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8:00 AM MORNING COFFEE. Atrium Café (NMNH ground floor) 
 
8:00 AM REGISTRATION. Entrance to Baird Auditorium (NMNH ground floor) 
 
9:00 AM OPENING REMARKS AND PRESENTATION OF THE CUATRECASAS 

MEDAL. Contributions by: Warren L. Wagner (Chair of Botany, Smithsonian 
Institution, USA), Kirk Johnson (Sant Director, Smithsonian Institution, USA), 
Ari Novy (Executive Director, United States Botanic Garden, USA), Laurence 
J. Dorr (Cuatrecasas Medal Committee Chair, Smithsonian Institution, USA), 
Eric Schuettpelz (Convener, Smithsonian Institution, USA) 

 
9:30 AM OPENING SYMPOSIUM 
 
9:30 AM An overview of ferns and lycophytes. Robbin C. Moran (New York 

Botanical Garden, USA) 
 

During the Renaissance, people believed that ferns reproduced by invisible seeds. It was not 
until 1794 that it was demonstrated that the “dust” produced on the back of a fern leaf 
developed into small green “cotyledons.” This observation initiated the study of fern and 
lycophyte life cycles. The importance of understanding this life cycle cannot be 
overemphasized: it generates and explains much of the distinctive biology of ferns and 
lycophytes. Worldwide, there are about 13,600 species of ferns and lycophytes. This contrasts 
with about 450,000 species of angiosperms. Why fewer species of ferns and lycophytes? One 
idea is that, compared to angiosperms, ferns and lycophytes present fewer barriers to gene 
flow. Thus, their populations do not become readily isolated genetically, a condition considered 
a prerequisite for divergent speciation. Compared to angiosperms, ferns and lycophytes are 
more widely distributed. As a percentage of the total vascular-plant flora on far-flung oceanic 
islands, ferns and lycophytes are over-represented. This is best explained by the ease with 
which these plants disperse by tiny dust-like spores. Some species exhibit remarkable 
adaptations such as iridescent leaves, modified stems harboring ants, and water-absorbing 
scales that quickly rehydrate dried leaves. Ferns and lycophytes are also used by people: the 
fiddleheads of some ferns are eaten, and Azolla has been used since 1100 AD in the rice 
paddies of southeastern Asia as a fertilizer. Research on ferns and lycophytes has been 
transformed over the past 20 years by the introduction of DNA methods. We now have the 
ability to generate hypotheses of relationships, or “family trees,” using DNA and morphological 
datasets. With these trees, we can analyze such things as character evolution, biogeography, 
and evolutionary rates. Given recent advances, there has never been a more exciting time to 
study ferns and lycophytes. 

 
10:15 AM COFFEE BREAK. Atrium Café (NMNH ground floor) 
 
10:45 AM OPENING SYMPOSIUM (CONTINUED) 
 
10:45 AM Silurian-Devonian fossil plants provide some insights into the 

evolutionary history of ferns and lycophytes. Patricia G. Gensel 
(University of North Carolina Chapel Hill, USA) 

 
Studies of both spores and macrofossils over the past few decades clearly indicate that land 
plants existed much earlier in time than previously realized (late Ordovician for embryophytes, 
late Silurian for zosterophylls, lycophytes, cooksonioids), and current work may suggest even 
earlier. This realization influences our thinking about the timing of both originations and 
diversification rates of various lineages and of evolutionary innovations. New data are available 
on the major events in the evolution of both the lycophytes s.l., and those Devonian plants that 
are generally considered as basal euphyllophytes and pertinent to evolution of ferns. Major 
phases of diversification can be recognized in the Early and Middle (Givetian) Devonian 
altering conceptions of vegetation types. While most Early Devonian plants are centimeter-to-
decimeters tall and fairly simple, some trimerophyte-grade euphyllophytes were larger (1-2 
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meters) and more complex, with cryptic variation, in the late Early Devonian. Recently 
described “forests” (Stein et al. 2012) comprising small to very large cladoxyls or lycopods as 
dominant plants, some intermixed with either lycopsids or rhizomatous progymnosperms, have 
been documented in the Middle Devonian. This new information alters our conception of 
growth architecture and landscapes at that time and whole plant reconstructions may influence 
character analyses for phylogenetic reconstruction. It remains difficult to trace the phylogenetic 
relationships of early plants with extant lineages, including horsetails and ferns. Among likely 
progenitors of ferns and/or horsetails are trimerophyte-grade euphyllophytes, but recent 
descriptions of several small Psilophyton-like plants exhibiting an early type of wood, suggest 
some may represent precursors of lignophytes (seed plants). Cladoxyls, iridopterids, 
rhacophytaleans, groups that have been allied tentatively with early ferns, are now known as 
separate extinct lineages and undoubted ferns appear later. New data and re-evaluation of 
existing Devonian euphyllophyte morphology and anatomy may address these phylogenetic 
questions and demonstrate even greater diversity in that group. 

 
11:15 AM Fern genomics: progress and prospects. Paul G. Wolf (Utah State 

University, USA) 
 

Here I review the history, current progress, and hopeful future of studies of fern genomes. The 
earliest insights came from Irene Manton’s (1950) observations of high chromosome numbers 
in ferns. Later, Klekowski and Baker (1966) noted higher chromosome numbers in 
homosporous lineages relative to heterosporous ones. The underlying explanation involved 
polyploidy as an adaptation to the unique patterns of mating in homosporous lineages, which 
are theoretically capable of gametophytic selfing. Several decades of research testing for 
polyploid-type inheritance patterns and mating systems refuted these ideas. Meanwhile, plant 
systematics progressed with DNA sequencing protocols focused on chloroplast genes and 
complete chloroplast genomes of ferns, both of which revealed phylogenetic relationships 
among fern lineages. This provided the evolutionary back drop for determining patterns of 
chromosome number changes in ferns. In 2006, Nakazato published the first nuclear genome 
map of a homosporous fern, heralding a resurgent interest in comparative nuclear genomics. 
Using nucleotide sequences of expressed genes (transcriptomes), Barker (2009) 
demonstrated that homosporous ferns are indeed polyploid, but probably no more so than 
seed plants. Unlike homosporous lineages, heterosporous plants may be capable of losing 
extra chromosomes between cycles of polyploidy. This intriguing result suggests that 
homosporous ferns might indeed have unique patterns of genome evolution compared to the 
heterosporous seed plants. More recently, the reduced cost of DNA sequencing has enabled 
the first attempts at assembling ferns genomes. Initial genome scans have revealed possible 
differences between ferns and seed plants in terms of relative genome content. In addition, two 
large-scale collaborative projects are underway to assemble the complete nuclear genomes of 
the heterosporous fern Azolla and the homosporous fern Ceratopteris. These studies should 
enable us to make more categorical statements about how the homosporous and 
heterosporous lineages differ at the genome level. Whether this will explain how the 
differences evolved remains to be seen. 

 
11:45 AM Evolution and development in lycophytes and ferns. Alejandra Vasco 

(Universidad Nacional Autónoma de México, Mexico) 
 

Evolutionary developmental biology (informally evo-devo) is a combination of two disciplines: 
evolutionary biology and developmental biology. It basically addresses two fundamental 
questions: how do biological forms develop and what is the basis for their diversity. In vascular 
plants, most studies in evo-devo have been focused on seed plants. However, lycophytes and 
ferns are two lineages that occupy key phylogenetic positions within the land plants, and thus 
provide a fascinating comparison for evolutionary developmental studies. For example, for 
over a century there has been an intense debate about the origin and evolution of leaves in 
vascular plants. Leaves have been the center of many evolutionary and developmental 
studies, because they are the dominant, most conspicuous organs of most plants. Historically, 
morphologists, anatomists, paleobotanists, and systematists have contributed data to this 
debate, but have failed to concur on the origin of leaves or even how many times leaves have 
evolved in vascular plants. More recently, molecular genetic studies have provided insight into 
leaf evolution and development mainly within angiosperms and, to a lesser extent, lycophytes. 
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Ferns and lycophytes possess a vast amount of leaf diversity, and molecular genetic studies of 
leaf evo-devo in these taxa are beginning to fill the gap that exists in our understanding of the 
evolution and origin of leaves. These evo-devo studies, integrated with traditional data, are 
helping us to develop more robust and broadly hypotheses of leaf evolution and development 
in vascular plants. 

 
12:15 PM LUNCH BREAK 
 
1:45 PM OPENING SYMPOSIUM (CONTINUED) 
 
1:45 PM Exploration to exploitation—the road from discovery to market. Tony 

Avent (Juniper Level Botanic Garden & Plant Delights Nursery, USA) 
 

Got ferns? Our mission at Juniper Level Botanic Garden and Plant Delights Nursery is to bring 
together the worlds of botany, taxonomy, horticulture, and conservation by discovering, 
documenting, propagating, and then sharing ferns ex-situ with gardeners, collectors, and 
researchers worldwide. I'll share our travels, discoveries, and successes, and why we all 
benefit from the sharing of germplasm. 

 
2:15 PM How ferns help to unravel the mysteries of Amazonian biodiversity. 

Hanna Tuomisto (University of Turku, Finland) 
 

Amazonian rain forests are famous for their spectacularly high species diversity. Most of the 
species are difficult to identify or even completely unknown to science. Together with the sheer 
size of the wilderness area, this makes it challenging to figure out how Amazonian biodiversity 
is structured. We have approached this problem by focusing on just a small part of the flora. 
Ferns and lycophytes form a nice group for this purpose: they are easy to spot among the 
greenery, they are relatively common in the forest understory, and the number of species is 
manageable (about 600 in lowland Amazonia, compared to perhaps 20,000 tree species). 
Extensive field sampling in different parts of Amazonia is revealing intriguing patterns. It is now 
clear that ferns are good habitat indicators, so they can be used to predict both soil properties 
and general floristic patterns in the forest. There is considerable floristic variation in Amazonia, 
and sometimes the species composition of the forest changes almost completely within a few 
meters. Often such changes are not obvious unless one recognizes some indicator species, 
because the forests can look structurally similar on both sides of the boundary. Local species 
diversity in Amazonia can also vary considerably, and we have found ferns to be most diverse 
on the most nutrient-rich soils. Such observations help to interpret biodiversity patterns both 
locally and at the continental scale. 

 
2:45 PM Photomorphogenesis of Adiantum capillus-veneris gametophytes. 

Masamitsu Wada (Kyushu University, Japan & Tokyo Metropolitan University, 
Japan) 

 
Developmental processes of fern gametophytes from spore germination to antheridium 
formation are controlled by light. For example, phototropic response is mediated by blue light 
receptor, phototropins, and also by red and blue light receptor, neochrome, which is a chimeric 
photoreceptor composed of a chromophore-biding domain of phytochrome and a full length of 
phototropin. In this symposium, I will talk on the light-induced responses such as phototropism, 
cell division, cell bulging and chloroplast movement in Adiantum capillus-veneris gametophyte 
cells, in view of intracellular photoreceptive sites, signaling of photoreceptors, microtubule and 
microfilament involvement in these responses. Our techniques employed for the analytical 
studies will be shown. At the last part of my talk, the merits of fern gametophytes as 
experimental materials will be discussed.  

 
3:15 PM COFFEE BREAK. Atrium Café (NMNH ground floor) 
 
3:45 PM OPENING SYMPOSIUM (CONTINUED) 
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3:45 PM From endangered to invasive: the role of fern ecology in conservation 

of Hawaiian ecosystems. Marian M. Chau (University of Hawaii at Manoa, 
USA) 

 
Conservation of endangered plants is critical to maintaining global biodiversity, and 
management efforts are more likely to be successful if decisions are based on ecological 
research. Marsilea villosa (‘ihi‘ihi) is an endangered, endemic Hawaiian fern with only seven 
remaining populations on two islands, restricted to ephemerally flooding lowlands. We 
conducted a restoration experiment and a three-year field study to examine ecological factors 
that influenced ‘ihi‘ihi growth. Both found that shade and flooding have positive synergistic 
effects, while the negative effects of non-native species differ by type. In a genetic study, most 
variation was at the subpopulation level, but there was also structure that showed some 
differentiation among populations and between islands. This research provides management 
recommendations that will increase the likelihood of success in conservation of ‘ihi‘ihi, and a 
model upon which to base restoration of more resilient endangered species in Hawai‘i and 
worldwide. Another important consideration is that invasive species that alter ecosystems are 
often successful competitors due to their effects on nutrient cycling. Sphaeropteris cooperi 
(Australian tree fern, ATF) has been invading Hawaiian forests for decades, displacing the 
dominant native tree fern Cibotium glaucum (hapu‘u). ATF produces leaves that grow faster, 
contain more nutrients, and decompose faster than hapu‘u. We tested effects of leaf litter 
additions from both tree ferns on the growth of four native understory species in two types of 
soils. Both litter treatments inhibited growth initially, but subsequent responses were species-
specific. Several growth measures were higher with ATF than hapu‘u litter, especially in fast-
growing species. Our results show that ATF can alter nutrient cycling in Hawaiian plants, 
sometimes with positive effects on growth. However, under natural conditions, native plants 
must compete for these additional nutrients with ATF and other invasive species, underscoring 
the importance of understanding ecology in order to manage conservation. 

 
4:15 PM Ecology and ecophysiology of the fern life cycle: making the best of a 

double life. James E. Watkins Jr. (Colgate University, USA) 
 

Ferns play important roles in forests across the world. In the temperate northeast, ferns control 
seedling ecology of overstory trees; in the tropical rainforest canopy, ferns regulate 
microclimate and nutrient cycling; in secondary tropical forests, ferns can act as important 
filters that influence both the direction and rate of regeneration. In short, ferns are major 
players in regional and global ecology, yet our understanding of the ecophysiology of this 
lineage is limited. Such limitation is partially generated by the complex fern life cycle. Unlike 
seed plants, ferns rely on a free-living gametophyte that is functionally different from the fern 
sporophyte. The marked functional disparities between these life stages sets up a system of 
dual ecology where selective pressures can act in different strengths and directions on 
gametophytes and sporophytes. This talk will present the current state of our knowledge of 
fern ecophysiology from a lifecycle perspective. I will first explore the challenges and unique 
opportunities that gametophytes present by examination of stress physiology and reproductive 
ecology. I will then explore sporophyte physiology paying special attention to the role that light 
and hydraulics play in controlling species establishment and distribution. Finally the talk will 
examine how the fern life-cycle influences evolution and radiation into novel habitats. 

 
4:45 PM Communicating science in social settings…yes, it matters. Kathleen M. 

Pryer (Duke University, USA) 
 

Government research funding has flat-lined across the globe. Anti-science rhetoric is on the 
rise. Traditional news infrastructures are eroding, while the social media landscape is 
exploding, fundamentally altering how we communicate. At the same time, our research on 
ferns and lycophytes has become increasingly technical and complex. The choice is ours: do 
we wring our hands over the decline in scientific literacy, or do we improve our ability to 
communicate through an audience’s preferred medium? Good science communication not only 
empowers citizens, it enriches the lives and careers of scientists. Here, I draw from my own 
research and teaching experiences focused on ferns (and other plants of the seed-free genre) 
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to show how I have come to embrace the call to communicate one’s science more broadly. To 
effectively get our message across, it is important to understand the existing knowledge base 
of one’s intended audience, and to be versatile with modes of communication. Continued 
progress in our field will require more creativity to remain competitive for traditional forms of 
research funding, while simultaneously identifying and targeting new resources.  

 
5:30 PM RECESS 
 
6:30 PM RECEPTION AND POSTER SESSION. United States Botanic Garden. 

Conference (or symposium) badge required 
 
Poster 1 BHL @ 10: assessing the taxonomic and bibliographic coverage of 

pteridological literature in the Biodiversity Heritage Library. Jacqueline 
E. Chapman (Smithsonian Libraries, USA)*, Robin A. Everly (Smithsonian 
Libraries, USA) 

 
A decade’s worth of technological advancement has brought innovations in both the 
Pteridological and Library Sciences. The discoverability of the products of research has 
expanded exponentially, and today’s researchers experience an unprecedented availability of 
open access current and historic literature through collaborative and innovative projects such 
as the Biodiversity Heritage Library (BHL). As the BHL, and Smithsonian Libraries’ role in the 
project, nears its 10th anniversary, how comprehensive have its holdings become for 
specialists such as Pteridologists? If the BHL collections are approached from the standpoint 
of a researcher focused on a particular species, how comprehensive a collection is the user 
likely to discover? In what is the first BHL collection assessment of its kind, librarians at the 
Smithsonian have investigated the breadth and depth of BHL’s taxonomic and bibliographic 
coverage, using Pteridologists as a use case. Combining new tools and traditional methods 
offers a robust examination of the BHL’s collection of works on ferns and lycophytes. Cross-
referencing two publically available data sets (BHL’s scientific name metadata and relevant 
taxonomic names from the Catalogue of Life) provides an estimate of Pteridological taxonomic 
name coverage within the BHL collection. Likewise, by identifying key literature and comparing 
the bibliographies therein with BHL holdings, it is possible to estimate the extent of BHL’s 
research coverage of ferns and lycophytes. Together, these methods identify gaps in BHL’s 
Pteridological literature as well as underrepresented species of ferns and lycophytes in the 
collection. Public domain content identified as missing from the BHL can then be compared 
with BHL member libraries’ holdings and, if available, queued for digitization. Ultimately, this 
taxonomic and bibliographic analysis serves as a pilot BHL collections assessment study, with 
an aim towards providing a process for future species and literature coverage assessments of 
BHL holdings. 

 
Poster 2 Revision of the genus Isoetes from the Brazilian Atlantic rain forest: 

taxonomy, phylogeny, and biogeography. Jovani B. de S. Pereira (Ruhr-
Universität Bochum, Germany)*, Christian Schulz (Ruhr-Universität Bochum, 
Germany), Paulo H. Labiak (Universidade Federal do Paraná, Brazil), 
Thomas Stützel (Ruhr-Universität Bochum, Germany) 

 
The lycophyte genus Isoetes is a cosmopolitan group of aquatic plants or terrestrial plants 
living in wet soils.The genus resembles a clumped grass, but can easily be distinguished by 
leaves with four air chambers and the sunken sporangium on the adaxial base. Isoetes 
comprises approximately 23 species in Brazil, 15 of these are narrow endemics to the coastal 
Atlantic rain forest of southeastern and southern regions. The Atlantic rain forest Isoetes 
constitute a difficult assemblage of species that present reticulate, or less frequently, 
tuberculate to rugulate megaspores. The differentiation of these species is still an issue, and 
the distinct ploidy levels among the species suggest that events of reticulate evolution have 
been playing an important role in the diversification of the genus in this region. In our study, we 
are combining phylogenetics data of the nuclear marker nrITS and the LEAFY intron, the 
morphology, and the chromosome counts of Isoetes from the Atlantic Forest. The aim of our 
analysis is to delimit the species, to recognize the origin of the hybrids and the polyploid 
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species, to understand the phylogenetic relationships of these taxa, as well as to establish the 
taxonomic revision of these species.This study involved a substantial number of analyses and 
species which were not recovered in any other work with Brazilian Isoetes so far. 

 
Poster 3 Monograph of the Asplenium douglasii group (Aspleniaceae, 

Polypodiopsida). Lana S. Sylvestre (Universidade Federal do Rio de 
Janeiro, Brazil)*, Vanessa L. Lima (Universidade Federal do Rio de Janeiro, 
Brazil) 

 
The Asplenium douglasii group was supported as monophyletic on the basis of cpDNA 
sequences (rbcL and trnL-F markers). Its species occur in South America and they were 
previously treated as belonging to the genus Antigramma, and despite its monophyly, this 
group clearly nests within Asplenium, as the majority of the segregate Aspleniaceae genera. 
Its morphological features include the simple lamina (except for Asplenium purdieanum), 
anastomosing veins with long areolas near the costa and several small ones toward the 
margin, elongated and geminated sori mainly placed on the longer areolas, and indusia facing 
in pairs. Although the association of simple blade and anastomosing veins are not unique in 
Aspleniaceae, the venation pattern, the lamina architecture and the range of distribution 
distinguish these species from others in the genus. The present paper provides a monograph 
of this group. It includes keys, synonymy, descriptions, illustrations, and distribution maps for 
all species. Six species are here recognized in the Asplenium douglasii group. Two of them, 
Asplenium balansae (Baker) Sylvestre and A. brasiliense Sw., are known from Brazil, 
Paraguay and Argentina. Asplenium purdieanum Hook. occurs in Colombia. Asplenium 
douglasii Hook. & Grev. is endemic to Southestern Brazil, as well as two more new recognized 
species. The species grow in montane or submontane forests, from sea level to 1,000m alt. 
Most of them are from Atlantic Forest, growing on the soil in shaded places or on rock outcrops 
near the seashore. Lectotypes were designed when necessary and two new names in 
Asplenium were presented. 

 
Poster 4 Taxonomical and morphological diversity of Pteridium in Northern 

Eurasia. Irina I. Gureeva (Tomsk State University, Russia)*, Christopher N. 
Page (University of Exeter, UK) 

 
At least seven taxa of Pteridium Gled. ex Scop. are recognized across the Northern Eurasia. 
Two species of Pteridium – P. aquilinum (L.) Kuhn and P. pinetorum C.N. Page & R.R. Mill. are 
widely present. P. aquilinum is restricted mainly to the western part of the region, P. pinetorum 
is dominant throughout much of Russia. We recognise three morphologically distinctive 
subspecies (subsp. aquilinum, subsp. atlanticum C.N. Page and subsp. fulvum C.N. Page) 
within P. aquilinum, and four slightly distinctive subspecies (subsp. pinetorum, subsp. 
osmundaceum (Christ) C.N. Page, subsp. sibiricum Gureeva & C.N. Page and subsp. 
sajanense Stepanov) – within P. pinetorum. All forms of bracken are especially recognizable in 
the field by discrete combinations of characters. The difference between species lies mainly in 
frond and pinnae shape and orientation, basal pinna structure, ultimate segment of pinnae and 
pinnula shape and size, frond expansion sequencing and period, frond lamina texture, shape 
and pubescence of pinnulets, pubescence of croziers and type of hairs.The subspecies of 
Pteridium aquilinum have a strongly upright rachcis with horizontally rotated pinnae, the largest 
and most dissected pinnae form the second pair. Pinnules are elongate sedentary joined to 
pinna nearly at right angles. The frond lamina is nearly leathery. Pinnulets are elongate, acute, 
dense pubescent by long curved hairs; the pseudoindusium is relatively wide with dense long 
hairs. A long frond expansion period (more than a month) is typical. Pteridium pinetorum 
subspecies have a backwardly arcuate rachis, the largest and most dissected pinnae the 
lowermost. Pinnules are elongate-ovate on distinct stipites, joined to pinna at an acute angle. 
The frond lamina is grassy, expanding rapidly. Pinnulets are more entire, broad, rounded at the 
apex, glabrous or with very sparse short hairs; the pseudoindusium is narrow with the fairly 
smooth margins and very sparse cilia. Supported by RFBR (Russian Federation). 

 
Poster 5 Preliminary record of pteridophytes of Gujarat. Nainesh R. Modi (M.G. 

Science Institute, India) 
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Gujarat state is a the western most state of India with an area of 196,204 km2 and a long 
coastline of 1,600 km. Due to the diverse geophysical and climatic conditions, Gujarat state 
also boasts of a rich biological diversity with about 2198 species of higher plants belonging to 
902 genera and 155 families. The angiospermic flora of Gujarat has been extensively explored 
through many research works in the form of floras, PhD thesis, publications etc. However, with 
regard to the pteridophytes, this state has been completely left blank so far. Hence, this is the 
first ever attempt to document the pteridophytes from the state. For this the survey was carried 
out in majority of those habitats where the pteridophytes thrive. The species were identified in 
field wherever possible or collected, brought to the lab and identified using the necessary 
literatures. A total of 15 species belonging to 11 genera and 11 families are recorded from the 
state for the first time. Majority of the species recorded are seasonal and appear only during 
the monsoon and post monsoon season with their highest concentration being in the southern 
part of state, from where the Western Ghats biodiversity hotspot commences. Only 
Nephrolepia cordifolia is seen throughout the year as it is mostly cultivated as an ornamental 
plant in the state. The increasing threats to the biodiversity and pteridophytes in particular are 
also highlighted in this paper along with the conservation measures for the same. 

