinction due to habitat loss and over-collection for the Brazilian flower trade. 

Our study infers their phylogeny to reveal new insights on the evolutionary history of 

Eriocaulaceae and of the Espinhaço Range. 

 

Phylogenetic relationships in Syngonanthus and Comanthera were still unresolved and have not 

yet been assessed using a broad and comprehensive sampling. Thus, the present study aimed to 

test the monophyly of both genera and their putative sub-taxa and to evaluate their taxonomy and 

supporting synapomorphies in the light of a resolved phylogeny. Molecular analyses based on 

plastid (trnLF and psbA-trnH) and nuclear (ITS) markers using parsimony and Bayesian 

inference were conducted on 62 species belonging to the ingroup (78% of Comanthera and 20% 

of  Syngonanthus). 

 

Syngonanthus s.s., Comanthera and both of its subgenera were retrieved as monophyletic, 

supported by strong molecular and morphological apomorphies. However Syngonanthus sect. 

Carphocephalus appeared polyphyletic, and its species were embedded within a paraphyletic S. 

sect. Syngonanthus.  

 

Within Comanthera, clades restricted to equatorial savannas appeared to be sisters to clades 

restricted to the highlands in southeastern Brazil, with a disjunct pattern between northern and 

southern Espinaço Range. The short phylogenetic divergence among the highland species 

suggests a recent radiation, probably triggered by microhabitat diversity and by isolation on the 

discontinuous savanna highlands. 

 

 

Spatial Patterns of Palm Diversity from a Phylogenetic Perspective 

 
Eiserhardt, Wolf L. (1)*; Svenning, Jens-Christian (1); Kissling, W. Daniel (1); Borchsenius, Finn (1); 

Barfod, Anders S. (1); Balslev, Henrik (1) 

(1) The Ecoinformatics and Biodiversity Group, Department of Bioscience, Aarhus University, Aarhus, 

Denmark; wolf.eiserhardt@biology.au.dk 

 

With ~2,500 species and a pantropical distribution, the palm family (Arecaceae) has emerged as 

an important model taxon for studies of tropical plant diversity. In a recent review we showed 

that palm species distributions, species composition, and species richness depend on ecological 

factors at various spatial scales, but there are also strong indications of historical legacies. The 

influence of contemporary environments notwithstanding, diversity patterns can be shaped over 

tens of millions of years by the processes of speciation, extinction, niche evolution, and long-
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term dispersal limitation. Robust and well-resolved phylogenetic trees, in combination with 

comprehensive distributional and trait data, can provide important insights into the long-term 

causes of spatial biodiversity patterns. Palms lend themselves to such research not least due to an 

exceptionally good data basis, and several studies using a variety of approaches have recently 

shown that the distribution of palm diversity is strongly influenced by the phylogenetic history of 

the family. Here, we provide an overview of evidence for evolutionary imprints on palm 

diversity patterns (sensu lato), including our own studies where we applied ecoinformatics to 

study phylogenetic diversity and assemblage structure. It appears that evolutionary processes are 

important for palm diversity patterns across spatial scales ranging from local communities to 

biogeographic realms, with the influence of individual processes being scale dependent. We 

suggest that a further integration of phylogenetic, biogeographic, macroevolutionary and 

ecoinformatics approaches is needed to better quantify the spatial and temporal scaling of 

evolutionary processes underlying palm diversity dynamics.    

  

  

Palm Inflorescence Development: Searching For Molecular Links to Other Monocots 

 
Esbelin, Jennifer (1); Adam, Hélène (2); Jouannic, Stefan (2); Richaud, Frédérique (1); Sarah, Gautier (3); 

Sabot, François (2); Tregear, James W. (1)* 

(1) Equipe BDP, UMR DIADE, Centre IRD Montpellier, 911 avenue Agropolis,34394 Montpellier 

Cedex 5, France; james.tregear@ird.fr 

(2) Equipe GDR, UMR DIADE, Centre IRD Montpellier, 911 avenue Agropolis,34394 Montpellier 

Cedex 5, France 

(3) Equipe ID, UMR AGAP, CIRAD, avenue Agropolis, 34398 Montpellier Cedex 5, France 

 

Inflorescence and flower morphological characters provide a striking illustration of the 

biodiversity of monocots. Within the commelinid clade, the order Arecales is comprised solely 

of the palm family (Arecaceae), a group containing some 2500 species. Understanding the 

molecular evolutionary events that led to inflorescence and flower diversification in the 

Arecaceae and other monocots is a major challenge. However, now that Next Generation (NGS) 

transcriptome data is available for an increasing number of species, comparative gene expression 

analysis can be used as a sensitive tool to identify evolutionarily conserved and divergent 

elements in reproductive development. In this context, we analysed NGS transcriptome data 

from different inflorescences of Elaeis guineensis (the African oil palm), along with similarly 

obtained data corresponding to populations of small RNAs. The latter may play a role in the 

post-transcriptional regulation of developmentally important genes, as has been shown for a 

number of micro-RNAs (miRNAs). By characterizing small RNAs in palms and their possible 

target mRNAs in the inflorescence transcriptome, we aim to better understand how flowering 

structures in the Arecaceae have diverged from those of other more extensively studied clades. 

Progress to date will be described. 
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Carex Scoparia, a Model for Understanding Chromosome Diversification and Evolution in 

Holocentric Organisms 

 
Marcial Escudero*(1); Andrew L. Hipp (2) 

(1) The Field Museum, Chicago, Illinois, U.S.A.; and The Morton Arboretum, Lisle, Illinois, U.S.A.; 

amesclir@gmail.com 

(2) The Morton Arboretum, Lisle, Illinois, U.S.A.  

 

Carex (Cyperaceae) with ca. 2100 species constitutes the largest genus of flowering plants in the 

northern temperate zone. Several authors have suggested the link between Carex species richness 

and chromosome radiation (2n = 12 - 124). Carex scoparia (Carex sect. Ovales) is distributed 

across much of the northern half of North America and ranges in chromosome number from 2n = 

56 to 70. Previous studies demonstrated that 1) there are no strong molecular genetic disjunctures 

within C. scoparia despite high cytogenetic variation and 2) chromosome rearrangements 

explain 5.3% of the population genetic variance in the species. We have used cytogenetic and 

molecular markers (SSRs) from 22 Chicago region populations of C. scoparia to investigate how 

chromosome differences affect gene migration at population level. Interestingly, there is a 

positive correlation between cytogenetic and molecular genetic diversity within populations 

which suggest that the rate of gene flow within the populations is inversely proportional to the 

number of chromosome differences between individuals. We have also produced a cytogenetic 

hybrid F1 generation by crossing individuals with different chromosome numbers. Our results 

suggest that the germination rate is inversely proportional to the difference in chromosome 

number between parents, which suggests that hybrid dysfunction may play a role in preventing 

gene flow among individuals that differ by three or more chromosome rearrangements. We have 

done GBS genome sequencing of 22 samples (including parents and F1 individuals) to study 

segregation of alleles. In our next steps, we will investigate in the F2 generation the hypothesis 

that chromosome rearrangements suppress recombination in locally adapted genes. 

 

 

Systematics of Tripogon (Poaceae: Chloridoideae) Using Morphological and Molecular 

Data, With Emphasis on the Australian Taxa 

 
Fabillo, Melodina (1)*; Peter Prentis (1); Thompson, John (2); Scharaschkin, Tanya (1) 

(1) Queensland University of Technology, Brisbane, Queensland, Australia 

(2) Queensland Herbarium, Brisbane Botanic Gardens Mt Coot-tha, Toowong, Queensland, Australia 

 

Tripogon (Poaceae: Chloridoideae) is a genus of grasses with approximately 40 species 

distributed in Asia, America, Africa and Australia.  Tripogon loliiformis, the only described 

species in Australia, exhibits extensive morphological variation across its geographic range, 

leading to the suggestion of it being multiple species.  The leaf and inflorescence morphology of 

the Australian Tripogon is reported to resemble that of the American species (T. spicatus) and 

the African species (T. minimus). Phylogenetic studies at the subfamily level, which have 

included two Tripogon species, indicate that the genus is not monophyletic.   

 

This study aims to reconstruct the phylogeny of Tripogon to test the monophyly of the genus and 

the phylogenetic placement of the Australian taxa using morphological and molecular data.  

Ingroup consists of Australian Tripogon sampled across its geographic range and non-Australian 
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Tripogon.  Outgroups are chosen from representatives of the subfamily Chloridoideae.  Four 

morphological forms, based on inflorescence length and arrangement of spikelets, are observed 

in the Australian Tripogon.  Two types of subsidiary cell shapes (triangular and semi-circular) 

are seen on the leaf and lemma of Australian Tripogon.  The outline of long cells on the leaf and 

lemma is either Ω-shaped or U-shaped.  Parsimony analysis of morphological data shows that 

Tripogon is monophyletic and consists of two large clades.  Clade 1 contains T. spicatus, T. 

minimus and all Australian Tripogon.  All other species of Tripogon form Clade 2.  Bayesian 

analysis using chloroplast DNA, trnL-F, shows that the Australian Tripogon is not monophyletic.  

T. spicatus and T. minimus are nested within it. 

 

 

The Population/Species Interface in Orchids:  New Possibilities from Next Generation 

Sequencing 

 
Fay, Michael F. (1)*; Sanchez, Michele (1); Kahandawala, Imalka M. (1); Chochai, A. (1); Yap, Jing Wei 

(1); Kelly, L. (2); Whitten W. Mark (3); Leitch, Ilia J. (1) 

(1) Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey, UK; m.fay@kew.org  

(2) Queen Mary University of London, School of Biological and Chemical Science, London, UK 

(3) W. Mark Whitten, Florida Museum of Natural History, University of Florida, Gainesville, USA 

 

Since the early 1990s we have witnessed the rapid development of molecular technology for 

DNA sequencing and genetic fingerprinting, and new high-throughput sequencing technologies 

have dramatically increased the ease of data production, at the same time as reducing costs. In 

addition to the large-scale genomics studies that these technologies allow, it is also possible to 

use the resulting data to streamline the development of population genetic markers, notably 

plastid and nuclear microsatellites (simple sequence repeats; SSR).  

 

Previously, the development time for microsatellite markers has been a severely limiting factor 

in conservation genetics studies. In addition, the large genome size of some orchids (notably 

members of Cypripedioideae and some terrestrial Orchidoideae) has been a source of problems 

associated with marker development and use. Examples of genetic studies of orchids, 

demonstrating the problems associated with some of the earlier techniques and illustrating way 

in which the newer techniques are being used to overcome, or at least ameliorate, some of the 

problems. 

 

 

Morphology and Natural History of Guacamaya Superba, the Inírida Flower (Rapateaceae) 

 
Fernández Lucero, Mateo (1)*; Campbell, Lisa M. (2); Madriñán, Santiago (1)

           
 

(1) Laboratorio de Botánica, Universidad de los Andes, Bogotá D.C., Colombia; 

m.fernandez25@uniandes.edu.co
 
 
 

(2) The New York Botanical Garden, Bronx, NY, U.S.A.
 

 

In spite of its beauty and cultural importance, the “Flor de Inírida de Invierno”(Guacamaya 

superba) has been little investigated due to its restricted and remote distribution. Anatomical, 

morphological and ecological investigations of Guacamaya were undertaken, in comparison with 

the other genera of the tribe (Schoenocephalium teretifolium and Kunhardtia radiata) in order to 
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understand how this charismatic species lives. Fieldwork was conducted in white sand savannas 

of Inírida (Guainía, Colombia), collecting vegetative organs that were examined using S.E.M. 

and light microscopy. Venation patterns were determined in cleared-stained leaves of 

Guacamaya. Roots were tested for mychorrizae. The three species have paracytic stomata 

(covered by wax), starch, silica bodies and slime-canals with uniseriate trichomes. Guacamaya 

forms a phytotelmata of dead leaf sheaths for water and debris accumulation. A root system 

involving negative geotropism (inside the tank), nodule formation, and arbuscular mychorrizal 

symbiosis was evidenced. Leaves posses extremely sclerified bases (for tank formation) and an 

asymmetric fusion between the sheath and the blade. Guacamaya has morpho-anatomical 

adaptations to affront its adverse habitat; overcoming oligotrophic environments through the 

tank, which supplies and recycle nutrients that the plant absorbs through its root system. Then, 

the species becomes ecologically important as an “Oasis of fertility”, surviving fires and 

accumulating humid debris in rough savannas. Food webs involving invertebrates, small 

vertebrates and other plants may depend on this small ecosystem. The reproductive biology of 

this species is a mystery, its use as ornamental and its ecosystem should be carefully managed, 

otherwise its beauty could endanger it. 

 

 

Sedge Hunting in Vietnam: Species Discoveries and Insights into the Origin of Carex 

(Cyperaceae) 

 
Ford, Bruce A. (1)*; Starr, Julian R. (2); Nguyen, Kim Thanh (3); Vu, Anh Tai (3) 

(1) University of Manitoba, Winnipeg, Manitoba, Canada; bruce.ford@ad.umanitoba.ca 

(2) Canadian Museum of Nature and University of Ottawa, Ontario, Canada 

(3) Vietnam National University, Hanoi, Vietnam 

 

Although members of the genus Carex (tribe Cariceae or “sedges”) in Vietnam constitute a 

fraction of world sedge diversity (85 of ca. 2150 species), they often possess unique features or 

rare character combinations that suggest they may be key to understanding the evolution and 

radiation of this incredibly diverse taxon.  In 2012, we collected specimens and leaf fragments 

from 30-40 Carex taxa, including species that were known only from their types. Sedges were 

found in the greatest abundance in the granitic mountainous regions of northern Vietnam at 

elevations > 1000 m. Phylogenetic analyses based on nrDNA data have shown that some 

morphologically unusual species, such as those found in Carex subg. Vigneastra sects. 

Mapaniaefoliae, Euprepes, and Indicae (pseudo-lateral capitate inflorescences, white stigmas 

and anthers, erect bracts, grass-like vegetative structures, etc.), are part of the Core Carex clade. 

However, other peculiar species, such as the members of Carex subg. Vigneastra sect. 

Hemiscaposae, which have their centre of diversity in northern Vietnam and adjacent regions, 

are part of the Siderostictae Clade, the earliest diverging lineage in Cariceae. Species in this 

clade exhibit a number of interesting features including an East Asian distribution, separate 

nodes with flowering culms and vegetative pseudo-culms, and wide seemingly petiolate leaves. 

We hypothesize that Indochina and adjacent regions of China may represent the centre of origin 

for one of the largest genera of flowering plants and that some morphologically unusual 

Vietnamese Carex represent early diverging elements within the tribe. 
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Orchidaceae: Orchid Relationships from Species to Subfamily-A Symposium in Honor of 

Finn N. Rasmussen 

 
Freudenstein, John V. (1)*    

(1) Department of Evolution, Ecology and Organismal Biology, The Ohio State University, Columbus, 

OH, USA; freudenstein.1@osu.edu 

 

Finn Rasmussen has made significant contributions to our understanding of orchid biology and 

to the application of phylogenetic methods to monocot systematics.  As an early proponent of the 

use of phylogenetic methodology in plant systematics, he strongly influenced Rolf Dahlgren’s 

approach to monocot classification.  His work on orchid morphology and development was 

firmly placed in a phylogenetic context and helped to clarify longstanding issues in homology 

and classification in the group.  As a faculty member at the University of Copenhagen, he 

continued a tradition of research and teaching in plant taxonomy that reached back several 

hundred years.  His collaboration with Hanne Rasmussen resulted in a strong program of student 

training in orchid biology at the university and further contributions to our understanding of 

orchid mycorrhizal relationships.   

 

 

Phylogenetic Patterns and Evolution of Anther Morphology in Epidendroid Orchids   
 
Freudenstein, John V. (1)    

(1) Department of Evolution, Ecology and Organismal Biology, The Ohio State University, Columbus, 

OH, USA; freudenstein.1@osu.edu 

 

Much progress has been made over the last two decades in resolving relationships among 

subfamilies and tribes of orchids, but the Epidendroideae has remained problematic, especially 

with respect to relationships among tribal-level groups.  This may be due to a rapid radiation at 

the base of the epidendroids that resulted in short branches.  A supermatrix dataset of eight loci 

was assembled for over 300 genera of epidendroids.  The loci comprised nuclear (ITS, Xdh), 

plastid (trnLF, matK, rbcL, psaB, ycf1) and mitochondrial sequences (nad1b-c intron). 

Parsimony and likelihood analyses resulted in very similar highly-resolved trees; resampling 

support analyses revealed good support for many groups not previously resolved.  Strongly 

supported clades allow several major conclusions to be drawn. First, the small, largely temperate 

tribe Neottieae is sister to the remainder of the subfamily. Several other lineages of “primitive” 

epidendroids, largely without specialized pollinium structures, including Sobraliinae, Triphoreae, 

and Tropidieae fall between Neottieae and the “advanced” epidendroids, the latter comprising 

the well-supported remainder of the subfamily. Second, the vandoid morphology, which 

characterizes many epidendroid groups that have the most highly specialized pollinium transfer 

systems, has evolved three times – in Vandeae, Calypsoeae, and Cymbidieae/Maxillarieae. 

Third, the structure within the “advanced” epidendroids is remarkably correlated with a few Old 

World-New World shifts, suggesting that the overall pattern of diversification in the subfamily 

was dominated by a small number of major vicariant or dispersal events, followed by extensive 

radiations. A number of smaller dispersal events was probably responsible for the remainder of 

the distributional patterns observed.  
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The evolution of dispersal syndromes in the Pandanaceae (Pandanales)  

 
Gallaher, Timothy J. (1)*; Keeley, Sterling (2)  

(1) University of Hawaii at Manoa, Honolulu, HI U.S.A.; gallaher@hawaii.edu  

(2) University of Hawaii at Manoa, Honolulu, HI U.S.A.; sterling@hawaii.edu  

 

The evolution of dispersal syndromes in the Pandanaceae (Pandanales)  

With over 800 species in five genera, the Pandanaceae is a major component of the paleotropical 

flora with species inhabiting a wide range of ecosystems. Species undergoing long distance seed 

dispersal utilize one of two syndromes: buoyant fruit or fleshy fruit dispersed by birds. A 

Bayesian phylogeny was constructed with representative species from all genera of the family as 

well as all subgenera of the genus Pandanus using chloroplast and nuclear markers and fossil age 

constraints. The combination of nuclear and chloroplast markers allowed for a well resolved 

phylogeny. Key innovations related to dispersal were annotated to the resulting phylogenetic 

trees. The family has a Late Cretaceous boreotropical origin; however, diversification within 

extant groups occurred primarily in Malesia during the Miocene. Animal dispersal is the 

ancestral condition of the family and dispersal by floatation likely originated once in the ancestor 

of the clade consisting of the genera Martellidendron, Benstonea, and Pandanus. Dispersal 

syndrome shifts between animal dispersal and floatation have been important factors in 

cladogenesis. Several key innovations, including a multi-seeded propagule and apomixis, appear 

linked to lineages undergoing long distance dispersal.  

 

 

Revision of Monocot Fossils to Use as Calibration Points: Traceable Information 

 
Gandolfo, Maria A. (1) Nixon, K.C. (1) 

(1) L.H. Bailey Hortorium, Department of Plant Biology, Cornell University, Ithaca, NY, U.S.A.; 

mag4@cornell.edu 

 

Although, there is no doubt that the fossil record is fundamental for understanding the history of 

life (including evolutionary processes), fossils were mostly the object of study for those 

interested in their morphological aspects as tool for describing paleofloras, for place the 

taxonomical placement of fossils, and for proposing paleobiogeographical models to explain 

modern distribution of taxa. Some studies on fossils were also focused in the identification of 

characters for establishing homologies; however, the majority of these studies did no include the 

fossils within the analyses. It was not until the last decade, that fossils become the essential tool 

(calibration point) for molecular studies assessing divergence times of clades. Major problem in 

identifying fossil monocotyledons is the lack of recognizable morphological synapomorphies, 

and except for the fossils that share characters comparable to those of extant taxa, their 

taxonomic placement is very difficult.  

 

The aim of this contribution is to analyze critically the characters used for the identification of 

fossil monocots and their value for indicating affinities with extant taxa. Additionally, we will 

present a crucial evaluation of the taxonomic placement of fossils with monocot affinities that 

can be used as potential calibration points and we will explore their phylogenetic value for dating 

molecular phylogenies.   
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Based on paleobotanical data, the monocots rapid diversification probably occurred during the 

Late Cretaceous. By the Maastrichtian (~ 70 MYBP) the majority of the orders sensu APG 3 

have at least one reliable fossil record, and all the orders have diversified by the Eocene 

(Tertiary, ~56 MYBP). 

 

 

Reticulate Evolution in Amaryllidaceae Tribe Hippeastreae as Inferred with its and 

Chloroplast Sequence Data 

 
Garcia, Nicolas (1, 2, 3)*; Meerow, Alan W. (4); Soltis, Douglas E. (1, 2); Soltis, Pamela S. (1) 

(1) Florida Museum of Natural History, University of Florida, Gainesville, FL, U.S.A.; 

nicogarciab@gmail.com 

(2) Department of Biology, University of Florida, Gainesville, FL, U.S.A. 

(3) Departmento de Silvicultura, Facultad de Ciencias Forestales, Universidad de Chile, Santiago, Chile 

(4) USDA-ARS-SHRS-National Germplasm Repository, Miami, FL, U.S.A. 

 

The phylogeny of Amaryllidaceae tribe Hippeastreae was inferred using chloroplast (3’ycf1, 

ndhF, trnL-F) and nuclear (ITS rDNA) sequence data under maximum parsimony and maximum 

likelihood frameworks. Network analyses were applied to resolve conflicting signals among data 

sets and putative scenarios of reticulate evolution.  

 

All analyses of all regions consistently revealed two major clades, which are formalized as 

subtribes: A) Traubiinae, formed by Traubia, Placea, Phycella, Rhodolirium, and Famatina 

maulensis, characterized by x = 8, rare polyploidy, and a capitate stigma, and B) Hippeastrinae, 

including Eithea, Habranthus, Haylockia, Hippeastrum, Rhodophiala, Sprekelia, Zephyranthes, 

and Famatina pro parte, characterized by a range of basic chromosome numbers (x = 6 – 11) and 

frequent polyploidy and aneuploidy. No unequivocal morphological features are presently 

known to diagnose the latter clade, which contains ca. 90% of the tribe’s species diversity, 

although a trilobed to trifid stigma is predominant. Our phylogenetic results question the 

monophyly of all genera in the tribe and show widespread cytonuclear discordance within the 

mainly Neotropical subtribe Hippeastrinae, further supporting putative ancient hybridization(s) 

preceding the radiation of this major clade. In contrast, the Chilean-Argentinean endemic 

Traubiinae shows a tree-like pattern of evolution, consistent with the apparent absence of 

allopolyploidy in this clade.  

 

 

Palms of the World Online: Web Taxonomy via Palmweb 

 
Gardiner, Lauren M. (1)*; Baker, William J. (1) 

(1) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AE, UK; l.gardiner@kew.org  
 

The taxonomy and biodiversity portal Palmweb (www.palmweb.org) has been created to be the 

‘online monograph of the Palms of the World’. Initiated as part of the European Distributed 

Institute of Taxonomy (EDIT) and subsequently funded by EU Seventh Framework Package 

(FP7), Palmweb was launched in 2008 and its content and functionality have been developed 

continuously ever since. Acting as a freely accessible, centralised web resource, Palmweb 

delivers often difficult to obtain and scattered original publications and a wide range of content 
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from current literature and high quality, verified images of taxa. More than just a portal to deliver 

information about palms, Palmweb was designed as an e-taxonomy site, a resource open to the 

palm research community and encouraging the participation of palm specialists - essential to 

ensure that the content provided is useful, reliable and up-to-date. A website maintained by a 

research community has very particular requirements that differ from a more general community 

website. Issues related to accreditation and copyright must be taken into account and, therefore 

structured and coordinated effort among users is required. The future development, maintenance, 

and sustainability of Palmweb will be discussed, and as will its continued evolution as a high 

quality, structured data resource for the ground-breaking eMonocot project. 

 

 

Restrictions to Distribution Patterns in the Cosmopolitan Plant Group Cyperaceae 

 
Gehrke, Berit (1)

*
; Muasya, A. Muthama (2) 

(1) Institut für Spezielle Botanik und Botanischer Garten, Johannes Gutenberg-Universität Mainz, 

Germany; gehrke@uni-mainz.de 

(2) Department of Botany, University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa 

 

Global vascular plants distribution exhibit decreasing species richness with increasing latitude 

and a dependency of specie richness on area size. We investigate if Cyperaceae - a species rich 

plant family which is well represented at tropical and temperate latitudes and that does not seem 

to be restricted to particular region - does show evidence of constraints on their special 

distribution. We investigate patterns of species distribution and endemicity using data recorded 

in the World Checklist of Monocotyledons. Species richness for was rescaled, to eliminate area 

effect on species richness, and a new molecular phylogenetic analyses were used to identify 

range restricted lineages within the family. We show that Cyperaceae shows a bimodal 

distribution with subtropical climate areas richer than the tropical climate areas near the equator. 

Many Cyperaceae lineages are restricted to, or at least most abundant in, particular biomes or 

climate areas. For example predominantly tropical Abildgaardieae, Cypereae s. str., Fuireneae, 

Hypolytreae and Rhynchosporeae, which are most abundant in the Tropics and species richness 

decrease with increasing latitude. Holarctic temperate lineages (Cariceae, Dulichieae, Scirpeae) 

and southern temperate lineages (Chrysitricheae, Schoeneae and the Isolepis/Ficinia clade) show 

highest species richness outside the Tropics, indicating a phylogenetic signal and niche 

conservatism  in the spatial distribution of species. We conclude that even globally distributed 

groups of plants can show spatial restriction in the distribution of individual lineages and test for 

correlation of shifts to a novel climate region with changes in diversification rates.  

 

 

Generic and Subtribal Realignments in the Ppam Clade (Pooideae. Poeae: Subtribes 

Alopecurinae, Miliinae, Phleinae, Poinae, and Puccinelliinae) 

 
Gillespie, Lynn J. (1)*; Soreng, Robert J. (2); Boudko, Katya (1); Alonso Mata, Alicia (3) 

(1) Research and Collections, Canadian Museum of Nature, Ottawa, Canada. lgillespie@mus-nature.ca 

(2) Department of Botany, National Museum of Natural History, Smithsonian Institution, Washington 

DC, U.S.A 

(3) Departamento de Biodiversidad y Gestión Ambiental, Universidad de León, Spain 
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Subtribes Alopecurinae, Miliinae, Phleinae, Poinae, and Puccinelliinae form a strongly supported 

lineage (PPAM clade) within the grass tribe Poeae s.l.  The clade comprises ca. 750 species 

distributed in cool temperate to polar regions worldwide.  Current subtribal classification has 

been shown to be a poor reflection of phylogenetic history, with subtribes Alopecurinae and 

Poinae suggested to be polyphyletic or paraphyletic. 

 

We present an expanded phylogeny of the PPAM clade based on analyses of plastid (trnT-trnL-

trnF, rpoB-trnC, and matK) and nuclear ribosomal (ITS and ETS) DNA sequences, with 

increased sampling of genera and species.  Three major clades are resolved: Alopecurinae and 

Poinae (excluding Poa); Poa; and Puccinelliinae (Coleanthinae).  Subtribes Alopecurinae and 

Poinae both resolve as polyphyletic.  In addition, three smaller lineages (Colpodium and 

Zingeria; Milium; Phleum) are resolved, but their relationships to the major clades remain 

unclear.  Two genera (Arctopoa, Aniselytron) have a hybrid origin involving two of the major 

clades.  Analysis of morphological character evolution in the PPAM clade reveals that multiple 

flowered spikelets, paniculate inflorescences, and unawned lemmas are plesiomorphic, whereas 

single-flowered spikelets, spicate inflorescences, and awned lemmas originated multiple times.  

Data issues, such as partial incongruence of ITS and ETS data, will be discussed.   We review 

the major changes in classification that have taken place recently, suggest additional 

modifications, and present a revised subtribal classification that better reflects phylogenetic 

history.   

 

 

Adaptive Radiation, Historical Biogeography, Correlated and Contingent Evolution, and 

Net Rates of Diversification in Bromeliaceae   

 
Givnish, Thomas J. (1)*; Barfuss, Michael H. J. (2); Van Ee, Benjamin (3); Riina, Ricarda (4); Schulte, 

Katharina (5,6); Horres, Ralf (7); Gonsiska, Philip A. (1); Jabaily, Rachel S. (8); Crayn, Darren M. (6); 

Smith, J. Andrew C. (9); Winter, Klaus (10); Brown, Gregory K. (11); Evans, Timothy M. (12); Holst, 

Bruce K. (13); Luther, Harry (14); Till, Walter (2); Zizka, Georg (5); Berry, Paul E. (15); and Sytsma, 

Kenneth J. (1) 

(1) University of Wisconsin-Madison, Madison WI, USA; givnish@wisc.edu 

(2) University of Vienna, Vienna A-1030, Austria 

(3) Black Hills State University, Spearfish SD, USA 

(4) Real Jardín Botánico, CSIC, Madrid, Spain 

(5) Research Institute Senckenberg, Frankfurt am Main, Germany 

(6) James Cook University, Cairns, Australia  

(7) GenXPro, Frankfurt am Main, Germany 

(8) Old Dominion University, Norfolk VA, USA  

(9) University of Oxford, Oxford, United Kingdom 

(10) Smithsonian Tropical Research Institute, Balboa, Panama 

(11) University of Wyoming, Laramie WY, USA 

(12) Grand Valley State University, Allendale MI, USA 

(13) Marie Selby Botanical Gardens, Sarasota FL, USA 

(14) Gardens by The Bay, National Parks Board Headquarters, Singapore 

(15) University of Michigan, Ann Arbor MI, USA 

 

We present an integrative model predicting associations among epiphytism, the tank habit, 

entangling seeds, C3 vs. CAM photosynthesis, avian pollinators, life in fertile, moist montane 
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habitats, and net rates of species diversification in Bromeliaceae.  We test these predictions by 

overlaying individual character-states on a molecular phylogeny based on 9341 aligned 

nucleotides from eight plastid genes, introns, and spacers across 90 bromeliad taxa and four 

outgroups.  We relate evolutionary shifts to time and reconstructed shifts in geographic 

distribution; quantify patterns of correlated and contingent evolution among pairs of traits; and 

analyze the impact of individual traits on net rates of species diversification.   

We found significant support for all predicted patterns of correlated evolution.  The pattern and 

timing of shifts in phenotype and expansion of distributions outside the Guayana Shield, and 

patterns of contingent evolution, also generally accorded with predictions.  Net rates of 

diversification were most closely tied to life in fertile, moist, geographically extensive 

cordilleras, as well as to epiphytism, avian pollination, and the tank habit.  The highest rates were 

seen in the core tillandsioids, associated with the Andes, and especially in the tank-epiphyte 

clade of bromelioids, associated with the Serra do Mar and Atlantic forests of coastal Brazil.  

Six adaptive radiations account for > 86% of total species number in the family, and for most of 

its expansion outside the ancestral Guayana Shield.  This multidisciplinary, integrative study is 

among the first to test a priori hypotheses about the relationships among phylogeny, phenotypic 

evolution, geographic spread, and net species diversification. 

 

 

The 39 Steps:  A Plastome Phylogeny for Orchid Tribes, With Implications for the 

Evolution of Epiphytism, Cam Photosynthesis, and Net Rates of Species Diversification 

 
Givnish, Thomas J. (1)*; Ames, Mercedes (2); Lyon, Stephanie P. (1); Cameron, Kenneth M. (1); Neubig, 

Kurt M. (3); Whitten, W. Mark (3); Arroyo, Mary Kalin (4); Leebens-Mack, James (5); Clements, Mark 

A. (6); Williams, Norris H. (3) 

(1) University of Wisconsin-Madison, Madison WI, USA; givnish@wisc.edu 

(2) Promega North America, Fitchburg WI, USA 

(3) University of Florida, Gainesville FL, USA 

(4) University of Chile, Santiago, Chile 

(5) University of Georgia, Athens GA, USA 

(6) Centre for Australian National Biodiversity Reearch, Canberra, Australia   

 

Orchidaceae are one of the largest families of flowering plants, including ca. 900 genera and 

25,000 species, representing nearly 10% of all angiosperms and nearly 40% of all monocots.  

Previous studies based on one to five plastid genes have succeeded in identifying relationships 

among the five orchid subfamilies, but have often failed to resolve relationships among tribes 

within subfamilies, especially Epidendroideae, which includes roughly 80% of all orchid species. 

Here we use plastome sequence data for 39 orchid species – representing almost all tribes and 

many of the largest subtribes – to produce the first well-resolved, strongly supported tribal 

phylogeny for the family. 

 

Maximum likelihood produces a fully resolved tree, with two-thirds of the nodes having support 

values > 90%.  In Orchidoideae, Codonorchis of tribe Codonorchidae is sister to a clade formed 

by placeholders for tribes Diseae and Orchideae, while placeholders for tribe Diurideae are sister 

to those for Chloraeae and Cranichidae.  In Epidendroideae, Neottieae is sister to all other taxa, 

then Sobralieae and Triphoreae, then Tropideae and Nervilieae.  This basal grade is composed 

mostly of terrestrial taxa; almost all other epidendroids are epiphytic.  Epiphytism appears to 
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have arisen at least three times and lost twice.  Epiphytism is strongly correlated with increased 

speciation and extinction rates in BiSSE and MEDUSA; CAM photosynthesis is not significantly 

correlated with either.  Epidendroids and orchidoids appear to have diverged 42 Mya; most 

diversification in the four large epidendroid tribes Cymbideae, Dendrobieae, Epidendreae, and 

Vandeae appears to have occurred in the Miocene or later.   

 

 

Role of Pollinators in Shaping Population Genetic Structures of Plants: An Example from 

the Caribbean Heliconia (Heliconiaceae)-Hummingbird Interaction  
 
Gowda, Vinita (1)*; Kress, John W. (1) 

(1) MRC-166, Dept. of Botany, National Museum of Natural History, Washington DC, U.S.A.; 

vinitagowda@gmail.com 

 

In the Eastern Caribbean islands plant-pollinator interaction between heliconias and 

hummingbirds are geographically structured and vary among islands. Here we test if 

hummingbirds play a significant role in shaping the population genetic structures of the two 

Caribbean heliconias.  

 

Two species of heliconias are native to the Eastern Caribbean islands: H. bihai (Venezuela to 

Dominican Republic with very scant presence in islands North of Dominica), and H. caribaea 

(Dominican Republic to St. Lucia). We scored 20-75 individuals per species per island for six 

highly variable microsatellite markers from the following islands: H. bihai (Dominican Republic, 

Puerto Rico, Tobago, Trinidad, St. Vincent, Guadeloupe, Dominica), H. caribaea (Saba, St. 

Kitts, Dominica, Martinique). Pollinator visitation rates were available from St. Kitts, Dominica, 

St.Vincent, Dominican Republic, and Puerto Rico while pollinator species were available for all 

the islands. Both heliconias showed high inbreeding rates (FIS- from 0.5 to 0.9) on most islands 

and a highly variable pattern of population substructuring (FST- from 0.03 to 0.17). Population 

substructuring decreased with increase in number of pollinator species (Trinidad-Tobago and 

Grenada), and increased with an increase in forest fragmentation (St. Vincent and Guadeloupe). 

Inbreeding rates also increased in plants pollinated by territorial birds and decreased in plants 

pollinated by traplining birds (r = 0.8, p<0.05). 

 

Within the Eastern Caribbean islands the genetic population structure of the two native 

heliconias are shaped by three principal factors: a) pollinator foraging behavior; b) number of 

pollinator species present on any island; and c) fragmentation within the natural plant population.  

 

 

Progress in the Systematics of Aloe (Subfamily Asphodeloideae, Xanthorrhoeaceae) 

 
Grace, Olwen M. (1,2)

*
; Forest, Félix (1); Buerki, Sven (1) & Rønsted, Nina (2)

 

(1) Jodrell Laboratory, Royal Botanic Gardens, Kew, TW9 3DS, Surrey, United Kingdom; 

o.grace@kew.org
 

(2) Botanic Garden & Herbarium, Natural History Museum of Denmark, Sølvgade 83 Entrance S, DK-

1307 Copenhagen, Denmark 
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Aloe s. l. (Xanthorrhoeaceae subf. Asphodelooideae) is a charismatic succulent genus of 

considerable diversity (ca. 500 species). Our study addresses the taxonomic complexity of the 

group and the processes which gave rise to their present-day diversity and distribution on the 

African continent, Madagascar and the Arabian Peninsula. We have assembled a comprehensive 

phylogeny of Aloe, representing the full morphological and geographical diversity of the genus. 

It presently covers about 25% of the species-level diversity of Aloe and significantly expands 

upon the number of taxa and regions sequenced to date. The traditionally broad circumscription 

of Aloe has been accommodated by infrageneric groups but even the most recent classification 

(published in two volumes by G. W. Reynolds in 1950 and 1966) remained incomplete and 

lacked predictive power. A reassessment of the classification of Aloe and related alooid genera 

necessitated several nomenclatural adjustments, which have included elevating the tree aloes and 

scrambling aloes to generic rank as Aloidendron and Aloiampelos, respectively, the reinstatement 

of the monotypic Cape endemic genus Kumara plicatilis, and the inclusion of Chortolirion in 

Aloe. The changes resolve the problem of paraphyly in Aloe and uphold a consistently narrow 

generic concept among alooid genera. An overview of insights gained in the understanding of the 

biodiversity of Aloe and segregate genera post- Dahlgren, and recent developments towards 

taxonomically stable and pragmatic classification, will be discussed.  

 

 

Patterns of Genetic Diversity within the Monocots 

 
Hamrick, James L. (1)* 

(1) Department of Plant Biology, University of Georgia, hamrick@plantbio.uga.edu 

 

Previous reviews of the plant population genetics literature have shown that plant species vary 

greatly in the levels of allozyme genetic variation that they maintain as species and within their 

populations. In general, outcrossing perennial woody species maintain higher levels of genetic 

diversity than herbaceous species especially those with predominately selfing mating systems. 

These reviews also demonstrated that monocot species maintain higher levels of genetic diversity 

than dicots both within species as a whole and within their populations. On the other hand, 

monocots partition genetic variation within and among their populations in the same ways as 

dicots. Since these relatively early reviews, the number of allozyme studies on monocots have 

increased by more than four times and some monocot families (e.g. Poaceae and Orchidaceae) 

are represented by more than 100 studies. This larger database allows more detailed analyses 

than were previously possible. This review compares levels of allozyme genetic diversity among 

orders of monocots for four population genetic parameters: proportion of polymorphic loci, 

number of alleles per polymorphic loci, genic diversity and proportion of total genetic diversity 

among populations. In monocot families with an adequate number of studies (≈ 40); species were 

classified for the life history traits analyzed by previous reviews. Finally, we classified monocot 

families by their relative phylogenetic age and compared levels of allozyme diversity among 

relatively old, intermediate and young families. 
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A Phylogenetic Analysis of Dioscoreaceae Based On Morphological Data of the Leaf 

Venation  

 
Hang, Yueyu (1)*; Sun, Xiaoqin (1); Shi, Derong (1); Li, Mimi (1); Zhou, Yifeng (1) 

(1) Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing, China; 

hangyueyu@yahoo.com.cn 

 

Dioscoreaceae rank among the most dicot-like monocotyledons in their morphology and 

especially their leaves. Morphological data on the leaf venation of Dioscorea in China, including 

7 sections, 36 species, 1 subspecies and 4 varieties, provide strong foundation for section 

delimitation of Dioscorea. The results show that excluding the the monospecific sections, Sect. 

Shannicorea and Sect. Botryosicyos share the same characteristics of the leaf venation in one 

section, while Sect. Stenophora and Sect. Enantiophyllum have diverse features in one section, 

especially the species with controversy over classification such as D. simulans, D. biformifolia, 

D. cirrhosa, D. cirrhosa var. cylindrical.. 

 

Sect. Botryosicyos and Sect. Lasiophyton have compound leaves; D. simulans and D. 

biformifolia in Sect. Stenophora have both simple and compound leaves; the majority of the 

remaining taxa have simple leaves. The venation in simple leaves is acrodromous. The 

compound leaves comprise three types: the venation of leaflets of Sect. Lasiophyton is always 

acrodromous; the venation of leaflets of Sect. Botryosicyos is always pinnate; D. simulans and D. 

biformifolia have both acrodromous and pinnate leaflets: an individual generates first  2-4 simple 

leaves and then compound leaves with three leaflets that are acrodromous in venation and finally 

compound leaves with five leaflets, the proximal two being acrodromous and the distal three 

being pinnate in venation. 

 

Morphological data of the leaf venation of Dioscorea shed light on the evolutionary history of 

monocots and dicots, indicating that Dioscoreaceae is not only the primate group in monocots 

but also the key in the evolution of monocots and dicots.  

 

 

Use of the Undergraduate Classroom to Advance an Emerging Paradigm in the Study and 

Conservation of Biodiversity 

 
Hardy, Christopher R. (1,2)*; Hardy, Nazli W. (1,3) 

(1) The James C. Parks Herbarium, Millersville University of Pennsylvania, Millersville, PA, U.S.A.; 

christopher.hardy@millersville.edu 

(2) Biology Department, Millersville University of Pennsylvania, Millersville, PA, U.S.A. 

(3) Computer Science Department, Millersville University of Pennsylvania, Millersville, PA, U.S.A. 

 

The emerging new paradigm in the study and conservation of biodiversity is one in which the 

invaluable curatorial and analytical skills of professional scientists are integrated with the Web-

2.0-enhanced observational power of amateur citizen scientists in the important task of 

documenting our changing biota. Yet despite this being the paradigm-apparent, the already vast 

literature on the subject is wanting regarding the ways in which students are receiving and 

responding to practical exposure to it in the classroom. Since 2010, we have employed a Web 

2.0-enabled digital atlas to enhance a traditional collection project in an undergraduate plant 
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systematics course. Over the course of four semesters, 89 undergraduates amassed 906 original 

locality records for 211 species in the region surrounding the university. Of these there were 24 

new species records for seven counties, three of which were new records for Endangered or 

Noxious Weed species. Anonymous surveys revealed that students believed the Web 2.0 

component enhanced their enjoyment and learning, and that most students intended to 

voluntarily use or contribute data to the atlas in the future. Accuracy checks revealed that 94% of 

the records were geospatially accurate, and that 87%, 95%, and 97% were accurately identified 

to species, genus, and family, respectively. We conclude that the undergraduate classroom is a 

premier place to engage the next generation of professional and citizen biodiversity scientists in 

the important task of documenting and conserving our natural heritage.  

 

Systematics, Evolution and Biogeography of Bromelioideae (Bromeliaceae) - New Results 

 
Heller, Sascha (1,2,3); Paule, Juraj (1,2); Leme, Elton (4); Michalak, Ingo (1,2,3); Silvestro, Daniele 

(1,2,3); Kanz, Birgit (1,2); Steinbeisser, Gerardo (1,2); Schulte, Katharina (5); Benko-Iseppon, Ana Maria 

(6); Rafaela Campostrini Forzza (7); Zizka, Georg (1,2,3)* 

(1) Dep. Botany and Molecular Evolution, Senckenberg Research Institute, Frankfurt/Main, Germany 

(2) Faculty Biosciences, Goethe University, Frankfurt/Main, Germany 

(3) Biodiversity and Climate Research Center (BiK), Frankfurt/Main, Germany  

(4) Herbarium Bradeanum, Rio de Janeiro, RJ, Brazil 

(5) Australian Tropical Herbarium (CNS) & Centre for Tropical Biodiversity and Climate Change 

(CTBCC), James Cook University, Cairns, Australia 

(6) Genetics Dep., Universidade Federal de Pernambuco, Recife, PE, Brazil 

(7) Botanical Garden of Rio de Janeiro, RJ, Brazil 

 

The subfamily Bromelioideae comprises 33 genera and 936 species, nearly one third of the total 

Bromeliaceae diversity. The fast increase of molecular data from bromeliads has improved our 

knowledge of the phylogeny tremendously and provided hypotheses about the origin and 

biogeographical history of the group as well as on the major drivers and patterns of its evolution.  

However, the data at hand make also apparent the flaws of our present knowledge: All 

phylogenies with larger sampling show, that our generic concept in Bromelioideae, especially in 

the Aechmea alliance, is still insufficient. Thus, probably the most important task is to assess the 

monophyly of particular groups in joint approaches combining taxonomy, morphology, 

molecular systematics, and data sets from other disciplines.  

DNA-content (genome size) is a character that gives important first insights into the genome 

evolution. The results of a screening through Bromelioideae as well as the whole family 

Bromeliaceae for this character are presented in a phylogenetic context together with updated 

and extended phylogenies of Bromelioideae.  

In addition, first results for selected groups of Bromelioideae are presented in more detail 

(Portea/Gravisia, Ananas, Chevaliera, Canistrum/Aechmea). 
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What Use is Paleobotany Anyhow? Using the Fossil Record to Understand Monocot 

Evolution, Past Diversity, and Biogeography 

 
Hermsen, Elizabeth J. (1)*; Smith, Selena Y. (2) 

(1) Department of Environmental and Plant Biology, Ohio University, Athens, OH, U.S.A.; 

hermsen@ohio.edu 

(2) Department of Earth & Environmental Sciences and Museum of Paleontology, University of 

Michigan, Ann Arbor, MI, U.S.A. 

 

Using the fossil record to reconstruct plant evolution presents well-known challenges, including 

biases resulting from the ecological preferences of certain plant groups, the tendency of plants to 

be preserved as detached organs, uncertainties in recognizing apomorphies, and homoplasy. 

Monocots present additional difficulties, due to their generally herbaceous habit and the 

tendency of some organs to whither rather than drop whole from the plant. Adaptation to insect 

pollination (e.g., orchids), non-resistant pollen (e.g., Zingiberales), and pollen that is difficult to 

place taxonomically below the family level (grasses) contribute to a fossil pollen record with an 

uneven phylogenetic distribution. Preliminary research on select Paleogene assemblages 

confirms a special preservation bias against monocots, suggesting that they are underrepresented 

relative to their proportions in modern plant communities. Despite this, understanding the 

monocot fossil record provides critical information, such as the former occurrence of taxa in 

regions where their past presence cannot be predicted from modern distributions alone. 

 

We will provide a qualitative assessment of the strengths and weaknesses of the monocot fossil 

record, with recommendations concerning how it should be used, and how it should not be 

misused. We will compare modern diversity to the published record of pollen, phytoliths, 

macrofossils, and mesofossils to determine presence or absence of a record for living groups. 

Mapping these data onto a consensus phylogeny for the monocots, we will explore how the 

diversity of the record compares to that of extant clades and highlight where we have strong 

evidence for the existence of ghost lineages.  

 

 

A Molecular Phylogeny and Classification of Nineteen Genera in the Chlorideae (Poaceae: 

Chloridoideae) 

 
Herrera Arrieta, Yolanda (1)*; Peterson, Paul M. (2); Romaschenko, Konstantin (2,3)  

(1) Instituto Politécnico Nacional, CIIDIR Unidad Durango-COFAA, Durango, Mexico; 

yherrera@ipn.mx   

(2) Department of Botany, National Museum of Natural History, Smithsonian Institution, Washington 

DC, U.S.A. 

(3) M.G. Kholodny Institute of Botany, National Academy of Sciences, Kiev, Ukraine 

 

The nineteen genera from the tribe Chlorideae in our study include: Bewsia (monotypic, Africa), 

Craspedorhachis (three species, Africa), Ctenium (20 species, Africa, South America, North 

America, Asia) Dignathia (five species, Africa, Asia), Farrago (monotypic, endemic to 

Tanzania), Gouinia (10 species, South and North America), Gymnopogon (14 species, South and 

North America, Asia), Hubbardochloa (monotypic, Africa), Leptocarydion (monotypic, Africa 

and Asia), Leptothrium (two species, Asia, Africa, and South America), Lophacme (two species, 
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Africa), Lopholepis (monotypic, Asia), Mosdenia (monotypic, Africa), Perotis (14 species, 

Africa, Asia, Australasia), Toliara (monotypic, endemic to Madagascar), Trichoneura (eight 

species, Africa, South and North America, Asia) Trigonochloa (two species, Africa and Asia), 

Triplasis (two species, North and South America), and Vaseyochloa (monotypic, endemic to 

Texas, USA). 

 

A phylogenetic analysis was conducted on 152 samples, of which 58 species (90 individuals) 

were in the tribe Chlorideae, using four plastid (rpL32-trnL spacer, ndhA intron, rps16-trnK 

spacer, rps16 intron) and nuclear ITS 1&2 sequences to infer relationships and revise the 

classification. There are six highly supported clades and the following genera appear 

monophyletic: Craspedorhachis, Ctenium, Dignathia, Gymnopogon, Leptothrium, Trichoneura, 

Trigonochloa, and Triplasis. Perotis and Gouinia are paraphyletic with Lopholepis and Toliara 

embedded within the former; and Tridens muticus and Vaseyochloa embedded within latter. 

Farrago racemosa is sister to the Crapedorhachis clade. The molecular results support 

expanding the generic circumscription of Perotis and Gouinia, and we place these nineteen 

genera into six subtribes of which five are newly described. 

 

Estimation of Divergence Times in Asparagales In The Presence Of Hybridization 

 
Hertweck, Kate L. (1)*; McKain, Michael R. (2) 

(1) National Evolutionary Synthesis Center, Duke University, Durham, NC, U.S.A.; 

k8hertweck@gmail.com 

(2) University of Missouri-St. Louis, St. Louis, MO, U.S.A. 

 

The order Asparagales exhibits abundant morphological, ecological, and karyotypic diversity in 

its excess of 26,000 extant species, including many agriculturally and horticulturally important 

species (e.g., agave, onion, asparagus, iris, orchid). Despite this variation, few specimens from 

the fossil record possess diagnostic characters for reliable placement in the phylogeny. When 

combined with overall poor fossil preservation shared with other herbaceous species, as well as 

hypothesized rapid radiations in several groups, divergence time estimation in Asparagales is 

particularly challenging. Another impediment to studying timing of evolution in Asparagales is 

the role recent and ancient hybridization and polyploidy may have played in diversification of 

lineages. Previous estimates identified a Cretaceous origin for Asparagales, and accelerated 

diversification rates are thought to have occurred in the order.  

 

We estimated phylogeny using genes from the nuclear (ribosomal and low copy), mitochrondrial, 

and plastid genomes for 50 taxa in Asparagales. We applied calibrations from available 

Asparagales taxa as well as more robust fossil constraints from other monocot outgroups to infer 

divergence times for included families and subfamilies. Our analysis refines earlier estimates for 

the context of evolution in Asparagales by applying a multi-locus molecular phylogeny from all 

three genomic partitions to sampling from across major lineages in the order. Asparagales 

provides an important example for interpreting evolution from phylogenomic data with a paucity 

of fossils and the presence of hybridization and incomplete lineage sorting. 
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Phylogeny, Classification, and Niche Evolution in the Vignea Clade 

 
Hipp, Andrew L.* (1); Roalson, Eric H. (2); Chung, Kyong-Sook (3); Waterway, Marcia J. (4); Escudero, 

Marcial (5); Reznicek, Anton A. (6) 

(1) The Morton Arboretum, Lisle, Illinois, U.S.A.; ahipp@mortonarb.org;  

(2) Washington State University, Pullman, Washington, U.S.A. 

(3) Jungwon University, Chungbuk, Korea 

(4) McGill University, Montreal, Canada 

(5) The Field Museum, Chicago, Illinois, U.S.A.; and The Morton Arboretum, Lisle, Illinois, U.S.A. 

(6) University of Michigan, Ann Arbor, Michigan, U.S.A. 

 

Carex subgenus Vignea is a well-defined clade based on both morphological and genetic data. 

Defining monophyletic lineages within Vignea, however, has long been difficult due to the lack 

of clear-cut morphological synapomorphies for sections. Some sections are monophyletic or 

nearly so. Recent molecular investigations have demonstrated that many if not most of the 

traditional sections are not monophyletic and require reevaluation to generate a phylogenetically 

sound classification for the subgenus. In this presentation, we report on a dated phylogeny based 

on three low-copy nuclear genes, two nrDNA regions, and four cpDNA regions that includes 

more than 80% of the ca. 300 species in the subgenus. Our results suggest an East Asian origin 

of diversification for the clade, with four dispersals to or expansions into North America, two 

dispersals to Australasia, and one dispersal to South Africa, as well as additional less dramatic 

dispersal events. The relatively rapidly diversifying section Ovales, which comprises nearly 1/3 

of Vignea, arose from one of these North American colonizations. We demonstrate a strong 

interaction between mean temperature and temperature seasonality and lineage diversification 

rates in the clade. The correlation between these abiotic predictors of diversification rate and 

latitude corroborate the previously observed inverse latitudinal diversity gradient in Carex as a 

whole and suggest that temperature plays an important role in diversification in Vignea. 

 

 

Biodiversity Informatics of the Cyperaceae: Where We Stand and Where We’re Heading 

 
Hipp, Andrew L.* (1); Smith, Vince (2); Baker, Edward (2) 

(1) The Morton Arboretum, Lisle, Illinois, U.S.A. ahipp@mortonarb.org  

(2) The Natural History Museum, London, UK 
 

In an ideal world, systematists working in a score of different countries would be able to wrangle 

their data together in one database, remotely, then use that database as a collaborative framework 

for revisionary taxonomy. The Cyperaceae research community convened a meeting in 

September 2011 initially conceived as a chance to refine the Carex / Cariceae checklist and to 

discuss writing species pages. By the end of the meeting, and over the following year, the 

community moved toward launching a Virtual Research Environment in Scratchpads, as a place 

to collaboratively work on nomenclature and classification, house molecular data, and provide 

public access to the growing Cyperaceae data resource. In this talk, we present our plans for and 

progress on this resource. Tools created as part of this project are being built in Drupal 7 as part 

of Scratchpads 2.0, and thus they are available to the Scratchpads community as a whole. We 

will also present progress on an analytical pipeline to facilitate regular analysis of DNA data, as 
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a way of helping Carex / Cariceae researchers more readily utilize phylogenetic data to refine 

our classification for the group and prioritize sampling efforts. 

 

 

Species Recruitment and Evolution of Arctic Carex 

 
Hoffmann, Matthias H. (1)*; Gebauer, Sebastian (1) 

(1) Martin-Luther-Universität Halle-Wittenberg, Institut für Biologie, Bereich Geobotanik und 

Botanischer Garten, Germany: matthias.hoffmann@botanik.uni-halle.de  

 

With approximately 140 species, Carex (sedges, ca. 2000 spp.) is the most species-rich genus in 

the arctic flora. Within the Arctic, Carex species are most species-rich in the southern and 

intermediate sub-zones, but they are nearly absent in its most northern areas where species of 

Poaceae and other dicot families dominate. In the Arctic, Carex species are typically habitat 

specific and dominate many vegetation types such as various kinds of bogs (e.g. C. limosa, C. 

chordorrhiza) and wetlands (e.g., C. aquatilis, C. rotundata), although some species are frequent 

in drier habitats as well (e.g., C. misandra, C. rupestris). Despite the ecological importance of 

Arctic Carex, the phylogenetic and biogeographic origin of the arctic sedges is largely unknown. 

Owing to their frequent occurrence in the southern arctic zones, it is often hypothesized that 

many species were already pre-adapted and simply immigrated into arctic habitats during 

evolutionary history. However, it is not clear if these species belong to only a few clades or 

whether they appeared more or less independently across all major lineages within Carex. 

Although the Arctic is a very young ecosystem on Earth, some species may have evolved in the 

Arctic and some clades may even have radiated there. Here we present ongoing work on the 

biogeography and evolution of the Arctic flora. Phylogenetic case studies of species-rich Carex 

clades provide some first insights into the origin and morphological evolution of arctic sedges. 

 

 

The Parasitic Plant Genome Project 

 
Honaas, Loren A. (1); dePamphilis, Claude W. (1)* 

(1) Department of Biology, Pennsylvania State University, University Park, PA USA; cwd3@psu.edu 

 

Parasitic plants with direct haustorial connections into photosynthetic host plants have evolved at 

least a dozen times, and comprise about 1% of flowering plant species diversity. One of the 

largest and most economically important lineages of haustorial parasites, Orobanchaceae, 

includes members ranging from facultative to obligate holoparasitic species.  Parasitic members 

of Orobanchaceae growing in Africa and the Mediterranean include the devastating agricultural 

pests, witchweed (Striga) and broomrape (Phelipanche). The Parasitic Plant Genome Project is 

taking a comparative evolutionary approach to understanding parasitism in the Orobanchaceae.  

The project has generated more than 1.5 billion expressed sequence tags (ESTs) from three 

species, a facultative parasite (Triphysaria versicolor), a photosynthetically competent obligate 

parasite (Striga hermonthica), and an obligate holoparasite (Phelipanche aegyptiaca).  The de 

novo assemblies of these data represent all life stages from seed conditioning to flowering.  We 

enhanced our sampling strategy via laser microdissection to provide a highly sensitive view of 

molecular processes at the parasite-host interface. In addition, ESTs (of whole-plant RNA) have 

been sequenced from the basal, non-parasitic Orobanchaceae species Lindenbergia philippensis, 
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which is sister to all parasitic Orobanchaceae.  The full genome of another nonparasitic relative, 

Mimulus guttatus, is a useful reference to characterize genome wide changes associated with the 

transition from autotrophy to heterotrophy.  The sequences are provided as a resource to the 

public at http://ppgp.huck.psu.edu/.    The results of this massive sequencing effort are shedding 

light on the biology and evolution of the Orobanchaceae, and will provide many valuable points 

of comparison with mycoheterotrophic monocots.   

 

 

Phylogeny of East Asian Primitive Carex Section Siderostictae, Based On DNA Sequences 

and Cytological Data 

 
Hoshino, Takuji (1)*; Yano, Okihito (1); Ikeda, Hiroshi (2); Jin, Xiao-Feng (3) 

(1) Okayama University of Science, Okayama, Japan; hoshino@big.ous.ac.jp 

(2) University of Tokyo, Tokyo, Japan 

(3) Hangzhou Normal University, Hangzhou, Zhejiang, China 

 

Carex section Siderostictae comprises about 12 species, and is distributed in China, Korea, Japan 

and eastern Russia. Members of Siderostictae are characterized by having unique morphological 

and cytological features, such as broader leaves and the lowest chromosome number in the 

genus, 2n=12. Recent phylogenetic studies show Siderostictae members of East Asian Carex 

might have been the earliest diverging group within the Cariceae. In this study, we aimed to 

clarify the phylogenetic relationships of section Siderostictae, and to examine the relationships 

of other broad-leaved species of sections Hemiscaposae and Surculosae from East Asia, inferred 

from DNA sequence data and cytological data. A total 21 individuals of 15 taxa in sections 

Hemiscaposae, Siderostictae, Surculosae and their allies collected from China, Korea, Japan and 

Nepal were used for phylogenetic analysis. The DNA sequence data of trnL intron, trnL-F 

spacer, ITS1 and ITS2 were used for molecular phylogenetic analysis.  

Two major monophyletic clades were strongly supported, 1) Siderostictae clade including 

sections Siderostictae, Hemiscaposae and Surculosae, and 2) other members of tribe Cariceae. 

Low numbers of large chromosomes, 2n =12 or 2n = 24, were found in species of the 

Siderostictae clade. Karyotypes of these tetraploids were doubled versions of the diploids, 

suggesting autopolyploidy. Our results indicate that a monophyletic Siderostictae clade is the 

earliest diverging group in Carex.  

 

 

A New World Genome in an Old World Cereal? Cytological and DNA Sequence Evidence 

for Genome Relationships in Proso Millet (Panicum Miliaceum) and Its Relatives 

 
Hunt, Harriet V. (1)*; Badakshi, Farah (2); Romanova, Olga (3); Howe, Christopher J. (1); Jones, Martin 

K. (1); Heslop-Harrison, J.S. (Pat) (2) 

(1) University of Cambridge, Cambridge, UK. hvh22@cam.ac.uk 

(2) University of Leicester, Leicester, UK 

(3) N.I. Vavilov Research Institute of Plant Industry, St Petersburg, Russia 

 

Proso millet (Panicum miliaceum) is a tetraploid (2n = 4x = 36) cereal which was among the first 

domesticated crops of the Old World, and is of increasing economic importance in North 
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America today. Little is known about its genome evolution: we aimed to characterize candidates 

within the Panicum genus, where phylogenies are poorly resolved. 

 

We used nuclear and chloroplast DNA sequences (FLO/LFY, GBSSI, ITS5, matK and rbcL) from 

P. miliaceum and a range of diploid and tetraploid relatives – P. capillare, P. repens, P. 

sumatrense and P. virgatum - to construct phylogenies. On the basis of the phylogenetic results, 

we used chromosomal in situ hybridization with genomic DNA as a probe to characterize the 

genomes in the tetraploid P. miliaceum and a tetraploid accession of P. repens. The sequence and 

in situ hybridization data support the allotetraploid origin of P. miliaceum, with the maternal 

ancestor being P. capillare (or a close taxon) and the other genome being shared with P. repens. 

This is a surprising result, since P. capillare is a New World native whose spread into Eurasia is 

thought to have been recent, as an adventive weed. Our P. repens accession was also an 

allotetraploid with two dissimilar but closely related genomes, the maternal genome being 

similar to P. sumatrense. These data highlight the need for further collection of Panicum species, 

particularly from the Old World, and characterization of the genomic constitutions in this large 

and important grass genus.   

 

 

Dating Early Events in Monocot Evolution 
 
Iles, William J.D. (1)*, Smith, Selena Y. (2); Graham, Sean W. (1) 

(1) University of British Columbia, Vancouver, BC, Canada; will.jd.iles@gmail.com  

(2) University of Michigan, Ann Arbor, MI USA 

 

A suite of recent monocot fossil discoveries and reviews of the monocot and angiosperm fossil 

record make re-evaluating monocot divergence times timely. Here we updated a large-scale 

plastid-based data set to include 172 species representing 71 out of 78 monocot families. We 

reconstructed phylogenetic relationships using parsimony, partitioned maximum likelihood and 

Bayesian methods, and dated the monocot tree using Bayesian approaches, constraining multiple 

node dates using age distributions based on fossil evidence (17 monocot fossils and fossils for 

eight other angiosperms). Our overall estimate of higher-order monocot phylogeny is generally 

congruent with other recent studies, and typically has at least as much support for individual 

branches. We infer that most higher-order monocot diversity arose in the Cretaceous (i.e., ~80% 

of family stem ages). The crown ages of only eight families date to the Cretaceous, and only one 

of those dates to the Lower Cretaceous (Araceae, Alismatales). Our family crown age estimates 

tend to be younger than those inferred in the well-cited Jannsen and Bremer (2004) study, but 

our ages for orders are more comparable, and are among the oldest monocot ordinal ages inferred 

in recent studies. For example, we infer that the crown of the order Alismatales arose within a 

few million years of the origin of monocots. 

 

 

Phylogeny and Biogeography of an Aquatic Genus Potamogeton (Potamogetonaceae) 

 
Ito, Yu (1)*; Pelser, Pieter (1); Tanaka, Norio (2) 

(1) University of Canterbury, Christchurch, New Zealand; yu.ito@canterbury.ac.nz 

(2) Tsukuba Botanical Garden, National Museum of Nature and Science, Tsukuba, Japan 

 



 

  Monocots V Abstracts  59 

Potamogeton (Potamogetonaceae) is a large aquatic genus with about 69 species in the world. 