 
Poster 6 Diversity of ferns and lycophytes in Brazil. Jefferson Prado (Instituto de 

Botânica, Brazil)*, Lana da S. Sylvestre (Universidade Federal do Rio de 
Janeiro, Brazil), Paulo H. Labiak (Universidade Federal do Paraná, Brazil), 
Paulo G. Windisch (Universidade Federal do Rio Grande do Sul, Brazil), 
Alexandre Salino (Universidade Federal de Minas Gerais, Brazil), Iva C.L. 
Barros (Universidade Federal de Pernambuco, Brazil), Regina Y. Hirai 
(Instituto de Botânica, Brazil), Thaís E. Almeida (Universidade Federal do 
Oeste do Pará, Brazil), Augusto C.P. Santiago (Universidade Federal de 
Pernambuco, Brazil), Maria A. Kieling-Rubio  (Universidade Federal do Rio 
Grande do Sul, Brazil), Anna F. de N. Pereira (Universidade Federal do Vale 
do São Francisco, Brazil), Benjamin Øllgaard (University of Aarhus, 
Denmark), Carla G.V. Ramos (Universidade Federal do Rio de Janeiro, 
Brazil), John T. Mickel (The New York Botanical Garden, USA), Vinícius A.O. 
Dittrich (Universidade Federal de Juiz de Fora, Brazil), Claudine M. Mynssen 
(Instituto de Pesquisas Jardim Botânico do Rio de Janeiro, Brazil), Pedro B. 
Schwartsburd (Universidade Federal de Viçosa, Brazil), João P. S. Condack 
(Instituto de Pesquisas Jardim Botânico do Rio de Janeiro, Brazil), Jovani B. 
S. Pereira (Ruhr-Universität Bochum, Germany), Fernando B. Matos (The 
New York Botanical Garden, USA) 

 
This compilation of Ferns and Lycophytes in Brazil is an update to the one announced in 2010 
in the Catalogue of Plants and Fungi in Brazil. The methodology consisted in collected data 
from regional checklists, taxonomic revisions, and selected databases. Invited specialists 
improved the list accessing a web page housed in the Jardim Botânico do Rio de Janeiro 
website. The results show 1,253 species, 1,111 of ferns and 142 of lycophytes. This number is 
6.1% higher than the previous one (1,176 spp.). We recognized 36 families and 133 genera 
(vs. 33 families and 121 in 2010). The 10 more diverse families are: Pteridaceae (196 spp.), 
Dryopteridaceae (179), Polypodiaceae (164), Hymenophyllaceae (90), Thelypteridaceae (86), 
Aspleniaceae (78), Lycopodiaceae (64), Selaginellaceae (55), Anemiaceae (51), and 
Cyatheaceae (45). The endemic species decreases from 38.2% to 36.7%. The three more 
diverse genera are still Elaphoglossum (87 spp.), Thelypteris (85), and Asplenium (74). The 
richest phytogeographic domain is again the Atlantic Rain Forest, with 883 species and also 
has the largest number of endemic and threatened species, followed by Amazonia (502), 
Cerrado (267), Pantanal (29), Caatinga (26), and Pampa (eight). Minas Gerais remains as the 
richest state (656 spp. vs. 580 in 2010). The states of Rio de Janeiro (619 spp. vs. 552) and 
São Paulo (617 spp. vs. 561), confirm that the Southeast region in Brazil is the richest one. 
Most species are terrestrial herbs (684), followed by epiphytes (344), epipetric (105), aquatic 
(44), tree ferns (41), hemiepiphytes (31), and by the climbing species (four). We believe that 
this List is more accurate than those of 2010. However, we need to employ new efforts in order 



Detailed program and abstracts, MONDAY, 1 June 2015 
!

12 

to collect in remote areas to achieve an adequate knowledge not only about the species 
occurring in Brazil, but their distribution and threats. 

 
Poster 7 Ferns of the "Floresta Atlântica Nordestina". Augusto César Pessôa 

Santiago (Universidade Federal de Pernambuco, Brazil)*, Jefferson Prado 
(Instituto de Botânica, Brazil), Iva Carneiro Leão Barros (Universidade 
Federal de Pernambuco, Brazil) 

 
The present study aims to contribute with the knowledge of the ferns in the Atlantic Forest to 
the North of Rio San Francisco (“Floresta Atlântica Nordestina”), evaluating the geographical 
and altitudinal distributions and the rarity of the species in this region. The knowledge of the 
biota in the most altered portion of the Atlantic Forest is important as subsidies for future 
strategies in conservation and inferences on the history of the vegetation in this area. The 
study indicated the occurrence of 270 infra-generic taxa, distributed in 76 genera and 26 
families. The most representative families are: Pteridaceae (63 spp.), Polypodiaceae (45 spp.) 
and Dryopteridaceae (32 spp.). The richest genera were Adiantum (28 spp.), Thelypteris (18 
spp.), and Asplenium (17 spp.). In a local scale, 25% of the species can be considered as rare. 
Some few areas shelter a great richness and rarity of the group. Most of the species presents 
a wide distribution in the Neotropics and in Brazilian territory and they appear as indifferent the 
variation altitudinal, however the submontane forests had more exclusive species than the 
lowland forests. There are no endemic species in the region. The number of species and the 
absence of endemism can be related to paleoclimate events and deforestation in the area. The 
data show the importance and fragility of this fern flora, pointing that attention should be given 
for the conservation of areas where the diversity and rarity of species is significant. Some new 
Conservation Units must be created and in other cases is necessary to evaluate the operation 
of these units. Suggestions are made for futures studies with the group. 

 
Poster 8 New records of ferns and lycophytes from Tolima department 

(Colombia). Luz Amparo Triana-Moreno (Universidad de Caldas, 
Colombia)*, Julio Giovanny Cortés-Molina (Universidad de Caldas, Colombia) 

 
Although Tolima Department is located in the most developed region of Colombia (Andean 
region), its flora studies have not explored the territory widely as a consequence of the 
extensive agricultural practices. The botanical specimens known from Tolima, including ferns, 
usually come from localities next to Ibagué, the capital city. After the revision of FAUC 
herbarium 33 species (24 genera, 11 families) were recorded for the first time for Tolima. They 
have been collected from the towns of Mariquita (MA) at 470 masl, Murillo (MU) at 2020-3350 
masl, and Cajamarca (CA) at 2500-3100 masl. Their geographic and elevational distributions 
were verified with bibliography and databases from the herbaria COL, FMB, MO, NY and US. 
These species are Asplenium alatum (MU), A. pteropus (MU), A. serra (MU, CA), A. uniseriale 
(MU) (Aspleniaceae), Alsophila erinacea (MU), Cyathea fulva (MU) (Cyatheaceae), Pteridium 
arachnoideum (CA), P. caudatum (MA, CA) (Dennstaedtiaceae), Dryopteris wallichiana (CA), 
Elaphoglossum ciliatum (MU), E. erinaceum (CA), E. lingua (MU), E. vulcanicum (CA), 
Polystichum dubium (CA), Po. muricatum (MU, CA) (Dryopteridaceae), Hymenophyllum 
fucoides (MU, CA), Trichomanes radicans (MU) (Hymenophyllaceae), Huperzia linifolia (CA), 
Lycopodium thyoides (CA) (Lycopodiaceae), Danaea moritziana (MU) (Marattiaceae), Metaxya 
rostrata (MA) (Metaxyaceae), Alansmia xanthotrichia (CA), Luisma bivascularis (CA), 
Mycopteris semihirsuta (MU, CA), Pecluma ptilota (CA), Pe. robusta (CA), Phlebodium 
pseudoaureum (CA), Pleopeltis remota (CA), Serpocaulon triseriale (CA) (Polypodiaceae), 
Pityrogramma ochracea (CA), Pteris longipetiolulata (CA) (Pteridaceae), Macrothelypteris 
torresiana (MU, CA) and Thelypteris longipilosa (MU) (Thelypteridaceae). Two species stand 
out in this study, because their geographic and elevational distributions in the country were 
extended: Alansmia xanthotrichia, previously known from Sierra Nevada de Santa Marta 
(Magdalena Department) at 2300 masl, was found in this study at 2900 masl. And Luisma 
bivascularis, so far only known by the holotype collected in Risaralda Department at 1150 
masl, was recorded in this study at 3010 masl. 

 
Poster 9 Selaginella biogeography of the last 300 million years. Dennise S. Bauer 

(Ruhr-Universität Bochum, Germany)*, Kristina V. Klaus (Ruhr-Universität 
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Bochum, Germany), Christian Schulz (Ruhr-Universität Bochum, Germany), 
Thomas Stützel (Ruhr-Universität Bochum, Germany) 

 
The genus Selaginella comprises approximately 700 species which can be divided into several 
subgenera (Jermy 1986). The genus has a cosmopolitan distribution with main distribution 
areas in the tropics and subtropics of Asia and South America (Setyawan 2011). Here, we 
present a global time tree for the genus Selaginella based on a concatenated sequence 
dataset. Calibration was performed using fossil data. The taxon sampling comprises species 
from all major distribution areas. The biogeographic reconstruction suggests that Selaginella 
originated around 300 MA in the Carboniferous. Furthermore, the ancestral areas and ages of 
the different subgenera and extant species were reconstructed. Ancestral areas as well as 
historical long distance-dispersal versus vicariance events were discussed under the aspect of 
plate tectonic. 

 
Poster 10 Ancient vicariance and recent long-distance dispersal in the tree fern 

genus Dicksonia (Dicksoniaceae). Sarah Noben (University of Zurich, 
Switzerland & University of Bonn, Germany), Dietmar Quandt (University of 
Bonn, Germany), Michael Kessler (University of Zurich, Switzerland), Michael 
Krug (University of Bonn, Germany), Anna Weigand (University of Zurich, 
Switzerland), Marcus Lehnert (University of Bonn, Germany) 

 
Tree ferns of the family Dicksoniaceae (Cyatheales) are among the most impressing ferns in 
forests of the southern hemisphere. Although this genus has attracted a huge interest because 
of its primitive appearance, old age and relict distribution, it has never been in the focus of an 
exhaustive phylogenetic, taxonomic and biogeographic analysis. Thus we performed a global 
phylogenetic study of all morphologically distinguishable taxa to clarify species limits, to outline 
character evolution and to investigate species migration patterns, with the scope to better 
understand the evolution of this genus. Our results using four non-coding plastid markers 
(rpl16, trnL-F, trnG-R & matK) support the monophyly of the genera Dicksonia, Lophosoria and 
Calochlaena. The genus Lophosoria is sister to Dicksonia; together forming the sister group to 
Calochlaena. Within Dicksonia, three monophyletic clades with stem group ages between 45 
and 80 my can be recognized: a “Pacific” clade, an “Australo-Southamerican” clade and a 
“Melanesian” clade. Based on fossil records and BEAST analyses we examined the age of the 
single clades, to figure out whether the current distribution is determined by vicariance or 
recent long-distance dispersal. Our results indicate that we cannot exclude vicariance events 
to be the cause for the evolution of the three main clades within Dicksonia. Yet, within these 
clades long-distance dispersal events seem to have played a major role determining the 
current distribution of Dicksonia. 

 
Poster 11 Inferring distribution areas of Mesoamerican grammitid ferns 

(Polypodiaceae) for biogeographic analysis. Viacheslav Shalisko 
(Universidad de Guadalajara, Mexico)*, J. Antonio Vázquez-Gracía 
(Universidad de Guadalajara, Mexico & Universidad Estatal Amazónica, 
Ecuador), Alma R. Villalobos-Arámbula (Universidad de Guadalajara, 
Mexico), Miguel A. Muñiz-Castro (Universidad de Guadalajara, Mexico) 

 
Nearly 900 grammitid ferns species described from intertropical zone worldwide are currently 
divided between 33 genera. At least half of this diversity occurs in Neotropics, with 
Mesoamerica region as one with highest species richness. The actual understanding of 
grammitid fern biogeography includes the hypothesis that the common ancestor of this 
monophyletic group lived somewhere in the Neotropics in Lower Oligocene. The ancestral 
area of grammitids distribution within Neotropics remains unknown, though preliminary data of 
Shalisko et al. (2014) indicates that both North of South America and Mesoamerica can appear 
as such an area. The event-based biogeography reconstructions allow testing such a 
hypothesis, but require the precise data on phylogenetic relations and distributions of modern 
taxa. Study of Mesoamerican grammitid distributions was performed using the occurrence 
records database compiled during specimen study in representative collections (NY, US, 
MEXU, HEM, CH, CHIP, USJ, CR, INB). The ecological niche modeling is the framework 
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elected for estimation of species potential distribution areas in the current study. The method 
allows to obtain areas suitable in biogeographical analysis is the multinominal logistic 
regressions classifier, dependent on the set of environmental variables, corrected with 
distance function from observation sites. Available sampling was enough to construct 
distribution area models for ~90% of Mesoamerican species. Further studies will include 
application of event-based biogeography methods to reconstruct the probable ancestral areas 
for grammitid clades within Neotropics, to identify dispersion and vicariance events in regional 
scale, and to infer dominant speciation models. This research is a part of the research project 
"Evolution and biogeography of grammitid ferns in Mexico and Central America". 

 
Poster 12 There seems to be some morphology there after all! Interpreting 

morphology in Selaginella in the context of phylogeny. Stina Weststrand 
(Uppsala University, Sweden)*, Petra Korall (Uppsala University, Sweden) 

 
The lycophyte family Selaginellaceae, with its single genus Selaginella, has long been 
considered a problematic family with few distinguishable morphological characters when it 
comes to recognizing subgroups. Several morphology-based classifications have been 
proposed, but phylogenetic analyses based on DNA sequence data have later shown that 
these classifications poorly reflect the evolutionary history of the group. Are there undiscovered 
morphological patterns in Selaginella? We have increased the sampling from previous 
molecular work to include data from both chloroplast and nuclear markers for more than one 
third of the 700 Selaginella species found worldwide. We here present a robust large-scale 
phylogeny that, together with a thorough review of the group's morphology, serves as a 
reference for a new subgeneric classification of Selaginella. 

 
Poster 13 Origins of the endemic scaly tree ferns on the Galápagos and Cocos 

Islands. Tzu-Tong Kao (Duke University, USA)*, Kathleen M. Pryer (Duke 
University, USA), Melvin D. Turner (Duke University, USA), Richard A. White 
(Duke University, USA), Petra Korall (Uppsala University, Sweden) 

 
Successful long-distance dispersal is rarely observed in scaly tree ferns (Cyatheaceae). 
Nevertheless, recent molecular evidence has suggested that the four endemic scaly tree ferns 
on the Galápagos Archipelago and Cocos Island, two oceanic island groups west of Central 
America and northern South America, probably each originated from different mainland 
American ancestors. However, the phylogenetic relationships among these endemics and their 
mainland relatives have been unclear. Our study is aimed at better resolving the relationships 
and tracing the origin of these island endemics. Using five plastid regions from 35 Cyathea 
species, we reconstructed a well-resolved phylogenetic tree of Cyathea, which is in agreement 
with previous studies, and also shows that the four Galápagos and Cocos endemics each 
belong to separate subclades. Our biogeographical study suggests the four endemics 
originated from independent colonization events from mainland America, and that there was no 
long-distance dispersal of Cyathea between the island groups. We reveal more detailed 
relationships among the endemics and their respective close mainland relatives; some of these 
relationships differ from previous studies. Our findings are corroborated by new morphological 
data from ongoing stem anatomy studies.  

 
Poster 14 Towards a phylogenetic generic classification of Thelypteridaceae: 

additional sampling suggests alterations of neotropical taxa and further 
study of paleotropical “genera”. Thaís Elias Almeida (Universidade 
Federal do Oeste do Pará, Brazil), Sabine Hennequin (Université Pierre et 
Marie Curie, France), Harald Schneider (Natural History Museum London, 
UK), Alan R. Smith (University of California, USA), Alexandre Salino 
(Universidade Federal de Minas Gerais, Brazil)* 

 
Thelypteridaceae is one of the largest fern families with about 950 species and a cosmopolitan 
distribution, with most species occurring in tropical and subtropical regions. The generic 
classification of the family remains controversial. Different authors have recognized from one 
up to 32 genera. Phylogenetic relationships within the family have not been exhaustively 
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studied. The first major study on the family phylogeny concluded that Thelypteridaceae is 
monophyletic, but sampling was preliminary and insufficient to support any of the many 
existing classifications for the family. In order to improve our phylogenetic knowledge of 
Thelypteridaceae and lend support to generic classifications, we expand the molecular 
phylogeny of the family, including all available sequences from both Old World and New World 
representatives and additional Neotropical sequences. We also test the monophyly of 
exclusive or mostly Neotropical genera Amauropelta, Goniopteris, Meniscium, and Steiropteris. 
Our sampling includes 71 taxa and 140 sequences obtained from two plastid (rps4-trnS and 
trnL-trnF) genomic regions, resulting in a concatenated matrix of 1980 molecular characters. 
The combined data set was analyzed using Maximum Parsimony (MP) and Bayesian 
Inference (BI). Our results are congruent with results found by previous studies in that we 
recovered the monophyly of Thelypteridaceae and two main lineages within the family: the 
phegopteroid and the thelypteroid lineages. All neotropical subgroups investigated are 
retrieved as monophyletic: Amauropelta (with the inclusion of part of Parathelypteris), 
Goniopteris, Meniscium, and Steiropteris (including Thelypteris polypodioides, previously 
incertae sedis). Based on current available knowledge, we propose the recognition of 16 
genera inside the family. Trees obtained in the molecular analysis, commentaries on group 
relationships within the family, and a discussion of the ramifications of our results for generic 
classification are presented. 

 
Poster 15 Phylogenetic placement of Diplazium laffanianum (Athyriaceae), a fern 

species endemic to Bermuda. Dilys C. Houser (University of Nebraska at 
Omaha, USA)*, Marge From (Henry Doorly Zoo, USA), Melanie Landry 
(Henry Doorly Zoo, USA), Alison Copeland (Department of Conservation, 
Bermuda), and P. Roxanne Kellar (University of Nebraska at Omaha, USA) 

 
Painstaking efforts to save Diplazium laffanianum from extinction are strengthened by 
molecular and morphological systematics. The last wild collection of D. laffanianum was made 
in Bermuda in 1905, but now the species is extinct in the wild. The last few individuals were 
housed at the Bermuda Botanic Garden beginning in the 1960s. For the last ten years, a 
collaborative team of researchers from the Government of Bermuda and the Henry Doorly Zoo 
in Omaha, Nebraska has been working to bring this species back from the brink of extinction. 
In this project, we studied molecular and morphological characters of many species of 
Diplazium in order to determine the proper taxonomic and phylogenetic placement of D. 
laffanianum and to infer its biogeographical origins. We sequenced the plastid genome of D. 
laffanianum using high-throughput sequencing, downloaded six plastid markers (atpA, atpB, 
matK, rbcL, rps4-trnS, and trnL-F) from GenBank for multiple Diplazium species, and inferred a 
phylogeny. We studied 188 collections of closely related Diplazium species, borrowed from five 
herbaria, and we databased 20 morphological characters, including frond shape, sorus shape, 
etc. in order to confirm D. laffanianum as a species unique from all other Diplazium species. 
Our results support D. laffanianum as a unique species based on both molecular and 
morphological data. The phylogeny places D. laffanianum sister to D. cristatum, these two 
species form a clade sister to D. bombonasae, and these three species form a clade sister to 
D. plantaginifolium. These phylogenetic relationships suggest that D. laffanianum evolved from 
a Caribbean ancestor. Our results confirm the taxonomic classification of D. laffanianum and 
will aid in conservation of the species. 

 
Poster 16 Contribution to the phylogeny of neotropical Diplazium (Athyriaceae). 

Claudine M. Mynssen (Instituto de Pesquisa Jardim Botânico do Rio de 
Janeiro, Brazil)*, Alejandra Vasco (Universidad Nacional Autónoma de 
México, Mexico), Robbin C. Moran (The New York Botanical Garden, USA), 
Germinal Rouhan (Muséum National d'Histoire Naturelle Paris, France). 

 
Worldwide Diplazium contains about 400 species, of which about 150 occur in the Neotropics. 
Our study focuses on the Neotropical species primarily. The molecular phylogenetic study is 
based on five plastid markers (atpA, atpB, rbcL, rps4-trnS, trnL-trnF) and includes 106 
specimens representing 55 species of Diplazium (26 from the Neotropics) and five outgroup 
species belonging to Asplenium, Athyrium, Cystopteris, Deparia and Hemidictyum. 
Evolutionary relationships were inferred using Maximum Parsimony, Maximum Likelihood, and 
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Bayesian inference. The results recovered one species of Diplazium sister to Hemidictyum. It 
should be recognized as a new family of ferns. Also, two major clades of Neotropical Diplazium 
were recovered sister to Old World clades. We informally refer to the two Neotropical clades as 
the “D. plantaginifolium group” and “D. lindbergii group.” Our analyses place eight species in 
the first group and 17 in the second. The “D. plantaginifolium group” is distinguished 
morphologically by erect stems (up to 50 cm tall), supported by stilt roots, and at least some 
leaves aborted at the tip so that only the basal part of the petiole is present (trophopods). Also, 
the rachises and costae show adaxial wings inconspicuous or absent. In contrast, the “D. 
lindbergii group” is distinguished morphologically by the absence of trophopodia and 
conspicuous adaxial wings in the lamina and rachis. Smaller well defined clades occur within 
these. 

 
Poster 17 The usefulness of small islands for identifying the parents of hybrid 

ferns. John C. Game (University of California Berkeley, USA)*, Alan R. Smith 
(University of California Berkeley, USA) 

 
While studying ferns in the Cook Islands, in southern Polynesia, we have encountered several 
natural hybrids, especially in Thelypteridaceae. These plants have malformed spores and are 
presumed to be sterile.  Typically, they have morphology that is intermediate between putative 
parent species on the same island. They are of special interest because in some cases they 
are intergeneric hybrids if one accepts the treatment of Thelypteridaceae proposed by Holttum 
(1971).  Alternatively, they can be taken to support a broader view of generic boundaries, 
which some have advocated.  Because the islands are small, they have only a few parental 
species that could plausibly have formed these hybrids.  This means that in contrast to 
continental areas with many species, strong inferences can be made about the identity of the 
parents without the need for molecular work.  For example, sterile ferns that are intermediate 
between Sphaerostephanos invisus (G. Forst.) Holttum and Amphineuron opulentum (Kaulf.) 
Holttum occur on the isolated island of Mangaia.  Both these species are common on this 
island, which has only five other thelypterid species, none of which are plausibly the parents 
based on morphology.  This enables the hybrid between these two widespread ferns to be 
identified, which would be difficult in larger areas where they co-occur with many more putative 
parent species. We present examples of additional thelypterid hybrids from other Cook Islands, 
supporting the general usefulness of small islands in identifying fern hybrids.      

 
Poster 18 Asymmetric hybrid formation between two populations of Asplenium 

setoi in Japan. Kanako Yamada (Makino Herbarium, Japan)*, Hidetoshi 
Kato (Makino Herbarium, Japan), Yoko Yatabe-Kakugawa (Makino 
Herbarium, Japan), Noriaki Murakami (Makino Herbarium, Japan) 

 
Biological species concept is the most commonly accepted definition of species. It defines 
species as members of populations that actually or potentially interbreed in nature, and are 
reproductively isolated from other such groups. Following it, reproductive isolation is essential 
to consider the process of speciation. In this research, the process of speciation in ferns is 
investigated and discussed based on the biological species concept. Finally this research aims 
to reveal the evolutionary process of reproductive isolation of ferns. Asplenium nidus complex 
is a group of epiphytic ferns distributed through Old World tropics and subtropics. It is known 
that it contains several biological species not distinguishable by their gross morphology but by 
difference in nucleotide sequence of plastid rbcL gene. It is also known that number of viable 
hybrid offsprings and genetic distances of their parental species estimated from rbcL sequence 
are positively correlated. In Japan, 3 species of A. nidus complex are distributed: A. antiquum, 
A. nidus and A. setoi. Our result of molecular phylogenetic analysis showed that there are 
large genetic differentiation between A. setoi in Ryukyu and that in Ogasawara. From previous 
study, it was expected that there are some reproductive isolation between them. Then, artificial 
crossing tests were performed between them. Hybrid sporophytes obtained in the test were 
confirmed using a biparentally inheriting nuclear DNA marker. As a result, hybrid sporophytes 
are obtained only when A. setoi in Ogasawara was female parent and that in Ryukyu was male 
parent. In another type of crossing, hybrids were not observed. Such asymmetric reproductive 
isolations were reported also between other pairs of closely related species in A. nidus 
complex. Thus it can be said 2 types of A. setoi in Japan are on the way to speciation. 
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Poster 19 Crossing ability of triploid apogamous fern Dryopteris erythrosora. 

Kaoru Yamamoto (Yokosuka City Museum, Japan)*, Yoko Yatabe-Kakugawa 
(Makino Herbarium, Tokyo Metropolitan University, Japan), Atsushi Ebihara 
(National Museum of Nature and Science, Japan), Noriaki Murakami (Tokyo 
Metropolitan University, Japan) 

 
In apogamous reproduction of ferns, unreduced spores are formed and resultant 
gametophytes from the spores produce sporophytes of next generation without fertilization. 
Therefore, all offspring sporophytes from an apogamous parent are expected to be genetically 
identical. However, apogamous ferns frequently show large morphological and genetic 
variation. Walker (1962) hypothesized that it is because apogamous ferns obtain genetic 
variation of related sexual species through hybridization. Most apogamous fern species are 
triploid (3x). When 3x apogamous species hybridize with diploid (2x) sexual species, tetraploid 
(4x) hybrids will be produced. Lin et al. (1995) hypothesized that there occur recurrent ploidy 
reduction from 3x to 2x in apogamous ferns, and increase from 2x to 3x by the crossing with 
related sexual 2x species (Hybridization cycle hypothesis). If such cycle occurs, 3x apogamous 
fern species can obtain genetic variation from its related 2x sexual species without 
polyploidization. In order to test the hypothesis, we artificially crossed 2x sexual D. caudipinna 
with 3x apogamous D. erythrosora, and quantitatively examined crossing ability between them. 
As the results, expected 4x and 3x hybrids were easily produced. It was shown that the 3x 
apogamous ferns still retain high crossing ability (ca. 20% of the related sexual species). 
Moreover, in the experiments, tetraploid hybrids were formed in even higher frequencies than 
the triploid hybrids. Tetraploid apogamous individuals were also found in the two natural 
populations investigated in this study, where the 2x sexual and the 3x apogamous species of 
D. erythrosora complex are mixedly growing. This suggested that tetraploid hybrids might also 
have important roles in the processes of increasing the amount of genetic variation within the 
apogamous species. Accordingly, we could revise the hybridization cycle hypothesis to include 
the formation of tetraploid hybrids and segregation of diploid apogamous cytotypes from the 
hybrids. 

 
Poster 20 Reticulate evolution in the apogamous Dryopteris varia complex and its 

sexual relatives. Kiyotaka Hori (Tokyo Metropolitan University, Japan)*, 
Akitaka Tono (Tokyo Metropolitan University, Japan), Kazuto Fujimoto (Chiba 
University, Japan), Juntaro Kato (Aichi University of Education, Japan), 
Atsushi Ebihara (Tsukuba Botanical Garden, Japan & National Science 
Museum, Japan), Yasuyuki Watano (Chiba University, Japan), Noriaki 
Murakami (Tokyo Metropolitan University, Japan) 

 
Several lineages of ferns perform apogamous reproduction. The offspring of apogamous 
species are expected genetically identical with same as their parents and should have little 
genetic variation. However, in fact, many apogamous species have large morphological and 
genetic variation. Therefore, ‘hybridization cycle hypothesis’, supposing that triploid 
apogamous species sometimes produce diploid sperms (paternal)  through unequal meiosis, 
and hybridize with haploid ovum originated from other diploid sexual species (maternal), was 
proposed (Lin et al. 1995; Yamamoto 2012). Moreover, apogamous species may hybridize 
with distantly related diploid sexual species because apogamous species sometimes have 
even larger genetical variation.  In this study, seven morphological species of Dryopteris varia 
complex, in which apogamous species show large and continuous morphological and genetic 
variation, was used as materials. In this study, molecular genetic analyses using the 
biparentally inherited nuclear PgiC gene as well as maternally inherited plastid rbcL gene as 
genetic markers were performed to elucidate reticulate evolution occurred in the complex. Five 
types of nuclear PgiC genes: A, B, C, D and E were recognized. These nuclear PgiC types 
were observed in the sexual type of D. varia, D.saxifraga, D. protobissetiana, D. caudipinna, 
and D. chinensis, respectively. Apogamous species of the D. varia complex had two or three 
types of the above nuclear PgiC gene as follows; D. bissetiana (BC), D. pacifica (AC, ABC, 
ACD), D.sacrosancta (ACE), D. kobayashii (BCE). Therefore, they were suggested to be of 
hybrid origin among the two or three species. This study suggested that the apogamous 
species hybridized with distantly related species, because some species of the complex had 
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the same nuclear PgiC gene as of D. caudipinna and D. chinensis, which had not been 
included in the D. varia complex, and were also shown distantly related from the complex by 
molecular phylogenetic analysis using rbcL sequences (Ebihara 2011). 

 
 
Poster 21 Insights into the origin of the Hawaiian polyploid Polystichum 

(Dryopteridaceae) species. Sylvia P. Kinosian (University of Vermont, 
USA)*, Nikisha Patel (University of Vermont, USA), David S. Barrington 
(University of Vermont, USA) 

 
The large fern genus Polystichum (Dryopteridaceae) has a cosmopolitan distribution with 
centers of diversity in East Asia and Tropical America. Polystichum includes three species 
native to the Hawaiian Islands: diploid P. hillebrandii, tetraploid P. haleakalense, and octoploid 
P. bonseyi. Previous studies have shown a close relationship between  the latter two species, 
although their exact evolutionary history is unknown.Based on a recent chloroplast phylogeny 
and isozyme data it is hypothesized that P. bonseyi is an allopolyploid, with the allopolyploid P. 
haleakelense as one of its progenitors. In the present study, we analyzed the nuclear genomes 
of the two Hawaiian Polystichum polyploids in order to determine their relationship and 
hypothesized shared hybrid origins. Using the nuclear markers gapCp and PGI via direct 
sequencing and cloning, we have searched for evidence of genomes shared by P. 
haleakalense and P. bonseyi to gain further insight into their hybrid histories. 

 
Poster 22 Convergence and parallelism in evolution of structures and functions of 

ferns and other groups of plants. Nina Derzhavina (Orel State University, 
Russia) 

 
On the basis of own investigations and literature data, the similarity of structures and functions 
of ferns and unrelated and related species is demonstrated in connection with their adaptation 
to similar mode of life. Convergence is manifested both at the level of organism and organ – 
similarity of morphological structures (entire fronds and simple leaves of flowering plants;  long 
rhizomes of ferns covered by enation scales and the axes of Lycopodiophyta covered by 
photosynthetic microphylls having the nature of enations; tuft biomorphs; shelters for ants in 
epiphytic ferns  and epiphytic flowering plants; tanks for accumulating humus in nest and niche 
ferns and flowering plants; scale rhizomes of ferns and imbricate bulbs of flowering plants; 
absorbing scales on fronds of some ferns and on leaves of flowering plants (Bromeliaceae); 
“complex” polyfunctional buds of rosette ferns with buds of flowering plants; gemmae of 
mosses and gametophytes of ferns, etc.), and at the level of tissue and cell – similarity of 
anatomical structures (helical cell wall thickenings in root cortical cells; multilayered water-
storage (specialized and non-specialized) parenchyma; pedate cells of epidermis and 
mesophyll; protective shielding structures in epidermis, etc.), as well as at the functional level 
(indirect parasitism at the cost of fungal symbiont in some epiphytic Polypodiaceae  and in 
Orchidaceae; CAM photosynthesis in some epiphytic and lithophytic ferns, gymnosperms and 
angiosperms; mycotrophy; poikilohydry). There are numerous examples of parallelism. For 
instance, development of similar tuft biomorphs in ferns within the families Aspleniaceae, 
Woodsiaceae, which occupy similar ecological niches; presence of similar structural types of 
fronds in the genera and species of a single family, inhabitants of similar biotopes: 
hydromorphic, hygromorphic, mesomorphic, subxeromorphic, subsucculent etc. 

 
Poster 23 Lineage-specific responses to sunflecks in ferns and angiosperms. 

Christopher P. Krieg (Colgate University, USA)*, James E. Watkins (Colgate 
University, USA) 

 
Plants face a significant challenge in managing the variability of light in nature. Of particular 
importance for many understory plants are sunflecks: brief moments of high light that penetrate 
the canopy to reach plants on the forest floor. A significant amount of research over the years 
has explored sunfleck utilization from many perspectives: from sun and shade adapted plants 
to global perspectives including climate change. Little effort has been invested in 
understanding how dynamic light use varies across different lineages. Studies show that ferns 
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have passive stomatal control, and lack an important photoreceptor that may impact light 
utilization in low light conditions. The goal of our current research is to compare dynamic light 
utilization among angiosperms and ferns. We were specifically interested in understanding if 
and how ferns vary in sunfleck use and other aspects of photosynthetic physiology relative to 
flowering plants. To address this, plants were grown in a common garden greenhouse 
environment. Light response curves were generated from eleven fern species (both epiphytic 
and terrestrial), and seven angiosperm species, to derive several photosynthetic parameters. 
Plants were then dark adapted under shade cloth of approximately 4% light for at least 2 
hours. Species were then exposed to a set of lightflecks: 1) 5 flecks at 800 µmol m-2 s-1 for 10 
seconds each, separated by 120 seconds of low light,  2) 5 flecks at 800 µmol m-2 s-1 for 60 
seconds each, again separated by 120 seconds of low light. We found that plant responses to 
sunflecks were complex and different among taxa and functional groups. Ongoing work and 
data analysis will shed light on how these differences relate to plant lineage. 

 
Poster 24 Stomatal response dynamics in Nephrolepis exaltata: opening, closing, 

and oxidant stress. David A. Grantz (University of California at Riverside, 
USA)*, Hai-Bang Vu (University of California at Riverside, USA) 

 
Across taxa (Brodribb et al. 2004), and developmental stages (Meinzer and Grantz 1990), 
steady state stomatal conductance correlates with hydraulic conductance. Ferns have lower 
conductance than angiosperms, but exhibit similar sun-shade patterns (Lo Gullo et al. 2010; 
Carriqui et al. 2014). Stomatal dynamics have been less thoroughly investigated. Tropospheric 
ozone (O3) impairs stomatal dynamics in many angiosperms (Paoletti and Grulke 2010). Rapid 
dynamics allow plants to track conditions, maximize water use efficiency, and may explain 
rapid radiation of grasses during aridification 35 M years ago (Hetherington and Woodward 
2003). O3-impaired closing in a deciduous forest increased transpiration and reduced stream 
flow (McLaughlin et al. 2007). The fern, Nephrolepis exaltata, exhibited slower dynamics than 
angiosperms, associated with passive response (Franks and Farquhar 2007; Brodribb and 
McAdam 2011). Here we examine the dynamics of stomatal response to irradiance (alternating 
100 and 1600 µmol m-2 s-1) in the presence of short term exposure to O3 (0 or 100 ppb). The 
response of N. exaltata, differed in 3 ways from that of diverse angiosperms:  (1) closure was 
consistently slower than opening (3.6-fold; as half response time); in the angiosperms opening 
was slower (1.3 to 2.7-fold). (2) closing had a half time of nearly 20 minutes, 6 to 10-fold 
slower than the angiosperms. (3) there was little response to short term exposure to 100 ppb 
O3; while in cotton, opening was slowed by 2.7-fold and closure by 1.5-fold and in poplar, 
opening was slowed by 1.1-fold and closing by 1.5-fold. In cotton, slowing was linear up to 125 
ppb O3, but in poplar, it peaked at 50 ppb. If N. exaltata is O3 sensitive, slowing may be larger 
at lower O3. Detailed exploration of stomatal dynamics and O3sensitivity in ferns may provide 
insight into oxidant impacts on watershed hydrology. 

 
Poster 25 The impacts of abiotic stress and elevated CO2 on the gametophytes of 

Polystichum munitum: evidence for ecotypic differentiation across the 
coast redwood range. Max Israelit (Colgate University, USA)*, Zack 
Pitkowsky (Colgate University, USA), Dean Yeh (Colgate University, USA), 
Emily Burns (University of California Santa Cruz, USA), Jarmila Pittermann 
(University of California Santa Cruz, USA), James E. Watkins Jr. (Colgate 
University, USA) 

 
The western sword fern (Polystichum munitum  (D.C. Eaton) Maxon) is an evergreen species 
native to western North America. The species is an important component of the coast redwood 
(Sequoia sempervirens (Lambert) Endlicher ) ecosystem where it forms dense thickets in the 
understory. These thickets prevent erosion, alter humidity regimes, and may act as an 
ecological filter controlling overstory tree seed germination and/or seedling growth. Thus, 
perturbations to these fern populations may influence forest growth and regeneration. Climate 
change models predict that redwood forest will experience increased drought and 
temperatures, and decreased diurnal fog cover. We have a limited understanding of how such 
fluctuations will impact Polystichum munitum; however, data on sporophyte biology suggests 
that reduction in fog cover negatively impacts the species. We have little data on the 
gametophyte generation and no data on how this stage of the life cycle will be affected by 
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climate change. The goal of this study was to examine the gametophyte biology of Polystichum 
munitum across its range. Spores were field collected and gametophytes were cultured in 
laboratory setting. We examined spore germination and gametophyte growth across seven 
populations and focused on two populations with naturally contrasting microclimates to 
examine the impacts of abiotic stress: desiccation tolerance, light stress, and elevated CO2 on 
growth and chlorophyll fluorescence. We found evidence of ecotypic differentiation in several 
measured parameters suggesting that spore germination and gametophyte growth vary widely 
across the range, and that populations in drier habitats produce more stress tolerant 
gametophytes. We have also discovered a potential tradeoff between productivity and stress 
tolerance. The variation in stress physiology highlights the need for further study on how 
climate change will affect this ecologically important fern species. 

 
Poster 26 Copper tolerance and accumulation by Adiantum capillus-veneris L. 

gametophytes. Laura Guzmán-Cornejo (Universidad Autónoma 
Metropolitana Iztapalapa, Mexico), David Díaz-Pontones (Universidad 
Autónoma Metropolitana Iztapalapa, Mexico), Pedro Luis Valverde and 
Leticia Pacheco (Universidad Autónoma Metropolitana Iztapalapa, Mexico)* 

 
The copper (Cu2+) is a micronutrient needed for the growth, generation processes of energy 
and senescence in plants, but in concentrations higher than the optimal, copper is cytotoxic 
and produces oxidative stress. Its increment in soil is due in part, to   mining activities. The aim 
of this work was to study the toxic effect of copper in spore germination, morphological 
development and in dimensions of the gametophyte of Adiantum capillus-veneris.  Spores for 
cultures were taken from sporophytes collected in metal contaminated habitats; vouchers are 
deposited in UAMIZ. The spores were sown in Petri dishes with Thompson medium under five 
treatments of copper (13-77 µM) and a control. The gametophyte were grown in a controlled 
environment chamber illuminated with cool white fluorescent tubes and with photoperiod of 
16h light/8h dark, day/light temperature of 21-25°C. The development of the gametophytes 
was observed during nine weeks since the sowing, and the data was analyzed by means of a 
statistical proof of ANOVA (NCSS97) including morphometric parameters. A sample of 
gametophytes was fixed, dehydrated up to a critical point, and was observed in a scanning 
electronic microscope (SEM) of high field emission (Jeol-7600F) with an Oxford energy 
dispersive spectrometer (EDS).  Copper in concentrations of 54-66 µM diminishes the 
proportion of germinated spores, and delays the development of its gametophytes. In 
treatments with 13-30 and 77 µM, the length and width of the gametophytes diminish in 30% 
and 15% respectively in regard to the control. The proof SEM-EDS indicated that copper was 
installed mainly in the parenchyma cells of the gametophyte and in rhizoids. Copper in higher 
concentrations to 13 µM affects the growth of the gametophytes; however, the survival in such 
conditions, show the capacity of this species has innate metal tolerance and it may probably 
develope tolerance to heavy metals such as copper.  

 
Poster 27 Developmental morphology of dichotomous branching in the roots of 

lycophytes. Rieko Fujinami (Japan Women’s University, Japan)*, Atsuko 
Nakajima (Japan Women’s University, Japan), Ryoko Imaichi (Japan 
Women’s University, Japan) 

 
Lycophytes are the basal clade of extant vascular plants and are key for clarifying the evolution 
of three main organs of vascular plants: the stem, leaf, and root. The roots of lycophytes divide 
dichotomously in an exogenous fashion. This contrasts the monopodial branching of the roots 
of euphyllophytes (ferns and seed plants) with lateral roots of endogenous origin. We 
examined how the root apical meristem (RAM) divides dichotomously in Lycopodium clavatum. 
The L. clavatum RAM has a large group of common initial cells, which is similar to the open 
type of angiosperm RAM. To identify actively proliferating cells in the Lycopodium RAM, we 
used the 5-ethynyl-2'-deoxyuridine (EdU) detection technique, which incorporates a thymidine 
analog into DNA during DNA synthesis. This showed that there is a small region with no 
proliferating cells in the center of a zone of initial cells. This mitotically inactive region 
resembles the quiescent center of seed plants and is called “the QC-like center”. When the 
RAM branched, the QC-like center became wider and was divided in two by intervening 
meristematic cells. As a result, two new RAMs formed, so dichotomous branching of the root of 
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L. clavatum occurred by dividing one RAM into two, and was not associated with 
disorganization of the original RAM. This branching manner should be compared with the 
dichotomous branching of the “shoot” of L. clavatum to assess the evolutionary origin of shoots 
and roots in vascular plants. 

 
Poster 28 Evidence of primary hemiepiphytism in Pleopeltis bradeorum 

(Polypodiaceae). Susan Fawcett (University of Vermont, USA)*, Michael 
Sundue (University of Vermont, USA) 

 
Hemiepiphytism was documented in Pleopeltis bradeorum, (Polypodiaceae) at the La Selva 
Biological Station, Heredia, Costa Rica. Plants representing multiple stages of sporophyte and 
gametophyte development were observed, photographed, and collected. Gametophytes had 
germinated on the lower trunks of trees and sporophytes had made secondary root-contact 
with the soil. In contrast to other terrestrial climbers and hemi-epiphytes, which tend to have 
strongly dimorphic roots, the poorly differentiated roots of P. bradeorum are laterally inserted, 
with both clasping- and feeder roots originating from throughout the length of the rhizome. 
Careful documentation of growth habit and consideration of phylogenetic position will 
contribute to our understanding of the evolution of epiphytism. 

 
Poster 29 Structural characters of leaf epidermis and their systematic significance 

in Davalliaceae. Wang Fa-guo (South China Botanical Garden & Chinese 
Academy of Sciences, China)*, Ma Xiao-dong (South China Botanical 
Garden & Chinese Academy of Sciences, China), He Chun-mei (Guangdong 
Academy of Forestry, China), Wang Ai-hua (South China Botanical Garden & 
Chinese Academy of Sciences, China), Xing Fu-wu (South China Botanical 
Garden & Chinese Academy of Sciences, China) 

 
Based on the condition that classification in Davalliaceae was significantly controversial, leaf 
epidermis of 39 species representing 6 genera of Davalliaceae in the classification system of 
Ching RC was observed using scanning electron microscopy (SEM) for the first time. It was 
showed that Davalliaceae had 9 types of cuticular layer, supported the classification opinion of 
Kato M & Tsutsumi C. Humata had dense structures of pinholes; Wibelia had thick humps in 
stripes which were orderly arranged, fine and compact; Davallodes had many types of cuticular 
layer, required further subdivision under the genus. The research also discussed the 
relationship among many relative species on basis of cuticular layer character. The character 
of cuticular layer was key evidence which could be used among genera and under genera for 
classification in Davalliaceae. However, both the shape of guard cells and the stomatal density 
couldn’t be used as evidence for classification of genera and species in Davalliaceae. 

 
Poster 30 Detection of cryptochlorophyllous spores of ferns. Mei Hwei Tseng 

(University of Taipei, Taiwan), Kuei Huei Lin (University of Taipei, Taiwan), Yi 
Jia Huang (University of Taipei, Taiwan), Ya Lan Chang (Dr. Cecilia Koo 
Botanic Conservation Center, Taiwan), Yao Moan Huang (Taiwan Forestry 
Research Institute, Taiwan)* 

 
Fern spores have been traditionally classified as chlorophyllous and nonchlorophyllous spores. 
Recently, the third type - cryptochlorophyllous spore which is nongreen under white light but 
contains chlorophyll was found. Epifluorescence microscopy was previously used to detect the 
chlorophyll in cryptochlorophyllous spores. In this study, except for epifluorescence 
microscopy, it is evidenced that absorption spectra and fluorescence spectra are reliable 
methods for detection of chlorophyll of cryptochlorophyllous spores. Cryptochlorophyllous 
spores showed red fluorescence under epifluorescence microscopy, two major absorption 
bands in the visible range (red band and blue band) on absorption spectra, and red 
chlorophyll-flourescence-emission spectra (two maxima in the 690 and 735 nm regions). 
Similar phenomenon existed in chlorophyllous spores but not in nonchlorophyllous ones of 
ferns. Among ca. 400 studied ferns native to Taiwan, only three species Colysis wrightii 
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(Hook.) Ching, Microsorium burgerianum (Miq.) Ching and M. fortunei (T. Moore) Ching 
(Polypodiaceae) were documented to produce cryptochlorophyllous spores. 

 
 
 
 
 
 
 
 



Detailed program and abstracts, TUESDAY, 2 June 2015 

23 

8:00 AM MORNING COFFEE. Atrium Café (NMNH ground floor) 
 
8:00 AM REGISTRATION. Entrance to Baird Auditorium (NMNH ground floor) 
 
8:30 AM BIOGEOGRAPHIC PATTERNS AND PROCESSES OF SPECIATION AND 

HYBRIDIZATION IN SPORE-BEARING PLANTS. Colloquium organized by: 
Paul G. Wolf (Utah State University, USA), Tom A. Ranker (University of 
Hawai‘i at Mānoa, USA) 

 
8:30 AM Migration and extinction in the history of polyploid fern species and 

their progenitors. David S. Barrington (University of Vermont, USA) 
 

A consideration of the biogeography of polyploid complexes across latitudes, with reference to 
climate and topography, yields insights into ecological constraints on their history. An array of 
reticulate complexes from the North Temperate has traditionally governed our understanding 
of the origin and fate of sexual allopolyploids. There, the geographic ranges of diploid 
progenitors and their polyploid derivatives vary in both size and overlap. The youngest 
derivatives have small ranges in conjunction with their progenitors; broader-ranging derivatives 
often exceed their progenitors in range size and cease to be in conjunction with one or both. 
One or both progenitors are missing for some allopolyploids with exceedingly broad ranges; 
thus it has been argued that derivative polyploids displace their progenitors over time. The 
proposed success of these derivatives may lie in their fixed-heterozygote genomes—which 
may counter inbreeding and genetic drift, especially during rapid periglacial climate change. 
The selfing reproductive biology typical of the polyploids also confers a potential advantage. In 
the tropics, the few polyploid complexes are largely limited to higher elevations, so that 
orogenic histories figure prominently in the observed geographic distributions. The few austral 
polyploid complexes are of particular interest. A clade of austral species in the genus 
Polystichum includes no diploid species, a pattern also reported for New Zealand Asplenium. 
An exploration of Pleistocene and Holocene climate in southern continents, in the context of 
landforms there, yields insights into the lost diploids of the South.  

 
9:00 AM Dispersal and colonization in heterosporous lycophytes: some 

palynological and biogeographical remarks on Mediterranean Isoetes. 
Angelo Troia (Università degli Studi di Palermo, Italy) 

 
Several studies have been made, in the last years, on dispersal in ferns: they focused mainly 
on homosporous pteridophytes, which after all represent the great part of the living species; 
less attention has been paid to heterosporous pteridophytes, even less to heterosporous 
lycophytes. Within this group, dispersal in the heterosporous genus Isoetes has been the 
subject of some, mainly anecdotal or occasional, observations, with different conclusions for 
aquatic and terrestrial species. As a preliminary investigation, data and information regarding 
this subject, published in some way in the last two centuries, have been collected, with a 
special attention to terrestrial species. Then, a case study in the Mediterranean area is 
presented: in the geographical context given by the island of Sicily with its satellite islets and 
archipelagos, the distribution of Isoetes species was analyzed to verify if any of them occurred 
in the oceanic (“thalassogenous”) islands, never connected to the mainland. The only species 
revealed to be able to cross the geographical and ecological barrier represented by the sea 
(and in general by unsuitable habitats) and colonize the islands was Isoetes durieui Bory, a 
terrestrial polyploid species. Considerations on morphological adaptations of the spores are 
presented, together with hypothesis about the possible dispersal mechanisms and mating 
system of the species. 

 
9:15 AM Integrating ancestral area reconstruction and ecological niche modeling 

to assess biogeographical patterns in the parsley ferns 
(Cryptogramma). Jordan S. Metzgar (University of Alaska Museum of the 
North, USA)*, Kathleen M. Orndahl (Bureau of Land Management, USA), 
Stefanie M. Ickert-Bond (University of Alaska Museum of the North, USA) 
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We examined the biogeographic history of the circumboreal parsley ferns (Cryptogramma) and 
calculated the ages of key nodes within the cryptogrammoid clade (Llavea-Coniogramme-
Cryptogramma) to better understand the climatic and geological settings for its diversification. 
This study utilizes a six locus plastid data set representing eight Cryptogramma species and 
32 accessions from throughout the distributional range, six outgroup taxa and divergence time 
estimates calculated using a relaxed-clock model with two secondary constraints. The 
obtained chronogram and distribution data were used to infer ancestral ranges using likelihood 
methods (Lagrange). These reconstructions support an east Asian origin for the 
cryptogrammoid ferns and for crown group Cryptogramma in the mid-Oligocene. Most 
speciation events in crown group Cryptogramma occurred in the Pliocene after a subsequent 
dispersal to western North America. The youngest stem age estimate for the Beringian 
allotetraploid taxon C. sitchensis is inferred in the Pleistocene at 0.2 Ma. The only South 
American species, C. fumariifolia, results from a single long-distance dispersal event from east 
Asia. We contrasted these inferences with a Bayesian ancestral range reconstruction of the 
same plastid data set, implemented in the program BayArea. We also coupled specimen 
occurrence records with environmental data to generate ecological niche models for each 
taxon and converted these into the global range for each taxon, with presence/absence 
projected for ~1500 possible areas. These range estimates were analyzed in BayArea to 
generate a highly-resolved estimate of ancestral range occupancy at each node. This 
approach provides a novel, independent means to assess DNA-based reconstructions of 
previous geographic ranges. Well-established phylogenetic relationships and a broad 
geographic range spanning many common plant dispersal routes makes the cryptogrammoid 
ferns an excellent test case for examining diversification patterns in ferns. 

 
9:30 AM Biogeographic patterns and processes of speciation in the 

Polypodiaceae. Michael Sundue (University of Vermont, USA)*, Weston 
Testo (University of Vermont, USA), Barbara Parris (Fern Research 
Foundation, New Zealand), Clifford Morden (University of Hawaii, USA), Tom 
Ranker (University of Hawai‘i at Mānoa, USA) 

 
Biological radiations are an important process driving the patterns of diversity across the tree 
of life. One of the major radiations in Earth’s history is the rise to dominance of angiosperms 
during the Cretaceous which facilitated the subsequent diversification of vascular epiphytes. 
Among the most successful epiphytic groups is the Polypodiaceae, a derived clade of ferns 
that comprises an estimated 1500 species and displays a remarkable breadth of morphological 
and ecological diversity. Using a time-calibrated phylogeny for 417 species, we characterize 
macroevolutionary patterns in the family, identify shifts in diversification rate, and identify traits 
that are potential drivers of diversification. We also reconstruct global patterns of 
bieogeography. These results support several large-scale patterns: 1) a monophyletic 
grammitid clade that arose among Neotropical polypod ancestors about 31.4 Ma; 2) a 
paraphyletic assemblage of clades distributed in the Neotropics and the Afro-Malagasy region; 
3) a large clade distributed throughout the Asia-Malesia-Pacific region that originated about 
23.4 Ma; and, 4) an Australian origin of the circumaustral genus Notogrammitis. Repeated 
successful exploration of novel habitat types, rather than morphological innovation, appears to 
be the primary driver of diversification in this group. 