The genus has attracted botanists by its frequently and easily occurred hybridizations, yet less 

attention has been paid to the widely distributed genus in terms of biogeography. The highest 

species richness is found in cool-temperate region of the northern hemisphere, and only a few are 

known from the tropics. Still, there are Potamogeton species in cool-temperate region of the 

southern hemisphere, e.g., Oceania, and these are morphologically similar or even corresponded 

to those in the northern hemisphere. To be established similar floras between never 

geographically connected discontinuous regions in the angiosperm era, relatively long distance 

seed dispersals must be occurred in some occasions. This genus is expected to be a potential 

botanical model for understanding the historically controversial biological event. 

 

A molecular phylogenetic analysis of Potamogeton was carried out with focus on Oceanian 

species, most of which have never been tested their phylogenetic positions as well as the 

relationships between the putative relatives in the northern hemisphere. The preliminary result 

showed a multiple origin of the species from most probably the north to the south by dispersal. 

Meanwhile, as one Oceanian species showed sister relationship to narrowly distributed East 

Asian species, with geographical evidence of Sundaland, a historical Asian continent positioned 

next to Oceania, another scenario of vicariance, or diminishments of each distribution  by climate 

change is considerable.  Using the divergent time between the twin species by molecular dating 

methods, the vicariance hypothesis will be tested. 

 

 

Phylogeny, Habitat Transition, and Biogeography of an Aquatic Genus Sparganium 

(Typhaceae)  

 
Ito, Yu (1)*; Kim, Chang-Kyun (2); Tanaka, Norio (3) 

(1) University of Canterbury, Christchurch, New Zealand; yu.ito@canterbury.ac.nz 

(2) Kunming Institute of Botany, Chinese Academy of Science, P. R. China 

(3) Tsukuba Botanical Garden, National Museum of Nature and Science, Tsukuba, Japan 

 

With having emergent outgroup, Typha, Sparganium (Typhaceae) is a rare genus, including both 

submerged and emergent species. While the inflorescence type as an important taxonomic 

character varies in submerged and emergent species, these morphological structures look similar 

to those in different ecological habitats, indicating the occurrence of multiple transitions. 

Besides, submerged species are restricted to relatively colder regions than where emergent 

species are dominant, further hypothesizing that submerged Sparganium species have evolved in 

relation with climate change. From the geographic point of view, in the widely distributed genus 

with the center of species richness in cool-temperate northern hemisphere, the evolutionary 

history of Oceanian populations is of particular interest. 

 

A molecular phylogenetic analysis of Sparganium based on combined plastid DNA sequences 

rejected the context of two subgenera as previously proposed, and instead supports the S. 

erectum clade and the rest of species in a sister clade. The submerged species are divided into 

four lineages, and one of them, S. angustifolium, is clustered with an emergent species, S. 

emersum, which share many morphological traits with each other, while the others place alone. 

The divergent time of these twin species was calculated with multiple fossil calibration points, 

dating it back to Pliocene. This result indicates that advantages of submerged conditions when 
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the earth’s climate was colder and more arid had played an important role for the evolution of 

submerged species of Sparganium. The origin of Oceanian populations will be discussed as well. 

 

 

Genus Pancratium in Peninsular India with Notes on Natural Triploids in P. Triflorum 

 
Jadhav, Neeta A. (1)*, Yadav, U. S. (2) and Yadav, Shrirang R. (3) 

(1) Department of Botany, Bhaurao Kakatkar College, Rani Channamma University, Belgaum – 590 001, 

Karnataka, India; neetacp@gmail.com 

(2) Department of Botany, Fergusson College, Pune -416415, (MS), India 

(3) Department of Botany, Shivaji University, Kolhapur-416 004, (MS) India; Corresponding author: 

sryadavdu@rediffmail.com 

 

Genus Pancratium has about 21 species worldwide, of which 9 viz. Pancratium biflorum, P. 

donaldii, P. longiflorum,  P.  multiflorum, P.  sanctae-mariae,  P. triflorum,  P. verecundum and 

P.  zeylanicum occur in India. Three of these species (P. donaldii, P. parvum and P.  sanctae-

mariae) are endemic to peninsular India. It is difficult to catch the Pancratium species in 

flowering due to very short span of blooming period. Moreover, flowers being delicate, it is 

difficult to observe floral characters especially that of corona in herbarium specimens. Therefore, 

it is necessary to grow the plants and study phenology and floral characters which can be best 

presented by photographs. During the present study, seven species of Pancratium were collected 

and maintained in personal garden. Critical observations were made on their characters for last 3 

years. The paper reports morphological, cytological, interspecific hybridization studies in the 

genus. Interspecific hybridization indicates poorly developed reproductive barriers amongst 

Pancratium species.  Pancratium triflorum, a polymorphic species is widely distributed 

throughout India. During plant explorations in Belgaum district (Karnataka) an interesting 

population of the species was collected which showed profuse flowering. However, there was no 

fruit set. Cytological studies in this population revealed its triploid nature (2n = 3x = 33). The 

population also showed high pollen sterility.  

 

 

Towards an Accurate Taxonomic Interpretation of Carex Fossil Fruits (Cyperaceae): A 

Retrospective and Prospective View 
 
Jiménez-Mejías, Pedro* (1); Martinetto, Edoardo (2); Bouvet, Daniella (2); Vassio, Elena (2); Luceño, 

Modesto (1) 

(1) Botany Area, Department of Molecular Biology and Biochemical Engineering, Pablo de Olavide 

University, Seville 

(2) Department of Earth Sciences, Turin University 

Corresponding autor: Jiménez-Mejías, Pedro (pjimmej@upo.es) 

 

Despite the growing interest in the systematics and evolution of the hyperdiverse genus Carex, 

few papers study its evolution using absolute time framework. It is partly due to the limited 

knowledge of the fossil record. However, Carex fruits are not rare in certain sediments. 

One of the main problems for assessing taxonomy of Carex using fruits is that carpological 

characters are often neglected in favour of more evident features, in despite of previous authors 

have reported meaningful taxonomic characters in the achenes. The analysis of carpological 
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features of modern materials from Carex sect. Phacocystis was revealed as a useful for the 

distinction of groups, even up to species level. Thus, carpology is revealed as an accurate tool in 

Carex palaeotaxonomy, which could allow the characterization of Carex fossil fruits and assign 

them to subgeneric or sectional categories, or to certain species. 

We propose a standard approach for collecting modern carpological material, as performed in the 

MCC collection of Torino University. Our methodological proposal would ease the identification 

of fossil materials, a work that requires the simultaneous analysis of large quantities of fruits. 

 

 

Axes of Functional Variation within the Geophytic Growth Form  
 
Jones, Cynthia S.* (1); Silander, Jr., John A. (1)  

(1) Dept. of Ecology and Evolutionary Biology, U-3043, 75 N. Eagleville Rd., University of Connecticut, 

Storrs, CT 06269 

 

The term "geophyte" typically refers to plants with tubers, rhizomes, corms, or bulbs in which 

the shoot apical meristem that initiates seasonal growth in the case of deciduous species, or 

continues growth in the case of evergreen species, is near or below ground level.  Geophytism 

confers several adaptive advantages over other growth forms, including storage of water and 

carbohydrates for future growth, avoidance if unfavorable growing seasons through dormancy, 

production of leaves early in the growing season prior to canopy closure, temporal separation of 

flowering time and peak photosynthetic activity, and highly efficient nutrient recycling.  In this 

paper we will explore morphological and temporal developmental constraints on axes of 

functional variation that determine tradeoffs within geophytic growth forms.  Using case studies 

from the Greater Cape Floristic Region of South Africa, we will present scenarios for how 

functional tradeoffs within geophytes may influence their responses to potentially increasing 

variability in rainfall patterns predicted by climate change models for this region.  

 

 

Pollination of the Orange Flowered Specklinia (Pleurothallidinae: Orchidaceae): 

Morphological Diversity, Osmophores and Nectaries 

 
Adam P. Karremans (1,2,7)*, Karsten Kaspers 3, Jaco Kruizinga 4, Franco Pupulin 1,5, Peter Roessingh 6 

and Barbara Gravendeel 2 

(1) Lankester Botanical Garden, University of Costa Rica, P.O. Box 302-7050 Cartago, Costa Rica 

(2) NCB Naturalis - NHN Universiteit Leiden, The Netherlands 

(3) Chemistry Department, Hogeschool Leiden, The Netherlands 

(4) Hortus Botanicus Leiden, The Netherlands 

(5) Harvard University Herbaria, Cambridge, MA, U.S.A.; Marie Selby Botanical Gardens, Sarasota, FL, 

U.S.A. 

(6) IBED, University of Amsterdam, The Netherlands 

(7) Author for correspondence: akarremans@gmail.com 

 

Little is known about the pollination of the Pleurothallidinae, a subtribe with more than 5000 

species. A great diversity of pollination syndromes can be found among members of the subtribe, 

most of which involve Diptera. The orange flowered species of Specklinia (Pleurothallidinae: 

Orchidaceae) form a monophyletic but morphologically diverse group. Fruit flies, Drosophila 

spp., have been reported to be pollinators of Specklinia endotrachys, one of the most 
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morphologically aberrant and variable species in the group. Based on morphological, 

geographical, ecological and molecular data, we have found that S. endotrachys represents a 

species complex. Pollinators and visitors of flowers of the complex were observed and caught in 

the wild and in a green house in Costa Rica. Using DNA barcoding at least 8 closely related 

species of Drosophila were determined, including D. hydei and D. repleta. The fruit flies were 

observed aggregated for several hours on the flowers; feeding and courting on the sepals. Using 

the SEM on the sepals we were able to photograph glands on the abaxial surface and stomata and 

nectar on the adaxial surface. TEM photographs of the glands were identified as possible 

osmophores while the stomata as nectar secreting. Similar stomata were also found on the sepals 

of Specklinia tribuloides, but are lacking in Specklinia lanceola and other orange flowered 

Specklinia. Scent extracts from flowers of the S. endotrachys complex were analyzed using GC 

MS, they share a compound that might be methyl tiglate, a known aggregation pheromone for D. 

hydei.  

 

 

Dynamics of the IGS region between trnH and psbA of Liliales implying IR expansion to 

LSC 

 
Jung Sung Kim (1); Mark W. Chase (2); Michael F. Fay (2); Joo-Hwan Kim (1)* 

(1) Department of Life Science, Gachon Unversity, Seongnamdaero 1342, Seongnam, Gyeonggi-do 461-

701, Korea 

(2) Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3DS, UK 

 

It was well known to possess a trnH-rps19 gene cluster near the IR-LSC junctions in the plastid 

genomes of monocots (Wang et al., 2008). According to their study, Liliales also includes typical 

trnH-rps19 gene cluster and the IR-LSC junction was positioned at the within rps19. We 

investigated the sequences of IGS region between trnH-psbA to clarify the gene composition of 

this cluster and to understand its evolutionary implication in Liliales using extensive sampling. 

We determined the sequences of the trnH-psbA of 48 generea and 10 families of Liliales and 

analyzed the gene contents within that cluster. Finally we found that they showed different gene 

composition within the cluster and can recognized the pattern according to their phylogenetic 

relationships based on our previous data (Kim et al., 2013). Both of Corsiaceae (Corsia) and 

Campynemataceae (Campynema, Campynemanthe), which are positioned in the basal clade of 

the order, include trnH-rps19-psbA within the cluster. However, it shows that this gene 

composition was dynamically changed to shorter or larger length due to the loss of the partial 

sequence of rps19 (Alstroemeriaceae, Colchicaceae, Peteranniaceae, Liliaceae) or expansion of 

rpl22 (Melanthiaceae). When the rps19 within the cluster partially lost the sequence, it was 

varied. Three families of Smilacaceae, Rhipogonaceae and Phiesiaceae have complete rps19. 

Besides, there was extremely shortened or enlarged sequence because of complete deletion of 

rps19 (Disporum of Colchicaceae, Veratrum and Zigadenus of Melanthiaceae) or insert of a 

partial fragment of rps3 (Schoenocaluon, Chinographis of Melanthiaceae).  
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Investigation of Genetic Variation in Najas Flexilis (Hydrocharitaceae) Using 454 Genome 

Sequencing  
 
King, Ursula M. (1)*; Peredo, Elena L. (2); Les, Donald H. (1)  

(1) University of Connecticut, Storrs, CT, U.S.A.; Ursula.king@uconn.edu  

(2) Marine Biological Laboratory, Woods Hole, MA, U.S.A.  

  

Najas flexilis (waternymph) is an annual aquatic plant with monoecious underwater pollination.  

Its distribution is circumboreal but it is rare in Europe where it is protected under European 

Union law.   

Najas flexilis is a prolifically seeding annual, which unlike many water-pollinated perennials, 

relies exclusively on sexual reproduction for propagation. High sexuality combined with 

monoecy presumably should facilitate outcrossing and concomitant high levels of genetic 

diversity in such instances.   

To investigate patterns of genetic variation in N. flexilis, we developed microsatellite markers 

using a next generation sequencing approach.  A total of 35 successfully amplifying primer pairs 

were developed. To evaluate levels of genetic diversity, these markers were tested on 21 

accessions of N. flexilis collected from localities sampled broadly across the range of the species.  

Surprisingly, we found a complete lack of genetic diversity in N. flexilis at all of the 

microsatellite regions tested, even between transatlantic populations.  Our results provided no 

evidence of widespread outcrossing in this monoecious species where its low genetic diversity 

may reflect extreme self- (geitonogamous) pollination or some level of facultative apomixis.  

These possibilities require further inquiry.  

Additionally, the majority of these markers also amplified successfully in four other Najas taxa, 

with the exception of N. marina, the only dioecious species in this genus. Despite their 

invariance within Najas flexilis, these markers do exhibit variation between Najas taxa, which 

makes them useful for species delimitation in these morphologically reduced aquatics.  

 

 

Value Added Taxonomy: Vision and Anticipated Outcomes of the Aloes of the World 

Project (AWP) 
 
Klopper, Ronell R. (1,2)*; Crouch, Neil R. (3,4); Smith, Gideon F. (1,2,5); Sebsebe Demissew (6); Van 

Wyk, Abraham E. (2) 

(1) Biosystematics Research & Biodiversity Collections Division, South African National Biodiversity 

Institute (SANBI), Pretoria, South Africa; R.Klopper@sanbi.org.za 

(2) H.G.W.J. Schweickerdt Herbarium, Department of Plant Science, University of Pretoria, Pretoria, 

South Africa 

(3) Ethnobotany Unit, SANBI, Durban, South Africa 

(4) School of Chemistry and Physics, University of KwaZulu-Natal, Durban, South Africa 

(5) Centre for Functional Ecology, Departamento de Ciências da Vida, Universidade de Coimbra, 

Coimbra, Portugal 

(6) National Herbarium, Department of Plant Biology and Biodiversity Management, Addis Ababa 

University, Addis Ababa, Ethiopia 

 

Aloes are iconic leaf succulents that are hugely popular amongst plant collectors and 

horticulturists, with many members esteemed for their bio-cultural and medicinal value. Hitherto 

a vast amount of information on aloes has accumulated in scientific and popular literature, and 
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on various websites. Since this information is dispersed and often not easily accessible, there is 

an evident need to centrally compile and disseminate it. 

 

Funded by the Andrew W. Mellon Foundation, the AWP aims to provide a comprehensive 

electronic facility assembling information and images for the ± 600 recognised Aloe species and 

infraspecific taxa. This resource would allow for identifications and information retrieval, thus 

facilitating taxonomic and phylogenetic work. A further objective is to ensure ongoing research 

by strengthening a network of established and emerging experts. The AWP is a broad 

collaboration primarily between the SANBI and the National Herbarium of Ethiopia, as well as 

numerous aloe specialists and enthusiasts globally. Data accumulated will be made available on 

JSTOR Plant Science, and migrated to and expanded in an eMonocot scratchpad. 

 

Anticipated users of the project are broad-based, and queries will be equally diverse. 

Accumulating information in a database format allows for easy manipulation, extraction and 

analyses, some of which have not previously been practical or possible. Obvious anticipated 

benefits include: easy reference to published and unpublished information on any aloe; current 

and modelled (climate change) distribution ranges, diversity patterns and related biogeographical 

analyses; and overlaying of distribution ranges with protected area boundaries to determine the 

representation of aloes within conservation areas. 

 

 

Evolution of Reproductive Characters and Pollination Syndromes within the Astelioid 

Clade: Results of a Plastid DNA Study 

 
Kocyan, Alexander (1)*; Birch, Joanne L. (2) 

(1) University of Potsdam, Institute of Biochemistry and Biology, Biodiversity Research/Systematic 

Botany, Maulbeerallee 2a, D-14469 Potsdam, Germany; alexander.kocyan@uni-potsdam.de 

(2) Royal Botanic Gardens Melbourne, Private Bag 2000, Birdwood Avenue, South Yarra VIC 3141, 

Australia 

 

The mainly southern hemispheric astelioid clade of Asparagales includes five well distinguished 

families (Asteliaceae, Blandfordiaceae, Boryaceae, Hypoxidacae, and Lanariaceae), and is sister 

to all other Asparagales except the orchids. Many astelioid taxa have typical asparagoid flowers, 

i.e. with six free tepals and stamens, an inferior ovary, and capsular fruit. However, astelioid taxa 

show extensive diversity in a suite of reproductive characters, including pollination modes. We 

have conducted a study on the evolution of these characters within the astelioid clade, inferred 

from the recent phylogeny based on five plastid DNA regions (rbcL, trnL-trnL-F, trnS-G, rps16-

trnK, and petL-psbE). Evolution of these characters is considered within a wider Asparagales 

framework. 

Hermaphroditic flowers represent the plesiomorphic state of the astelioid clade, with a transition 

to dioecy in the Astelia s.l. clade. Almost all astelioid families present nectar as a reward exuded 

from septal nectaries, but Hypoxidaceae have secondarily lost septal nectaries and almost 

exclusively offer pollen as a reward for pollinators. Flies, bees and beetles are among the main 

pollinators of astelioids, but bats, birds and sphingids are also identified as pollinators. Fruits of 

astelioids vary from red, bird-dispersed berries (e.g. Astelia) to dry capsules with small seeds, 

which are likely wind-dispersed (e.g. Pauridia). The occurrence of berries versus dry capsules 
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appears to be correlated with habitat: the fleshy berries are found in wet or humid habitats, 

whereas dry capsules are found in habitats that are at least seasonally dry. 

 

 

Developing Molecular Markers to Study Species and Population Variation in Narcissus 

Section Bulbocodium. 

 
Könyves, Kálmán L. (1)*; David, John C. (2); Culham, Alastair (1) 

(1) Centre for Plant Diversity and Systematics, School of Biological Sciences, University of Reading, 

Reading, Berkshire, U.K.; k.l.konyves@pgr.reading.ac.uk 

(2) RHS Garden, Wisley, Woking, Surrey, U.K. 

 

For the past 150 years, complex daffodil breeding programmes have produced more than 30,000 

cultivars. Despite the economic importance of daffodils their taxonomy is unresolved and the 

identification of cultivars requires detailed morphological and phenological measurements. 

Molecular techniques, especially microsatellites, offer a cost-effective method to study variation 

in the wild and of cultivars. 

We evaluate the use of microsatellite markers and DNA sequencing in Narcissus for cultivar 

identification, and taxonomic revision, using hoop-petticoat daffodils as a model system. Field 

trips, to Morocco and the Iberian Peninsula, to sample the natural variation within section 

Bulbocodium resulted in 497 wild samples. Twenty-four named cultivars were obtained from 

commercial sources. 

CpDNA, matK, was sequenced to help identify the direction of hybridisation in cultivars and to 

supplement the microsatellite data of the natural populations. Results of the matK analysis 

showed that Narcissus section Bulbocodium consists of at least two distinct haplotype groups. 

A new microsatellite library was developed for hoop-petticoat daffodils. Of the 67 microsatellite 

loci tested, 39 amplified their target fragment, and 11 proved to be variable. Both wild collected 

plants and named cultivars were genotyped using these markers. 

The transferability of these markers was tested on 14 species belonging to other daffodil 

sections. Nine microsatellites proved to be transferable to sections with greater cultivar diversity 

and greater economic importance indicating these markers have potential for broad application in 

the identification of commercial daffodils. 

 

 

Zingiberales and Rolled-Leaf Beetles (Chrysomelidae): Reconstructing Plant-Herbivore 

Networks using Dna Barcodes  
 
Kress, John W. (1)*; Carlos Garcia-Robledo (1), and David L. Erickson (1) 

(1) MRC-166, Dept. of Botany, National Museum of Natural History, Smithsonian Institution, 

Washington DC, U.S.A.; kressj@si.edu 

 

Plants and their associated insect herbivores represent more than 50% of all known species on 

Earth. Understanding the mechanisms that generate this important component of biodiversity is 

central to understanding coevolution of these plants and their herbivores. As a first step we have 

determined the full range of insect-host plant associations for an entire guild of insect herbivores 

and their hosts using plant DNA extracted from insect gut contents. Over two years, in a tropical 

rain forest in Costa Rica (La Selva Biological Station), we recorded the full diet breadth of 
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rolled-leaf beetles, a group of herbivores that feed almost exclusively on plants in the order 

Zingiberales. Initial field observations were used to determine the accuracy of diet identifications 

using extraction techniques usually applied to ancient DNA and a three-locus plant DNA 

barcode (rbcL, trnH-psbA and ITS2). Sequences were then compared to a comprehensive DNA 

barcode library of the Zingiberales found at La Selva. For all Zingiberales, except members of 

the Heliconiaceae, we successfully identified host plants to genus and species in the majority of 

taxa. Using sampling estimates we found that by collecting on average four individuals for each 

plant-herbivore interaction 99% of all host associations could be identified to genus and for those 

taxa with good amplification of ITS2 99% of the hosts can be identified to species. 

Reconstructing plant-herbivore networks with these methods provide a detailed understanding of 

the coevolutionary interactions between herbivores and their host plants. 

 

 

Cretaceous Monocotyledon Megafossils from Europe 

 
Jiří Kvaček (1); Bernard Gomez (2); Josep Marmi (3); Michai Popa (4) 

(1) Národní Museum, Prague, Czech Republic 

(2) University of Claud Bernard, Villeurbane, France 

(3) Institut Català de Paleontologia Miquel Crusafont, Sabadell, Spain 

(4) University of Bucharest, Romania 

 

Fossil leaves of Cretaceous monocotyledons are described from the Austrian, German, Spanish 

and Romanian Late Cretaceous based on their venation pattern. The family Araceae is 

represented by Lysychiton austriacus from the Campanian of Grünbach showing characteristic 

aroid venation pattern with multistranded costa. Pandanites trinervis and its reproductive 

structure Gruenbachia pandanoides are assigned to the Pandanaceae. Gruenbachia is 

characterized by globular infructescences with radially arranged fruitlets on robust axis. Leaves 

of P. trinervis show the following characters: M-shape if transversally sectioned and prickles on 

margins and medial ridge of the leaf. The pandanoid foliage occurs in number of Austrian 

localities (Campanian) and also in Romania (P. trinervis and P. spinatissimus). Palm leaves 

Sabalites longirhachis from Austria, Romania, France and Spain are characterized by 

costapalmate leaves with robust costa and showing parallel veins of several orders. 

Monocotyledon leaves Theiaphyllum kollmannii from the Campanian of Grünbach and 

Zingiberopsis riggauensis from the Santonian of Riggau (Germany) have less clear 

interpretations. After recent studies it is clear that Z. riggauensis is not a member of the 

Zingiberaceae. 

The occurrence of monocots has interesting geological and geographical consequences. Except 

Z. riggauensis all other monocots are reported from orogenic formations of Pyrenees, Alps and 

Carpathians. They are clearly associated with tectonically active, sometimes coal forming, basins 

of southern edge of Palaeo-Europe. Frequent occurrence of monocots there could be also 

associated with temperature – all the tectonically active areas were originally situated much 

further to the south, being tectonically uplifted to the north. 
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Phylogenetics and Plastid Genome Evolution of Monocot Mycoheterotrophs 

 
Lam, Vivienne K.Y. (1)*; Soto-Gomez, Marybel (1); Merckx, V (2); Graham, S.W. (1) 

(1) University of British Columbia, Vancouver, BC, Canada; vivienne.lam@hotmail.com 

(2) Naturalis Biodiversity Center, Leiden, Netherlands  

 

Numerous transitions to mycoheterotrophy occurred in the monocots, with examples found in 

seven monocot families from five orders. In several families the transition likely happened 

multiple times (i.e., Burmanniaceae, Orchidaceae). The genomic consequences of 

mycoheterotrophy can include the loss of photosynthesis-related genes. Although it is often 

thought that this makes plastid data too challenging to use in phylogenetic analyses, 

heterotrophic plastomes tend to retain genes involved in non-photosynthetic functions, including 

genetic apparatus genes, and in some cases retain photosynthesis genes that may play non-

photosynthetic functions. To better understand the phylogenetic relationships of 

mycoheterotrophic monocots, we surveyed three non-photosynthetic genes for a broad range of 

monocots and outgroups, including 25 fully mycoheterotrophic species. Although these plastid 

genes were often rapidly evolving in mycoheterotrophs, they are typically open reading frames 

when retained. We demonstrate their general utility in placing mycoheterotrophic lineages in 

overall monocot phylogeny. We also present results of an ongoing effort to retrieve plastid 

genomes for monocot mycoheterotrophs. Comparison of these to autotrophic relatives allows us 

to characterize patterns of plastid gene loss and retention following independent transitions to 

mycoheterotrophy. We present initial results here for mycoheterotrophic Geosiris (Iridaceae; 

Asparagales), Petrosavia (Petrosaviaceae; Petrosaviales), and autotrophic and heterotrophic 

members of Burmannia (Burmanniaceae; Dioscoreales).  

 

 

Tackling Convergent Evolution, Radiation and Paraphyly: Towards a Modern 

Classification of the Giant Genus Cyperus 

 
Larridon, Isabel (1)*; Bauters, Kenneth (1); Vrijdaghs, Alexander (2); Muasya, A. Muthama (3); 

Simpson, David A. (4); Huygh, Wim (1); Reynders, Marc (1); Goetghebeur, Paul (1) 

(1) Ghent University, Department of Biology, Research Group Spermatophytes, Gent, Belgium; 

isabel.larridon@ugent.be 

(2) KU LEUVEN, Ecology, Evolution and Biodiversity Conservation Section, Heverlee, Belgium 

(3) University of Cape Town, Department of Botany, Rondebosch, South Africa 

(4) Royal Botanic Gardens, Kew, Richmond, United Kingdom 

 

Recent plant systematic research of Cyperus and its related genera resulted in new insights. The 

goal is to obtain a classification of Cyperus s.l. reflecting natural relationships. Based on 

molecular phylogenetic research, Cyperus s.l. is monophyletic (= the Cyperus clade), but 

Cyperus s.s. is paraphyletic since part of its species were placed in segregate genera. At the base, 

Cyperus s.l. species using C3 photosynthesis form a paraphyletic grade (= C3 Cyperus). All C4 

Cyperus s.l. species form a single monophyletic clade (= C4 Cyperus) nested in C3 Cyperus. 

While relationships in C3 Cyperus are clear, some relationships in C4 Cyperus are not well 

resolved due to species radiation coinciding with the evolution of the C4 photosynthetic pathway. 

Reconstruction of evolutionary relationships in the Cyperus clade is not only complicated by 

species radiation, but also by convergent evolution of characters. We now know that characters 
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previously used for generic delimitation originated multiple times independently (e.g. spiral 

glumes, single-flowered spikelets and laterally flattened nutlets). Based on the current 

knowledge, we decided to lump the segregate genera into a broadened, monophyletic genus 

Cyperus. In the genus Cyperus, we now recognize two subgenera corresponding to C3 Cyperus 

and C4 Cyperus. Within these subgenera sections are placed, some of which correspond to the 

old segregate genera. We systematically re-evaluate the boundaries of the existing sections, in 

order that they become monophyletic taxa. As a consequence of lumping the segregate genera 

into Cyperus, all species from the segregate genera are now receiving a Cyperus name. 

 

 

Phylotranscriptomic Analysis of Mycoheterotrophic and Non-Mycoheterotrophic Lineages 

in the Pandanales and Dioscoreales  
 
Leebens-Mack, Jim L.(1)*; Piñeyro Nelson, Alma (2); Cappello, Renato (2); McNeal, Joel (3);  (1), 

Ayyampalayam, Raj; Timilsina, Prakash Raj (4); dePamphilis, Claude W. (4); Alvarez-Buylla, Elena (2) 

(1) University of Georgia, Athens, GA, U.S.A. 

(2) Universidad Nacional Autonoma de Mexico, Mexico City, D.F., Mexico 

(3) Kennesaw State University, Kennesaw, GA, U.S.A 

(4) Pennsylvania State University, University Park, PA, U.S.A. 

 

Mycoheterotrophy has evolved independently within the sister monocot orders Pandanales and 

Dioscoreales.  Transcriptome data were generated for exemplars representing all APG III 

families for these two orders including mycoheterotrophic species Gymnosiphon sp. and 

Burmannia biflora within the Burmanniaceae (Dioscoreales), and Lacandonia schismatica and 

Triuris sp. within the Triuridaceae (Pandanales).  Phylogenomic analyses of these data are 

resolving relationships among families and elucidating the timing of gene and genome 

duplication events in the Pandanales/Dioscoreales clade.  Further, divergence of the molecular 

and biological functions of genes expressed in mycoheterotrophic and non-mycoheterotrophic 

lineages is being characterized.  Results from these analyses are forming a firm foundation for 

investigations of the origin of mycoheterotrophy in the Pandanales and Dioscoreales.   

 

 

Genome Size Diversity and Obesity in Monocots – Insights from Next Generation 

Sequencing 

 
Leitch, Ilia, J. (1)*; Kelly, Laura, J. (2); Pellicer, Jaume (1); Fay, Michael, F. (1); Nichols, Richard A (2), 

Macas, Jiri (3), Novák, Petr (3),
 
Neumann, Pavel (3); Leitch, Andrew, R. (2) 

(1) Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3AB, UK 

(2) Queen Mary University of London, School of Biological and Chemical Science, E1 4NS, London, UK 

(3) Laboratory of Molecular Cytogenetics, Institute of Plant Molecular Biology, České Budějovice, CZ-

37005, Czech Republic 

 

In terms of genome size (i.e. the amount of DNA in the nucleus), monocots are remarkably 

diverse, with values ranging over 1000-fold from 1C = 147 Mbp in Carex paxii to 148,852 Mbp 

in octoploid Paris japonica. Nevertheless, most species surveyed to date posses small genomes 

(1C mode = 500 Mbp) and the few species with giant genomes (1C> 35,000 Mbp) are 

phylogenetically restricted to derived positions within Liliales, Asparagales and commelinids. 
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In recent years there has been substantial progress in understanding the molecular processes 

responsible for generating such genome diversity, and the application of next generation 

sequencing (NGS) technologies to monocots with small and intermediate sized genomes have 

provided important insights into their molecular composition, structure and evolution. 

Nevertheless, there is only limited molecular information outside of Poaceae, and a dearth of 

data for species with giant genomes. 

To address this issue we have used NGS to analyze the most highly represented sequences in the 

giant genomes of Fritillaria (Liliaceae) where 1C-values range from 30,000 – 100,000 Mbp 

(including the largest diploid genomes ever recorded in plants). The data indicate that these 

obese genomes are remarkably different from small to medium sized genomes where differences 

in genome size are generated through changes in abundance of just one or a few highly abundant 

repeats. In contrast, for the species examined to date, the bulk of their genomes are made up of 

highly heterogenous sets of repeats, each of which has a relatively low abundance in terms of the 

total % of the genome.  The implications of these findings to understanding genome size 

diversity and evolution will be discussed. 

 

 

New Generic Circumscription and Phylogeny of the Cryptanthoid Complex" 

(Bromeliaceae: Bromelioideae) Based on Neglected Morphological Traits 

 
Leme, Elton M. C. (1)*, Cruz, Geyner A. S. (2), Benko-Iseppon, Ana M. (2), Halbritter, Heidemarie (3), 

Silvestro, Daniele (4,5) & Zizka, Georg (4,5,6) 
 

(1) Herbarium Bradeanum, Rio de Janeiro, RJ, Brazil; leme@tjrj.jus.br
 

(2) Universidade Federal de Pernambuco, Department of Genetics, Recife, Pernambuco, Brazil  

(3) Faculty Centre of Biodiversity, Vienna, Austria 

(4) Research Institute Senckenberg, Department of Botany and Molecular Evolution, Frankfurt am Main, 

Germany 

(5) Biodiversity and Climate Research Centre (BiK-F), Frankfurt am Main, Germany 

(6) Goethe University Frankfurt, Department of Diversity and Evolution of Higher Plants, Institute of 

Ecology, Evolution and Diversity, Frankfurt am Main, Germany 
 

The circumscription of the genus Cryptanthus (Bromeliaceae), comprising the subgenus 

Hoplocryptanthus, has been generally accepted for the last 122 years. The andromonoecious 

flowers of Cryptanthus are usually recognized as one of its most important characters. In 

contrast, all species of Hoplocryptanthus are hermaphroditic. Recently, one species originally 

described as a Cryptanthus and later recognized as an Orthophytum, was segregated to form the 

genus Lapanthus. These three endemic genera from Brazil form the “Cryptanthoid complex”, 

sharing a terrestrial/rupiculous habit, leaf rosettes without water-holding capacity, flowers 

arranged in subsessile fascicles, and by the fruits without mucilaginous substance. However, 

neither the phylogeny of Cryptanthus in comparison to the allied genera nor its potentially 

informative rich floral morphology has been addressed in a broader approach.  

A long-term investigation has been conducted to document under-utilized floral characters 

provided by living specimens of the “Cryptanthoid complex” in order to verify the generic 

boundaries of Cryptanthus. Field collected living specimens of 62 of the 67 species of 

Cryptanthus, all species of Lapanthus, and 65 of the 68 species of Orthophytum were analyzed. 

The combination of geographical range, habitat, and under-utilized floral morphology, suggest a 

new circumscription of Cryptanthus. Besides the reduction of the concept of Cryptanthus s.l. to 
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be limited to the monophyletic type subgenus, the elevation of the polyphyletic subgenus 

Hoplocryptanthus to generic status, splitting it into two distinct genera, and the recognition of a 

third monotypic new genus are also supported. These results are mostly supported by a parallel 

molecular phylogeny analysis by AFLP markers.  

 

 

Adaptive Evolution of the Chloroplast Genome in Najas (Hydrocharitaceae)  

 
Les, Donald H. (1)*; King, Ursula M. (1); Peredo, Elena L. (2); Benoit, Lori K. (1)  

(1) University of Connecticut, Storrs, CT, U.S.A.; les@uconn.edu  

(2) Marine Biological Laboratory, Woods Hole, MA, U.S.A.  

 

Najas (Hydrocharitaceae), a cosmopolitan genus of about 40 species, stands among the most 

intricately adapted aquatic angiosperms. All species are entirely submersed and possess either 

dioecious or monoecious mediated water pollination (hydrophily). Unlike most 

Hydrocharitaceae, Najas species primarily are annuals that rely on seed for reproduction. Most 

of their anatomical and morphological features are characterized by extreme reduction.  

Submersed plants like Najas face unique physiological challenges because of their ability to 

grow across an ecological gradient ranging from shallow, warm and bright waters to deep, dark 

and cold waters. How these plants maintain essential metabolic processes under such diverse 

conditions has not yet been explained in any detail.  

We are beginning to investigate this question by comparing sequence data obtained from 

complete cpDNA genomes of Najas and related taxa that we assembled using next-generation 

(NGS) approaches. Previously we reported evidence of a unique physiological adaptation 

involving the chloroplast psaA/psaB operon and documented the loss/pseudogenation of 

photosynthetic genes that otherwise are conserved strongly across terrestrial plants. Here we seek 

evidence of other potential physiologically-related modifications by comparing sequence-level 

divergence of individual cpDNA coding genes of Najas to those of other Hydrocharitaceae, 

Alismatales, monocotyledons, and dicotyledons. In this way we hope to identify other regions of 

the cpDNA genome that exhibit anomalies possibly linked to adaptations, which have 

accompanied those flowering plant species that underwent this major ecological transition from 

life on land to life in water.  

 

 

Taxonomy, Systematics and Reproductive Biology of Tacca (Dioscoreaceae) 

 
Lim, Gwynne S. (1)* 

(1) Department of Plant Biology, Cornell University; GSL47@cornell.edu 

 

The genus Tacca has a pantropic distribution and comprises approximately 15 species of robust 

perennial herbs, with the greatest known species diversity in Malesia. Representatives of the 

genus are easily recognized by their umbelliform displays of flowers subtended by dark purple, 

green or white showy bracts, giving the genus its common name of bat lily or devil flower. 

Tacca is of minor horticultural, agricultural and medical importance. Recent investigations into 

the phylogeny and reproductive biology of Tacca have thrown into doubt previous hypotheses of 

evolutionary relationship and expression of a sapromyiophilous pollination syndrome. One 

source of taxonomic difficulty is attributable to the variability of vegetative and reproductive 
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characters in the group. There are likely new species awaiting discovery in multiple regions, 

including Borneo and Madagascar. I discuss historical and current challenges in the taxonomy 

and phylogenetics of the group, how they influence our understanding of the forces that have 

resulted in the unique reproductive structures in this genus, and of Thismia, the closest relative. 

New field observations raise intriguing questions for our understanding of the reproductive 

biology of the group, specifically those regarding pollination syndrome and degree of 

outcrossing versus inbreeding between individuals of the various species. I discuss the 

phenomenon of midge pollination and its convergence in various taxa. 

 

 

From Amazon Basin towards to Atlantic Forest: Insights on the Evolution of Philodendron 

(ARACEAE) 

 
Loss-Oliveira, Letícia(1)*; Schrago, C.G.(1); Sakuragui, C. M.(2)  

(1) Universidade Federal do Rio de Janeiro, Instituto de Biologia, Departamento de Genética, Brazil 

(2) Universidade Federal do Rio de Janeiro, Instituto de Biologia, Departamento de Botânica, Brazil 

Corresponding author: bioloss@gmail.com  

 

In order to elucidate the evolution of Angiosperm is pivotal to understand the phylogenetic 

relationships of its species. In this sense, the monocot group, member of Araceae family, 

Philodendron, is the target of special interest as it represents the second most diverse genera of 

this family. Besides that, its species present a wide distribution in South America, specially in 

Brazilian phytogeographic domains. The main goal of this work is  to understand how 

Philodendron species occupied the Amazon, Atlantic forest and Cerrado environments in Brazil. 

That was achieved by estimating the molecular phylogeny of a hundred extant Philodendron 

species based on chloroplast and nuclear markers and analyzing the ancestry of phytogeographic 

domains of these species using a maximum likelihood approach. Philodendron subgenera 

Pteromischum and Philodendron were recoreved as paraphyletic, while Meconostigma was 

recovered as monophyletic and sister group of Philodendron. Our results suggest that 

Philodendron species emerged in the Amazon forest and diverged in two main clades, one 

comprising species with Atlantic forest or Cerrado origin and the other with Amazonian origin. 

We also found evidences that each of these environments occupation did not follow a single 

event of colonization. 

 

 

A Molecular Phylogeny of Orthophytum (Bromeliaceae) Elucidates Infrageneric 

Relationships and Demonstrates the Taxonomic Significance of the Inflorescence Type 

 
Rafael B. Louzada,* Katharina Schulte, Maria das Graças L. Wanderley, Daniele Silvestro, Georg Zizka, 

Michael H.J. Barfuss & Clarisse Palma-Silva 

 

The saxicolous genus Orthophytum (~ 60 species, Bromeliaceae) is endemic to eastern Brazil 

and has diversified in xeric habitats of  caatinga and campos rupestres and granitic rocky 

outcrops into the Atlantic rain forest domain. Within the genus, two main groups are discerned 

based on the presence or absence of a pedunculate inflorescence, which are further subdivided 

into several morphological subgroups. However, these systematic hypotheses have not yet been 

tested in a molecular phylogenetic framework. Here we present the first phylogenetic analysis of 



 

72  Monocots V Abstracts  

Orthophytum using nuclear and plastid markers (phytochrome C, and psbA-trnH and trnL-trnF 

spacers). Forty species representing the two main groups and all subgroups of Orthophytum, and 

the related genera Cryptanthus (8 spp.) and Lapanthus (2 spp.) were analyzed. The phylogenetic 

reconstruction revealed a well-supported clade, Eu-Orthophytum, containing species with 

pedunculate inflorescences only. The Orthophytum species with sessile inflorescence formed two 

clades: 1) the amoenum group, and 2) the vagans group plus O. foliosum, the only pedunculate 

Orthophytum species found outside Eu-Orthophytum. The vagans clade is sister to Eu-

Orthophytum. Within the latter, the subgroup mello-barretoi was sister to the most diversified 

clade, the Core Orthophytum. The results demonstrate the taxonomic utility of the inflorescence 

type within the genus, and helped to elucidate the evolution suggest: within Orthophytum. 

 

 

Carex Clade Schoenoxiphium Revisited: A Molecular and Cytogenetic Approach 
 
Modesto Luceño (1)*, Marcial Escudero(1, 2), Pedro Jiménez-Mejías(1, 3), Enrique Maguilla (1), Tamara 

Villaverde (1), Berit Gehrke (4), Muthama Muasya (5) & Santiago Martín-Bravo (1) 

(1) Pablo de Olavide University, Seville, Spain; mlucgar@upo.es 

(2) The Morton Arboretum, Lisle, Illinois, USA 

(3) Real Jardín Botánico de Madrid, Madrid, Spain 

(4) Johannes Gutenberg-Universität, Mainz, Germany 

(5) University of Cape Town, Rondebosch, South Africa 

 

Most taxonomic treatments recognise ca. 25 species in Schoenoxiphium, but our research 

suggests that the genus consists of only 14-16 valid taxa. Molecular phylogenetic studies suggest 

that Schoenoxiphium is a monophyletic group nested within the "Caricoid clade", which includes 

many unispicate Carex species and other taxa traditionally placed in the genera Kobresia, 

Cymophyllus and Uncinia. Overall, our molecular, cytogenetic and morphological results may 

suggest that Schoenoxiphium should be better treated as a subgenus or section within Carex. In 

the present study, we revisit the phylogeny of Schoenoxiphium through the use of nuclear (ITS 

and ETS) and chloroplast (matK and rps16) markers with a considerable increase in the 

taxonomic sampling with respect to previous phylogenetic studies. We also present for the first 

time chromosome counts for this group, specifically for 13 of the 14-16 taxa recognized in our 

study. Our phylogenetic results provide further support for the monophyly of Schoenoxiphium 

and confirm the presence of the following five subclades: "S. gr. filiforme" (2n = 66-73), which 

includes S. distinctum, S. filiforme and S. burkei; "S. gr. sparteum" (2n = 24-36), formed by S. 

sparteum, S. schimperianum, S. perdensum and S. lehmannii; "S. gr. rufum” (2n = 34-36), which 

contains S. rufum, S. ludwigii and S. sp. nov.; (4) “S. gr. ecklonii” (2n = 72) consisting of S. 

ecklonii and S. altum; and (5) “S. gr. lanceum” (2n = 62-88), with S. lanceum and S. 

madagascariense. The relative position of S. burtii (2n = 64) and S. schweickerdtii (2n = 60) 

remains unclear. Most species displayed regular metaphase I chromosome pairing, although 

trivalents were sometimes observed suggesting that agmatoploidy or symploidy has occurred. 

Our results also indicate that polyploidy has probably not played a significant role in the 

evolution of Schoenoxiphium, as observed for most Cariceae. 
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A Multi-Gene Phylogeny of the Australasian Orchid Genus Corybas, With Implications for 

Historical Biogeography, Morphological Evolution, and Generic Circumscription 

 
Lyon, Stephanie P. (1)*; Clements, Mark A. (2); Givnish, Thomas J. (1) 

(1) University of Wisconsin-Madison, Madison WI, USA; slyon@wisc.edu 

(2) Centre for Australian National Biodiversity Research, Canberra, Australia   

 

The terrestrial orchid genus Corybas contains about 140 described species and ranges from India 

and China through Southeast Asia to New Guinea, Australia, New Zealand and several Pacific 

and Subantarctic islands. We have constructed a well-resolved phylogeny of over 80 species of 

Corybas s.l. from across its range, with multiple accessions per species when possible. We use 

this phylogeny to examine a number of questions about the historical biogeography of Corybas 

including its region of origin, the timing of diversification events in relation to climate changes 

in Australia and orogenesis in New Guinea, the number and timing of crossings of Wallace’s 

Line, whether Corybas follows predictable patterns of dispersal throughout SE Asia, and the 

origins of various island taxa. Preliminary results indicate an origin in Australia about 9 Mya, 

with numerous dispersals to New Zealand and New Caledonia, a single dispersal northwards to 

New Guinea—and from there, multiple dispersals into SE Asia. Lineages tend to be highly 

geographically constrained, though there appear to have been a few recent, long-distance 

dispersals out of New Guinea. Several segregate genera are shown to be non-monophyletic, as a 

result of both paraphyly and some remarkable examples of convergence in floral form. Based on 

conflict between chloroplast and molecular data sets, Corybas oblongus appears to be an ancient 

hybrid between two other major lineages. Two widespread species on the Sunda shelf are shown 

to be non-monophyletic, with morphological distinct taxa embedded within them, and show 

evidence of cryptic speciation.  

 

 

Páramo Plants Online 

 
Madriñán, Santiago (1)*; Navas, Alfredo (1) 

(1) Laboratorio de Botánica y Sistemática, Universidad de los Andes, Bogotá Colombia; 

samadrin@uniandes.edu.co 

 

Páramos are tropical high elevation ecosystems above the forest line in the northern Andes. They 

have a characteristic and unique biota that is the result of complex evolutionary processes, not 

well understood yet. This has produced a high number of endemic plant and animal species, 

distributed in an archipelago-like environment highly threatened by global warming. Páramo 

flora is well studied but not really known in the sense that it has been widely collected and 

identified, but the map of the páramo archipelago has not been drawn. Monocotyledons are 

represented in páramo flora by about 700 species adapted to the particular páramo conditions. 

Numerous Orchids, grasses and sedges are endemic to a particular páramo or mountain range. 

Although distributed biodiversity informatics databases have facilitated access to information 

regarding species occurrence, ecosystem based datasets are wanting. This project has the general 

objective of gathering and constructing an online accessible relational database of the flora of the 

Páramos including georeferenced specimen data, synonyms, maps, references to protected areas 

and references to related published works. By means of geographical information systems and 
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with the map of the páramos it is possible to graphically represent the species distribution, and, 

from it, to perform detailed analysis about their biogeography as well as the implications of 

global warming. The data available includes ca. 30,000 georeferenced páramo plant specimen 

occurrence records; 4,000 hierarchically arranged vascular plant species names records; a 

georeferenced gazetteer with at least 10,000 hierarchically arranged toponyms of páramo 

localities. 

 

Pollination Ecology and the Floral Scents of Beetle-Pollinated Neotropical Aroids 

 
Maia, Artur (1)

*
 & Gibernau, Marc (2) 

(1) Departamento de Química Fundamental, Recife, 50740-560, Brazil; 

artur_campos_maia@yahoo.com.br 

(2) CNRS - Ecofog (UMR 8172), BP 316, F-97379 Kourou cedex, France 

 

Beetle-pollination, or cantharophily, is the most frequent pollination syndrome among 

Neotropical aroids and is known to occur in four tribes, eight genera and an estimated 600 – 800 

spp. The pollinators in all known cases are night-active cyclocephaline scarabs (Scarabaeidae, 

Cyclocephalini). Inflorescences of cantharophilous aroids are protogynous, thermogenic and 

strongly scented at dusk or during the night, when cyclocephaline scarabs are active. Such 

intense floral volatiles are the main long-range attractive cue in these highly specialized 

pollination systems. 

We isolated several compounds in floral scents of beetle-pollinated Philodendron, Caladium, 

Taccarum and Montrichardia that belong to a broad array of chemical classes and depict an 

astonishing diversity, comparable to the taxonomic richness of the family to say the least. Our 

investigations of the floral scent bouquets of species belonging to distinct phylogenetic lineages 

demonstrated that they are mostly comprised by one to a few dominant compounds at 

exceptionally high concentrations. What is most remarkable is that the originality (or specificity) 

of aroid fragrances seems to be ensured by rare compounds, often synthesized in unusual 

metabolic pathways. Recent data gathered from attractiveness tests with pollinator 

cyclocephaline scarabs clearly demonstrated the attractive role of a methoxylated aromatic, an 

aliphatic acyloin and an heterocyclic sulfur-containing compound, the latter so far unfamiliar in 

floral scents. Our own unpublished data leads us to believe that several new bioactive molecules 

are yet to be uncovered and may represent a promising field of both chemical and biological 

investigation. 

 

 

The Cultural Importance of the American Yam (Dioscorea Trifida) in the Colombian 

Amazon 

 
Marmolejo, Daniel C. (1)*; Franky, Carlos E. (1); Raz, Lauren (2) 

(1) Instituto de Estudios Amazonicos, Universidad Nacional de Colombia, Leticia, Colombia; 

marmolio@hotmail.com 

(2) Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Bogotá, Colombia 

 

Dioscorea trifida (American yam, mapuey, ñame morado) is the only cultivated yam native to 

the American continent and it has been part of the Amazonian diet for thousands of years. In the 
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Colombian Amazon we find a range of traditional varieties that frame the cultural importance of 

this crop in the ethnic identity of the indigenous groups that cultivate it. 

We present an ethnobotanical study in two contrasting regions of the Colombian Amazon: the 

communities surrounding the biggest city in the region, Leticia, and communities from the 

Middle Caquetá, at the northern end of the Colombian Amazon. The cultural importance of D. 

trifida was studied through interviews and participant observation during the processes of 

cultivation, harvesting, preparation, consumption and everyday aspects of indigenous life. We 

found diverse traditional varieties of D. trifida based on indigenous criteria of color, shape, 

flavor, culinary recipes and particular mythic origin. The management of this tuber for food 

production is part of a reciprocal relationship between people and nature, in which cultivating 

plants is a way for people to care for themselves. Indigenous conceptions of the body are 

mirrored in concepts about the growing of food. This study provides insight into indigenous 

morals and demonstrates how crop plants can be a reference for ethnic identities.   

Yam cultivation is a historical process of the indigenous peoples of the Amazon, but under 

pressure from alternative economic systems, it is facing erosion, creating deep concerns about 

the future of agro- and cultural diversity. 

 

 

The Tangled Evolution of Narcissus: How Hybridization, Polyploidy and Ecology 

Embellished Our Gardens 

 
Marques, I. (1)*; Nieto Feliner, G (2); Fuertes-Aguilar, J (2) 

(1) Biodiversity Research Centre, University of British Columbia, 6270 University Boulevard, 

Vancouver, British Columbia, Canada, V6T 1Z4; isabel.ic@gmail.com; isabel.marques@botany.ubc.ca 
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Narcissus (Amaryllidaceae) appears an adequate genus to explore reticulate evolution, either at 

the homoploid or polyploid level, as natural hybridization and introgression are apparently 

common processes among this genus. The ca. 80 spp species of Narcissus, mainly centred in the 

Mediterranean region, are grouped into two subgenera (subgenus Hermione with a basic 

chromosome number x = 5, and subgenus Narcissus with x =7) and 10 sections (Apodanthe, 

Aurelia, Bulbocodium, Ganymedes, Jonquilla, Narcissus, Pseudonarcissus, Serotinus, 

Tapeinanthus and Tazetta) and hybrids have been suggested to occur between and across all 

these sections based on intermediate morphological traits. However, neither all intermediate 

organisms are hybrids nor intermediate morphological traits are an evidence of hybrid origin. 

 

To explore the presence of reticulate evolution in Narcissus we used sequences from nuclear 

5.8S rDNA locus (including ITS1, ITS2 and the 5.8S gene) and from plastid regions ndhF and 

matK, as well as mitochondrial markers cob and atpA. A total of 1762 individuals belonging to 

102 taxa from Narcissus were included in this study covering all the sections described, the 

whole geographic distribution and the range of morphological variation across 177 populations. 

We show that despite recombination and lack of coalescence, unexpected phylogenetic 

relationships and parenthood can be established among taxa depending on how deep in evolution 

ancient reticulation, hybrid speciation, and occasional introgression have occurred. Although the 

presence of some ancient speciation events, some of them followed by changes in ploidy level, 

results also cast doubts against several recent proposed hybrids.  
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From Liliaceae Sensu Latissimo to Asparagales Sensu APG III: A Changing History on 

Family Circumscriptions 

 
Martínez-Azorín, Mario (1,2)*; Crespo, Manuel B. (2); Kocyan, Alexander (3); Wetschnig, Wolfgang (1); 

Pinter, Michael (1); Müller-Doblies, Dietrich (4) & Pfosser, Martin (5)  
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Germany 
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The order Asparagales comprises about 40% of all monocot species. Although Asparagales is 

well defined, the number of accepted families, their circumscription, and relationships are a 

matter of controversy. 

Historically, most families of the currently accepted Asparagales were housed in Liliaceae but 

earlier authors (Huber 1969, Dahlgren & Clifford 1982, Dahlgren & Rasmussen 1983) 

abandoned this classification on the basis of traditional morphological and chemical characters. 

The families of monocotyledons by Dahlgren et al. (1985) summarized these arguments, where 

Asparagales included 30 families. In many respects it is the starting point of modern monocot 

systematics. Later, Kubitzki (1998) recognized 33 families with some minor differences in 

circumscriptions.  

The first APG classification relying on DNA sequence data accepted 29 families in Asparagales 

(APG, 1998; Chase et al., 2000), mostly following the classification of Dahlgren et al., but as a 

major novelty comprising Orchidaceae. Since then, the number of families was reduced to 14 

(APG II, 2003; APG III, 2009). The reduction was conducted on the basis that there were ‘too 

many small families’ difficult to teach, and hence fewer but larger monophyletic families were 

preferred. However, some families (e.g. Amaryllidaceae and Asparagaceae) constitute 

heterogeneous aggregates, which are perhaps still more difficult to define in the sense of the 

APG III. 

It is the aim of our presentation to review the changeful history of Asparagales and to discuss the 

advantages and disadvantages of the new APG III system, trying to find a possible consensus 

solution using less heterogeneous familial concepts. 
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Phylogenetic Placement of Polyploid Events in the History of Monocots Using 

Transcriptomics 
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(7) University of Missouri-Columbia, Columbia, MO, U.S.A. 

(8) New York Botanical Garden, Bronx, NY, U.S.A. 

 

Polyploidy is exceptionally prominent in the grasses with many lineages experiencing multiple 

polyploid events. There are two major polyploid events shared by all descendents of the last 

common ancestor (LCA) of rice and maize, known as rho and sigma, which occurred ~70 

million and ~130 million years ago, respectively. Recent studies have shown that the rho and 

sigma genome duplications occurred after the Poales lineage diverged from lineages leading to 

Phoenix (Arecaceae) and Musa (Musaceae), suggesting that both occurred within Poales before 

the LCA of rice and maize. However, despite their prominence in the sequenced genomes of 

cereal crops, the precise timing of rho and sigma has remained unresolved due to poor taxon 

sampling outside of Poaceae. 

 

We sampled a total of 38 species combining transcriptomes and protein coding regions of 

genomes, representing 29 species from Poales. Paralogous genes sets were identified from 

synteny analyses of the Sorghum bicolor and Oryza sativa genomes and duplication events were 

mapped to either the rho or sigma events. Assembled transcripts were sorted to putative gene 

families and gene trees were estimated.  The timing of the rho and sigma duplications were 

inferred from the gene trees reconciled with known species relationships. These analyses suggest 

that rho occurred prior to the diversification of Poaceae (including basal lineages) and sigma 

occurred prior to the diversification of Poales. Additionally, we identified a third polyploidy 

event, designated as tau, which occurred prior to the divergence of Asparagales and the 

commelinids but after the origin of the monocots. 

 

 

Something New Under the Sun: The Complex Population History of Louisiana Iris in 

Florida  

 
Meerow, Alan W. (1)* 

(1) USDA-ARS-SHRS, National Germplasm Repository, Miami, FL, U.S.A.; alan.meerow@ars.usda.gov 

 

Iris series Hexagonae consists of five species and associated hybrid populations, popularly 

known as “Louisiana irises,” and has been recognized as a textbook case of introgressive 

hybridization.  Inspired by field observations of phenotypic heterogeneity among Florida 

populations, genetic variation within and among 37 populations of Iris series Hexagonae from 

Florida, seven from Louisiana and one from Texas were investigated with 19 microsatellite loci.  
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Clonality and gene diversity are high, and the populations are highly differentiated.  Genetic 

distance resolves three large clusters.  One unites southernmost populations with those from 

north-central Gulf coastal Florida.  A second encompasses southwest Gulf coastal populations.  

The third group joins populations derived from the Central Highlands of peninsular Florida, 

which are genetically isolated from all other Florida populations, with other species in the series.  

Model-based Bayesian clustering supports these conclusions.  Isolation by distance is significant 

yet weak due to relationships that contradict biogeographic expectations.  The Lake Wales Ridge 

and Polk Uplands, which constituted the Wicomico shoreline during an early Pleistocene 

interglacial inundation, may have functioned as refugia for series Hexagonae.  Highland ridge 

populations occupying dry habitats may represent relicts of once larger populations that adapted 

to the more xeric conditions of the Last Glacial Maximum.  Many populations show recent 

bottlenecks, primarily attributed to founder effects, given low migration rates and the high 

degree of population differentiation, as well as the Holocene geological history of the Florida 

peninsula.  Louisiana iris present evidence of peripatric divergence, which may function as a 

significant generator of species diversity in Iris. 

 

 

Molecular Phylogenetics of Bromus (Poaceae: Pooideae: Bromeae) Based on Nuclear 

Ribosomal DNA Sequence Data (ITS and ETS), with a Focus on Section Bromopsis 

 
Menna, Alexandra (1); Saarela, Jeffery M. (2)* 

(1) University of Ottawa, Ottawa, ON, Canada 

(2) Canadian Museum of Nature, Ottawa, ON, Canada; jsaarela@mus-nature.ca 

 

Bromus is a grass genus with about 170 species distributed globally in temperate regions. Seven 

sections are recognized in the genus: Boissiera, Bromus, Neobromus, Ceratochloa, Genea, 

Nevskiella, and Bromopsis, which has been demonstrated previously to be paraphyletic. 

Phylogenetic analyses of new ITS data for 84 Bromus accessions in combination with previously 

published ITS data, and new ETS data for 116 Bromus accessions (44 species) confirm previous 

findings and provide new insights into the evolutionary history of Bromus. The ETS region in 

Bromus includes several subrepeated regions that were initially challenging to align. A lineage of 

three Mexican species of sect. Bromopsis  (B. densus, B. attenuatus, B. dolichocarpus) and a 

lineage of South American species of sect. Bromopsis are strongly supported as successive sister 

groups to the rest of the genus. ITS data indicates that the Old World species Boissiera 

squarrosa is the sister group of the early-diverging Mexican clade, a novel placement for this 

taxon, supporting its inclusion in Bromus. All other species of sect. Bromopsis are part of a 

lineage that includes sect. Bromus, and a strongly supported subclade comprising European 

species of sect. Bromopsis (B. erectus, B. inermis, B. riparius, B. pumpellianus), sects. 

Ceratochloa and Neobromus, which are monophyletic and sister taxa, and sect. Genea. Several 

multi-species lineages in sect. Bromopsis are identified that correspond to geography, including a 

group of Chinese species and several lineages of North American species, but deeper 

relationships among these lineages are unresolved by the current data. Recognition of B. 

anomalus and B. porteri as separate species is supported by the nuclear ribosomal data.  
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New Insights in the Evolutionary History of Triuridaceae (Pandanales) 

 
Mennes, Constantijn B. (1)*; Smets, Erik F. (1,2); Moses, Sainge N. (3); Merckx, Vincent S.F.T. (1)  

(1) Naturalis Biodiversity Center, Leiden University, PO Box 9517, Leiden, the Netherlands; 

constantijn.mennes@naturalis.nl 

(2) Section Ecology, Evolution and Biodiversity Conservation, KU Leuven, Kasteelpark Arenberg 31, PO 

Box 2437, BE-3001 Leuven, Belgium 

(3) Centre for Tropical Forest Sciences (CTFS), University of Buea, Department of Plant & Animal 

Sciences, P.O. Box 63, Buea, Cameroon 

 

The mycoheterotrophic family Triuridaceae (Pandanales) consists of about 50 species in nine 

genera. It has a pantropical distribution, reaching the subtropics in Argentina, Paraguay and 

Japan. Although the circumscription of Triuridaceae has never been problematic, its systematic 

relationship has been under debate since the family was described around 1840. The lack of 

synapomorphies suitable for resolving higher taxonomic relationships is a function of the 

family’s reduced vegetative growth and modified floral structures. In the present study the 

phylogeny of Triuridaceae (Pandanales) was reconstructed using four molecular markers, and its 

phylogenetic position in Pandanales was evaluated. Moreover, divergence age estimates for 

Triuridaceae were obtained with a relaxed molecular clock method.  

 

We found that Triuridaceae are monophyletic and descent from the second major split in 

Pandanales. All currently recognized tribes within Triuridaceae are monophyletic, with 

Kupeaeae as the sister group of Sciaphileae and Triurideae. The relationships between the other 

Pandanales families (Cyclanthaceae, Pandanaceae, Stemonaceae and Velloziaceae) are in 

accordance with earlier studies. Triuridaceae were previously hypothesized to form an old 

family, mainly based on its pantropical distribution. The existence of fossils from the Upper 

Cretaceous, assigned to Triuridaceae, may form additional support for a great age of the family, 

although their affinity to Triuridaceae is questioned. We estimate that the family has an Upper 

Cretaceous origin, in accordance with earlier predictions. The old age of Triuridaceae, along with 

its mycoheterotrophic lifestyle and elevated mutation rates indicated by long branches, might 

account for the substantial morphological differences between Triuridaceae and its closest 

relatives. 

 

 

Mycoheterotrophy in Monocots: Advances and Challenges 

 
Merckx, Vincent S.F.T. (1)*; Smets, Erik F. (1,2) 

(1) Naturalis Biodiversity Center, Leiden University, Leiden, the Netherlands; 

vincent.merckx@naturalis.nl 

(2) Ecology, Evolution and Biodiversity Conservation, KU Leuven, Leuven, Belgium 

 

Fully mycoheterotrophic plants are achlorophyllous and obtain their carbon from fungi. There 

are over 500 species of fully mycoheterotrophic plants and remarkably the vast majority are 

monocots. Within monocots the mycoheterotrophic mode of life occurs in the orders 

Petrosaviales, Dioscoreales, Pandanales, Liliales, and Asparagales. Mycoheterotrophic plants 

showcase some of the most extreme adaptations observed in plants and therefore it is no surprise 

that they have secured a prominent place in monocot research. However, the rarity and extreme 
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morphological and genetic reductions of monocot mycoheterotrophs have challenged their study 

and consequently many questions about the biology of these enigmatic plants have been proven 

difficult to answer.  

 

As a result of increased research efforts, helped by technological and methodological 

advancements, our understanding of mycoheterotrophy, particularly in monocots, has 

considerably broadened in recent years. For many mycoheterotrophic lineages we now have data 

on their phylogenetic affinities and fungal associates that provide unique insights into their 

distribution, ecology, and evolution. In addition, and as illustrated by many of the other talks in 

this symposium, a wealth of novel genome data offers promising views into the genetic 

background of mycoheterotrophy. In this talk we provide an overview of these recent advances 

and promising new findings as well as the challenges that lie ahead in unraveling the processes 

that have made some monocot lineages to switch to a diet of fungi.  

 

 

Phylogenetics of Australasian Aeridinae (Vandeae, Orchidaceae) 

 
Micheneau, Claire (1) (2)

*
; Schulte, Katharina (1) (2); Field, Ashley (1) (3); Crayn, Darren (1); Kocyan, 

Alexander (4); Clements, Mark A. (5) 

(1) Australian Tropical Herbarium, James Cook University, Cairns, QLD, Australia; 

claire.micheneau@jcu.edu.au 

(2) Centre for Tropical Biodiversity and Climate Change, James Cook University, Cairns, QLD, Australia 

(3) Queensland Herbarium, Department of Science, Information Technology, Innovation and the Arts, 

Brisbane Botanic Gardens, Toowong, QLD, Australia 

(4) University of Potsdam, Institute of Biochemistry and Biology, Biodiversity Research/Systematic 

Botany, Potsdam, Germany 

(5) Centre for Australian National Biodiversity Research, Canberra, ACT, Australia 

 

Aeridinae (e.g. Phalaenopsis and Vanda) is a large and diverse orchid subtribe of approximately 

1350 species and 103 genera belonging together with the angraecoid orchids to the monopodial 

Vandeae. Species are mostly epiphytes and distributed throughout warm temperate/tropical 

habitats in Asia, Australia and Pacific Islands with a few species also occurring in tropical 

Africa. 

Because high rates of floral variation are observed and convergent evolution in morphology is 

expected in these orchids, molecular phylogenetics has facilitated our understanding of the 

systematics of the group. A subtribe-wide analysis of Aeridinae has largely clarified 

phylogenetic relationships between genera (Kocyan, unpubl.). The Australian genera form a 

well-supported clade that is closely related to taxa from New Guinea. However, little molecular 

data is available for species within the larger genera from Australia such as Sarcochilus.  

To address this disparity, we conducted a phylogenetic analysis of Australasian Aeridinae 

focusing on the genus Sarcochilus and based on plastid and nuclear markers (matK, ycf1, ITS, 

xdh). Species relationships in Australasian lineages will be discussed, providing new insights on 

Aeridinae systematics, historical biogeography and evolution. 
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Helpful Monsters in Orchid Flower Evo-Devo 

 
Mondragón-Palomino, Mariana (1)*; Miranda, Roberta (1) 

(1) Department of Cell Biology and Plant Biochemistry, University of Regensburg. Germany; 

mariana.mondragon@biologie.uni-regensburg.de 

 

Although morphologically abnormal flowers were first described about two thousand years ago, 

it was towards the end of the 20th century that they were investigated to understand the genetic 

basis of flower development. Specifically, the genetic analysis of flowers featuring homeotic 

transformation of one flower organ type into another was the basis to develop the ABC model of 

flower organ identity specification. Most of the genes behind the A, B and C regulatory gene 

functions involve members of the MADS-box gene family encoding developmental transcription 

factors.   

 

Basic research in orchid flower evo-devo and the interest for generating novel horticultural 

varieties drive the phylogenetic and transcriptional characterization of many members of the 

MADS-box family. Because stable genetic transformation of orchids is not efficient, one of the 

best alternatives to investigate the developmental roles of these genes is comparing their pattern 

of expression in wild type and peloric mutants. These mutants not only involve the homeotic 

transformation of one flower organ into another, but also different degrees of change in the axis 

of flower symmetry. Peloric mutants arise in nature and are also a byproduct of the in vitro 

propagation of some horticultural orchid varieties. 

 

In this talk I review what we have learnt from orchid peloria and discuss the evidence and 

features of a modified ABCDE model of flower organ identity specification for the orchid 

family. Specifically, I discuss the advantages and limitations of this and other comparative 

approaches employed to circumvent the unavailability of stable genetic transformation in this 

group. 

 

 

Phylogeny of the Paraphyletic Fuireneae (Cyperaceae) 

 
Monfils, Anna K. (1)*; Shiels, Derek R. (1); Shorkey, Adriane L. (1); Schick, Elizabeth R. (1); Starr, 

Julian R. (2,3) 

(1) Central Michigan University, Mt. Pleasant, MI, U.S.A.; monfi1ak@cmich.edu 

(2) Canadian Museum of Nature, Ottawa, ON K1P 6P4, Canada 

(3) University of Ottawa, Ottawa, ON K1N 6N5, Canada 

 

Tribe Fuireneae consists of six genera (Actinoscirpus, Pseudoschoenus, Fuirena, Bolboschoenus, 

Schoenoplectus, and Schoenoplectiella) and approximately 155 species that are distributed 

widely across all continents except Antarctica. Recent molecular phylogenies suggest Fuireneae 

is a paraphyletic tribe, and Schoenoplectus and Schoenoplectiella are not monophyletic genera; 

taxonomic sampling and statistical support for these hypotheses have often been low. In order to 

determine relationships among Fuireneae genera and test the monophyly of Schoenoplectus and 

Schoenoplectiella, all six Fuireneae genera including representatives from the closely related 

tribes Abildgaardieae, Cypereae, Dulichieae and Scirpeae were sequenced for five coding and 

non-coding regions of the nuclear (internal transcribed spacer, ITS) and chloroplast (trnL intron 
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and trnL-trnF spacer; ndhF, rbcL and matK genes) genomes. Parsimony, likelihood and 

Bayesian analyses of a 37-taxon dataset strongly support Fuireneae as an evolutionary grade of 

four separate lineages paraphyletic relative to tribe Cypereae. Fuirena is well supported as the 

basal lineage and Bolboschoenus diverges at the base of the clade including the remaining 

Fuireneae genera and Cypereae. Analyses support Schoenoplectus sister to Actinoscirpus and 

Schoenoplectiella sister to Pseudoshoenus. The Schoenoplectiella/Pseudoshoenus clade resolves 

as a sister lineage to Cypereae. Analyses confirm that Schoenoplectiella is paraphyletic with 

respect to Isolepis humillima. Taxonomic revisions within Schoenoplectiella are suggested and 

the tribal status of Fuireneae is re-evaluated.  

 

 

Ficinia Clade (Cypereae, Cyperaceae) – Phylogeny, Biogeography and Diversification 

Patterns  

 
Muasya, A. Muthama (1)*; Viljoen, Jan-Adriaan (1); Francis, Caitlynne (1); Wiswedel, Stefan (1); 

Tshiila, Aluwani (1); Chimphango, Samson B.M. (1); Stirton, Charles H. (1) 

(1) Department of Biological Sciences, University of Cape Town, Cape Town, South Africa; 

muthama.muasya@uct.ac.za 

 

The Cypereae comprises two strongly supported clades, the Cyperus (930 species) and Ficinia 

clades (170 species). The Cyperus clade has a pantropical distribution with a center of diversity 

in Eastern Africa, while the Ficinia clade has an austral temperate distribution centered in the 

Cape Floristic Region (CFR). The two clades differ in adaptations to their environment, with the 

Cyperus clade evolving adaptations to tropical aridity (C4 photosynthesis, therophytes) and the 

C3 Ficinia clade evolving to colonize old-world Mediterranean systems (summer drought and 

frequent fires). Here we use robust phylogenetic framework to infer relationships and evolution 

in the Ficinia clade.  

 

Representatives of all genera (Dracoscirpoides, Erioscirpus, Ficinia, Hellmuthia, Isolepis and 

Scirpoides) were sequenced for plastid (rbcL, trn L-F, rps16) and nuclear markers (ITS, ETS). 

The aligned DNA sequence data were analysed using parsimony and Bayesian inference, 

including molecular dating. Biogeographic distributions were analysed to infer ancestral areas 

and the direction and timing of dispersal events. Key plant traits were optimized on the 

phylogeny to determine whether any were associated with changes in diversification rates. 

 

The Ficinia clade has a crown node age in early Miocene (c. 19 Ma) and its common ancestor 

occurred in the austral temperate zone. Dispersal to similar niches, Mediterranean to temperate, 

has occurred independently multiple times since the mid Miocene. Radiation in the CFR 

coincides with Pliocene geomorphological evolution and intensification of aridification. 

Innovations associated with this diversification are annual life form (Isolepis), ant dispersal 

(gynophore; Ficinia) and the ability to resprout after fire (Ficinia). 
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Setting the Scene – An Overview of Phylogenetic Relationships in Cyperaceae 

 
Muasya, A. Muthama (1); Simpson, David A. (2)*; the Sedge Phylogeny Group 

(1) Department of Biological Sciences, University of Cape Town, Cape Town, South Africa 

(2) Royal Botanic Gardens, Kew, UK; d.simpson@kew.org 

 

Cyperaceae, a cosmopolitan family represented in most habitats, comprises over 5500 species. 

There is strong phylogenetic support for the two subfamilies, Mapanioideae and Cyperoideae. 

The Mapanioideae differ from Cyperoideae in flower and inflorescence morphology.  The 

Mapanioideae (166 species, 2 tribes) are restricted to tropical rain forests (Hypolytreae) or 

austral temperate heaths and wetlands (Chrysitricheae). There still are uncertainties over whether 

these tribes are monophyletic, as several studies show Chrysitricheae to be a monophyletic clade 

but nested in Hypolytreae. There is also debate as to whether the pollen of Hypolytreae is monad 

or pseudomonad. The Cyperoideae (5300 species, 14 tribes) form the bulk of the family and 

include species that are dominant and conspicuous on their habitats. They include lineages that 

are dominant in particular habitats/biomes, including wetlands (Cladieae), inselbergs 

(Trilepideae; poikilohydric); restricted to rain forests (Bisboekeleaeae, Cryptangieae); Holarctic 

(Dulicheae, Cariceae, Scirpeae); tropical (Abildgaardieae, Cypereae, Eleocharideae, Fuireneae, 

Rhynchosporeae; Sclerieae); and austral temperate (Schoeneae). Most of these tribes are 

monophyletic, with the exception of Sclerieae/Bisboecklerieae and Schoeneae,. However, 

several large genera are not monophyletic and there are recent (or proposed) taxonomic changes 

in Carex (to include Kobresia, Uncinia, Schoenoxiphium), Cyperus (broader concept merging all 

13 genera in the Cyperus clade), and Schoeneae (splitting Costularia, Schoenus and Tetraria). 

Interpretations of floral ontogenetic data in a phylogenetic context have contributed to resolving 

outstanding debates on relationships and establishing homologies for the various taxa.  

 

 

Are All Family Changes from APG II (2003) to APG III (2009) the Most Welcome Choice? 

 
Müller-Doblies, Dietrich (1)*; Martínez-Azorín, Mario (2,4); Pfosser, Martin (3); Wetschnig, Wolfgang 

(2); Crespo, Manuel B. (4); Kocyan, Alexander (5); Pinter, Michael (2) & Müller-Doblies, Ute (1); [LPG 

= L(ili) P(hylogeny) G(roup)]
 

(1) Institut für Biologie / Systematische Botanik und Pflanzengeographie der Freien Universität Berlin, 

Altensteinstr. 6, D-14195 Berlin, Germany 

(2) Institute of Plant Science, Karl-Franzens-University Graz, Holteigasse 6, A8010, Graz, Austria; 

mmartinez@ua.es 

(3) Biocenter Linz, J.-W.-Klein-Str. 73, A-4040 Linz, Austria 

(4) CIBIO (Instituto Universitario de la Biodiversidad), Universidad de Alicante, P.O.Box 99, E03080 

Alicante, Spain 

(5) Institute of Biochemistry and Biology, University of Potsdam, Maulbeerallee 2a, D14469 Potsdam, 

Germany 

 

APGIII (2009) represents an admirable progress in taxonomy. Concerning Asparagales Chase & 

al. (2009) produced a very thoughtful paper trying to improve the acceptability of this system for 

teaching purposes by reducing the family number from 14 in APGII to 3 in APGIII. 

Teaching purposes are one important use aspect of a system. Chase & al. regret: “only a few 

families of the 26 in Asparagales sensu APG (1998) were routinely taught, leaving many 

common horticultural plants out of the classroom.” 
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The advantage of larger families of being “more manageable for teaching purposes” is paid for 

by two important disadvantages:  

1) The larger families become so heterogeneous, that you have to distinguish several 

morphological blueprints within one family. You can seize the family characters only as sum of 

the morphological subfamily blueprints. 

Already the first paragraph of the above paper states: “Most researchers found the broad family 

limits of Liliaceae unacceptable from a descriptive standpoint and resorted to the use of 

subfamilies when working comparatively” We can fully agree to this statement. Those of our 

LPG who published comparatively in the eighties immediately could leave the subfamily level 

and continue to work on Dahlgren’s family level.  

2) Specialists have great difficulties to communicate information about characters in 

heterogenous families and in botanic paper titles a non-Dahlgren family name after the genus 

treated gives more disinformation than clarity. The heterogenous family name is useless after the 

botanic world has during three decades become accustomed to Dahlgren’s family level.  

 

 

An Overdue Change at Family Level in APG III (2009): The Accepted Return of 

Sparganiaceae into Typhaceae 222 Years after Engler’s Effective Segregation from 

Typhaceae 

 
Müller-Doblies, Ute (1); Kocyan, Alexander (2); Hilger, Hartmut (1); Wetschnig Wolfgang (3); Martínez-

Azorín, Mario (3,4); Crespo, Manuel B. (4); Pfosser, Martin (5); & Müller-Doblies, Dietrich (1)*  

(1) Institut für Biologie / Systematische Botanik und Pflanzengeographie der Freien Universität Berlin, 

Altensteinstr. 6, D-14195 Berlin, Germany 

(2) Institute of Biochemistry and Biology, University of Potsdam, Maulbeerallee 2a, D-14469 Potsdam, 

Germany 

(3) Institute of Plant Science, Karl-Franzens-University Graz, Holteigasse 6, A-8010, Graz, Austria.; 

mmartinez@ua.es 

(4) CIBIO (Instituto Universitario de la Biodiversidad), Universidad de Alicante, P.O.Box 99, E-03080 

Alicante, Spain 

(5) Biocenter Linz, J.-W.-Klein-Str. 73, A-4040 Linz, Austria 

 

Engler (1886, 1887) thought to be the first to create Sparganiaceae as a family distinct from 

Typhaceae. In fact he was the fifth independant creator of Sparganiaceae after Rudolphi (1830: 

27), C.H. Schultz (1832: 295), Schur (1851: 204) and Kirschleger (1857: 215). Only the 

authority of Engler succeeded to a slow but general acceptance of Sparganiaceae. The last flora 

with both genera in the family Typhaceae was Baroni (1955) in Italy. 

 

Engler gave five differences for the distinction of both families, three of which proved to be 

wrong (branching degree of the inflorescence, absence of a perigon in Typhaceae and different 

seed lids) and two were useless (ovary of Sparganiaceae with 1-2(-3) carpels, that of Typhaceae 

always with a solitary carpel, and differences in the leaf structure without any details) according 

to D. Müller-Doblies (1968) and Müller-Doblies & Müller-Doblies (1977). 

 

Later Engler even placed Pandanaceae between Sparganiaceae (his starting family of 

Angiosperms) and Typhaceae. 
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In 1968 U. Müller-Doblies completed her PhD thesis on Sparganium and D. Müller-Doblies 

followed in a phylogenetic order with his thesis on Typha. Based on the “painstaking analyses” 

(Dahlgren & al. 1985: 6) of the inflorescence of Sparganium by his wife, D. Müller-Doblies 

could show, that the “superficially simple ‘spike’ or ‘spadix’ of Typha and the ‘head’ of 

Sparganium have proved to be complex, branched inflorescences” (Dahlgren & al. 1985: 6).   

 

Dahlgren intended to sink Sparganiaceae of course (oral communication), but for certain formal 

reasons did not yet do so in Dahlgren & al. 1985. 

 

 

Geographic Distribution and Species Richness of the North American Tigridieae 

(Iridaceae) 

 
Munguía-Lino, Guadalupe; Rodríguez, Aarón (1)* 

(1) Departamento de Botánica y Zoología, Universidad de Guadalajara; rca08742@cucba.udg.mx 

 

The tribe Tigridieae (Iridaceae) is restricted to the Americas. It is a monophyletic group and 

includes 15 genera and 175 species. The group exhibits a great diversity in details of floral 

morphology with curiously formed and highly colored flowers. The style branches frequently 

form a specialized and complex structure intimately associated with the stamens, which are also 

quite specialized. Nectar, pollen and floral oils are the rewards offered in the Tigridieae. Bee, 

buzz, bird, butterfly and wasp pollination systems have been observed in Tigridieae. The tribe 

has radiated extensively in temperate and Andean South America and Mexico. The geographic 

distribution of the North American Tigridieae was analyzed using a database of 2769 

georeferenced observations. The analysis included 67 species and 12 subspecies in the USA and 

Mexico. To map the species richness, we used a grid of 45 X 45 km. In addition, the analysis 

was carried out based on terrestrial ecoregions, biogeographic provinces and vegetation types. 

Tigridieae occurs between 15° and 38° N and -110° and -78° W. However, species richness is 

highest between 17° y 21°N. Several species are rare and narrowly endemic: for 23 species the 

largest distance between two observations of the same species is <100 km. High species richness 

occurs in central and western Mexico along the Transmexican Volcanic Belt. Likewise, the 

highest number of species in a grid cell (14) is located in central Mexico. Lastly, Tigridieae 

species grow between 2000 and 2250 m altitude within the oak and pine forest. 

 

 

A New Floristic Treatment of Cyperaceae for Northeastern U.S.A. And Adjacent Canada: 

Changes since Gleason & Cronquist (1991), Reasons for Changes, And Conservation 

 
Naczi, Robert F. C. (1)*; Treher, Amanda C. (2) 

(1) The New York Botanical Garden, Bronx, NY, U.S.A.; rnaczi@nybg.org 

(2) NatureServe, Arlington, VA, U.S.A. 

 

The northeastern U.S.A. and adjacent Canada (henceforth, “the Northeast”) embody a large, 

densely populated, and ecologically and botanically diverse region.  The Northeast is comprised 

of the entirety or portions of 22 states and 4 provinces, and encompasses 19 ecoregions, 

including 7 that are found nowhere else.  An estimated 5000 species and 200 families of vascular 

plants inhabit this area, 25% of the species and 65% of the families of Canada and the U.S.A.  
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The Northeast has been subject to floristic investigation for over two centuries.  An important 

legacy of this research is the body of comprehensive Floras of the region.  The most recent of 

these works is Manual of Vascular Plants of Northeastern United States and Adjacent Canada 

by Henry Gleason and Arthur Cronquist (1991).  The New York Botanical Garden is completely 

revising the Manual, an effort that is bringing significant changes.  Our goal is to assess the 

scope and magnitude of these changes, using the Cyperaceae.  Sedges comprise a large (387 

species in G&C 1991), ecologically, and economically important family.  Since 1991, knowledge 

of northeastern botany has advanced through discoveries in the field, herbarium, and laboratory, 

including the addition of 11 taxa described as new to science.  The changes since 1991 are 

indeed substantial, and affect taxonomy, nomenclature, knowledge of geographic distributions, 

and, consequently, conservation status.  Sedges of the Northeast are in need of updated 

conservation assessments, particularly since many never have been the subjects of detailed 

global or regional reviews. 

 

 

Collaborative Monocot Specimen Digitization through NSF-ADBC (Advancing Digitization 

of Biodiversity Collections) 

 
Naczi, Robert F. C. (1)*; Tulig, Melissa (1); Watson, Kimberly (1); Rabeler, Richard K. (2); Magill, 

Robert E. (3) 

(1) The New York Botanical Garden, Bronx, NY, U.S.A.; rnaczi@nybg.org 

(2) University of Michigan Herbarium, Ann Arbor, MI, U.S.A. 

(3) Missouri Botanical Garden, St. Louis, MO, U.S.A. 

 

In 2010, the National Science Foundation created Advancing Digitization of Biodiversity 

Collections (ADBC), a program aimed to improve access to digitized information on biological 

and paleontological collections in the U.S.A.  One of the Thematic Collections Networks (TCNs) 

funded by ADBC is “Plants, Herbivores, and Parasitoids: A model system for the study of tri-

trophic associations.”  Data on plant taxa, insect herbivores, and their parasitoids are currently 

not accessible in a uniform manner, nor are comprehensive data on their relationships available 

online.  The chief goal of the Tri-trophic TCN is to solve these problems through specimen 

digitization and online integration.  The botanical targets are members of the families most 

important as hosts for herbivores, including two monocot groups, Cyperaceae and Poaceae.  

Together, the 20 target families account for more than 8000 species (ca. 40% of the North 

American vascular flora).  The target herbivores are members of the major insect order 

Hemiptera (true bugs), the majority of which are herbivorous.  The economically important 

Hemiptera include such diverse insects as aphids, scales, hoppers, cicadas, and stink bugs, and 

total more than 11,000 species in North America.  The parasitoids being digitized are members 

of another major, economically important insect order, Hymenoptera (wasps, bees, ants), 

especially the Chalcidoidea (a superfamily constituting one of the largest groups of parasitic 

wasps).  This TCN, funded in July 2011, is utilizing the combined resources of 32 museums (14 

herbaria, 18 insect collections) in an effort to capture and make available ca. 4 million specimen 

records, including ca. 2.6 million plants. 
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Phylogenetic Relationships in Ptychospermatinae and Archontophoenicinae Using Multiple 

Nuclear and Chloroplast Markers 

 
Nadot, Sophie (1)*; Alapetite, Elodie (1); Domenech, Boris (1); Asmussen-Lange, Conny (2); Baker, 

William J. (3) 

(1) Laboratoire Ecologie, Systématique et Evolution, Université Paris-Sud, Orsay, France; 

sophie.nadot@u-psud.fr 

(2) Department of Plant and Environmental Sciences, University of Copenhagen, Frederiksberg, Denmark 

(3) Royal Botanic Gardens, Kew, UK 

 

Archontophoenicinae and Ptychospermatinae are two subtribes of the Areceae, the largest of all 

palm tribes. They are naturally distributed in the South West Pacific area and contain 

respectively five and 12 genera and around 15 and 60 species, including popular ornamentals. 

Although advances have been made in elucidating phylogenetic relationships within both 

subtribes, some relationships among and within genera still remain to be clarified. In the case of 

Archontophoenicinae, the vegetative morphology of Archontophoenicinae is relatively 

homogeneous and makes some species difficult to distinguish. We used a combination of nuclear 

markers (nrITS2, the conserved nuclear intron BRSC10 and two low copy genes, PRK and 

AGAMOUS) and chloroplast markers (matK, ndhA and rps15-ycf1 for Ptychospermatinae; rbcL, 

matK, ndhF, rps16, rpoC, atpF-atpH, psbK-psbI, trnL-F, and trnQ for Archontophoenicinae) to 

propose a new phylogenetic hypothesis for each subtribe. 

The combination of all these markers improved the resolution and robustness of phylogenetic 

relationships within the subtribes, stressing the usefulness of combining data from multiple DNA 

regions in palm systematics.  

 

 

Evolutionary Trends in Oil Pollination of New World Species of Iridoideae 

 
Nadot, Sophie (1)*; Eggers, Lilian (2); Souza-Chies, Tatiana T. (2); Chauveau, Olivier (2) 

(1) Laboratoire Ecologie, Systématique et Evolution, Université Paris-Sud, Orsay, France; 

sophie.nadot@u-psud.fr 

(2) Departamento de Botânica, Universidade Federal do Rio Grande do Sul, RS, Brazil 

 

Flowers producing floral oils are found in 11 families of Angiosperms. Iridaceae is one of the 

two families where elaiophores (floral oil-producing structures) evolved more than once. The 

number and geographical distribution of species with oil flowers within Iridaceae suggest that 

elaiophores may have contributed to the diversification of the family on the American continent. 

Species representing American genera of Iridoideae were widely sampled to produce a 

phylogenetic framework for the subfamily. A special sampling effort was put on Sisyrinchium, 

the largest genus in the New World Iridoideae. The resulting phylogenetic hypothesis was used 

to trace the evolutionary history of both elaiophores and nectaries present in the flowers of 

numerous species. Topological and Binary-States Speciation and Extinction methods were also 

used to investigate hypotheses of differential diversification rates among lineages. 

Floral glandular structures and especially elaiophores evolved multiple times independently in 

the subfamily. Among the 11 families of angiosperms where elaiophores evolved, this pattern of 

evolution is highly unusual and might reflect frequent pollinator shifts in the three American 

tribes of Iridoideae. The distribution pattern of species displaying glandular structures across the 
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phylogeny reveals lability in the production of pollinator rewards in both Trimezieae and 

Tigridieae, whereas in Sisyrinchieae, elaiophores evolved at the base of species-rich clades 

within the genus Sisyrinchium and very few subsequent losses followed. 

Our results suggest that oil bee pollination is probably an evolutionary key innovation in 

Sisyrinchium and might be one of the driving forces involved in the diversification of Iridoideae 

on the American continent, especially in the Neotropical area. 

 

 

The Evolution of Self-Compatible and Self-Incompatible Populations in Hermaphroditic 

Perennial, Trillium Camschatcense (Melanthiaceae) 

 
Masashi Ohara (1)* 

(1) Graduate School of Environmental Earth Science, Hokkaido University, Sapporo, Japan.; 

ohara@ees.hokudai.ac.jp 

 

The evolution of selfing from outcrossing ancestors is known to have occurred repeatedly in 

angiosperms. Theoretical studies have argued that the transition from outcrossing to selfing is 

accomplished more easily than the reverse case, and phylogenetic analyses involving self-

compatible (SC) and self-incompatible (SI) species has basically supported this assumption. The 

evolutionary direction of self-compatibility and self-incompatibility was examined in Trillium 

camschatcense, which contains geographically widespread SC populations, and restricted SI 

populations. Ecological surveys have revealed that the SC populations were suitable for 

outcrossing, and selfing in these populations did not confer any fitness advantage. Since 

reproductive fitness indicates the possibility of an evolutionary shift from self-compatibility to 

self-incompatibility, the phylogenetic relationships of SI and SC populations of T. 

camschatcense were investigated based on cpDNA variations and nuclear DNA microsatellite 

polymorphisms. Although phylogenetic analyses did not provide credible evidence to determine 

evolutionary direction, the SI populations turned out to be monophyletic with extremely low 

genetic differentiation. Based on these results, we proposed two possible scenarios for the 

evolutionary backgrounds of SI and SC populations in T. camschatcense. The plausibility of 

each scenario was evaluated based on the reproductive and geographical features of the mating 

systems. 

 

 

Understanding Speciation in a Heterogenous Space, the Complexity of Phaedranassa 

(Amaryllidaceae) In the Ecuadorean Andes   

 
Oleas, Nora H. (1)*; Meerow, Alan W. (2); Francisco-Ortega, Javier (3, 4) 

(1) Universidad Tecnológica Indoamérica, Quito, Ecuador; noraoleas@gmail.com 

(2) USDA-ARS-SHRS, National Germplasm Repository, 13601 Old Cutler Rd., Miami, Florida 33158, 

USA 

(3)
 
Florida International University, Department of Biological Sciences, 11200 SW 8

th
 St., Miami, 

Florida, 33199, USA. 

(4)
 
Fairchild Tropical Botanic Garden, Center for Tropical Plant Conservation, 11935 Old Cutler Road, 

Coral Gables, Miami, Florida, 33156, USA 
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Our current knowledge of species divergence patterns in the tropical Andes is based on a small 

fraction of species, and the speciation process is still largely understudied. The speciation 

process is even more difficult to infer for recently evolved species of plants because of the lack 

of resolution with phylogenetic methods. Phaedranassa (Amaryllidaceae) is a small genus of ten 

species in the northern Andes with a single disjunct in Costa Rica. We investigated the 

population genetics of seven species of Phaedranassa in Ecuador with the aim of better 

understanding the speciation patterns of the genus in its center of diversity. Using microsatellite 

data collected along the geographic distribution range of Phaedranassa in Ecuador, we find 

multiple scenarios of divergence in the genus. Bayesian clustering resolves genetic 

differentiation among Phaedranassa species, even across relatively small distances. 

Furthermore, a diversity of processes affected the genetic structure of Phaedranassa species. 

Genetic differentiation was not evenly distributed across the genus. We found cases of natural 

hybridization, genetic loss influenced by proximity of cities and the effect of historical 

volcanism. Our results indicate that a complex and heterogeneous space as the Andes provides 

multiple paths for speciation. 

 

 

Floral Anatomy of Rapateaceae and Taxonomic Considerations 

 
Oriani, Aline (1)*; Scatena, Vera L. (1) 

(1) Universidade Estadual Paulista, Rio Claro, São Paulo, Brazil; alineoriani@yahoo.com.br 

 

Rapateaceae include 16 genera and about 80 herbaceous species. The family was traditionally 

divided into two subfamilies: Rapateoideae and Saxofridericioideae, however phylogenetic 

analyses showed that Rapateoideae were paraphyletic. Based on these phylogenies, the tribe 

Monotremeae was elevated to subfamily Monotremoideae to make the remaining Rapateoideae 

monophyletic. 

The floral anatomy of different genera (Cephalostemon, Monotrema, Rapatea, Spathanthus, and 

Stegolepis) showed that several features are shared by all of the studied species: sepals, petals, 

anthers, and style covered by an ornamented cuticle; short epidermal cells with sinuous walls on 

the abaxial surface of the petals; tetrasporangiate anthers with phenolic idioblasts in the 

epidermis; endothecium with spiral thickenings; incompletely septate ovary; and anatropous, 

bitegmic ovules. Colleters between the floral parts are also present in all of the studied species 

and are probably an apomorphy of the family. 

The floral anatomy is useful not only for characterizing the family, but also for delimiting the 

subfamilies and genera. Sepals with silica bodies in the epidermal cells; mature anther wall 

composed of epidermis, endothecium, and middle layer; absence of phenolic idioblasts in the 

sepals, filaments, and ovary; and stylar epidermal cells with thickened external periclinal wall 

are characteristics that support Rapateoideae. Cephalostemon and Rapatea show a great number 

of similarities, corroborating their close relationship indicated in the phylogenetic analyses. 

Monotrema shares few characters with the genera of Rapateoideae, corroborating its placement 

in Monotremoideae. 
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Mating System Variation in Hybridizing Bromeliads (Pitcairnia Ssp.) Endemic to 

Neotropical Inselbergs 

 
Palma-Silva Clarisse (1)*

 

(1) Departamento de Ecologia, IB/UNESP, Rio Claro, SP, Brazil 

 

Reproductive isolation (RI) barriers are permeable between two Neotropical bromeliad species: 

Pitcairnia albiflos and P. staminea. Hybridization occurs and introgression patterns are 

asymmetric from P. staminea towards P. albiflos. Patterns of nuclear genomic diversity and 

admixture indicated that species integrity is maintained, despite inter-specific gene flow 

(introgression), mainly by the simultaneous action of multiple pre-zygotic barriers, including 

flowering phenology, pollinator isolation, and divergent mating systems. Both species and 

hybrids are self-compatible, although P. albiflos is pollinator dependent and P. staminea is able 

to promote spontaneous selfing. Here we expand previous works by evaluating the role of mating 

system in promoting RI between these hybridizing species. We analyzed progeny array 

genotyped with microsatellites to access mating systems and to compare outcrossing and selfing 

rates of sympatric and allopatric populations. We also examined the spatial separation between 

stigma/anthers (herkogamy) in order to understand the potential contribution of this particular 

floral trait in the intra and inter-specific mating system variation, which may influence the 

enhanced pre-zygotic isolation between these bromeliads, leading to assortative mating and 

protecting P. staminea from introgression of P. albiflos. We found evidences for divergence in 

herkogamy and associated mating systems variation in sympatric and allopatric populations of 

these species. These variations were likely responsible for promoting strong assortative mating 

and therefore interspecific RI between sympatric populations. Therefore, progeny array results 

revealed important associations to both mating system evolution and development of pre-zygotic 

RI. 

 

 

Genome-Wide Absence of Genetic Differentiation Contrasts With Phenotypic 

Distinctiveness between Dactylorhiza Allopolyploids (Orchidaceae) 

 
Paun, Ovidiu (1)*; Balao, Francisco (1); Tannhäuser, Maria (1); Hedrén, Mikael (2); Bateman, Richard 

(3); Chase, Mark W. (3) 

(1) Department of Systematic and Evolutionary Botany, University of Vienna, Vienna, Austria. 

ovidiu.paun@univie.ac.at 

(2) Gregor Mendel Institute of Molecular Biology, Austrian Academy of Sciences, Vienna, Austria 

(3) Jodrell Lab, Royal Botanic Gardens Kew, U.K. 

 

Multiple origins are the rule for most allopolyploids and iterative allopolyploidy often results in 

substantially different lineages. It is interesting how such species can maintain distinctiveness 

while sharing the same genetic heritage and ploidy level. Ecologically divergent allopolyploids 

Dactylorhiza majalis s.s., D. traunsteineri s.l. and D. ebudensis have been independently formed 

through unidirectional hybridization between the widespread diploids D. fuchsii and D. 

incarnata. In the context of their similar genomic background, previous studies have consistently 

found their patterns of gene expression and DNA methylation to have been shaped by divergent 

selection in response to environmental pressures. By using nuclear microsatellites and restriction 

site associated DNA sequencing (RAD-seq) we investigate now the genetic structure and the 
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patterns of gene flow between allopolyploids at different localities in Europe. Our results 

confirm the genome-wide absence of genetic differentiation between the allopolyploid lineages 

despite the visible phenotypic divergence. Few populations in the Alps function as hybrid 

swarms with potential implications for the genetic patterns of these species across their entire 

distribution. These patterns are most probably the result of the shared ancestry of the different 

allopolyploids, their recent formation and/or ongoing gene flow opposing differentiation. The 

weak genetic differentiation and the presence of gene flow between the allopolyploids point 

toward a very strong divergent selection required in order to maintain the observed phenotypic 

divergence. Additional indirect conclusions can be formulated regarding the apparently limited 

homoeologs repatterning that affected the allopolyploids, a mechanisms that can result in 

reproductive isolation between recurrently formed allopolyploids. 

 

 

Biodiversity and Molecular Phylogeny of the Bromeliad Genus Werauhia (Bromeliaceae) 

 
Peco, Adnan (1); Grant, Jason (1)* 

(1)Laboratoire de Botanique Evolutive, Institut de Biologie, Université de Neuchâtel 

Switzerland 

 

The genus Werauhia is composed of approximately 95 species that occur in tropical rain forests 

from Mexico to Bolivia with a concentration of species in Costa Rica and Panama from sea level 

to 3000 m. Species vary in inflorescence architecture, and color of petals and bracts that in turn 

influence the type of pollinator (typically hummingbirds or bats). While the genus Werauhia 

itself been confirmed as distinct by molecular analyses, a species-wide phylogeny of the genus 

has been lacking. Therefore, a phylogeny has been prepared using several plastid regions to 

address questions on internal systematics and pollination biology. Several distinct species groups 

have been identified that partially correspond to the existing sectional classification of Grant 

(1995), and species groups of Utley (1983). Consequently, the psbA-trnHGUG intergenic spacer 

may be a candidate marker for DNA barcoding and species identification of non-flowering 

material of Werauhia. 

 

 

Mitochondrial Data – Bad is Never Good until Worse Happens 

 
Petersen, Gitte (1)*; Seberg, Ole (1); Cuenca, Argelia (1); Davis, Jerrold I. (2); Stevenson, Dennis W. (3); 

Thadeo, Marcela (3) 

 

(1) Natural History Museum of Denmark, University of Copenhagen, Denmark; gittep@snm.ku.dk 

(2) Cornell University, Ithaca, New York, USA  

(3) New York Botanical Garden, Bronx,
 
New York, USA  

 

Much effort in systematics, not least monocot systematics, has been invested in increasing 

support for weakly or ambiguously supported nodes. Though it is desirable to aim for 

phylogenetic stability, or to acquire data where none exists, it is equally desirable to understand 

the biological reasons for observed ambiguities and incongruences. In monocot phylogenetics, 

conflict between plastid and mitochondrial data has been observed in some data sets, and it has 
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been hotly debated whether RNA editing and processed paralogs are key factors promoting this 

incongruence.  

Here we will explore and compare the phylogenetic signal from plastid and mitochondrial data 

partitions in selected monocot clades with main focus on Alismatales, Liliales, and Asparagales. 

These clades are characterized by having taxa with widely different patterns of edited sites and 

by potential inclusion of processed paralogs. In some instances, a biological process can explain 

the pattern of character state distribution, but do such processes create random noise or do they 

harbour a phylogenetic signal – in short, is there justification for exclusion of data? 

 

 

A Molecular Phylogeny and Classification of the Sporobolinae (Poaceae: Chloridoideae) 

 
Peterson, Paul M. (1)*; Romaschenko, Konstantin (1,2); Herrera Arrieta, Yolanda (3) 

(1) Department of Botany, National Museum of Natural History, Smithsonian Institution, Washington 

DC, U.S.A.; peterson@si.edu 

(2) M.G. Kholodny Institute of Botany, National Academy of Sciences, Kiev, Ukraine 

(3) Instituto Politécnico Nacional, CIIDIR Unidad Durango-COFAA, Durango, Mexico 

 

The subtribe Sporobolinae consists of six genera: Calamovilfa (five species endemic to North 

America), Crypsis (nine species endemic to Asia and Africa), Pogoneura (monotypic, endemic 

to east Africa), Psilolemma (monotypic, endemic to east Africa), Spartina (17 species centered in 

North America), and Sporobolus (186 species distributed worldwide). Most species in this 

subtribe have spikelets with a single floret, 1-veined (occasionally 3-) lemmas, a ciliate 

membrane or line of hairs for a ligule, and fruits with free pericarps (modified caryopses). 

 

A phylogenetic analysis was conducted on 177 species (330 individuals) of the Sporobolinae 

using four plastid (rpL32-trnL spacer, ndhA intron, rps16-trnK spacer, rps16 intron) and nuclear 

ITS 1&2 sequences to infer relationships and revise the classification. Sporobolus is paraphyletic 

with Calamovilfa, Crypsis, Pogoneura, Psilolemma, and Spartina embedded within. The 

molecular results support the recognition of a single genus with infra taxa to represent the 

Sporobolinae. There are many, highly supported clades within the phylogeny where Calamovilfa 

and Spartina are monophyletic. The Calamovilfa clade is sister to the Sporobolus floridanus 

clade with five species distributed in the southeastern USA; and all of these are sister to the 

Spartina clade. The Crypsis clade includes Pogoneura and is sister to Sporobolus helvolus, S. 

mitchellii, and S. ruspolianius. The Sporobolus indicus clade includes S. africanus, S. atrovirens, 

S. creber, S. diander, S. festivus, S. jacquemontii, S. molleri, S. pectinellus, S. pyramidalis, S. 

stolzii, S. tenuissimus, and S. trichodes. The Sporobolus pyramidatus clade includes S. 

coahuilensis, S. cordofanus, and S. coromandelianus. 

 

 

When Phylogeography Meets Speciation: Deep Genetic Structure and Outbreeding 

Depression Reveal Early Stages of Reproductive Isolation in Neotropical Orchid Species 

 
Pinheiro, Fabio (1)* 

(1) Instituto de Botânica, São Paulo – SP, Brazil; biopinheiro@yahoo.com.br 
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Phylogeographic studies provide an important framework for investigating the mechanisms 

operating during the earliest stages of speciation, since reproductive 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 post-mating 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 analyzing 

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. 

 

 

Phylogenetics and Evolution of Tillandsia Subgenus Tillandsia (Tillandsioideae, 

Bromeliaceae) 

 
Pinzón, Juan P. (1)*; Till, Walter (1); Ramírez-Morillo, Ivón M. (2); Carnevali, Germán (2); L. 

Hromadnik (3); Barfuss, Michael H. J. (1) 

(1) Department of Systematic and Evolutionary Botany, University of Vienna, Vienna, Austria; 

juanpinzone@gmail.com 

(2) Unidad de Recursos Naturales, Centro de Investigación Científica de Yucatán, A. C., Mérida, 

Yucatán, Mexico 

(3) Kritzendorf, Austria 

 

Tillandsia subgenus Tillandsia is currently defined by the presence of exserted stamens and 

style. Under this circumscription, it comprises ca. 250 spp. distributed from southeastern USA to 

southeastern Brazil. Previous studies with limited sampling have suggested that, as currently 

defined, this subgenus is not monophyletic and its internal phylogenetic relationships are not 

well resolved. In this study, we have included ca. 80% of the total number of taxa, using plastid 

and low-copy nuclear DNA markers for phylogenetic analyses. The results indicate that the 

subgenus is polyphyletic: the exsersion of stamens and style evolved at least twice within the 

genus Tillandsia: (1) in a clade that comprises most of the diversity of subgenus Tillandsia 

(containing the type species, T. utriculata); (2) in small group of Mexican and Antillean species 

(e.g., T. multicaulis) belonging to a clade showing Allardtia-like flowers (included stamens and 

style). Both groups independently dispersed to Mexico, Central America, and the Antilles, most 

probably from northern South America. Within the first clade, which is considered as subgenus 

Tillandsia s. str., at least five groups can be recognized. A group of species with included 

stamens (subg. Allardtia s. str.) is one of these. However, the main radiation occurred within a 

second group centered in tropical Mexico, colonizing a wide variety of habitats and displaying a 

great morphological diversity. With these results, it will be possible to establish a classification 
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within the subgenus and to restrict future studies for species delimitation using a species-

complex approach. 

 

 

Phylogenomics of Asparagales 

 
Pires, J. Chris (1)*; McKain, Michael R. (2);  Hertweck, Kate L. (3); Unruh, Sarah (1); Mayfield-Jones, 

Dustin (1); Washburn, Jacob D. (1); Givnish, Thomas J. (4); Gandolfo, M. Alejandra (5); Stevenson, 

Dennis Wm. (6); dePamphilis, Claude W. (7); Leebens-Mack, Jim L. (8) 

(1) University of Missouri, Columbia, MO, U.S.A.; piresjc@missouri.edu 

(2) University of Missouri, St. Louis, MO, U.S.A. 

(3) National Evolutionary Synthesis Center, Duke University, Durham, NC, U.S.A. 

(4) University of Wisconsin, Madison, WI, U.S.A. 

(5) Cornell University, Ithaca, NY, U.S.A. 

(6) New York Botanical Garden, Bronx, NY, U.S.A 

(7) Pennsylvania State University, University Park, PA, U.S.A. 

(8) University of Georgia, Athens, GA, U.S.A. 

 

Asparagales (including orchids, irises, aloes, hyacinths, agaves, amaryllids and onions) are the 

most diverse order of monocots.  The phylogenetic relationships among the families and 

subfamilies of the Asparagales have been reconstructed using primarily chloroplast DNA.  

However, even with whole chloroplast genomes, some enigmatic relationships persist.  The 

Monocot Tree of Life consortium, including collaborators from across the globe, aims to 

integrate molecular, morphological, and fossil data to further our understanding of the evolution 

of the Asparagales.  We will present data that includes genome survey sequences (GSS, which 

includes chloroplast, mitochondria, rDNA, and repetitive elements), cloned nuclear sequences 

(Phytochrome), and transcriptomes.  Transcriptomes provide hundreds to thousands of low-copy 

nuclear loci for phylogeny reconstruction, as well as duplicated loci that allow for the inference 

of ancient hybridization and genome doubling events. Using robust fossil constraints from other 

monocot outgroups, we infer divergence times for both taxa and ancient polyploidy events. By 

applying a multi-locus molecular phylogeny from major lineages in the order, our analysis refine 

our previous understanding of evolution in the Asparagales.  With genomes and other -omics 

scale datasets forthcoming from economically and horticulturally important species over the next 

few years, we hope to set the stage for future studies that transition for phylogenomic analyses to 

relating gene family and network evolution to novel morphological and metabolic traits. 

 

 

Fact Is Stranger than Fiction: Unique Leaf-Borne Plantlets and Unusual Floral 

Morphology in Scirpodendron Ghaeri (Cyperaceae Subfamily Mapanioideae) 

 
Prychid, Chrissie J. (1)*; Simpson, David A. (2); Bruhl, Jeremy J. (1)  

(1) University of New England, Armidale, NSW, Australia; cprychid@myune.edu.au
  

(2) Royal Botanic Gardens, Kew, UK 

 

We present a discovery made during a project that is integrating data on phylogeny, 

developmental morphology and genetics to understand the origins and diversity of the non-

standard mapaniid floral units. Fresh, young floral material and otherwise healthy leaf samples of 

the giant sedge Scirpodendron ghaeri were collected from north Queensland. A developmental 
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study using light microscopy, electron microscopy and X-ray tomography of the reproductive 

units, their fruits, and the bizarre leaf-borne plantlets will be presented. 

 

Chlorophyllous plantlets with distichous phyllotaxy were found on parent/host plants, with the 

usual tristichous phyllotaxy, in several populations of Scirpodendron. Molecular work underway 

will test whether the plantlets are proliferations of Scirpodendron itself or are a separate, hemi-

parasitic species. In either case they are unique for Cyperaceae, and possibly for flowering 

plants, given that no obvious roots or haustoria are associated with the plantlets. 

 

 

Epidendra, the Global Taxonomic Orchid Network 

 

Pupulin, Franco (1)* 

(1) Lankester Botanical Garden, University of Costa Rica; franco.pupulin@ucr.ac.cr 

 

The Orchidaceae is one of the largest families of flowering plants, and new orchid species are 

described at an average rate of more than 300 species per year. The hundreds of new 

combinations, product of new – and often alternative – molecular-based phylogenetic 

hypotheses, show how taxonomic information may become outdated very rapidly. In tropical 

regions, orchid researchers also faced the difficulty to access basic taxonomic information 

concerning more than 2,100 generic names and almost 100,000 specific names, whose 

publication spans over three centuries and hundreds of journals and books, and whose historical 

specimens are mostly stored outside their original countries.  

 

The advent of computing technology has enormously improved this access, but significant 

limitations remain concerning the kind of information available on the net, which is mostly 

limited to a system of bibliographical references or to un-verified identifications via electronic 

images. More importantly, the adopted systematic frameworks are mostly not specified, and the 

“accepted” names often based on undeclared and subjective taxonomic criteria. 

 

Aim of EPIDENDRA is to make available to researchers worldwide the primary sources relative to 

orchid nomenclature and taxonomy, with a special emphasis on protologues and digital images 

of nomenclatural types and associated materials, as well as photographs of documented 

specimens. The database includes today some 8,000 cross-referenced names and several 

thousands downloadable documents and images, with a main emphasis on the orchids of the 

Neotropical region. New agreements have to be created with taxonomic experts on the floras 

from other regions of the world, in order to maintain the quality of “verified” records that make 

EPIDENDRA a trustable page for both researchers and the large public. 

 

 

Diversification of Smilax (Smilacaceae, Liliales), A Non-Xeric Geophyte 

 
Qi, Zhechen (1,2); Li, Pan (1); Zhao, Yunpeng (1); Cameron, Kenneth* (3); Fu, Chengxin (1)* 

(1) Zhejiang University, College of Life Sciences, Hangzhou, Zhejiang, 310058, China 

(2) Harvard University, Organismic Evolution and Biology, Cambridge, MA, 02138, USA 

(3) University of Wisconsin, Department of Botany, Madison, WI, 53706, USA; kmcameron@wisc.edu 
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Smilacaceae, generally recognized to include at least two genera, Smilax and Heterosmilax, are a 

group of climbing monocots with worldwide distribution, containing over 200 species with 

leaves characterized by reticulate venation, a pair of petiolar tendrils and usually prickly stems. 

We collected molecular data from nDNA (At103), rDNA (ITS) and cpDNA (matK, ndhA, ndhF, 

rpl16 intron) from 135 taxa, resulting in a matrix with total alignment length >8000 bp. Our 

taxon sampling covered all sections of Smilax from all major distribution zones of the family; 

species from Ripogonaceae and Philesiaceae were chosen as outgroups. A phylogenetic tree was 

constructed, and this provides a robust framework within which to consider the possible 

evolutionary history of this family. Heterosmilax was found to be a subclade within Smilax, 

confirming its sectional status. Distribution of major clades within Smilacaceae showed a 

conspicuous geographical pattern, with a split between the Old World and New World, except 

for Smilax apera, which is sister to the rest of the family members and distributed on three 

continents. Inter-continental migration and long distance dispersal events were detected in both 

Old and New World clades. Bayesian MCMC DIVA analysis was conducted to reconstruct the 

ancestral distribution of Smilacaceae. The results show a probable South American origin of 

Smilacaceae.  

 

 

Patterns and Hierarchy in Orchid Characters 

 
Rasmussen, Finn N. (1)* 

(1) Natural History Museum of Denmark, Botanical Garden and Museum; FinnR@snm.ku.dk 

 

Orchidaceae form indisputably the largest and possibly the most distinct family of 

monocotyledons. Their immense diversity created by conspicuous  variations over a fixed basic 

pattern fascinates collectors and hobbyists and has been an important source of inspiration for 

naturalists contemplating the order of nature. 

 

Attempts to subdivide the orchids have looked for fixed character patterns at lower levels 

providing key characters for subfamilies, tribes and subtribes. In early 20
th

 century orchid 

taxonomy the main subgroups appeared well defined by a limited number of morphological 

characters, but detailed morphological analyses and more comprehensive surveys have made it 

increasingly difficult to establish a character based hierarchy of orchids. 

 

Since Linnaeus a primary goal of classification efforts has been to provide  a measure of order in 

catalogues and floras and tools for identification,  but some underlying natural process creating 

the patterns has always been presumed.  In modern taxonomy of orchids and other organisms 

there is a widespread consensus that observed character patterns are a result of evolutionary 

diversification and that classification should reflect assumed phylogeny, even if it conflicts with 

usefulness for identification.  

 

Modern phylogenetic hypotheses usually rest entirely on molecular data. Structural and other 

characters are now sought to confirm the branches and corresponding groups, which without 

such characters will be indescribable.  The limited number of traditional orchid characters has 

been demonstrated to be less fixed than initially thought, and a number of new traits have been 

looked at in the hope of establishing a ‘visual’ classification congruent with phylogeny. This has 
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not been achieved yet, and it is not granted that it ever will, but there is still much to look for in 

orchid structure, chemistry and ecology.  

 

 

Economic Botany of Dioscorea in the 21st Century and a New Phylogenetic Framework for 

Applied Research 

 
Raz, Lauren (1)*; Viruel, Juan (2); José Gabriel Segarra-Moragues (3); Wilkin, Paul (4); Catalán, Pilar 

(2) 

(1) Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Bogotá, Colombia; 

lraz@unal.edu.co  

(2) Departmento de Ciencias Agrarias y del Medio Natural (Botánica), Escuela Politécnica Superior-

Huesca, Universidad de Zaragoza, Huesca, Spain  

(3) Centro de Investigaciones sobre Desertificación (CIDE-CSIC-UV-GV), Moncada, Valencia, Spain 

(4) Royal Botanic Gardens Kew, Richmond, Surrey, United Kingdom 

 

Dioscorea species have long been exploited as sources of starch and secondary metabolites. At 

least 10 species have been domesticated and many wild species have traditional uses. In the mid 

20
th

 century wild yams were the primary source of precursor chemicals for the synthesis of 

steroid drugs. In the 21
st
 century, minimally or unprocessed Dioscorea species are being 

commercialized to treat diverse ailments from hot flashes to high cholesterol. The role of 

cultivated species is also being reassessed in the context of local food security/sovereignty, and 

as a potential source of starch for cosmetics and biofuels.  

 

A robust phylogeny of Dioscorea is desirable as a framework for applied studies. We present the 

most comprehensive Dioscoreaceae phylogeny to date. Plastid genes atpB, matK, rbcL and 

trnLF were sampled across 147 taxa and analyzed using Maximum Parsimony and Bayesian 

approaches. Eight principal clades were recovered, consistent with previous studies but better 

resolved and more robustly supported: the earliest diverging clades, Stenophora, New World I 

and New World Tropical (perennial underground organs, numerous species with steroidal 

saponins) were strongly supported; later diverging clades Rajania and 

Enantiophyllum+Birmanica (food yams with annually renewed tubers) had weaker support, but 

with strongly supported subclades. Divergence times were estimated using two fossil calibration 

points within Dioscorea. The origin of the Dioscoreaceae was dated to Late Cretaceous (80.52 ± 

2.04 Mya), Dioscorea being the oldest genus (68.37 ± 5.80 Mya). Continental lineages were 

established by the Late Eocene and Oligocene, the Rajania and Malagasy clades, in the Miocene.  

 

 

Renewed Pharmacological Interest in Dioscorea: A Case Study from Colombia 

 
Raz, Lauren (1,4)*; Pérez, Darío (2); Pinzón Rico, Angélica (1); Rincón, Javier (3); 

Ramos Duarte, V. Andrés (4); Rojas, Maritza (3) 

(1) Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Bogotá, Colombia 

(2) Departamento de Geografía, Universidad Nacional de Colombia, Bogotá, Colombia 

(3) Departamento de Farmacia, Universidad Nacional de Colombia, Bogotá, Colombia 

(4) Instituto de Biotecnología, Universidad Nacional de Colombia, Bogotá, Colombia 
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Observations of tubers of wild Dioscorea species in the medicinal plant markets of Bogotá, 

Colombia led to the initiation of a targeted ethnobotanical study in 2010. Medicinal plant 

venders were interviewed at 72 points of sale in 26 public market places throughout the city over 

a two year period. Tubers of Dioscorea species were identified at all points of sale, comprising 

four species: D. coriacea, D. meridensis, D. lehmanni and D. polygonoides, all sold as 

“zarzaparrilla” (a common name for both Smilax and Dioscorea; this study investigated only 

Dioscorea tubers). The most common uses are “cleaning the blood”, weight loss and reducing 

colesterol. Vendors reported Dioscorea tubers to be among the products with the highest 

turnover in the medicinal plant markets of Bogotá. We are currently tracking the supply chain 

backwards from the markets to the field. All of the species can be found in forested areas within 

a 50 km radius of the city, and preliminary results suggest that collectors with varying degrees of 

knowledge about the plants preferencially select yams with the largest tubers (regardless of 

species) since the product is sold by weight. The tubers are delivered directly to market, to 

natural products laboratories, or to an intermediary whole sale supplier. We are concurrently 

investing the chemical composition of the species that are being commercialized. To date D. 

coriacea, D. lehmanni and D. polygonoides have all tested positive for sapogenins, with the 

highest yields occuring in D. coriacea, in which tissue culture studies have also been initiated.  

 

 

Contrasting Patterns of Flower Development in Alismatales 

 
Remizowa, Margarita V. (1)*; Sokoloff, Dmitry D. (1); Rudall, Paula J. (2) 

(1) M.V. Lomonosov Moscow State University, 12, 1, Leninskie Gory, 119234 Moscow, Russia; 

remizowa@yahoo.com 

(2) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, UK 

 

We present a comparative study of flower development in the early-divergent monocot order 

Alismatales. This order is remarkable for possessing probably the widest range of variation in 

floral ground-plan among monocots. Some species of several genera develop trimerous-

pentacyclic flowers that are typical for monocots. However, in general, taxa in which the 

perianth is differentiated into sepals and petals demonstrate a tendency for an increased number 

of stamens and carpels, while retaining a trimerous perianth. In contrast, families in which the 

perianth consists entirely of tepals are more likely to show reduction in both merosity and 

number of floral whorls. Apart from ground-plan, floral development is dependent on 

inflorescence type and the presence and location of non-floral organs surrounding the flower. 

Flower-subtending bracts and floral prophylls create morphogenetic gradients resulting in 

unidirectional or spiral organ inception in whorled flowers. The work is supported by Russian 

Foundation for Basic Research (projects 12-04-01070 and 12-04-33050). 
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The Eleocharidae + Abildgaardieae Clade 

 
Roalson, Eric H.* (1); Prata, Ana P. (2); Thomas, W. Wayt (3); Bruhl, Jeremy J. (4); Simpson, David A. 

(5) 

(1) Washington State University, Pullman, Washington, U.S.A. 

(2) Departamento de Biologia, Universidade Federal de Sergipe, Sergipe, Brazil 

(3) The New York Botanical Garden, Bronx, NY, U.S.A. 

(4) N.C.W. Beadle Herbarium & Botany–School of Environmental and Rural Science, University of New 

England, Armidale, NSW 2351, Australia 

(5) Royal Botanic Gardens, Kew, Richmond, Surrey, U.K. 

 

The  Eleocharidae + Abildgaardieae clade is a well-supported monophyletic group, but within 

each of these lineages there have been significant problems with generic circumscription.  Recent 

work has provided some clarity to the relationships among the genera Eleocharis, Egleria, 

Chillania, and Websteria in the Eleocharidae, but the relationships among the currently 

recognized genera of Abildgaardieae (Abildgaardia, Actinoschoenus, Arthrostylis, Bulbostylis, 

Crosslandia, Fimbristylis, Nelmsia, Nemum, and Trachystylis), and how best to circumscribe 

these genera, has continued to be problematic.  Molecular phylogenetics is beginning to clarify 

the nature of these relationships.  We will present an updated phylogenetic hypothesis of these 

lineages and discuss generic concepts for the Eleocharidae + Abildgaardieae clade and possible 

new generic circumscriptions in these lineages. 

 

 

Miocene–Pliocene Speciation, Introgression, and Migration of Patis and Ptilagrostis 

(Poaceae: Stipeae) 

 
Romaschenko, Konstantin (1,2)*; Peterson, Paul M. (1); Soreng, Robert J. (1) 

(1) Department of Botany, National Museum of Natural History, Smithsonian Institution, Washington 

DC, U.S.A.; kromaschenko@gmail.com  

(2) M.G. Kholodny Institute of Botany, National Academy of Sciences, Kiev, Ukraine 

 

Genetic interchange between American and Eurasian species is fundamental to our 

understanding of the biogeographical patterns, and we make a first attempt to reconstruct the 

evolutionary events in East Asia that lead to the origin and dispersal of two genera, Patis and 

Ptilagrostis.  

We conducted a molecular phylogenetic study of 78 species in the tribe Stipeae using four 

plastid DNA sequences (ndhF, rpl32-trnL, rps16-trnK, and rps16 intron) and two nuclear DNA 

sequences (ITS and At103). Ampelodesmos, Hesperostipa, Oryzopsis, Pappostipa, Patis, and 

Stipa are found to be of multiple origins. Our phylograms reveal conflicting positions for 

Ptilagrostis alpina and Pt. porteri that form a clade with Patis coreana, P. obtusa, and P. 

racemosa in the combined plastid tree but are aligned with other members of Ptilagrostis in the 

ITS tree. We hypothesize that Ptilagrostis still retains the nucleotype of an extinct genus which 

transited the Bering land bridge from American origins in the late Miocene (minimum 7.35 to 

6.37 mya) followed by hybridization and two plastid capture events with a Trikeraia-like taxon 

(7.96 mya) and para-Patis (between 5.32 to 3.76 mya). Ptilagrostis porteri and Patis racemosa 

then migrated to continental North America 1.7–2.9 mya and 4.3–5.3 mya, respectively. 
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Molecular Evolution and Phylogenetics of Alismatales Using Whole Plastid Genomes 

 
Ross, T. Gregory (1)*; Barrett, Craig F. (2); Thadeo, Marcela (3); Davis, Jerrold I (4); Stevenson, Dennis 

W. (3); Graham, Sean W. (1) 

(1) University of British Columbia, Vancouver, BC, Canada; tgr.801@gmail.com 

(2) California State University, Los Angeles, CA, U.S.A. 

(3) The New York Botanical Garden, Bronx, NY, U.S.A. 

(4) Cornell University, Ithaca, NY, U.S.A. 

 

The transition of some plants back to aquatic habitats represents one of the most fascinating 

examples of a major evolutionary transition in the land plants. The order Alismatales arguably 

provides the most successful example of this transition, as members of this large and 

cosmopolitan clade occupy a diverse range of aquatic habitats, and include the only reversions to 

marine habitats, the seagrasses. Although much progress has been made in understanding the 

overall phylogenetic backbone of the order, multiple uncertainties still persist, including the 

nature of the deepest split in the order, and the monophyly-status of several families. Here we 

report on an effort to sequence plastid genomes using next-generation sequencing methods from 

the major lineages in the order, with a major focus on completing a genus-level sampling 

(outside Araceae). We re-evaluated phylogenetic relationships using coding regions from ~82 

genes per species, and also examined full plastid circles completed for a subset of taxa that we 

chose to characterize a predicted evolutionary loss of the plastid NAD(P)H dehydrogenase 

complex. This major complex is mostly coded for by the plastid genome, and plays an 

incompletely understood role in photosynthesis. Apart from heterotrophic plants, it has been lost 

only rarely in land plants; in Alismatales, it appears to have been lost independently in different 

submerged aquatic lineages.  

 

 

The Role of the Trans-Mexican Volcanic Belt on Speciation within a Pachycaulous 

Xerophyte Nolina Parviflora Complex (Asparagaceae: Nolinoideae) 

 
Ruiz-Sanchez, Eduardo (1)*; Specht, Chelsea, D. (2) 

(1) Instituto de Ecología, A.C., Centro Regional del Bajío, Pátzcuaro, Michoacán, Mexico; 

eduardo.ruiz@inecol.edu.mx 

(2) University of California, Berkeley, Berkeley, CA, USA 

 

The Trans-Mexican Volcanic Belt (TMVB) is a complex geological region in Mexico that arose 

during the activity of four distinct volcanic episodes. Our aims are to determine the pattern of 

genetic variation of Nolina parviflora, a monocot native to the TMVB and surrounding areas, 

and to evaluate the influence of the geological history of the TMVB and nearby mountainous 

regions on plant population divergence.  

 

For this study, 28 populations (210 individuals) were sequenced for rpb2, trnL–F and psbA–trnH 

DNA markers. Intraspecific phylogenetic relationships were reconstructed, and molecular dating, 

population genetic analyses and group testing were performed on the data.   

 

A total of 24 chloroplast haplotypes and 36 rpb2 haplotypes were recovered from the populations 

sampled. The combined marker phylogeny indicates the presence of two well-supported clades 
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within the N. parviflora populations. Clade 1 includes populations from Jalisco and Zacatecas 

and Clade 2 comprises the remaining populations. We found an east–west geographical pattern 

of haplotype distribution, indicating a lack of gene flow between these two regions. Divergence 

estimates for Clade 1 are from the mid-Miocene to early Pleistocene, and for Clade 2 from the 

early Miocene to mid-Pliocene. SAMOVA indicates 11 groups among the sampled populations 

and detects various well-supported geographical barriers. MANOVAS based on climate 

variables suggest ecological differentiation.  

 

Divergence time estimates suggest a correlation between the time of divergence between distinct 

N. parviflora populations and periods of uplift in the TMVB. We infer that the orogeny of this 

mountain range played an important role in driving the diversification of plant populations in 

central Mexico by creating topographical barriers that limited gene flow. 

 

 

Phylogenetic Relationships among the Genera and Tribes of the ‘Aveneae-Type Plastid 

Dna’ Grasses (Pooideae: Poeae), With A Focus on Generic Limits of 

Calamagrostis/Deyeuxia 

 
Saarela, Jeffery M.(1)*; Bull, Roger D.(1), Peterson, Paul M.(2), Soreng, R.J. (2), Paszko, B. (3) 

(1) Canadian Museum of Nature, Ottawa, ON, Canada; jsaarela@mus-nature.ca 

(2) Dept. of Botany, National Museum of Natural History, Smithsonian Institution, Washington DC, USA 

(3) W Szafer Institute of Botany, Polish Academy of Sciences, Poland 

 

The "Aveneae-type plastid DNA clade" of tribe Poeae includes six subtribes (Agrostidinae, 

Aveninae, Brizinae, Koeleriinae, Phalaridinae, Torreyochloinae) and more than 40 genera. 