 
9:45 AM How to settle in Madagascar? Towards a better understanding of the 

biogeographic origin of the Malagasy fern lineages. Lucie Bauret 
(Muséum National d’Histoire Naturelle, France)*, Myriam Gaudeul (Muséum 
National d’Histoire Naturelle, France), Marc-André Selosse (Muséum 
National d’Histoire Naturelle, France), Germinal Rouhan (Muséum National 
d’Histoire Naturelle, France) 

 
Madagascar is a biodiversity hotspot housing about 12000 vascular plant species. Among 
these, >600 ferns and lycophytes are recorded, characterized by 40% of endemism, and these 
numbers could still increase given the incomplete knowledge of this diversity. How can we 
explain this high diversity and endemicity? Where do these ferns and lycophytes lineages 
originate from? The Gondwanan origin of Madagascar allows vicariance hypotheses to be 
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postulated to explain the current flora. However, long distance dispersal (LDD) events are also 
likely given the ability of ferns to easily disperse by spores, and species may have diversified in 
situ after LDD. The development of worldwide phylogenetic studies of fern genera including 
Malagasy taxa now allows investigating the origin of this hotspot of diversity. Our review of the 
literature suggests LDD as the major process, with ancestors from the Neotropics, Africa or 
Asia (e.g. for, respectively, Elaphoglossum, Cyathea and Pteris). More gradual, stepping-stone 
dispersal via Africa or other islands in the Western Indian Ocean may also be involved. 
However, because this literature remains scarce, we launched a biogeographic meta-analysis 
based on dated molecular phylogenies for several genera (Blechnum, Lindsaea, Pteris, 
Rumohra, Huperzia…), including as many Malagasy taxa as possible. Preliminary results on 
the Western Indian Ocean grammitid ferns (9 genera and 40 species) suggest the occurrence 
of at least 10 LDD events into the region in the last 30 My. These LDD events are mainly from 
the Neotropics, four events being followed by species diversification, especially in Madagascar 
within the two genera Grammitis and Zygophlebia that count 14 and 8 species. As a second 
step of our study, we will analyse the Malagasy ferns assemblage: are some lineages 
statistically over- (or under-) represented compared to their worldwide abundance? Can we 
identify some life-history or morphological traits linked with the successful LDD to 
Madagascar? 

 
10:00 AM COFFEE BREAK. Atrium Café (NMNH ground floor) 
 
10:30 AM BIOGEOGRAPHIC PATTERNS AND PROCESSES OF SPECIATION AND 

HYBRIDIZATION IN SPORE-BEARING PLANTS (CONTINUED). Colloquium 
organized by: Paul G. Wolf (Utah State University, USA), Tom A. Ranker 
(University of Hawai‘i at Mānoa, USA) 

 
10:30 AM Patterns of genetic variation in populations of independent 

gametophytes of Crepidomanes intricatum (Hymenophyllaceae) using 
genotyping-by-sequencing. Aaron M. Duffy (Utah State University, USA)*, 
Donald R. Farrar (Iowa State University, USA), Paul G. Wolf (Utah State 
University, USA) 

 
Crepidomanes intricatum (Hymenophyllaceae) is a filmy fern known only from asexually 
reproducing gametophyte populations in the Appalachian Mountains of eastern North America. 
Because the species has no obvious means of long-distance dispersal and there is evidence 
that even short-distance dispersal is limited, it is not clear how these populations were founded 
and reached their current distribution. Several hypotheses have been proposed, including 
recent dispersal of spores from unidentified sporophytes living in North America or elsewhere, 
ancient dispersal of spores from sporophytes that have since gone extinct, or possible hybrid 
origins. Previous attempts to understand the population genetics of C. intricatum were limited 
by the lack of variable allozyme or chloroplast markers. Here, we use a genotyping-by-
sequencing method, which allows for the identification of thousands of single nucleotide 
polymorphisms (SNPs) with no prior knowledge of the genome. We use over 2000 SNP loci to 
show patterns of genetic variation among gametophytes collected from locations spanning the 
known range of the species, and discuss what the variation at different geographic scales 
suggests about its establishment, gene flow, and evolutionary potential. 

 
10:45 AM Population differentiation and countergradient selection in the asexual 

fern Vittaria appalachiana. Sally Stevens (University of Florida, USA) 
 

In response to the Pleistocene glaciations a number of eastern North American fern species 
are believed to have shifted into large recesses within sandstone rock outcroppings that are 
patchily distributed throughout the Appalachian Mountain Range and Plateau. A member of 
this flora is Vittaria appalachiana, only known to exist in the gametophytic stage. This species 
reproduces asexually via multicellular structures known as gemmae that are produced along 
the margin of the thallus, and dispersal of the gemmae is predominately local. The asexual 
nature and limited long-distance dispersal potential within this species may have generated a 
species geographic range that is composed of multiple populations that never interact. 
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Therefore, it is possible that populations of V. appalachiana have become adapted to the local 
climatic conditions experienced since the Pleistocene glaciation. To test this hypothesis, we 
conducted a reciprocal transplantation experiment using six populations that collectively span 
the species’ latitudinal geographic range. Results from this study indicate that populations 
differ from one another, but most are not locally adapted. Rather, we see evidence of counter 
gradient selection, indicating that individuals from the most northern population perform better 
than individuals from other populations in the transplant destinations. We conducted a follow-
up study to determine the potential mechanism driving population differentiation. Results 
indicated that population-level physiological responses to desiccation tolerance also show 
evidence of counter gradient selection. This response may be elicited because physiological 
responses to desiccation and cold stress are often similar; therefore, this countergradient 
selection may be driven by the physiological ability of the northern population to tolerate cold 
temperatures. 

 
11:00 AM The separation of generations: on the biogeography of long-lived fern 

gametophytes. Jerald Pinson (University of Florida, USA) 
 

Ferns and lycophytes are distinct among plants in producing two free-living life stages. 
Generally these life stages are represented by a long-lived sporophyte and a short-lived 
gametophyte. Notably, however, about 10% of fern species are able to produce long-lived 
gametophytes that are capable of vegetative reproduction. While most of these species are 
restricted to tropical habitats, a few species have extended their range into more temperate 
areas; in the northern limits of their ranges, however, they are typically seen growing mainly or 
only as gametophytes. It is currently thought that this pattern is due to the ability of 
gametophytes to tolerate a wider range of environmental conditions than their respective 
sporophytes. While these ferns comprise a relatively small amount of monilophyte diversity, 
this pattern of a spatial separation of generations has evolved several times in ferns, and 
examples can be found around the world. The aim of this review is to make an account of the 
biogeography of all known species of ferns that can forego the sporophyte generation, either 
completely or in portions of their geographic range. Special note will be made of specific 
biological features that distinguish each species, their ecology, and the phylogenetic 
relationships among them. 

 
11:15 AM Exploring genotypic diversity in widespread apomictic species: a case 

study in the xeric-adapted fern, Myriopteris lindheimeri (Pteridaceae). 
Amanda L. Grusz (Smithsonian Institution, USA)*, Jerald B. Pinson 
(University of Florida, USA), Michael D. Windham (Duke University, USA) 

 
Apomixis, polyploidy, and hybridization are ubiquitous in the evolutionary history of ferns. This 
is especially true of cheilanthoid ferns, which combine these processes in an evolutionary 
gambit to occupy environments too dry for most ferns. Among these strategies, apomixis is 
perhaps the most critical in xeric habitats; it allows for the production of a new sporophyte 
directly from gametophytic tissue without fertilization, thus eliminating the need for a film of 
water to facilitate delivery of sperm to egg. All apomictic cheilanthoids examined to date have 
proven to be polyploid, and while some have been shown to be interspecific hybrids, many 
others appear to have arisen from cryptic sexual diploid populations belonging to the same 
species. Despite the obvious benefits of apomixis to xeric-adapted ferns, there is considerable 
debate regarding the amount of genetic variability to be expected and the ultimate evolutionary 
fate of these organisms. Here, we focus on one species, Myriopteris lindheimeri, as a model 
for understanding the genetic attributes of apomictic xeric-adapted ferns. With a broad range 
extending from southern Mexico to the southwestern USA, M. lindheimeri originally was 
thought to be uniformly apomictic and genetically depauperate. Using a variety of datasets and 
incorporating information from herbarium specimens and field-collected populations, our 
analyses reveal substantial genotypic diversity within this species. Our results highlight the 
value of diverse datasets for uncovering undetected cradles of diversity within apomictic 
lineages and their sexual progenitors. 

 
11:30 AM Diversity and biogeography of Megalastrum (Dryopteridaceae). Robbin 

C. Moran (New York Botanical Garden, USA)*, Germinal Rouhan (National 
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Museum of Natural History, France), Michael A. Sundue (University of 
Vermont, USA), Eric Schuettpelz (Smithsonian Institution, USA), Judith 
Garrison-Hanks (Marymount Manhattan College, USA), Alejandra Vasco 
(Universidad Nacional Autónoma de México, Mexico), Paulo E. Labiak 
(Federal University of Parana, Brazil), Jefferson Prado (Instituto de Botânica, 
Brazil) 

 
Ninety-one species of Megalastrum were recognized in a recent series of geographically based 
monographs of the genus. In these works, 37 of the species (40% of total) were described as new. The 
genus occurs primarily in the Neotropics (81 species) but is also present in Africa (1 sp.), Madagascar and 
nearby islands (3 spp.), and between 35–45° South in Chile and various oceanic islands in the southern 
Atlantic and Indian Oceans (7 spp). Nearly all the species are montane and grow terrestrially in wet, 
shaded forests. A phylogenetic study resolved Megalastrum as sister to Rumohra, with these together in 
turn sister to Lastreopsis. These three genera are sister to Parapolystichum, forming a clade that we refer 
to as the “lastreopsid ferns.” Within the lastreopsid ferns, Megalastrum is distinguished by erect or 
decumbent rhizomes, a distinctive venation pattern in the distal portions of the pinnae, and spores with a 
spiny perine. Within Megalastrum, two species endemic to the Mascarene Islands were resolved as sister 
to all other species in the genus. The Mascarene species are characterized by the synapomorphies of 
perforate perines. The remaining species in the genus form several large clades that correspond well to 
geography and perine morphology. The single species from Africa, M. lanuginosum, is nested in a clade 
that is otherwise almost entirely endemic to southern Brazil. Thus, it provides an example of long-distance 
dispersal from the Neotropics to Africa. Another clade, which consists of seven species, is distinctive by 
occurring at mid-southern latitudes in Chile and various oceanic islands. The largest clade consists of 
species from the West Indies, Central America, and South America. It is characterized by perines with 
long, parallel crests or folds. 

 
11:45 AM LUNCH BREAK 
 
1:15 PM CONTRIBUTED PRESENTATIONS 
 
1:15 PM Molecular and morphological systematics of the Lycopodiaceae 

subfamily Huperzioideae: a case for the genera Huperzia, 
Phlegmariurus and Phylloglossum. Ashley R. Field (James Cook 
University & Queensland Herbarium, Australia)*, Weston Testo (University of 
Vermont, USA), Peter D. Bostock (Queensland Herbarium, Australia), Joseph 
A. M. Holtum(James Cook University, Australia & Smithsonian Tropical 
Research Institute, Panama), Michelle Waycott (James Cook University & 
University of Adelaide & State Herbarium of South Australia, Australia), 
Andrew Thornhill (James Cook University, Australia) 

!
The generic classification of huperzioid Lycopodiaceae was tested using mixed-model 
Bayesian inference phylogenetic analysis, maximum likelihood and maximum parsimony 
analysis of 30 phenotypic characters and DNA sequences from one nuclear and five 
chloroplast loci for 291 taxa. Consistent with previous studies, the subfamilies Lycopodioideae 
and Huperzioideae are monophyletic and they exhibit multiple synapomorphies that correlate 
with differences in their life-history strategies. Within the Huperzioideae, the monophyly of the 
widely adopted genus Huperzia sensu Øllgaard (1987) is poorly supported. Three clades of 
huperzioid Lycopodiaceae were recovered in all analyses of molecular data: Phylloglossum 
drummondii, Huperzia s.s. and Phlegmariurus. These clades are also well supported by 
morphological characters, including differences in spores, gametophytes, sporophyte macro-
morphology, as well as growth habit and life-history strategies. Our findings indicate that with 
either a one-genus classification (Huperzia s.l. e.g. Christenhusz et al. 2011) or a three-genus 
classification (Phylloglossum, Huperzia s.s. and Phlegmariurus s.l. e.g. Øllgaard 2012 & Field 
& Bostock 2013) of huperzioid Lycopods are equally supported by molecular evidence, but a 
two-genus system (Huperzia s.l. + Phylloglossum) is not. We recommend recognizing three 
genera in the huperzioid Lycopodiaceae, as this classification best reflects evolutionary, 
ecological, and morphological divergence within the lineage. 
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1:25 PM A classification of Selaginella (Selaginellaceae) based on molecular 
(chloroplast and nuclear), macro-morphological, and spore features. Li-
Bing Zhang (Missouri Botanical Garden, USA)*, Xin-Mao Zhou (Chengdu 
Institute of Biology & Chinese Academy of Sciences, China) 

 
The largest genus of seed-free vascular plants Selaginella alone constitutes the family 
Selaginellaceae, the largest of the lycophyte families. The genus is estimated to contain ca. 
800 species distributed on all continents except Antarctica, with its highest species diversity in 
tropical and subtropical regions. The monophyly of Selaginella in this broad sense has rarely 
been doubted, while its intrageneric classification in contrast has notoriously been contentious. 
In present study, based on chroroplast and nuclear DNA evidence, macro-morphology, spore 
features, and/or distribution information, a classification of Selaginella is proposed. 

 
1:35 PM The evolutionary history of allotetraploid Selaginella rupincola 

(Selaginellaceae). Stacy A. Jorgensen (University of Arizona, USA)*, 
Michael S. Barker (University of Arizona, USA) 

 
Selaginella subg. Tetragonostachys represents a monophyletic group of drought-adapted 
plants with a center of diversity in the southwestern United States and northern Mexico. 
Among the species of subgenus Tetragonostachys, Selaginella rupincola is an allotetraploid 
abundant in the Madrean Sky Islands, a biogeographical area of interest due to high 
biodiversity and susceptibility to anthropogenic disturbance. The hypothesized progenitors of 
S. rupincola are diploids S. mutica and S. underwoodii. This relationship is based on 
morphological data and sequence data from a single nuclear marker. The current work aims to 
more clearly elucidate the evolutionary history of S. rupincola by leveraging the transcriptomes 
of a group of candidate progenitors to identify parental taxa. Analyses of nuclear gene family 
phylogenies are also used to infer the relative contribution of each parental genome to S. 
rupincola. Obtaining a clear picture of the progenitor genomes found within S. rupincola will 
inform further inquiry into polyploid evolution in this species. 

 
1:45 PM Disentangling the phylogeny of Isoetes. Eva Larsén (Stockholm 

University, Sweden)*, Catarina Rydin (Stockholm University, Sweden) 
 

Isoetes is a genus of heterosporous lycopsids with around 150-200 extant species with 
cosmopolitan distribution. It is the only remaining representative of the rhizomorphic lycopsids, 
an ancient clade that historically was more diverse and includes the famous tree lycopods from 
the Carboniferous period, such as Lepidodendron. The modern species have a reduced plant 
body with very restricted apical growth and occur either fully submerged or in semi-aquatic 
habitats, but a few terrestrial species also exist. There is very little morphological and 
molecular divergence between species, despite the worldwide distribution and probable 
Palaeozoic origin of the family. Phylogenetic analysis of the genus based on molecular data 
has been further complicated by the distant relationship to the sister group Selaginella. And 
despite efforts to determine the relationships between Isoetes species based on morphology 
and molecular data, the phylogeny, biogeography, and divergence times of clades within the 
genus are still not well understood. We add to the previous endeavours and I will discuss the 
major relationships within Isoetes and a first assessment of divergence times of clades. The 
results indicate that the crown group is surprisingly old, despite the low molecular and 
morphological divergence among species. 

 
1:55 PM DNA sequences identify cryptic species of quillworts (Isoetes L.). 

Elizabeth Zimmer (Smithsonian Institution, USA)*, W. Carl Taylor 
(Smithsonian Institution, USA), and Gabriel Johnson (Smithsonian Institution, 
USA) 

 
Isoetes louisianensis is a tetraploid species, once thought to be threatened and described from 
a single population at Thigpen Creek in St. Tammany Parish. Recently, at least three other 
populations denoted as I. louisianensis were discovered in nearby Mississippi. DNA 
sequences for the single copy nuclear gene LEAFY intron 2 were obtained from individuals 
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from each of the four tetraploid populations and from three diploid species thought to be 
possible donor genomes of I. louisianensis. Phylogenies were obtained from the cloned 
LEAFY sequences of the tetraploids and the directly sequenced diploids. One Mississippi 
population was derived from the same two diploids as the type species of I. louisianensis. 
However, two other populations were differently derived from the three possible diploid 
parents. These findings may need to be taken into consideration when efforts to conserve I. 
louisianensis are developed.  

 
2:05 PM Looking for morphological evidence to a phylogenetic generic 

delimitation in Ophioglossaceae. Esteban I. Meza Torres (Instituto de 
Botánica del Nordeste, Argentina) 

 
The family Ophioglossaceae R.Br. is characterized mainly by presenting a frond divided into 
two parts, a fertile one which carries the sporangia, called the sporophore, and another sterile 
called trophophoro. This family has probably 55-70 species worldwide. The generic systematic 
level is very variable according the different authors, recognizing between four to seven 
genera. A widely used criterion recognizes only the genera Botrychium Sw., Helminthostachys 
Kaulf. Mankyua B.Y.Sun, M.H.Kim & C.H.Kim, and Ophioglossum L. Recently, molecular 
phylogenetic analysis has resulted in groups of species that can be delimited in monophyletic 
genera. But, what genera should be used to denominate the resulting clades, and which 
morphologic characters could characterize these genera? Based on morphological characters, 
seven genera are proposed, which are consistent with clades. The genera related to 
morphological characters that support the delimitation are: Botrychium: glabrous plants, free 
venation with a degree of anastomosis in the veins near the rachis; Botrypus: contractile-like 
roots, with lateral branchings in monopodial like pattern, rudimentarily circinate or bent 
vernation, leaf hairy, at least on primordia stage, forked venation, without anastomoses or not; 
Helminthostachys: pinnate, parallel 1-forked venation; Mankyua: angiostroma branched 1 or 2 
time near base, almost sessile; Ophioderma (Blume) Endl.: epiphytic plants, roots with 
dichotomous branches, rhizomatic indumentum with articulate, branched, and brown hairs, leaf 
blade furcate, multiple angiostromas for sporophore; and Ophioglossum: unbranched roots, 
conduplicate, moderate circinate vernation, entire leaves, single angiostroma for sporophore. 
The names Botrypus and Ophioderma should be used by priority principle.  

 
2:15 PM BREAK 
 
2:25 PM CONTRIBUTED PRESENTATIONS (CONTINUED) 
 
2:25 PM Phylogeny of Deparia (Athyriaceae) and characterization of its infra-

generic lineages. Li-Yaung Kuo (National Taiwan University, Taiwan)*, 
Atsushi Ebihara (National Museum of Nature and Science, Japan), Masahiro 
Kato (National Museum of Nature and Science, Japan), Chun-Neng Wang 
(National Taiwan University, Taiwan), Wen-Liang Chiou (Taiwan Forestry 
Research Institute, Taiwan) 

 
Deparia, including the previously recognized genera Lunathyrium, Dryoathyrium (= 
Parathyrium), Athyriopsis, Triblemma, and Dictyodroma, is a fern genus comprising around 70 
species in Athyriaceae. In this study, we reconstructed a robust Deparia phylogeny based on a 
combined dataset of four chloroplast regions (rps16-matK IGS + trnL-L-F + matK + rbcL) with 
comprehensive taxon sampling (~85% of species), that captures the morphological diversity 
displayed in the genus. In this phylogeny, all Deparia species formed a highly-supported 
monophyletic group sister to other athyrioids (i.e., Athyrium s. l. + Diplazium). Within Deparia, 
seven major clades were identified, and were characterized by inferring their synapomorphies 
using several morphological characters including leaf architecture, petiole base, rhizome type, 
soral characters, perispore, and indument. These results provided the basis for an infra-
generic taxonomic revision of Deparia. Our investigation of character evolution provides the 
basis for advanced research on fern morphological adaptation in the future. 
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2:35 PM Woodsia—disentangling an intricate network of promiscuous ancestry. 
Michael D. Windham (Duke University, USA)*, Anders Larsson (Uppsala 
University, Sweden), Petra Korall (Uppsala University, Sweden) 

 
Here we present the first phylogenetic analyses of Woodsia to include nearly all accepted 
species. These analyses, based on five plastid (atpA, atpB, matK, rbcL and trnG-R) and two 
nuclear (pgiC and RPA2) regions, identify approximately 30 well-supported lineages resulting 
from divergent speciation. Based on newly available chromosome counts, spore 
measurements, and observations of allele numbers at the nuclear loci, we have identified 
extant diploid taxa in 16 of these lineages; our sampling of the other 14 lineages appears to be 
entirely polyploid. With data from over 150 terminals, it is clear that reticulate speciation has 
been a potent force in the evolution of Woodsia, which has had its biodiversity augmented by 
innumerable hybridization and polyploidization events. One example where the parent taxa are 
known involves the three circumboreal species: the diploids Woodsia ilvensis and W. glabella 
and the tetraploid W. alpina. We show that W. alpina is (as has been suggested earlier) an 
allopolyploid hybrid between the two diploid species. Furthermore, we show that Woodsia 
alpina has arisen at least twice, with W. ilvensis being the maternal parent in some populations 
and W. glabella functioning as the mother in others. 

 
2:45 PM Utilizing the PacBio next-generation sequencing platform to unravel 

hybrid polyploid complexes. Carl J. Rothfels (University of California at 
Berkeley, USA)*, Kathleen M. Pryer (Duke University, USA), Fay-Wei Li 
(Duke University, USA) 

 
Polyploid complexes have been very difficult to study with phylogenetic approaches, in part 
because data collection for these groups is challenging. Plastid markers show only the 
maternal pattern of descent so are unable to provide a full picture of the evolutionary history of 
allopolyploids, and single-copy nuclear markers require laborious (and expensive) cloning 
approaches or the design of homeolog-specific primers in order to be useful. Here we describe 
a method utilizing PacBio single-molecule sequencing to generate sequences from all 
homeologs for a set of focal loci across multiple accessions, and demonstrate its effectiveness 
in unraveling particular nasty polyploid complexes in the Cystopteridaceae. A single PacBio 
run costs approximately $650, and can generate sequences for at least four loci (each 1kp 
long) for approximately 50 polyploid accessions, making this an economical and time-effective 
method to generate single-copy nuclear data for polyploids, applicable to any group where 
PCR primers are available. 

 
2:55 PM Exploring species diversity of Polystichum (Dryopteridaceae) in 

Vietnam. Ngan Thi Lu (Vietnam National Museum of Nature, Vietnam)*, 
Liang Zhang (Chengdu Institute of Biology, China) & Li-Bing Zhang (Missouri 
Botanical Garden, USA) 

 
The fern genus Polystichum (Dryopteridaceae) is one of the largest genera of ferns. It is 
estimated to contain about 500 species. Species of Polystichum commonly occur in temperate 
and subtropical regions, in lowlands and montane to alpine areas, most diverse in the Northern 
Hemisphere, especially in southwestern and southern China. Polystichum is one of the largest 
genera of ferns in Vietnam with 14species listed in previous studies. Our recent fieldwork in the 
past two years and herbarium investigations show that there are about 31 species of 
Polystichum in Vietnam, including about 10 new records and a few undescribed species. 

 
3:05 PM Apomixis and biodiversity: insight from holly fern subgroup 

Xiphopolystichum in China. Nikisha Patel (University of Vermont, USA)*, 
David Barrington (University of Vermont, USA) 

 
The fern genus Polystichum (Dryopteridaceae) has a cosmopolitan distribution with a center of 
diversity in Asia, where species diversity is notably rich in apomictic lineages, most of which 
are in section Xiphopolystichum. The section, a monophyletic lineage comprising 15 species 
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with four thus far identified as apomicts, is an ideal study system for understanding the origins 
and evolutionary significance of apomictic lineages. Asexual lineages are often polyploid and 
arise by hybridization, and the potential hybrid origins of apomicts in the Xiphopolystichum are 
so far unexplored. Some cytological evidence and guard cell size as a proxy for ploidy, as well 
as a preliminary plastid phylogeny, suggested to us that Xiphopolystichum is a highly reticulate 
lineage with an array of apomicts sharing a single diploid progenitor, Polystichum revolutum. 
The present study samples Polystichum sect. Xiphopolystichum in its entirety to identify 
potential progenitors of known apomicts P. tsus-simense, P. xiphophyllum, P. neolobatum, and 
P. luctuosum. Chloroplast (trnL-F, RPS4-trnS, and rbcL) and nuclear (gapCp, PGiC, and ITS) 
markers reveal the likely hybrid origins of each apomictic lineage and that P. revolutum is, in 
fact, a likely progenitor to multiple apomictic lineages.  