Although generic circumscriptions have recently been clarified in Aveninae, multiple aspects of 

relationship among and within the other subtribes remain equivocal, or conflict with current 

circumscriptions. Clarification of the limits of the polyphyletic Calamagrostis (incl. Deyeuxia), 

whose species are distributed globally in temperate regions, is a major outstanding problem. 

Here, we report the results of phylogenetic analyses of nuclear ribosomal DNA that include 145 

new ITS sequences and 260 new ETS sequences, primarily from Agrostidinae and Koeleriinae, 

with a focus on South American taxa. Sampled species of Deyeuxia sect. Stylagrostis, distributed 

in South America and characterized in part by stipitate lemmas, are grossly misclassified in 

Deyeuxia, as they are part of the Deschampsia lineage, which is part of the "Poeae-type plastid 

DNA clade". Koeleriinae includes Gaudinia, a lineage comprising Koeleria and Trisetum sect. 

Trisetaera, a lineage comprising Trisetum sect. Trisetum (incl. Graphephorum), Avellinia, 

Rostraria, and a large clade that includes Trisetum subg. Deschampsiodes (i.e., Mexican species 

of Trisetum), Mexican species of Calamagrostis, Sphenopholis, Peyritschia, Leptophyllochloa, 

and most sampled species of Deyeuxia from South America. Agrostidinae includes Agrostis, 

Lachnagrostis, Polypogon, Dichelachne, Ammophila and species of Calamagrostis/Deyeuxia 

from North America north of Mexico, Eurasia, China, Australia, as well as a few species from 

Ecuador and Guatemala. The type species of Deyeuxia (D. montana, 1812 ≡ C. arundinaceus) 

and Calamagrostis (C. lanceolata, 1763 ≡ C. canescens) are part of this lineage. 
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Evolution of Philodendron Subg. Meconostigma: From Open Areas to Forests? 

 
Sakuragui, Cássia M.(1)*; Calazans, Luana S. B.(1); Mayo, S.J.(2)  

(1) Universidade Federal do Rio de Janeiro, Instituto de Biologia, Departamento de Botânica, Brazil 

(2) Royal Botanic Gardens, Kew Herbarium Richmond, London, UK 

Corresponding author: cmsakura12@gmail.com 

 

Due to its wide distribution covering three of the largest Neotropical biomes, the Philodendron 

subgenus Meconostigma is an interesting model to discuss the diversification of Neotropical 

plants. The aim of the study was to infer the evolutive history of Philodendron subg. 

Meconostigma using morphological characters. Our results on phylogenetic reconstruction 

suggests that this subgenus is monophyletic and  originates from the open areas of Cerrado s.l.. 

We also identified three subtypes within type A (A1, A2, and A3) of gynoecium originally 

described, a finding that when combined with the phylogenetic reconstruction results allowed us 

to propose a hypothesis on floral evolution. The ingroup comprised 19, from 21 species of 

subgenus Meconostigma, two species of subgenus Philodendron and a species of subgenus 

Pteromischum. We constructed a matrix with 59 characters including anatomical characters. The 

locule number, a meristic and polymorphic character, was treated with generalized frequency 

coding (GFC). Our results with the method in only one character show significant improvement 

in the cladistic analysis, with a reduction of ca. 80x in the equally most parsimonious trees 

universe. The sinapomorphies of four minor clades were discussed in the work. The subtype A2 

was basal to subtypes A1 and A3, and should represent the ancestral gynoecium in the subgenus. 

Our findings suggest that the balance between the pollen uptake and the accessibility of the 

locules were decisive to drive the gynoecium evolution in the subgenus Meconostigma. 

 

 

Monocots and Brazil’s Plant List  

 
Sakuragui, Cássia M. (1)*; Forzza, Rafaela C. (2); Leitman, Paula (2); Monteiro, Vitor (2); Filardi, 

Fabiana L.R. (2) 

(1) Universidade Federal do Rio de Janeiro, Instituto de Biologia, Departamento de Botânica, Brazil 

(2) Instituto de Pesquisas Jardim Botânica do Rio de Janeiro, Brazil 

Corresponding author: rafaela@jbrj.gov 

 

The completion of the first phase of a widely accessible working list of known plant and fungus 

species in 2010 has brought Brazil a step closer to contributing to a complete world flora, the 

first target established by the Global Strategy for Plant Conservation (GSPC). The project, 

coordinated by the Rio de Janeiro Botanic Garden, started in 2008, and provides a dynamic 

online system of remote data entry and management, based on the norms of Species 2000, 

initially populated by data extracted from several sources such as regional and state lists, 

taxonomic treatments and monographs, in addition to the taxa from the World Checklist of 

Selected Plant Families. Over 400 botanists and mycologists have contributed to the major effort 

of checking and cleaning these data to reflect the situation of knowledge within their groups. 

Between May 2010 and March 2013, the public page had more than 4,5 million hits. Nowadays, 

more than 500 specialists are currently contributing to the data inclusion and management, 86 of 

them working with monocot taxa. Monocots account for 27% of the total number of angiosperms 

species in the list, with 8,654 species representing 762 genera distributed in 43 families. Filters 
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are already implemented to search for information on location, biome and endemism, while 

images and complementary data on vegetation type, life form and substrate are being added. For 

example, the Orchidaceae, with over 2,440 species in Brazil, is represented by 1,433 species in 

the Atlantic Forest, of which 1044 are endemic to this biome. 

 

 

Chromosomal Evolution as a Basic Mechanism of Differentiation and Speciation in 

Prospero (Hyacinthaceae) 

 
Schneeweiss, Hanna* (1); Jang, Tae-Soo (1); Emadzade, Khatere (1); Parker, John (2); Speta Franz (3); 

Leitch, Andrew (4); Macas, Jiři (5) 

(1) Department of Systematic and Evolutionary Botany, University of Vienna, Rennweg 14, A-1030 

Vienna, Austria 

(2) Cambridge University Botanic Garden, Cambridge, CB2 1JF, UK 

(3) Linz, Austria 

(4) Queen Mary College, University of London, London, UK
 

(5) Czech Academy of Sciences, České Budějovice, Czech Republic 

 

Hyacinthaceae is exceptionally dynamic with respect to karyotype evolution involving numerical 

(dysploidy, polyploidy) and structural variation. This is well exemplified by the circum-

Mediterranean genus Prospero. It comprises three species, one of which (P. autumnale) is 

chromosomally exceptionally variable with four distinct diploid cytotypes differing in basic 

chromosome number (2n=10, 12, 14), karyotype structure, and genome size, as well as forming 

numerous auto- and allopolyploids. Each cytotype is characterized by unique constellations of 

rDNA loci and distribution of tandem repeats. Comparative cytogenetic analyses, interpreted in a 

phylogenetic context, allow establishing a model of chromosomal evolution in P. autumnale with 

independent descending dysploidy from x=7 to x=6 and from x=7 to x=5 via chromosomal 

fusions. In polyploids, high variation of genome size as well as of loci number and/or 

localization of rDNA and satellite DNAs indicates ongoing, highly dynamic, genome 

restructuring. Chromosomal rearrangements are probably concerned in B-chromosome formation 

and perhaps also in generation of polymorphic supernumerary chromosomal segments. Genomic 

changes in allopolyploids are lineage-specific, and correlate with parental divergence. They 

involve: (1) loss/gain of rDNA loci, with the frequency of changes increasing with ploidy level; 

(2) increasing intra-cytotype variation of genome size; (3) independent evolution of various 

tandem repeats ranging from stasis in repeat distribution to spread of satellite DNAs from one 

parental genome to another. The relative stability of repeat composition, assessed from 

comparative analyses of 454 sequencing data, coupled with weak morphological divergence 

suggests that chromosomal restructuring is a major mechanism of diversification and eventually 

speciation in Prospero.  

 

 

Duthieeae, a New Tribe of Subfamily Pooideae, and Its Relationships 

 
Schneider, Julia (1); Winterfeld, Grit (1); Hoffmann, Matthias H. (1); Blaner, Anne (1); Röser, Martin 

(1)* 

(1) Institute of Biology, Martin Luther University Halle-Wittenberg, Halle (Saale), Germany; 

martin.roeser@botanik.uni-halle.de 
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Numerous molecular phylogenetic studies have been conducted on Pooideae, one of the largest 

subfamilies of grasses. This study focuses on the early evolutionary splits in Pooideae. We 

analyzed a broad sampling of genera with uncertain placement and representatives from all 

lineages of this subfamily. Morphological, cytogenetic and biogeographical analyses were added 

to the molecular phylogenetics based on the chloroplast (cp) gen-region matK–3’trnK, the 

nuclear internal transcribed spacers (nrITS) and the nuclear single-copy locus topoisomerase 6 

(Topo6). 

We identified a monophyletic lineage encompassing all ‘primitive’ members of the previous 

tribe Aveneae subtribe Duthieinae as treated in some classifications, namely Danthoniastrum, 

Duthiea, Metcalfia, Pseudodanthonia, Sinochasea, and Stephanachne, grouped together with 

Anisopogon as a morphologically well defined clade among the early evolutionary lineages. 

Based on cpDNA sequence data the genus Phaenosperma was closely related with this group, 

but deviated strongly in morphology. We suggest to keep Phaenosperma under the monotypic 

tribe Phaenospermateae and to accommodate the other genera under a new tribe Duthieeae 

mainly because of synapomorphic spikelet structures, which are not shared by Phaenosperma. 

The biogeographical analysis pointed to a warm and humid climatic niche as common origin of 

Phaenospermateae and Duthieeae. The results altogether highlight that Duthieeae and 

Phaenospermateae differ quite clearly in morphological characters and molecular phylogenetics 

from the much more species-rich tribe Stipeae. The cytogenetic study of exemplary taxa revealed 

that high chromosome base numbers prevail within the early diverging lineages of Pooideae, but 

chromosome sizes are more highly varied than previously reported. 

 

 

The Dendrobium Alliance Revisited: A Molecular Phylogenetic Approach Towards 

Reconciling Taxonomic Concepts in Dendrobiinae (Orchidaceae) 
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The Dendrobiinae are a morphologically highly diverse subtribe within the largest and 

taxonomically most challenging orchid subfamily, the Epidendroideae. In its traditional 

circumscription the majority of species within the subtribe belong to the genus Dendrobium s.l. 

(1200+ species), one of the three orchid mega genera, with a distribution across the Indo-

Malayan, Australasian and Pacific regions. In the past, divergent taxonomic concepts have been 

proposed, yet the monophyly of many of the discerned taxonomic entities remains to be tested. 

Up to now, phylogenetic reconstructions have mainly relied on single marker studies with only 

limited resolution and nodal support. 

  

To obtain further insights into the phylogenetic relationships and evolution of the subtribe, we 

generated a broader scale molecular phylogeny of Dendrobiinae based on plastid and nuclear 

markers (matK, ycf1, ITS, Xdh). The results support the monophyly of many previously 

recognized taxonomic groups within the subtribe, in particular within the Australasian clade of 
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Dendrobium s.l. (e.g. subsections Dendrocoryne, Phalaenanthe, and Spatulata). Furthermore, 

the results highlight groups which require further study, especially within the Asian clade of 

Dendrobium s.l. (e.g. subsections Dendrobium, Densiflora, and Calcarifera). The study is an 

important step towards providing a phylogenetic framework as a basis for reconciling the 

disparate taxonomic concepts in Dendrobiinae. 

 

 

Systematics of Deuterocohnia (Bromeliaceae) 

 
Nicole Schütz (1, 2)*; Fides Zenk (1); Kurt Weising (2); Georg Zizka (3, 4)

 

(1) Natural History Museum Stuttgart, Germany; nicole.schuetz@smns-bw.de 

(2) Plant Molecular Systematics, Institute of Biology, University of Kassel, Germany 

(3) Research Institute Senckenberg, Frankfurt, Germany 

(4) Institute for Ecology, Evolution & Diversity, J. W. Goethe-Universität, Frankfurt, Germany 

 

Our ongoing project involves a detailed morphological, biogeographical and molecular 

systematic analysis of Deuterocohnia (Bromeliaceae). The genus is mainly distributed in the 

Andes of southern Bolivia and northern Argentina. Typical habitats of these plants are dry, rocky 

slopes or rock faces. Succulent leaves and CAM photosynthesis are some of the adaptations 

related to their xerothermic habitat. Our recently conducted revision of the genus resulted in 17 

species, four subspecies and four varieties. Comparative sequence analysis of three intergenic 

chloroplast DNA-regions (trnS-ycf3, rps16-trnK, rpl32-trnL) and two nuclear single copy 

marker (PRK exon2-5 and PHYC) show contradicting tree topologies. According to the 

chloroplast data, Deuterocohnia proved to be deeply paraphyletic, with five species forming a 

sister group to the closely related genus Dyckia, and all other species being sister to the 

Dyckia/Deuterocohnia clade. In contrast to the chloroplast DNA data, preliminary phylogenetic 

analyses based on low-copy nuclear markers provide good support for the monophyly of 

Deuterocohnia. The pattern of the cpDNA-based phylogeny and haplotype network supports 

biogeographical pattern rather than morphology. In addition to the sequence analyses, first steps 

towards microsatellite analyses of Deuterocohnia are presented. 

 

 

The Corona of the Daffodil Narcissus Bulbocodium Shares Stamen-Like Identity and Is 

Distinct From the Orthodox Floral Whorls 

 
Scotland, Robert (1)*

 

(1) Department of Plant Sciences, University of Oxford. robert.scotland@plants.ox.ac.uk 

 

The structural homology of the daffodil corona has remained a source of debate throughout the 

history of botany. Over the years it has been separately referred to as a modified petal stipule, 

stamen and tepal. Here we provide new insights from anatomy and molecular studies to clarify 

the early developmental stages and position of corona initiation in Narcissus bulbocodium. We 

demonstrate that the corona initiates as six separate anlagen from hypanthial tissue between the 

stamens and perianth. SEM images and serial sections demonstrate that corona initiation occurs 

late in development, after the other floral whorls are fully developed. To define more precisely 

the identity of the floral structures, daffodil orthologues of the ABC floral organ identity genes 

were isolated and expression patterns were examined in perianth, stamens, carpel, hypanthial 
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tube and corona tissue. Coupled with in situ hybridization experiments, these analyses showed 

that the expression pattern of the C-class gene NbAGAMOUS in the corona is more similar to 

that of the stamens than that of the tepals. In combination our results demonstrate that the corona 

of the daffodil Narcissus bulbocodium exhibits stamen-like identity, develops independently 

from the orthodox floral whorls, and is best interpreted as a late elaboration of the region 

between the petals and stamens associated with epigyny and the hypanthium. 

 

 

In a World with a Relatively Small Fraction of ‘Good’ Morphological Characters, How do 

we Best Discover Them? 

 
Scotland, Robert W. (1)*

 

(1) Department of Plant Sciences, University of Oxford 

 

The collective efforts of taxonomists over time has played a pivotal role in identifying many 

natural groups of monophyletic taxa.  How this task has been achieved is by no means clear 

given that for much of the history of taxonomy there has been no universally agreed method for 

discovering taxa. Nevertheless, many monophyletic taxa were discovered through the 

identification of shared characters (novelties, special similarities, synapomorphies, taxic 

homologues, good characters, conserved characters).  It seems the history of taxonomy is the 

history of ‘character weighting’ in favour of some characters being useful and others not. In 

more recent times all characters have been considered phylogenetically useful but only at the 

appropriate hierarchical level. Thus phylogenetic analysis of morphological data has become 

akin to the study of character evolution.  This talk will explore relevant theoretical and 

conceptual issues underpinning the search to identify only sets of characters that specify a 

hierarchy but do not seek to explain all data relative to a model of character evolution. 

 

 

Phylogenetics of the Tillandsia Fasciculata Sw. Complex (Bromeliaceae) 

 
Sidoti, Brian J. (1)*; Cameron, Kenneth M. (2) 

(1) University of Wisconsin, Department of Botany, Madison, WI, 53706, USA; sidoti@wisc.edu 

(2) University of Wisconsin, Department of Botany, Madison, WI, 53706, USA; 

 

Within Tillandsioideae (Bromeliaceae), phylogenetic relationships at the generic and 

infrageneric levels have been examined using plastid and single-copy nuclear DNA sequences. 

However, few studies have been conducted at the species complex level within this subfamily. 

The genus Tillandsia (ca. 500 species) consists of several distinct species groups whose 

relationships among each other are unresolved. The T. fasciculata complex is one such poorly 

understood group. This species complex, which occurs in and around the Caribbean Basin, 

consists of eight subspecific varieties, 22 supravarietal taxa of uncertain rank, and three natural 

hybrids. Entities of the T. fasciculata complex have a perceived affinity to one another based on 

morphological characters such as castaneous leaf sheath, floral bracts generally glabrous, and 

blue-violet corolla. The goal of this study is to reconstruct a more thoroughly sampled, well 

resolved phylogeny in order to determine relationships among "T. fasciculata" taxa. ptDNA 

regions (atpB-rbcL, matK, ndhJ-trnF, psbD-trnT, rpl14-rpl36, rps16), rDNA (ETS) and a single 

low-copy nuclear gene (PRK) were sequenced from 31 of the 33 taxa in the T. fasciculata 
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complex. Preliminary results support a strong Caribbean Islands plus Florida group, and another 

series of clades are of plants collected in Mexico. The significance of this research is to clarify 

species boundaries within a group in the subgenus Tillandsia, and to add to the growing body of 

literature on plant Caribbean biogeography. 

Keywords: biogeography, Caribbean, Tillandsia, Bromeliaceae 

 

 

Grasses Online: Scratchpads for Poaceae 

 

Simon, Bryan K. (1) 

(1) Queensland Herbarium, Brisbane Botanical Gardens, Mount Coot-tha Road, QLD 4066; 

bksimon43@gmail.com 

 

Scratchpads are free websites based at the Natural History Museum (London) that enable 

researchers to build, manage, share and publish taxonomic data online. Key features are tools to 

manage classifications, phylogenies, bibliographies, images, documents and maps. Two 

Scratchpads are dedicated to the grass family with information for taxa of this significant and 

economically important family. GrassWorld (http://grassworld.myspecies.info/) has global 

coverage for 12,877 species. It includes descriptions of all grass species in four languages 

(English, French, German and Spanish), TDWG global distribution maps, checklists of world 

grasses, classification issues related to generic circumscription, historic literature, a list of 

published grass illustrations and images, current world grass floras and references. Useful Links 

have 32 connections to websites with information on grasses on a global scale. GrassWorld is 

presently the primary website to access information on grasses online and in March 2013 it was 

being accessed in 92 countries.  AusGrass2 (http://ausgrass2.myspecies.info/) is designed 

specifically for Australian users or those interested in Australian grasses, with information on all 

species and infra-specific taxa (1,624 entities). It is an online update of the 2002 AusGrass CD 

and is constantly edited as new information comes to hand. Information is organised under menu 

items - characters, classification, common names, dichotomous keys, fact sheets, grass structure, 

glossary, references and synonyms. The fact sheets have information of all genera, species and 

infra-specific taxa with details on bibliography, morphology, biogeography, distribution maps 

and scanned illustrations and images. Interactive identification of taxa from both Scratchpads 

will be placed on IdentifyLife http://www.identifylife.org/. 

 

 

World Flora Online 

 
Simpson, David A. (1)* 

(1) Royal Botanic Gardens, Kew, UK; d.simpson@kew.org 

 

Target 1 of the GSPC calls for the development of ‘An online Flora of all known plants’ by 

2020. Responding to this Target, a large number of botanical institutions worldwide have agreed 

to collaborate and support the development of the World Flora Online (WFO) project. The WFO 

is expected to include geographical distributions to at least country level, based on national 

Floras, Checklists, and Monographs; habitat data; identification tools (e.g. interactive keys, 

images, and descriptions); conservation status (with links to assessments being carried out under 

GSPC Target 2); and other enhancements as practicable (e.g. vernacular names). Much of these 
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data already exist in digital or printed format, and they can be used to populate the Flora.  The 

WFO will be a community resource built on the work of a great many individuals throughout the 

world. Their contributions to the WFO and its influence on GSPC will be appropriately 

documented and attributed. eMonocot will be a major contributor to the WFO.  

 

 

Structure and Development of the Gynoecium in Cyperaceae 

 
Smets, Erik F. (1, 2)*; Vrijdaghs, Alexander J.J. (2) 

(1) Naturalis Biodiversity Center, P.O. Box 9517, 2300 RA Leiden, the Netherlands; 

Erik.Smets@naturalis.nl  

(2) Ecology, Evolution and Biodiversity Conservation, KU Leuven, Kasteelpark Arenberg 31 box 2435, 

3001 Heverlee (Leuven), Belgium 

 

Within Poales, the cyperid clade consists of the families Thurniacae, Juncaceae and Cyperaceae. 

Cyperids have trimerous, usually bisexual flowers with a superior gynoecium. In Cyperaceae, the 

gynoecium is tri- or dicarpellate and unilocular, with a single, basal, anatropous ovule. In 

Thurniaceae and Juncaceae, three to many ovules occur in usually trilocular ovaries. In 

Cyperaceae, attempts to explain the dimerous, laterally flattened gynoecia by reduction of the 

number of carpels failed. Based on developmental and anatomical studies, we determined the 

developmental causes for the diversity in gynoecial organization in several species of 

Cyperaceae. We also compared the gynoecial development with this in Luzula sylvatica 

(Juncaceae) and Prionium serratum (Thurniaceae). 

 

In P. serratum, the gynoecium develops from a synascidiate structure and in L. sylvatica from an 

annular primordium with a clear carpellary organization. However, in the cyperaceous species, 

there is an annular ovary primordium showing no traces of a carpellary organization. The single 

ovule originates from a central meristem in the floral apex, independently from the ovary wall. 

 

The formation of laterally and dorsiventrally flattened gynoecia in Cyperaceae is explained by 

the greater flexibility of the vascular system, originating from interconnecting procambial zones 

in the receptacular vascular plexus and the individual floral primordia. The annular ovary 

primordium allows a reorganization of the meristems from which the stigma branches develop. 

In L. sylvatica and P. serratum, both the ovule and stigma development are linked to the carpels, 

causing organizational constraints, which are still reflected in the majority of Cyperaceae with 

three stigma branches. 

 

 

The Use of Phytoliths in Refining the Monocot Fossil Record 

 
Smith Selena Y. (1)*; Strömberg, Caroline A.E. (2) 

(1) Dept. of Earth & Environmental Sciences and Museum of Paleontology, University of Michigan, Ann 

Arbor, Michigan 48109 

(2) Dept. of Biology and Burke Museum, University of Washington, 24 Kincaid Hall, Box 351800, 
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Understanding the evolutionary history of monocots can be challenging because of the various 

preservation biases affecting the fossil record. Fossils provide details of paleobiodiversity and 

spatial/temporal distributions, which inform ecosystem and phylogenetic reconstructions.  

Phytoliths offer additional, often complementary, data to other commonly used fossils like 

pollen, leaves, fruits, and seeds. Many monocot phytoliths are identifiable to family or lower 

taxonomic level, and they can be extracted either directly from fossils to help establish identify 

or they can be extracted from sediments (paleosols) to look for the presence of ecological 

indicator taxa. Silica bodies in monocots are found in some Orchidaceae and some commelinids. 

Of particular note are phytoliths from Poaceae (grasses), Cyperaceae (sedges), Arecaceae 

(palms), and Zingiberales (gingers and relatives). Grass phytoliths have been critical in 

reconstructing the evolution of grasslands while sedge phytoliths are useful as indicators of 

aquatic to moist soil condition. Both sedge and grass macrofossils are difficult to identify with 

confidence making phytoliths extremely valuable paleobotanical indicators. Palm and 

zingiberalean leaves, on the other hand, are more readily recognized as macrofossils. Still, 

phytoliths provide additional evidence for the presence of these taxa. Both have been recovered 

from sediments where they were not expected to be present, or present in such abundances. 

Examples from western North America, Argentina, Europe, China, and India show that 

phytoliths can fill temporal and spatial gaps necessary to more fully document the evolutionary 

history of monocots.  

 

 

Don't Make Me Think: Biodiversity Data Publishing Made Easy 
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Presenting author: Laurence Livemore (l.livermore@nhm.ac.uk) 

The Scratchpad Virtual Research Environment (http://scratchpads.eu/) has been supporting the 

curation and management of structured biodiversity data for over 6 years. In that time, the 

project has attracted almost 10,000 active users across 600 communities, generating 600,000 data 

records on circa 30,000 taxa. These data are often highly structured and in many cases represent 

new information that lends itself to formal publication.  

As part of the ViBRANT (http://vbrant.eu/) and eMonocot (http://e-monocot.org/) funded 

projects we have written a new Scratchpad module that enables users to rapidly publish taxon 

descriptions, datasets and associated metadata from their Scratchpad to the new open access 

Biodiversity Data Journal (http://biodiversitydatajournal.com/). Through this publishing model, 

users can rapidly select, describe and submit their data for publication without reformatting or 

restructuring. Peer review and editing is supported via the Pensoft Journal System, which upon 

acceptance, pushes structured data to appropriate permanent data repositories, including 

Catalogue of Life, ZooBank, WikiSpecies, Plazi, RefBank, GBIF, DRYAD and Pubmed. The 

accepted article, with links to the appropriate data repositories, is returned to the source 

Scratchpad and simultaneously published in the Biodiversity Data Journal.  

Through this process we hope to break the bottleneck of biodiversity data publishing, allowing 

small accretionary advances in biodiversity science to be quickly published with minimal effort 
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and at low cost, while providing formal credit for authors producing data papers. Presently the 

module is restricted to publishing species descriptions, checklists and sampling reports. However 

we plan to extend these templates to identification keys, ecological associations and trait data in 

the near future. 

 

 

Cotyledon Diversity in Angiosperms: Why are Monocots Different? 

 
Sokoloff, Dmitry D. (1)*; Remizowa, Margarita V. (1); Rudall, Paula J. (2) 

(1) M.V. Lomonosov Moscow State University, 1, 12, Leninskie Gory, 119234 Moscow, Russia; 

sokoloff-v@yandex.ru 

(2) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, UK 

 

Cotyledon number is an iconic character that distinguishes two major groups of angiosperms. 

Since dicotyledons are paraphyletic and monocotyledons are monophyletic, considerable 

research has been conducted to establish a precise pathway of transformation from the dicotylar 

condition to the monocotylar condition. In pre-molecular classifications, the order Nymphaeales 

was often considered to be the closest extant relative of monocots. It had been postulated that the 

embryos of Nymphaeales resemble those of monocots, supporting a putative sister-group 

relationship between two taxa. However, different authors implied contradictory homologies 

between various parts of the embryo in water-lilies and monocots. Circular reasoning was 

apparently employed to correlate embryological and phylogenetic data, at least in part.  

 

The origin of the monocotylar embryo should be discussed in the framework of embryo diversity 

across the land plants as a whole. A bipolar embryo with endoscopic development is an 

important diagnostic feature of the seed-plant lineage. The origin and ancestral adaptive 

advantages of this component of sporophyte body plan remain enigmatic, due to lack of data on 

embryos of early tracheophytes. With endoscopic development, cotyledons are the organs closest 

to the nutritive tissue(s) of the seed. Therefore, they commonly fulfil a haustorial function. This 

arrangement creates a spatial constraint in seed germination, because the cotyledons enclose the 

shoot apical meristem. Seed plants have adopted several ways of overcoming this fundamental 

constraint at germination, one of which is the monocotylar embryo. The superficially monocot-

like seedlings of Hydatellaceae (Nymphaeales) are useful for discussing the importance of 

physical constraints at seed germination. 

 

 

Flowers and Fruits of Maundia, a Phylogenetically Isolated Member of Alismatales 
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Straße 6–8, 14195 Berlin, Germany 
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According to recent molecular phylogenetic data, the rare Australian endemic Maundia 

triglochinoides does not form a clade with taxa traditionally classified as members of the family 

Juncaginaceae. Therefore, views on morphological evolution and taxonomy of Alismatales 

require re-assessment. As the morphology of Maundia is poorly known and some key features 

are controversially described in the literature, flowers and fruits were studied using light and 

scanning electron microscopy. Except in the inflorescence tip (where the flower groundplan is 

variable), flowers possess two tepals in transversal-abaxial position, six stamens in two trimerous 

whorls and four carpels in median and transversal positions. Maundia shares the same and highly 

unusual floral groundplan with Aponogeton spp., a homoplastic similarity that can be explained 

by spatial constraints in developing inflorescences. The shared possession of orthotropous ovules 

supports the molecular phylogenetic placement of Maundia as sister to a large clade including 

Potamogetonaceae and related families. The nucellar coenocyte of Maundia appears to be unique 

among monocots. Although carpels of Maundia are united via floral centre, like in 

Juncaginaceae, fruits of Maundia differ from those of Juncaginaceae. At maturity, carpels of 

Maundia do not separate from the flower centre. Fruits are indehiscent. Pericarp and seed coat 

histology provide some other features not described so far in Juncaginaceae. As Maundia 

exhibits a mosaic of features characteristic of other families of tepaloid core Alismatales, its 

segregation as a separate family is plausible. Affinities to related taxa are discussed. Funding 

from Russian Foundation of Basic Research (grants 12-04-01070, 12-04-33050) is 

acknowledged. 

 

 

Evolution of Life History Traits in Poa L. (Poaceae): Longevity, Storage Organs & 

Breeding Systems 

 
Soreng, Robert J. (1)*; Gillespie, Lynn J. (2); Neda Amiri (2) 

(1) Department of Botany, National Museum of Natural History, Smithsonian Institution, Washington 

DC, U.S.A; sorengr@si.edu 

(2) Research Division, Canadian Museum of Nature, Ottawa, Canada 

 

Poa, the largest genus of grasses (500+), occurs in cool-temperate to polar habitats worldwide, 

and is characterized by small, multi-flowered spikelets, with keeled, unawned and often 

pubescent lemmas, and callus often webbed. New Asia and Africa samples allowed us to fill 

significant gaps in our evolutionary hypotheses. We provide a robust phylogeny for the genus 

with analyses of plastid (rpoB-trnC, matK, trnT-L-F) and nuclear ribosomal (ITS, ETS) 

sequences.  

Using our new phylogeny, we examine the evolution of life history traits, including; longevity, 

storage organs, and breeding systems.  A perennial lifecycle is pleisiomorphic and there are 10 

derived clades containing annuals (32 species). There are at least three clades with bulbous culm 

bases (16 species); and two clades, each with a single species, with corms. Our breeding system 

survey (n = 457 species) reveals that hermaphroditism is pleisiomorphic (285 species), and 

predominates in Old-World and Austral-Asian taxa. Dicliny (158 species), more widespread than 

previously reported, is primarily found in New-World taxa, with four forms: 1) gynomonoecism 

[pistillate upper flower(s) within spikelets] is found in 17 clades (60 species) and is correlated 

with short anthers; 2) sequential-gynomonoecism is found in Poa supersect. Homalopoa from 

the Himalayas and the New-World (13 species); 3) gynodioecism is found in three clades (seven 

species); and 4) dioecism is found in four subclades in Poa supersect. Homalopoa (45 species). 
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There are two main types of apomixis: 1) pseudovivipary is found in six clades (23 species); and 

2) apospory and diplospory are found in six clades (18 species). 

 

 

Evolution of Life Forms in Tribe Epidendreae (Orchidaceae): Are Geophytes Associated to 

Dry Forests? 

 
Sosa Victoria (1)*; Cameron Kenneth

 
(2); Angulo-Pérez Diego

 
(1); Hernández-Hernández Tania

 
(1); 

Cuéllar-Martínez Manuel (1) 

(1) Instituto de Ecología AC, Veracruz, Mexico; victoria.sosa@inecol.edu.mx 

(2) Botany Department, University of Wisconsin at Madison 

 

Tribe Epidendreae is one of the most remarkable groups in Orchidaceae, with diverse life forms 

and varied symbiotic relationships. Epiphytes vs geophytes, mycoheterotrophic vs autotrophic 

forms as well as litophytes are found in this tribe. To understand the evolution of life forms, to 

identify the time of origin of groups in which a shift in life form occurred and if there is 

correlation between climatic factors or type of forest with certain life form, phylogenetic 

analyses are conducted. Representative taxa of the tribe Epidendreae were selected and subtribe 

Bletiinae where most of the shifts in life forms occur was more intensely sampled. Results 

indicate that in the tribe Epidendreae, only in the subtribe Bletiinae two shifts of life form 

occurred, to geophytes and to mycoheterotrophic forms, the plants of the rest of the five 

subtribes are epiphytes and/or litophytes. Time of origin of subtribe Bletiinae ranges from 21-48 

mya. Ancestral areas, changes of types of forests in which taxa grow and the most important 

climatic factors are discussed in the light of the phylogeny. 

 

 

Using Regional Flora Barcode Databases for Large-Scale Phylogenetic Reconstructions: A 

New and Improvred Fossilcalibrated Phylogeny of the Sedge Family 

 
Spalink, Daniel (1)*; Zaborsky, John (1); Drew, Bryan (2); Pace, Matthew (1); Cameron, 

Ken (1); Sytsma, Kenneth (1); 

(1) University of Wisconsin-Madison, Department of Botany, Madison, WI, U.S.A.; 

dspalink@wisc.edu. 

(2) University of Florida, Florida Museum of Natural History, Gainesville, FL, U.S.A. 

 

DNA barcodes have tremendous utility as aids for species identification and as tools for 

assembling community phylogenies. We are presently developing barcodes (rbcL and matK) for 

each of the 2572 vascular plant species in Wisconsin as part of an NSF. Dimensions of 

Biodiversity grant, and here demonstrate how such resources can also serve as the basis for 

broader evolutionary investigations. In this study, we utilize the barcodes of all Wisconsin 

Cyperaceae species (235 taxa) as the fully sampled foundation for a new fossil-calibrated 

phylogeny of the family. We broaden our sampling beyond WI to include all major sedge 

lineages worldwide as well as representatives of every family in Poales. Through sequences 

produced de novo and gathered from GenBank, we incorporate two additional markers (trnL-F 

and ndhF) into a final dataset consisting of over 500 taxa in Cyperaceae and 200 additional 

Poales. Our Beast analysis is calibrated with several well-documented fossils within Cyperaceae 

and throughout Poales, and provides unprecedented resolution to tribal and generic relationships 
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within the family as well as confident estimations of divergence times among all lineages. We 

utilize this chronogram to date the assembly of the WI sedge flora relative to the rest of the 

family, present a preliminary biogeographic analysis reconstructing ancestral ranges, and discuss 

the broad utility local flora barcode databases. 

 

 

Phylogeny Reveals a Persisting Polyphyly in the Bulrushes (Scirpus, Cyperaceae): 

Implications for a Long-Troubled Taxonomy and Insights into Bulrush Diversification 

 
Spalink, Daniel (1)*; Sytsma, Kenneth (1) 

(1) University of Wisconsin-Madison, Department of Botany, Madison, Wisconsin, 

U.S.A.; dspalink@wisc.edu 

 

The taxonomy of the bulrushes (Scirpus, Cyperaceae) has been troubled since Species 

Plantarum, in which Linnaeus described the genus as having terete spikelets, spirally imbricate 

scales, and 3-fid bisexual flowers. This rather loose definition of the bulrushes resulted in a large 

and unnatural genus, with subsequent treatments describing as many as 1672 unique taxa. 

Scirpus has been since redefined to include 35 temperate and boreal emergent aquatic species, 

and molecular studies have confirmed that most Scirpus s.l. segregates are indeed evolutionarily 

distinct from Scirpus s.s. However, the exact limits of the genus remain unclear and infrageneric 

relationships are largely unknown, preventing evolutionary analyses that would provide insight 

into the diversification of this group. This study seeks to assess the monophyly of Scirpus s.s. as 

currently defined, to clarify relationships within the genus, and investigate the biogeographic 

patterns of diversification that have contributed to its evolution. We utilize a 9-locus dataset 

(including three novel single-copy nuclear markers) to provide resolution to this clade. We 

demonstrate with strong support that Scirpus s.s. remains paraphyletic, and that delineating a 

monophyletic Scirpus will necessitate an inclusion of the genus Eriophorum (cotton-grass). Our 

data also imply a North American origin of Scirpus, and invoke at least three independent long-

distance dispersal events that have contributed to the diversification of the bulrushes in Eurasia. 

 

 

Homoplasy and Emerging Complexity in the Evolution of the Zingiberales 
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Chodon (1); Benedict, John C. (3); Barrett, Craig (4).  

(1) Department of Plant and Microbial Biology, University and Jepson Herbaria, University of California, 

Berkeley, CA, U.S.A.; cdspecht@berkeley.edu 

(2) Department of Earth & Environmental Sciences and Museum of Paleontology, University of 

Michigan, Ann Arbor, MI, U.S.A. 

(3) Department of Biology, University of Guam, Mangilao, Guam. 

(4) Department of Biological Sciences, California State University, Los Angeles, CA, U.S.A. 

 

Zingiberales are a diverse group of tropical monocots, including edible plants (e.g., ginger, 

cardamom, bananas) and ornamentals (e.g., cannas, bird-of-paradise, prayer plants) with eight 

families and ca. 2500 species. Zingiberales are thought to have diverged from their sister order 

Commelinales ~120 mya, but the earliest divergences within the order are not confidently 

resolved using multi-gene phylogenies, likely due to a rapid radiation that occurred around ~100 
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mya. A recent study including 83 chloroplast genes and investigating the influence of outgroup 

composition and data partitioning recovered a topology in which Heliconiaceae was sister to all 

other families (Heliconia-sister topology), but also demonstrated the challenges of reconstructing 

the earliest branching events. While developmental genetic studies focusing on genome 

morphology and gene duplication patterns continue to support a ‘banana-sister topology’ 

(Musaceae sister to all other families sensu Kress et al. 2001), ongoing research based on gene 

family evolution indicates potential alternative interpretations. In addition, the earliest fossils of 

Zingiberales are assigned to Zingiberaceae and Musaceae, bringing into question the relative 

ages of these lineages. Incorporation of morphological and fossil data into a phylogenetic 

reconstruction pipeline will permit us to make full use of the information recorded in the fossil 

record and in extant genomes to resolve the phylogeny of Zingiberales and investigate where and 

when homoplasy may be driving inferred phylogenetic relationships. These data can then be used 

to estimate ages of diversification for the major lineages and test the hypothesis of an ancient 

rapid radiation at the base of the order.  

 

 

Phylogeny of the Hyperdiverse Cariceae + Dulichieae + Scirpeae S.S. Clade (Cyperaceae) 

 
Starr, Julian R. (1,2)*; Gilmour, Claire N. (1,2); Naczi, Robert F. C. (3); Donadío, Sabina (4); Léveillé-

Bourret, Étienne (1,2); Ford, Bruce A. (5); Spalink, Daniel (6), Sytsma, Kenneth (6) 

(1) University of Ottawa, Department of Biology, Ottawa, Ontario, Canada; jstarr@uottawa.ca 

(2) Canadian Museum of Nature, Ottawa, Ontario, Canada  

(3) The New York Botanical Garden, Bronx, NY, U.S.A. 

(4) Instituto de Botánica Darwinion, (CONICET-ANCEFN), Buenos Aires, Argentina 

(5) University of Manitoba, Department of Biological Sciences, Winnipeg, Manitoba, Canada 

(6) University of Wisconsin, Department of Botany, Madison, Wisconsin, U.S.A. 

 

Over the past 50 years, evidence from embryo types, fruit epidermal silica bodies, and 

morphological and molecular phylogenies has indicated that the sedge genus Scirpus s.l. (200-

300 spp.) is polyphyletic. Although many of the genera segregated from Scirpus s.l. are clearly 

distantly related to Scirpus s.s. (e.g. Isolepis, Schoenoplectus), others, such as Eriophorum or 

Trichophorum, cannot be easily delineated from Scirpus and their relationships remain unclear 

owing to a series of intermediate taxa (e.g., Scirpus maximowiczii, Eriophorum scabriculme). In 

addition, the relationships of these genera within a wider clade consisting of tribes Scirpeae s.s., 

Dulichieae, Cariceae, and the monotypic genus Khaosokia, are still unresolved. Using the 

cpDNA genes matK and ndhF our results suggest there are five major lineages sister to 

Khaosokia with tribe Dulichieae being sister to all these lineages within the Cariceae + 

Dulichieae + Scirpeae s.s. clade. Molecular and embryo type analyses suggest that a 

Trichophorum + Oreobolopsis + Cypringlea clade or the recently discovered genus Calliscirpus 

may be sister to tribe Cariceae. The possible existence of another new genus is currently under 

study. MatK + ndhF analyses suggest that Eriophorum s.s. is strongly monophyletic (93% BS) 

and nested within a Scirpus s.s. clade that includes S. maximowiczii, but support is low (≤ 63% 

BS). However, intensive sequencing of both single-copy nuclear genes (ZCD, APEP, PHYC) 

and four additional chloroplast markers provides strong evidence that Eriophorum s.s. and 

Scirpus s.s. are inseparable.  
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The Cenozoic Assembly of Grassland Ecosystems: The Fossil Record of Phytoliths Reveals 

a Complex Pattern 

 
Strömberg, Caroline A.E.(1) 

(1) Department of Biology and Burke Museum of Natural History and Culture, University of Washington, 

24 Kincaid Hall, Box 351800, Seattle, WA, 98195-1800, USA 

 

Grassland ecosystems constitute one of the most prominent biomes today, occupying ~40% of 

Earth’s land surface. The assembly of the grassland biome has been a chief concern among 

paleontologists and evolutionary biologists for 140 years. Work on grassland evolution has 

primarily involved indirect lines of evidence such as functional morphology of animals and 

stable isotopes, whereas direct paleobotanical data have historically been scarce. However, in 

recent years, plant silica (phytoliths) has emerged as a highly suitable tool for tracking 

diversification of Poaceae lineages and the spread of grassland vegetation. Unlike pollen and 

most macrofossils, grass phytoliths are diagnostic of ecologically distinct grass subclades. Plant 

silica can also be found in a wide range of sediments that do not preserve other types of plant 

fossils, such as many Cenozoic deposits. Phytolith data collected so far in North and South 

America, Europe, Asia, and Africa have helped reveal that the evolutionary history of the 

grassland biome was much more complex than previously assumed. For example, it now appears 

that open-habitat grasses diversified long before becoming ecologically dominant in both North 

and South America, suggesting that different environmental factors drove these events. Plant 

silica evidence also shows that grazers did not evolve in tight coevolution with grasslands in 

North America and Eurasia, and in South America grazer-like morphology originated completely 

independently of grasslands. These results suggest that region-by-region study is necessary to 

fully understand the factors that shaped and continue to shape grass-dominated ecosystems. 

 

 

Taxonomic Revision of Sect. Opsophyton（Dioscorea）From China 

 
Sun, Xiaoqin (1)*; Zhou Yifeng; Li, Mimi (1); Hang, Yueyu (1) 

(1) Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing, China; 

hangyueyu@yahoo.com.cn 

 

In Section Opsophyton of Dioscorea in Dioscoreaceae, there are 5-6 species distributed in the 

world. According to the views of Prain and Burkill, the Sect. Opsophyton included 1 species D. 

bulbifera and 3 of its varieties, which were D. bulbifera var. deltoidea in Guangdong, D. 

bulbifera var. simbha in Tengchong Yunnan, D. bulbifera var. vera in Maowen Sichuan. In Flora 

of China, only D. bulbifera was recorded. Recently, Ding et al. found a kind of air potato with 

tuber white in transverse section from Yunnan Province, China, which was named as D. 

bulbifera var. albotuberosa. 

 

A taxonomic revision of the Sect. Opsophyton in China was made based on literature research, 

specimen review, field survey and introduced species observation. The results show that distinct 

morphological variation exists in the section. Species can be divided by inflorescence length, and 

infraspecific classification can be done using morphology of flowers, leaves, bulblets and 

capsules. The section includes 2 species and 3 varieties in China, including 1 new species and 3 

new distribution records. D. bulbifera var. bulbifera, D. bulbifera var. albituberosa and D. 

mailto:hangyueyu@yahoo.com.cn
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bulbifera var. heterophylla are distributed in Guangdong, Xianggang, Hainan in China, D. 

bubifera var. simbha in Yunnan, Guizhou and Hunan, and D. bulbifera var. brachybotryum in 

Yuanan with shorter and less inflorescence, larger leaves, smaller bulblets, hollow stem 

compared to D. bulbifera. 

 

 

Morphology and Evolution in Anthurium Sect. Urospadix Engl. 

 
Temponi, Lívia G. (1); Coelho, Marcus A. N. (2)  

(1) Universidade Estadual do Oeste do Paraná, Cascavel, Brazil. liviatemponi@yahoo.com.br 

(2) Instituto de Pesquisas Jardim Botânico do Rio de Janeiro, Rio de Janeiro, Brazil 

 

Anthurium, the largest genus of Araceae, is characterized by having bisexual flowers, a uniform 

spadix and a usually persistent spathe. In Brazil there are about 130 species in the genus, 27 of 

which are considered rare, these almost exclusively from the Atlantic Forest. In addition around 

80% of these species belong to Anthurium sect. Urospadix. Vegetative characters are very 

important to identify the species of Anthurium, but there is much discussion regarding the 

phenotypic plasticity of these characters. Many floral characters were proposed as important in 

the description of the species and have been adopted. Recently, anatomical studies have revealed 

that other vegetative and floral characters may be useful for future systematic research. 

Molecular phylogenetic relationships within species of Anthurium have been proposed, but the 

clades lack morphological synapomorphies to be better circumscribed. The majority of the 

diagnostic Anthurium characters appear in cladistic analyses to be highly homoplastic and these 

don’t emerge as synapomorphies. Moreover, these analyses have revealed that some characters, 

little used in the systematic analysis, have emerged as synapomorphies of some clades and 

should be investigated more in order to better understand their evolution in the genus and 

especially in groups such as Anthurium sect. Urospadix. Fundação Araucária, FAPESP - 

Fundação de Amparo à Pesquisa do Estado de São Paulo (research grant nº 2010/17400-3) and 

CNPq - Conselho Nacional de Desenvolvimento Científico e Tecnológico (research grant nº 

562240/2010-1). 

 

 

Karyotype Characterization of Four Mexican Species of Schoenoplectus (Cyperaceae) and 

First Report of Polyploid Mixoploidy for the Family 

 
Tena-Flores, Jorge A. (1); González-Elizondo, María Socorro (1)*; Herrera-Arrieta, Yolanda (1); 

Almaraz-Abarca, Norma (1); Mayek-Pérez, Netzahualcóyotl (2); Laforga-Vanzela, André L. (3) 

(1) CIIDIR Durango, Instituto Politécnico Nacional, Durango, Dgo., Mexico. jorge@tena-flores.com 

(2) Centro de Biotecnología Genómica, Instituto Politécnico Nacional, Reynosa, Tam., Mexico 

(3) Universidade Estadual de Londrina, PR, Brazil 

 

Schoenoplectus s.s. (Cyperaceae) is a worldwide distributed genus of about 31 species. Several 

are dominant in aquatic habitats and some of them have proven good for phytoremediation. Five 

species are known from Mexico. 

Karyomorphological analysis were performed for four species of Schoenoplectus from 11 

populations in north-central Mexico, on metaphase chromosomes from meristematic root cells. 

Chromosome numbers range from 2n = 38 to 2n = 84. New records of counting are given for 
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Schoenoplectus acutus (2n = 38 and 2n = 84) and for S. americanus (2n = 66). Intra-individual 

variation in chromosome number was found in S. acutus, a rare polyploid mixoploidy with 

prevalence of cells with 2n = 38 (36 small + 2 compound, larger chromosomes) and a few cells 

with 2n = 84 small, dot-shaped chromosomes. Previous reports of mixoploidy for sedges were of 

aneuploid mixoploidy. Polyploidy followed by dysploidy is the most common mechanism of 

karyotype variation for the studied species. Absence of primary constrictions is confirmed. Mean 

length of the diploid set ranges from 51.5 µm (S. tabernaemontani) to 79.5 µm (S. acutus). The 

lowest average chromosome length for the dot-shaped chromosomes was 0.69 µm (S. acutus) 

and the highest 1.62 µm (S. tabernaemontani); the pair of large chromosomes in S. acutus 

reaches 3.17 µm. A low interchromosomal asymmetry index (A2), 0.11 to 0.14 was found, very 

similar among all the species with the exception of the dimorphic karyotypes of S. acutus (A2 = 

0.30). Those are the first karyological data for Mexican Schoenoplectus as well as the first record 

of polyploid mixoploidy for the family. 

 

 

Character Transformations in the Alismatids: Phylogenetic Studies Inferred from 

Morphology and Molecular Data. 

 
Thadeo, Marcela (1) 

*
; Stevenson, Dennis W. (1); Peterson, Gitte

2
; Seberg, Ole(2); Davis, Jerrold(3); 

Graham, Sean(4)   

(1) The New York Botanical Garden, Bronx, NY, USA; tmarcela@gmail.com 

(2) The Natural Museum of Denmark, Copenhagen, Denmark 

(3) Cornell University, Ithaca, NY, USA 

(4) University of British Columbia, Vancouver, British Columbia, Canada 

 

All known marine angiosperms and all hydrophytes angiosperms are concentrated in the 

alismatids with only a few species found in the Ceratophyllaceae and Callitrichaceae. The 

phylogeny of alismatids remains an area of deep uncertainty, with different arrangements being 

found in studies that examined various subsets of genes and taxa. Herein we conducted separate 

and combined analysis of 225 morphological, anatomical, ultrastructural and biochemical 

characters and molecular data to explore the controversial phylogenies of the family. The 

characters states of 60 taxa of Alismatales were compiled from the literature resources and from 

our personal observations. We review the bases and limitations of different hypotheses for 

interfamilial relationships within the group. Although cladistic analyses have provided many 

insights into phylogenetic relationships of alismatids, the homology of morphological character 

states in this mainly aquatic group is frequently uncertain and subject to alternative 

interpretations. The incorporation of molecular data in cladistic analysis is a potentially powerful 

technique to study phylogenetic relationships of aquatic plants characterized by what appear to 

be highly homoplasious morphological features. Former and current systematic studies 

consistently indicate strong support for the monophyly of the Alismatales. 

 

 

Adventuring Through Dry Forests: Chamaecostus Subsessilis (Costaceae) Phylogeography, 

Spatial Distribution and Evolution 

 
Thiago , André (1)*; Tânia Wendt (1); Clarisse Palma-Silva (2); Chelsea Specht (3) 

(1) Universidade Federal do Rio de Janeiro, Rio de Janeiro (RJ), Brazil;  
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(2) Universidade do Estado de São Paulo, Campus de Rio Claro, Rio Claro (SP), Brazil; 

(3) University of California at Berkeley, Berkeley (CA), USA; 

*thiagojcandre@gmail.com 

 

Genealogical relationships within and between populations of a given lineage provide important 

insights into organismal diversification patterns. Indeed, the estimation of the history of 

population divergence allows further hypothesizes to which intrinsic (evolutionary) and extrinsic 

(environmental) forces may favor population divergence and regulate species evolution and 

speciation. Here I analyze spatial distribution and phylogeographical patterns of Chamaecostus 

subsessilis (Costaceae, Zingiberales), a South American ground herb occurring in forest 

understory. Spatial and chronological aspects of lineage diversification are examined based on 

nuclear and plastid DNA sequences.  Several populations across most of the species range were 

analyzed. Bayesian phylogenetic inference and haplotype network reconstruction were used from 

sequence data for each marker to reconstruct relationships and estimate population structure.  

Species distribution parameters were investigated using climatic niche modeling.  Current 

geographic distribution is highly correlated with a seasonal climate, confirming that C. 

subsessilis has evolved a unique morphology that enables it to tolerate periods of drought. 

Geographical and temporal aspects of divergence between lineages indicate an early evolution 

within the central Brazilian highlands, with a more recent dispersal to the Amazon. Secondary 

contact of populations might be occurring along the narrow corridor of dry lowland climate of 

Eastern Amazonia. 

 

 

Who’s who In the Narcissus Triandrus Complex? 

 
Trias-Blasi, Anna (1) * 

(1) Herbarium, Library, Art & Archives, Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, 

UK. a.triasblasi@kew.org  

 

Taxa in the Narcissus triandrus complex are easily distinguished by their pendent flowers, 

reflexed tepals, cylindrical perianth tube, tristylous gynoecium and unequal filaments. They are 

widespread in the Iberian Peninsula with exception of the eastern, north eastern and 

southernmost parts. Additionally, there are isolated populations in three islands in the ‘Archipel 

des Glénan’ located off the coast of Brittany in France. 

 

The revision of this species complex is underway as part of a large scale revisionary project of 

the genus Narcissus. Preliminary research has shown that the use of traditional taxonomic 

methods is not sufficient to elucidate taxonomic boundaries within the genus Narcissus in 

general and in the Narcissus triandrus complex in particular, due to their complex patterns of 

morphological variation. Conservation genetics methods are used to help understand the 

systematics and subsequently assess the conservation statuses of these taxa. Evolutionary 

patterns causing the distributional disjunction between the Iberian and French populations in the 

N. triandrus complex are also explored. 
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Hybridization, Allopolyploid Speciation, and Taxonomic Confusion: Lessons from the 

Temperate Bamboos 

 
Triplett, Jimmy K. (1)*; Clark, Lynn G. (2); Wen, Jun (3) 

(1) Jacksonville State University, Alabama, U.S.A.; jtriplett@jsu.edu 

(2) Iowa State University, Iowa, U.S.A. 

(3) National Museum of Natural History, Smithsonian Institution, Washington, DC, U.S.A.  

 

Recent molecular evidence suggests that modern-day bamboos (Poaceae: Bambusoideae) are the 

products of hybridization and genome doubling events that predate the origin of major lineages, 

including the temperate and tropical woody bamboos (tribes Arundinarieae and Bambuseae). 

Subsequent speciation at the polyploid level produced the diversity of taxa recognized today. 

Moreover, new species have been produced by ongoing hybridization among allopolyploids, in 

some cases involving parents from different genera. Thus, bamboos present a model system in 

which polyploid speciation has been caught in the act at various phylogenetic levels. The current 

project addresses population-level questions that cut across taxonomic boundaries, focusing on 

two temperate bamboo genera: Pleioblastus in East Asia and Arundinaria in North America. 

Comparative analyses of nuclear and chloroplast DNA sequence data and population-level AFLP 

fingerprint data reveal that hybridization has had an important and recurrent role in the evolution 

of these tetraploid grasses. 

 

 

Evolution and Biogeography of Neotropical Eriocaulaceae 

 
Trovó, Marcelo(1); Andrade, J.G. Maria(2); Ribeiro, L. Patrícia(2); Sano, T. Paulo(3); Echternacht, 

Livia(3)*; van den Berg, Cássio(2) 

(1) Departamento de Botânica, Instituto de Biologia, Universidade Federal do Rio de Janeiro, CCS, Bloco 

A1 , CEP 21941-590, Rio de Janeiro, RJ, Brazil. 

(2) Laboratório de Sistemática Molecular de Plantas, Departamento de Ciências Biológicas, Universidade 

Estadual de Feira de Santana, Av. Transnordestina s.n., CEP 44036-900, Feira de Santana, Brazil. 

(3) Laboratório de Sistemática Vegetal, Departamento de Botânica, Instituto de Biociências, Universidade 

de São Paulo, Rua do Matão 277, Cidade Universitária, CEP 05508-900, São Paulo, Brazil. 

 

Subfamily Paepalanthoideae encompass the largest generic diversity in Eriocaulaceae. In the 

present study, the main goals were to infer the phylogeny of this subfamily focusing on 

Paepalanthus, to evaluate recent classifications and morphological characters in a phylogenetic 

context and to reconstruct the historical biogeography of the group. Sampling involved 94 

ingroup species corresponding to all recognized genera and three outgroup species. Two 

molecular data sets, nuclear ribosomal internal transcribed spacer (nrITS) and plastid trnL-trnF, 

were analyzed under parsimony and Bayesian methods. Rondonanthus is monophyletic and 

confirmed as sister to the remaining Paepalanthoideae. Leiothrix and Actinocephalus are each 

monophyletic, whereas Syngonanthus may be either monophyletic or paraphyletic with the 

recognition of Philodice. Four subgenera of Paepalanthus are monophyletic, but P. subgenus 

Paepalanthus is polyphyletic. Morphological characters used in previous classifications are 

assessed as putative synapomorphies for recognized genera. Some of the characters employed in 

defining Paepalanthus subcategories appear to have evolved multiple times, and many clades 

may be exclusively defined by molecular synapomorphies. Biogeographical reconstructions 
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suggest that the current distribution patterns may be related to vicariance and a few long-distance 

dispersal events. Furthermore, some clades are restricted to narrow geographical areas, perhaps 

important as a means of conserving evolutionary processes. 

 

 

Diversity and Biogeography of Cyperaceae in China 
 
Tucker, Gordon C. (1)*; Simpson, David A. (2) 

(1) Eastern Illinois University, Charleston, Ill., USA; gctucker@eiu.edu 

(2)
 
Royal Botanic Gardens, Kew, UK. 

 

The Cyperaceae, worldwide in distribution, currently comprise 106 genera and ca.5500 species. 

In China, there are 33 genera and ca.870 species. Of these, 326 species (37.6%) are endemic. 

There are no endemic genera. Only six species are introductions. The largest genus is Carex, 

with 527 species; Cyperus is second (62 species, 8 endemic). Other diverse genera include: 

Fimbristylis (53, 10), Eleocharis (35, 9), and Scleria (24, 4). The circumboreal Kobresia, has 44 

of its 54 species in China, with 16 endemics; most are found in the Tibetan-Himalayan region. 

Some widely distributed genera are poorly represented in China with no endemics, e.g., 

Bulbostylis (3 spp), and Lipocarpha (4 spp). With regard to photosynthetic pathway, 14 % of 

Chinese Cyperaceae are C4. Notably speciose groups include Carex subgenus Vigneastra 

(“Indocarex”), centered in tropical Asia, with 36 species (16 endemic) in China; dozens of other 

species of the subgenus are regional endemics, shared with one or more adjacent Southeast Asian 

countries. Speciation patterns contrast between genera. Cyperus has numerous narrow or 

regional endemics, closely related to wider ranging species, a pattern noted in other regions of 

the world; however, in Carex, closely related species are often partly or wholly sympatric. 

Elevational ranges of species seldom exceed 1500 m at any latitude or province. Notable regions 

of endemism include the Tibetan Plateau, Sichuan Basin, western Hunan-Guizhou, Guangdong-

Guangxi region, and Hainan. 

 

 

A Molecular Phylogeny and Classification of Eriocoma and Pseudoeriocoma (Poaceae: 

Stipeae) 

 
Valdés Reyna, Jesus (1)*; Romaschenko, Konstantin (2,3); Peterson, Paul M. (2); Soreng, Robert J. (2) 

(1) Departamento de Botánica, Universidad Autónoma Agraria Antonio Narro, Saltillo, Mexico; 

jvaldes.reyna@gmail.com  

(2) Department of Botany, National Museum of Natural History, Smithsonian Institution, Washington 

DC, U.S.A.  

(3) M.G. Kholodny Institute of Botany, National Academy of Sciences, Kiev, Ukraine 

 

The tribe Stipeae includes about 620 species distributed in temperate environments worldwide, 

ranging from cool and wet to dry and xeric. Most species are tussock-forming grasses 

characterized by having single-flowered spikelets and lemmas 5−9-veined often concealing the 

palea and terminating in an awn. Evolutionary relationships within the tribe Stipeae have not 

been fully elucidated and the generic circumscription has remained controversial. 
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We conducted a molecular phylogenetic study of 102 species in the Stipeae using four plastid 

DNA (ndhF, rpl32-trnL, rps16-trnK, and rps16 intron) and nuclear ITS 1&2 sequences to infer 

relationships and revise the classification. In our phylogenetic tree, Achnatherum is polyphyletic 

and the North American species are in two highly-supported clades: the “Eriocoma group” with 

20 species and “Pseuodoeriocoma group” with seven species. Achnatherum acutum, A. 

constrictum, A. diegoense, A. editorum, A. eminens, A. hirticulmis, and A. multinodis 

(‘Pseudoeriocoma group”) have elongated, leafy, bamboo-like culms that rebranch above the 

base whereas members of the “Eriocoma group” have unbranched culms with the leaves borne 

near the base. The “Pseudoeriocoma group” is distributed primarily in Mexico and southwestern 

USA and the “Eriocoma group” is more widely distributed in temperate western North America. 

The molecular results clearly support the recognition of two genera within the North American 

species of Achnatherum. Nearly all species of the “Eriocoma” and “Pseudoeriocoma” groups 

differ from Eurasian species of Achnatherum by having a ciliate crown of hairs at the summit of 

the lemma. In our new classification there are no indigenous New World species of 

Achnatherum. 

 

 

Mixmaster DSB: The Origin and Repair of Double-Strand Breaks in Grass Genome 

Evolution 

 
Vaughn, Justin N. (1)*; Lu, Fang (2); Kwon, Soo-Jin (3); Bennetzen, Jeffrey L. (1) 

(1) Department of Genetics; University of Georgia; Athens, Georgia, USA.  

(2) Dow AgroSciences; Indianapolis, Indiana, US.  

(3) Rural Development Administration; Suwon, Gyeonggi-Do, Republic of Korea. 

 

Genome size among monocots is highly dynamic.  This variation is often the result of changes in 

ploidy.  Transposable element replication and DNA repair/recombination generate more subtle 

structural effects.  Of these, double-strand break (DSB) repair and unequal recombination are the 

only mechanisms that counter genome expansion.  Additionally, DSB repair facilitates the often 

rapid return of the polyploids to a diploid state through chromosomal rearrangement.  We 

constructed an experimental system in rice, maize, sorghum, and pearl millet that allowed us to 

generate DSBs at defined loci.  By sequencing across break junctions, we determined a 

background model for expected indels resulting from DSBs.  Deletions dominate the spectrum of 

repair outcomes, while insertions are rare and generally result in the conversion of local 

sequence into the break.  There is little correlation between genome size and the observed indel 

spectrum.  We contrasted these results with recent insertions and deletions in numerous rice 

accessions and found that tandem duplications are an unexpected source of insertions and may be 

generated via patch-mediated base excision repair at close, complementary sites.  As proposed, 

such events would be an under-appreciated cause of many naturally occurring DSBs in 

monocots.  

 

 

Character Conflict in Triuridaceae: An Evo-Devo, Hierarchical Homology Perspective 

 
Vergara-Silva, Francisco(1) 

(1) Instituto de Biología, Universidad Nacional Autónoma de México, Mexico; fvs@ibiologia.unam.mx 
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Lacandonia schismatica and Triuris brevistylis, two species of Triuridaceae occurring in the 

Lacandon rainforest (State of Chiapas, Southwestern Mexico), have been for a decade at the 

center of a rather peculiar debate regarding empirically adequate assessments of the 

morphological nature of reproductive axes in this monocot family. Recent publications on the 

developmental genetics of L. schismatica, on one hand, and on the morphogenesis, embryology 

and reproductive biology of T. brevistylis, on the other, have provided new grounds for revisiting 

the original terms of –as well as estimating a potential resolution for– this controversy. An 

evolutionary developmental biology (evo-devo) discourse has consistently informed the research 

project(s) that originated the morphological statements in conflict regarding reproductive axes in 

Triuridaceae; paradoxically, though, issues related to homology concepts have not been closely 

analyzed from the standpoint of well-established theoretical evo-devo principles. In line with the 

objectives of this symposium, here I provide a personal outlook on diverse aspects of the 

aforementioned “Triuridaceae controversy”, emphasizing evo-devo perspectives on potentially 

conflictive character state distributions projected upon hierarchical homology frameworks. My 

analysis pays special attention to crucial contributions from angiosperm (particularly monocot) 

comparative, evo-devo-oriented morphology (e.g. Rudall and collaborators’ “non-floral” 

conceptions of the structure of reproductive axes in triurids and other angiosperm families of 

problematic status, e.g. Hydatellaceae), and ultimately supports the need for theoretically 

sophisticated –but empirically sound– approaches to biological complexity in taxon-focused 

plant evo-devo studies. 