 
3:15 PM COFFEE BREAK. Atrium Café (NMNH ground floor) 
 
3:45 PM FUTURE CHALLENGES OF FERN AND LYCOPHYTE ECOLOGY: A CALL 

FOR CONSERVATION AND COLLABORATION IN THE NEXT 
GENERATION. Colloquium organized by: Klaus Mehltreter (Instituto de 
Ecología A. C., Mexico), James E. Watkins Jr. (Colgate University, USA) 

 
3:45 PM Future challenges of fern and lycophyte ecology: a call for conservation 

and collaboration in the next generation. Klaus Mehltreter (Instituto de 
Ecología A. C., Mexico) 

 
Ecological studies of ferns and lycophytes have lagged behind morphological, taxonomical, 
molecular and biochemical research in both plant groups for decades. However, advances in 
those other research areas have provided an enormous body of knowledge and valuable 
background information for current and future ecological studies. There is an urgent need for 
ecological studies of ferns, because habitat destruction is advancing at a faster rate than field 
research of this plant group. Many field studies already suffer from a lack of natural habitats as 
control sites, because almost all environments have been directly altered or indirectly 
influenced by human activities. Many classic research problems are still unsolved such as the 
reasons for the vulnerability of specific fern species, the possibility for secondary dispersal of 
spores by other means than wind, and the assumed underutilization of ferns by herbivores. 
Current research questions are often a consequence of the direct environmental impact of 
human society. For instance, does climate change affect ferns in the same way as 
angiosperms? For a faster progress in fern ecology, more collaborative efforts are needed to 
study important ecological questions simultaneously at larger spatial and temporal scales. For 
a successful collaboration, the next generation of fern ecologists has to agree on those 
important research questions as well as methodological data standards for ferns and efficient 
data sharing mechanisms. 

 
4:00 PM Not dead yet: the seasonal water relations of California perennial ferns 

during an exceptional drought. Jarmila Pittermann (University of California 
Santa Cruz, USA)*, Alex Baer (University of California Santa Cruz, USA), 
James K. Wheeler (University of California Santa Cruz, USA) 

 
Mediterranean climates are generally characterized by winter rains followed by an extended 
water deficit over the summer season and into fall. Plants in these regions are under selection 
for drought tolerance or drought avoidance, but the mechanisms by which ferns cope with the 
prolonged water-deficit have received little attention. In coastal California, the mediterranean-
type climate supports extensive Coast Redwood (Sequoia sempervirens) forests with a well-
developed understory of ferns dominated by Dryopteris arguta and Polystichum munitum 
(Dryopteridaceae), both of which are perennial. The goal of this study was to characterize the 
seasonal water relations of these ferns in terms of water potential, hydraulic transport capacity, 
transpiration and recovery from drought. Collected over a 16-month period, our data indicate 
that mid-day water potentials closely track seasonal water availability but can drop below -3 
MPa during extreme water deficit. As expected, the hydraulic conductivity of the stipe and the 
stomatal conductance of the pinnae are reduced with more negative water potentials, but both 
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variables recover to near maximum capacity within eight hours of rehydration, as observed 
both in the field and in controlled dehydration-rehydration experiments. California's ongoing 
drought has compromised the health of the fern understory throughout the Coast Redwood 
range; southern populations of both P. munitum and D. arguta were nearly eradicated in 2014 
by the combination of water deficit and the spread of pests and pathogens. Interestingly, 
recent observations indicate that the meager precipitation events of the 2014/2015 rainy 
season have stimulated the development of new growth even in the most devastated 
populations. This increases our confidence that the physiological resilience of these evergreen 
ferns is sufficient to maintain viable populations even as climate change alters California's 
once seasonably predictable moisture inputs. 

 
4:15 PM Fern-insect interactions in Brazilian Atlantic Forest. Marcelo G. Santos 

(Universidade do Estado do Rio de Janeiro, Brazil) 
 

Fern-insect interactions are poorly documented, mainly in neotropical regions. Some of these 
interactions can be by herbivory, domatias, galls, nectaries and mimicry. In Brazil there are 
about 1,253 ferns and lycophytes species and there are few studies about this approach. The 
aim of this study is the record and the analysis of the fern-insect interactions in the Atlantic 
Forest of the Rio de Janeiro state, Brazil. The main questions are: 1-What are the ferns with 
galls and the chemical changes induced by the insects; 2-Are there scale insect’s soral crypsis 
in ferns? The galls were recorded in thirteen ferns, which is 1% of the Brazilian fern flora. Only 
in three species the gall inducing insects were identified at the species level. The ferns with 
galls were: Campyloneurum nitidum, Cyathea dichromatolepis, Cyathea sp., Hymenophyllum 
ciliatum, Hymenophyllum lineare, Microgramma squamulosa, Microgramma vacciniifolia, 
Niphidium crassifolium, Pleopeltis hirsutissima, Pteridium arachnoideum, Salpichlaena 
volubilis, Serpocaulon catharinae and Serpocaulon sp. These galls are induced by the insects: 
Eriophyidae, Diptera, Lepidoptera, Thysanoptera and Hemiptera. In the Microgramma 
vacciniifolia stems were recorded two galls morphotypes, one induced by a midge and another 
by a micromoth. Changes in the flavonoids profile of the galled tissues by the midge and 
micromoth were found. Also, there were variations in the concentration of the majority 
substances in the tissues galled. Considering the cyanogenesis, there is a preference of the 
micromoths by stems non cyanogenics. This wasn’t observed in the midge. In many fern 
species we can be found scale insect (Hemiptera) in the leaves. In work conducted with 
Asplenium serratum the results indicate that scale insects prefer to occupy the sori of leaves 
with mature sporangia and intense release of spores. Some authors suggest the existence of a 
soral crypsis of the scale insect females.  

 
4:30 PM Measuring fern endemism: uncovering the history of tropical ferns. 

Nathalie S. Nagalingum (Royal Botanic Garden Sydney, Australia)*, Nunzio 
Knerr (CSIRO, Australia), Shawn W. Laffan (University of New South Wales, 
Australia), and Brent D. Mishler (University of California at Berkeley, USA) 

 
The ability of ferns to disperse widely via spores and the presence of reproductively self-
compatible gametophytes have likely contributed to the perception that ferns have low 
endemism. Indeed, a comparison of the major groups in the flora of New Zealand showed that 
fern species had the second lowest absolute endemism, but nonetheless there were significant 
numbers of endemic ferns. In general, there are few studies examining patterns of fern 
endemism, especially using relative measures rather than absolute ones. Also phylogenetic 
endemism has yet to be examined in ferns, thus it is unclear if there is low or even high 
phylogenetic endemism. To address these deficiencies in our knowledge, we examine fern 
endemism across the continent of Australia using a range of metrics including phylogenetic 
indices. We also apply new a method called Categorical Analysis of Neo- And Paleo-
Endemism (CANAPE), which searches for centers of endemism, and classifies them by the 
branch lengths of the rare taxa within them, allowing a clear, quantitative distinction between 
centers of neo- and paleo-endemism. Using a dataset of over 60,000 records combined with a 
phylogeny of 86 genera, this study extends an earlier investigation of fern diversity. Australia is 
used as the study system for several reasons: the fern flora has been standardized throughout 
the continent, extensive occurrence data from herbarium collections are available from 
Australia's Virtual Herbarium, and the continent encompasses a broad range of climatic zones 
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and habitat types, which allows for assessment of extra-tropical versus tropical endemism 
patterns and potential causes.  

 
4:45 PM Collaboration with long term ecosystem and biodiversity research 

programs: lessons learned from an ongoing study of fern sporophytes 
in the herbaceous layer of a tropical forest with the Luquillo Long Term 
Research (LTER) program in Puerto Rico. Joanne M. Sharpe (Sharplex 
Services, USA) 

 
Much is still unknown about fern life histories that encompass a gametophyte and sporophyte 
generation that operate at different size- and time-scales within the ecosystem. Basic 
demographic information for both generations such as growth rates, size variability, longevity 
and mortality rates is lacking. The life of a sporophyte occurs throughout a time-span that can 
span a mostly unknown number of decades during which hundreds of leaves may emerge. 
Each leaf's life trajectory will be influenced by changing characteristics of its plant's habitat 
over time. Attention to herbaceous layer plant and leaf life histories has been lacking in most 
forested ecosystem studies. However it is becoming increasingly obvious to ecosystem 
researchers that what happens to tree seeds and seedlings in this critical forest floor habitat 
may ultimately determine the future composition and function of the mature forest. Ongoing 
ecosystem studies that included fern sporophytes began over 24 years ago in the Luquillo 
Long-term Ecological Research program (LTER) in Puerto Rico. This past-generation research 
experience, which includes observational and experimental studies, can provide insights that 
inform plans for future collaborations especially throughout the tropical world. Plant spatial 
distribution data sets and biodiversity survey lists can be far more useful if they are 
supplemented with an understanding of the functional parameters of at least the more common 
elements of the ecosystem layers. Next Generation Pteridology must include a sustained effort 
to provide protocols for supplementing these "fern lists" with catalogs of fern plant functional 
traits of short-lived gametophyte generation and long-lived sporophyte generation. Next 
Generation Pteridology must also encourage and facilitate collaboration with long-term 
ecosystem and biodiversity research programs. Not only will our knowledge of fern life 
histories become richer, but our collaborations will result in research on climate change's effect 
on the earth's ecosystems that is much better grounded. 

 
5:00 PM Life cycles of seed-free plants—ferns and lycopods got it right! Donald 

R. Farrar (Iowa State University, USA) 
 

Far from a “weak link”, fern and lycopod life cycles with the potential for intragametophytic 
selfing hold keys to their ecological and evolutionary success. Unveiling the adaptive 
advantages of the free-living bisexual gametophyte generation will be the challenge of the next 
generation of fern and lycopod students. This presentation will explore obvious and possible 
advantages of this life cycle. Suggestions for investigation of these advantages will be 
presented. 

 
5:15 PM The complex role of the gametophyte in fern ecology: mechanisms of 

rarity and commonness. James E. Watkins Jr. (Colgate University, USA) 
 

One of the central goals of ecology is to understand factors that control the distribution of 
plants. Dispersal, microclimate, soil nutrients, competition, and many of other aspects play 
multifaceted and often complex roles in shaping plant distributions and density. Understanding 
the distribution of ferns is considerably more complex than seed plants given that ferns rely on 
the functionally unique and free-living gametophyte stage. The fern gametophyte lacks 
stomata, has no vascular tissue, produces a poorly developed cuticle and is in constant 
equilibrium with its microclimatic environmental. This is unlike the sporophyte stage that 
functions more like a typical vascular plant leaf and exerts greater control over water loss and 
carbon gain. Thus understanding how ferns are distributed across the landscape requires 
careful study of life-cycle ecology. This talk examines the role that the gametophyte plays in 
the distribution of fern sporophytes through three case studies, two that explore the 
ecophysiology of endangered species and one that looks at the gametophyte physiology in 
common members of genus Dryopteris. The data demonstrate that gametophytes play a 
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complicated role in ecology and variables such as soil nutrients, desiccation tolerance, light 
stress, competition, and asexual reproduction can all influence the rarity and distribution of 
species. 

 
5:30 PM RECESS 
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8:00 AM MORNING COFFEE. Atrium Café (NMNH ground floor) 
 
8:00 AM REGISTRATION. Entrance to Baird Auditorium (NMNH ground floor) 
 
8:30 AM GENOMICS AND TRANSCRIPTOMICS OF FERNS AND LYCOPHYTES. 

Colloquium organized by: Joshua P. Der (California State University 
Fullerton, USA), Emily B. Sessa (University of Florida, USA) 

 
8:30 AM Next-generation technology unfurls new opportunities for the next 

generation of pteridology. Joshua P. Der (California State University 
Fullerton, USA)* and Emily B. Sessa (University of Florida, USA) 

 
Advances in biotechnology have enabled tremendous progress in understanding genome 
function, evolution, and development in plants, however genomic resources for ferns and 
lycophytes have lagged far behind those of crops and model plant species. We are now on the 
cusp of a genomic revolution in ferns and lycophytes. Nearly 50 years after Klekowski and 
Baker (1966) presented hypotheses about polyploidy and genome evolution in ferns, we are 
poised to make incredible breakthroughs in understanding fern genome evolution. We will 
present a series of vignettes on advances in genomic and transcriptomic work in ferns that will 
set the stage for the rest of the talks in this colloquium. 

 
8:45 AM Skimming the surface of fern nuclear genomes. Paul G. Wolf (Utah State 

University, USA)*, Emily B. Sessa (University of Florida, USA), D. Blaine 
Marchant (University of Florida & Florida Museum of Natural History, USA), 
Fay-Wei Li (Duke University, USA), Carl J. Rothfels (University of California 
at Berkeley, USA), Erin M. Sigel (Smithsonian Institution, USA), Mathew A. 
Gitzendanner (University of Florida, USA), Clayton J. Visger (University of 
Florida, USA), Jo Ann Banks (Purdue University, USA), Douglas E. Soltis 
(University of Florida & Florida Museum of Natural History, USA), Pamela S. 
Soltis (Florida Museum of Natural History, USA), Kathleen M. Pryer (Duke 
University, USA), Joshua P. Der (California State University Fullerton, USA) 

 
Ferns represent one of the few major clades of land plants for which a complete genome 
sequence is lacking. Here we compare the proportions of different components of fern 
genomes to those of seed plants. Knowledge of this genome space in ferns will enable broad-
scale comparative analyses of land plant genes and genomes, provide insights into genome 
evolution across green plants, and shed light on genetic and genomic features that 
characterize ferns, such as their high chromosome numbers and large genome sizes. We used 
a whole genome shotgun sequencing approach to obtain low-density coverage (~0.4X to 2X) 
for Ceratopteris, Pteridium, Polypodium, Cystopteris (Polypodiales), Plagiogyria (Cyatheales), 
and Dipteris (Gleicheniales). We estimated the proportion of the nuclear genome represented 
by protein-coding genes and different classes of repetitive sequences, including DNA 
transposons, simple repeats, LINEs (Long Interspersed Nuclear Elements), rDNA, and satellite 
elements. Based on our sample of six species, ferns contain similar levels of protein coding 
genes as seed plants, have higher proportions of DNA transposons, LINES, and simple 
repeats than seed plants, and a lower proportion of satellite DNA than seed plants. We 
compared the various levels of genomic components in the context of variation in genome 
size. We also extracted chloroplast and mitochondrial genome sequences. The next step in 
improving our understanding of fern genomes is to obtain much higher genomic coverage, 
better assembly, and gene annotation. These efforts are now underway for Azolla and 
Ceratopteris. 

 
9:00 AM Phylotranscriptomics of the seed-free vascular plants. Shing Hei Zhan 

(University of British Columbia, Canada), Carl Rothfels (University of 
California at Berkeley, USA), Anders Larsson (Uppsala University, Sweden), 
Stina Westrand (Uppsala University, Sweden), Dylan Burge (California 
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Academy of Sciences, USA), Markus Ruhsam (Royal Botanic Garden 
Edinburgh, UK), Fay-Wei Li (Duke University, USA), Erin Sigel (Smithsonian 
Institution, USA), Shona Ellis (University of British Columbia, Canada), Shane 
Shaw (University of Hawaii, USA), Ana Calcedo (University of Massachusetts 
Amherst, USA), Tao Chen (Shenzhen Fairy Lake Botanical Garden, China), 
Lisa DiGironomo (New York Botanical Garden, USA), Emily Sessa 
(University of Florida, USA), Joshua P. Der (California State University 
Fullerton , USA), Michael Barker (University of Arizona, USA), Jim Leebens-
Mack (University of Georgia, USA), Michael Deyholos (University of British 
Columbia, Canada), Gane Ka-Shu Wong (University of Alberta, Canada), 
Dennis Stevenson (New York Botanical Garden, USA), Sean W. Graham 
(University of British Columbia, Canada)* 

 
As representatives of two of the deepest divisions in vascular-plant phylogeny, the lycophytes 
and ferns are key to understanding the origin and diversification of major plant structural 
features, and of major shifts in plant sexual system, such as convergent transitions to 
heterospory. However, there are few genomic resources available for research on these 
plants. Here we present transcriptome data from a phylogenetically diverse sampling of ~100 
species of ferns and lycophytes, produced as part of the One Thousand Plants (1KP) project. 
We use a variety of approaches to revisit classical and contemporary phylogenetic hypotheses 
of higher-order relationship. In general our broad analyses support the phylogenetic backbone 
inferred using plastid data and smaller-scale (curated) analyses of transcriptome-derived loci, 
including major relationships within the leptosporangiate ferns. The marattioid ferns are 
supported as the sister group of leptosporangiate ferns, and Equisetum defines the deepest 
split in fern (monilophyte) phylogeny. Major relationships inferred within the lycophytes and 
polypod ferns are also reviewed. 

 
9:15 AM The regulatory landscape of development in the fern sporophyte and 

gametophyte. Péter Szövényi (University of Zurich, Switzerland)*, Joshua P. 
Der (California State University Fullerton, USA), and Mariana Ricca 
(University of Zurich, Switzerland)  

 
Ferns are characterized by a dominant diploid sporophyte and a free-living subordinate but 
macroscopic haploid gametophyte phase. Gametophyte and sporophyte phases are highly 
distinct in their morphology, function and development. The sporophyte phase is dominant, 
long-lived and bears organs characteristics for seed plants. In contrast, the gametophyte 
phase is short-lived, and lacks specialized plant organs. Both generations are highly diverse in 
their morphology and development. In spite of that very little is known about the regulatory 
networks governing the growth and development of the two phases in general and the 
individual sporophytic organs in particular. Furthermore, the extent in which regulatory 
networks differ/overlap between the two phases is poorly understood. Here we present 
transcriptomic data describing gene expression of major developmental stages/organs of the 
gametophyte and the sporophyte phase in six species representing both basal and derived 
groups of extant ferns. We use this data to show how regulatory modules differ between the 
two phases and whether transcription factor genes show putatively conserved function in ferns 
and seed plants. Finally, we summarize our data in light of the current evo-devo hypotheses 
stressing independent parallel evolution of morphologically similar structures in ferns and seed 
plants. Our data provides the first comprehensive insights into the regulatory landscape of the 
gametophyte and sporophyte phases of ferns. 

 
9:30 AM Homosporous ferns and lycophyte with high chromosome numbers are 

paleopolyploids. Zheng Li (University of Arizona, USA)*, Michael S. Barker 
(University of Arizona, USA) 

 
Polyploidy, or whole genome duplication (WGD) is one of the most important forces in vascular 
plant evolution. Previous estimates indicate that 15% of angiosperm and 31% of fern 
speciation events are due to polyploidy. Recent genomic analyses suggest plant genomes are 
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highly dynamic and multiple rounds of ancient WGDs are found in the evolutionary history of 
many vascular plants. Ancient WGDs have been found in the ancestry of all the seed plants 
and all flowering plant species. It has been suggested that paleopolyploidy may be responsible 
for the high chromosome numbers of homosporous ferns. Our previous analyses found 
evidence for at least one round of ancient WGD in the fern phylogeny, shared by Asplenium, 
Pteridium and Cryptogramma. Here, we used 81 fern and lycophyte transcriptomes from the 
1KP project to pinpoint paleopolyploidy in the fern and lycophyte phylogeny. Our gene age 
distribution analyses suggest most fern and lycophyte are ancient polyploids. We also used a 
new algorithm, Multi-Species Paleopolyploidy Search (MSPS), to identify shared ancient 
WGDs in a phylogenetic context. Our result suggest at least two rounds of ancient WGDs 
shared among all ferns and a different paleopolyploidy shared among all lycophytes. This 
result is consistent with previous molecular and chromosomal analyses in ferns and also 
consistent with the genome size estimate from a recent fern fossil record. Our result enriches 
our understanding of fern and lycophyte evolution and provides useful information to future 
studies on gene duplication, chromosomal evolution, speciation and diversification. 

 
9:45 AM So, we meet again…gene expression in recurrent origins of the 

allopolyploid fern Polypodium hesperium. Erin M. Sigel (Smithsonian 
Institution, USA)*, Joshua P. Der (California State University Fullerton, USA), 
Michael D. Windham (Duke University, USA), Kathleen M. Pryer (Duke 
University, USA) 

 
Allopolyploid formation is a common mode of speciation in ferns, with many taxa having 
formed recurrently from multiple, distinct hybridization events between the same parent 
species. Each hybridization event marks the union of divergent parental gene copies, or 
homeologs, and the formation of a novel, independently-derived lineage of an allopolyploid 
taxon. Little is known about the effects of recurrent origins on genomic composition, 
phenotypic diversity, and, ultimately, the evolutionary success of allopolyploid ferns. As an 
initial attempt to address these questions, we have adopted the allotetraploid fern Polypodium 
hesperium Maxon, derived from the diploid species P. glycyrrhiza D.C.Eaton and P. amorphum 
Suksd., as a natural model system for investigating gene expression patterns between two 
independently-derived lineages. Polypodium hesperium has at least two reciprocally-derived 
lineages, each with disjunct geographic distributions in western North America. We used 
Illumina sequencing to construct a de novo reference transcriptome and quantify gene 
expression for three biological replicates of each reciprocal lineage of P. hesperium that we 
grew in common garden conditions. By surveying the gene expression levels for 19000 genes 
and homeolog-specific expression for 2000 genes, we discovered that gene expression in both 
reciprocal lineages of P. hesperium broadly reflects gene expression in P. amorphum—both by 
mirroring expression levels of P. amorphum and preferentially expressing homeologs derived 
from P. amorphum. However, despite similar gene expression patterns across the genome, we 
recovered substantial variation between the two reciprocal lineages in expression levels and 
homeolog-expression bias of individual genes. Our results suggest that general “rules” may 
dictate gene expression patterns in allopolyploids, but recurrent origins impart substantial 
expression, or phenotypic, variation to an allopolyploid taxon. 

 
10:00 AM COFFEE BREAK. Atrium café (NMNH ground floor) 
 
10:30 AM GENOMICS AND TRANSCRIPTOMICS OF FERNS AND LYCOPHYTES 

(CONTINUED). Colloquium organized by: Joshua P. Der (California State 
University Fullerton, USA), Emily B. Sessa (University of Florida, USA) 

 
10:30 AM Delving into the C-Fern genome. D. Blaine Marchant (University of Florida 

& Florida Museum of Natural History, USA)*, Emily B. Sessa (University of 
Florida, USA), Kweon Heo (Kangwan National University, South Korea), 
Pamela S. Soltis (Florida Museum of Natural History, USA), Douglas E. Soltis 
(University of Florida & Florida Museum of Natural History, USA) 
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In a little more than a decade, our understanding of plant genomes has increased immensely. 
As a result, sequenced genomes are now available for every major green plant clade, from 
chlorophytic and streptophytic algae to a vast array of flowering plants—that is, every clade 
except the second-most biodiverse major clade of land plants and sister group to the 
economically significant seed plants, the monilophytes (ferns). Notorious for large genomes 
and numerous chromosomes (~3x more than the average angiosperm), fern genomes are 
unchartered despite the ecological importance, vast diversity, and evolutionary significance of 
ferns as a reference group for analyzing ancestral versus derived genomic and genetic 
characters in the seed plants. Using transcriptomic, genomic, and fluorescent in situ 
hybridization techniques, we are investigating the genome of Ceratopteris richardii, a fast-
growing tropical aquatic homosporous fern with a haploid genome size of 11.26 Gb and 
chromosome number of 39. We will present our results regarding gene specificity in the 
gametophytic and sporophytic life stages, gene density, and the role of polyploidy, 
retrotransposons, and small-scale duplications in the evolutionary genomics of this species. 
The outcome of this research will provide novel perspectives on the genomic dynamics and 
characteristics of this major clade, while also providing crucial resources for broader 
comparative genomic, phylogenetic, and developmental studies between ferns and seed 
plants, yielding new insights into the evolution of euphyllophytes as a whole. 

 
10:45 AM Sex determination and transcriptional reprogramming of Ceratopteris 

richardii gametophytes by a GA-like pheromone. Nadia Atallah (Purdue 
University, USA) and Jo Ann Banks (Purdue University, USA)* 

 
In the fern Ceratopteris richardii, every spore has the potential to develop as either a male or 
hermaphroditic gametophyte. Gametophyte sex is determined by a GA-like pheromone (ACE) 
that is secreted by hermaphrodites and induces male development in other juvenile 
gametophytes. Our goal is to understand how ACE facilitates this cross-talk between 
neighboring gametophytes in determining their sex. We have used RNA-Seq reads to create a 
de novo transcriptome assembly of gametophytes grown with or without ACE during the time 
that their sex is determined and identified 1163 differentially expressed genes, including many 
involved in epigenetic reprogramming of the genome, suggesting that epigenetics plays an 
important role in the early establishment of the male program of expression. The transcriptome 
of young Ceratopteris gametophytes was also used to identify candidate sex-determining 
genes that had been genetically characterized. The functions of these genes, as assessed by 
RNAi, will be described. 

 
11:00 AM Transcriptomic and proteomic analyses of gravity-directed polar 

development in germinating spores of Ceratopteris richardii. Mari L. 
Salmi (University of Texas at Austin, USA)*, Araceli Cantero (University of 
Texas at Austin, USA), Gregory B. Clark (University of Texas at Austin, USA), 
Stanley J. Roux (University of Texas at Austin, USA) 

 
Spores of the homosporous fern Ceratopteris richardii have proved to be a valuable model 
system for studies of plant gravity perception and signal transduction. Upon initiation of their 
germination by exposure to red light, these unicellular spores undergo a series of 
developmental events directed by the force of gravity, which ultimately result in the downward 
growth of the primary rhizoids in typically > 80% of the germinating spores. Within two hours 
after light exposure, a spore has established a gradient of calcium, with influx of calcium at the 
bottom of the spore and calcium export at the top of the spore. Regulation of this calcium 
transport is tightly correlated with the force of gravity, as demonstrated in electrochemical 
experiments on the ground and on NASA-operated parabolic flight. Transcriptomic data were 
used to identify likely regulators of this signaling pathway. Tools for genetic manipulation of the 
spore are now available, and we are using these to evaluate the roles of specific channels, 
pumps and calcium-binding proteins in the gravity-directed cell polarization through 
overexpression and targeted gene knockout. We have also used RNAseq data to generate a 
valuable proteomics database, which we are using to evaluate the earliest gravity directed 
changes in protein activity. The current status of these studies will be reported. 
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11:15 AM The Azolla genome and the metagenomes of its obligate 
endosymbionts: unlocking the massive green potential of a little fern. 
Fay-Wei Li (Duke University, USA)*, Shifeng Cheng (BGI-Shenzhen, China), 
Joshua P. Der (California State University Fullerton, USA), Bo Song (BGI-
Shenzhen, China), Xin Liu (BGI-Shenzhen, China), Xun Xu (BGI-Shenzhen, 
China), Andrea Bräutigam (Heinrich Heine University Dusseldorf, Germany), 
Carl J. Rothfels (University of California at Berkeley, USA), Erin M. Sigel 
(Smithsonian Institution, USA), Paul G. Wolf (Utah State University, USA), 
Yoichiro Kato (International Rice Research Institute, Philippines), Henriette 
Schlupmann (Utrecht University, Netherlands), Gane Ka-Shu Wong 
(University of Alberta, Canada), Kathleen M. Pryer (Duke University, USA) 

 
Ferns, the second largest clade of vascular plants, are the only major plant lineage for which a 
reference genome has not yet been sequenced. Without a fern genome, we cannot fully 
comprehend the processes that govern the evolution of land plant genes and genomes, and 
the patterns underlying major evolutionary transitions in plants will remain elusive. Azolla, a 
genus of aquatic ferns, is the perfect target for starting to explore fern genomics. First, its 
750Mb genome is tiny compared with other fern genomes, which are typically >10Gb. Second, 
because of its obligate endosymbiotic relationship with a variety of bacteria, Azolla is a natural 
nitrogen-fixer that bolsters rice productivity when these two are grown together. Third, Azolla 
lacks lignin and is capable of doubling its biomass every two days, making it a prime candidate 
for biofuel investment. Indeed, around 50 million years ago, there was an enormous Azolla 
bloom that sequestered over 1012 tons of carbon and helped to shift the greenhouse world 
towards our present icehouse climate. We aim to (1) generate a reference genome for Azolla, 
as well as the metagenomes of its obligate endosymbiotic bacteria; (2) resequence Azolla and 
its symbionts from across all Azolla species to investigate genomic co-evolution; (3) use 
comparative transcriptomics to infer the functionality of the symbionts and to identify candidate 
genes essential to this symbiosis and the nitrogen-fixation process; and (4) revisit plant 
genome and gene family evolution with this very first genome for the fern lineage. Here we 
present our preliminary results. 

 
11:30 AM Transcriptome, genome and microbiome of the water fern Azolla 

filiculoides. Paul Brouwer (Utrecht University, Netherlands), Laura W. 
Dijkhuizen (Utrecht University, Netherlands), Bruno Huettel (Max Planck 
Genome Centre Cologne, Germany), Joshua P. Der (California State 
University Fullerton, USA), Fay-Wei Li (Duke University, USA), Kathleen M. 
Pryer (Duke University, USA), Sven B. Gould (Heinrich Heine University 
Düsseldorf, Germany), Andreas P. M. Weber (Heinrich Heine University 
Düsseldorf, Germany), Andrea Bräutigam (Heinrich Heine University 
Düsseldorf, Germany), and Henriette Schluepmann (Utrecht University, 
Netherlands)* 

 
Azolla (Salviniaceae) are floating ferns with specialized leaf pockets containing symbiotic 
nitrogen-fixing cyanobacteria. Their high growth rates in complete absence of nitrogen fertilizer 
and in areas not generally used for agriculture underline their potential as crop species for the 
future bio-economy. Yields of up to 45 tons per ha dry weight of high protein biomass have 
been reported, along with a notable content of phenolics and an absence of lignin. Yet the 
domestication of a fern requires control over its reproductive cycle for improved dissemination 
and storage, as well as for breeding. Using next-generation-sequencing we develop genetic 
resources necessary to advance Azolla domestication and more generally fern research.Three 
transcriptome experiments established databases of expressed sequence tags in sporophytes, 
megaspores, microspores and roots of Azolla filiculoides. In addition, changes in gene 
expression were described during four time points of the day, in response to hormone 
treatments and nitrogen fertilizer. The transcriptome data serves annotation of the A.filiculoides 
genome sequence assembly. At 750Mb and n=22 chromosomes, the A.filiculoides genome is 
one of the smallest amongst ferns. The Azolla Genome Consortium took two sequencing 
approaches: firstly, Hiseq paired end short reads/libraries of increasing sizes on differing 
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species of Azolla, and secondly, PacBioRSII long reads on a sterilized A.filiculoides plant 
without cyanobacteria. The latter was used for a draft assembly using >50 fold coverage. The 
assembly will be anchored in a physical map obtained using optical mapping. In addition the 
microbiome associated with A.filiculoides from the Netherlands ditches was compared with that 
from the sterilized laboratory plant without cyanobacteria. rRNA sequences in DNA sequences 
from whole plants, leaf pockets and ditch water were compared. Contamination in genomic 
A.filiculoides DNA preparations proved minimal. A.filiculoides genome annotation is ongoing. 
What fern genome infrastructure is needed considering research and development in 
evolution, ecology and breeding? 

 
11:45 AM Genomics of hybridization and polyploidy among Sonoran Desert 

Selaginella. Michael S. Barker (University of Arizona, USA)*, Nils Arrigo 
(University of Lausanne, Switzerland) 

 
Although more than 35% of plant species and 75% of crops are hybrids, we still lack a 
framework for predicting the outcomes of hybridization. Advances in plant genomics suggest 
that selection to maintain protein stoichiometry following whole genome doubling is a major 
driver of genome organization. Hybrid genomes must resolve many of the same conflicts and 
incompatibilities as polyploid genomes. Extending insights from paleopolyploid genomes to 
hybrids may contribute to the development of a predictive framework for hybrid genome 
evolution. Using natural hybrids and polyploids of Sonoran Desert Selaginella, we are testing 
whether genome content and organization has evolved as predicted. Preliminary analyses 
suggest that sensitivity to stoichiometry does predict how easily some genes move between 
species. This phenomenon, named here as "introgression bias", may explain patterns of hybrid 
genome organization and introgression across the plant phylogeny. Further population 
genomic sampling in our system corroborate preliminary results of introgression bias and 
provide new insight into the genomics of hybridization. 

 
12:00 PM Chemodiversity in Selaginella: a reference system for parallel and 

convergent metabolic evolution in terrestrial plants. Jing-Ke Weng 
(Whitehead Institute & Massachusetts Institute of Technology, USA) 

 
Early plants began colonizing the terrestrial earth approximately 450 million years ago. Their 
success on land has been partially attributed to the evolution of specialized metabolic systems 
from core metabolic pathways, the former yielding structurally and functionally diverse 
chemicals to cope with a myriad of biotic and abiotic pressures. Over the past two decades, 
functional genomics, primarily focused on flowering plants, has begun cataloging the 
biosynthetic players underpinning assorted classes of plant specialized metabolites. However, 
the molecular mechanisms enriching specialized metabolic pathways during land plant 
evolution remain largely unexplored. Selaginella is an extant lycopodiophyte genus 
representative of an ancient lineage of tracheophytes. Notably, the lycopodiophytes diverged 
from euphyllophytes over 400 million years ago. The recent completion of the whole-genome 
sequence of an extant lycopodiophyte, Selaginella moellendorffii, provides new genomic and 
biochemical resources for studying metabolic evolution in vascular plants. 400 million years of 
independent evolution of lycopodiophytes and euphyllophytes resulted in numerous metabolic 
traits confined to each lineage. Surprisingly, a cadre of specialized metabolites, generally 
accepted to be restricted to seed plants, have been identified in Selaginella. Initial work 
suggested that Selaginella lacks obvious catalytic homologs known to be involved in the 
biosynthesis of well-studied specialized metabolites in seed plants. Therefore, these initial 
functional analyses suggest that the same chemical phenotypes arose independently more 
commonly than anticipated from our conventional understanding of divergent evolution of 
metabolism. Notably, the emergence of analogous and homologous catalytic machineries 
through convergent and parallel evolution, respectively, seems to have occurred repeatedly in 
different plant lineages. 

 
12:15 PM LUNCH BREAK 
 
12:30 PM GENOMICS BROWN BAG LUNCH. Organized by: Emily B. Sessa 

(University of Florida, USA), Joshua P. Der (California State University 
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Fullerton, USA), Paul G. Wolf (Utah State University, USA). Executive 
Conference Room (assemble at Atrium Café elevators, NMNH ground floor). 
Limited seating 

 
1:45 PM CONTRIBUTED PRESENTATIONS 
 
1:45 PM Cytotaxonomic study of Hypodematium (Hypodematiaceae) from China. 

Ren-Xiang Wang (Guangxi Normal University, China), Wen Shao (Shanghai 
Chenshan Botanical Garden, China)* 

 
Chromosome numbers and reproductive biology of nine species of the fern genus 
Hypodematium (Hypodematiaceae) from China were investigated. The chromosome numbers 
of eight species are reported here for the first time: H. daochengensis n=41 (41 II); H. fordii 
n=40 (40 II), n=80 (40 II+40 I), 2n=120; H. glanduloso-pilosum n=41 (41 II), 2n=82, 2n=123; H. 
gracile n=41 (41 II); H. hirsutum n= 41 (41 II); H. microleptoides n=41 (41 II); H. sinense n= 40 
(40 II) and H. squamuloso-pilosum n=41 (41 II). Two cytotypes, n=82 (41 II+41 I) and 2n=123 
in H. crenatum, are reported for the first time. Based on the unequal size and presence of 
aborted spores in the sporangium, and the allotriploid hybrid chromosomes in the spore 
mother cell at the diakinesis stage of meiosis I, we believed that species with cytotypes 
including both bivalents and univalents are agamospermous triploids: H. crenatum n = 82 (41 II 
+41 I) and so on. The remaining species are sexual diploids and tetraploids, based on the 
chromosome number n = 41 and n =82 at the diakinesis stage of meiosis I of spore mother 
cells. The relationships among habitat preferences, frond hairs and reproductive modes in 
Hypodematium are discussed and illustrated. Plants with large fronds and sparse, thin hairs, 
living in humid and shady places undergo sexual reproduction, while small plants living in 
sunny and dry conditions with thick hairs undergo agamospermous reproduction. The 
distribution pattern and basic chromosome number all indicated the basic chromosome 
number x= 41 might be primitive, while x=40 derived. Chromosome aneuploid changes 
occurred in this genus. The distribution of the sexual diploids and tetraploids and 
agamospermous triploids suggests that the genus might have originated in the Himalayas and 
dispersed from there to northeast Asia and Japan. 

 
1:55 PM Epiphytic ferns in the temperate zones. Moritz Klinghardt (University of 

Oldenburg, Germany) 
 

Vascular epiphytes are usually associated with the tropics where they are quite abundant and 
diverse. In the temperate zones they are much less frequent where ferns constitute the 
majority of epiphytes. The most common assumptions regarding the scarcity of vascular 
epiphytes in temperate zones usually include the drier and colder climates in comparison to 
the tropics. Yet, practically no systematic studies have been conducted on these often called 
‘accidental epiphytes’, which is why only very little is known about the ecology of these plants. 
Therefore, I plan to test if the occurrence of these accidental epiphytes is truly accidental or if it 
is rather a predictable subset of terrestrial species by comparing traits that are related to 
germination and water usage. Furthermore, the demographics of the epiphytic fern Polypodium 
sp. will be studied along a rainfall gradient in order to detect recruitment strategies and to see 
whether epiphytism can be a sustainable life strategy in temperate climates. To define the 
limits of this lifestyle for Polypodium sp., the limiting thresholds with respect to drought and 
frost will be examined experimentally. Since epiphytism is known to be a viable strategy in the 
tropics, the occurrence of epiphytes in temperate regions may be much more than mere 
accidents but rather showing plants adapting to different ecological strategies and thus giving 
us the opportunity to study and witness eco-evolutionary filtering mechanisms. 

 
2:05 PM Phenology of two epiphytic ferns in a tropical rainforest of 

Southwestern Nigeria. Adebola R. Bamigboye (Obafemi Awolowo 
University, Nigeria)*, Abiodun E. Odu (Obafemi Awolowo University, Nigeria), 
Fatai A. Oloyede (Obafemi Awolowo University, Nigeria) 

 



Detailed program and abstracts, WEDNESDAY, 3 June 2015 
!

42 

Phenological studies of two epiphytic ferns Phymatodes scolopendria and Platycerium 
stemaria were conducted at the Teaching and Research Farms (TRF) in Obafemi Awolowo 
University Campus, Ile-Ife, Osun State, Nigeria from 2012 to 2013. The aim was to document 
the establishment, occurrence, distribution and growth features of these plants which hitherto 
had not been well documented in the Nigerian Flora. The two epiphytes were surveyed on 
hosts in shaded areas in the University Campus. Twenty young colonies of each epiphyte were 
marked and monitored weekly till their maturities. The study lasted 22 months covering both 
rainy and dry seasons. The parameters investigated included length of crozier, leaf type, 
length and diameter of leaf, number of sori and time of spore maturation. The occurrence of 
Phymatodes scolopendria was restricted to Elaeis guineensis (Palm trees) hosts in shaded 
areas in the TRF while Platycerium stemaria shoots occurred on many other hosts apart from 
the palm trees in the TRF. Platycerium stemaria also occured at higher elevations than 
Phymatodes scolopendria. In Phymatodes scolopendria, croziers were initiated early in the 
rainy season. The number of croziers increased as the intensity of rain increased and 
decreased as the year progressed until they ceased completely in the dry seasons. There was 
formation of more simple leaves from March to September with corresponding decrease in 
pinnatifid leaves. In Platycerium stemaria, regeneration was usually from previous colonies by 
initiation of new pairs of sterile leaves at the onset of the rainy seasons. Fertile leaves 
emerged later when the peaks of sterile leaves have been reached. The maturation process of 
sori covered a period of seven to fourteen weeks respectively in Phymatodes and Platycerium. 
The study concluded that the colonization and growth of the two epiphytic ferns, to a large 
extent, were strictly controlled by rainfall patterns.  

 
2:15 PM Growth rate, recruitment, and mortality of a Hawaiian tree fern 

(Cibotium chamissoi Kaulf.) in relation to size and habitat. Naomi N. 
Arcand (University of Colorado, USA)*, Kay Lynch (La'au Hawai'i, USA) 

 
Tree ferns of the genus Cibotium (Cibotiaceae Korall; hapuu) are common, edemic species 
that play an important ecological role in the wet and mesic forests of the Hawaiian Islands. The 
primary goals of this research project were to determine the natural regeneration, mortality, 
and growth rate of C. chamissoi in diverse habitats over six years in situ on the island of Oahu. 
Growth data were also collected and compared for small individuals started from spores and 
grown under nursery conditions. Results of a one-way between groups ANOVA demonstrate a 
statistically significant, sequentially increasing rate of growth with size, with the exception of 
ferns in the largest size class, which slightly declined in growth rate. Mean growth rates also 
varied among study sites. They were generally lower in the western Waianae Mountains, 
where annual rainfall is typically lower. Although recruitment was observed within half of our 
study sites, population size did not increase within any of the study plots at the conclusion of 
the study due to greater rates of mortality. Declines in overall abundance were observed in 
69% of the study sites. The highest rates of mortality were observed for the smaller sized 
individuals. The oldest individual across all study sites was estimated at 100 years, indicating 
these tree ferns can persist for long time spans. Monitoring their populations may be a useful 
method in understanding broader patterns in vegetation dynamics. 

 
2:25 PM Species richness, niche divergence and morphological variation in 

scaly tree ferns across the tropics (Cyatheaceae). Santiago Ramírez-
Barahona (Instituto de Ecologia A. C., Mexico)*, Josué Barrera-Redondo 
(Universidad Nacional Autónoma de México, Mexico), Luis E. Eguiarte 
(Universidad Nacional Autónoma de México, Mexico) 

 
Explaining differences in species richness across distinct geographical regions and between 
different clades has been one of the major challenges in evolutionary biology. Some species, 
such as the paradigmatic African cichlids or the Andean lupins, have a high number of species 
resulting from a process of recent and rapid diversification. These bursts of diversification have 
been tightly linked to phenotypic evolution and to the emergence of ‘new’ ecological 
opportunities. Thus, investigating the correlation between rates of ecological divergence, 
morphological disparity and diversification is paramount for the understanding of speciation. 
However, this correlation remains largely unexplored for most taxonomic groups, especially in 
the tropics. Here we examine the relationship between ecological niche divergence, 
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morphological variation and species diversification in scaly tree ferns (Cyatheaceae), the 
second largest group of extant ferns. We constructed ecological niche models for 521 species 
of scaly tree ferns across the tropics and analyzed niche divergence using multivariate 
ordination techniques. Subsequently, we quantified morphological variation between species 
and estimated species diversification rates (SDR) for major groups within the family. The 
present analyses showed that scaly tree ferns have significant ecological niche divergence, 
which was mainly associated to altitudinal differences. For some groups of species, we found a 
positive correlation between species richness, morphological disparity and ecological niche 
divergence. These results support niche divergence as an important driver of species 
diversification in scaly tree ferns, which appears to have happened during the last 30 million 
years. 

 
2:35 PM Diversity of herbaceous pteridophytes in four long-term ecological 

research (LTER) sites in Mindanao, Philippines. Victor B. Amoroso 
(Central Mindanao University, Philippines)*, Florfe M. Acma (Central 
Mindanao University, Philippines), Fulgent P. Coritico (Central Mindanao 
University, Philippines), Aurfeli D. Nietes (Central Mindanao University, 
Philippines), and Hannah P. Lumista (Central Mindanao University, 
Philippines) 

 
A study on the diversity of herbaceous pteridophytes was conducted in the four Mindanao long 
term ecological research (LTER) sites, viz. Mt. Apo (North Cotabato), Mt. Hamiguitan (Davao 
Oriental), Mt. Kitanglad (Bukidnon) and Mt. Malindang (Misamis Occidental). Complete 
enumeration of the herbaceous pteridophytes in one-hectare plot was done in each of the four 
sites. Descriptive analysis of diversity and similarity between sites were done. The study 
revealed a total of 130 species of pteridophytes in 66 genera and 24 families from the four 
LTER sites. Among the four sites, Mt. Kitanglad had the highest species richness (S = 56), 
followed by Mt. Apo (54 species), Mt. Malindang (52 species) and Mt. Hamiguitan with the 
least number of species (27). Shannon index of diversity showed that Mt. Malindang had the 
highest among the four sites (H′ = 1.41), followed by Mt. Kitanglad (H′ = 1.37), Mt. Apo (H′ = 
1.26) and the least by Mt. Hamiguitan (H′= 0.91). Similarity indices between and among sites 
were relatively low since most of the percentage values of concordant species fell below the 
mean value of 50%. All these baseline data are important for the regular, continuous 
monitoring of these permanent plots for long term ecological research. 

 
2:45 PM Predicting environmental gradients with fern species composition in 

Brazilian Amazonia. Gabriela Zuquim (University of Turku, Finland)*, Hanna 
Tuomisto (University of Turku, Finland), Jefferson Prado (Instituto de 
Botânica, Brazil) 

 
A major problem for conservation in Amazonia is that species distribution maps are inaccurate. 
Aiming to provide background to improve such maps, we propose and test the use of fern data 
to predict environmental conditions in areas without direct measurements in Brazilian 
Amazonia. We borrowed palynological statistical methods used to reconstruct past-conditions 
from fossils but instead, we used present-time fern inventory data from 326 plots of 250 m × 2 
m separated by distances of 1–1800 km. Soil samples were analyzed in laboratory in order to 
establish comparisons between the fern-estimated and the actual measured values. We 
determined the optima and tolerance of 55 species in relation to the soil gradient. The IndVal 
index was used to test which species could be used as indicator of environmental conditions. 
All species of the genera Lindsaea and Trichomanes had low soil cation content optima, 
whereas those of Thelypteris and Pteris had high optima and were indicators of richer soils. 
Most Adiantum species had their optima in the intermediate part of the soil gradient and far 
more species were indicators of relatively richer soils even though the genera was represented 
in the whole gradient. On the opposite trend, almost all Trichomanes species were indicative of 
poor soils. Soil cation concentration was the variable with the best predictive accuracy for both 
abundance and presence–absence data. We conclude that fern species composition can be 
used as an indicator of soil cation concentration. Edaphic preferences of fern species have 
good transferability across geographical regions within lowland Amazonia indicating that our 
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results can be applied to generate better environmental and floristic maps for conservation 
planning. 

 
2:55 PM Can we use existing soil maps to model fern species distributions in 

Amazonia? Gabriel Moulatlet (University of Turku, Finland)*, Gabriela 
Zuquim (University of Turku, Finland), Kalle Ruokolainen (University of Turku, 
Finland), Samuli Lehtonen (University of Turku, Finland), and Hanna 
Tuomisto (University of Turku, Finland) 

 
Amazonian soils vary substantially in cation concentration, and this has been found to have a 
big effect on the distribution patterns of plant species. It is especially well documented that fern 
distributions have a tight connection with soil cation concentration. Extensive but at the same 
time reliable maps of the geographic distribution of different soils types are therefore needed 
as background information to model fern species distributions at the broad scale. Currently the 
best available soil dataset that covers all Amazonia is provided by the Soil and Terrain 
database for Latin America and the Caribbean (SOTERLAC). These data are available in 
vector format as a GIS layer that also provides information on soil cation concentration and 
other soil properties for each polygon. We tested how well the SOTERLAC data correspond to 
our own field data obtained by analyzing surface soil samples from more than 500 sites in 
lowland Amazonia. To further examine the practical importance of the results, we assessed 
how well the occurrences of some fern species with known optima and tolerances for soil 
cation concentration could be predicted using the SOTERLAC data. In the SOTERLAC 
database, soil cation concentrations given for the different soil types were in the range 0.45–
40.18 cmol(+)/kg. In our own data, the observed range was similar (0.05–37.09 cmol(+)/kg). 
We found considerable variation in soil cation concentration among sites that were classified 
into the same soil type in SOTERLAC. Common soil categories such as Acrisols, Gleysols and 
Ferrasols contained most of the range of soil cation concentration, and therefore the data 
provided by SOTERLAC does not seem very informative for modelling fern species 
distributions.  

 
3:05 PM  Can ferns and lycophytes tell something about the habitat use of 

monkeys? Glenda G. Cárdenas (University of Turku, Finland)*, Hanna 
Tuomisto (University of Turku, Finland) and Eckhard W. Heymann (University 
of Göttingen, Germany) 

 
Studies in Western Amazonia have found that the distributions of many groups of plants are 
highly correlated with soil properties, and that ferns and lycophytes are good indicators of this 
kind of general patterns. It has also been suggested that such habitat differences may affect 
the occurrences of animals. This study aims to produce a habitat map based on fern and 
lycophyte data in order to help interpret the results of long-term primate studies that have been 
carried out in the Quebrada Blanco Biological Station (EBQB) in North-Eastern Peru. Data on 
the habitat use of monkeys (mainly Saguinus mystax and Saguinus nigrifrons) have been 
collected along a permanent trail system during a number of studies on their behaviour and 
ecology. Now we have systematically registered the abundances of all ferns and lycophytes 
along 11 transects established adjacent to the trails used for monkey surveys. The most 
common fern species in the study area are indicators of relatively poor soils, but indicators of 
more productive soils are present in one corner. Further analyses will be carried out to test if 
this habitat difference is reflected in the habitat use of the monkeys in some way. 

 
3:15 PM COFFEE BREAK, Atrium café (NMNH ground floor) 
 
3:45 PM EVOLUTION AND DEVELOPMENT IN FERNS AND LYCOPHYTES: CASE 

STUDIES AND PERSPECTIVES. Colloquium organized by: Alejandra Vasco 
(Universidad Nacional Autónoma de México, Mexico), Barbara A. Ambrose 
(New York Botanical Garden, USA) 
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3:45 PM Evolution and development in lycophytes and ferns. Barbara A. Ambrose 
(New York Botanical Garden, USA)*, Tynisha Smalls (New York Botanical 
Garden, USA), Alejandra Vasco (Universidad Nacional Autónoma de México, 
Mexico) 

 
Biologists have been intrigued by the origin of novelties for centuries. Leaves are novel plant 
organs and can serve as an excellent model for understanding the origin and evolution of 
novelties. Morphological, paleobotanical, and phylogenetic analyses have failed to concur on 
the origin of leaves or even how many times leaves have evolved in vascular plants. In 
addition, previous comparative expression analyses in lycophytes and seed plants have come 
to diametrically opposed conclusions about the conservation of a leaf developmental program. 
However, these same studies concluded that their comparative analyses provided support for 
popular theories of leaf evolution and that leaves originated as de novo structures in 
lycophytes or from branching axes in seed plants. We conducted phylogenetic analyses of leaf 
developmental gene families (Class III HD-Zip, KNOX, CUC) across land plants with extensive 
new data across lycophytes and ferns. We also utilized comparative expression analyses of 
orthologous genes by in situ hybridization. We performed our expression analyses in both 
vegetative and reproductive organs of lycophytes and ferns. Here, we provide the first 
expression analyses of Class III HD-Zip genes from ferns and map a duplication at the base of 
the ferns and seed plants with a neo-functionalization of Class III HD-Zips adaxial leaf 
expression. This is the first molecular genetic support indicating a conservation in a leaf 
developmental program between ferns and seed plants. In addition, our results show Class III 
HD-Zip expression in sporangia (reproductive organs) across lycophytes and ferns. This 
provides the first molecular genetic evidence that a sporangia developmental network was co-
opted independently for the evolution of all leaves. Furthermore this shifts the paradigm of 
lycophyte leaf evolution from the widely cited enation theory (de novo origin) to the sterilization 
of sporangia theory.  