 

 

An Integrative Perspective on the Systematics and Conservation of the Tillandsioideae 

Subfamily (Bromeliaceae) In Brazil: Advances and Challenges 

 

Versieux, Leonardo M.* (1); Costa, Andréa Ferreira (2); Wanderley, Maria das Graças Lapa (3) 

(1) Departamento de Botânica, Ecologia e Zoologia, Universidade Federal do Rio Grande do 

Norte, Brazil; lversieux@yahoo.com.br 

(2) Departamento de Botânica, Museu Nacional, Universidade Federal do Rio de Janeiro, Brazil 

(3) Instituto de Botânica, São Paulo, Brazil 

 

We present an overview of the advances on the systematics and conservation of Brazilian 

Tillandsioideae focusing in Alcantarea (E. Morren ex Mez) Harms (Brazilian giant bromeliads) 

and Vriesea Lindl. Vriesea is the largest genus of Bromeliaceae in Brazil, totaling 207 species of 

which 197 (ca. 95%) are endemic to the country. This richness is demonstrated in several 

floristic inventories carried out in Brazilian parks and also along different states where Vriesea 

usually is the most represented bromeliad genus. Several Vriesea species or groups of species are 

mesophytic and characteristic of the eastern Brazilian Atlantic Rainforest. However the genus 

Vriesea benefits from its ability to grow either inside forested areas along valleys as an epiphyte 

or terrestrial, or also on open and exposed habitats as the rocky outcrops, so its distribution may 

reach humid inland areas. Alcantarea has been monographed recently and now it has near 30 

species. The key results from the taxonomic revision of Alcantarea are grouped in a new book 

on the genus, highlighting the morphology and conservation of all species, which are all endemic 

to inselbergs and rocky outcrops from eastern Brazil and are cultivated in different countries as 

garden plants. The systematics and taxonomy of both these taxa (Alcantarea + Vriesea) are 

under progress and new hypothesis and data are becoming available to study. Here we review the 

mailto:lversieux@yahoo.com.br
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most recent literature and indicate opportunities/challenges for new research within this 

subfamily in Brazil. 

 

 

Global Consensus Classification of the Grasses: A Grassbase Perspective. How can we 

Combine our Knowledge and Present it Online? 

 
Vorontsova, Maria S. (1)* 

(1) Herbarium, Library, Art & Archives, Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3AE, 

United Kingdom; m.vorontsova@kew.org 

 

Poaceae systematics is a model for all plants. Grasses are the first large plant family to have a 

stable modern classification system established and confirmed with phylogenetics, genomics, 

macromorphology, anatomy, and numerous other disciplines. Grasses are also the only plant 

family to have the descriptions of all ca 12,000 species coded in a standard format. Unfortunately 

we have no single place to compile classification updates. The Catalogue of New World Grasses 

summarises accepted genera; GrassBase provides species descriptions under the Genera 

Graminum classification system; GrassWorld provides the same species descriptions under 

modern generic concepts and includes maps and additional resources. Combinations of the same 

information are presented in different forms by many other online projects such as the World 

Checklist of Selected Plant Families, The Plant List, eMonocot, and GrassPortal. This 

presentation will discuss the possibilities for bringing these different information sources 

together, mechanisms for resolving inconsistencies, and the implementation of a multi-way 

globally collaborative data ownership. 

 

 

Mad Mysterious Madagascar: The Last Gap in Global Grass Taxonomy  

 
Vorontsova, Maria S. (1)*; Besnard, Guillaume (2) 

(1) Herbarium, Library, Art & Archives, Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3AE, 

United Kingdom; m.vorontsova@kew.org 

(2) CNRS-UPS-ENFA, EDB, UMR 5174, Bât. 4R1, 31062 Toulouse cedex 9, France 

 

Nobody currently resident in Madagascar is able to identify its grasses. No comprehensive 

species list or flora treatment exists. Almost all herbarium collections are held outside the 

country. Grasses are considered to be weeds and cattle feed. Lack of knowledge is preventing the 

development of a coherent conservation policy for the 80% of the island under pasture, 

grassland, savanna, and grass-rich tapia forest. This talk will present an overview of the work 

towards building local taxonomic capacity and reconstructing the evolutionary history of the 

Malagasy grass lineages which include ca 250 endemic species and ca 13 endemic genera. 

 

 

Contrasting Patterns of Nuclear and Plastid Data in Subfamily Pitcairnioideae S.Str. 

(Bromeliaceae) 

 
Wagner, Natascha(1)*; Schütz, Nicole(2); Krapp, Florian(1); Wöhrmann, Tina(1), Schubert, Kai(1), 

Weising, Kurt(1)
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(1) Institute of Biology, University of Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany  

(2) Natural History Museum Stuttgart, Botany Department, Rosenstein 1, 70191 Stuttgart, Germany 

 

According to the revised infrafamilial classification of Bromeliaceae by Givnish et al. (2007), 

subfamily Pitcairnioideae s.str. includes five genera: Pitcairnia, Fosterella, Deuterocohnia 

(including Abromeitiella), Dyckia and Encholirium. We analyzed a sample set including up to 30 

accessions per genus covering the whole distribution area. This study aims to (a) scrutinize the 

phylogenetic relationships within Pitcairnioideae, (b) get an idea about time scales in which the 

genera split up and diversified, and (c) analyse phylogeographic pattern within the subfamily. 

Phylogenetic relationships within the subfamily were based on sequence data of three chloroplast 

DNA loci and the nuclear PHYC gene. 

The large genus Pitcairnia (~ 400 species, including Pepinia) is probably paraphyletic in the cp 

data, but monophyletic in the nuclear tree and takes a basal position in the subfamily. In the 

nuclear phylogeny Puya groups within subfamily Pitcairnioideae and makes it paraphyletic. The 

mesophytic genus Fosterella (31 species) is monophyletic and sister to a well-supported 

xeromorphic clade consisting of Deuterocohnia (18 species), Dyckia (158 species) and 

Encholirium (25 species). Recent studies suggest that Fosterella originated in the mid Miocene 

about 10 mya in the Andean SDTFs (Wagner et al. 2012). The Andean genus Deuterocohnia is 

clearly paraphyletic in the cpDNA tree but not in the nuclear tree, suggesting an ancient 

chloroplast capture event. Whereas Dyckia is apparently monophyletic, the status of Encholirium 

is still ambiguous due to insufficient sampling. The dated chloroplast phylogeny provides 

evidence that Dyckia experienced a recent radiation that started about 2.5 Ma.  

 

 

Phylogenetic Niche Conservatism of Mexican Wild Yams Linked to Conservatism of Leaf 

Functional Traits 

 
Ramona Walls* (1,2); Oswaldo Telléz-Valdéz (3); R. Geeta (2,4) 

(1) The iPlant Collaborative, University of Arizona, Tucson, AZ, USA rwalls@iplantcollaborative.org 

(2) Stony Brook University, Stony Brook, NY, USA 

(3) Facultad de Estudios Superiores Iztacala, Universidad Nacional Autónoma de México, Iztacala, 

México 

(4) University of Delhi, Delhi, India 

 

The leaves we see today are a result of both natural selection and historical contingencies. To 

compare the role these two factors in the diversification of Mexican Dioscorea species and their 

leaf traits, I used both standard and phylogenetic generalized least squares (PGLS) methods to 

analyze correlations between leaf functional traits and regional-scale variation in temperature 

and precipitation, and examined the phylogenetic patterns of leaf traits and climate niches. 

Lamina area, leaf mass per area, length: width ratio, water content, and minimum conductance 

were significantly correlated with climate niches using standard methods, but not using PGLS. 

All of these traits except length:width were phylogenetically conserved. Climate niches 

(measured as mean annual temperature, annual precipitation, and altitude) were also conserved. 

The results suggest that leaf traits are important for adaptation to climate in Dioscorea, but their 

current association with climate is a result of earlier adaptation followed by niche conservatism, 

rather than repeated adaptive evolution. Traits expected to be under selection by 

microenvironmental factors, such as maximum photosynthetic rate and stomatal density, were 
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not significantly correlated with climate parameters using either method and were not 

phylogenetically conserved. A striking relationship between whether or not traits were correlated 

with climate and whether or not they were phylogenetically conserved supports the notion that 

niche conservatism is tightly linked to functional trait conservatism. The combination of 

conserved traits and niches at one scale with labile traits and niches at another could provide a 

general mechanism for high species diversity in biodiversity hotspots like Mexico. 

 

 

Evolution and Diversification in Primarily Forest Clades of Carex (Cyperaceae) From 

Eastern North America and Eastern Asia 

 
Waterway, Marcia J. (1)*; Hoshino, Takuji (2); Masaki, Tomomi (2); Jin, Xiao-Feng (3); Zhang, Shuren 

(4); Naczi, Robert F.C. (5); Ji, Wenli (6)  

(1) McGill University, Montreal, QC, Canada; marcia.waterway@mcgill.ca 

(2) Okayama University of Science, Okayama, Japan  

(3) Hangzhou Normal University, Hangzhou, Zhejiang, P.R. China 

(4) Institute of Botany, Chinese Academy of Sciences, Beijing, P.R. China 

(5) The New York Botanical Garden, Bronx, New York, U.S.A. 

(6) College of Forestry, Northwest A&F University,Yangling, Shaanxi, P.R. China 

Floristic similarities at the generic level between forests in Eastern North America and Eastern 

Asia are well known, but detailed studies within genera of herbaceous species are infrequent. We 

present phylogenetic data on sedge species of Carex subgenera Carex and Siderostictae to show 

that forests of eastern Asia and eastern North America are occupied by distinct lineages that 

share morphological traits related to growth in stable shaded habitats. Many of these forest 

species have relatively wide leaves, foliaceous inflorescence bracts, cespitose growth form, 

relatively large nutlets, and produce fewer fruits than wetland species. These features, along with 

similarity in inflorescence structure, have resulted in taxonomic confusion, with Asian species 

variously grouped into sections originally described for North American species.    

Phylogenetic analysis of nuclear and chloroplast DNA reveals distinct clades in Asia: 

Rhomboidales and Siderostictae clades; and distinct clades in North America: the 

Griseae/Careyanae/Granulares clade, and the Gracillimae clade (combining 5 sections). The 

Laxiflorae/Paniceae clade has distinct Asian and North American subclades plus a small 

subclade of circumboreal species, while the largely Asian section Mitratae is shown to be 

polyphyletic with three subclades, two of which extend into Europe and Australasia. Within 

clades, evolutionary radiations show similar patterns of specialization to different substrates for 

species with overlapping ranges, although more data is required in Asian groups.  Numerous 

local endemics suggest that isolation has also played an important role in speciation, especially 

in areas of mountainous terrain. Species diversity of these forest sedges is comparable in Asia 

and North America. 
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Genetic Structure and Species Delimitation in the Cultivated and Wild Guinea Yams 

(Dioscorea Species) from South and Southwest Ethiopia as Determined by Morphological, 

AFLP and SSR Markers 

 
Wendawek Abebe

 
(1)*; Sebsebe Demissew

 
(2); Fay, M. F.

 
(3); Smith, R. J.

 
(3); Nordal, I.

 
(4); Wilkin, P. 

(3)
   

(1) Dilla University, P.O Box 419, Dilla, Ethiopia.  

(2) National Herbarium Addis Ababa University, P.O Box 3434, Addis Ababa, Ethiopia. 

(3) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, UK.       

(4) University of Oslo, Department of Biology, Postboks, 1066, Blindern, 0316 Oslo Norway  

 

Yams (Dioscorea spp.) rank as the world’s most important root and tuber crop after potatoes, 

cassava and sweet potatoes. Despite their cultural and economic importance there is taxonomic 

confusion regarding Guinea yams. The current classification does not consistently delimit 

species boundaries between Guinea yams (D. cayenensis Lam.–D. rotundata Poir. complex), 

their wild relatives (D. abyssinica Kunth and D.praehensilis Benth.,) and D. sagittifolia Pax.  

Furthermore, genetic diversity of East African yams has not been studied as well as their West 

African counterparts. The major objectives of this study were to evaluate the existing taxonomy 

and determine the amount and distribution of genetic variation of Guinea yams and their wild 

relatives in Ethiopia. Specimens were collected between the months of July and September 2005 

and 2006. The results of cluster and ordination analysis based on morphological, AFLP and 

microsatellite markers failed to produce a clear partitioning of the study individuals into discrete 

taxa according to the existing classification system. Therefore, we propose that at least the wild 

or managed populations and cultivated Guinea yams of South and Southwest Ethiopia form a 

single taxonomic entity. It also appears that the Sheko population displayed the greatest genetic 

diversity. From a conservation perspective, it is important that both the range of cultivars and the 

diversity within them is protected both in situ in the Sheko region, and perhaps also in a local ex-

situ context in an appropriate garden. Future studies must be undertaken at the population scale 

and in a broad range of ecosystems.  

 

 

Selfing and Hybridization in Bromeliaceae: Implications for Evolution and Diversity 

 
Wendt, Tânia (1)* 

(1) Universidade Federal do Rio de Janeiro, RJ, Brazil; twendt@biologia.ufrj.br 

 

Bromeliaceae (c. 3200 spp.) is the sixth largest monocot family, and it is almost confined to the 

Neotropical region, except for only one species in Africa. At this megadiverse region, multiple 

closely related species co-occur, making it a natural laboratory for investigating speciation and 

the evolution of diversity. 

Robust phylogenetic approaches are important to clarify diversification processes. However, low 

DNA sequence divergence rates are found within Bromeliaceae, which makes it difficult to 

resolve phylogenetic relationships. Recent radiated taxa often display high similarity throughout 

their genomes, what could be attributed to shared ancestral polymorphism as well as to recurrent 

gene flow between divergent lineages. 
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Bromeliad artificial hybrids are common and greatly appreciated as ornamental plants. However, 

natural hybrids are poorly documented even though recent studies point to it as more widespread 

than previously supposed in multiple sympatric species systems. It is actually common to find 

bromeliad assemblages with similar floral characteristics, overlapping flowering periods, and 

common pollinators. These situations may favor hybridization, which could be seen as transient 

phase of evolution, during sympatric speciation and reinforcement. 

Nevertheless, multiple pre- and post-zygotic barriers appear to contribute to reproductive 

isolation between bromeliad species. Several species of Bromeliads are reported as autogamic. 

Selfing evolution as a reproductive strategy usually has been attributed to reproductive assurance 

in unfavorable conditions; however, reduced pollen movement resulted from selfing can also act 

as a reproductive barrier between sympatric species. 

 

 

How a Success Transposable Element Rapidly Amplifies and Diversifies the Genome 

without Killing Its Host 
 
Wessler, Susan R. (1)*  

(1) University of California, Riverside 

 

Despite the widespread prevalence of transposable elements (TEs) in the genomes of higher 

eukaryotes, very little is known about how some elements are able to amplify to very high copy 

numbers without being silenced and without killing their host. To address these questions we 

have focused on MITEs (miniature inverted repeat transposable elements), a type of class 2 

element that was discovered in my laboratory 20 years ago as the most prevalent TE associated 

with plant genes.  To understand how MITEs can attain high copy numbers, we succeeded in 

identifying a MITE, mPing, in the midst of rapid amplification throughout the genomes of 4 rice 

strains. High throughput sequencing technologies has been employed to determine where mPing 

inserts and whether other TEs are also active in these strains. These studies have revealed two 

strategies for mPing success. First, mPing avoids inserting into exons, with only 10% of the 

expected number of exon insertions.  Second, in all strains undergoing an mPing burst, all other 

potentially active TEs are silenced. Thus two key strategies for this successful TE are (1) do little 

harm and (2) be the only actively transposing TE in the genome. To understand how mPing 

avoids host silencing we have exploited transposition assays in yeast and Arabidopsis thaliana to 

identify Ping and Pong elements as two sources of transposase that can catalyze mPing 

movement. By analyzing the insertion sites of Ping, mPing and Pong in the 4 related rice strains, 

we have formulated a scenario for how this burst started almost 100 years ago and how it is 

likely to end in the not-too-distant future. 

 

 

Assembling a Novel Developmental Network: Bract Suppression in the Grasses 

 
Whipple, Clinton J. (1)*, Bybee, Seth (1), Thayer, Rachel (1) 

(1) Department of Biology, Brigham Young University, 401 WIDB, Provo, UT 84602  

 

After the transition from vegetative growth to reproductive growth, leaf development is often 

significantly reduced or entirely absent. Inflorescence leaves, or bracts, are completely 

suppressed in nearly all grasses.  Bract suppression appears to have evolved early in the grass 
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family, as well as many other angiosperm lineages including the Brassicaceae.  We are using a 

combined genetic and transcriptional profiling approach in maize to reveal the gene network that 

controls bract suppression.  Two critical bract suppression genes identified to date indicate that 

the grasses share a common bract suppression mechanism controlled by genes that are distinct 

from those known to regulate bract growth in Arabidopsis.  Characterization of additional bract 

suppression mutants is revealing that maize bract suppression is regulated by a complex network 

of genes and hormonal pathways.  Given that bract suppression is a developmental novelty in the 

grass family, it provides an excellent model to investigate a key question in evo-devo: When 

developmental networks evolve, are old networks simply deployed in a new context (exaptation) 

or are novel networks integrated de novo? 

 

 

From Seasonal Forest to Succulent Karoo: Diversity in the African Perennial-Tubered 

Clade of Dioscorea L. 

 
Wilkin, Paul (1)*; Maurin, Olivier (2); A. Muthama Muasya. (3); Michelle van der Bank (2) 

(1) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB UK.; p.wilkin@kew.org 

(2) Molecular Systematics Laboratory, Department of Botany and Biotechnology, University of 

Johannesburg, APK Campus, P.O. Box 524, Auckland Park 2006, Johannesburg, South Africa 

(3) Department of Botany, University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa 

 

This study presents one of the first phylogenetic systematic studies of Dioscorea sampled at 

species level. The clade investigated is the African perennial-tubered clade that comprises 13 

species distributed in southern and eastern Africa; it is closely related to the European taxa of 

Dioscorea. Its diversity is concentrated in South Africa, with 9 endemics and two additional non-

endemic species. The plastid regions matK, rbcL and trnL-F have been used to show that 

Dioscorea rupicola complex and the East African species D. gillettii and D. kituiensis form early 

branching clades. The two Western Cape (sub)endemic species D. burchellii and D. mundtii 

form a clade. The rare Kwazulu-Natal Grassland endemic D. brownii is sister to a clade 

comprising the elephant’s foot yam (D. elephantipes and its allies D. hemicrypta, D. strydomiana 

and D. sylvatica) that mainly possess large above-ground tubers with multiple stems per growing 

season. The latter taxa in particular are of high conservation and medicinal importance, being 

both highly threatened and rich sources of steroidal compounds. The evolution of key 

morphological features supporting existence in forest, grassland, savanna and even karoo and 

fynbos biomes including leaf blade form, the loss of twining habit and the suite of characters 

supporting extremely large exposed tubers is discussed. 

 

 

eMonocot: Biodiversity Informatics for Monocot Plants 

 
Wilkin, Paul (1)*; Baker, Edward, (2); Baker, William J. (1); Barker, Abigail (1); Clark, Benjamin R. (3); 

Godfray, H. Charles G. (3); Hargreaves, Serene (1); Kelly, Joseph (1); Kilgallen, Niamh (1); Kitching, Ian 

J., Livermore, Laurence (3); Santarsiero, Annpaola (3);  Phillips, Sarah (1); Smith, Vincent S. (3), Weber, 

Odile (1). 

(1) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, U.K.; p.wilkin@kew.org 

(2) Life Sciences Department, Natural History Museum, Cromwell Road, London SW7 5BD. 

(3) Department of Zoology, The Tinbergen Building, South Parks Road, Oxford OX1 3PS, UK 
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eMonocot is a project delivering a global online biodiversity information resource for 

monocotyledons. When complete, it will enable identification of Monocot plants, promote 

understanding of their diversity and evolutionary relationships, and allow the user to explore a 

wealth of information including descriptions, images, conservation, geographical and ecological 

data. 

eMonocot is in concept a distributed information system. The content underpinning the project is 

being compiled by monocot plant systematists from many different institutions worldwide . 

Their data are being contributed through online taxonomic information resources, specifically 

new community-led scratchpad websites created as part of the project (currently 28; 

http://about.e-monocot.org/list-emonocot-scratchpads). These scratchpads are providing support 

and tools to enable monocot taxonomists and their communities to manage and present their 

taxonomic data online and in doing so contribute to eMonocot. Global participation is essential 

to developing and sustaining both this data and the expert taxonomic communities that generate 

and enhance it. There is also a dedicated team of project staff compiling content.  

The eMonocot portal (emonocot.org) is linking eMonocot scratchpad content to existing 

eTaxonomic resources including CATE-Araceae (http://araceae.e-monocot.org/), Palmweb 

(www.palmweb.org), Grassbase (www.kew.org/data/grasses-db.html) and the Monocot checklist 

(www.kew.org/wcsp/monocots) via Darwin Core archives (DwC-A). The portal is geared 

primarily to users of systematic data such as those studying the ecology, evolution or 

conservation of monocot plants. The presentation will conclude by examining the further 

development of eMonocot, including its potential as a model for World Flora Online 2020 and 

for the portal to enable novel biodiversity science. 

 

 

Shifts in Geophytic Form across Non-Uniform Habitats are Linked to Plastid Genome 

Structural Changes and Rates of Diversification in Iris 

 
Wilson, Carol A. (1)* 

(1) Rancho Santa Ana Botanic Garden, Claremont, CA, USA; carol.wilson@cgu.edu 

 

Iris, geophytic organs are diverse with rhizomes, stolons, bulbs and/or tuberous roots 

represented.  Character mapping on phylogenies has suggested that rhizomes are ancestral in Iris, 

a finding that is supported by the presence of rhizomes in the sister genus, Dietes.   

 

The evolution of geophytic organs across Iris was investigated within phylogenetic and 

phylogeographical contexts. Tuberous roots characterize two clades: a small clade found at high 

elevations in the Himalayas and nearby ranges (subgen. Nepalensis), and a second larger clade 

(subgen. Scorpiris) that is widespread with most taxa occurring in xeric mountainous regions of 

Central Asia.  Central Asian species with tuberous roots have bulbs as well.  A second origin of 

bulbs occurs in a clade of moderate size but with species of diverse morphologies that 

traditionally have been placed in two subgenera (Xiphium and Hermodactyloides) of Iris and one 

formerly recognized segregate genus, Hermodactylus.  These diverse bulbous species occur 

across Eurasia with two radiations, one at low elevations in Mediterranean climates, and another 

at moderate to high elevations in foothill and steppe habitats.  Sanger and next-generation 

sequencing indicates that the plastid genome of the Eurasian bulbous clade has undergone 
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considerable change in structure and content relative to the overall stability of the plastid genome 

across Iris. 

 

This study provides evidence that shifts from the ancestral rhizomatous habit is correlated with 

climatic challenges as Iris disbursed across the Northern Hemisphere and/or as aridity and 

temperature extremes became established across Asia. Variation in plastid genomes developed in 

Eurasia concurrent with changes in geophytic form. 

 

 

Biodiversity Informatics and Australian Monocots 

 
Wilson, Karen L. (1) * 

(1) National Herbarium of NSW, Royal Botanic Gardens & Domain Trust, Sydney, Australia 

Email: karen.wilson@rbgsyd.nsw.gov.au 

 

Australia has a distinctive and highly varied assemblage of monocot taxa. I will review the 

electronic information sources available for those interested in monocots of this region, 

concentrating on those based in Australia such as APNI, APC, AVH and the national and 

regional Floras. The Atlas of Living Australia is the Australian node of the Global Biodiversity 

Information Facility. It aims to act as a portal for easy access by users globally to these and other 

online resources about Australian organisms. It also provides tools for contributing, mapping and 

analysing data. 

 

 

Population Genetics of Fosterella Rusbyi (Bromeliaceae) 

 
Wöhrmann, Tina (1)*; Michalak, Ingo (2)(3)(4); Zizka, Georg (2)(3)(4); Wagner, Natascha (1); Schubert, 

Kai (1); Weising, Kurt (1) 

(1) Plant Systematics and Morphology, Institute of Biology, University of Kassel, Germany; 

twoehrma@uni-kassel.de 

(2) Department of Botany and Molecular Evolution, Senckenberg Research Institute, Frankfurt/Main, 

Germany 

(3) Faculty of Biosciences, Goethe University, Frankfurt/Main, Germany 

(4) Biodiversity and Climate Research Centre (BiK-F), Frankfurt/Main, Germany 

 

The genus Fosterella comprises 31 species and is distributed from the Peruvian Andes in the 

North to northern Argentina in the South. The terrestrial, meso- to xerophytic herbs with rosette 

leaves and pedunculate influorescences carry inconspicuous, usually white-coloured flowers. 

Two-thirds of the extant Fosterella species have small distributional ranges, and 11 of these can 

be considered as narrow endemics. Little is known about the population genetic structure of 

Fosterella species and the mechanisms of speciation. Fosterella rusbyi is endemic to the humid 

sub-Andean forests and the dry, deciduous forests of inter-Andean valleys of Bolivia. It is 

therefore an adequate candidate for studying both the population structure and speciation 

processes in the genus. 

 

A total of 257 wild individuals of F. rusbyi were collected in the department of La Paz at 26 

different localities, and genotyped using a combination of 15 nuclear and seven chloroplast 
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microsatellite markers specifically designed for this species. Several statistical methods such as 

Wright´s F-statistics, a STRUCTURE analysis and different networks were applied to gain 

information about the genetic diversity, the extent of population differentiation and structure.  

 

Based on the nuclear data the highest likelihood for K in the STRUCTURE analysis was 12, and 

populations where comparatively well separated from each other. The chloroplast data revealed a 

total of 20 different haplotypes, and 12 of these can be classified as private. The potential of 

these markers to differentiate between the populations of F. rusbyi will be discussed. 

 

 

Radiation ‘Gone Mad’ in Schismatoglottideae (Araceae) on Borneo 

 
Wong Sin Yeng (1) * 

(1) Department of Plant Science and Environmental Ecology, Faculty of Resource Science and 

Technology, Universiti Malaysia Sarawak, 94300 Samarahan, Sarawak, Malaysia 

 

Tribe Schismatoglottideae, one of the most speciose and diverse aroid taxa on Borneo, comprises 

more than 250 species, of which over 95% are endemic on the island. Besides the largest genus, 

Schismatoglottis, the tribe includes 11 genera each composed of one to a few species: Apoballis, 

Aridarum, Bakoa, Bucephalandra, Hestia, Phymatarum, Pichinia, Ooia, Piptospatha 

Schottarum, and Schottariella. The Schismatoglottid Alliance (tribes Schismatoglottideae, 

Cryptocoryneae and Philonotieae) has been shown to be monophyletic in the previous study 

based on two chloroplast regions (matK and trnL-F). However, generic boundaries are yet to be 

confirmed for many of the smaller genera of Schismatoglottideae owing to several issues: 1) 

missing types for Aridarum, Hottarum, and Piptospatha, 2) a high level of homoplasy among the 

taxa, and 3) recent fieldwork addding a considerable number of novel taxa from hitherto 

unstudied localitiesrequiring our previous results to be substantially reworked. Here, a 

combination of 80 taxa of Schismatoglottideae are sequenced and analysed for nrITS region to 

investigate placement of novel taxa.. The resulting tree topology supports, 1) a monophyletic 

West Sarawak clade comprising three genera: Aridarum, Bakoa, and Piptospatha; and 2) a 

supra-Lupar Line (the boundary between two of the known Bornean biochores) clade comprising 

Schottarum. Localized specific adaptations, in combination restricted gene-flow and seed 

dispersal limitations, explain the remarkable level of species diversity in Schismatoglottideae 

seen today in Borneo. 

 

 

Interpretation and Taxonomic Utility of the Fruit in Coleochloa (Cyperaceae) 

 
Xanthos, Martin (1) * 

(1) Royal Botanic Gardens, Kew, UK; m.xanthos@kew.org 

 

The genus Coleochloa is uniquely placed amongst the Cyperaceae in possessing vegetative 

characters not normally associated with the family. These include distichously arranged leaves 

and an open sheath with a hairy ligule, as normally found in grasses. The fruit of Coleochloa is 

also unusual comprising a ring of hairs at its base and the apex drawn out into a beak. The 

interpretation of the fruit has been the cause of some confusion. Previous authors believed that 

the term achene was inappropriate for such a membranous structure and settled on the term 
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utricle, which is a modified prophyll that conceals the fruit and the perianth segments, e.g. in 

Carex and Scheonoxiphium. This interpretation was accepted by subsequent authors.  

 

I examined the fruits of 7 out of the 8 species of Coleochloa using light and SEM microscopy. I 

propose that the rings of hairs are interpreted as modified perianth bristles or perianth lobes and 

as such these would not occur on the outside of the utricle. Therefore the fruit should be 

interpreted as an achene. In terms of identifying species, previous authors believed that floral 

characters were of little use due to their homogeneity and that vegetative characters were the 

most distinctive in separating the species. Here, I show that the achenes of the different species 

reveal surprising morphological diversity especially concerning the ring of hairs.  

 

My microscopy work leads the achene to be regarded as a potentially informative taxonomic 

character for Coleochloa. 

 

 

Cytotaxonomical Studies in the Genus Crinum in India 

 
Yadav, R. Shrirang (1) *; Lekhak, M. Manoj(1) 

(1) Department of Botany, Shivaji University, Kolhapur – 416 004, Maharashtra, India  

 

Crinum, a pantropical genus is represented by 14 species in India, of which eight species are 

endemic. The genus is well known for exhibiting tremendous variation in its morphology and 

cytology. It has attracted the attention of cytologists due to its great ornamental potential. 

Majority of Indian Crinums are diploid with 2n = 2x = 22, though a few natural tetraploids (C. 

woodrowii and C. malabaricum) with 2n = 4x = 44 have also been reported recently. Many of 

these cytological studies are limited to somatic counts only as meiosis takes place in very young 

flower buds while they are still within the underground bulbs, which make them inaccessible and 

relatively difficult to study. As a result, nothing is known about the nature and evolution of these 

tetraploids. In addition, lack of taxonomic studies on the genus has further complicated 

circumscription of species. Some species like C. pusillum and C. wattii have never been reported 

since the type collection. The plasticity in the chromosome number along with morphological 

variations has given rise to several polymorphic species complexes which have not been 

delineated to satisfaction till date. One such example is Crinum latifolium-zeylanicum complex. 

Our studies on hybridization have also revealed the existence of poor reproductive isolation 

between the species of the genus. Recently, the discovery of an aquatic Crinum, C. malabaricum 

from India indicates the need of thorough systematic studies in this genus. The species is a 

natural tetraploid and is closely allied to C. thaianum from Thailand.  
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Karyomorphological Studies in the Genus Dipcadi (Asparagaceae) in India 

 
Yadav, Usha S (1) * and Yadav, Shrirang R (2)  

(1)Department of Botany, Fergusson College, Pune -416415, (MS), India 

(2)Department of Botany, Shivaji University, Kolhapur-416 004, (MS) India 

 

Genus Dipcadi (Asparagaceae) is represented by about 9 species in India, of which 5 viz. 

Dipcadi concanense, D. goaense, D. minor, D. saxorum and D. ursulae are endemic to the 

northern Western Ghats. The remaining three species namely Dipcadi erythraeum, D. reidii and 

D. serotinum are distributed in northern India. Dipcadi montanum is widely distributed 

throughout India.The present study reports on distribution, field status, phenology and 

karyomorphology of 7 Indian species of Dipcadi. Among Indian species of Dipcadi, D. 

montanum with 2 median, 5 submedian and 3 subterminal chromosomes has comparatively 

primitive karyotype. Three Dipcadi species with 2n=12 have 3 submedian and 4 subterminal 

chromosomes. Among Indian species of Dipcadi, highest chromosome number, i.e. 2n=22, has 

been observed in D. erythraeum. The paper discusses cytogeography, interrelationship and 

speciation of Dipcadi species in India. It seems that the odour of the flower has played role in 

reproductive isolation and differentiation of species in Indian subcontinent. The northern 

Western Ghats seems to one of the likely areas for diversification of the genus in Indian 

subcontinent. 

 

 

Holokinetic Drive in the Karyotype Evolution of Monocots  

 
Zedek, Frantisek (1)*; Bures, Petr (1)  

(1) Department of Botany and Zoology, Masaryk University, Brno, Czech Republic; fzedek@gmail.com 

 

Two alternative chromosomal structures have evolved in eukaryotes: (i) monocentric 

chromosomes characterized by a single localized centromere/kinetochore region, and (ii) 

holokinetic chromosomes that assemble the kinetochore along almost the whole length of 

chromosomal body. In flowering plants, the vast majority (> 90%) of holokinetic species belong 

to monocot families Cyperaceae and Juncaceae and the genus Chionographis (Melanthiaceae).  

 

Holokinetic structure of chromosomes has a substantial impact on the evolution of whole 

karyotypes and genomes. Even between closely related species, holokinetics share unique 

karyological characteristics, which are observed also in Cyperaceae and Juncaceae, mainly 

exceptional and often almost continual variation in chromosome numbers, extreme divergence in 

chromosome sizes and negative correlations between the chromosome number and nuclear DNA 

amount. So far, the sufficient explanation for these observed karyological patterns is lacking. 

 

To fill this gap, we propose a new evolutionary mechanism referred to as holokinetic drive, 

which is based on the competition of homologous chromosomes during female meiosis for 

preferential inclusion into the megaspore. In competition between homologs, the success 

depends on chromosome size, which can be changed by chromosomal fusion/fission or by 

repetitive DNA proliferation/removal. We argue that holokinetic drive facilitates (i) the 

synergism of chromosomal fission with repetitive DNA removal (or any segmental deletion) or 
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(ii) the synergism of chromosomal fusion with repetitive DNA proliferation (or any segmental 

duplication). 

 

 

Molecular Systematics of Kobresia with Implications for Phylogeny of Caricoid Clade 

 
Zhang, Shuren (1)*; Waterway, Marcia J. (2); Bi, Haiyan (3); Miehe, Sabine (4); Liu, Jianquan (5); 

Chase, Mark W. (6) 

(1) Institute of Botany, Chinese Academy of Sciences, Beijing, P.R. China; srzhang@ibcas.ac.cn 

(2) McGill University, Montreal, QC, Canada 

(3) Beijing Museum of Natural History, Beijing, P.R. China 

(4) University of Marburg, Marburg, Germany 

(5) Sichuan University, Chengdu, Sichuan, P.R. China 

(6) Royal Botanic Gardens, Kew, England 

 

Kobresia, with about 50 species, is mainly distributed in temperate regions of the Northern 

Hemisphere. Most species are concentrated in the Himalayas and its adjacent areas. The genus is 

especially adapted to frigid habitats, and exists in alpine environments at high altitudes or in the 

circumpolar Arctic region. Kobresia plants are dominant components of the vast alpine meadows 

in the Himalayas and Qinghai-Tibet Plateau, and are important as forage for livestock there.  

Recent molecular systematic studies have revealed that Kobresia is not monophyletic; instead 

Kobresia species form all or part of two or three subclades within the Caricoid clade. However, 

due to sampling insufficiency of previous studies, the systematic relationships among the sub-

groups of Kobresia and other groups within the Caricoid clade are still unclear. Phylogenetic 

analyses of nuclear ITS DNA and the trnL-F region of plastid DNA for 180 samples from 127 

taxa (species, subspecies or varieties) of  the Caricoid clade, including 72 samples of 38 taxa of 

Kobresia, confirmed the polyphyly of Kobresia. The systematic positions of the sub-groups of 

Kobresia and phylogeny within the Caricoid clade are discussed based on the DNA sequence 

data.  

 

 

Systematics and Evolution of Monsteroideae with Focus on the Neotropical Monstera 

(Araceae) 

 
Alejandro Zuluaga (1)*, Kenneth Cameron(1) 

(1) University of Wisconsin-Madison, Madison, WI, USA. zuluagatroch@wisc.edu 

 

Monsteroideae is the third richest subfamily with some 500 species of mostly hemiepiphytic and 

epiphytic climbers, and it is restricted to tropical America and Asia, except for two species, 

which are native to tropical Africa. As part of one of the earliest diverging lineages in the family, 

Monsteroideae may help to provide a clearer picture of the evolution within this ecologically 

important family. The generic composition of Monsteroideae has been largely stable, but 

considerable debate has persisted around the relationships and circumscription of the genera, 

especially Amydrium, Epipremnum, Monstera, Rhaphidophora and Scindapsus. The current 

classification recognizes twelve genera grouped into three clades: Heteropsis clade, 

Rhaphidophora clade, and Spathiphylleae. We test the current classification using molecular data 

from five chloroplast (matK, rbcL, trnL-F, trnC and ycf1), and two nuclear (PHYC and Chalcone 
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Synthase) regions. Major clades within Monsteroideae are recovered in all individual and 

combined analyses with plastid and nuclear markers. Our results support Spathiphylleae as sister 

to rest of Monsteroideae. Most of the genera appeared monophyletic except Amydrium, 

Epipremnum and Rhaphidophora. Monstera, with about 50 species is part of the Rhaphidophora 

clade, the genus is monophyletic and closely related to the Amydrium-Epripemnum pinnatum 

clade. Sectional classification is not completely supported. However, Monstera deliciosa (section 

Tornelia) is sister to rest of the genus, and most of the Central American species plus M. 

tuberculata (section Echinospadix) form a clade. The use of next-gen technologies will help us 

to further resolve the relationships within the genus. 
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Poster Abstracts 
 

 

1. Three Decades After Dahlgren, Where Are We? – The Acceptance of Dahlgren’s 

Monocot Families in Major Herbaria, Floras, Handbooks & Textbooks 

 
Müller-Doblies, Dietrich (1)*; Hilger, Hartmut (1); Kocyan, Alexander (2); Wetschnig, Wolfgang (3); 

Martínez-Azorín (3,4); Pfosser, Martin (5); & Müller-Doblies, Ute (1)*; [LPG = L(ili) P(hylogeny) 

G(roup)] 

(1) Institut für Biologie / Systematische Botanik und Pflanzengeographie der Freien Universität Berlin, 

Altensteinstr. 6, D14195 Berlin, Germany; d.mueller-doblies@gmx.de 

(2) Institute of Biochemistry and Biology, University of Potsdam, Maulbeerallee 2a, D14469 Potsdam, 

Germany 

(3) Institute of Plant Science, Karl-Franzens-University Graz, Holteigasse 6, A8010, Graz, Austria 

(4) CIBIO (Instituto Universitario de la Biodiversidad), Universidad de Alicante, P.O.Box 99, E03080 

Alicante, Spain 

(5) Biocenter Linz, J.-W.-Klein-Str. 73, A4040 Linz, Austria 

 

The headline of the Asparagales Symposium at the present Monocots V Conference runs: “Three 

Decades after Dahlgren, Where Are We?” 

 

The poster presents a table with 20 columns for the major herbaria with a one-letter-acronym:  

In the 1
st
 line the family concept used in each of these herbaria before Dahlgren & al. (1985) is 

given, then in the 2
nd

 line the year is given, in which a herbarium changed to Dahlgren’s family 

concept, in the 3
rd

 line the year is given, in which a herbarium changed to the APG family 

concept and in the 4
th

 line we find the family concept used in each herbarium in 2013. 

This table shows how surprisingly sluggish such taxonomic changes are implemented: Most of 

the herbaria of continental Europe still use Engler’s family concept.  

  

For all Dahlgren families IPNI has prepared family lists. APG classification was published in 

three big steps: APG (1998), APGII (2003), APGIII (2009) and it is this year 15 years old. There 

is, however, not yet a single APG family list in IPNI. Chase & al. (2009) quoted in Asparagales 

14 bracketed families of APGII (2003) in Table 1, four of which were not yet known to 

Dahlgren, and they were not yet present in IPNI until the beginning of April 2013, when the first 

author of the present abstract made a respective Ipnifeedback. 

 

Such long-term processes vividly support the adherence to the Dahlgren family concept as a 

proper tool for botanical orientation and communication at least for another decade. 

 

 

2.  New and Noteworthy Monocot Records from the Canadian Arctic Archipelago  

 
Saarela, Jeffery M. (1)*; Gillespie, Lynn J. (1); Sokoloff, Paul. C. (1); Bull, Roger D. (1) 

(1) Canadian Museum of Nature, Ottawa, ON, Canada; jsaarela@mus-nature.ca 

 

Monocots are represented in the Canadian Arctic Archipelago by six families: Poaceae and 

Cyperaceae, which are among the most species-rich Arctic plant families, and Juncaceae, 
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Potamogetonaceae, Orchidaceae and Tofieldiaceae. Despite two centuries of botanical 

exploration in the Canadian Arctic, substantial gaps in our understanding of species distributions 

in the Arctic remain. In July 2012 we conducted a botanical inventory along the Soper River on 

southern Baffin Island, Nunavut, a region in which plant diversity is rich but has been poorly 

documented. Among our ca. 900 collections are several first records for Baffin Island (major 

range extensions) and collections that considerably expand our knowledge of the Arctic 

distributions of monocot taxa. Monocot species not previously known from the Canadian Arctic 

Archipelago include Platanthera obtusata (Orchidaceae), Triglochin palustris (Juncaginacaeae), 

representing a new family for the region, Carex heleonastes (Cyperaceae) and C. brunnescens. 

Calamagrostis stricta subsp. stricta (Poaceae), not previously known from the eastern Canadian 

Arctic Archipelago, is present in the region. New collections of monocot species known 

previously from only one to three collections on Baffin Island include Carex arctogena, C. 

bicolor, C. chordorrhiza, C. microglochin, C. gynocrates, C. williamsii, C. vaginata,  Luzula 

wahlenbergii, L. multiflora subsp. frigida (Juncaceae), Calamagrostis canadensis subsp. 

langsdorfii, C. purpurascens and Corallorhiza trifida (Orchidaceae). Festuca rubra subsp. rubra 

is common in Kimmirut, where it probably has been planted, and we found two occurrences of 

Hordeum jubatum in Kimmirut, a weedy species that likely is a recent introduction from the 

south – the only known introduced species in the region.  

 

 

3.  Monocot Diversity in the Wetland Flora of Pennsylvania, USA  

 
Hartley, Nathan P. (1,2)* and Hardy, Christopher R. (1,2)  

(1) The James C. Parks Herbarium, Millersville University of Pennsylvania, Millersville, PA, U.S.A.; 

npharlte@millersville.edu                        

(2) Biology Department, Millersville University of Pennsylvania, Millersville, PA, U.S.A. 

 

Monocots are disproportionately abundant in wetland floras generally, and this is particularly 

evident in the vascular flora of Pennsylvania, USA. Amongst obligate wetland plants native to 

Pennsylvania, for example, monocots account for 54% of the total specific or subspecific 

diversity, followed by eudicots (42%), free-sporing vascular plants (3%), non-eudicot dicots 

(1%), and gymnosperms (<1%). In the Pennsylvania flora as a whole, monocots comprise only 

33% of the total. This overrepresentation of monocots in wetlands, however, is due primarily to 

relatively few lineages. Amongst the 229 obligate wetland monocot specific or subspecific taxa, 

Poales comprise an impressive 67%, 69% of which are Cyperaceae. The Alismatales rank second 

among orders, comprising 27%, primarily due to the Potamogetonaceae (29 spp.), Araceae (14 

spp.), and Alismataceae (10 spp.). Asparagales, with 9 spp., rank a distant third among orders 

with just 4% of the total. But wetlands offer much more than species richness to the 

Pennsylvania flora, since wetlands provide the greatest phylogenetic breadth of all habitat-

associated floras with representation from orders as phylogenetically disparate as Acorales and 

Poales. Data from an ongoing, comparative floristic inventory of three hydrologically different 

sites in the Lower Susquehanna River valley of Pennsylvania are used to demonstrate this.     
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4.  Geophyte Diversity in Monocots from Mesoamerica 

 
Cuéllar-Martínez Manuel (1); Sosa Victoria (1)*  

(1) Instituto de Ecología AC, Veracruz, Mexico; victoria.sosa@inecol.edu.mx 

 

Geophyte is a remarkable habit in the monocots in which plants lose their leaves every year and 

survive by underground perennation organs like bulbs, corms, tubers or rhizomes.  This life form 

is very common in areas of Mediterranean climate or even in dry habitats or in semi-arid lands. 

Diversity of geophytes has been estimated for the Mediterranean area as well as for California, 

Chile, South Africa and Australia. In this study we estimate the diversity of geophytes in 

Mesoamerica, in which the north of Baja Californa has this type of climate. We identify the main 

groups with this habit and recorded 386 species of monocots; 95% belong to Asparagales and in 

this order the Orchidaceae include 151 species and Amarillidaceae 104 species. Our data suggest 

that Mesoamerican geophytes are more diverse than the geophyte flora of Chile and California. 

The area of the Pacific slopes, the Transmexican Volcanic Belt and the Baja California Peninsula 

hold the majority of geophytes. These species prefer habitats such as dry seasonal tropical dry 

forests, desert scrubs and also pine-oak forests. 

 

 

5.  Aquatic Monocots of North-Central Mexico. Systematic Distribution 

 
Heynes Silerio, Sergio (1), M. Socorro González Elizondo (1), Martha González Elizondo (1), I. Lorena 

López Enriquez (1), Lizeth Ruacho González (1) 

(1) CIIDIR Durango, Instituto Politécnico Nacional, Durango, Dgo., Mexico 

 

Most of the aquatic macrophytes in the world are monocots. Because their ecological and 

economical importance, in Mexico the study of aquatic plants is receiving increased attention. A 

survey for aquatic and subaquatic vascular plants from Durango (north-central Mexico), was 

carried out based on field work as well as on data drawn from the literature, herbarium records 

and database revision (mainly CIIDIR, REMIB and W3TROPICOS). An evaluation of the 

diversity of those plants on a taxonomic basis was made following the classification scheme of 

APG III. 

 

A database of 1,432 records (244 species in 95 genera and 42 families) of aquatic and subaquatic 

plants was recovered out of 43,168 records of vascular plants from Durango. As expected, the 

highest species richness was found among monocotiledons: Monocots: 128 species (52.5 % of 

the total) in 44 genera, 16 families, and 5 orders. Dicots: 101 species in 43 genera, 19 families, 

and 10 orders. Additionally, there are two species in the Ceratophyllales and two in the 

Nymphaeales, besides 10 Pterydophytes and one Gymnosperm. The best  represented orders of 

Monocots are Poales (86 species, 24 genera, 6 families) and Alismatales (21 species, 10 genera, 

5 families), whereas Liliales is represented only by one species. Poaceae and Cyperaceae are the 

families with the most species, and the most species-rich genera are Cyperus and Eleocharis. 

Geographic and environmental variables are recorded for each species.  
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6.  Aquatic Plants of the Orinoco Basin of Colombia: Inventory, Plant Communities and 

Their Habitats 

 
Bedoya, Ana M. (1); Fernández, Mateo (1)*; Madriñán, Santiago (1); Rial-B., Anabel (1) 

(1) Universidad de los Andes, Laboratorio de Botánica, Bogotá, Colombia; samadrin@uniandes.edu.co 

 

The Orinoco basin ranges from the Andes to the Atlantic in Venezuela. In Colombia the area is 

dominated by savannas but also includes landscapes of the Andean foothills and the Guiana 

shield, maintained by the flooding of the Orinoco River and its tributaries. This constitutes a 

complex mosaic of water bodies and wide seasonal wetlands that hold a diverse but poorly 

known aquatic flora. We aimed to catalogue the entire herbaceous flora of the Orinoco Basin of 

Colombia along flooded savannas, Mauritia flexuosa palm swamps, rivers, lakes, streams, 

drained rocky outgrowths, river shores and white sand flooded savannas, which are the main 

aquatic habitats that make up the landscape. To identify plant associations to specific aquatic 

habitats, we conducted hierarchical cluster analysis. Our study included a total of approximately 

966 voucher specimens, representing 170 identified species in 107 genera and 58 families. 

Hierarchical cluster analysis showed eight clusters of species, each one associated to one of the 

main aquatic habitats mentioned above. The first cluster was the most species-rich group and 

included 34 species associated to flooded savannas, 16 of which were only found in this habitat. 

Our results show that although at first sight the Orinoco basin in Colombia looks like a uniform 

grass dominated landscape, it holds a great amount of aquatic vegetation specific to different 

habitats. Currently, the region represents a challenge to conservation due to soy and oil palm 

plantations, as well as petroleum oil exploration and exploitation. 

 

 

7.  Epiphytic Araceae in Central Amazonia, Brazil 

 
Soares, M.Lourdes C. (1)*; Irume, Mariana (1); Mayo, Simon J. 

(1) Instituto Nacional de Pesquisas da Amazônia, Manaus, Brazil; soares@inpa.gov.br  

(2) Royal Botanic Gardens, Kew, UK 
 

Amazonia has throughout its territory a highly diverse vegetation and ecology and is one of the 

regions of highest biodiversity on earth. However, knowledge of the plants of the region is still 

quite limited, considering its immense size and the absence of significant collections in many 

areas. This is also true of the Araceae and floristic studies are thus of great importance to 

determine the true diversity of the family in the region. The objective of this study was to carry 

out an inventory of the epiphytic and hemi-epiphytic Araceae occurring in a terra firme forest in 

the basin of the Rio Urucu (4º51’18” - 4º52’16” S,  65º17’58”- 65º20’01” W), with a mean 

altitude between 60 – 70 m. The study was carried out at the Base Operacional Geólogo Pedro de 

Moura (BOGPM), created by the company PETROBRAS S/A in the municipality of Coari, 

Amazonas state, at 653 km from Manaus, and with an area of approximately 514,000 hectares. Data 

was collected in 1.5 ha quadrats situated in the three forest types platô, vertente and baixio. A total 

of 70 species in total, in 8 genera and represented by 1,834 individuals, were recorded. The 

genus Philodendron had the highest diversity with 39 species in all three subgenera, followed by 

Heteropsis (9 spp.), Anthurium (7 spp.), Monstera (7 spp.), Rhodospatha (3 spp.), Alloschemone 

(2 spp.), Stenospermation (2 spp.) and Syngonium (1 sp.). These results indicate the importance 
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of the family in the forest’s physiognomy as well as their contribution to the region’s 

biodiversity. 

 

 

8.  Diversity of Agave (Asparagaceae, Agavoideae) in the Sierra Madre Occidental, Mexico 

 
Delgado Zamora, David (1)*; M. Socorro González Elizondo (1); Martha González Elizondo (1); I. 

Lorena López Enriquez (1); Jorge A. Tena Flores. (1) 

(1) CIIDIR Durango, Instituto Politécnico Nacional, Durango, Dgo., Mexico  

 

Agave s.s. (ASPARAGACEAE) has a great ecological and economical importance. Its species 

have the ability to form and retain soil, are the source for food and habitat for many organisms, 

have domestic and artesanal uses, are the source for the tequila and mescal industry, and many 

are used as ornamentals. Mexico is the center of origin of the genus and its main center of 

diversification , with more than 150 species. In the country, the Sierra Madre Occidental (SMO) 

is the second hotspot for the genus.  

 

The α diversity and distribution of Agave across the SMO was studied. Thirty species and four 

additional infraspecific taxa are recorded: 18 species + 3 infraspecific taxa in subg. Agave and 12 

species + 1 subspecies in subg. Littaea. The higher diversity is concentrated on the western 

slopes of the sierra with warm temperate climates, in which a prevalence of species of subgenus 

Agave occurs at medium elevations whereas species of Littaea are common in lower elevations 

with warmer climates.  Eigth species and four subspecies are endemic to the SMO. 

 

 

9.  What Do We Know About Dracaena (Asparagaceae) Distribution in Africa? 

 
Wiland-Szymańska, Justyna (1)

*
; Nowak, Maciej

 
(2); Pierzchalska, Joanna

 
(1); Wilkin, Paul (3) 

(1) Dept. of Plant Taxonomy, Adam Mickiewicz University; Poznań, Poland; wiland@amu.edu.pl 

(2) The Natural History Collections, Adam Mickiewicz University; Poznań, Poland 

(3) Royal Botanic Gardens, Kew, United Kingdom 

 

The aim of this study is a determination of a distribution of species of the genus Dracaena on 

African continent. 

 

Biogeography of Dracaena is not fully understood and it lacks a holistic revision. Only a few 

species have more detailed maps of distribution. The ranges of Dracaena are very poorly known 

and limited to point distribution maps for West Africa in the works of Bos, Marrero and all and 

Collenette.  Besides, their ranges are not mapped, because the knowledge of dracaenas for other 

parts of Africa is developed to the level of floras. For some areas e.g. Central Africa, there are no 

treatments, yet.  

 

Because our knowledge of the genus Dracaena is limited, a study should begin with a 

determination of a number of species in the African countries. Such approach enables to 

recognize centers of the genus diversity, as well as gaps of our knowledge of the distribution of 

this genus in Africa. 
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Data concerning distribution of Dracaena species were gathered from literature and the database 

containing data from the herbaria of K, BM, BR, POZG, MO, P, G, BGBM,WAG, YA, SERG, 

NHT. 

 

In this study standard cartographic methods and GIS tools were used for mapping of the species 

distribution in the African countries. The altitudinal aspect of distribution is also taken into 

consideration showing changes of preferred altitudes in connection with geographical longitude. 

Further studies of taxonomy and phytogeography of the genus Dracaena in Africa are under 

way. 

 

 

10.  The Colonization and Vicariance History of Smilax aspera (Smilacaceae): An 

Evergreen Sclerophyllous Shrub Widely Distributed in Afro-Eurasia 

 
Chengxin Fu (1)*; Chen Chen (1); XiHui Xu (1); ZheChen Qi (1); ZhongShuai Sun (1); Marcus A. Koch 

(2); YingXiong Qiu (1) 

(1) The Key Laboratory of Conservation Biology for Endangered Wildlife of the Ministry of Education, 

College of Life Sciences, Zhejiang University, Hangzhou 310058, China; cxfu@zju.edu.cn 

(2) Botanical Garden and Herbarium (HEID), Heidelberg Institute of Plant Sciences, Heidelberg, 

Germany 

 

 

11.  Malaxideae (Orchidaceae) from the Sierra Madre Occidental, Mexico 

 
Pulido-Díaz, Cecilia (1); Lizeth Ruacho-González (1)*; M. Socorro González-Elizondo (1); Martha 

González-Elizondo (1); and Flor I. Retana-Rentería (1) 

(1) CIIDIR Durango, Instituto Politécnico Nacional, Durango, Dgo., México. ceccy_ndd@hotmail.com/ 

liz_3626@hotmail.com  
 

The tribe Malaxideae (Epidendroideae, Orchidaceae) includes 13 genera with about 1000 species 

from tropical and temperate areas. Two genera are represented in the Mexican Sierra Madre 

Occidental (SMO), a relevant biogeographic area where a high number of boreal and meridional 

elements converge. We present an inventory of the species of Malaxideae from the southern part 

of the SMO with data on their ecological and geographical distribution and conservation status. 

 

Two genera of Malaxideae : Liparis (ca 320 species worldwide, two in the SMO) and Malaxis 

(ca 300 species, 23 in the SMO) are represented. All the species in the region are terrestrial and 

are found between 1600 and ca 3300 m asl, with two (Malaxis ehrenbergii and M. soulei) 

reaching more than 3000 m. The higher species diversity is concentrated on the western slopes of 

the sierra, warmer and moister. One species of Liparis (L. madrensis) is endemic of the SMO, as 

well as 2 species of Malaxis (M. nelsonii and M. novogaliciana). Malaxis fastigiata, M. myurus, 

M. novogaliciana and M. soulei are the best represented species, the last being also the most 

widely distributed. 
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12.  Phylogenetics of Nolina and Biogeography of Disjunct Southeastern US Endemics 

(Nolineae, Ruscaceae) 

 
J. Michael Heaney* (l,2), Eduardo Ruiz Sanchez (4), Douglas E. Soltis (1,3), Pamela S. Soltis (2,3)  

(l) Department of Biology, University of Florida, Gainesville, FL 32611 

(2) Laboratory of Molecular Systematics and Evolutionmy Genetics, Florida Museum of Natural History, 

University of Florida, Gainesville, FL 32611 

(3) Genetics Institute, University of Florida, Gainesville, FL 32610  

(4) Department of Plant and Microbial Biology, University of California, Berkeley, III Koshland Hall, 

MC 3102, Berkeley, CA 94720 jheaney@ufl.edu  
 

Despite the use of some phylogenomic approaches to further resolve Ruscaceae phylogeny, 

relationships in Nolina and the relationship of the genus to other genera of the Ruscaceae remain 

unclear, although Liriope and Maianthemum appear as candidate closest relatives of Nolineae. 

Six outgroup taxa for phylogenetic analyses of Nolineae were thus included, Eriospermum, 

Dracaena, Maianthemum, Ruscus, Aspidistra, and Liriope, in addition to four Dasylirion and six 

Beaucarnea species. We used a large plastid data set (9200 bp), as well as ITS, for 42 taxa (28 in 

Nolina) to elucidate relationships among Nolina species and further resolve relationships 

between Nolina and closest relatives. Support for the monophyly of each of the three genera in 

Nolineae, Beaucarnea, Dasylirion, and Nolina is strong, while some relationships within Nolina 

based on ITS remain unresolved. However, plastid and ITS data are otherwise congruent, and the 

plastid dataset resolves most relationships among broadly defined species groups within Nolina. 

Both datasets support the sister relationship of N. lindheimeriana, an Edwards Plateau endemic, 

and the southeastern group of three species.  

 

In order to assess the source of a wide disjunction between southeastern US species (N. 

brittoniana, N. atopocarpa, and N. georgiana) and western North American species using the 

plastid dataset, standard DEC analyses (standard LAGRANGE) will be compared to analyses in 

BioGeoBEARS where the probability of different parameters influencing the history of 

disjunction can be further tested.  

 

 

13.  Disentangling the Dendrobium Speciosum Complex: A Phylogeographic Approach to 

Resolving Taxonomic Limits within Australia’s King Orchid 

 
Simpson, Lalita (1,2); Clements, Mark (3);

 
Crayn, Darren (1,2); Schulte, Katharina (1,2)

* 

(1) Australian Tropical Herbarium, James Cook University, QLD, Australia; 

lalita.simpson@my.jcu.edu.au 

(2) Centre for Tropical Biodiversity and Climate Change, James Cook University, QLD, Australia  

(3) Centre for Australian National Biodiversity Research, Canberra, ACT, Australia 

 

The King Orchid (Dendrobium speciosum s.l.; sect. Dendrocoryne) is a mainly lithophytic 

species occurring within the mesic biome of Australia’s east coast with an impressive north-

south distribution spanning 3000 km. Species delimitation within the D. speciosum complex is 

contentious, with competing taxonomic concepts discerning from one to eleven distinct species, 

and different infraspecific entities.  
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To provide a robust basis for taxonomic delimitation, the phylogeography of the Dendrobium 

speciosum complex was investigated using DNA fingerprinting (AFLPs). Neighbor Joining, 

NeighbourNet and Bayesian clustering analyses revealed phylogeographic structure within the 

complex and identified strongly supported northern and southern groups separated 

geographically by a lowland dry corridor.  

The phylogeographic structure was consistent with a contracted distribution modelled for past 

drier periods such as at the last glacial maximum. Due to evidence of recent gene flow between 

northern and southern groups and relatively shallow divergence between them, the D. speciosum 

complex should be treated as a single species comprised of two infraspecific groups.  

 

 

14.  Studies in the Aechmea lingulata (Bromeliaceae) Complex: Contributions of 

Ecogeography 

 
Maciel, Jefferson R. (1,2)*; Alves, Marccus (2) 

(1) Jardim Botânico do Recife, Recife, Pernambuco, Brazil; jeff.r.maciel@gmail.com 

(2) Universidade Federal de Pernambuco, Recife, Pernambuco, Brazil 
 

Aechmea lingulata has a wide geographical distribution and a great deal of morphological 

variation, which has generated a profusion of names and distinct categorizations over the years. 

Two recent taxonomic revisions show the difficulty of these taxon delimitations, one recognizes 

three varieties under A. lingulata: A. lingulata var. lingulata, A. lingulata var. patentissima and 

A. lingulata var. froesii, while in the other, the varieties are elevated to the species level and 

additional species are recognized. Two of the justifications for the recognition of these various 

taxonomic entities are the biogeography and differences among the environments that these taxa 

occupy. 

 

In this work, the validity of the biogeographic correlation and habitat differences in A. lingulata 

and related names is tested. Climatic data from locations of known populations were extracted 

from the WorldClim available in the software DIVA-GIS. A cluster analysis and principal 

components analysis (PCA) were performed on the data. 

 

Five groups were formed in the cluster analysis and confirmed by PCA. The similarity indices 

between groups were 0.79-0.91. Aechmea lingulatoides, which has been considered a species 

typical of xeric environments, grouped with Atlantic Forest species. The same occurred with 

Aechmea lingulata, which is from Central America and the Caribbean and grouped with A. 

patentissima, A. froesii and A. lingulatoides from the Atlantic Forest. The high similarity and low 

taxonomic structure of the groups make it evident that the use of ecological data or spatial 

separation, as currently being employed, is not enough to separate species in the A. lingulata 

complex. 
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15.  Bipolar Disjunction in Plants: A Case Study in Carex (Cyperaceae)  
 
Villaverde, Tamara (1)*; Escudero, Marcial (2); Martín-Bravo, Santiago (1); Luceño, Modesto (1)  

(1) Pablo de Olavide University, Seville, Spain  

(2) The Field Museum of Natural History, Chicago, Illinois, U.S.A; The Morton Arboretum, Lisle, 

Illinois, U.S.A.  
 

Extreme disjunctions in species distribution have captivated naturalists’ interest since the 

beginning of the XXth century. Only thirty vascular plant species are known to have a bipolar 

distribution –with populations at high latitudes in both Hemispheres–, of which Carex is the 

genus with the largest number of bipolar species (six). Three main hypotheses have been 

suggested to account for bipolar disjunctions: vicariance, parallelism, and long distance 

dispersal. We sampled specimens from both Hemispheres of two bipolar species - Carex 

canescens (sect. Glareosae) and Carex maritima (sect. Foetidae). Specifically, populations from 

Europe, Asia and North America in the Northern Hemisphere, and South America (Patagonia) in 

the Southern Hemisphere were included for both species. Phylogenetic reconstructions using 

Bayesian Inference and Maximum Parsimony, and haplotype network reconstructions using 

Statistical Parsimony were performed based on three plastid (rps16 intron, matK and 5’trnK 

intron) and two nuclear (ITS, ETS) DNA regions. Our results were very similar for both species: 

1) the level of sequence divergence between southern and northern populations was very low, 2) 

the genetic diversity was higher in the northern than southern populations and 3) southern 

populations were nested within the northern clade. Overall, our results clearly suggest a north to 

south long-distance dispersal as the most plausible hypothesis for both species. 