 
4:00 PM Sporogenesis in Lycophyta (Lycopodiaceae): contributions to the 

reproductive biology and taxonomy of a conflicting group of plants. 
Edgar J. Rincon B. (Universidad de Antioquia, Colombia) 

 
Studies on reproductive aspects and on spore morphology and ultrastructure of 
Lycopodiaceae constitute essential information to support taxonomic and systematic 
relationships, but are scarce. To contribute to the existing information, a comparative analysis 
of sporangia ontogeny, sporogenesis, and chemical determination of compounds generated 
during sporogenesis was carried out in 14 taxa belonging to six genera in the Lycopodiaceae. 
Additionally, investigations were conducted on ultrastructure of 43 taxa belonging to eight 
genera in Lycopodiaceae, with emphasis on cytological aspects about sporogenesis and spore 
ornamentation. Our results show that cutinisation occurs in early stages of sporangium cell 
wall development, and ultimately walls become lignified. Sporoderm development is 
centripetal: the exospore (sporopollenin) is the first layer formed; then the endospore 
(cellulose, pectin, and carboxylated polysaccharides); and finally, when present, the perispore. 
Mucopolysaccharides were found on the sporocyte coat and persist in the sporangial cavity up 
to the immature tetrads stage. Lipids were abundant in sporocytes, tetrads, and spores. Starch 
is not detected in the spores, but it is abundant in premeiotic sporocytes and immature tetrads. 
Interestingly, transfusion cells and the perispore are not always present. The sporocyte coat is 
composed by primary wall components and its formation and development is related to 
abundance of dictyosomes. We proposed that this coat might protect the diploid cells 
undergoing meiosis. Besides mainly microtubule activity, the final patterns of spore 
ornamentation are determined early. The monoplastidic condition is common in Lycopodium 
s.l., whereas the polyplastidic condition was observed in Huperzia and Lycopodiella s.l. 
Microornamentation traits could be diagnostic at the specific level. The finding that the 
sporogenesis and ontogeny of sporangia are extremely similar in all the taxa studied, suggests 
that considering fewer genera seems more comprehensive, than the recent marked splitting of 
the family. 
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4:15 PM The genetic basis of the independent origins of plant roots in the 
lycophytes: insights from Isoetes. Alexander J. Hetherington (University of 
Oxford, UK)*, Liam Dolan (University of Oxford, UK) 

 
Roots provide the primary interface between land plants and the terrestrial surface. Their 
evolution transformed the earth system, fundamentally changing weathering rates, nutrient 
fluxes and fluvial processes. For such an important innovation it might, therefore, seem 
surprising that when fossils are examined within a phylogenetic context it is clear that roots 
have evolved independently at least twice in two of the major lineages of land plants: the 
lycophytes and the euphyllophytes. There is an emerging mechanistic understanding of root 
development and root epidermal patterning in the euphyllophytes, largely through work on the 
model species Arabidopsis thaliana. However, in marked contrast, the genetic basis of the 
control of root development and epidermal patterning in the lycophytes is unknown. The 
current study uses next generation sequencing to identify the first putative regulators 
controlling lycophyte root development and epidermal patterning. A protocol was developed to 
propagate and grow Isoetes echinospora in axenic culture allowing organ specific RNA to be 
isolated and sequenced. The first organ specific transcriptome for Isoetes is currently being 
sequenced and a whole plant transcriptome has been assembled and searched for candidate 
genes controlling root development and root epidermal patterning. The project aims to test 
whether the independent origin and epidermal patterning of land plant roots was the product of 
de-novo gene diversification or modification of a pre-existing genetic network. Isoetes also 
represents the only living relative of the giant tree lycopsids which dominated the coal swamp 
ecosystems within the Carboniferous period over 300 million years ago. Quantitative analysis 
of the rooting system of Isoetes has allowed us to reinterpret the stigmarian rooting system of 
the giant tree lycopsids - allowing us to understand how these giant 50m trees were anchored 
and stabilised the coal swamp ecosystem. 

 
4:30 PM Transgenic tools for investigating fern development. Andrew R. G. 

Plackett (University of Oxford, UK)*, Ester H. Rabbinowitsch (University of 
Oxford, UK), Jane A. Langdale (University of Oxford, UK) 

 
One of the major limiting factors in investigating fern biology and development has been the 
lack of transformation technologies for species within this family to study gene functions and 
regulation in their native contexts. We have recently demonstrated a highly efficient 
transformation technique for the fern Ceratopteris richardii that has the potential to make the 
creation of transgenic lines in this species commonplace. Transformation is achieved through 
microparticle bombardment of callus tissue generated from the sporophyte apex. Shoots 
regenerating from transformed cells are selected in tissue culture through the use of antibiotic 
resistance markers, achieving efficiencies of up to 72% with transformation markers. Our 
attempts to establish the first transgenic lines for developmental studies using this technique 
have revealed further insights into its optimum implementation as a lab tool and provided 
useful information for the future design of fern-specific constructs. We present our latest 
technical findings regarding the efficacy of antibiotic selection markers, tags and gene 
promoters in the C. richardii background. 

 
4:45 PM A gene promoting somatic embryogenesis in angiosperms promotes 

apogamy in a fern. Linh T. Bui (University of Iowa, USA), Dzevida Pandzic 
(University of Iowa, USA), Péter Szövényi (University of Zurich, Switzerland), 
Erin Irish (University of Iowa, USA), Chi-Lien Cheng (University of Iowa, 
USA)* 

 
Asexual reproduction is widespread in land plants. Approximately ten percent of fern species 
are obligated to reproduce asexually. These ferns generate sporophytes directly from 
gametophyte cells, bypassing fertilization, through a process called apogamy. Thus, apogamy 
can be viewed as the asexual alternative to sexual alternation of generations. Apogamy can be 
experimentally induced in the model fern Ceratopteris richardii, a species that reproduces 
sexually in nature, by culturing the gametophytes on medium supplemented with high levels of 
sugar. To investigate how apogamy is regulated and whether it shares a conserved set of 
genes with somatic embryogenesis in angiosperms, we ectopically expressed the Brassica 
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napus BABYBOOM gene (BnBBM) in C. richardii gametophytes by Agrobacterium-mediated 
gene transfer. One of the most striking effects of BBM ectopic expression in angiosperms is 
somatic embryogenesis. Apogamy occurs in transgenic C. richardii gametophytes ectopically 
expressing BnBBM, at a frequency much higher compared to when sugar is used as inducer. 
In seedless plants, proteins with the highest sequence similarity to BBM belong to the 
AINTEGUMENTA (ANT) clade. Interestingly, the expression pattern of a C. richardii ANT 
(CrANT) is comparable to that of the Arabidopsis BBM. Moreover, when CrANT is ectopically 
expressed in C. richardii gametophytes, apogamy is similarly promoted. As CrANT lacks 
conserved BBM motifs, its function in promoting apogamy may lie in other domains conserved 
between CrANT and BnBBM. 

 
5:00 PM Anatomical development of leaves in Mickelia scandens 

(Dryopteridaceae). Rafael Cruz (Universidade de São Paulo, Brazil)*, 
Jefferson Prado (Instituto de Botânica, Brazil), Gladys Flávia Melo-de-Pinna 
(Universidade de São Paulo, Brazil) 

 
Mickelia scandens is a hemiepiphytic bolbitidoid fern from the coastal region of SE Brazil. The 
plant has pinnate fronds, much larger in the climbing part of rhizome than in the terrestrial part. 
Its fertile fronds present reduced lamina (pinnae). We analyzed sections of the developing 
fronds (fiddleheads) from both forms (terrestrial and climbing) under light microscopy. Both 
fronds’ forms present an evident apical cell with two straight cutting faces and an outer 
lenticular face. Immediate derivative cells can be superficial, giving rise to protodermal and 
fundamental cells; or deeper, giving rise to procambial tissue. The frond abaxial surface 
develops earlier and presents more vacuolated cells than the ones in the adaxial surface. 
Acropetal differentiation of pinnae is evident. Apex organization in younger pinnae is similar to 
the one in lateral cells of the developing frond. There is no distinct pinna single apical cell. 
Marginal cells of the pinnae are larger than protodermal cells. These marginal cells are 
approximately pyramidal with a lenticular base. The other faces are responsible for proximal-
distal and marginal growth. Although there is an early establishment of marginal cells, marginal 
growth occurs after a considerable proximal-distal growth and midrib development. Similar to 
what happens in the frond, the abaxial region of the midrib develops earlier than the adaxial. 
Cells dividing periclinally produced radial rows that surround the provascular tissue of the 
midrib. Marginal growth is remarkable in sterile pinnae. Fertile pinnae produce very short 
margins that first bend over their abaxial surfaces (revolute margins), but later, during 
sporangia dehiscence, change to an involute form. More studies, mainly related to Class I 
KNOX genes responsible for growth determination control, may provide important data on the 
determination of the frond and better clarify differences between climbing and terrestrial fronds. 

 
5:15 PM Class III HD Zip and Class I Knox angiosperm leaf genes, the history 

that ferns tell. Alejandra Vasco (Universidad Nacional Autónoma de México, 
Mexico)*, Tynisha L. Smalls (New York Botanical Garden, USA), Robbin C. 
Moran (New York Botanical Garden, USA), Barbara A. Ambrose (New York 
Botanical Garden, USA) 

 
Elaphoglossum contains about 600 species, nearly all of which have simple entire leaves. 
Elaphoglossum sect. Squamipedia, however, has four species with divided leaves. We 
conducted a taxonomic and a phylogenetic study of this section to provide a framework to 
study the molecular genetics of leaf development in ferns. The four species with divided leaves 
belong to different clades within the section and originated independently from ancestors with 
simple, entire leaves. Thus, for the genetic developmental study, we examined a transition 
series from simple, entire leaves (Elaphoglossum) to divided leaves (four species of sect. 
Squamipedia). Histone H4 expression, used as a cell-division marker, showed that the division 
patterns differ between simple and divided leaves. In simple leaves, the divisions in leaf 
primordia are scattered, whereas in divided leaves the divisions in leaf primordia are higher in 
the marginal meristem. For the leaves of all species of Elaphoglossum analyzed, Class I 
KNOX expression resembled that previously reported for angiosperms; namely, expression 
was detected in the SAM (or the apical cell and surrounding cells) and in the margins of 
divided leaf species. Class III HD-Zip expression was also similar to the expression found in 
angiosperms because expression was detected in the SAM or in the apical cell and 
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surrounding cells. Its expression was also detected in emerging leaf primordia and later 
restricted to the adaxial surface of the developing lamina. Our results suggest that differences 
in Class I KNOX expression between simple and divided leaves in Elaphoglossum may 
underlie their distinct mature morphologies. The similarities in Class I KNOX and Class III HD-
Zip expression patterns between Elaphoglossum and angiosperm orthologs supports the idea 
that a common developmental module was co-opted in ferns and seed plants for megaphyll 
development. 

 
5:30 PM RECESS 
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8:00 AM MORNING COFFEE, Atrium café (NMNH ground floor) 
 
8:00 AM REGISTRATION. Entrance to Baird Auditorium (NMNH ground floor) 
 
8:30 AM THE INTEGRATION OF ECOLOGICAL AND PHYLOGENETIC 

APPROACHES IN PTERIDOLOGY. Colloquium organized by: Michael 
Sundue (University of Vermont, USA), James E. Watkins Jr. (Colgate 
University, USA), Michael Kessler (University of Zurich, Switzerland) 

 
8:30 AM The integration of ecological and phylogenetic approaches in 

pteridology. Michael Kessler (University of Zurich, Switzerland)*, Michael 
Sundue (University of Vermont, USA), James E. Watkins Jr. (Colgate 
University, USA) 

 
Historically, pteridologists have integrated ecological patterns and evolutionary hypotheses but 
lacked quantitative tools to do this in a predictive manner. The rapidly resolving tree of life 
provides enormous opportunity to break new ground in ecology and evolution of ferns and 
lycophytes. The challenge we face is that of methodology and creativity. How do we integrate 
phylogeny, ecology, and morphology? The presenting speakers address this question in a 
variety of ways. They are united in their use of a phylogenetic framework, but otherwise 
diverge in their approach. Together, the speakers provide a variety of solutions to the 
integration of disciplines and offer perspective on the future of pteridology. 

 
9:00 AM Genome size stasis in the lycophyte Selaginella. Anthony E. Baniaga 

(University of Arizona, USA)*, Michael S. Barker (University of Arizona, USA) 
 

Vascular land plants display enormous amount of variation in genome size. The genus 
Selaginella is remarkable amongst vascular land plants in having taxa with some of the 
smallest measured genome sizes (1C = 81.4 MB). It also appears to have relatively low 
variation in genome size despite a stem group age in the late Devonian and an estimated 750 
extant species. Here I use field collected and herbarium specimens to perform flow cytometry 
estimation of genome sizes across 35 new taxa in the genus. These estimates are used as 
continuous traits in a phylogenetic analysis to examine rates of genome size evolution across 
vascular land plants in order to characterize the relative disparity of genome size in 
Selaginella.  

 
9:15 AM Molecular phylogeny and comparative paleobotany of Osmunda 

subgenus Osmunda. Chie Tsutsumi (National Museum of Nature and 
Science, Japan)*, Yoko Kakugawa-Yatabe (Tokyo Metropolitan University, 
Japan), Kazuhiko Uemura (National Museum of Nature and Science, Japan), 
Minoru Tsukagoshi (Osaka Museum of Natural History, Japan), Yumiko 
Hirayama (National Museum of Nature and Science, Japan), Masahiro Kato 
(National Museum of Nature and Science, Japan) 

 
Osmunda regalis has a worldwide distribution, except for in eastern Asia, where the closely 
related O. japonica and O. lancea can be found instead. In a previous chloroplast-marker 
phylogeny, O. regalis with intrafoliar leaf dimorphism is paraphyletic to O. japonica and O. 
lancea, which have separate fertile and vegetative leaves. To reveal the history of the species 
we conducted phylogenetic analyses of 15 nuclear and several chloroplast markers, and 
comparative morphological analyses of interveinlet intervals in the pinnule of the fossils. 
Different phylogenetic trees were yielded. A concatenated-data tree shows monophyly of O. 
regalis, whereas a species-tree suggests paraphyly of O. regalis with American O. regalis 
being sister to O. japonica and O. lancea rather than to O. regalis of Europe, Africa, 
Madagascar, and India. Given our results, three scenarios of the history of subgenus 
Osmunda are plausible. First, the divergence of O. japonica and the geographical groups of O. 
regalis was rapid. Second, the ancestor of O. japonica and O. lancea was derived from 
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American O. regalis, and the other geographical groups hybridized with each other. Third, 
American O. regalis hybridized with the ancestor of O. japonica and O. lancea after the 
divergence of the species. Fossil data show that O. regalis or its ancestor had been present in 
eastern Asia since the Middle Eocene until the Pliocene, and O. japonica was derived from it in 
the Miocene. The past sympatry of O. regalis and O. japonica may have been facilitated by 
ecological isolation that persisted during the Cenozoic and was subsequently followed by 
geographical separation.  

 
9:30 AM Adaptive evolution of rheophytes in the genus Osmunda. Yoko 

Kakugawa-Yatabe (Tokyo Metropolitan University, Japan)*, Chie Tsutsumi 
(National Museum of Nature and Science, Japan), Masahiro Kato (National 
Museum of Nature and Science, Japan) 

 
Rheophytes in the genus Osmunda have evolved separately on at least two occasions. 
Osmunda angustifolia is distributed in the Old World tropics and Osmunda lancea is endemic 
to Japan. Molecular phylogenetic analysis has suggested that O. lancea evolved from its 
dryland ally, O. japonica. Osmunda lancea has morphological adaptations that allow it to grow 
along streams where it is frequently submerged. One such adaptation is stenophylly. Another 
adaptation is their short sterile fronds with thick petioles. Although these morphological traits 
were segregated in doubled haploids and F2 hybrids that originated from a putative F1 hybrid 
between O. lancea and O. japonica, they are strongly correlated. We constructed an 
interspecific genetic map of doubled haploids by analyzing these plants with CAPS and SNP 
markers to reveal the genetic architecture of the adaptive traits in O. lancea. Analysis of the 
doubled haploids and F2 hybrids revealed a locus on linkage group 10 that appeared to be 
associated with the angle of the pinna base. The findings also suggested that several other 
genes affecting stenophylly were present on other linkage groups, accounting for the 
phenotypic correlation observed between adaptive traits. Differences in reproductive traits 
were also investigated; while O. lancea is capable of intra-gametophytic selfing, most 
gametophytes originating from O. japonica individuals in Japan did not produce sporophytes 
when they were isolated from other gametophytes. In an analysis of transmission ratio 
distortion in which the distortion ratio was compared among gametophytes, doubled haploids 
and the F2 hybrid population, the genomic region associated with the intra-gametophytic 
selfing rate was found on linkage group 11. The findings suggested that deleterious recessive 
genes reduce the viability of homozygotes bearing O. japonica alleles. Investigation of hybrid 
swarms of O. japonica and O. lancea revealed evidence of frequent introgression of the 
genomic region. 

 
9:45 AM Life cycle matters: divergent patterns of community structure between 

fern sporophytes and gametophytes. Joel H. Nitta (Harvard University, 
USA)*, Jean-Yves Meyer (Délégation à la Recherche of the Government of 
French Polynesia, French Polynesia), Ravahere Taputuarai (Association Te 
Rau Ati Ati a Tau a Hiti Noa Tu, French Polynesia), Charles C. Davis 
(Harvard University, USA) 

 
Ferns and lycophytes are unique among vascular plants in that their sporophyte (diploid) and 
gametophyte (haploid) phases are largely nutritionally independent. Owing to the highly cryptic 
nature of fern gametophytes, ecological studies of ferns generally include only sporophytes. 
However, it is important to also survey gametophytes, which have the potential to differ from 
sporophytes in range and ecological niche, to better understand the processes that generate 
local fern diversity. Here, we report the results of our survey including both sporophytes and 
gametophytes of the ferns of the islands of Moorea and Tahiti (French Polynesia). We first 
constructed a comprehensive DNA barcode library (plastid rbcL and trnH–psbA) for the two 
island floras including 144 fern species. We then used these DNA barcodes to identify more 
than 1300 field-collected gametophytes from 25 plots spanning an elevational gradient from 
200 to 2000 m. We found that species richness of fern sporophytes peaks at mid-elevations, 
and that fern sporophyte communities become increasingly phylogenetically clustered at 
higher elevations. In contrast, species richness of fern gametophytes was consistent across 
sites, and gametophyte communities were more phylogenetically diverse than sporophytes. 
These results are consistent with recent studies indicating that fern gametophytes have greater 
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physiological tolerances than sporophytes, which likely enable them to occupy a broader range 
of ecological niches. Our study highlights the importance of including diverse life history stages 
in surveys of community structure, and has important implications for our understanding of the 
role that gametophytes play in fern ecology. 

 
10:00 AM COFFEE BREAK. Atrium Café (NMNH ground floor) 
 
10:30 AM THE INTEGRATION OF ECOLOGICAL AND PHYLOGENETIC 

APPROACHES IN PTERIDOLOGY (CONTINUED). Colloquium organized 
by: Michael Sundue (University of Vermont, USA), James E. Watkins Jr. 
(Colgate University, USA), Michael Kessler (University of Zurich, Switzerland) 

 
10:30 AM Do habitat shifts lead to an increase in diversification rates in the 

Dryopteridaceae? Monique A. McHenry (University of Vermont, USA)*, 
Weston L. Testo (University of Vermont, USA), Michael Sundue (University of 
Vermont, USA), and David Barrington (University of Vermont, USA) 

 
The Dryopteridaceae, largest of the fern families, account for around 15% of global fern 
diversity. The family is primarily distributed in montane regions of eastern Asia and South 
America. In addition to high number of species, the family harbors an exceptional array of 
morphological and ecological diversity, making it an excellent group for examining 
relationships between ecological innovation and diversification. To answer these questions, we 
estimate divergence times for a species-level phylogeny of the family. We test if transitions into 
novel habitat correlate with geologic events and if these ecological transitions led to bursts of 
diversification. Our data reveal that transitions to alpine habitats and epiphytism occurred 
repeatedly across the family. We suggest that the extant diversity of the Dryopteridaceae is 
due in part to successful exploration of alpine and epiphytic niches that were made available 
by the major orogenies in eastern Asia and the Neotropics.  

 
10:45 AM Phylogenetic structure and diversity of Florida ferns. Emily B. Sessa 

(University of Florida, USA)*, Lauren Trotta (University of Florida, USA), Sally 
Stevens (University of Florida, USA), Lorena Endara (University of Florida, 
USA), J. Gordon Burleigh (University of Florida, USA), Benjamin Baiser 
(University of Florida, USA)  

 
The state of Florida has the richest fern flora of any state in the continental U.S. It is home to 
149 species of ferns, including ~120 that are thought to be native. We used community 
phylogenetic methods to explore georeferenced data for these species, in order to examine 
distributions, diversity, and various components of community structure for all ferns in Florida. 
Community phylogenetic methods enable us to examine the dynamics of plant community and 
ecosystem assembly in the context of species’ evolutionary histories. Combined with 
ecological, functional, and climatic data, we can take an integrated approach to understanding 
the various biotic, abiotic, and evolutionary components driving patterns of diversity in 
communities at different temporal and spatial scales. We conducted niche modeling for a set of 
species to determine whether particular abiotic factors are associated with diversity hotspots in 
the state, or with particular functional traits in ferns. We examined patterns of phylogenetic 
diversity, which measures the evolutionary history encompassed by a particular group of taxa, 
across communities, and compared the phylogenetic composition of species found in different 
communities (phylogenetic beta diversity). We also evaluated the distribution of functional and 
ecological traits for all species, and used phylogenetic comparative methods to evaluate 
whether there are correlations between particular traits and spatial diversity. Finally, we used 
projections under different climate models to explore what fern species distributions may look 
like in the future in Florida, and whether there are phylogenetic or functional components 
associated with patterns of change expected under different climate regimes. 

 
11:00 AM Phylogenetic relatedness within neotropical fern communities 

increases with soil fertility. Samuli Lehtonen (University of Turku, Finland)*, 
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Mirkka J. Jones (University of Turku, Finland & Aarhus University, Denmark), 
Gabriela Zuquim (University of Turku, Finland), Jefferson Prado (Instituto de 
Botânica, Brazil), Hanna Tuomisto (University of Turku, Finland) 

 
We inventoried phylogenetic structure of local fern communities at a total of 87 sites in 
Amazonia and Panama to model how the structure varied along gradients in soil fertility and 
rainfall. We found significant and consistent effects of soil nutrient status on local phylogenetic 
community structure in both regions. In contrast, phylogenetic structure showed only weak or 
no relationships with rainfall. In both regions, MPD declined with increasing soil fertility, which 
means that fern communities on poor soils consisted, on average, of less closely related 
lineages than fern communities on rich soils. Different fern genera were over-represented in 
different sections of the soil nutrient gradient. Our results highlight the importance of edaphic 
variation in structuring plant communities over evolutionary time-scales. Within the tropical 
forests studied, the effects of soil variation on local phylogenetic community structure seem to 
outweigh those of climate. Several fern genera show strong edaphic niche conservatism to 
either poor or rich soils, whereas many other genera have radiated to span a rather broad 
edaphic range.  

 
11:15 AM A new look at patterns of diversification in the ferns. Weston L. Testo 

(University of Vermont, USA)*, Michael Sundue (University of Vermont, USA), 
David Barrington (University of Vermont, USA) 

 
Understanding the timing, tempo, and drivers of diversification is a central goal of modern 
macroevolutionary studies. Recent advances in comparative phylogenetic methods have 
greatly improved our ability to examine these features; however, comprehensive analyses for 
many groups are lacking. We use new analytical tools and a time-calibrated phylogeny of more 
than 3000 taxa to examine patterns of evolution across the fern phylogeny, characterize major 
radiations, and identify potential functional, ecological, and geo-climatic factors underlying fern 
diversification. We revisit previous hypotheses of fern diversification, estimate divergence 
times across the fern tree of life, and present new insight into the diversification of ferns.  