 

 

16.  Endemism and the Importance of Sampling in the Taxonomy of Dichorisandra J.C. 

Mikan, Commelinaceae (Commelinales) 

 
Aona-Pinheiro, L.Y.S. (1)*; Amaral, M.C.E. (2) 

(1) Universidade Federal do Recôncavo da Bahia, Cruz das Almas, Bahia, Brazil; 

lidyanne.aona@gmail.com 

(2) Universidade Estadual de Campinas, Campinas, São Paulo, Brazil 

 

The Neotropical genus Dichorisandra, the largest of the subtribe Dichorisandrinae, is 

characterized by poricidal or apparently poricidal anther dehiscence and arillate seeds. The 

species belonging to Dichorisandra occur mainly in the interior of forests but a few species are 

rupicolous and heliophytes. In a still unpublished taxonomic revision of the genus, we reduced 

the 63 published binomials to 30 species. A better understanding of the genus was allowed by 

intense field studies and collection efforts, especially in botanically poorly known areas of 

eastern Brazil. Many of the collected plants were cultivated. This combination of intensive field 

collections and cultivation led to the recognition a large number of new species (24 in total). This 

study confirmed the insufficient previous knowledge of the distribution of Dichorisandra, 

particularly in Northeastern Brazil. Thus about 50% of the new species occur in the State of 

Bahia. Regarding diversity and endemism of the genus, our study demonstrates the importance 

of the Atlantic Rain Forest sensu stricto, which is considered one of the priority areas for 

biodiversity conservation in the world. Our research demonstrates the extreme importance of 

intensive field collections for a better understanding of biodiversity. This is true not only for the 
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Amazon, but also for the  much smaller area of the Brazilian Atlantic rain forests, where with 

certainty many new species still await discovery. Phylogenetic analyses of genera of this region 

should only be undertaken after taxonomic in depth studies, as otherwise the results are of 

dubious value due to insufficient sampling.    

 

 

17.  Unusual Combination of Pollination Rewards in the Tigrideae (Iridaceae) of the La 

Plata River Basin 

 
Pastori, Tamara (1); Eggers, Lilian (1,2); Souza-Chies, Tatiana, T. (1,2); Chauveau, Olivier (2)* 

(1) Programa de Pós-Graduação em Botânica, Universidade Federal do Rio Grande do Sul, RS, Brazil; 

tamarapastori@gmail.com 

(2) Departamento de Botânica, Universidade Federal do Rio Grande do Sul, RS, Brazil 

 

Iridaceae is one of the few families in which both nectar- and oil-secreting species are recorded, 

in addition to species providing only pollen as a resource for pollinators. Floral oil glands called 

elaiophores are observed among the American tribes of Iridoideae. The only exception is a South 

African species of Crocoideae, which secretes both oil and nectar. Among the Iridaceae of the 

American continent, Cypella is the largest genus of Tigridieae from the extended area of the La 

Plata river basin and the only other member of the family where both rewards are produced 

simultaneously. This work aims to charaterize elaiophores and nectaries among Cypella and to 

study their evolution in a broader phylogenetic context. 

 

Structural observations and histochemical tests were performed to describe floral glandular 

structures within the genera Cypella, Kelissa, Onira and Herbertia. Fresh and fixed flowers 

collected at two developmental stages were analysed to relate variations in elaiophores and 

nectaries activity. Molecular analyses based on six plastid markers were conducted to investigate 

phylogenetic relationships. The results show that elaiophores and nectaries evolved 

simultaneously in the ancestor of the four genera. Nectaries are located in the connective tissue 

of the anthers while oils are produced on the tepals. However, the reduction of the anther 

connective is probably related to a lower nectary activity in Kelissa and Onira, and to a complete 

reversion in Herbertia.  

 

This evolutionary pattern is unique among Iridaceae and may be related to the broad 

diversification of the tribe in the La Plata river basin. 

 

 

18.  Floral Biology in Neotropical Iridaceae: Exploring the Floral Evolution of Trimezieae  

 
Lovo, J. (1)*, Winkworth, R. C. (2), Alcantara, S. (1) & Mello-Silva, R. (1) 

(1) Universidade de São Paulo, Instituto de Biociências. Departamento de Botânica. Rua do Matão, 277. 

05508-090 São Paulo, SP, Brazil 

(2) Institute of Fundamental Sciences, Massey University, P.O. Box 11122, Palmerston North, New 

Zealand 

 

Trimezieae (Iridaceae) consists of four traditionally recognized genera, Neomarica, Pseudiris, 

Pseudotrimezia and Trimezia, and approximately 60 species. The tribe is broadly distributed in 
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Central and South America but species diversity is centred on the “campos rupestres” of the 

Espinhaço Range in Brazil. There are two broad floral types in Trimezieae. Neomarica, Pseudiris 

and Trimezia have showy flowers, with differences in form, size, color and ornamentation. In 

contrast, the flowers of Pseudotrimezia are simpler, more uniform in size and shape, always 

yellow, and lack ornamentation. Character state reconstructions suggest the showy type to be 

ancestral and the existence of repeated shifts between this and the simpler type. Similar patterns 

in other groups of Iridaceae have been attributed to differences in pollination biology. Initial 

observations suggest that bees are the primary visitors and that the showy type receives a wider 

range of species. The interactions between visitors and flowers also appear to be more complex 

in the showy type. Showy flowers remain open for longer periods and offer larger rewards than 

do the Pseudotrimezia type. Moreover, in some showy species the inner tepals may also act as a 

"lever" that results in the visitor being brought closer to the style apparatus. Further 

investigations on floral biology and evolution in Trimezieae are being initiated in order to better 

understand the processes underlying them. 

 

 

19.  Pollination Ecology of Three Coexisting and Endangered Palms Ceroxylon parvifrons, 

C. Ventricosum and C. Vogelianum in the Andes of Colombia 

 
Carreño, Javier I. (1)*; Núñez, Luis A. (2); Madriñán, Santiago (1,3) 

(1) Laboratorio de Botánica y Sistemática, Universidad de los Andes, Bogotá, Colombia 

ji.carreno28@uniandes.edu.co 

(2) Programa de Biología, Universidad de La Salle, Bogotá Colombia, lanunez@unisalle.edu.com 

(3) sanmadrin@uniandes.edu.co 

 

During 2011–2012, we studied the pollination ecology of three coexisting and endangered palms 

Ceroxylon parvifrons, C. vetricosum and C. vogelianum in the Andes of Colombia. We evaluated 

morphology, floral development, phenology, floral biology, floral scent, visitors and pollinators. 

The three palms are dioecious, solitary, and expose their inflorescences of 6–18 meters above the 

ground. They had flowering periods on different times of the year; C. ventricosum started in 

January with a peak in February, extending until March; C. parvifrons started in March with a 

peak in April until June and C. vogelianum started in June with a peak in September until 

December. The development of inflorescences and floral scent was similar for all species, the 

major compounds were Nonane, 2, 4-Dimetyl heptane, Octane and Decane. An inflorescence 

could be visited by between 20,000 and 50,000 individuals and 47 species of insects, mainly in 

the Nitidulidae, Curculionidae, Staphylinidae (Coleoptera), and Meliponini (Apidae). Visitor 

composition was similar for all three species but only Mystrops rotundula was considered the 

main pollinator of the three palms, contributing with 95% of pollen transport in these palms. This 

is the first case reported where a group of palms share pollinators, and this is a case of 

cooperation pollination in which the temporary separation in their phenology prevents 

interspecific pollen exchange between the three species of palms and we provide a clearer 

understanding of the pollination ecology and reproductive biology of the genus Ceroxylon in the 

Andes of South America. 
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20.  Do The White Hypsophylls of Rhynchospora (Cyperaceae) Increases Attractiveness to 

Pollinators? 

 
Costa, Ana C. G. (1,3); Thomas, William Wayt (2)*, Machado, Isabel C. (1) 

(1) Universidade Federal de Pernambuco, Botany Department, Programa de Pós-Graduação em Biologia 

Vegetal, Recife, Pernambuco, Brazil 

(2) The New York Botanical Garden, New York, USA 

(3) Corresponding author: carolinagcosta@gmail.com 

 

Cyperaceae are characteristically anemophilous, but there are species, such as Rhynchospora 

ciliata, with white hypsophylls (involucral bracts) and anthers that reflect ultraviolet (UV) light, 

attributes that are considered to favor entomophily. We tested the hypothesis that species of 

Rhynchospora with white anthers and hypsophylls attract more pollinating insects and have a 

higher number of visits than do species with green hypsophylls and white anthers. Fieldwork was 

conducted at the Dois Irmãos Ecological Reserve, a remnant of Atlantic Forest in Pernambuco, 

Brazil.  

 

We compared the average number of visits between two species of Rhynchospora sect. 

Dichromena, R. ciliata (white hypsophylls and anthers) and R. pubera (green hypsophylls and 

white anthers). We conducted a t-test to check for possible differences in average number of 

visits. We also analyzed whether R. pubera reflects UV by exposing the inflorescences and 

flowers to UV light and observing them in a UV light chamber. The species shared the same bee 

pollinators, Augochloropsis sp., Frieseomelitta doederleini, Plebeia droryana and Trigona 

spinipes and all bees headed directly for the anthers. We verified that there were no significant 

differences between the average number of visits between the two species (t=-0.1410, d.f.=10, 

p>0.05). Both the inflorescence bracts and the anthers of R. pubera reflect UV, a trait which can 

function as visual cues for pollinating insects. Therefore, the inflorescence bracts have a similar 

attractive function as the white hypsophylls of R. ciliata.  

 

 

21.  Spiraling Into History: Molecular Phylogeny, Biogeography, and Ancestral Character 

State Reconstruction of Distribution and Pollination Syndrome for Costus (Costaceae) 

 
Salzman, Shayla*(1); André, Thiago (2); Specht, Chelsea (3) 

(1) Department of Organismic and Evolutionary Biology, Harvard University, Cambridge (MA), USA; 

*shaylasalzman@fas.harvard.edu 

(2) Universidade Federal do Rio de Janeiro, Rio de Janeiro (RJ), Brazil 

(3) Department of Plant and Microbial Biology and the University and Jepson Herbaria, University of 

California, Berkeley, (CA), USA 

 

The family Costaceae (Zingiberales) contains seven genera, Costus being the most species rich 

with its center of origin in Africa and its center of diversity in the Neotropics. New 

World Costus demonstrate both bee and bird pollination syndromes in their floral and 

inflorescence morphologies. Bee pollination has been considered the ancestral morphology for 

the New World Costus. Multiple shifts to hummingbird pollination have potentially allowed for 

greater reproductive isolation between sympatric species and assisted in increased rates of 

diversification within this clade. To analyze this diversification scenario, we sampled 47 of the 
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approximately 51 neotropical species and sequenced three nuclear and two chloroplast markers. 

Partitioned alignments were used in Bayesian phylogenetic inference with time to most recent 

common ancestor set with fossil calibration in outgroup taxa. We interpret the rapid radiation of 

New World Costus by reconstructing ancestral pollination syndrome evolution and its effects on 

diversification rates. We also present a distribution map for New World Costus and an ancestral 

distribution reconstruction, highlighting the African origin of the New World Costus clade and 

an initial diversification in Central America, occurring around 10mya. 

 

 

22.  Conservation Genetics and Reproductive Biology of Vriesea Minarum (Bromeliaceae) 

an Endangered and Endemic Lithophyte from the Espinhaço Range, Southeastern Brazil  

 
Lavor, Pâmela (1); van den Berg, Cássio (2); Jacobi, Claudia M. (3); Carmo, Flávio F. (3); Versieux, 

Leonardo M. (1)* 

(1) Universidade Federal do Rio Grande do Norte, Natal, Rio Grande do Norte, Brazil; 

lversieux@yahoo.com.br 

(2) Universidade Estadual de Feira de Santana, Feira de Santana, Bahia, Brazil  

(3) Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil 

 

Vriesea minarum is an endemic rupiculous bromeliad, with naturally fragmented populations, 

restricted to the Iron Quadrangle region, in Minas Gerais State, Brazil. This area is suffering 

from severe habitat loss due to mining. Thus, understanding the population genetics and 

reproduction strategies of this taxon may contribute to the development of conservation actions.  

 

We used 10 microsatellite loci to study 12 populations of V. minarum. We also investigated the 

reproductive biology of populations from “Parque Estadual da Serra do Rola-Moça”. Among the 

results, we found a relatively low population structure (mean Fst = 0.088), but different values of 

richness (mean = 2.566) and gene diversity (mean = 0.635) for all populations and a high 

inbreeding coefficient (Gis = 0.376). Efficient seed dispersal or pollen vectors mobility may be 

responsible for the high connectivity among populations. However, we found some structuring 

related to mountain range positioning within distinct river basin, suggesting that the forested 

valleys of the Espinhaço range are barriers for migration / pollinators. We found that the flowers 

last for two days, suggesting a mixed pollination syndrome (hummingbirds + bats). Vriesea 

minarum is primarily allogamous, but also has the capacity to be self-compatible, with more 

seeds germinating in the outcrossing treatment. 

 

It is expected that data obtained will serve as a basis to indicate priorities for conservation and 

help to save the highly threatened biodiversity of this environment. 
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23.  Genetic Diversity of Brazilian Species of Smilax (Smilacaceae) Using Microsatellite 

Markers  

 
Martins, Aline R. (1)*;Bajay, Miklos M. (2); Villela, Priscilla M.S. (2); Appezzato-da-Glória, Beatriz (2); 

Zucchi, Maria I. (3) 

(1) Faculdade de Engenharia de Ilha Solteira – Universidade Estadual Paulista “Júlio de Mesquita Filho”, 

Ilha Solteira, São Paulo, Brazil; aline_martins_botanica@yahoo.com.br 

(2) Escola Superior de Agricultura “Luiz de Queiroz”- Universidade de São Paulo, Piracicaba, São Paulo, 

Brazil 

(3) Agência Paulista de Tecnologia dos Agronegócios, Piracicaba, São Paulo, Brazil 

 

Smilacaceae has only two genera: Smilax, with 300 species, and Heterosmilax, with 15 species. 

The family is distributed worldwide and is composed mainly of herbaceous vines and shrubs. In 

Brazil, Smilax comprises 31 species, 14 of which are exclusively Brazilian. Smilax species, 

which are popularly known as sarsaparilla, are used in folk medicine as tonics and 

antirheumatics, and are sold in Brazilian pharmacies without any quality control over their origin 

and effectiveness. Thus, the aim of the present study was to identify the sarsaparilla market using 

the 17 microsatellite loci developed for Smilax species.  

 

The pattern of genetic differentiation between Smilax brasiliensis, S. campestris, S. cissoides, S. 

goyazana, S. polyantha, S. rufescens, S. fluminensis, S. syphilitica and sarsaparilla market was 

defined by grouping UPGMA (Unweighted Pair Group Method with Arithmetic Mean). The 

sarsaparilla marketed showed no genetic similarity to any of the species studied. However, we 

observed the formation of two distinct groups. The first group with the species Smilax 

brasiliensis, S. campestris, S. cissoides, S. goyazana, S. polyantha and S. rufescens. In this group, 

S. brasiliensis is genetically similar to S. goyazana and S. campestris is genetically similar to S. 

cissoides. S. polyantha is genetically similar to S. campestris and S. cissoides. The species S. 

fluminensis and S. syphilitica seem to form another group a little farther than Group 1.  

 

Although sarsaparilla marketed did not show genetic similarity to any of the species studied, the 

developed microsatellite markers can be useful to characterize and distinguish the species of 

Smilax. 

 

 

24.  New Insights on Encholirium spectabile Genetic Diversity and Distribution on 

Northeastern Brazil Rocky Outcrops 

 
Gonçalves-Oliveira, Rodrigo C. (1)*; Alves, Marccus V. (2); Benko-Iseppon, Ana M. (1) 

(1) Universidade Federal de Pernambuco, Laboratório de genética e Biotecnologia Vegetal, Programa de 

Pós-graduação em Ciências Biológicas, Recife, PE, Brazil, rodrigo.goliveira@ufpe.com 

(2) Universidade Federal de Pernambuco, Laboratório de Morfo-taxonomia Vegetal, Recife, PE, Brazil 

 

Rocky outcrops are elevations inserted in a matrix characterized by poor soils, specific 

microclimate and highly specialized vegetation. The bromeliad Encholirium spectabile is found 

over rocky outcrops in northeastern Brazil, presenting a great morphological diversity on 

taxonomy characters used to delimit Bromeliaceae species. Bromeliads are reported as models to 
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species radiation studies on Neotropical inselbergs. Diversity center of Encholirium genus is held 

on southern Espinhaço chain, although E. spectabile is absent on the Chapada Diamantina.  

 

To access genetic diversity, fingerprinting markers were applied on eight populations distributed 

at the north-south occurrence of E. spectabile including some comprising all main morphological 

features described for the species. To access distribution, information from herbaria and field 

occurrence data were collected and submitted to niche modeling.  

 

Two regional genetic groups were found by Bayesian clustering (K=2), as on the neighbor-

joining tree, related to morphological variation. Our assemblage expected heterozigosity was 

0.3417. Genetic structure pointed to structuration between populations (Φst = 0.3781) also related 

to differences between the geographic groups. The here presented genetic structure is congruent 

with outcrossing species. The modeling conducted showed that E. spectabile occurrence is 

restricted to dry Caatinga and factors as altitude and rocky outcrop type is important to the 

presence of this species. The occurrence and genetic diversity data sets shows that E. spectabile 

radiation occurred mainly on northern Caatinga outcrops. The results demonstrated that the great 

morphological diversity regards to one species and morphological diversity should be considered 

for ex-situ conservation. 

 

 

25.  Overview of Chromosome Number and Genome Size Variation in Iridaceae Species 

from Southern Brazil 

 
Kaltchuk-Santos, Eliane (1,2)*; Souza-Chies, Tatiana T (2,3); Eggers, Lilian (3); Moraes, Ana Paula (2); 

Siljak-Yakovlev, Sonja (4); Stiehl-Alves Eudes M (2); Piccolli, Paula B (2); Chauveau, Olivier (3); 

Bourge, Michael (5); Brown, Spencer (5) 

(1) Departamento de Genética, Instituto de Biociências, Universidade Federal do Rio Grande do 

Sul, Av. Bento Gonçalves, 9500, Porto Alegre, RS, Brazil. *eliane.kaltchuk @ufrgs.br 

(2) Programa de Pós-Graduação em Genética e Biologia Molecular, Universidade Federal do Rio 

Grande do Sul, Av. Bento Gonçalves, 9500, Porto Alegre, RS, Brazil 

(3) Departamento de Botânica, Instituto de Biociências, Universidade Federal do Rio Grande do 

Sul, Av. Bento Gonçalves, 9500, Porto Alegre, RS, Brazil 

(4) Université Paris-Sud, Laboratoire Ecologie Systématique et Evolution, UMR 8079, Orsay, F- 

91405, France 

(5) CNRS, Dynamique de la compartimentation cellulaire, Institut des Sciences du Végétal, UPR 

2355, Gif-sur-Yvette, F-91198, France 

 

Iridaceae belongs to Asparagales and comprises about 2,000 species, with approximately 160 of 

them occurring in Brazil. Chromosome numbers have already been determined for about over 

1,000 species of the family, although most of which from Northern Hemisphere and Africa. The 

present work intends to enlarge the cytogenetic knowledge of Iridaceae species from Southern 

Brazil. 

Chromosome number and genome size were determined for 25 species allocated to nine genera 

of Trimezieae and Tigridieae tribes. Meiotic behaviour was also investigated for some of these 

species. First chromosome counts are presented for ten species belonging to five genera. All 

Tigridieae species showed a basic chromosome number x=7. In Trimezieae, two basic 

chromosome numbers were observed, x=9 and x=7, the last one probably related to decreasing 

dysploidy. Tigridieae species had usually bimodal and asymmetric karyotypes whereas 
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Trimezieae have more symmetric karyotypes. Four ploidy levels (2x, 4x, 6x and 8x) were 

observed among Tigridieae and the 2C DNA values ranges from 3.90 to 15.43 pg, while 

themonoploid (1Cx) genome size ranges from1.93 to 3.48 pg. In Trimezieae 2C DNA values 

ranges from 7.60 to 7.92 and 1Cx from 3.80 to 3.96 pg. All analyzed species presented highly 

regular meiosis and pollen viability of about 90%. The occurrence of polyploid series, different 

basic chromosome numbers, dysploidy and genome size variation are pointed out. 

The obtained data bring some clues to understand better the taxonomy and evolutionary history 

of Tigridieae and Trimezieae in Southern Brazil. 

 

 

26.  Genomic GC Content Variation in Monocots and its Biological Correlates 

 
Šmarda, Petr (1)*; Bureš, Petr (1); Litch, Ilja J. (2); Mucina, Ladislav (3) 

(1) Department of Botany and Zoology, Masaryk University, Czech Republic; smardap@sci.muni.cz 

(2) Jodrell Laboratory, Royal Botanic Gardens Kew, United Kingdom 

(3) School of Plant Biology, University of Western Australia, Australia 

 

Genomic DNA base composition (GC content) is known to significantly affect genome 

functioning and species ecology. While several hypotheses have been put forward to address the 

biological function of DNA base composition in microbial and vertebrate organisms, none has 

ever been tested in plants because of a lack of relevant genomic data. 

 

Using flow cytometry we measure genomic GC content in 239 species representing 70 of 78 

monocot families and compared it with suite of life-history traits and climatic niche data with 

phylogeny-based statistics. GC content of monocots varied between 33.6 and 48.9% with several 

group exceeding GC content known for other vascular plants, pointing out on their unusual 

genome architecture and organization. GC content showed quadratic relationship with genome 

size, with decrease of GC content in larger genomes perhaps enforced with higher cost of GC 

bases synthesis. Dramatic decrease of GC content was observed in species with holocentric 

chromosomes and increased GC content was documented in species able to grow in cold and 

drought-stressed climate. 

 

We suggest that genomic adaptations associated with changing GC content might have played a 

significant role in the evolution of the Earth’s contemporary biota, such as the rise of grass-

dominated biomes during the mid-Tertiary. The critical selective DNA property associated with 

changing GC composition in grasses and other monocots, however, yet remains to be discovered. 

 

 

27.  Using Plastid Genomes to Reconstruct the Phylogenetic History of Pandanales and 

Dioscoreales 

 
Soto Gomez, Marybel (1)*; Lam, Vivienne K.Y. (1); Graham, Sean W. (1) 

(1) Department of Botany, University of British Columbia, Vancouver, BC, Canada; 

marybel.soto@gmail.com 

 

We report on an effort to reconstruct higher-order phylogenetic relationships in the orders 

Dioscoreales and Pandanales using a genus-level sampling of whole plastid genomes. 
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Dioscoreales includes the economically important yams, and comprises ~665 species in three-

seven families. Pandanales comprises ~1345 species in five families that display an 

exceptionally diverse range of habits, including tree-like, herbaceous and climbing taxa. Both 

orders also include lineages or entire families that have transitioned from a photosynthetic to a 

non-photosynthetic and mycoheterotrophic life mode. Multiple uncertainties remain about 

phylogenetic relationships in both orders, including their sister-group status, the monophyly of 

Burmanniaceae and Dioscoreaceae, and various intergeneric relationships. The major objective 

of this study is to robustly resolve higher-order relationships in the two orders, using next-

generation sequencing methods to retrieve plastid genomes from one representative 

photosynthetic species per genus (corresponding to coding regions for ~81 genes per taxon). 

These data will be integrated with whole-plastid genomes from mycoheterotrophs in the two 

orders and with monocot-wide data sets. Here we present an initial analysis of whole-plastid data 

that represent most of the families in the two orders. 

 

 

28.  Chromosome Features and Karyoevolution of Brazilian Species of Philodendron 

(Araceae) 

 
Correia-da-Silva, Mario (1); Vasconcelos, Santelmo (1)*; Soares, Maria de Lourdes C. (2); Benko-

Iseppon, Ana M. (1) 

(1) Federal University of Pernambuco, Recife, PE, Brazil; santelmovasconcelos@gmail.com 

(2) Instituto Nacional de Pesquisas da Amazônia, Manaus, AM, Brazil 

 

Philodendron is a greatly diverse genus (ca. 500 spp.) of the monocot family Araceae from the 

Neotropics. Despite its horticultural importance, still there is very few information on the 

karyotype of Philodendron species. Therefore, chromosome numbers and additional cytological 

features are presented for 35 species collected in three different Brazilian biomes (Cerrado, 

Amazon basin and Atlantic forest).  

 

First chromosome counts are given for 27 species, while, for other eight species, counts are 

reported for new provenances. The majority of the species (23) presented the diploid number of 

2n = 32, while the number 2n = 34, the second most frequent, was observed in six taxa. 

Uncommon chromosome numbers were observed for four species: P. uliginosum with 2n = 28, 

P. hastatum and P. melinonii with 2n = 30 and P. brevispathum with 2n = 40. On the other hand, 

two species showed variation in chromosome numbers among analyzed cells: P. insigne with 2n 

= 30-32 and P. pulchrum with 2n = 26-28. Regarding chromosome morphologies, a prevalence 

of submetacentric and metacentric pairs could be observed in most species, with some taxa with 

a tendency to asymmetry and a higher number of acrocentric pairs.  

 

Considering the present analysis and literature data, we suggest that x = 16 instead of x = 18 may 

be the primary basic number of the genus, from which secondary base numbers x = 17, and (less 

frequently) 15, 14 and 13 have probably derived from.  
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29.  Genetic Structure and Variability of Anthurium Augustinum Complex (Araceae), an 

Endemic Group to the Brazilian Atlantic Rain Forest 

 
Temponi, Lívia G. (1)*; Cardozo, Ana P. (2); Smidt, Eric C. (2); Silva-Pereira, Viviane (2)  

(1) Universidade Estadual do Oeste do Paraná, Cascavel, Brazil. 

(2) Universidade Federal do Paraná, Curitiba, Brazil; apcardozo.bot@gmail.com 

 

The Anthurium augustinum complex includes eight specific names with difficult taxonomic 

delimitation: A. augustinum K. Koch & Lauche, A. hatschbachii E.G.Gonç., A. jureianum Cath. 

& Laio; A. laucheanum K.Koch; A. lhotzkyanum Schott; A. lucidum Kunth; A. maximilianii 

Schott e A. parvum N.E.Br. All the taxa are endemics to the Atlantic Rain Forest and are 

recognized by the leaf with cordate base or peltate leaves. Using ISSR dominant markers, we 

assessed the variability and genetic structure of 13 populations to verify if there is correlation 

among genetic and morfological patterns within this complex, that assist in the delineation of 

these taxa. The values of heterozygosity of populations were higher than those found in 

populations of species that have the same biological characteristics. Analysis of molecular 

variance showed high variation within populations and low divergence among populations. The 

Bayesian analysis indicated a geographical gradient. The phenetic relationships between pairs of 

populations indicated that both the currently accepted circumscription of taxa and the 

morphological patterns do not reflect the genetic structure accessed. However, the taxa A. 

hatschbachii, A. jureianum, A. lucidum showed genetic differentiation to be appointed as valid 

taxa. Despite A. parvum has not being genetically different from the A. laucheanum, A. 

lhotzkyanum and A. maximinilianii, it is morphologically distinct and should be maintained. 

Once there was not significant genetic structure to sustain the distinction of A. augustinum, A. 

maximilianii, A. laucheanum and A. lhotzkyanum, we suggest that these taxa should be regarded 

as synonyms of A. augustinum. Fundação Araucária.  

 

 

30.  The Good, the Bad and the Ugly:  Plastid and Mito Phylogenomics of Araceae 

 
Henriquez, Claudia L. (1,2)*; Arias, Tatiana (3); Pires, J. Chris (3); Croat, Thomas B.

 
(2); Schaal, Barbara 

A. (1) 

(1) Evolution, Ecology & Population Biology, Division of Biology, Washington University in St. Louis, 

One Brookings Drive, St. Louis, Missouri, 63130, U.S.A.; chenriquez@wustl.edu 

(2) Missouri Botanical Garden, 4344 Shaw Blvd., St. Louis, Missouri, 63110, U.S.A.   

(3) Department of Biological Sciences, University of Missouri, Columbia, Missouri 65211, U.S.A.  

 

The biogeography, chromosome number evolution, and evolutionary history of the plant family 

Araceae have become much clearer in recent years.  The still poorly resolved backbone of the 

family phylogeny, however, precludes answering questions about the early evolution of the 

family.  With the advent of next generation sequencing, phylogenetic analyses can now be based 

on thousands of informative nucleotides, which greatly enhance our confidence in the resulting 

phylogeny.   

 

We used reference-based assemblies of Illumina data for 37 genera from across the backbone of 

the family to resolve the remaining questions in the deep phylogeny of Araceae.  Reference-

based assemblies were performed using the chloroplast and mitochondrial genomes of two 
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species of Araceae from Genbank.  Sequences from the chloroplast genome produced strongly 

supported phylogenies, using both coding sequences alone and the entire genome.  In contrast, 

the mitochondrial genome proved to be much more problematic in terms of assembly and the 

resulting alignment had negligible phylogenetic signal. Better supported clades in the new study 

are: 1) Tribe Spathiphylleae is sister to the rest of Monsteroideae; 2) The Unisexual Flowers 

clade, with the bisexually-flowered genus Calla within, is recovered with strong support; 3) 

Anubias and Montrichardia form a clade sister to the Zantedeschia clade; and 4) Zantedeschia is 

sister to the Old World Anchomanes clade.  However, despite the strong statistical support for 

almost all nodes, the placement of the bisexually-flowered genus Calla, and the rheophytic genus 

Schismatoglottis within the Unisexual Flowers clade remains unclear.   

 

 

31.  Evaluation of Universal Primer Sets for the Complete Plastid Genome in Liliales; 

Explorations into the Basal Clade Campynemataceae 

 
Sarah Silvia Bodin (1)*; Jung Sung Kim (1); Joo-Hwan Kim (1) 

(1) Department of Life Science, Gachon University, Seongnamdaero 1342, Seongnam, Gyeonggi-do 461-

701, Korea 

 

Universal primer sets for complete plastid genome sequencing of species within the order 

Liliales are evaluated. Primer sets that were designed to complete the chloroplast genome of 

Chionographis japonica (Melanthiaceae), and analyzed against Smilax china (Smilacaceae) were 

used to sequence the coding regions of Campynema lineare Labill. (Campynemataceae) by 

traditional Sanger sequencing method. Campynema lineare is a monotypic, small perennial herb 

that is endemic to the higher altitudes of Tasmania. It consists of small green flowers, extrose 

anthers, an inferior ovary and sheathing parallel-veined leaves. The three other species 

(Campynemanthe) in the family are distributed in New Caledonia. By testing these primer sets 

against other members from various families within the order, we will be able to determine 

successful primer sets that could be used across the families for phylogenetic, or phylogenomic 

analyses. We have chosen Campynema lineare to explore the evolutionary implications of the 

basal clade of Liliales (Campynemataceae), and to find its correct topology within the order as 

well as its sister clade, which has shown to be Corsiaceae. These primers could be used with 

other Campynemataceae species that are considered rare if and when DNA becomes available 

such as Campynemanthe parva.  

 

 

32.  Comparative Analysis of the Complete Plastid Genomes of the Family 

Alstroemeriaceae Sensu Apg III (Liliales) 

 
Hyoung-Tae Kim (1)*, Jung Sung KIM (1), Joo-Hwan KIM (1) 

(1) Department of Life Science, Gachon University, Seongnamdaero 1342, Seongnam, Gyeonggi-do 461-

701, Korea 

 

In the past several years, numerous data for genomic sequences have been pouring in and are 

being applied in the plant phylogeny field due to the development and advance of next-

generation sequencing (NGS) technologies. The technical improvement led the accumulation of 

the plastid genome data and over 250 plastid genomes have been uploaded in NCBI database 
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until now. However, just about 50 of them were from monocots and also it is extremely restricted 

in Poales. Liliales is a well-supported monophyletic group defined by synapomorphy of the tepal 

nectaries and extrorse anthers, in contrast to the septal nectaries and introrse anthers commonly 

found in other monocot. The family Alstroemeriaceae is erect or climbing herbs and distribute 

mainly in Central and Southern America. In APG III, it is recognized as an expanded family 

including the family Luzuriagaceae, which are distributed in Southern America, Australia, New 

Zealand, and Tasmania. In this study, we conducted the comparative analysis of the complete 

chloroplast genomes of three genera of Alstroemeria, Bomarea, and Luzuriaga representing the 

family Alstroemeriaceae sensu APG III. The latter two genomes were newly sequenced and they 

showed quite similar structure in gene content and order comparing to Alstroemeria aurea. 

 

 

33.  Evolutionary Pattern within Paris Inferred from Complete Chloroplast Genome of 

Paris verticillata 

 
Hoang Dang Khoa Do (1), Jung Sung Kim (1)*, Joo-Hwan Kim (1) 

(1) Department of Life Science, Gachon University, Seongnamdaero 1342, Seongnam, Gyeonggi-do 461-

701, Korea 

 

Paris (Melanthiaceae. Parideae) is a temperature genus of about 24 species of perennial herbs 

distributed from Europe to eastern Asia. In this study, the complete chloroplast genome 

(cpDNA) of Paris verticillata was sequenced. The circular double-stranded DNA of 156,687 bp 

consists of two inverted repeat (IR) regions of 27,690 bp each, a large single copy of 83,399 bp, 

and a small single copy of 17,908 bp. This plastome contains 81 protein-coding genes, 29 

distinct tRNA and four genes of rRNA. The gene orders and gene contents of the Paris 

verticillata plastid genome are similar to that of Veratrum patulum, another member of the 

Melanthiaceae. However, we found that the former possesses rps16 gene which is lost in the 

latter. Besides that, trnI-CAU, which is located between rpl23 and ycf2, was triplicated in Paris 

verticillata. This interesting feature was also found in Paris quadrifolia, closed taxa of 

P.verticillata within subgenus Paris. However, there was only one trnI-CAU in P. thibetica  

band P. vietnamensis, members of subgenus Daiswa. Species of subgenus Paris are different 

from those of subgenus Daiswa with morphological features of long slender rhizome, rounded 

ovary and seed without sarcotesta. The differentiations in morphological and molecular data 

indicate an evolutionary pattern within Paris. The complete chloroplast genome of Paris 

verticillata, which adds to the dataset of chloroplast genomes, will provide a model to explore 

the evolution of monocot cpDNA, particularly IR expansion, gene evolution and rearrangement 

among species of Melanthiaceae.  

 

 

34.  Complete Chloroplast Genome Sequence of Gloriosa superba L. (Colchicaceae, Liliales) 

 
Pham Anh Thi Nguyen (1); Hoang Dang Khoa Do (1); Jung Sung Kim (1)*; Joo-Hwan Kim (1) 

(1) Department of Life Science, Gachon University, Seongnamdaero 1342, Seongnam, Gyeonggi-do 461-

701, Korea 

 

Chloroplast genomes provide useful information to examine the evolution and to estimate 

phylogenetic relationships among angiosperms. In this study, the entire nucleotide sequence of 
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chloroplast genome of Gloriosa superba L. (Colchicaceae, Liliales) has been firstly determined. 

This perennial tuberous species is distributed in tropical and southern Africa and tropical Asia. 

The solitary flowers are bisexual, usually red and yellow color, pronouncedly reflexed petals and 

the leaves have parallel vein and ends in a tendril. The cpDNA of G. superba L. is a circular 

double stranded DNA molecules with total length 158,537bp; composed of two inverted repeat 

(IR) in length 28,113bp; a small single copy region (SSC) and a large single copy (LSC) in 

length 17,324bp and 84,987bp, respectively. A total of 114 unique genes in the plastid genome 

consist of 81 protein-coding genes, 4 and 29 rRNA, tRNA, respectively. Six hypothetical coding 

regions (ycf1, ycf2, ycf3, ycf4, ycf15 and ycf68) and 2 open reading frames (ORF42 and ORF56) 

were also found in the plastid genome of G. superba L. cpDNA. Genome organization was very 

similar to Alstroemeria aurea which is a member of Alstroemeriaceae having close relationship 

to Colchicaceae, except infA loss in large single copy (LSC) region of A. aurea. Further analysis 

using chloroplast data is necessary to estimate evolutionary changes in encoded genes, plant 

systematics and biogeography among species within Liliales. 

 

 

35.  Utilization of Next-Generation Sequencing to Resolve Uncertain Relationships in the 

Asparagales 

 
Unruh, Sarah (1)*; Edger, Patrick (2); Mayfield-Jones, Dustin (1); Washburn, Jacob (1); Pires, J. Chris 

(1)
 

(1) Division of Biological Sciences, University of Missouri, Columbia, MO; piresjc@missouri.edu 

(2) Department of Plant & Microbial Biology, University of California, Berkeley, CA  
 

The Asparagales is a monocot order of diverse flowering plants that include important crops such 

as asparagus and onion as well as horticulturally important plants like irises, daffodils, and 

orchids. Previous attempts to construct the phylogenetic tree of families within the Asparagales 

relied on seven gene regions from across the genome and revealed many clades that had very low 

levels of support. Many of these problematic branches were located in a paraphyletic group 

termed the “Lower Asparagales.” This group encompasses all of the families between the base of 

the tree (Orchidaceae) and the Iridaceae lineage, while the remaining taxa fall under the core 

Asparagales.   

 

Recently, we completed a study on the “core” or “Higher” Asparagales using next generation 

sequencing approaches.  In this project, we use similar methods to acquire plastome and other 

sequences to construct a phylogenetic tree of the “Lower Asparagales” to resolve problematic 

relationships among families. This project will address these questions: Are orchids sister to the 

Asteliod clade (Boryaceae, Blandfordiaceae, Lanariaceae, Asteliaceae, Hypoxidaceae)?  Are 

Ixioliriaceae and Tecophilaeaceae sister taxa, or should they belong in different parts of the tree?  

 

The results from this project will set the stage for a phylogenetic study across Orchidaceae using 

a combination of GSS and transcriptomics. Taxa will be sampled across the previously described 

19 tribes. 
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36.  Transposable Element Proliferation and Genome Size Evolution in Asparagales 

 
Hertweck, Kate L. (1)* 

(1) National Evolutionary Synthesis Center, Duke University, Durham, NC, U.S.A.; 

k8hertweck@gmail.com  
 

Asparagales is an order of flowering plants including many important edible (asparagus, onion, 

tequila agave) and ornamental (orchid, amaryllis, aloe) species. Despite representing wide 

variation in karyotype and genome size, little is known about what constitutes the high 

proportion of repetitive sequences in genomes of Asparagales species. Genome sequencing is 

becoming a routine procedure to obtain data for many organisms, including molecular 

phylogenetic studies of various plant groups. The first step of these studies, however, is masking 

all repetitive elements. I utilized anonymous, low coverage, genome survey sequences (GSS) for 

a sample of species across Asparagales and applied a de novo genome assembly program. Given 

the low genome coverage, a majority of the resulting scaffolds represent plastome, mitogenome, 

and repetitive sequences. I summarized the scaffolds representing repetitive sequences to 

characterize the types of repetitive elements present in each genome, and mapped the raw reads 

back to the scaffolds to obtain estimates of abundance. The scaffolds represent both fragmented 

and complete sequences for a variety of transposable elements, including LTR retrotransposons, 

LINEs, SINEs, and DNA transposons. Quantification estimates indicate even closely related 

species possess different proportions of transposable elements in their genomes, suggesting 

genome size changes result from proliferative activity in a variety of repeat types. 

 

 

37.  All that Glitters is Not Gold: Can We Rely on Morphological Traits to Identify 

Narcissus Hybrids? 

 
Marques, I. (1)*; Draper, D. (2) 

(1) Biodiversity Research Centre, University of British Columbia, 6270 University Boulevard, 

Vancouver, British Columbia, Canada, V6T 1Z4; isabel.ic@gmail.com; isabel.marques@botany.ubc.ca 

(2) Departamento de Ciencias Naturales, Universidad Técnica Particular de Loja, San Cayetano Alto s/n, 

CP 11 01 608, Loja, Ecuador; ddmunt@utpl.edu.ec 

 

Hybridization has been invoked as one of the causes for the high levels of inter- and intraspecific 

morphological diversity in Narcissus (Amaryllidaceae). A wide variety of natural hybrids have 

been described even between unrelated or morphologically species based mostly on intermediate 

morphological traits. To ascertain the accuracy of morphological traits in describing natural 

hybrids of Narcissus, 28 putative hybrids as well as their parental species have been studied 

using AFLPs markers. Samples were collected in the locus classicus following the published 

diagnosis or directly extracted from the typus voucher.  

 

STRUCTURE was used to classify individuals as either pure parental species or hybrids using a 

threshold of q≥ 0.90 to assign pure individuals and 0.10≤ q ≤0.90 to classify hybrids, where q 

represents the proportion of a given genotype originating from each cluster categories (K). Using 

the individuals assigned as hybrids by STRUCTURE, the program NEWHYBRIDS was then 

used to classify the genetic composition of the hybrids into 6 different classes: F1, F2 and two 
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backcrosses with each parental species using a threshold of 0.75. A burn in of 50 000 steps 

followed by a run length of 300 000 were used in each program.  

 

Bayesian assignment results fail to confirm the hybrid origin of most taxa since in 96% of the 

cases samples were exclusively composed of pure genotypes with very high assignment results 

(eg, respectively a threshold value q-value ≥ 0.90 and q-value ≥ 0.10). In the few cases where 

hybridization was confirmed, samples were assigned as F1 hybrids. 

 

 

38.  Systematic and Genetic Diversity of Iridaceae from Southern Brazil  

 
Souza-Chies, Tatiana T (1,2)*, Kaltchuk-Santos, Eliane (1,3), Eggers, Lilian (2), Stiehl Alves, Eudes M 

(1), Alencar, Juliana LM (1), Tacuatiá, Luana Olinda (1,4) 

(1) Programa de Pós-Graduação em Genética e Biologia Molecular, Universidade Federal do Rio Grande 

do Sul, Av. Bento Gonçalves, 9500, Porto Alegre, RS, Brazil  

(2) Departamento de Botânica, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil 

(3) Departamento de Genética, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil 

(4) Laboratório de Biossistemática e Evolução de Plantas, Instituto de Biologia, Universidade Estadual de 

Campinas, Instituto de Biologia, Departamento de Botânica, Rua Zeferino Vaz, s/n., Cidade Universitária, 

13083-970 -UNICAMP, SP, Brazil  
 

Iridaceae is one of the largest families of Monocots (circa 2,000 species) included in 

Asparagales. Morphological variability concerning flowers is found within species of Tigridieae 

and Sisyrinchieae from New World Iridaceae and has resulted in a confusing circumscription of 

many species. Genetic diversity studies using molecular tools are useful to elucidate the 

taxonomy and evolution of New World Iridaceae. The present study aims to provide genetic 

diversity data to the knowledge of southern American species of Iridaceae.  

 

We have evaluated populations belonging to Calydorea, Herbertia and Sisyrinchium throughout 

southern Brazil using SSR and ISSR markers. Data for Calydorea crocoides, which has 

restricted distribution, have suggested that most populations are structured, indicating low gene 

flow among populations and great genetic variation within populations. Almost all species of 

Calydorea, Herbertia and Sisyrinchium showed high genetic diversity within populations. 

Geographical distribution of cospecific populations, breeding system, and pollen and seed 

dispersal might influence this diversity. Unlike, in Herbertia lahue, low levels of genetic 

variation were found within populations and it may be related to self-pollination. As for 

Sisyrinchium, taxonomic complexes exist due to a wide morphological variation. An example of 

this is S. micranthum, for which different ploidy levels and morphological types have been 

described. Mixed ploidy populations have been observed through molecular and cytogenetic 

analyses. Also, polysomic inheritance and an excess of heterozygotes have been observed for 

some populations and an autopolyploid origin has been presumed for polyploids.  

 

These data contribute to the knowledge of genetic diversity and evolution of Iridaceae species.  
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39.  De Novo Transcriptome Assembly and Polymorphism Detection in Dactylorhiza 

(Orchidaceae) 

 
Paun, Ovidiu (1)*; Balao, Francisco (1); Sedman, Laura (2); Mittelsten Scheid, Ortrun (2); Chase, Mark 

W. (3) 

(1) Department of Systematic and Evolutionary Botany, University of Vienna, Vienna, Austria. 

ovidiu.paun@univie.ac.at 

(2) Gregor Mendel Institute of Molecular Biology, Austrian Academy of Sciences, Vienna, Austria 

(3) Jodrell Lab, Royal Botanic Gardens Kew, U.K. 

 

The orchid family is one of the largest families of flowering plants with over 25,000 recognized 

species, but available genomic resources within Orchidaceae remain limited. High-throughput 

RNA sequencing has emerged as a powerful and cost-effective way to characterize gene content 

and identify polymorphic markers in non-model organisms. However, de novo assembling a 

transcriptome remains a challenging task due to the complexity of RNA populations. Using 

RNA-seq on Illumina HiSeq and an in-house developed pipeline, we have assembled reference 

leaf transcriptomes for two European terrestrial orchids, diploids Dactylorhiza incarnata and D. 

fuchsii. The transcript references generated provide valuable genomic and population genetic 

tools for the orchid research community, including a dataset of 45,543 high quality cSNPs and 

over 1,000 microsatellite sequences. These resources are available from: 

www.botanik.univie.ac.at/systematik/projects/dactylorhiza. 

 

 

40.  Molecular Cytogenetic Characterization of Some Vanilla Pompona Accessions: rDNA 

and Heterochromatin Physical Mapping  
 
Siljak-Yakovlev, Sonja (1)

*
, Lepers-Andrzejewski Sandra (2), Robin Odile (1), Grisoni Michel (3), 

Brown, Spencer C. (4), Dron Michel (5), Besse Pascale (3) 

(1) CNRS, Laboratoire ESE, UMR 8079, Université Paris-Sud, Bat. 360, 91405 0rsay, France ; 

sonia.yakovlev@u-psud.fr 

(2) Etablissement Vanille de Tahiti, Département Recherche et Développement, BP 912, 98735 Uturoa, 

French Polynesia 

(3)
 
UMR Peuplements Végétaux et Bioagresseurs en Milieu Tropical, Station de Ligne-Paradis, Pôle de 

protection des plantes, 3P, 7 chemin de l'IRAT, 97410 Saint-Pierre, Réunion 

(4) Compartimentation Cellulaire, Institut des Sciences du Végétal, CNRS UPR2355, 91198 Gif-sur-

Yvette, France 

(5) Institut de Biologie des plantes, UMR 8618, Bat. 630, Université Paris-Sud XI, 91405 Orsay, France  
 

Vanilla pompona, a wild aromatic species, were studied for the first time for their rDNA and 

heterochromatin patterns. The physical mapping of two rRNA gene families 5S and 18S-5.8S-

26S (45S) and the distributional pattern of GC-rich regions in the chromosomes have been 

established by means of fluorescence in situ hybridization (FISH) and fluorochrome banding 

with chromomycin A3 (CMA). 

 

Among five studied accessions, two ploidy levels were observed; 2n=2x=32 and 2n=4x=64. In 

tetraploid accessions the hypoaneuploidy was also detected. The number and position of rDNA 

loci corresponded to chromomycin positive regions (GC-rich DNA). One to two loci of 45S (two 

to four chromosome sites) and the same number of CMA
+
 bands were observed for diploid 
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accessions. Tetraploid accessions display four to six sites (two to three loci) of 45S and CMA
+
 

bands. In addition to the variability in number, rDNA sites and CMA
+
 bands show the 

differences in the intensity of fluorescent signals. In one tetraploid accession, six chromosomes 

were completely labelled with both 45S probe and chromomycin, which is a rare case in plants. 

Our results highlight the clear genome differentiation among V. pompona accessions from 

different geographical origins, both at the rDNA and at the heterochromatin level.  

 

The knowledge of genome organization of V. pompona could be of great importance because this 

species represent an interesting source of agronomic traits for the improvement of V. planifolia, 

the most widely cultivated species. Evolutionary aspects and dynamics of the Vanilla pompona 

genome are discussed in the light of these cytogenetic data. 

 

 

41.  Estimating Species Relationships among Sabal (Coryphoideae, Arecaceae) Species 

Through Analysis of Gene Capture Data 

 
Heyduk, Karolina (1); Trapnell, Dorset (1); Leebens-Mack, Jim (1)* 

(1) Department of Plant Biology, University of Georgia, Athens, GA, U.S.A.; 

jleebensmack@plantbio.uga.edu 

 

Biological processes including incomplete coalescence of allelic variation between speciation 

events and hybridization can lead to incongruence among gene trees. The increasing availability 

of high-throughput sequencing now permits phylogenetic analyses that can account for these 

processes. We use a high throughput gene capture and sequencing approach to investigate 

species-level relationships within the genus Sabal (Coryphoideae, Arecaceae) a new world genus 

native to the southeastern US, Bermuda, Caribbean, and Central America. RNA probes were 

designed from conserved exon sequences and used to enrich DNA samples for putatively low 

copy nuclear genes and the plastomes of fourteen Sabal and two outgroup species. Sequence data 

was generated on an Illumina MiSeq sequencer and target sequences were assembled using 

custom workflows. Gene trees for 169 nuclear genes were used to estimate species trees in 

STAR, MP-EST, and BUCKy. The chloroplast genomes showed exhibited little variation, 

yielding poor resolution of species relationships. Nuclear baits captured fragments with target 

exons and adjacent intron sequences. Nuclear gene trees were generally poorly resolved, but 

exhibited discordance among nuclear loci. Nonetheless, species trees estimated under a 

coalescence-based, multi-locus model revealed relationships largely reflecting biogeographic 

distributions and published morphologybased hypotheses. However, interesting exceptions were 

inferred with high statistical support. Beyond its biological implications, this research validates a 

high-throughput methodology for generating a large number of gene sequences for coalescence-

based phylogenetic analyses. 

 

 

42.  Resolving Relationships within the Arecoideae (Arecaceae) Using Next Generation 

Sequencing 

 
Comer, Jason R (1)*; Zomlefer, Wendy B. (1); Leebens-Mack, James H. (1) 

(1) The University of Georgia, Athens, GA, USA: jcomer@plantbio.uga.edu 
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Arecaceae are an easily recognizable family distributed throughout the tropics and subtropics.  

Although palms are well studied both in morphological and molecular contexts, some 

relationships within the family are not well resolved. In general, the slow rate of nucleotide 

substitutions for members of the Arecaceae had posed a challenge for analyses of DNA sequence 

and RFLP data. The largest subfamily in the Arecaceae is the Arecoideae, including 14 tribes.  

While several studies have focused on the phylogenetics of the Arecoideae, some relationships 

remain poorly resolved.   

High throughput approaches were used to generate plastome sequences for exemplar species 

across the Arecoideae. Barcoded plastome templates were either amplified using long-range PCR 

with 12 primer pairs or enriched using gene-capture pull down baits.  Barcoded templates were 

pooled and sequenced on an Illumina MiSeq.  Plastome fragments were assembled and annotated 

for at least one exemplar for each of the 14 Arecoid tribes with larger tribes represented by 

multiple species.  Well-supported phylogenetic hypotheses were estimated from concatenated 

alignments of more than 80 genes. 

In general both approaches were similar for the number of contigs, maximum contig length, N50 

and average coverage. Both Arecaceae and subfamily Arecoideae were resolved as monophyletic 

with strong support. Also tribes represented by multiple taxa were resolved as monophyletic with 

strong support. 

 

 

43.  Conservation of Bromeliad Plant Material for Later DNA Isolation 

 
Morgante, Patrícia G. (1)*; Silva, Isabel I. (1); Coffani-Nunes, João V. (1) 

(1) UNESP – C. E. Registro, Registro, São Paulo, Brazil; pgleydes@registro.unesp.br 

 

Conservation studies increasingly use molecular analyses, which require methods for collecting, 

processing and storage of plant material that allow suitable samples of DNA to be obtained. This 

study compared different forms and periods of storage of plant material from the family 

Bromeliaceae for DNA extraction. 

 

Three species of bromeliads were used: Ananas fritzmuelleri, Aechmea pectinata and Tillandsia 

geminiflora, collected in a restinga area of Cananéia, São Paulo, Brazil. The fresh material was 

stored in three ways: frozen in liquid nitrogen and stored at -20 
o
C, preserved in a flask 

containing silica gel and kept at room temperature, or lyophilized and stored at -20 
o
C. The DNA 

extractions were carried out in three stages: using fresh material, and after four and nine months 

of storage. To compare the results from molecular analysis, the leaf anatomy of each species was 

studied through freehand cross sections and light-microscopy analysis. 

 

Extraction of DNA from fresh material resulted in better yield and quality, except for A. 

pectinata, which has ducts distributed in the mesophyll and may produce some types of 

metabolites that reduced the extraction effectiveness. Of the three forms of conservation, 

freezing in liquid nitrogen resulted in the lowest level of DNA degradation, in both storage 

periods. This may be directly related to the presence of water-storage parenchyma in these 

species, and therefore the cells should be dehydrated rapidly when the material is stored, to better 

maintain the integrity of the DNA. 
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44.  A First Three-Locus Plastid Phylogeny of Pitcairnia (Bromeliaceae)  

 
Schubert, Kai (1)*, Wagner Natascha, Wöhrmann Tina, Weising, Kurt (1) 

(1) Universität Kassel, Kassel, Germany; kai.schubert@uni-kassel.de 

 

With more than 430 described species, Pitcairnia is by far the largest genus of the subfamily 

Pitcairnioideae (Bromeliaceae). It also shows the widest distribution range within the subfamily. 

The genus is distributed in South and Central America except for Pitcairnia feliciana that is a 

local endemic on a mountain range in West Africa. No extensive molecular systematic analyses 

have yet been undertaken in Pitcairnia, and infrageneric relationships remain largely unknown. 

Here we present a first plastid phylogeny of the genus, based on the matK gene and the two 

intergenic spacers rpl32 – trnL and rps16 – trnK. Sequences were assembled for 203 accessions 

from 123 species, resulting in an alignment of 3105 bp. A total of 324 characters turned out to be 

parsimony informative. The data set was subjected to Bayesian and maximum parsimony 

analyses. In the resulting trees, Pitcairnia is clearly monophyletic and sister to the remainder of 

the subfamily. Within the ingroup, a deep basal split divides Pitcairnia into two large lineages. 

Pitcairnia feliciana takes a relatively basal position in one of the two lineages. Its closest 

relatives are found in Venezuela. Some species form groups that reflect their distributional 

pattern (e.g. a Brazilian clade and a Carribean clade), but  no overall general geographical 

patterns could be discerned. 

 

 

45.  Tillandsia usneoides – Why is the Species Morphologically so Variable? 

 
Heller, Sascha (1, 2, 3); Paule, Juraj (1, 2); Zizka, Georg (1, 2, 3)  

(1) Dep. Botany and Molecular Evolution, Senckenberg Research Institute, Frankfurt/Main, Germany 

(2) Faculty Biosciences, Goethe University, Frankfurt/Main, Germany  

(3) Biodiversity and Climate Research Center (BiK), Frankfurt/Main, Germany  
 

Tillandsia usneoides is the most widely distributed species of the family Bromeliaceae (Poales). 

It ranges from the southeastern United States to Argentina and Chile. Tillandsia usneoides grows 

epiphytic and is dispersed by seeds as well as by fragments of the plant. Within the species 

striking morphological differences can be observed as far as size characters are concerned. 

Morphotypes have shown to be stable in cultivation while growing under the same conditions. 

To investigate possible reasons for the variation we measured the relative genome size of 75 

specimens covering the whole distribution range and combined this information with 

morphological, distribution and climate data. 
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46.  Bromelioideae - Phylogenetic Relationships and Evolution 

 
Heller, Sascha (1,2,3); Leme, Elton (4); Paule, Juraj (1,2); Forzza, Rafaela Campostrini (5); Benko-

Iseppon, Ana Maria (6); Zizka, Georg (1,2,3)* 

(1) Dep. Botany and Molecular Evolution, Senckenberg Research Institute, Frankfurt/Main, Germany 

(2) Faculty Biosciences, Goethe University, Frankfurt/Main, Germany  

(3) Biodiversity and Climate Research Center (BiK), Frankfurt/Main, Germany  

(4) Herbarium Bradeanum, Rio de Janeiro, RJ, Brazil 

(5) Botanical Garden of Rio de Janeiro, RJ, Brazil 

(6) Genetics Dep., Universidade Federal de Pernambuco, Recife, PE, Brazil 

 

The subfamily Bromelioideae comprises more than 900 species in 33 genera and is the second 

largest subfamily of Bromeliaceae (Poales). In the last years several molecular phylogenetic 

analyses showed that many bromeliad genera, originally defined on the basis of morphological 

characters, are para- or polyphyletic. Furthermore, patterns and processes behind the bromelioid 

biodiversity are only poorly understood. In our attempt, using taxonomically comprehensive 

sampling and both nuclear and plastid DNA markers, we aim to identify monophyletic groups, 

contribute to a new generic classification and to elucidate the evolutionary history of the 

Bromelioideae.  

Results from our molecular analyses including nearly 400 Bromelioideae species are presented. 

The special focus is on the core Bromelioideae, which are represented with 350 species in the 

study (app. 50% of the total of 675 spp.). 

 

 

47.  What Actually is Vriesea? A Combined Phylogenetic Investigation of Vriesea Based on 

Morphology and Plastidial Sequences (Poales: Bromeliaceae-Tillandsioideae) 

 
Gomes-da-Silva, Janaína (1); Chies, Tatiana T. S. (2)*; Costa, Andrea F. (3) 

(1) Programa de Pós-graduação em Ciências Biológicas (Botânica), Museu Nacional, Universidade 

Federal do Rio de Janeiro, Rio de Janeiro, Brazil. E-mail: jgomes_da_silva@yahoo.com.br 

(2) Departamento de Botânica, Universidade Federal do Rio Grande do Sul, Porto Alegre, Rio Grande do 

Sul, Brazil. 

(3) Departamento de Botânica, Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 

Brazil. E-mail: afcosta@acd.ufrj.br  

 

Among the ten genera of Tillandsioideae Vriesea and Tillandsia undoubtedly represent the 

largest challenge from the taxonomical standpoint, with numerous complexes and problems. 

Vriesea encompasses ca. 260 species and represents the second largest tillandsioid genus. Its 

generic delimitation is difficult, considering that several diagnostic features are shared with other 

genera in the subfamily, so that no character is exclusive. The species are distributed exclusively 

in the Neotropics, with the greatest species diversity in the Atlantic Forest in eastern Brazil. In 

spite of its polyphyly that was proposed based in molecular data, such studies were performed 

using an extremely limited number of taxa. In this study, we present the first phylogeny of 

Vriesea based on ‘total evidence’, in order to identify monophyletic groups in the genus. 

Fieldwork was conducted from 2009 to 2012, and procedures for DNA extraction, amplification 

and sequencing between 2010 and 2012. This study was based on morphological analysis of ca. 

700 specimens including type material, and at least three specimens per species representing 

practically all morphological diversity in the taxonomical and geographical ranges of Vriesea. 
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We evaluated relationships among the species using cladistics and Bayesian approaches based on 

morphological (100 characters) and molecular (3989 bp) datasets, including 171 terminals 

representing all genera of Tillandsioideae. The results indicate that the use of ‘total evidence’ 

analysis helped to recover trees with higher resolution than previous studies. Taxonomical 

groups are identified as non-monophyletic and others have their monophyly corroborated. We 

also discuss some of the biogeographic, taxonomical and phylogenetic consequences of our 

results. 

 

 

48.  rDNA Sites and Heterochromatin Distribution in the Chromosomes of Fosterella L. 

(Bromeliaceae, Pitcairnioidae) 

 
Mendes, Hévila (1); Brasileiro-Vidal, Ana C. (1); Wagner, Natascha (2); Weising, Kurt (2); Benko-

Iseppon, Ana M. (1)* 

(1) Laboratory of Plant Genetics and Biotechnology - Federal University of Pernambuco, Av. Prof. 

Moraes Rego, 1235, 50670-420, Recife, PE, Brazil; ana.benko.iseppon@cnpq.br 

(2) Plant Molecular Systematics, Institute of Biology, University of Kassel, Heinrich-Plett-Str. 40, 34132 

Kassel, Germany 

 

Previous karyological evaluations in Bromeliaceae were restricted to chromosome counts, with 

no application of molecular methods such as Fluorescent In Situ Hybridization (FISH). The 

present work evaluated eight Fosterella species with CMA/DAPI fluorochromes and FISH using 

45S and 5S rDNA probes.  

 

The diploids (2n=2x=50) F. robertreadii, F. christophii, F. micrantha, F. spectabilis and F. 

rusbyi presented a single subterminal pair with CMA
+
/DAPI

-
 bands (GC-rich/AT-poor), while F. 

gracilis presented a single proximal CMA
+
/DAPI

-
 site. Considering the tetraploids, (2n=4x=100) 

in F. hatschbachii a pair with proximal CMA
+ 

bands was evident, while F. yuvinkae presented 

two subterminal sites. The FISH method, applied to F. spectabilis and F. christophii revealed a 

colocalization of the 45S rDNA sites with CMA
+
/DAPI

- 
bands and also another chromosome 

pair bearing 5S rDNA sites in intercalary position.  

 

The detection of single 45S and 5S sites for diploids (2n=50) is surprising since Bromeliaceae 

are considered paleotetraploid. For polyploids (2n=100) additional rDNA sites were expected 

and the prevalence of a single site may indicate that additional sites initially existed but were lost 

after genome duplication. However, the presence of two CMA
+
/DAPI

-
 sites in F. yuvinkae may 

indicate a recent polyploidization event. The polymorphism in the position of the rDNA sites 

(subterminal/intercalary) may be also helpful for tracing karyo-evolutionary routes within 

Fosterella. The results indicate that all analyzed species are poor in heterochromatin, with the 

exception of the NOR-associated sites. Thus, observed differences in chromosome sizes may be 

attributed to variation in (e.g. dispersed) repetitive elements other than satellite DNA. 
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49.  Next-Generation Plastome Sequencing of Guzmania (Bromeliaceae): Implications for a 

Robust Species-Level Bromeliad Phylogeny 

 
Moraski, Ryan P. (1)*; Stull, Gregory W. (1); Soltis, Douglas E. (2); Soltis, Pamela S. (1) 

(1) University of Florida, Florida Museum of Natural History, Dickinson Hall, Gainesville, FL, 

32611-7800, USA; ryanmoraski@ufl.edu 

(2) University of Florida, Department of Biology, Gainesville, FL, 32611-7800, USA 

 

The bromeliad family (Bromeliaceae), with more than 3300 species assigned to 58 genera, is a 

morphologically diverse and ecologically important group of flowering plants. The family is 

thought to have undergone a recent, rapid adaptive radiation beginning around 20 million years, 

diversifying across most of the Neotropics. Much progress has been made in resolving the major 

phylogenetic backbone of the family through the analysis of several coding and non-coding 

chloroplast markers. However, attempts to elucidate inter- and intrageneric relationships have 

been confounded by to a combination of a low rate of bromeliad plastid DNA evolution and the 

young age of extant lineages. Guzmania (subf. Tillandsioideae) is one of the most species-rich 

groups of bromeliads, with over 210 species from across most of the range of Bromeliaceae. 

Here we present the results of a plastid-targeted enrichment and low-cost next-generation 

sequencing approach to the sequencing of complete plastid genomes (plastome) for three species 

of the bromeliad genus Guzmania using the Illumina GAIIx sequencing platform. We report 

statistics on plastome coverage and assembly and discuss the importance of a multiplex genomic 

DNA sequencing approach for estimating the phylogeny of a rapid, recently radiated group of 

plants. The application of this approach should significantly improve our understanding of the 

intrageneric variation in chloroplast DNA sequences within the Bromeliaceae. 

 

 

50.  Transcriptome Based Phylogenetics of the PMCD Grasses 

 
Washburn, Jacob D. (1)*; Pires, J. Chris (1) 

(1) The University of Missouri, Columbia, Mo, U.S.A.; jdwr47@mail.missouri.edu 

 

Grasses include some of the most important agricultural crops in the world and directly provide 

at least half of all human caloric intake.  Those within the PMCD clade (Panicinae, Melinidinae, 

Cenchrinae, and Dichanthelium) in particular are important biofuels, forages, and grain crops.  

All four types of photosynthesis known within the grass family are represented within this clade.  

However, the exact relationships between subtribes remain unknown.  In order to resolve these 

relationships, we have chosen a subset of species distributed across the PMCD clade for de novo 

whole transcriptome RNA sequencing.  These sequences will be used to construct the first highly 

supported multi-locus nuclear phylogeny of the clade and investigate reticulate evolution and 

horizontal gene transfer.  Understanding these relationships within the PMCD clade will shed 

light on the evolution of three different types of C4 photosynthesis.  This will inform future 

breeding and engineering of globally important grain, forage, and bio-energy crops in addition to 

informing conservation efforts of these species. 
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51.  Phylogeny, Hybridization, and Biogeography of an Aquatic Genus Zannichellia and its 

Allies (Potamogetonaceae)  

 
Ito, Yu (1)*; Tanaka, Norio (2) 

(1) University of Canterbury, Christchurch, New Zealand; yu.ito@canterbury.ac.nz 

(2) Tsukuba Botanical Garden, National Museum of Nature and Science, Tsukuba, Japan 

 

Zannichellia is a submerged aquatic genus that was recently transferred to a large aquatic family, 

Potamogetonaceae. The genus and its allies, Althenia and Lepilaena, formerly constituted a small 

aquatic family, Zannichelliaceae based on morphological similarities, yet the monophyly and the 

phylogenetic relationship among genera have never been investigated by molecular data. The 

origin of geographically narrowly distributed latter two genera has retained unresolved. The 

evolutionary history of the polyploidy within Zannichellia has unrevealed.  

 

The first molecular phylogeny of the taxonomically less focused plant group was performed by 

combined plastid DNA sequences. The resultant tree showed the monophyly of Zannichellia and 

its two allied genera of few species, with other Potamogetonaceae genera as outgroup. The small 

two genera formed a robust clade, and placed a sister position to Zannichellia. The unveiled 

close relationship between the Oceanian endemic Lepilaena and the Mediterranean distributed 

Althenia indicates the occurrence of geographically recent long distance seed dispersal.  

 

Within the world wide Zannichellia, which is often treated as monotypic genus, more than 

expected high genetic diversity was revealed, with the center of diversity in Europe. Two large 

plastid groups were recovered; one included Mediterranean species, while the other was mainly 

consisted of cool-temperate samples. The latter group involved morphologically 

undistinguishable two haplotypes as well as genetically undifferentiated yet morphologically 

diverged species. Given the frequently reported polyploidy and the possibility of hybridization in 

the genus, preliminary results of nuclear DNA (phyC) based molecular phylogeny will also be 

used for the discussion. 

 

 

52.  A Revision of the Sectional Classification of Anthurium (Araceae) in the Light of a 

Molecular Phylogeny 

 
Carlsen, Mónica M. (1, 2)*; Croat, Thomas B. (1) 

(1) Missouri Botanical Garden, P.O.Box 299, St. Louis, MO 63166, USA; monica.carlsen@mobot.org 

(2) Biology Department, University of Missouri – St. Louis, One University Boulevard, Research 223, St. 

Louis, Missouri 63166 

 

Anthurium is the richest and most morphologically diverse genus of Araceae, with ca. 1,000 

species. Taxonomists have proposed several infrageneric classification systems, largely based on 

a combination of mostly vegetative and a few reproductive characters, in attempts to partition the 

extraordinary morphological variation found within this genus. However, phylogenetic 

relationships within Anthurium remained poorly understood until recently, when the results of a 

molecular phylogeny based on analyses of combined chloroplast (trnG intron, trnH-psbA and 

trnC-ycf6 intergenic spacers) and nuclear (CHS first intron) DNA sequences for 102 Anthurium 

species was generated. This phylogeny provides a strong phylogenetic framework for revising 
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the sectional classification of the genus. This study uses topology tests to evaluate support for the 

monophyly of currently accepted sections within Anthurium by statistically comparing the best 

scoring trees with alternative phylogenetic hypotheses that constrained each recognized section 

or series within Anthurium to be monophyletic. Furthermore, morphological characters used to 

recognize current sections are reconstructed along the phylogeny to determine the amount of 

phylogenetic signal and their usefulness in separating groups within Anthurium. The results of 

this study suggest that the current sectional classification of Anthurium does not accurately 

represent species relationships or the evolutionary history of the genus. Only five sections/series 

are recovered as monophyletic, and most vegetative morphological characters used to delimit 

groups in previous classifications are clearly homoplasious. The rest of the sections/series (15 in 

total) need to be expanded, synonymized or re-arranged in order to fit the new phylogenetically 

defined clades. 

 

 

53.  Evolutionary Grouping of Anthurium Based on a Molecular Phylogeny  

 
Thomas B. Croat (1)*; Monica Carlsen (1 & 2) 

(1) Missouri Botanical Garden, St. Louis, MO, U.S.A.; Thomas.croat@mobot.org 

(2) University of Missouri-St. Louis, MO 

 

This study consisted of 102 Anthurium species which are separated into 44 highly supported 

nodes, 18 of which are sufficiently well-refined to be discussed in detail. Many of the new clades 

are at great odds with the formerly recognized sectional classification.  

 

Among the groups found to be distinct are 1. Anthurium sect. Polyneurium, centered on Central 

America; 2.  All endemic West Indian species, including A. acaule the type species of sect. 

Urospadix; 3. All Mexican species (some ranging into Middle America) with glandular-punctate 

blades with mostly well-developed posterior lobes and red berries; 4. Most palmately lobed 

species from both Central and South America, comprising species previously attributed to both 

sect. Schizoplacium and sect. Dactylophyllum; 5. All glandular-punctate species previously 

contained in sect. Porphyrochitonium and sect. Digittinervium; 6. sect. Tetraspermium; 7. 

Species previously assigned to sect. Leptanthurium as well as other apparently close relatives; 8. 

Anthurium sect. Pachyneurium; 9. A small cluster of species in the Anthurium michelii Guill. 

Complex; 10. Anthurium sect. Pachyneurium series Multinervium Croat; 11. A pair of  species 

with dark green velvety blades but with little else to unite them (A. besseae Croat & A. willifordii 

Croat); 12. A large group of Mexican species with D-shaped petioles and orange berries; 13. 

Sect. Calomystrium; 14.  A small group of seemingly aberrant species including A. pedatum 

Kunth Endl. ex Kunth, A. tremulum Sodiro.  
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54.  Phylogeny and Classification of Paris L. (Melanthiaceae) 

 
Yunheng Ji (1), Heng Li (1), Xieqiu Xu (2) 

(1) Key Laboratory of Biodiveristy and Biogeography, Kunming Institute of Botany, Chinese Academy 

of Sciences, 132 Lanhei Road, Kunming 650204, P. R. China 

(2) National Plateau Wetlands Research Center, Southwest Forestry University, 300 Bailongsi, Kunming, 

Kuning 650224, P. R. China 

 

Paris L. (Parideae, Melanthiaceae) is a genus of about 27 perennial herbs distributed from 

Europe to East Asia. The delimitation of the genus and its subdivisions, and the infrageneric 

phylogeny are unresolved questions in the taxonomy of the genus. Phylogenetic analysis of 21 

species of Paris based on nuclear ITS and plastid psbA-trnH and trnL-trnF DNA sequence data, 

alone and in combination, was employed to assess previous classifications. Paris s.s. is 

monophyletic in all analyses. Neither of the two traditionally recognized subgenera (Paris and 

Daiswa) are monophyletic. Sections Axiparis, Kinugasa, Paris and Thibeticae are monophyletic 

in only some of the analyses. Strong discordance between nuclear and plastid lineages is 

detected. The nuclear-plastid discordance is interpreted as the result of interspecific hybridization 

among sympatric species. 

 

Based on the cladograms and the morphologies of pollen, seed, fruit, and rhizome, a new 

infrageneric system was proposed: two subgenera (Paris and Daiswa) and five sections (Subgen. 

Paris: Sect. Kinugasa and Sect. Paris; Subgen. Daiswa: Sect. Axiparis, Sect. Thibeticae and 

Sect. Euthyra). Most diagnostic charaters of Subgen. Paris, such as plant height <40 cm, seeds 

without outer thick covering and fruit a berry, are plesiomorphies compared with those of 

Subgen. Daiswa, suggesting that Subgen. Paris is likely the original lineage of the genus. Sect. 

Kinugasa is the basal taxon while Sect. Paris is the derived one in Subgen. Paris. Within 

Subgen. Daiswa, Sect. Axiparis appears to be the original lineage while Euthyra is probably the 

derived section. Sect. Thibeticae could be a hybrid between Sect. Axiparis and Sect. Euthyra. 

The relationship among these three sections is proposed as reticulate evolution.  

 

 

55.  The Complete Plastid Genome Sequence of Streptopus ovalis (Liliaceae, Liliales) 

 
Hee-Woon Jang (1)*; Jung Sung Kim (1); Joo-Hwan Kim (1) 

(1) Department of Life Science, Gachon University, Seongnamdaero 1342, Seongnam, Gyeonggi-do 461-

701, Korea 
 

The complete plastid genome, which is inherited maternally, is significant source for 

understanding the phylogenetic relationship of plant taxa and their evolution. Therefore, it has 

been remarkably accumulated in angiosperm including monocots. In the present study, we 

sequenced the entire plastid genome of Streptopus ovalis (Ohwi) F.T.Wang & Y.C.Tang, a 

member of the subfamily Streptopoideae of the family Liliaceae. The circular double-stranded 

DNA of Streptopus ovalis is 158,294bp and consists of two inverted repeat (IR) region of 

26,761bp each, a large single copy (LSC) of 86,546bp, and small single copy (SSC) of 18,226bp. 

The genome consists of 79 protein-coding genes, 32 distinct tRNA and 4genes of rRNA. There 

are five hypothetical coding regions (ycf1, ycf2, ycf3, ycf4 and ycf15) and ycf68 is a pseudogene 

as well as infA. The plastid genome of Streptopus ovalis was compared with the other Liliales, 
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Lilium longiflorum (Lilioideae, Liliaceae) and Smilax china (Smilacaceae), to discover the 

evolutionary trends of plastid genomes and to construct the phylogenetic relationship not only in 

Liliaceae but also the other families of Liliales. 

 

 

56.  Molecular Phylogenetic Study of the Family Melanthiaceae (Liliales) 

 
Sang-Chul Kim (1)*; Jung Sung Kim (1); Joo-Hwan Kim (1)

 

(1) Department of Life Science, Gachon University, Seongnam, Gyeonggi-do 461-701, Korea 

 

According to the APG III system (2009), the Family Melanthiaceae, one of the larger family of 

the other Liliales, is composed of the perennial herbaceous plants of approximately 5 tribes, 16 

genera and 201 species and distributed mainly in the temperate region of the Northern 

hemisphere except Schoenocaulon which occurred in the Southern America. In this study, we 

collected more extensive samples than the previous studies and analyzed the sequences of 6 

DNA genes [atpB, rbcL, matK, ndhF, nrITS, atpA] for their highly resolved phylogenetic 

relationships. Totally 8 families, 29 genera and 146 taxa were analyzed and it included 15 genera 

and 132 taxa of the Melanthiaceae. From the results, it was strongly supported the monophyly of 

the family Melanthiaceae (BP 98 and PP 1.0) and five tribes (Parideae/BP 96, Xerophylleae/BP 

100, Heloniadeae/BP 97, Chionographideae/BP 100, Melanthieae/BP 99). We could recognize 

two major clades. The one was just composed of the tribe Melanthieae and the other one is made 

from four tribes of Parideae, Xerophylleae, Heloniadeae, and Chionographideae. The latter was 

supported by BP 94. Out of them, there were sister relationship between Parideae and 

Xerophylleae (BP 96) as well as Heloniadeae and Chionographideae (BP 94). The tribal 

relationship within the family Melanthiaceae was distinctly resolved in this study and it seems to 

be reasonable to treat both genera of Paris and Trillium as a tribe Parideae within Melanthiaceae 

although they had been classified to a member of an independent family Trilliaceae. 

 

 

57.  The Phylogeny of the Genus Dandya (Themidaceae) 

 
Gutiérrez, Jorge (1)*; Teresa Terrazas (1) 

(1) Universidad Nacional Autónoma de México, México D. F., México; jorgeg@comunidad.unam.mx 

 

In order to test the monophyly of the genus Dandya (Themidaceae) a maximum likelihood 

analysis with molecular and morpho-anatomical characters was performed.  

 

The analysis included 33 individuals (four species of Dandya, three of Bessera, two of Milla, 

Jaimehintonia gypsophila, and Petronymphe decora plus two species of Dichelostema as 

outgroup). ITS intergenic spacers, trnL-F, and psbK-I were amplified and sequenced and 21 

morpho-anatomical characters coded.  

The analysis recovered Dandya as a monophyletic group supported by five novelties: 

subcampanulate flowers, a very short floral tube and gynophore (<2 mm in length), an unpithed 

gynophore, and less than 10% of adnation between the ovary and the floral tube. Dandya 

purpusii is the least derived species, the other three are strongly supported by molecular 

characters. Dandya balsensis is grouped with D. thadhowardii. Moreover, we found no morpho-

anatomical characters unique to D. balsensis so this species is considered a synonym of D. 
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thadhowardii. The relationship of Dandya with Jaimehintonia and Petronymphe has a weak 

support, and additional evidence may contribute to support their relationship. However, this 

clade is interesting because they have a disjunct distribution in the Sierra Madre Oriental and 

Sierra Madre del Sur. 

 

 

58.  Iris (Iridaceae) as a Tribe and 23 Genera Instead of One: Taxonomy Resulting from 

Molecular Phylogenetic Analyses of Both Conventional and 3TS Matrices 

 
Mavrodiev, Evgeny V. (1); Martínez-Azorín, Mario (2, 4); Dranishnikov, Peter (3); Crespo, Manuel B. 

(4)* 

(1) Florida Museum of Natural History, University of Florida, Gainesville, FL 32611, USA; 

evgeny@ufl.edu 

(2) Institute of Plant Science, Karl-Franzens University Graz, Holteigasse 6, A-8010 Graz, Austria 

(3) Lincoln Middle School, 1001 SE 12th Street, Gainesville, FL 32641, USA 

(4) CIBIO (Institute of Biodiversity), University of Alicante, P.O. Box 99, E-03080 Alicante, Spain; 

crespo@ua.es  
 

Iris is a well-known genus of petaloid monocots, which typifies the Iridaceae in Asparagales. 

Broadly defined, Iris includes ca. 250-300 species widespread throughout the Northern 

Hemisphere, with the greatest species diversity in Asia. Recent molecular studies evidenced the 

existence of several clades and lineages not fitting well the traditional subgeneric arrangement of 

Iris (sensu lato).  

 

We sampled ca. 190 accessions of ca 180 taxa of Iris (s.l.), covering all traditional infrageneric 

groups and representing ca. 70% of the accepted species. Phylogenetic analyses of both a 

conventional matrix (7 plastid loci: matK/trnK region, ndhF, trnL intron, trnL-F, rpl14-rps8, 

trnE-trnT spacers, all previously published) and its three-taxon representations, were performed 

in different ways. The obtained topologies argue to a new taxonomic arrangement of Iris (s.l.) 

with at least 23 clades and lineages proposed to be accepted at the generic rank. Belamcanda, 

Pardanthopsis and Gattenhofia were resolved as sisters to the core Iris (s. str.), and Siphonostylis 

was confirmed as a strongly supported sister to Iris (s.l). Majority of accepted genera correspond 

to taxa already treated at different ranks by most authorities in the past and present. 

 

Our proposal mostly accords with the traditional distinction of groups followed by 

horticulturists, and it is favored against an alternative treatment of an expanded Iris, in which up 

to 23 subgenera should be recognized.  

 

 

59.  Resolving an Orchid Radiation with Chloroplast, Mitochondrial and Nuclear Gene 

Markers. Which Plant Genome Performs Best? – A Case Study of Thrixspermum Lour.  

 
Breitkopf, Hendrik (1); Kocyan, Alexander (1)* 

(1) University of Potsdam, Institute of Biochemistry and Biology, Biodiversity Research/Systematic 

Botany, Maulbeerallee 2a, D-14469 Potsdam, Germany; alexander.kocyan@uni-potsdam.de 
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Orchidaceae are among the two largest families of angiosperms, exhibiting many examples of 

radiations. Standard phylogenetic gene markers in many cases fail in resolving the cladogenesis 

of radiating groups. Nuclear gene markers have desirable properties, superior to the plastid genes 

commonly used:  higher evolutionary rates and bi-parental inheritance.  

 

Thrixspermum Lour. is the second largest genus of subtribe Aeridinae of subfamily 

Epidendroideae. The genus comprises >150 species. Though, Thrixspermum is a prime example 

of a radiation, with a vast distribution from India over SE-Asia to Oceania, it has not been 

studied with molecular tools yet. 

 

We developed a set of three nc-gene markers from EST-libraries of Phalaenopsis in order to 

compare the utility of universal markers from all three plant genomes with that of our markers. 

Additionally, we test the proposed classification scheme by optimizing morphological characters 

over the tree. Bayesian inference, ML and parsimony analysis was applied to ~50 accessions of 

Thrixspermum using the information of four nuclear, several cp- and one mt-marker. 

 

The usefulness of nc-genes is demonstrated, being more informative than standard regions, 

above that exhibiting a uniform phylogenetic signal, resulting in congruent topologies. The mt/cp 

markers are of little value for phylogenetic reconstruction. We confirm monophyly of the 

proposed three taxonomic sections Katocolla, Dendrocolla and Thrixspermum. Taxa 

morphologically intermediate between the two latter sections surprisingly cluster only at the base 

of sect. Thrixspermum, suggesting that its characters are derived from Dendrocolla-like 

ancestors. 

 

 

60.  Pitcairnia (Bromeliaceae-Pitcairnioideae) Evolution Infered by Morphological 

Phylogenetics 

 
Saraiva, Deisy P. (1); Santos-Silva, Fernanda (1)*; Mantovani, André (1);

,
 Forzza, Rafaela C. (1)

 

(1) Jardim Botânico do Rio de Janeiro, Jardim Botânico, Rio de Janeiro, Rio de Janeiro, Brazil; 

deisynok@gmail.com 
 

One of the largest and most widely distributed genera of Bromeliaceae is Pitcairnia, occurring in 

Mexico, Central America, West Indies and throughout much of South America, with the highest 

species richness in the Andean region. In Brazil about 54 species are recorded, of which 38 are 

endemic. These taxa are distributed mainly in three Brazilian domais: Atlantic Rainforest, 

Amazon and Cerrado. The present study aims to present a phylogenetic hypothesis, based on 

characters from external and internal morphology, in which will be tested the monophyly of the 

genera and of its subgenera, still intends to clarify the phylogenetic relationship between the 

species recorded in the three Brazilian domains. The analysis produced 959 equally 

parsimonious trees with 903 steps, 0.175 of consistency index and 0.825 of retention index. The 

results corroborates Pitcairnia s.l. as monophyletic, supported by the presence of phloem fibers 

and stomatal apparatus positioned at the same level as the epidermal cells as not homoplastic 

synapomorphies, besides five homoplastic synapomorphies. Moreover Pitcairnia subg. Pepinia 

and Pitcairnia subg. Pitcairnia are not natural groups, and the presence of winged seed, its main 

feature used for the segregation of the two subgenera, is a character that appeared many times in 
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the evolution of the Pitcairnia s.l. The occupation of Brazilian domains, chiefly the Atlantic 

Forest and Cerrado, occurred in various ways without a single colonization event. 

 

 

61.  Invasion of the South America Dry-Diagonal: What Can the Leaf Anatomy of 

Pitcairnioideae (Bromeliaceae) Tell us About it? 

 
Santos-Silva, Fernanda (1)*; Saraiva, Deisy P. (1); Monteiro, Raquel F. (1); Pita, Patrícia (2); Mantovani, 

André (1);
,
 Forzza, Rafaela C. (1) 

(1) Jardim Botânico do Rio de Janeiro, Jardim Botânico, Rio de Janeiro, Rio de Janeiro, Brazil; 

fssbiologia@gmail.com 

(2) Universidade Federal dos Vales do Jequitinhonha e Mucuri, (UFVJM), Diamantina, Minas Gerais, 

Brazil 

 

The current circumscription of Pitcairnioideae comprises the genera Deuterocohnia, Dyckia, 

Encholirium, Fosterella, and Pitcairnia. The leaf anatomy in Bromeliaceae provides interesting 

applications that have helped to resolve taxonomic problems and reveal several adaptations to 

the environment. We combined information on the leaf anatomy of 119 species of these five 

genera, with a phylogenetic approach for Pitcairnioideae, seeking micromorphological 

synapomorphies that could aid in the recognition of each clade, in addition to tracing its 

evolutionary history. Through analysis of the leaf anatomy of species of Pitcairnioideae in an 

evolutionary context, it is evident that anatomical traits evolved many times in Bromeliaceae, as 

already determined by morphological and molecular phylogenies. The anatomical features 

associated with xeric conditions appear in three bromeliad lineages and is interpreted as an 

evolutionary convergence. This process explains the absence of anatomical synapomorphies for 

Pitcairnioideae. However it was possible to define synapomorphies and identify characteristics 

that distinguish the Xeric clade and mesic genera. The position of stomatal apparatus a 

synapomorphy for Fosterella + Xeric clade. It is also possible to identify synapomorphies in the 

Dyckia + Encholirium clade, the fibrous hypodermis and the ad- and abaxial aquiferous 

parenchyma presence. It seems evident that two different patterns of leaf anatomical traits 

evolved in this subfamily, and the presence of xeric synapomorphies (especially CAM, fibrous 

hypodermis, and ad- and abaxial aquiferous parenchyma) apparently played an essential role in 

allowing species of Deuterocohnia, Dyckia, and Encholirium to occupy the South American dry-

diagonal. 
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62.  Molecular Phylogeny and Character Evolution of the Genus Cryptanthus Otto & A. 

Dietr. (Bromeliaceae) 

 
Cruz, Geyner A. S. (1); Leme, Elton M. C. (2); Silvestro, Daniele (3,4); Zizka, Georg (3,4,5); Schulte, 

Katharina (6); Benko-Iseppon, Ana M. (1) 

(1) Universidade Federal de Pernambuco, Recife, Pernambuco, Brazil; geyner.alves@gmail.com 

(2) Herbarium Bradeanum, Rio de Janeiro, RJ, Brazil 

(3) Research Institute Senckenberg, Frankfurt am Main, Germany 

(4) Biodiversity and Climate Research Centre (BiK-F), Frankfurt am Main, Germany 

(5) Institute of Ecology, Evolution and Diversity, Goethe University Frankfurt, Frankfurt am Main, 

Germany 

(6) Australian Tropical Herbarium (CNS) & Centre for Tropical Biodiversity and Climate Change 

(CTBCC), James Cook University, Cairns, Australia 

 

The genus Cryptanthus comprises about 67 species endemic to Brazil occurring in Atlantic 

forest, Cerrado and Caatinga. They grow from sea level up to 2,000 m of altitude, living on 

shady places as well as on exposed habitats at high altitudes. The centres of diversity are in the 

Atlantic forest and Cerrado. The majority of the species are threatened due to habitat loss.  

 

A sample of 48 Cryptanthus and five Orthophytum species chosen as outgroup was analysed. 

The reconstruction of the first molecular phylogeny of Cryptanthus was based on AFLP markers. 

Ancestral character state analysis was conducted in order to infer the evolution of the 

andromonoecious and hermaphroditic species in the genus. The phylogenetic reconstruction 

revealed the two subgenera Cryptanthus and Hoplocryptanthus as not monophyletic. 

Furthermore, the traditionally recognized morphological groups within the genus presented 

homoplastic characters, with the exception of the inconclusive C. lacerdae. Even though, we 

obtained a good phylogenetic support for several clades, a number of taxonomic issues remained 

unclear as for example in the C. zonatus species complex. Additionally, it was observed species 

as C. beuckeri were found to be non-monophyletic and require further study. The ancestral 

character reconstruction revealed the importance of the staminate flowers morphology for the 

diversification of the andromonoecious species in the Atlantic forest domain. 

 

The AFLP findings shed light on the infrageneric relationships in Cryptanthus. However, 

additional molecular studies are necessary to obtain further insights into inter- and intraspecific 

relationships in the genus. 

 

 

63.  Taxonomic Revision of Vriesea Lindley (Tillandsioideae, Bromeliaceae): A Long Term 

Project 

 
Costa, Andrea F. (1)*; Moura, Ricardo L. (2); Gomes-da-Silva, Janaína (2); Silva, Beatriz N. F. (2); 

Uribbe, Fernando P. (2)  

(1) Departamento de Botânica, Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 

Rio de Janeiro, 20940-040, Brazil. E-mail: afcosta@acd.ufrj.br 

(2) Programa de Pós-graduação em Ciências Biológicas (Botânica), Museu Nacional, Universidade 

Federal do Rio de Janeiro, Rio de Janeiro, Rio de Janeiro, 20940-040, Brazil 
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Vriesea is the second largest genus of the Tillansioideae subfamily, with 247 species in two 

sections: Vriesea and Xyphion. The genus has two main centers of diversity. The first is in 

eastern Brazil (including the Atlantic and Cerrado domains, where 87% of the species occur), 

and the other in the Andean region (Northern South America, Central America and the 

Carribean). Phylogenetic analyses incorporating both molecular and morphologic analyses have 

demonstrated the polyphyletic nature of Vriesea. Despite the recognized polyphyletism and the 

small number of species sampled in molecular hypotheses, the Brazilian species of Vriesea have 

been sustained as monophyletic. Due to the difficulties of studying this large and taxonomically 

complex genus as a whole, we chose to study smaller groups and complexes in the short and mid 

terms. The following species complexes were studied to date: Vriesea paraibica, V. 

corcovadensis and V. platynema, totalling 61 reviewed species among which 11 are new. Results 

of the former two species groups have been published and those of the third are in preparation. 

Currently, two morphologically related species groups are being studied: V. incurvata and V. 

procera, together totalling 45 binomials. Reviews were based on broad literature surveys, 

herbarium collections, intense field work and, in some cases, in morphometric analyses (one-way 

Anova and Discriminant analyses) of natural populations. These procedures have permitted a 

significant advancement of the comprehension of the morphological variation, geographic 

distribution and consequently of the circumscription of the taxa. 

 

 

64.  Taxonomy and Leaf Anatomy of Tillandsia streptocarpa Baker Complex (Tillandsia 

Subg. Phytarrhiza – Bromeliaceae) 

 
Paixão-Souza, Bruno (1); Paula, Claudio C. (2); Costa, Andrea F. (3)* 

(1) Programa de Pós-graduação em Botânica, Universidade Federal de Viçosa, Viçosa, Minas Gerais, 

Brazil 

(2) Departamento de Biologia Vegetal, Centro de Ciências Biológicas e da Saúde, Universidade Federal 

de Viçosa, Viçosa, Minas Gerais, Brazil 

(3) Departamento de Botânica, Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 

Brazil. E-mail: afcosta@acd.ufrj.br 

 

With 660 species, Tillandsia is the largest genus of Bromeliaceae distributed throughout the 

Neotropics. Currently the she subgenus Phytarrhiza has 40 species amongst which T. 

streptocarpa stands out due to its distribution across most savanna formations of South America. 

In Brazil it occurs in 15 states, mostly in Minas Gerais where several other morphologically 

related species form a complex also integrated by T. arhiza and T. graomogolensis, associated to 

16 binomials. Nonetheless, in the main Brazilian herbaria, T. streptocarpa is practically the only 

encountered bionomial. In order to assist the delimitation of species within this complex, seven 

populations in distinct regions of occurrence were examined using morphometric methods, using 

28 variables and characters of leaf anatomy.  

The results supported the reestablishment of T. retrorsa, up to then lumped under T. arhiza 

(endemic to Paraguay, distinguished by high lengths of the stem and inflorescence peduncle.) 

The populations of Lapinha and Pedra Azul presented the lowest amplitude of morphological 

variation. However, they displayed a set of diagnostic characters related to the length of peduncle 

bracts, inflorescence branching pattern and the coloration and indument type of  the floral bracts. 

Furthermore, leaf-anatomical characters such as the layers of pericycle fibers surrounding the 

vascular bundles bearing twice the thickness of those  from other observed populations were 
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fundamental to the confirmation of T. graomogolensis as a valid species. Despite the great 

morphological variation and broad geographic distribution, T. streptocarpa can be distinguished 

from allied species by the stem length and by the usually composite inflorescence. 

 

 

65.  A Monograph of Alcantarea, the Giant Bromeliads from Brazil 

 
Versieux, Leonardo M.* (1); Wanderley, Maria das Graças Lapa (2) 

(1) Departamento de Botânica, Ecologia e Zoologia, Universidade Federal do Rio Grande do Norte, 

Brazil; lversieux@yahoo.com.br 

(2) Instituto de Botânica, São Paulo, Brazil 

 

A monograph of Alcantarea (E. Morren ex Mez) Harms, based on field, herbarium, and library 

studies is presented as new book. Alcantarea is a genus segregated from Vriesea Lindl. by the 

presence of linear, long, spiralescent and ephemeral petals, by the seed with both basal and apical 

comas, and by the semi-inferior ovary. In the present monograph two new species and one 

subspecies are described, one neotype is designated, and three new synonyms and one new status 

are proposed. Alcantarea is endemic to eastern Brazil, occurring on gneiss-granitic inselbergs 

from Atlantic rainforest domain or, more rarely, on quarzite outcrops in the campo rupestre 

(rocky fields) vegetation along the Espinhaço mountain range. All the 32 species accepted here 

are obligatory rupicolous and many of them stand out by their great dimensions and high 

capacity to hold water in their phytotelma, thus being called giant bromeliads in Brazil. Several 

Alcantarea species are cultivated in gardens and collected world wide. In Brazil some taxa are 

threatened of extinction by the destruction of habitat by fires and mining, and also due to over 

collection, introduction of alien grasses, or overall impoverishment of vegetation surrounding 

inselbergs compromising survival of pollinators. Maps, morphological descriptions, an 

identification key, and IUCN conservation status for each taxon are provided. 

 

 

66.  Carex Section Glareosae (Cyperaceae) Through the Phylogeny 

 
Maguilla, Enrique (1)*; Escudero, Marcial (2); Luceño, Modesto (1) 

(1) Pablo de Olavide University, Seville, Spain; emagsal@upo.es 

(2) The Field Museum of Natural History, Chicago, Illinois, USA; The Morton Arboretum, Lisle, Illinois, 

USA 

 

The causes of the high species richness of the angiosperms have been in debate since the origin 

of the Darwin’s theory of evolution. The genus Carex, with over 2.000 species, is the most 

diverse among flowering plants and the largest in number of species in the temperate northern 

hemisphere. Carex section Glareosae (with ca. 25 spp.) gathers some features that make it a 

good model for studies in systematics and evolution of flowering plants based on (1) the 

problematic taxonomy, (2) the different patterns of distribution and ecological requirements, and 

(3) the cytogenetic variability.  

 

We sampled 2-4 populations of all accepted species in the section. Nuclear (ITS and ETS) and 

plastid (matK) DNA regions were amplified and sequenced. Maximum Parsimony and Bayesian 
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Inference phylogenetic analyses were performed using the three molecular regions and 

combining all of them. 

 

Our phylogenetic results suggest that there are between 20 to 24 species in the core Glareosae 

and demonstrate the monophyly of most of the species, but also suggest several taxonomical 

rearrangements. As examples, the clade of Carex trisperma presents two clear groups (var. 

trisperma and var. billingsii), supported with morphological and anatomical differences, 

suggesting the consideration of two different species. In C. furva we found a similar pattern 

which could suggest the consideration of two subspecies.  

 

These results illustrate the controversial about the consideration of species, subspecies or 

varieties in the section, and also constitute the base for future research in evolution and 

diversification of flowering plants at microevolutionary time scale. 

 

 

67.  Infrageneric Classification of Lipocarpha and Allied Genera (Cyperaceae) Based on 

Morphological, Developmental and Molecular Evidence 

 
Bauters, Kenneth (1)*; Larridon, Isabel (1); Reynders, Marc (1); Huygh, Wim (1); Asselman, Pieter (1); 

Vrijdaghs, Alexander (2); Muasya, Muthama A. (3); Goetghebeur, Paul (1) 

(1) Ghent University, Department of Biology, Research Group Spermatophytes, K.L. Ledegankstraat 35, 

9000 Ghent, Belgium; *Kenneth.Bauters@UGent.be 

(2) K.U. Leuven, Institute of Botany and Microbiology, Laboratory of Plant 

Systematics, Kasteelpark Arenberg 31, 3001 Leuven, Belgium 

(3) University of Cape Town, Botany Department, Rondebosch 7700, South Africa 

 

Molecular phylogenetic analyses of Lipocarpha (Cyperaceae) based on nuclear ribosomal ETS1f 

and plastid rpl32-trnL and trnH-psbA markers are presented. Separate gene trees as well as a 

species tree were constructed using the assembled data. Results indicate a polyphyletic 

Lipocarpha consisting of a paraphyletic core Lipocarpha s.s. in which the monotypic Volkiella is 

included, and a small separate clade with species formerly placed in the genus Rikliella. Core 

Lipocarpha s.s. consists of six clades, which can be distinguished based on morphological 

characters. Developmental data for Lipocarpha rehmannii indicates that this species is not a true 

Lipocarpha. The genus Lipocarpha is a clade of Cyperus sensu Linneaus, and is here lumped in 

Cyperus subg. Cyperus and new names and/or combinations for Lipocarpha and Volkiella are 

presented. 

 

 

68.  Phylogeny of Carex Section Heleoglochin (Cyperaceae) 

 
Molina, Ana (1)*; Chung, Kyong-Sook (2,3); Hipp, Andrew L. (2) 

(1) University of León, Spain; amolg@unileon.es 

(2) The Morton Arboretum, Illinois, USA 

(3) Jungwon University, 85, Munmu-ro, Goesan-eup, Goesan-gun, Chungbuk 367-805, Korea 
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Vignea is the only monophyletic subgenus in the genus Carex (Cyperaceae), comprising nearly 

300 members grouped into 19 to 28 sections. Molecular studies have demonstrated that most of 

these sections are polyphyletic.  

As part of ongoing work to disentangle the relationships among different sections in Vignea, we 

investigated relationships among species in section Heleoglochin, which includes 16 taxa 

distributed worldwide, and putative relatives from sections Phaestoglochin, Multiflorae and 

Vulpinae.  

Phylogenetic analyses were carried out using nuclear ribosomal DNA (nrDNA) internal and 

external transcriber spacer regions (ITS and ETS) across representative specimens worldwide. In 

parallel, we inspected about 300 specimens, examining 17 vegetative and inflorescence 

characters, and quantified 20 morphological characters of the perigynium in 66 specimens.  

Results confirm that sect Heleoglochin is polyphyletic, where the three main lineages (Eurasiatic, 

North American and Oceanic) agree mainly with the biogeographic distribution. In addition, 

morphological and molecular analyses support two striking facts: The European species Carex 

appropinquata appears linked to the Oceanic lineage, and all the specimens of C. diandra 

distributed worldwide are grouped together in the North-American clade. The Old World and the 

New World taxa form separate clades whose times of divergence were estimated at 12–15 m.y.a. 

We also suggest that the structure of the inflorescence is related to ecological preferences. 

Changes from highly compound inflorescences to simple multispicate inflorescences, as it occurs 

in Carex diandra (North-American clade), are related to a decrease in chromosome number and 

new ecological strategies. 

 

 

69.  Systematics and Biogeography of Carex Sect. Rhynchocystis 

 
Mónica Miguez (1), Pedro Jiménez-Mejías (1, 2), Modesto Luceño (1) & Santiago Martín-Bravo (1)  

(1) Pablo de Olavide University, Seville, Spain; mmigrio@upo.es 

(2) Real Jardín Botánico de Madrid, Madrid, Spain 

 

Carex sect. Rhynchocystis is a small section within subgenus Carex composed of six species 

with a disjunct distribution in the Western Palearctic, Eastern tropical Africa, South Africa, and 

India. We performed phylogenetic analyses (Maximum Parsimony, Bayesian Inference and 

Statistical Parsimony) of four species (the remaining two are only known from their type 

localities) based on two nuclear ribosomal (ITS; ETS) and two plastid DNA regions (matK; 

rpl32-trnLUAG), to gain insights into the evolutionary and biogeographic patterns within the 

group. Carex sect. Rhyncocystis is strongly supported as a monophyletic group. Three major 

clades are identified, one containing C. pendula, another with C. microcarpa, and a third one 

with the two South African species. Therefore, species from the Northern and Southern 

Hemisphere were retrieved in different clades. This disjunct pattern has also been found in the 

related sections Ceratocystis, Sylvaticae and Spirostachyae. A remarkable genetic and 

morphological differentiation was found among two mostly allopatric groups of Carex pendula 

populations from Central-eastern and Western Europe.  

 

 



 

178  Monocots V Abstracts  

70.  Phylogenetic Relationships in the Grass Family (Poaceae) Based On the Nuclear 

Single-Copy Locus Topoisomerase 6 

 
Blaner, Anne (1)*; Schneider, Julia (1); Röser, Martin (1) 

(1) Department of Systematic Botany, Institute of Biology, Martin Luther University Halle-Wittenberg, 

Halle (Saale), Germany; anne.blaner@googlemail.com 

 

Most previous phylogenetic studies in grasses are based on morphological or chloroplast DNA 

data. Nuclear DNA sequences across the entire family Poaceae were analysed solely in two 

investigations (ITS, phyB). 

 

We studied for the first time sequences of the nuclear single-copy gene topoisomerase 6 (Topo6) 

to address the phylogenetic relationships between the different grass subfamilies and the 

monophyly of the large clades BEP and PACMAD, partly still insufficiently resolved in previous 

molecular works. Our taxon sampling encompasses 28 genera of grasses. It was supplemented by 

three more distantly related monocots of the order Poales that were chosen as outgroup 

(Joinvillea from Joinvilleaceae; Chordifex and Eurychorda from Restionaceae). The high 

proportion of conserved exons and only small variable introns within the Topo6 region between 

exons 8 and 11 allows to align sequences across the entire Poaceae. Sequence information from 

the chloroplast gene matK was additionally used. 

 

All analyses showed genera Streptochaeta and Anomochloa isolated and as sister to the rest of 

the Poaceae, but monophyly of subfamily Anomochlooideae was confirmed only in the nuclear 

dataset. The nonbasal grasses formed a strongly supported and monophyletic group, which split 

into the major clades BEP and PACMAD in the Topo6 analyses. Monophyly of the BEP clade 

was not corroborated by the matK data, as similarly found in previous studies. The comparatively 

conserved structure of the newly studied Topo6 region makes it a very promising marker for the 

study of higher-level phylogenetic relationships within grasses and between families within the 

order Poales. 

 

 

71.  Phylogenetic Relationships of the Pooid Grasses Based on ITS and ETS Nuclear 

Markers 

 
Acedo, Carmen (1)*; Alonso, Alicia (1); Llamas, Félix (1); Pimentel, Manuel (2); Sahuquillo Elvira (2); 

Catalán, Pilar (3) 

(1) University of León, Faculty of Biological Sciences. (León, Spain). *c.acedo@unilen.es  

(2) Faculty of Sciences, University of A Coruña, (A Coruña, Spain)  

(3) Higher Polytechnic School of Huesca, University of Zaragoza (Huesca, Spain) 

 

Among the grasses, the subfamily Pooideae includes about one third of all species. It differs 

from other subfamilies in cryptic characters making hard, in some cases, the adscription to the 

major lineages. Its members are largely north temperate but they are also present on tropical 

mountains. The current classifications recognize up to 14 tribes, if the recently described ones 

are include. In grasses, the ITS is the only well characterized nuclear region since the valuable 

phylogenetic ETS has been only employed to infer lower level relationships in a few genera 

(Brachypodium, Poa, Puccinellia, Aegylops, Triticum).  
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Two hundred species, representing most of the diversity of this subfamily, were studied using 

sequence data of the nuclear markers. Some 90% new sequences of ETS and ITS was obtained 

for this research. The aims of this study were (i) to generate nuclear large datasets to analyze the 

phylogenetic relationships among major lineages of the subfamily, (ii) to explore the utility of 

the ETS and, (iii) to evaluate the usefulness of combining nuclear sequences datasets from 

regions evolved at different ratio to obtain more robust phylogenetic hypotheses. Datasets were 

analyzed using maximum parsimony and Bayesian methods. Our results of all the three datasets 

are mostly congruent, support the current broadly subfamily and reinforce most of the major 

lineages but suggest some new relations. Here we will report the advances in the study of the 

phylogeny of the Pooideae. 

 

Thanks to everyone who collaborate with our project CGL2009-12955-C02-02 and to the 

Spanish Ministry of Science and Innovation that partially support it. 

 

 

72.  The Age of Genus Bromus (Bromeae, Poaceae, Pooideae) and Molecular Phylogenetics 

of Old World Bromus Species 

 
Alonso, Alicia (1)*; Pimentel Manuel (2); Llamas, Félix (1); Acedo, Carmen (1);  

(1) Facultad de Ciencias Biológicas y Ambientales, Universidad de León, Campus de Vegazana sn. 24071 
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(2) Facultade de Ciencias, Universidade da Coruña, Campus da Zapateira sn. 15071 A Coruña, Spain 

 

Bromus represents a large and complex genus of about 160 annual and perennial taxa of the grass 

family (Poaceae). Bromus species are widely distributed in temperate and mountainous regions 

of both the Old and New World. Bromus is taxonomically complex because of morphological 

variation, plasticity, and hybridization. Polyploidy and hybridization have played a major role in 

the evolution of the genus, which has given rise to species with complex genomic constitutions. 

It is a monophyletic taxon included in the Bromeae tribe, the sister of Triticeae. Nevskiella and 

Boissiera are closely related to Bromus. The classification of Bromus s.l. is controversial 

according to former studies which divided it into six/seven sections, subgenera or genera. 

 

Some 300 samples representing 3 genera and 70 species were analyzed for this research. We 

obtained 130 sequences in the concatenated chloroplast analysis and 158 in the nuclear ones. No 

sequence heterogeneity was encountered in the noncoding plastid DNA region (trnH-psbA), but 

it contributed to increase support analysis. ETS was the most informative region. Some 

incongruence was observed among the plastid and nuclear topologies obtained. Bromus 

phylogeny was dated using the software Beast that confirms a recent diversification for the 

annual lineages of the genus. 

 

 

73.  The Different Lineages of the Polyphyletic Grass Tribe Hainardieae (Pooideae) 

 
Schneider, Julia (1); Winterfeld, Grit (1); Röser, Martin (1)*  

(1) Institute of Biology, Martin Luther University Halle-Wittenberg, Halle (Saale), Germany; 

julia.schneider@botanik.uni-halle.de 

http://en.wikipedia.org/wiki/Poaceae
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The small pooid grass tribe Hainardieae sensu Clayton & Renvoize’s Genera graminum 

comprises only six genera with approximately ten species. Morphologically, the tribe seems well 

characterized by spicate inflorescences and spikelets arranged in two rows. The species are 

mostly annuals adapted to moist saline soils and distributed in the Mediterranean to Central Asia 

(Agropyropsis, Hainardia, Narduroides, Parapholis, Pholiurus) and western North America 

(Scribneria). To study the relationships among these genera, molecular analyses of the nuclear 

internal transcribed spacers (nrITS) and the chloroplast gene region matK–3’trnK were carried 

out and supplemented by morphological and cytogenetic investigations. Additionally, many 

genera of the traditional Aveneae and Poeae were included for comparison. 

 

The study showed that Hainardieae are highly polyphyletic. Its genera belong to different 

lineages of Aveneae/Poeae based on molecular and morphological traits. We propose a 

provisional classification under four subtribes: Only Hainardia and Parapholis were identified 

as sister taxa within the subtribe Parapholiinae characterized by synapomorphic traits. 

Agropyropsis was placed with Narduroides in Loliinae, Pholiurus in Poinae, and Scribneria 

together with Deschampsia in Aristaveninae or Holcinae. The seemingly well defined 

inflorescence characters and the adaptation to saline soils have obviously evolved several times 

in parallel. A close relation of Scribneria and Deschampsia is reflected also in the occurrence of 

2n = 26 chromosomes based on a monoploid chromosome number of x = 13, which is rather 

uncommon within the whole subfamily Pooideae. 

 

 

74.  Complex Reticulate Evolution in the Grass Genus Helictochloa Caused By Polyploidy 

and Hybridization 

 
Winterfeld, Grit (1); Schneider, Julia (1); Perner, Katja (2); Röser, Martin (1)* 

(1) Institute of Biology, Martin Luther University Halle-Wittenberg, Halle (Saale), Germany; 

mailto:gwinterfeld@gmx.net 

(2) Julius Kühn Institute, Quedlinburg, Germany 

 

To study the origin and evolution of naturally occurring polyploids, we performed phylogenetic 

analyses of nuclear ribosomal DNA (rDNA) spacers (ITS) combined with molecular 

cytogenetics in 55 accessions of 27 taxa of the wild oat genus Helictochloa. A complex pattern 

of reticulate evolution was revealed for this widely distributed genus of the northern hemisphere 

with many diploid (2x) species and extensive polyploidy up to 20x. Altogether eleven groups of 

ITS sequences can be distinguished. In individuals of polyploids, sequences from one or up to 

three different ITS lineages were detected by cloning the PCR-amplicons, which highlights the 

occurrence of autopolyploidy and allopolyploidy. Cytogenetic data allow reconstructing of eight 

different basic monoploid chromosome sets, which constitute the chromosome complements in 

diploids and polyploids. Six of these genomes occur in different proportions and combinations in 

the polyploid species, corroborating the establishment of polyploids via auto- or allopolyploidy. 

Species relationships depicted from the genome donors of polyploid species partly differs from 

morphology-based taxonomic concepts. The data provide new information about the
 

evolutionary history and allow a more accurate systematic treatment of the concerned species. 

The geographical distribution of ITS lineages is geographically highly structured and points to an 

origin of the genus in western Asia, presumably in grasslands like steppes or mountain steppes 

and meadows. The evolutionary oldest lineages are of Asian, Minor Asian and east 

mailto:
mailto:
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Mediterranean distribution and are present also in North America. The western and central parts 

of the Mediterranean and northerly Europe harbor the younger lineages. 

 

 

75.  Trisetopsis, a New Genus of Oat-Like Grasses (Poaceae) 

 
Wölk, Alexandra (1)*; Röser, Martin (1) 

(1) Institute of Biology, Department of Systematic Botany, Martin Luther University Halle-Wittenberg, 

Germany; alexandra.woelk@botanik.uni-halle.de 

 

The genus Helictotrichon appears as fairly uniform in Eurasia, whereas it is more variable in the 

Tropics and the southern hemisphere. Sequences of the nuclear single copy gene topoisomerase 6 

(Topo6) spanning two introns, nuclear ribosomal ITS and the plastid matK–psbA region were 

used to reconstruct the phylogeny of Helictotrichon with focus on Eurasian, tropical and 

subtropical African species. Plastid and nuclear sequences were analysed by maximum 

parsimony and Bayesian methods. In addition, the analysed taxa were surveyed for structural 

characters of the spikelets like lemma, lodicules and ovary. The molecular analysis shows the 

previous genus Pseudarrhenatherum nested within Helictotrichon. This assemblage is 

polyphyletic, because the tropical and subtropical African species form a monophyletic group 

distinct from it in all molecular markers investigated. Morphological data corroborate the 

separation of the African species as new genus Trisetopsis. The Topo6 sequences reveal a strong 

geographical pattern of genetic variation which allows for comprehensive phylogeographic 

analyses. The Topo6 fragment of Trisetopsis shows two copy types (A and B), which are 

strongly different from that found in the Eurasian species of Helictotrichon. Copy type A 

probably descends from the South African T. longum or T. rogerellisii. Unexpectedly, copy type 

B originates from species nowadays restricted to the New World and absent from Africa. 

 

 

76.  Considerations on the Genus Isachne (Poaceae, Micrairoideae, Isachneae) and a New 

Species from Southeastern Brazil 

 
Longhi-Wagner, Hilda M. (1); Welker, Cassiano A. D. (1)* 

(1) Universidade Federal do Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil; 

cassiano_welker@yahoo.com.br 
 

The pantropical genus Isachne includes ca. 100 species, being the only representative of 

Micrairoideae in Brazil. It is characterized by the spikelets presenting deciduous glumes, with 

two anthecia, both bisexual (sect. Isachne) or with the lower anthecium staminate (sect. 

Paraisachne), and C3 anatomy. Twelve species of Isachne are cited for the Neotropics, from 

Mexico and West Indies to tropical Brazil, and four species are cited in the List of Plants and 

Fungi from Brazil, occurring mainly in marshes or shady places. During the survey of the family 

Poaceae in “Serra do Ouro Branco”, the southernmost mountain of the Espinhaço Range (Minas 

Gerais State, Brazil), a new species of Isachne was found, growing at 1300 m in the borders and 

in the interior of gallery forest patches scattered through rocky quartzite grasslands (“campos 

rupestres”). The latter are the dominant type of vegetation in “Serra do Ouro Branco”. Isachne 

hirtiglumis differs from the other species of the genus registered for Brazil mainly by its hirsute 

spikelets. In addition to the diagnosis and illustration of the new species, the need for changes in 
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the Brazilian List of Plants is indicated, namely the exclusion of the name I. glaziovii and the 

inclusion of the species I. goiasensis. Nomenclatural problems related to the species of Isachne 

cited for Brazil are also discussed. 

 

 

77.  Can We Comprehend Commelina (Commelinaceae) Phylogeny Using Three Genes and 

Key Morphological Characters? 

 
Faden, Robert B. (1)*; Layton, Daniel J. (2); Burns, Jean H. (3); Wurdack, Kenneth J. (1) 

(1) Smithsonian Institution, Washington, DC, U.S.A.; fadenr@si.edu 

(2) University of Missouri St. Louis, St. Louis, MO, U.S.A. 

(3) Case Western Reserve University, Cleveland, OH, U.S.A. 

 

Phylogenetic analyses using three genes (trnL-F, psbA-trnH, At103: 2538 bp) and 92 accessions 

of more than 80 taxa of Commelina yielded poor resolution.  Although the genus was strongly 

supported as monophyletic only some small terminal species groups had any significant support.  

Parallel studies of morphology in connection with African floristic projects suggested that 

characters such as spathe margin fusion, the presence of hook-hairs on the spathes, and flower 

color might be indicative of relationships among some species.   More recently, leaf and spathe 

anatomy have been investigated in an effort to more clearly define species groups.   Characters 

such as the distribution of the palisade layer, shape of leaf and spathe margins, and the 

distribution of hypodermis within the leaf have lent support to the species groups previously 

recognized by morphology.   These species groups however are found to have limited 

phylogenetic support and none is strongly supported at its base.   The three species groups that 

seem to be most coherent morphologically and anatomically are entirely or mainly African.  

Characters that may be useful in defining species groups, such as spathe margin fusion, are 

convergent in the genus as a whole.  Similarly, characters that have been used to subdivide 

Commelina taxonomically, such as the number of ovules in the ventral ovary locules, are also 

convergent.   Commelina appears to have diversified and radiated recently in non-forested 

habitats, especially in Africa.    

 

 

78.  Structural Anatomy of the Subterranean Organs and Leaves from Two Species of 

Marantaceae 

 
Feitoza, Rodrigo B.B. (1)*; Lima, Helena, R.P. (1) 

(1) Universidade Federal Rural do Rio de Janeiro, Seropédica, Rio de Janeiro, Brazil 

  

The family Marantaceae integrates the order Zingiberales, a tropical monophyletic group within 

the monocots. This family contains 30 genera with 450 herbaceous rhizomatous species. Despite 

of the economical importance, little is known about their internal morphology. The aim of this 

work was to describe the vegetative axis in Ctenanthe setosa and Goeppertia aff. monophylla. 

Roots, rhizome and leaves were collected and submitted to usual techniques in plant anatomy. 

Both species showed similar characters to those described previously for Marantaceae, such as: 

roots with a fibrous strand between exodermis and cortical parenchyma, conspicuous endodermic 

cells with U-thickening cell walls, and fibrous stele. The rhizome presented well defined 

anatomical regions, with unistratified epidermis, fibrous distributed in isolated groups and 
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adjacent to phloem in cortical vascular bundles, and fibrous along to xylem in central cylinder 

vascular bundles. Leaf sheath and petiole featured epidermis with tabular cells and the 

subepidermic layers were constituted by thick wall cells. The vascular system showed abaxial 

bundles with well lignified fibrous, the intermediate ones are arranged in “V” and intercalated 

with air lacunae, and few adaxial bundles. The pulvinus showed subepidermal oblique cells. The 

leaf was amphistomatic and with dorsiventral structure. In midrib of C. setosa there was a central 

lacunae, while in G. aff. monophylla could occur up to 10, and the vascular bundles were also 

arranged in arcs. Calcium oxalate crystals and phenolic idioblasts occurred in both rhizome and 

leaf, the latter more frequent in G. aff. monophylla. 

 

 

79.  Insight into the Amphivasal Secondary Bundles of Dracaena draco Stem 

 
Jura-Morawiec, Joanna (1)*; Wiland-Szymańska, Justyna (2) 

(1) Polish Academy of Sciences Botanical Garden – Centre for Biological Diversity Conservation in 

Powsin, Warsaw, Poland; j.jura@op.pl  

(2) Faculty of Biology, Adam Mickiewicz University in Poznan, Poznan, Poland  

 

Secondary growth of Dracena draco stem is connected with a formation of the amphivasal 

vascular bundles in which a centrally located phloem is surrounded by a ring of xylem cells 

(tracheids). The ring of tracheids may be continuous or separated by vascular parenchyma cells 

(discontinuous), as visible on cross sections. 

 

We analyzed the secondary bundles by a method of serial sectioning (with section thickness 3 

µm) to allow a three-dimensional interpretation of the pattern of xylem and phloem arrangement 

along the bundles. The analysis revealed that in an individual amphivasal bundle continuous ring 

of tracheids surrounding the phloem becomes discontinuous (or vice versa) at the distance equal 

to the length of a single vascular parenchyma cell or its multiple. Such a structure of the 

amphivasal secondary bundles enables the contact of phloem cells with the conjunctive tissue 

surrounding the vascular bundle and probably facilitates radial distribution of phloem sap, that is 

important for maintaining the activity of the monocot cambium and thereby the increase the 

thickness of the stem. The result of anatomical analysis is discussed in terms of possibility of 

extrafascicular radial transport pathway of assimilates, i.e.from sieve tubes of the vascular 

bundle to the monocot cambium via parenchyma cells. 

 

 

80.  Are Leaf Traits Related to Herbivory and Pathogens? A Cross-Species Comparison in 

Vellozia (Velloziaceae) Species from Brazil  

 
Martins, Luiza C. (1)*; Ferreira, Mirelly G. (1); Ribeiro, Josiana C. (1); Silveira, Fernando A.O. (2)  

(1) Instituto Federal de Educação Ciência e Tecnologia do Sul de Minas Gerais, Inconfidentes, Minas 

Gerais, Brazil  

(2) Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil  

 

Insect herbivory and pathogen attack are major factors driving the evolution of antiherbivory leaf 

traits. However, research on insect- and pathogen-plant interactions has mainly focused on 

woody species and the ecological interactions of monocots and its natural enemies are poorly 
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known. Here, we studied the patterns of leaf herbivory and pathogen incidence in seven Vellozia 

species from the campos rupestres vegetation. The campos rupestres comprise fire-prone 

sclerophyllous shrublands that harbor high levels of plant diversity and endemism. We measured 

four leaf traits and determined the area removed by herbivores and pathogens in three leaves 

from 20 randomly selected individuals/species at Serra do Cipó, southeastern Brazil. We found a 

high among-species trait variation in Vellozia species with a 10-fold variation in leaf area and 

leaf dry weight and a 2.5-fold variation in specific leaf area and leaf water content. Leaf area lost 

to pathogens and to herbivores also varied across species, but they were always lower than 2 and 

3.5%, respectively. Despite strong cross-species differences in leaf traits, we found weak 

correlation with herbivory and non-significant correlations with pathogen attack. Ongoing 

research suggest that additional leaf traits such as leaf trichomes and resin glands may also 

account for intraspecific patterns of herbivory and pathogen incidence in Vellozia. Our data 

indicate that the lower rates of herbivory and pathogen incidence in Vellozia species compared to 

the woody flora of the cerrado may have selected for different defensive traits.  

 

 

81.  Acanthochlamydaceae 

 
GAO, Bao Chum (Kao, Bao Chun) (1)* 

(1) Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu, China; gaobc@cib.ac.cn  

 

Acanthochlamydaceae Kao P.C., Fl. Sichuan, 9:483 (1989). 

 

Acanthochlamys is a dwarf caespitose perennial herb. Inflorescence a compound capitulum on a 

scape arising from the rhizome, at the base usually surrounded by 3 leaflike aristate bracts, the 

peduncle bearing 5-8 few-flowered capitula. 

VEGETATIVE STRUCTURES: The vascular cylinder of the root is a tetrarch, rarely triarch, 

protostele, which is similar to that of species of Ranunculus, Euphorbiaceae and Cucurbitaceae, 

but differs from the polyarched and pithed root of most monocotyledons. The mesophyll lacks 

differentiation into palisade and spongy tissue. The midrib of the leaf is composed of 2 vascular 

bundles, which are arranged “back to back” with their xylem portions. The structure of the scape 

is similar to that of a leaf ensheathing a rhizome. Vessel elements with simple perforations and 

helical thickenings are present in the root, scape and leaf. Raphides and tannin cells are lacking 

completely.  

DISTRIBUTION AND HABITATS: Acanthochlamys bracteata is restricted to the Hengduan 

Mountains at the SE margin of the Kang-Zang Plateau of SW China, where it occurs in the 

subalpine aciculignose shrub-meadow region at an altitude of 2700-3500m. 

Only one genus: Acanthochlamys P.C.Kao 

Acanthochlamys P.C.Kao, Acta Phytotax. Chengdu Inst. Biol. Acad. Sin. 1:1 (1980) 

Only one species: Acanthochlamys bracteata P.C. Kao, description and distribution as for 

family, subalpine xerophytic valley zone of W Sichuan and SE Tibet, SW China. 

 

 

82.  Systematic Study of Acanthochlamydaceae  

 
Baochun, Gao (1)*  

(1) Chengdu Institute of Biology, Academia Sinica, Chengdu, Sichuan, P.R. China; gaobc@cib.ac.cn  
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Acanthochlamys bracteata P.C.Kao, a new monocots species that first discovered and 

established by Kao in the West Hengduan Mountains of Sichuan Province, which is both unique 

and interesting. Its specialty of morphological characters have made it isolated and separated 

from other relatives in monocots, and arose great interests of scientists. In order to the find the 

siblings of Acanthochlamys, a lot of collaborations have been made between the author and 

colleagues in and abroad to carry out a series of studies, including anatomy, embryology, 

palynology, cytology, molecular biology, phytochemistry, ecology and so on. Research results 

showed that Acanthochlamydaceae is a distinct family, and composed as a sister branch with a 

south hemisphere distributed family—Velloziaceae. The result has been accepted by colleagues 

in and abroad, and the original articles have been widely cited, including the authorities book 

series—The Families and Genera of Vascular Plants. The discovery of Acanthochlamydaceae 

has provided solid academic evidences for upheaval of Qinghai-Tibet plateau, and the systematic 

origination and evolution of world flora of angiosperm.  

 

 

83.  The Extraordinary Acanthochlamys bracteata 

 
Menezes, Nanuza L. (1)*; Baochum, Gao (2); Costa, Gisele R. (1); Silva, Cristiane G. (3) 

(1) Universidade de São Paulo, São Paulo, São Paulo, Brazil; nanuzalm@usp.br 

(2) Chengdu Institute of Biology, Sichuam, China 

(3) Universidade Federal de São Paulo, Diadema, São Paulo, Brazil 

 

Inflorescences of Acanthochlamys have epigynous flowers with pre-floral stage, spiral ptyxis and 

up to 18 spirally arranged bracteoles on the pedicel. The anthers are bisporangiate. The 

separation of the staminal-carpellary complex at the base of the hypanthium as seen in other 

monocots has not been observed. Dorsal carpellary trace appears in the upper region of the ovary 

and staminal appears in free portion of the hypanthium, at the same level where the short 

filament is attached. The vegetative organization is unique among vascular plants. There are no 

buds in the axils of the spirally arranged leaves. The adventitious roots can be triarch or tetrarch. 

The stem, unlike all other Spermatophyta, does not form vascular bundles. The phloem appears 

dispersed among the xylem elements, without any organized arrrangement. Protoxylem elements 

are only observed next to the stem medulla. The emergence of a leaf trace or adventitious root 

connects the cortex with the medulla and determines the division of the vascular cylinder into 

three parts, which later separate into leaves (two regions) and floral scape, only structure that 

exhibits six vascular bundles. The whole complex is surrounded by the same fibre sheath which 

appears in the main axis, but here surrounds each of the subdivisions. The amphistomatic leaf 

differs from all other monocots, which have a single vascular bundle inner the endodermis, while 

in Acanthochlamys there are two vascular bundles formed by proto- and metaxylem and proto- 

and metaphloem inner the unique endodermis, similar to that seen in the leaf of Pinus. 

 

84.  Leaf and Inflorescence Axis Anatomy: A Contribution to the Taxonomy of 

Rapateaceae 

 
Scatena, Vera L.*(1); Ferrari, Renata C. (1); Daltin, Angela L. (1); Oriani, Aline (1) 

(1) Universidade Estadual Paulista, Departamento de Botânica, Rio Claro, SP, Brasil; 

vscatena@rc.unesp.br 
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The anatomy of leaves and inflorescence axes was studied in Cephalostemon (2 spp.), 

Monotrema (4 spp.), Rapatea (2 spp.), and Spathanthus (2 spp.) to contribute to the 

Rapateaceae’s taxonomy. All studied species share one-layered epidermis, paracytic stomata and 

collateral vascular bundles. The following characteristics distinguish the genera: Monotrema - 

leaves with epidermical cells with phenolic compounds; cortical and medullar regions of the 

inflorescence axes with air canals; and external sheath of the vascular bundles with phenolic 

idioblasts in the inflorescence axes; Rapatea - leaves with stomata and cells with silica bodies 

only in the abaxial epidermis; and inflorescence axes with elliptical form in cross section; 

Spathanthus - fiber bundles randomly distributed in the parenchyma in both leaves and 

inflorescence axes. In Monotrema the inflorescence axis’ form in cross section can differentiate 

the species. The size and structure of the lateral wings of inflorescence axes differentiate the 

species of Rapatea and the distribution of the subepidermal fiber bundles in the leaves 

differentiates the species of Spathanthus. The characteristics of Monotrema support its placement 

in Monotremoideae. Rapatea and Cephalostemon share a greater number of characters, 

corroborating the phylogenetic analyses in which they appear as sister groups. 

 

 

85.  Anatomy of the Scapes of Ananas, Nidularium and Vriesea (Bromeliaceae) 

 
Coffani-Nunes, João V. (1)*  

(1) UNESP, Campus de Registro, Registro, São Paulo, Brazil; jvcoffani@registro.unesp.br 

 

Bromeliaceae is included in the basal grade of the Poales, and is characterized by having leaves 

in rosettes, with water-storage tissue in the mesophyll, lepidote indumentum, and stigma spiral-

conduplicate. The family is presently organized in eight subfamilies, 58 genera and about 3248 

species, which are predominantly Neotropical. Anatomical studies of their flower scapes are few, 

and information to allow an evaluation of their taxonomic potential is lacking.  

 

The scapes of four species, belonging to two subfamilies of Tillandsioideae (Vriesea incurvata, 

Vriesea rodrigasiana) and Bromelioideae (Ananas fritzmuelleri, Nidularium procerum) were 

analyzed, with three replicates per species.  

 

They showed two anatomical patterns of organization: one with the presence of a continuous 

cylinder of fibers (= sclerotic cilyndre), and the other with no such cylinder. All the species 

showed a thick, one-layered epidermis, cortex with conspicuous intracellular space, and cortical 

and medullar vascular bundle. However, characters such as the presence or absence of a 

continuous fiber cylinder, the surface of the epidermis, the lumen of the epidermal cells, the 

thickened hypodermis, raphids idioblasts, fiber strands, and the occurrence of a fibrous sheath on 

the medullary vascular bundles aided in the differentiation of the species.  

 

The present study established that the anatomy of the scape has taxonomic potential, making it 

possible to differentiate the genera and species, as well as the subfamily. 
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86.  Can Evolutionary Loss of Flower-Subtending Bracts Be Reversible? Evidence from 

Alismatales 

 
Lock, Ingrid E. (1); Sokoloff, Dmitry D. (1); Rudall, Paula J. (2); Remizowa, Margarita V. (1)* 

(1) M.V. Lomonosov Moscow State University, 12, 1, Leninskie Gory, 119234 Moscow, Russia; 

lock.ingrid@gmail.com, remizowa@yahoo.com 

(2) Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AB, UK 

 

Studies of the eudicot family Brassicaceae, which includes the model species Arabidopsis 

thaliana, suggest that evolutionary loss of flower-subtending bracts can be reversible, i.e., the 

bracts that were once lost can subsequently re-appear during the course of evolution. We address 

the potential for evolutionary reversal of this character in the early-divergent monocot order 

Alismatales. When the presence or absence of flower-subtending bracts is mapped onto a 

molecular phylogeny of Alismatales, bract presence in both Posidonia and some 

Potamogetonaceae appears to represent reversal(s) in maximum parsimony reconstructions, at 

least with ACCTRAN optimization. However, such a straightforward optimization is 

problematic in several respects. (1) Two modes of bract absence are known in Alismatales, 

which could be better regarded as different character states. (2) Bracts of Scheuchzeria are quite 

different from those in other bracteate Alismatales. (3) Homology assessment between bracts in 

different inflorescence types can be problematic. (4) The marginal outgrowths (retinacules) of 

some Zosteraceae could be interpreted as either bracts or tepals. (5) Phyllomes associated with 

the flower-like reproductive structures of some Zannichelliaceae and Cymodoceaceae have 

unresolved homologies. Potamogeton is a key genus for investigating the evolutionary history of 

bracts in Alismatales, because it is the only genus where bract presence/absence is variable 

among species. Furthermore, flower-subtending bract homology is indisputable here. We 

investigate the bracts of several Potamogeton species and demonstrate that bract evolution was 

likely homoplastic within the genus. The bracts of Potamogeton (Stuckenia) pectinatus are 

remarkable because they are broader and larger than those of other species, resembling bracts of 

Posidonia. The work is supported by RFBR (projects 12-04-01070 and 12-04-33050). 

 

 

87.  Inflorescence Evolution in the Tribe Cariceae (Cyperaceae)  

 
Molina, Ana (1)*; Acedo, Carmen (1); and Llamas, Félix (1) 

(1) University of León, Spain, *amolg@unileon.es 

 

Inflorescence characters play a fundamental role in the diversification of many plant groups. We 

study the strongly reduced inflorescences in the tribe Cariceae (Cyperaceae) and interpret that 

the inflorescence-unit is a paracladium, consisting of a branch composed of a prophyll, a 

peduncle, a bract and a spike with one o more spikelets.  
We studied 30 evolutionary processes as well as analyzed 65 morphological characters related to 

the type, structure and sexual expression of inflorescences in more than 130 species of Cariceae 

(around 10% of the tribe).  We studied the change of character state in the phylogenetic trees 

already known and discussed several aspects in flower development, spikelets and spikes and the 

main evolutionary processes in each of the main clades.  

The use of paracladium as an inflorescence-unit is effective, and allows us to have every 

element, including the prophyll, to analyze and compare the inflorescences. Results indicated 



 

188  Monocots V Abstracts  

that reduction, homogenization, ramification, and sexual specialization are the main tendencies 

in the clades. The increase in the branching number and degree, and sexual specialization are the 

main evolutionary processes in the Vignea Clade, and sexual specialization and homogenization 

in the Core Carex Clade. Results also reflect complex patterns of evolution involving characters 

pertinent to both adaptation to cool or temperate habitats and to reproduction and dispersal, i.e. 

the compact inflorescences of Vignea, the hooked rachilla in Uncinia, or the unisexual 

pseudospikes in Core Carex.  

 

 

88.  Variation in Vernation and Flower Bud Opening in Asparagales 

 
Macfarlane, Terry D (1); Conran, John G (2) 

(1) Western Australian Herbarium, Dept. Environment & Conservation, Manjimup, Western Australia, 

Australia; Terry.Macfarlane@dec.wa.gov.au 

(2) School of Earth and Env. Sciences, The University of Adelaide, Adelaide, South Australia, Australia 

 

Vernation and structural aspects of the process of bud opening are reviewed for Asparagales. 

Aestivation and vernation of the tepals was recorded using traditional descriptors. The 

occurrence in some taxa of tepal apex trichomes (TAT), which hold the buds closed, was also 

recorded. TAT have been occasionally mentioned in the literature but are largely neglected. The 

distribution of TAT in Asparagales indicates that they are characteristic of families or 

subfamilies. Phylogenetic analysis suggests that TAT have developed more than once in the 

order. Correlations are also shown between TAT presence and other aspects of floral biology 

including aestivation and vernation, flower duration and the post-anthesis fate of the perianth.  

 

 

89.  Morphological and Anatomical Study of Reproductive Structures in the Neotropical 

Palm Subtribe Mauritiinae (Arecaceae: Calamoideae: Lepidocaryeae) 

 
Guevara, Lorena I. (1)*; Jáuregui, Damelis J. (1); Rudall, Paula J. (2); Baker, William (2) & Stauffer, 

Fred (3) 
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(2) Royal Botanic Gardens, Kew, Richmond, UK 
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systématique végétale et biodiversité Ch. de l'Impératrice 1, case postale 60, 1292 Chambésy/Geneva, 
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Mauritiinae has the only genera with palmate leaves in the palm subfamily Calamoideae. This 

strictly dioecious subtribe is composed of seven species, belonging to the genera Lepidocaryum, 

Mauritia, and Mauritiella, all of them ecologically and economically important and restricted to 

the lowland rainforests of northern South America.  

 

Detailed morphological and anatomical studies of the reproductive structures in Mauritiinae are 

critical for elucidating the systematics and reproductive biology of all Calamoideae and 

fundamental for understanding floral evolution within palms. Inflorescences and flowers of six 

of the seven species of this subtribe were studied using both fresh and dry material, all collected 

in the Amazonas state (Venezuela).  
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Flower dimorphism was found only in Mauritia. Stamens are basally connate, forming an almost 

massive structure to which the base of the pistillode, when present, is fused. Hermaphroditism is 

suggested for the first time in the subtribe, as staminodes of female flowers appeared to be 

functional in all studied species; developing microspores were identified, and therefore could 

represent fertile stamens. In Mauritia flexuosa and Mauritiella, the pollen-tube transmitting tract 

(PTTT) is undulate; undulations in M. flexuosa have small ramifications that provide a 

labyrinthine appearance. The PTTT walls in Mauritiella armata and M. pumila seem to be 

completely adpressed, whereas in other species it is open. A morpho-anatomical identification 

key for all genera of Mauritiinae based on reproductive structures is presented.  

 

 

90.  Morphology and Anatomy of the Reproductive Structures of Cyclanthaceae 
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Cyclanthaceae includes 220 species of neotropical forest-dwelling herbs, vines, and epiphytes 

with monoecious spadices. The family is subdivided into Cyclanthoideae (with the monotypic 

genus Cyclanthus) and Carludovicoideae (11 genera). In Carludovicoideae, the flowers are 

arranged in groups of four staminate flowers surrounding a pistillate flower, these groups spirally 

arranged along the spadix axis. In contrast, individual flowers of the anomalous Cyclanthus are 

difficult to identify, they are laterally fused into alternating staminate and pistillate rings around 

the axis. Limited data are available on the structure of the reproductive units, mostly due to the 

difficulty of getting spadices at different stages and to the high aggregation of these units. We 

investigated the reproductive units of Cyclanthus and some Cardulovicoideae. In both groups, 

the male flowers are similar in having basifixed anthers with papillate epidermis and a single 

vascular bundle per stamen; however, they differ in stamen arrangement (grouped or free) and in 

anther wall development and morphology. The female units share features of the staminode, 

gynoecium, and megagametophyte type, but differ in the bracts vasculature, carpel number and 

vasculature and number of integuments forming the micropyle. Previously placed in its own 

order in Cronquist’s Arecidae, the family is now assigned to Pandanales based on molecular 

analyses. Although family relationships remain unresolved most analyses recognize 

Cyclanthaceae as sister to Pandanaceae. As part of an ongoing study we compared both families 

and found differences between the female flowers regarding carpel number and fusion, number 

of ovules, placentation and number of integuments of micropyle. 

 

 

91.  Floral Structure of Members of Subtribe Cranichideae (Orchidoideae: Orchidaceae) 
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Orchidaceae is the largest Monocot family, with about 800 genera and more than 25000 species. 

Orchids are easy to recognize by their very modified flowers where a strong zygomorphy is 

associated with partial adnation between stamen´s filament(s) and style originating a particular 

structure called column or gynostemium. The family is divided into five subfamilies, the tribe 

Cranichideae belonging to the subfamily Orchidoideae, encompasses about 95 genera and 1140 

species of predominantly terrestrial worldwide distributed orchids. Species of this tribe present 

generally tubular flowers and particular modifications in androecium / gynoecium, although 

Cranichideae lacks “key” morphological characters for its recognition. 

  

Aiming to describe anatomically the floral structures mainly related to pollination process 

(labellum, nectaries, viscidium and pollinium) of this tribe, we selected three species from the 

subtribe Cranichidinae and two species for each of the subtribes Goodyerinae and Spiranthinae 

that were processed according to conventional anatomical techniques. Most of the species 

analyzed presented labellar epidermis formed by conical to domed papilate cells; presence of 

spur with the epidermis formed by unicellular papillae and parenchymatous cells with a great 

amount of starch grains; sectile pollinium (divided into small units, called massulae) that may be 

left on the stigmatic surface of different flowers. Viscidium with dorsal adhesive surface is 

present only in species of the subtribe Spiranthinae, whereas other studied species presented 

ventral adhesive surfaces.  

 

Some of the aspects listed are probably related to the pollination mechanism, once pollinator´s 

pressure seems to be the main factor leading the evolution process in orchid flowers. 

 

 

92.  Floral Morphology and Anatomy of Neotropical Bulbophyllum Section Napelli 

(Orchidaceae) 
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Recent molecular phylogenetic work expanded the circumscription of Bulbophyllum section 

Napelli to 12 species, which were previously distributed among other sections. The aim of the 

present work was to raise floral morphological and anatomical characters of species belonging to 

Bulbophyllum sect. Napelli to better understand their relationship. Usual techniques of light and 

scanning electron microscopy were employed to analyze six species: B. malachadenia, B.napelli, 

B.glutinosum, B.granulosum, B. atropurpureum, and B. regnellii. Sepals show secretory 

trichomes and stomata on the abaxial epidermis, and a thick cuticle, mainly rugose. Petals are 

reduced, except for B. napelli and B. regnellii, glabrous, and with a striate cuticle; the mesophyll 

shows a single collateral vascular bundle. Lip varies in consistency and shape; the adaxial 

epidermis is papillose; the abaxial epidermis shows some glandular trichomes at the base of the 

lip. Anther epidermis is papillose, with striate cuticle. Column foot shows elongated epidermal 

cells (papillose in B. atropurpureum), with variable cuticle ornamentation. All floral organs 
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show a homogeneous mesophyll with both idioblasts with raphids or with cellulosic wall 

thickenings, and a variable number of collateral vascular bundles according to the species. In 

general, the uniformity on floral characteristics shared by the species studied corroborates their 

grouping in section Napelli. Cuticle ornamentation of several organs is variable between species 

and stable within species and could be a tool to differentiate them. Bulbophyllum napelli and B. 

regnellii were very similar in floral features and their positioning in different clades within the 

section should be investigated.  

 

 

93.  Floral Vasculature of Anthurium Schott (Araceae, Alismatales) With Emphasis on 

Gynoecium Features  
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Studies on floral vasculature are relevant to understand the ontogeny and both position and union 

of floral organs. In Araceae the available data reveal that the vasculature varies among taxa, 

especially considering the gynoecium structure. Anthurium is an example, with taxa showing 

both dorsal and ventral bundles, and others showing only the ventral ones. The present study 

investigated the floral vasculature of some neotropical representatives of Anthurium with 

emphasis on gynoecium features aiming to contribute to the floral anatomy in the genus and the 

Pothoideae. The results showed that most of the species studied, especially those from 

Anthurium sect. Urospadix, presents gynoecium with ventral bundles in the carpels only. 

Anthurium affine (A. sect. Pachyneurium) and A. scandens (A. sect. Tetraspermium) differ by 

possessing both ventral and dorsal bundles. In addition, there are differences in position of the 

ventral bundles among the species analyzed. Our data reinforce the non-conservative status of 

gynoecium vascular system of the species studied in Anthurium. The gynoecium vasculature in 

Anthurium is closely associated with its size and the number of ovules per locule. 

 

 

94.  Comparative Floral Groundplan and Vascularization on Pleurothallidinae 

(Epidendroideae: Orchidaceae) 
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Floral structure and development were examined in seven species of Pleurothallidinae 

(Epidendroideae: Orchidaceae) emphasizing gynostemium organogenesis and vascularization. 

This subtribe is monophyletic, although internal relationships lack resolution. A comparison 

between floral ontogeny and vascularization of Pleurothallidinae is used to examine congruence 

with the phylogenetic evidence from molecular data and to assess homology in the subtribe.  

 

Flowers in several developmental stages from species representing an early-diverging 

(Brachionidium-Octomeria) and more derived clades (Echinosepala-Barbosella, Acianthera and 
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Zootrophion-Trichosalpinx) were examined using scanning electron and light microscopy. No 

difference was found in the size or degree of expression of the collateral traces between the 

whorls. In the articulation between the pedicel and ovary the vascular bundles became traces 

which then enter the ovary. The number of sepal, petal, and labellum traces varied between 

species. Vascularization is not attended by any secondary modifications in these diminutive 

flowers. As described in Orchidaceae, six main traces serve the ovary, except in E. aspasicensis, 

in which twelve traces occur that diverge and supply the placenta. The gynostemium is supplied 

by six traces in E. aspasicensis, only one trace in Acianthera aphthosa, and three traces in the 

other five species. Although we found differences in presence or absence of supranumerary 

traces, divergences in gynostemium vascularization are not reflected in any external 

morphological distinctions which could be observed during flower ontogeny (e.g., staminodes or 

gynostemium appendages).  

 

These data about the different number of perianth traces, traces directly supplying the placenta, 

and reduction or supernumerary gynostemium traces are new for Orchidaceae. Vascularization 

patterns in Pleurothallidinae are now being considered in a phylogenetic context. 

 

 

95.  Colleters on the Flowers of Pleurothallidinae (Epidendroideae: Orchidaceae) 
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Pleurothallidinae are a monophyletic subtribe that lacks resolution among its internal 

relationships, and is currently the subject of numerous phylogenetic and taxonomic studies. 

Although some vegetative and morphological aspects of this subtribe have been analyzed, 

characterization of floral glands of Pleurothallidinae species is incipient. Colleters are mucilage-

secreting glands whose main function is lubricating developing organs. There are only two 

descriptions of these glands in Orchidaceae, and no record for them in Pleurothallidinae. 

 

We chose species representing an early-diverging clade (Brachionidium-Octomeria) and more 

derived clades (Echinosepala-Barbosella, Acianthera and Zootrophion-Trichosalpinx) to 

describe the structure and occurrence of colleters in Pleurothallidinae. Flowers from seven 

genera, in several stages of development were examined using scanning electron and light 

microscopy. We present the first record of colleters in Pleurothallidinae; they occur on the bracts 

and sepals, and are also found in the invaginations of the external ovary wall in all species 

analyzed. 

Due to the presence of colleters in Pleurothallidinae species, as well as in two other species of 

Oncidiinae, we infer that the occurrence of trichome-like colleters is a widespread character in 

Epidendroideae and suggest that the digitiform morphology may be the common form at least in 

this subfamily. The presence of active glands and fungal hyphae in the ovary of opened flowers 

may aid the establishment and proliferation of symbiotic fungi, analogous to the condition in 

some eudicot species of Rubiaceae and Myrsinaceae, in which mucilaginous exudates contain 

bacteria that may act as a medium for leaf nodule symbionts.  
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96.  Morphogenetic, Embryological and Reproductive Patterns in Triuris brevistylis, a 

Polygamodioecious Triurid from Mexico and Guatemala Closely Related to Lacandonia 

schismatica 
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Morphogenetic and reproductive biology information supports classifying the Mesoamerican 

triurid species Triuris brevistylis (Triuridaceae: Pandanales) as a polygamodioecious taxon, in 

which four types of bisexual ramets-genets coexist besides regular (i.e. unisexual) axes with 

male and female identity. The anther is dithecate and disporangiate, with an extrorse dehiscent 

line; anther wall development is of the monocotyledoneous type, with secretory tapetum. Mature 

pollen grains are tricellular, spheroidal, inaperturate, with intectate, spiny-gemmate exine. The 

gynoecium is apocarpic, without a differentiated stigma; ovules are tenuinucellate, bitegmic. 

Embryo sac development is monosporic of the Polygonum type. Embryological data indicate 

also that T. brevistylis is cleistogamous, a condition that remains up to anthesis in bisexual axes. 

Pollen grains germinate in indehiscent anthers and pollen tubes grow towards ovules through 

mucilaginous cells in the receptacle, closely resembling the cleistogamic condition previously 

observed in Lacandonia schismatica. Considering the distribution of their corresponding 

character states, we suggest that morphogenetic, embryological and reproductive patterns in T. 

brevistylis are more complex than in L. schismatica. Therefore, the former species deserves a 

central place in future interdisciplinary projects focused on the biology of triurids. 

 

 

97.  Possible Evolutionary Pathways in Pollen and Pistil of Orchidaceae 
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Orchidaceae are petaloid monocots belong to the basal clade Asparagales, but is considered the 

most advanced family of flowering plants, comprising some 26.000  species distributed in five 

subfamilies. We sampled more than 250 taxa, representing 141 genera, 23 subtribes, 12 tribes 

and the 5 subfamilies of Orchidaceae. The samples were studied at the stereomicroscope, light 

and fluorescence microscope and SEM to study the pollen and pistil. The arrangement of pollen 

grains in the anther is a monade in Apostasioideae and Cypripedioideae but are grouped in 

pollinia having different textures in Vanilloideae, Orchidoideae and Epidendroideae. Pollinia are 

variable in number and can be accompanied by caudicle, stipe or viscidium forming the 

pollinarium. Epidendroideae shows the greatest variability in the pollinarium. Orchidoideae and 

Epidendroideae, share the evolutionary trend in number of pollinia, that passed from a primitive 

state of four pollinia to just two by fusion. The footprint of this merge still persists in some taxa 

as a suture. The pistil, uni- or trilocular is formed by three or six carpels. The number of locules 

changes from one to three in Epidendroideae and Cypripedioideae as a result of the development 
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of the placenta to merge, or to be very close. In contrast, the change from three locules to one 

occurs by the decrease or loss of placental tissue in each carpel. We can conclude that the 

evolution of the characters in pistil and pollen has not occurred linearly in the Orchidaceae and 

that some characters have suffered reversions, probably more than once. 

 

 

98.  Ovary Aerenchyma - A New Anatomical Feature for Nidularioid Complex 

 
Nogueira, Fernanda M. (1); Mariath, Jorge E. A. (1) 
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In Bromelioideae subfamily, the so-called nidularioid complex presents genera associated to 

humid forest environment, typically from the Atlantic forest, with similar morphological 

characteristics. The inflorescence architecture or its typology allows the accumulation of 

different amounts of water. This strategy might be associated to flower protection mechanisms, 

specially the ovaries, which stay completely submerged in the water accumulated by the bracts.  

 

In an attempt to comprehend these submerged ovaries anatomical structure, the species 

Edmundoa lindenii, Neoregelia johannis, Neoregelia laevis, Nidularium innocentii, Wittrockia 

superba e Canistropsis cf. bilbergioides were analyzed. Ovaries in different stages of 

development were collected and fixed in 1% glutaraldehyde and 4% formaldehyde, washed in 

0.1 M sodium phosphate buffer, 7.1 pH, dehydrated in ethylic series, and included in 

hydroxyethylmethacrylate. 3 µm thick slices were mounted in slides and stained with toluidine 

blue. In all the analyzed species, a schizogenous aerenchyma was observed in the ovarian 

mesophyll.  During the ovary initial stages of development, parenchymatous cells, near the inner 

face of the ovary epidermis, progressively lose cell adherence, and small intracellular spaces can 

be observed; these spaces, in posterior phases of development, grow in number and size, 

occupying all the central portion of the ovary mesophyll, approaching the outer face of the 

epidermis. Albeit the quantity of water accumulated in the inflorescence might be variable 

between the genera, it is sufficient for the aerenchyma development in all the analyzed species, 

being the aerenchyma in the ovarian mesophyll a new morphological feature for the species of 

the nidularioid complex. 
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Anthurium is one of the largest genera of Araceae, with approximately 905 neotropical species, 

represented in Brazil by about 140 species. Anatomical data of reproductive organs are important 

in the taxonomy and phylogeny of Araceae. The present work studied the gynoecium ontogeny 

of ten species of Anthurium, aiming to contribute with the understanding of the carpel formation 

in the genus and within Pothoideae. The ontogenetic study revealed great similarity during 

gynoecium development with no relation to the present infrageneric classification. Four stages of 
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gynoecium development were identified, based on the tepal arrangement within the flowers: (i) 

the formation of tepals, stamens and carpels primordia, as well as the ovarian septum; (ii) the 

enclosure of the floral apex by the tepals, with stigma differentiation; (iii) the tepal opening 

showing the receptive stigma; (iv) the exposure of stamens, with obliteration of the stylar canal. 

These stages should be valuable for further reproductive studies in Anthurium. The presence of 

an apical septum in the ovary of Anthurium scandens should be emphasized, as this character is 

reported for the first time in the genus and it is probably correlated with the size of gynoecium 

and the adjustment of four ovules within the locules. The results here presented confirm that the 

gynoecium of Anthurium comprises a synascidiate proximal portion, which corresponds to the 

ovary, and a symplicate distal portion, that corresponds to the style and stigma. Moreover, the 

data contribute to the better understanding of the carpelar nature of the ovarian septum in 

Anthurium. 

 

 

100.  Pollen Morphology of Brazilian Xyris (Xyridaceae) 
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In this study were presented the pollen morphology of 15 Brazilian species of Xyris based on 45 

specimens. Photographs of the pollen characteristics were obtained using light and scanning 

electron microscopy. The pollen grains are characterized as monads, medium to large in size, 

ellipsoidal in polar view, flattened/convex in equatorial view and monosulcates. The sulci are 

pontoperculate with a covering exinous ornamented membrane with rounded elements. The 

sexine is ornamented by microrreticulum or by a rugulate with perforation wall, and the sexine is 

thicker than the nexine. The species can be grouped based on pollen grain size, as well as pollen 

wall ornamentation, into two pollen types with two subtypes: Pollen type 1 comprises medium 

pollen grains (44.4 – 50.0 µm average of the longest axis), rugulate with perforations 

ornamentation (Xyris melanopoda L.B.Sm. & Downs, Xyris seubertii L.A.Nilsson,  Xyris 

subsetigera Malme); Pollen type 2 comprises large pollen grains (50.3 – 68.3 µm) with two 

recognized subtypes - microrreticulate (Xyris calostachys Poulsen, Xyris longiscapa 

L.A.Nilsson, Xyris obtusiuscula L.A.Nilsson) and rugulate with perforations (Xyris cipoensis 

L.B., Xyris fredericoi Wand, Xyris hystrix Seub, Xyris platystachya L.A. Nilsson ex Malme). 

The above mentioned groups are taxonomically related, which is corroborated by the pollen 

morphology, the last being composed by everlasting plants. However, Xyris asperula Mart., 

Xyris aurea L.B. Sm. & Downs, Xyris bialata Malme, Xyris insignis L.A.Nilsson and Xyris 

trachyphylla Mart showed great intra-specific amplitude, making it impossible to characterize 

them by the pollen size, even though the ornamentation of the exine surface permitted a 

separation in two pollen types: microrreticulate (Xyris asperula Mart., Xyris bialata Malme, 

Xyris insignis L.A.Nilsson, Xyris trachyphylla Mart) and rugulate with perforations (Xyris aurea 

L.B. Sm. & Down). The amplitude of the pollen variation seen in these species reflects a similar 

overlapping already registered for other morphological characteristics, such as the shape of the 

ear, the bract and vegetative character that are highly variable in the mentioned species as in 

other groups in the Xyris species. Although the genus can be considered stenopalynous, 

according to the literature, the pollen characteristics presented here suggest that they have 
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taxonomic value. The inclusion of new species will be fundamental in order to complete the new 

results for the family, seeking new diagnostic characters.   

 

 

101.  Ovule, Fruit and Seed Development in Abolboda (Xyridaceae, Poales) 
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Abolboda is included in Xyridaceae, a family with five genera and about 300 species. This 

family, along with Eriocaulaceae and Mayacaceae, forms the xyrid clade in Poales, which is 

weakly supported. The development of the ovule, fruit and seed of Abolboda species was studied 

to contribute to the understanding of the infra- and inter-familiar relationships in Xyridaceae. All 

of the species studied share: an anatropous, tenuinucellate, and bitegmic ovule with a micropyle 

formed by both the inner and outer integuments; a megagametophyte of the Polygonum type; 

seeds with a tanniniferous hypostase, an helobial and starchy endosperm, and an undifferentiated 

embryo;  a seed coat derived from both integuments with a taninniferous tegmen and a 

micropylar operculum; and loculicidal capsule type fruits with a parenchymatous endocarp and 

mesocarp and a sclerenchymatous exocarp. The same ovule and seed characteristics were found 

in the studied species of Xyris and may correspond to a pattern for the family. Abolboda is 

distinguished by the type of ovule and endosperm formation and by the number of layers that 

constitute the seed coat, characteristics that support its classification in Abolbodoideae. The 

following features also occur in Eriocaulaceae and Mayacaceae, thus supporting the xyrid clade: 

tenuinucellate, bitegmic ovules; seeds with a taninniferous hypostase, a taninniferous tegmen, a 

starchy endosperm, and an undifferentiated embryo; and loculicidal capsule type fruits. A 

micropylar operculum is first described here for Abolboda seeds and is also present in Xyris 

(Xyridaceae) and Eriocaulaceae, corroborating the close relationship of these families indicated 

in the phylogenetic analyses. 
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Most of the available information on grass leaf anatomy comes from transverse (cross) sections.  

Relatively few studies have also examined grass leaves in longitudinal section, and fewer still 

have looked at them in paradermal view.  Some work, however, including unpublished 

observations by Sanchez-Ken, indicates that chlorenchyma cell variation in grasses is more 

extensive than previously suspected.  As part of a broad survey of chlorenchyma cell structure 

and evolution in the Poaceae, we report the results of our initial 3-D reconstruction of 

chlorenchyma cells in Oplismenus hirtellus, a broad-leaved, C3 grass that represents the “forest 

shade” clade (subtribe Boivinellinae) within the diverse tribe Paniceae.  In this species, 

chlorenchyma cells adjacent to the bundles are elongated and cylindrical and more or less 

radiate, curving toward the adaxial epidermis.  Chlorenchyma cells in the intercostal zone and 
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adjacent to the abaxial surface below the bundles are mostly more or less isodiametric but can be 

somewhat rectangular or irregularly shaped longitudinally.  Above and near the bundles, 

chlorenchyma cells adjacent to the adaxial surface form a palisade-like layer that is best 

developed in the longitudinal plane.  Other interesting features include relatively close cell 

packing in all dimensions and bundle sheath extensions that are poorly developed to absent.  

Consistent with the C3 photosynthetic pathway, bundles are separated by 8-10 chlorenchyma 

cells, but the enlarged outer (parenchyma) sheath cells contain well developed chloroplasts. 

 

 

103.  Occurrence of Fusoid Cells in Ehrhartoideae (Poaceae, Poales) 

 
Leandro, Thales D. (1)*; Scatena, Vera. L. (1); Scremin-Dias, Edna (2); Arruda, Rosani. O. (2) 

(1) Universidade Estadual Paulista, Programa de Pós-Graduação em Ciências Biológicas (Biologia 

Vegetal), Rio Claro, SP, Brazil; thaleshdias@gmail.com 

(2) Universidade Federal do Mato Grosso do Sul, Campo Grande, MS, Brazil 

 

Poaceae comprises 12 subfamilies and ca. 12,000 species of cosmopolitan distribution. The 

presence of fusoid cells in the mesophyll of some species of the family is used in taxonomy and 

phylogeny. According to the Grass Phylogeny Working Group (GPWG), fusoid cells occur in 

the subfamilies Anomochlooideae, Bambusoideae, Pharoideae, Pooideae and Puelioideae. 

However, its occurrence has been reported also in some Ehrhartoideae: Zizania latifolia, Z.a 

aquatica, and Zizaniopsis miliacea, the last two with uncertain occurrence. The aim of this study 

was to check the occurrence of fusoid cells in Ehrhartoideae species. The occurrence of fusoid 

cells is confirmed in leaves of Luziola spruceana, Luziola subintegra and Oryza latifolia 

(Ehrhartoideae). In Oryza latifolia, they were observed in plants of both dry and seasonally 

flooded areas. Luziola spruceana, Luziola subintegra (data from this work) and Zizaniopsis 

miliacea (literature data) shared this character, corroborating its positioning in the subtribe 

Luziolinae. These data show the need for studies involving a greater number of species to 

suggest the likely evolution of the character in the family. 

 

 

104.  Roots Vessel Elements of Two Zingiberaceae Tribes  

 
Gevú, Kathlyn V. (1)*; Da Cunha, Maura

 
(2); S.M. Pereira, Sabrina M. (3); Barros, Claudia F. (4); Lima, 

Helena R.P. (3)
 

(1) Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brasil; kathlyn_vasconcelos@hotmail.com 

(2) Universidade Estadual Norte Fluminense, Campo dos Goytacazes, Rio de Janeiro, Brasil 

(3) Universidade Federal Rural do Rio de Janeiro, Seropédica, Rio de Janeiro, Brasil 

(4) Jardim Botânico do Rio de Janeiro, Rio de Janeiro, Brasil 
 

Zingiberaceae is the most representative family of the Zingiberales order. This family contains 

ca. 1,000 species divided into four subfamilies and six tribes, widespread over all the continents. 

Studies on vessel elements in monocotyledons have recently focused on evolutionary trends. 

This study aims to morphologically characterize subterranean organs, and determine both the 

occurrence and distribution of vessel elements in eight Zingiberaceae species, belonging to Tribe 

Alpinieae (Alpinia and Renealmia), and Tribe Zingibereae (Hedychium, Zingiber and Curcuma). 
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The present study include native, naturalized and exotic species found either in protected areas in 

the Brazilian Atlantic Forest or in private cultivation areas. Root fragments were fixed in 2.5% 

glutaraldehyde and 4.0% formaldehyde  diluted in a 0.05 M sodium cacodylate buffer (pH 7.2) 

and post-fixed in 1.0% osmium tetroxide in the same buffer, dehydrated in acetone series, and 

infiltrated and embedded in the epoxi resin. The cellular elements were macerated using a 

modified version of the technique developed by Franklin, and stained with 1% safranin. For light 

microscopy samples, images were taken using a Canon PowerShot A640 that attached to an 

Axioplan microscope. For transmission electron microscope, ultrathin sections were collected 

and stained for observation in EM 900 Zeiss. For scanning electron microscopy, the vessel 

elements macerated and not stained were dehydrated, coated with 20nm of gold, and observed in 

a Zeiss DSEM 962. Vessel elements were found to be confined to the roots, presenting several 

basal characters in most of species. Alpinia purpurata was the only species to contain a greater 

amount of derivated characters. 

 

 

105.  Structural Variation of Pit Membranes Remnants in Zingiberaceae 

 
Lima, Helena R.P. (1)*; Gevú, Kathlyn V. (2); Da Cunha, Maura

 
(3); S.M. Pereira, Sabrina M. (1); 

Barros, Claudia F. (4)
 

(1) Universidade Federal Rural do Rio de Janeiro, Seropédica, Rio de Janeiro, Brasil; helena@ufrrj.br 

(2) Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brasil 

(3) Universidade Estadual Norte Fluminense, Campo dos Goytacazes, Rio de Janeiro, Brasil 

(4) Jardim Botânico do Rio de Janeiro, Rio de Janeiro, Brasil 

 

The family Zingiberaceae is composed of semi-ombrophilous to heliophilous herbaceous plants 

considered giant herbs with rhizomes that are usually found growing in understory habitats. 

Studies on pit membranes remnants have shown the physiological and phylogenetic significance 

of this structure in dicotyledons, however, for monocots few studies have been developed. Thus, 

this study aims to characterize the pit membranes remnants of vessels in Zingiberaceae. 

The present study includes native, naturalized and exotic species found either protected areas in 

the Brazilian Atlantic Forest or in private cultivation areas. Root fragments were fixed in 2.5% 

glutaraldehyde and 4.0% formaldehyde diluted in a 0.05 M sodium cacodylate buffer (pH 7.2), 

after the cellular elements were macerated using 40% formaldehyde and glacial acetic acid (1:1). 

For scanning electron microscopy, the vessel elements macerated were dehydrated, coated with 

20nm of gold, and observed in a Zeiss DSEM 962. The pit membranes remnants of eight 

Zingiberaceae species showed some variation in their structure using scanning electron 

microscopy. In Alpinia purpurata, the wall is partially scored and presents pit membrane intact, 

and only a few areas appear to be split. Renealmia chrysotricha, Curcuma longa, C. zedoaria, 

Hedychium coronarium and Zingiber spectabile showed porose pit membrane remnants in some 

regions. The intact pit membrane has also been found in Renealmia. Zingiber officinale contain 

delicate thread-like and strands pit membrane remnants. This data suggest there was not relation 

between structural variation and habitats, because most species were found in private cultivation 

areas, except Hedychium and Renealmia. 

 

 



 

  Monocots V Abstracts  199 

106.  Hairs in Use to Solve Hairy Problems – A Quick Approach in Classification 

 
Pinter, Michael (1); Nickel, Anja (1); Brudermann, Andreas (1); Martínez-Azorín, Mario (1)*; 

Stabentheiner, Edith (1); Wetschnig, Wolfgang (1) 

(1) Institute of Plant Science, Karl-Franzens-University Graz, Holteigasse 6, 8010, Graz, Austria.; 

michael.pinter@edu.uni-graz.at 

 

The genus Massonia was described by Houttuyn (1780). With the continuous exploration of 

South Africa, the number of species quickly increased, so that Baker (1897) already listed 33 

species in his final treatment of the genus Massonia. During the last decades in different 

treatments of the genus, the number of species varies from 6 (van der Merwe 2002, Manning & 

Goldblatt 2003, Summerfield 2004), to 8 (Jessop 1976), up to 12 (Müller-Doblies & Müller-

Doblies 1997). To date about 80 species have been described in the genus Massonia (IPNI 

2013), and thereof about 60 fit into its recent concept. The remaining belong to genera such as 

Daubenya, Lachenalia, Polyxena and Whiteheadia. All of them are distributed in South Africa 

and the southwestern part of Namibia. Although the genus is quite assessable there are few 

characters which allow us a quick natural grouping. Within the genus not only the flower 

morphology is very different, showing a range from e.g. a wide entrance into the perigon-

filament-tube like in M. depressa, or a very small one e.g. in the M. jasminiflora agg. Also the 

structure of the leaf surface is different. There are smooth ones as well as pustulate and hairy 

ones. Within the framework of the revision of the genus, we recognized that the shapes of these 

structures are characteristic for the major clades formed in our phylogenetic tree. It is evident 

that this character is another feature that can be used for a natural classification of the major 

clades within this genus. 

 

 

107.  Geometric Morphometrics of Leaf Blade Shape in Montrichardia Linifera (Araceae) 

Populations from the Rio Parnaíba Delta, North-East Brazil 

 
Silva, M. Francilene S. (1); Andrade, Ivanilza M. (1); Mayo, Simon J. (2)* 

(1) Universidade Federal do Piauí, Parnaíba, Brazil  

(2) Royal Botanic Gardens, Kew, UK; simonjosephmayo@hotmail.co.uk  

 

Leaf characters of populations of the aquatic macrophyte Montrichardia linifera were studied 

using geometric morphometrics to compare variation with traditional circumscriptions of the two 

recognized species. Two hundred and ten individuals were sampled from seven populations in 

the delta region of the Rio Parnaíba, northeast Brazil. Six landmarks of the leaf blade were 

digitized from images and analysed with MorphoJ software. Procrustes-aligned configurations 

were studied using PCA and CVA in the pooled data and individual populations. Sinus shape 

variation was studied using landmark configurations of the posterior lobe basiscopic lamina. 

Covariation of leaf blade shape, basiscopic lamina shape, secondary vein number and petiole 

ligule length was investigated with partial least squares analysis. Allometry of these variables 

with leaf blade centroid size was investigated using multivariate regression, linear modelling and 

ANCOVA. Measured variables varied continuously over the ranges previously reported for the 

two species. The characters of the two species morphotypes covaried and were only partly 

influenced by allometric effects. Symmetric shape variables predominated but a distinctive left- 

and right-handed asymmetry occurred in all populations.  Genetic and ecological studies are 
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needed to investigate the significant inter-population differences further. The study offers a 

methodology for a broader combined morphometric/molecular investigation.  

 

 

108.  Morphometrics of Leaf Blade Shape in Anthurium augustinum Complex (Araceae), an 

Endemic Group to the Brazilian Atlantic Rain Forest  
 
Cardozo, Ana P. (1); Temponi, Lívia G. (2); Smidt, Eric C. (1); Andrade, Ivanilza M. (3)* 

(1) Universidade Federal do Paraná, Curitiba, Brazil; apcardozo.bot@gmail.com 

(2) Universidade Estadual do Oeste do Paraná, Cascavel, Brazil 

(3) Universidade Federal do Piauí, Parnaíba, Brazil 

 

Anthurium augustinum forms a complex presenting wide morphological variation resulting in 

eight specific names with difficult taxonomic delimitation: A. augustinum K. Koch & Lauche, A. 

hatschbachii E.G.Gonç., A. jureianum Cath. & Laio; A. laucheanum K.Koch; A. lhotzkyanum 

Schott; A. lucidum Kunth; A. maximilianii Schott and A. parvum N.E.Br. This complex is 

endemic to the Atlantic Rain Forest and is recognized by the cordate or peltate leaf base. The 

morphological variability - of this complex was investigated using geometric morphometrics. 

Digitized outlines were prepared from a total of 257 leaf images from samples of 13 populations. 

Elliptic Fourier analysis (EFA) was used to generate matrices of coefficients, from which six 

shape variables (principal components) were extracted using Principal Components Analysis. 

Using these components other multivariate analyses such Cluster Analysis, Non-Parametric 

Multivariate Analysis of Variance (NP-MANOVA) and Canonical Variates Analysis (CVA) 

associated with classical taxonomy indicate that A. laucheanum, A. lhotzkyanum and A. 

maximilianii should be synonymous with A. augustinum. Therefore, our data support the 

recognition of five taxa: A. augustinum, A. hascthbachii, A. jureianum, A. lucidum and A. 

parvum for this species complex. 

 

 

109.  Measuring Relative Flower Size in Anthurium 

 
Pontes, Tiago A. (1)*; Mayo, Simon J. (2) 

(1) Universidade Estadual de Feira de Santana, Bahia, Brazil; tiagarruda@yahoo.com.br   

(2) Royal Botanic Gardens, Kew, UK 

 

A taxonomic study of endemic rupicolous species of Anthurium in Central Bahia is currently in 

progress, using morphometric and genetic markers, with a view to establishing a protocol for 

delimiting species. A key aim of the study  is internet publication of data sets and methodologies 

so that other reseachers, especially conservation scientists, will be able to re-analyze data in the 

light of new information in an orderly and cumulative way. Among other markers, the study is 

currently focussing on the measurement of relative flower size using data from intensive 

sampling of freshly collected inflorescences at various stages of maturation. Flower size has been 

used in the recent past as a character in the genus;  the present  approach explores the character 

by sampling at population level and comparing possible quantitative parameters which express 

relative and absolute flower size in relation to spadix diameter and circumference. This study 

aims to test the usefulness of relative flower size in discriminating populations and species. 
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110.  Morphometrics and Morphological Variability of Syngonanthus nitens 

(Eriocaulaceae) 

 
Watanabe, Mauricio T. C. (1)*; Sano, Paulo T. (1) 

(1) Universidade de São Paulo, São Paulo, São Paulo, Brazil; mtcwatanabe@gmail.com 

 

Syngonanthus nitens (Bong.) Ruhland (common name "Golden Grass") is a widespread 

distributed species in Brazil. The handcrafts are made from scape of S. nitens, which are bright 

and gold in color. The identity of this taxon has been questionable, since plants with very 

different morphological patterns are identified as belonging to the same species. These 

individuals can occur in different populations, from distant parts of the country, and within 

sympatric populations, especially in Jalapão. In order to investigate this taxonomic problem, we 

analyzed 23 morphological characters in 16 populations. The analyses aimed to assess the 

morphological variability of the specimens in the Jalapão region (Central Brazil), in Goiás state 

and in the Range of Espinhaço. For morphometric analyses, we used cluster analysis 

(Unweighted Pair Group Method with Arithmetic Mean - UPGMA) and ordination (Principal 

Component Analysis - PCA and Discriminant Function - DF). When only individuals collected 

in Jalapão were evaluated, the results showed two very different groups, which where separated 

by “size” factor. In subsequent analyses, principally those involving almost all populations 

collected, we observed continuity and overlap between the morphological patterns. We did not 

identify isolated groups or any obvious correlation with geographical distribution. Although all 

characters had been informative to classify the individuals in their populations of origin, the non-

floral characters were more informative than the flower traits. These results, together with the 

analyses of herbarium material and the specific literature, allowed to recognize this complex as 

the only one species, S. nitens, without infra-specific delimitations. 

 

 

111.  Ecophysiological Aspects of Neotropical Velloziaceae 

 
Alcantara, Suzana (1)

*
; Teodoro, Grazielle S. (2); Oliveira, Rafael (2); Mello-Silva, Renato (1) 

(1) Universidade de São Paulo, São Paulo, SP, Brazil; suzanaalcantara@gmail.com 

(2) Universidade Estadual de Campinas, Campinas, SP, Brazil 

 

Desiccation tolerance occurs in few species known as poikilohydric plants, which can equilibrate 

internal water potential with that of dry air and return to normal metabolism after rehydration. 

Poikilohydrics are common in tropical outcrops and within these habitats, Velloziaceae 

(Pandanales) represents a substantial part of the flora in the “campos rupestres” of Espinhaço 

range in Brazil. In spite of their ecological importance, studies on the ecophysiology of 

Neotropical Velloziaceae are inexistent. Our aim is to evaluate whether the desiccation patterns 

of Velloziaceae during the dry season is related to the gas exchange dynamics in the rainy 

season. We expected that species with remarked desiccation, i.e., changes in leaf morphology 

and pigmentation, would have higher photosynthesis and stomatal conductance during the rainy 

season to compensate for carbon limitation in the dry season. We investigated the patterns of 

vegetative desiccation in eight Barbacenia and 13 Vellozia species, classified in three groups: 

changes in pigmentation; changes in leaf morphology and pigmentation; and not visible changes 

in morphology. In the rainy season, we measured maximum photosynthesis (Amax), stomatal 
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conductance (gs) and water use efficiency (WUE). The gas exchange parameters did not differ 

among the groups (Amax F=2.8434/p=0.1055; gs F=0.0675/p=0.93; WUE F=0.8291/p=0.4544). 

All species showed high Amax and gs compared to other non-poikilohydric plants, which can 

represent a cumulative net gain of carbon to compensate high respiratory carbon loss during the 

dry period. Thus, we expect that even those species without visible morphological changes 

would show some level of poikilohydry and carbon limitation in the dry season. 

 

 

112.  Are Leaf Traits Related to Herbivory and Pathogens? A Cross-Species Comparison in 

Vellozia (Velloziaceae) Species from Brazil  

 
Martins, Luiza C. (1)*; Ferreira, Mirelly G. (1); Ribeiro, Josiana C. (1); Silveira, Fernando A.O. (2)  

(1) Instituto Federal de Educação Ciência e Tecnologia do Sul de Minas Gerais, Inconfidentes, Minas 

Gerais, Brazil  

(2) Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil  

 

Insect herbivory and pathogen attack are major factors driving the evolution of antiherbivory leaf 

traits. However, research on insect- and pathogen-plant interactions has mainly focused on 

woody species and the ecological interactions of monocots and its natural enemies are poorly 

known. Here, we studied the patterns of leaf herbivory and pathogen incidence in seven Vellozia 

species from the campos rupestres vegetation. The campos rupestres comprise fire-prone 

sclerophyllous shrublands that harbor high levels of plant diversity and endemism. We measured 

four leaf traits and determined the area removed by herbivores and pathogens in three leaves 

from 20 randomly selected individuals/species at Serra do Cipó, southeastern Brazil. We found a 

high among-species trait variation in Vellozia species with a 10-fold variation in leaf area and 

leaf dry weight and a 2.5-fold variation in specific leaf area and leaf water content. Leaf area lost 

to pathogens and to herbivores also varied across species, but they were always lower than 2 and 

3.5%, respectively. Despite strong cross-species differences in leaf traits, we found weak 

correlation with herbivory and non-significant correlations with pathogen attack. Ongoing 

research suggest that additional leaf traits such as leaf trichomes and resin glands may also 

account for intraspecific patterns of herbivory and pathogen incidence in Vellozia. Our data 

indicate that the lower rates of herbivory and pathogen incidence in Vellozia species compared to 

the woody flora of the cerrado may have selected for different defensive traits.  

 

 

113.  Juvenile Tank-Bromeliads Lacking Tanks: Do They Engage in CAM Photosynthesis? 

 
Beltrán, Juan D. (1); Lasso, Eloisa (1); Madriñán, Santiago (1)*; Virgo, A. (2); Winter, Klaus (2) 

(1) Universidad de los Andes, Laboratorio de Botánica, Bogotá, Colombia 

(2) Smithsonian Tropical Research Institute, Balboa, Ancón, Republic of Panama; winterk@si.edu 

 

In the epiphytic tillandsioids, Guzmania monostachia, Werauhia sanguinolenta, and Guzmania 

lingulata (Bromeliaceae), juvenile plants exhibit an atmospheric habit, whereas in adult plants 

the leaf bases overlap and form water-holding tanks. CO2 gas-exchange measurements of the 

whole, intact plants and δ13C values of mature leaves demonstrated that C3 photosynthesis was 

the principal pathway of CO2 assimilation in juveniles and adults of all three species. 

Nonetheless, irrespective of plant size, all three species were able to display features of 
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facultative CAM when exposed to drought stress. The capacity for CAM was the greatest in G. 

monostachia, allowing drought-stressed juvenile and adult plants to exhibit net CO2 uptake at 

night. CAM expression was markedly lower in W. sanguinolenta, and minimal in G. lingulata. In 

both species, low-level CAM merely sufficed to reduce nocturnal respiratory net loss of CO2. 

δ13C values were generally less negative in juveniles than in adult plants, probably indicating 

increased diffusional limitation of CO2 uptake in juveniles. 

 

 

114.  Immunolocalization of Pectins and Arabinogalactan Proteins in the Ovary at Pre-

Fertilization Phase of Billbergia nutans (Bromeliaceae) 

 
Fagundes, Natividad F. (1); Mastroberti, Alexandra A. (1); Mariath, Jorge E. A. (1)* 

(1) Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil; jorge.mariath@ufrgs.br 

 

Besides the stigma and style, ovary portions may participate in the conduct of the pollen tube to 

the female gametophyte. However, little is known about the molecules involved in cell adhesion 

and signaling during this process, especially in monocotyledons. The objective of this study is to 

identify the epitopes of pectins and arabinogalactan proteins (AGPs) in ovule, placenta and 

obturator of a monocotyledon – Billbergia nutans (Bromeliaceae). 

 

Flower buds were fixed in glutaraldehyde 1% and formaldehyde 4% in sodium phosphate buffer 

and processed for inclusion in LR White. Monoclonal antibodies were used for pectins and 

AGPs epitopes, with analysis in epifluorescence microscopy. In the ovule, arabinans (LM 6) are 

evident in the nucellar tissue surrounding the female gametophyte, including nucellar epidermis 

at the micropylar portion. The galactans (LM 5) have a complementary distribution, occurring in 

the same region of nucellar tissue and also at the micropylar portion of integuments. AGPs have 

different distributions according the epitope, delimiting the female gametophyte (JIM 13) and the 

micropylar channel (JIM 8). The filiform apparatus consists of highly methylesterified 

homogalacturonans (HGs) (JIM 7), arabinans (LM 6) and AGPs (JIM 8, JIM 13). In placenta and 

obturator cell walls, there are highly methylesterified HGs (JIM 7) and galactans (LM 6). The 

spatial modulation found between arabinans, galactans and AGPs may constitute a local 

signaling for the porogamic pathway of the pollen tube to the ovule. A similar pattern has been 

observed for AGPs in a few species of angiosperms. 

 

 

115.  Chemotaxonomy for Sedges: The Utility of Novel Resin Chemistry in the 

Lepidosperma Viscidum Group (Cyperaceae) 

 
Plunkett, George T. (1)*; Duke, Colin C. (2); Duke, Rujee K. (2); Tran, Van H. (2); King, Douglas I. (2); 

Wilson, Karen L. (3); Bruhl, Jeremy J. (1) 

(1) University of New England, Armidale, Australia; gplunket@myune.edu.au 

(2) The University of Sydney, Australia 

(3) Royal Botanic Gardens and Domain Trust, Sydney, Australia 

 

Lepidosperma (Cyperaceae, Schoeneae) is a morphologically distinct genus but often 

taxonomically difficult at the species level. R.L. Barrett recently published 10 new species for 

Western Australia and estimates a total of 200 species in the genus (including 74 currently 
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recognised spp.). Our study focuses on eastern Australia. While some taxonomic problems have 

been resolved with current morphological characters (e.g. L. monticola ined.), other groups (e.g. 

L. viscidum, L.laterale) are more difficult; in eastern Australia, at least 12 putative new species 

need to be tested. More informative characters are needed to deal with these groups; integration 

of morphological, anatomical, biochemical and genetic data should provide a sound assessment 

of biodiversity within this predominantly Australian genus. 

 

Discovery of novel therapeutic compounds from the resin of plants in the L. viscidum complex 

has led to recognition of a clear relationship between resin chemotype and plant morphotype. We 

are investigating the utility of resin chemistry for the delimitation and identification of species in 

this complex, and its potential for application across the genus and family. Genetic work for the 

eastern Australian species of Lepidosperma is currently underway and will augment 

morphological and chemical data to aid the assessment of species limits and estimation of 

phylogenetic relationships within the genus. Products of our study of eastern Australian 

Lepidosperma will include online Floras, interactive identification, and contributions to 

eMonocots for global access. 

 

 

116.  Phytochemical and Antimicrobial Potential of Glory Lily – Gloriosa superba a Known 

Medicinal Plant 

 
Mrs. Srinivasa Rajashree (1)*; Dr. Siddiqui Nasreen; (2); Dr. Mishra Renu (1); Mrs. Mandloi Shikha (1) 

(1) Department of Botany, Sri Sathya sai college for women, Bhopal (M.P). India 

(2) Department of Botany, Govt. Geetanjali girls college Bhopal (M.P.) India 
 

Tuber extract of Gloriosa Superba, Family – Colchicaceae, earlier placed in Liliaceae was tested 

for preliminary phytochemical screening and in-vitro antimicrobial studies. The results of the 

preliminary investigation revealed the presence of alkaloids, glycosides, steroids, saponins and 

tannins. The acetone and ethanol extract of tuber were investigated for antimicrobial activity. 

Two Gram positive bacteria  streptococcus, Bacillus subtilis, two Gram negative bacteria 

Pseudomonas, Escherichia coli and two pathogenic fungus candida and Aspergillus were 

utilized in the studies using disc diffusion method. The successive Soxhlet extract of tubers of 

Gloriosa superba were evaporated to dryness using rotary flash evaporator. Dry residue was 

dissolved in respective solvents (1 : 10 w/v) and tested for antimicrobial activity. The extract 

displayed overwhelming concentration dependent antibacterial properties inhibiting the growth 

of streptococcus and Bacillus subtilis far above that of ampicillin used in concentration of 

1.0g/ml. the extract was less sensitive to two Gram negative bacteria in the assay. In antifungal 

assay the growth of Aspergillus niger and Candida albicans were inhibited in the same manner 

comparable to fuconazole, the reference drug used in the study. In our present investigation good 

zone of inhibition was observed in higher concentration against streptococcus. Thus the tuber 

extract of Gloriosa seems to justify their ethnomedical uses and therefore a potential drug that 

requires further studies and development.  
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117.  In-Vitro Propagation of Critically Endangered Species-Scilla Indica- Factors 

Influencing Rapid Clonal Propagation 

 
Dr. Siddiqui Nasreen (1)*; Mrs. Srinivasa Rajashree (2); and Dr. Mishra Renu (2) 

(1) Department of Botany, Govt. Geetanjali girls college Bhopal (M.P). India 

(2) Department of Botany, Sri Sathya sai college for women, Bhopal (M.P). India 

 

Indian squill, Scilla indica earlier known as Urginea (Asparagaceae, previously Liliaceae) is an 

important and rare medicinal plant endemic to India, Africa and Meditteranian regions. It has 

potential to heal many human diseases with cardiatonic, anticarcinomic and antijaundice, 

antidropsy, antiasthmatic, antiepileptic, dermatological and diuretic properties. It also acts as 

abortifacient and affects the menstrual cycle. It is also used as a fungicide, insecticide and 

vermicide. The basic taxonomic work and higher molecular developmental studies are still being 

explored in this genus. The biodiversity and germplasm collection is also a major area of 

emphasis to protect the rare genus. 

 

Scilla in India has become an endangered species due to its excessive collection from its natural 

habitat coupled with poor seed germination and low vegetative reproduction. In order to 

contribute to its production system, an efficient protocol was developed for in-vitro propagation 

through seed and shoot bud culture, using apical meristems. Shoot bud initiation has been 

achieved after seven days in the medium containing 0.1 mg / ℓ – 1.00 mg / ℓ BAP and 0.5 mg/ ℓ 

BAP and 0.5 mg/ ℓ NAA. These shoot also increased in number and size when they were given 

subsequent incubation period.  The medium containing high concentration of NAA ( 0.5 mg/ ℓ) 

and BAP( 0.5 mg/ ℓ) produces roots in 20-25 days.  

 

The shoot induction protocol developed in this study provides a basis for germplasm 

conservation and for further investigation on medicinally active constituents of the elite 

medicinal plant, and also the plant can be made available throghout the year. 

 

 

118.  Comparitive Biology, Folklore & Medicinal Importance of Gloriosa superba & Scilla 

indica Of Family Colchicaceae and Asparagaceae Respectively. 

 
Dr. Mishra Renu (1)*; Mrs. Srinivasa Rajashree (1); and Dr. Siddiqui Nasreen (2) 

(1) Department of Botany, Sri Sathya sai college for women, Bhopal (M.P). India 

(2) Department of Botany, Govt. Geetanjali girls college Bhopal( M.P). India 

 

Gloriosa superba (Glory lily) is a medicinal plant previously belonging to family Liliaceae, 

presently included in Colchicaceae. It is a semi woody, herbaceous, branched tuberous climber 

plant reaching approximately 5 meters height with brilliant wavy-edge yellow & red flowers. 

Filaments are stout & golden yellow,with green connective, capsule about 5 cm long. Tubers and 

seeds of Gloriosa superba are very expensive, and it is one of the most important species that is 

used for the treatment of several health ailments by the tribal people. This species has become 

endangered and a rare medicinal herb in India. Various parts of this plant such as leaf, tubers and 

seeds are reported to be useful in diseases like leprosy, rheumatism, snakebite, scorpion bite, 

gout, abdominal pain, anthelmintic etc. 
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Scilla indica (squill) previously known as Urginea belonging to family Liliaceae now in 

Asparagaceae is also a threatened plant. It is a perennial plant species with an approximate height 

of 20 cm. Leaves are linear with ovoid bulb 13-30 mm long covered with reddish brown or grey 

tunics. The raceme inflorescence has around 6-20 flowers. Flowers are about 5-25 in numbers  

purplish blue in color. Stamen filaments are shorter with a flat base & purple, anthers dark red , 

& ovary is narrow, fruit capsule.  Bulb of this plant is extensively used for medicinal purpose. 

The chemicals present in this plant have analgesic, antiinflammatory, antivenom and 

chemotherapeutic potential. This presentation focuses on the comparative biology and highlights 

the ethnomedicinal aspect of G.superba and S. indica with regards to its reported clinical 

efficacy.    

 

 

119.  Monocot Consumption and the Spread of Palaeolithic People 

 
Jones, Martin K. (1) and Hunt, Harriet V. (1)* 

(1) University of Cambridge, Cambridge, United Kingdom 

 

The Old World and the New World display an interesting historical contrast in the economic use 

of plants: the emphasis upon monocot resources seems greater in the former.  This contrast is 

most clear in the case of geophytes.  The underground storage organs utilised by humans in the 

Old World derive from several monocot families.   While monocots also yield economic 

geophytes in the New World, the three principal tubers here are from dicot families.  To a lesser 

extent, the contrast can also be seen in starchy grains.  

 

We argue that this contrast may reflect the changing food quest in the Palaeolithic journey of 

humans.  Moving through the middle latitudes of the Old World, experimentation with newly 

encountered monocots as a source of energy food would constitute a reliable strategy; some 

monocot tubers are toxic, but cooking and leaching would reduce dietary risk.  Moving 

northwards into the Boreal Zone and beyond would entail a significant reduction in the available 

monocot biomass. The archaeobotanical and ethnobotanical records indicate a reduced reliance 

in the New World upon monocots, and greater ability to exploit plants from families with a 

significantly toxic profile.  This argument echoes the ‘Narcotic Complex’, an observation of 

contrasting ethnobotanical record of Old and New World usage psycho-active plants.  We here 

use this contrast to emphasise the crucial role of monocots as food in the early expansion of 

humans out of Africa, and how that role was modified as humans moved towards zones of 

reduced monocot availability. 

 

 

120.  The eMONOCOT Portal 

 
Phillips, Sarah W. (1)*; Clark, Ben R. (2); Kelly, Joseph (1); Santarsiero, Annapaola (2) and the 

eMonocot Team 

(1) Royal Botanic Gardens, Kew, U.; Sarah.Phillips@Kew.org 

(2) University of Oxford, Department of Zoology, UK 

 

eMonocot (http://e-monocot.org) is an online resource for monocot plants created by the 

eMonocot Project, a consortium of the Royal Botanic Gardens, Kew, Oxford University and the 
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Natural History Museum, London, as well as contributions from monocot taxonomists and 

communities worldwide.  

 

eMonocot is a distributed system of highly specialised curated resources, some of which (the 

eMonocot Scratchpads) have been created during the project, whilst others (The World Checklist 

of Selected Plant Families, GrassBase, PalmWeb, and CATE Araceae) predate it. The 

systematically scoped eMonocot scratchpads enable research communities to publish their 

taxonomic outputs online and also contribute to eMonocot. Through shared identifiers, open data 

standards such as Darwin Core Archive and Structured Descriptive Data, and simple web 

services, eMonocot integrates these different resources into a coherent continuously updated 

dataset that is presented in the eMonocot Portal. 

 

Aimed primarily at biodiversity scientists, but open to all, the portal provides a powerful and 

intuitive way to access the aggregated information across all monocot taxonomic groups. The 

fully attributable content includes interactive multi–access identification keys, images, 

distribution maps, references, descriptions and geographical, ecological and conservation data. 

Registered users are able to download search results and provide feedback on the content which 

is then fed back to the original data provider.   

 

 

121.  Content Generation in eMONOCOT – What, Where, How? 

 
Weber, Odile (1)*; Hargreaves, Serene (1); Gardner, Lucy (1); Kilgallen, Niamh (1). 

(1) Royal Botanic Garden, Kew, UK; O.Weber@kew.org 

 

eMonocot has created ±80000 outline species pages across 2801 accepted genera in the 78 

APGIII families of monocots. This initial information is sourced from the World Checklist of 

Selected Plant Families and includes currently accepted name, synonymy (covering some 

182000 old names), original place of publication, geographical distribution and life form. Further 

content for target groups (accounting for 75% of monocot diversity at generic level and nearly 

6% at species level) includes interactive multi–access identification keys, images, distribution 

maps, references, descriptions and geographical, ecological and conservation data.  

 

Different systems provide the work environment for both the producers and the users of this 

biodiversity data. The Scratchpads, developed at the NHM in London and other source systems 

are web platforms for taxonomic research communities to build a high quality dataset. A new 

tool enables journal articles to be published from content built within a scratchpad. All content 

from the source systems is transferable to the purpose built eMonocot portal aimed at the users of 

taxonomic data. 

 

Content delivery in the eMonocot portal has been designed with sustainability in mind. The 

information will only be as useful as it is accurate and up-to-date.  Initial content is being 

delivered by an allocated content team; identifying and delivering relevant taxon treatments 

online. This involves scanning, OCRing proof-reading and uploading publications online, as well 

as creating keys in LucID. Building on the work done by the content team, expert taxonomic 

communities will be able to maintain and update information in the system.  
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122 .  Looking Forward: eTaxonomy After the eMonocot Project 

 
Hargreaves, Serene (1), Weber, O. (1), Phillips, S. (1), Kilgallen, N. (1) and the eMonocot team 

(1) Royal Botanic Gardens, Kew, London, United Kingdom; s.hargreaves@kew.org 

 

The web has proven to be a powerful tool to connect taxonomists and to act as a source of 

information for users. eTaxonomy presents the opportunity to both maximize knowledge gain 

and to efficiently disseminate it to everyone that has an interest in it - thus playing a critical role 

in the future of taxonomy. 

 

In 2010 the eMonocot project received 3 years’ funding to create a global online resource for 

monocot plants, with one aim being to provide a model for web taxonomy for the rest of the 

plant and animal kingdoms. Since the start of the project, the eMonocot team has developed a 

bespoke portal (http://e-monocot.org) that aggregates and gives access to information on 

monocots including nearly 83,000 accepted taxon pages, 17,000 taxon descriptions, over 5,000 

images and multi-access keys to monocot flora. 

 

Using eMonocot as a model for future eTaxonomy projects, we outline a set of key criteria for 

future eTaxonomic development using the lessons learnt during the course of this project.  

 

 