 
11:30 AM Patterns of speciation along elevational gradients of fern communities 

in Asia. Dirk Nikolaus Karger (University of Zurich, Switzerland & University 
of Turku, Finland)*, Michael Kessler (University of Zurich, Switzerland), 
Jürgen Kluge (University of Marburg, Germany), Takayuki Tanaka (Shinshu 
University, Japan), Li-Yaung Kuo (National Taiwan University, Taiwan), Yi-
Han Chang (Taiwan Forestry Research Institute, Taiwan), Samuli Lehtonen 
(University of Turku, Finland), Hanna Tuomisto (University of Turku, Finland) 

 
A promising way to understand global patterns of plant diversity is to incorporate phylogenetic 
data to add an evolutionary perspective to ecological research. Advances in resolving 
phylogenetic relationships have triggered recent progress in community ecology, but studies of 
phylogenetic patterns at macro-scales have been so far mostly descriptive and focused on 
terrestrial vertebrates. Disentangling the processes generating phylogenetic diversity patterns 
is therefore at the forefront of macroecological and macroevolutionary research. Aside from 
environmental filtering and species interactions, the differences in speciation rates of specific 
clades might influence the community structure of ferns along elevational and latitudinal 
gradients. Here we present a comparison of speciation rates in fern communities along six 
elevational gradients of fern diversity along latitudinal gradients ranging from the island of New 
Guinea via the Philippines, Taiwan, Kyushu, Honshu, to Hokkaido. We present changes in 
speciation rates as well as diversity in ferns and discuss the challenges and opportunities 
which arise from combining phylogenetic and ecological methodologies in studies of latitudinal 
and elevational gradients of fern diversity. We can show that speciation rates of ferns display a 
monotonic decline from the highlands to the lowlands with species of clades having high 
speciation rates mainly occurring in the highlands. Based on these patterns, we argue that 
speciation rates in fern communities are mainly driven by the opportunity to evolve into open 
environmental niche space rather than being driven by high competition or high energy supply 
at the center of their diversity at mid- elevations. 
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11:45 AM LUNCH BREAK 
 
1:15 PM CONTRIBUTED PRESENTATIONS 
 
1:15 PM Role of sacred groves in conservation of pteridophytes in central 

Western Ghats. Sumesh N. Dudani (University of Mysore, India)*, M. K. 
Mahesh (University of Mysore, India) 

 
The sacred groves (also regarded as sacred forests) are a system of community based 
protection of forest patches on account of their association with village gods. This practice of 
dedicating the forests to gods dates back to pre-historic times and despite the large scale 
forest transformations across the world, scores of such forest patches still retain their sanctity 
in India. The Western Ghats biodiversity hotspot is dotted with many such groves, which are 
often considered as an important repository of the local gene pool. Despite the ample amount 
of work been done on documenting the biodiversity of sacred groves, there is still dearth of 
data on the rich cryptogam diversity these forests hold. During our research on pteridohyte 
diversity and ecology in central Western Ghats, we were able to explore some old growth 
sacred groves and document its pteridological wealth. Here we present a case study of 2 such 
sacred groves (Kathalekan and Yana) in Uttara Kannada district of Karnataka state which 
together harbor 30 species of pteridophytes belonging to 22 genera and 17 families. Of these 
four pteridophytes – Bolbitis semicordata, B. subcrenatoides, Cyathea nilgirensis and 
Osmunda huegeliana are considered to be endemic to South India. In this presentation we 
tend to discuss the fragile ecology of these sacred groves, various anthropogenic factors 
hampering their biodiversity and the probable conservation measures especially with respect 
to the pteridophytes. 

 
1:25 PM Down south and out east: the spread of grammitid ferns from Asia. 

Barbara Parris (Fern Research Foundation, New Zealand) 
 

Tropical Asian lineages of grammitids represented by 13 genera have spread eastwards 
across the high islands of the Pacific as far as Hawaii at c. 160°W and the Marquesas Islands 
at c. 140°W. Species numbers per island group decrease from west to east. Island groups 
closer to New Guinea have fewer endemics than species that also occur in Malesia; island 
groups further east have more endemics than species also known from Malesia. Most Pacific 
endemics are restricted to a single island group, with few occurring in adjacent island groups. 
Another lineage of tropical Asian origin has spread southwards through New Caledonia and 
Australia/New Zealand to colonise temperate regions of southern Africa and southern South 
America, together with temperate and subantarctic islands in the Pacific, Atlantic and Indian 
oceans, reaching c. 56°S. The lineage has adapted to pronounced seasonal changes in 
temperature and day length, in contrast to the tropics; some species of high alpine habitats are 
even able to survive for months under snow. 

 
1:35 PM Flora characteristics of pteridophytes in limestone regions in Hainan 

Island, China. Xing Fu-wu (South China Botanical Garden & Chinese 
Academy of Sciences, China)*, Qin Xin-sheng (South China Botanical 
Garden & Chinese Academy of Sciences, China), Yan Yue-hong (South 
China Botanical Garden & Chinese Academy of Sciences, China), Wang Fa-
guo (South China Botanical Garden & Chinese Academy of Sciences, China) 

 
Under the influence of tropical monsoon climate, the flora of limestone regions in Hainan Island 
is considerable different to those of Guangxi, Guizhou and Yunnan province in China, but 
similar to those of Indochina and Malaysia. Limestone regions of Hainan Island are mainly 
found in the southern and western part of the island, where 6 counties or cities have been 
found to have considerable coverage of limestone, among them the region along Changhua 
River has the largest area. A systematic survey of the flora and its community in limestone 
regions in Hainan Island has been conducted by us since 2002. There were over 1,400 
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vascular plant species recorded in limestone regions in Hainan Island, in which many species 
are endemic to limestone areas. The characters of the pteridophyte flora in limestone regions 
in Hainan Island were analysed in this paper. 181 species of pteridophytes in 70 genera and 
37 families were recorded in limestone regions in Hainan Island. At family and genus level, 
tropical distribution types were dominant. The dominant families were Thelypteridaceae, 
Aspleniaceae, Polypodiaceae, Pteridaceae, Selaginellaceae, Aspidiaceae and Athyriaceae, 
compose 57.9% of the total species of the pteridophyte flora. The dominant genera present in 
the area were Pteris, Selaginella, Asplenium, Cyclosorus and Adiantum, the five genera 
comprise 35.8% of the total pteridophyte flora. While at the species level, tropical and 
subtropical element with 131 species was the dominant, composes 73.2% of the total 
pteridophyte flora, the temperate element with 14.5% was at the second position. It is obvious 
that the pteridophyt flora is tropical. In the end, the characters of the pteridophyte flora and the 
habit of pteridophytes in limestone regions in Hainan Island were discussed. 

 
1:45 PM Seasonal fog vegetation of Peru as an evolutionary space for ferns. 

Blanca León (Museo de Historia Natural, Peru & University of Texas at 
Austin, USA)*, Kenneth R. Young (University of Texas at Austin, USA) 

 
The Atacama-Sechura Desert of Peru and Chile is dominated by arid landscapes that face the 
Pacific Ocean. Along a latitudinal belt of 15 degrees, there are localized sites of a seasonal fog 
vegetation, known in Peru as “lomas”. This vegetation develops today between sea level and 
1000 m elevation along the lower branches of the Andean cordillera between 6º52’ and 21°16’ 
S. The seasonal fog vegetation is associated with high levels of flowering plant endemism, 
reaching over 40%. In regards pteriodophytes, we surveyed all known herbarium collections 
from Peru and northern Chile, finding 34 species, none of which are restricted to that habitat. 
As a result, we propose instead that seasonal fog vegetation in arid western South America is 
only one of several ecological spaces available for ferns to colonize, suggesting in turn that its 
presence has not been a primary control on the evolution of fern lineages in the tropical 
western Andes. A cluster analysis of pteridophytes in 39 different seasonal fog sites revealed 
two sets of species from northern and central Peru, and from southern Peru and northern 
Chile, respectively. Available phylogenies (Dryopteridoideae, Eupolypods II, Pteridaceae-
Cheilanthoideae) for the two groups suggest origins from montane taxa that can 
opportunistically occupy available humid microsites, including those associated with riparian 
vegetation and with seasonally developing fog vegetation. The lineages differentiated during 
the late Cretaceous and early Tertiary. In addition, the ferns in the more southerly sites today, 
show origins from the southern Andes, dating back to the Miocene. In conclusion, by including 
ferns, we can show that the present day floras of seasonal fog vegetation represent lineages 
differentiated over time spans much longer than the existence of that habitat type, and that 
there are multiple sources of vascular plants in the drylands of western South America.  

 
1:55 PM Seasonal changes in starch content in trophopods of Matteuccia 

struthiopteris (L) Todaro. Peter Hovenkamp (Naturalis Biodiversity Center, 
Netherlands)*, Yan Shi-Kai (Leiden University, Netherlands), Young Hae 
Choi (Leiden University, Netherlands)  

 
Trophopods are modified stipe bases that function as starch-storage organs and occur in a 
wide variety of mainly temperate ferns. Eaton, who already in 1879 provides an accurate 
description of these organs, linked their presence to seasonality and assumed that they 
provide nutrition for the rapidly expanding fern leaves in spring. To test this assumption, we 
conducted an analysis of the annual variation in starch content in trophopods of Matteuccia 
struthiopteris (L.) Todaro, cultivated in the Leiden botanical garden. Our results confirm that 
there is a distinct seasonality in the amount of starch stored in the trophopods, which suggests 
that their presence is indeed functionally linked to seasonality. However, we do not find the 
decrease in the period of leaf expansion that we would expect if starch is mobilized to support 
the expansion of new leaves. Possible explanations for this will be discussed. 

 
2:05 PM Investigating climatic influences on leaf margin shape in ferns and 

lycophytes. Jeffrey P. Benca (University of California at Berkeley, USA)*, 
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Dana L. Royer (Wesleyan University, USA), Adam K. Huttenlocker (University 
of Utah, USA), Caroline A.E. Strömberg (University of Washington, USA) 

 
Fossilized leaf margin traits are widely used for inferring past mean annual temperature (MAT) 
and precipitation (MAP) on land. However, their utility is constrained to geologically young 
woody dicotyledonous angiosperms. Furthermore, reliability of these analyses requires locally-
prevalent leaf traits across plant communities to be products of phylogenetically-independent 
environmental selectivity pressures. To test whether climatic conditions induce similar margin 
shape responses in leaves with independent evolutionary origins, we sampled leaves of two 
lycophyte and one fern species (Lycopodiaceae: Lycopodiella alopecuroides, L. appressa, and 
Dryopteridaceae: Polystichum munitum) grown under 15°C and 25°C chamber regimes for 5 
months. Additionally, we studied variation in pinnule margin shape of four tropical fern species 
(Cibotiaceae: Cibotium glaucum, C. menziesii; and Aspleniaceae: Asplenium normale, A. 
polyodon) across an elevation transect on Mauna Kea, HI spanning 800m, 5.2C° MAT, and 
1,007 mm/yr MAP gradients. Using Digital Leaf Physiognomy Approach (DiLP), we applied 
four angiosperm-based leaf-climatic parameters to pinnules of ferns and microphylls of 
lycophytes: 1) Shape Factor, 2) Standardized Tooth Count, 3) Feret-Diameter Ratio, and 4) 
Tooth-Area Ratio. These measurements were compared intraspecifically across laboratory 
treatments and field sites. While significant differences were detected in several 
measurements from each study, neither ferns nor lycophytes displayed leaf margin state 
temperature responses paralleling angiosperms. These studies of non-flowering plants 
suggest climatic influences on leaf shape are not phylogenetically-independent across 
Eutracheophytes. 

 
2:15 PM BREAK 
 
2:25 PM CONTRIBUTED PRESENTATIONS (CONTINUED) 
 
2:25 PM The systematics and evolution of the Dipteridaceae (Gleicheniales): 

using fossil morphology to interpret frond evolution. Thereis Y.S. Choo 
(Cornell University, USA)*, Ignacio H. Escapa (Museo Paleontológico Egidio 
Feruglio, Argentina), Benjamin Bomfleur (Swedish Museum of Natural 
History, Sweden), Robbin C. Moran (New York Botanical Garden, USA), 
Kevin C. Nixon (Cornell University, USA) 

 
The Gleicheniales comprises three families, the Gleicheniaceae, Dipteridaceae and 
Matoniaceae. Most members of the order are large, terrestrial ferns that colonize open areas, 
and the frond architecture of each of the three families is interesting and unique among extant 
ferns. Both molecular and fossil evidence indicate that the Gleicheniales had its origin in the 
late Paleozoic to early Mesozoic, and the three families have had different degrees of success 
over geological time and space. This paper incorporates both fossil and extant species in a 
phylogenetic study of the Dipteridaceae. The diversity of the fossil Dipteridaceae is 
represented by six extinct genera, all of which have fronds with a highly reticulate venation 
pattern and internally directed veinlets, a feature shared with the extant Dipteridaceae. Since 
the fossils have not previously been subject to a phylogenetic study, we also included various 
other net-veined fern groups in our study to test the placement of the fossils. The six extinct 
and two extant Dipteridaceae genera are found to indeed form a monophyletic clade, with the 
crown group including the fossil genus Hausmannia and extant genera Dipteris and 
Cheiropleuria. In terms of frond architecture, the trend within the Dipteridaceae lineage 
appears to be one of progressive fusion, with the crown group showing increased ramification 
of primary veins and fusion of primary segments. The most dissected forms in the crown group 
are a result of a modification of this derived venation pattern - a form of 'secondary dissection' 
that is not homologous with the earlier diverging fossil lineages. Frond characters are also 
discussed in the larger evolutionary context of the Gleicheniales.  

 
2:35 PM Phylogeography of the tree fern genus Sphaeropteris (Cyatheaceae). 

Marcus Lehnert (Rheinische Friedrich-Phillips Universität Bonn, Germany)*, 
Anna Weigand (University of Zürich, Switzerland), Sarah Noben (University of 
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Zürich, Switzerland), Michael Kessler (University of Zürich, Switzerland), 
Dietmar Quandt (Rheinische Friedrich-Phillips Universität Bonn, Germany) 

 
The genus Sphaeropteris belongs to the pantropically distributed scaly tree ferns 
(Cyatheaceae; ca. 600 spp.) and comprises the tallest extant ferns, with trunk heights 
surpassing 20 m. Previous studies supported the monophyly of the genus, found a sister-group 
relationship to the other genera of the family, and retrieved four well-supported subclades that 
correspond with morphologically conceived subgenera and sections and have distinct centers 
of diversity. Six species of Sphaeropteris s.str. are the only representatives of the whole genus 
in the Neotropics, occurring from Mexico through the Caribbean and the Andes to eastern 
Brazil in distinct adjoining ranges. Previous phylogenetic studies had only a limited sampling of 
the whole genus, and just two of the Neotropical species. Here we present a phylogenetic 
analysis with an extended sampling in all subclades, including all six Neotropical species, with 
the aim to test previous hypotheses of the biogeographic history of the genus. Our results from 
a Bayesian analysis of three chloroplast markers (rpl16, trnL-F, and trnG-R) support the 
previously recognized clades in the Cyatheaceae and the genus Sphaeropteris, again with the 
New Caledonian Sp. albifrons isolated as sister to (Sphaeropteris s.str. (Schizocaena + 
Sarcopholis)). The distinct New Guinean Sp. procera is now placed at the base of the 
Schizocaena clade instead of Sphaeropteris s.str. Depending on the grid size applied in the 
reconstructions, either the Australian region or New Caledonia is resolved as ancestral area of 
the extant diversity. Within the Neotropical clade, the Mexican and the Caribbean species (Sp. 
horrida + Sp. insignis) are sister to a clade formed by the Mesoamerican and Andean species 
(Sp. brunei + Sp. cuatrecasasii + Sp. quindiuensis) and the Brazilian Sp. gardneri.  

 
2:45 PM Chloroplast genomes evolution in polypods. Jin-Mei Lu (Kunming Institute 

of Botany & Chinese Academy of Sciences, China)*, Xin-Yu Du (Kunming 
Institute of Botany & Chinese Academy of Sciences, China), De-Zhu Li 
(Kunming Institute of Botany & Chinese Academy of Sciences, China), Jun 
Wen (Smithsonian Institution, USA) 

 
Twenty chloroplast genomes of ferns and lycophytes have been completely sequenced during 
the past two decades due to advances in DNA sequencing technologies. However, there is still 
no whole plastid genome sequenced in polypods. Based on published completely sequenced 
chloroplast genomes of ferns and our recently sequenced six chloroplast genomes of 
polypods, some genomic changes were revealed in the plastid genomes in polypods. The 
growth of plastid genome sequences has also promoted the use of whole plastid sequences 
and genomic features to solve phylogenetic problems in seed plants. Phylogenomics based on 
whole chloroplast genome could provide additional evidence for deep-level phylogenetic 
relationships in early diverged ferns as well as resolve major relationships among families in 
polypods. 

 
2:55 PM Phylogeny of Leptochilus (Polypodiaceae). Liang Zhang (Missiouri 

Botanical Garden, USA)*, Li-Bing Zhang (Missouri Botanical Garden, USA) 
 

The fern genus Leptochilus sensu lato (incl. Colysis and Kontumia) (Polypodiaceae) contains 
about 25–30 species, occurring in Asia and probably adjacent areas, e.g., Africa. In spite of the 
small species number, the genus is morphologically is quite diversified in leaf dissection, 
fertile-sterile leaf differentiation, and sori arrangement. Some species of this genus were 
included in different genera, e.g., Colysis, Kontumia, and Microsorum. Recent molecular 
studies recovered the monophyly of Leptochilus. However, these studies were based on small 
character and taxon sampling. With more species of Leptochilus and related genera included 
and more plastid genes sampled, our current study indicated that Leptochilus sensu lato is 
monophyletic and is sister to some species of Microsorum while the relationships of the latter 
is not well resolved. Leptochilus in the tropical regions of Southeast Asia is highly diversified at 
both morphological and molecular level. Within Leptochilus, the genetic diversity, together with 
the morphological diversity, is obvious. We concluded that the number of species of the genus 
will be increased.  
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3:05 PM Systematic studies in Microgramma and the recognition of a new genus 
in Polypodiaceae. Thaís E. Almeida (Universidade Federal do Oeste do 
Pará, Brazil)*, Alexandre Salino (Universidade Federal de Minas Gerais, 
Brazil), Sabine Hennequin (Université Pierre et Marie Curie & Muséum 
National d’Histoire Naturelle, France), Jean-Yves Dubuisson (Université 
Pierre et Marie Curie & Muséum National d’Histoire Naturelle, France), John 
T. Mickel (The New York Botanical Garden, USA), Elías de la Sota (Museo 
de la Plata, Argentina) 

 
Microgramma (Polypodiaceae) occurs in tropical America, from Florida, USA, to Argentina, 
Africa and Indian Ocean islands. Recent phylogenetic studies using molecular data showed 
the genus as monophyletic, part of a mainly Neotropical lineage that also includes 
Campyloneurum and Niphidium. The available studies however did not present broad 
sampling within Microgramma; the relationships among species and groups are therefore 
poorly understood. Furthermore, the placement of M. chrysolepis, M. percussa and M. 
dictyophylla, as well as the species previously treated in the genus Solanopteris, is not a 
consensus among published treatments thus far. Regarding taxonomy, a complete treatment 
of the genus is lacking and only new species descriptions and floristic and regional treatments 
are available to date. In this context, this work aims to present a molecular phylogeny of 
Microgramma based on chloroplast sequences and produce a taxonomic revision for the 
genus. We sampled 56 (out of the ca. 95) species of the campyloneuroid clade. Four cloroplast 
regions (cpDNA) were used: rbcL, rps4, rps4-trnS, and trnL–trnF. As outgroups, species of the 
closely related genera Campyloneurum and Niphidium were used, as well as sequences of 
other Polypodiaceae genera. The phylogenetic studies recovered the campyloneuroid clade 
and corroborated the monophyly of the three genera included on it: Campyloneurum, 
Microgramma and Niphidium. Microgramma showed to be monophyletic, with the inclusion of 
all species previously placed in Solanopteris and also M. percussa and M. dictyophylla, but 
excluding Polypodium chrysolepis [=M. chrysolepis]. Polypodium chrysolepis constitutes an 
isolated lineage among Neotropical polygrammoid ferns, closely related to Serpocaulon and 
the grammitid clade. A new genus is described to accommodate the species. Within 
Microgramma, a synopsis of twenty-nine accepted species is presented with the pertaining 
synonymy, notes on distribution and morphology, illustration, and a dichotomous key to all 
species. A complete monograph of the genus is currently been developed. 

 
3:15 PM COFFEE BREAK, Atrium Café (NMNH ground floor) 
 
3:45 PM CONTRIBUTED PRESENTATIONS (CONTINUED) 
 
3:45 PM Subspecies of Hypolepis rugosula (Dennstaedtiaceae) around the 

World. Pedro B. Schwartsburd (Universidade Federal de Vicosa, Brazil)*, 
Jefferson Prado (Instituto de Botânica, Brazil) 

 
The “Hypolepis rugosula complex” has been the subject of great debate among pteridologists: 
some have considered H. rugosula a single subcosmopolitan (or circum-Antarctic) species, 
whereas others have considered it a species-complex, encompassing several species. In the 
1920s and 1930s, four geographically distinct varieties of H. rugosula were recognized. We 
here present a new taxonomy with complete distribution data for the species, with an 
infraspecific classification based on morphological and biogeographic perspectives. Hypolepis 
rugosula occurs in southern temperate regions and high-elevation tropical regions of the 
Americas, Africa (including Madagascar), Oceania and the Philippines, as well as in some 
isolated oceanic volcanic islands (e.g., Saint Helena and Tristan da Cunha). Here, 15 
geographically distinct subspecies are recognized. All subspecies are geographically 
segregated from each other, except in New Zealand, where two occur sympatrically—possibly 
due to two different arrival and colonization times. Four patterns of indument (referring to 
catenate and glandular hairs collectively) are distinguished. Different lineages are successful in 
their respective habitats; we observed two lineages with different ploidy levels (tetraploid and 
octoploid). Although long-distance dispersal is the best explanation for the extant distribution of 
H. rugosula; we do not exclude vicariance as a possible explanation for their occurrence on the 
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land masses that were once united as Gondwana. Therefore, we are assuming that a fern 
species could remain unchanged for more than 70 Myr, and we are adopting the refugia 
theory, albeit with a different focus. 

 
3:55 PM ROS and apoptosis of the gametophyte of Pteris multifida to the root 

exudates of Bidens pilosa. Kaimei Zhang (Smithsonian Institution, USA & 
Nanjing Forestry University, China)*, Yu Shen (Nanjing Forestry University, 
China), Yanming Fang (Nanjing Forestry University, China) 

 
In recent years, the response of fern gametophyte to environment has grabbed much attention. 
However, studies on influence of plant invasion to fern gametophyte are fewer. It is 
hypothesized that allelopathy plays an important role in biological invasion. Hence, it is 
necessary to study the allelopathy of invasive plant to fern gametophyte and elucidate the 
mechanisms by which invasive plant causes phytotoxicity. As one of the main invasive plants 
in China, Bidens pilosa exhibits allelopathic effects on spermatophyte growth. Field 
investigation shows that many ferns are threatened by the invasion of B. pilosa. The 
distribution of Pteris multifida overlaps with that of B. pilosa in China. Therefore, the 
allelopathic effects of the aqueous root leachates and root exudates of B. pilosa on the 
gametophyte of P. multifida are studied. To examine the mechanisms of the root exudates of 
B. pilosa, changes in the antioxidant system and apoptosis in the gametophyte of P. multifida 
are analyzed. Enzyme activity of superoxide dismutase (SOD), catalase (CAT), ascorbate 
peroxidase (APX), glutathione peroxidase (GPX), glutathione-S-transferase (GST) and 
glutathione reductase (GR), as well as the quantity of ascorbate (ASC), ascorbic acid (AA) and 
glutathione (GSH) in P. multifida were tested in the experiments of five gradient 
concentrations, 0%, 12.5%, 25%, 50% and 100%, to present the responses of the 
gametophyte under the stress at 2nd, 4th, 6th, 8th and 10th day. With the enhanced of dose 
effects and time effects, the increases in the level of antioxidant enzymes, SOD, CAT, GR and 
GST, and the corresponding decreases of GPX and APX in the result. Meanwhile, GSH as the 
detoxification material was expressed largely, and the phenomenon could be the directly 
defense mechanisms. Apoptosis was used to reflect the cell cycle under the treatment by Flow 
Cytometry (FCM). The cell cycles of gametophyte also presented a retard, and the rate was 
2.02 from 0% to 12.5%, and finally the rate was only 0.20 from 50% to 100%, and the ROS 
played a great role of gametophyte of P. multifida under the stress of exudates of B. pilosa, but 
the death rate was 52.34%, much higher than the control. Generally, the apoptosis caused by 
exudates was effective prevented by the self-defense system of gametophyte, but the damage 
from invasive plants were responsible for the critical damage to local species. The main 
components of the root exudates of B. pilosa were detected to be Hexadecanoic acid, 
Undecane and Octadecanoic acid.  

 
4:05 PM A new species of maidenhair fern (Adiantum) from northern California. 

Layne Huiet (Duke University, USA)*, Martin Lenz (USDA Forest Service, 
USA), Julie K. Nelson (USDA Forest Service, USA), Kathleen M. Pryer (Duke 
University, USA), Alan R. Smith (University of California at Berkeley, USA) 

 
Adiantum L. (Pteridaceae) is a genus of approximately 225 species found worldwide mostly in 
the tropics and subtropics. However about ten percent of species can be found in temperate 
regions —the majority of these are found in Asia but a few occur in North America. Within 
North America four species have a broad geographic range; Adiantum aleuticum, A. capillus-
veneris, A. jordanii and A. pedatum; two of these A. capillus-veneris and A. pedatum have 
distributions beyond North America. All except A. pedatum occur in California and none is 
endemic. One, A. aleuticum, is easily distinguished by its pedate blade architecture but the 
other two A. capillus-veneris and A. jordanii can sometimes be difficult to distinguish, 
especially when sterile or juvenile. While using DNA barcoding to verify the identity of a 
population of A. capillus-veneris in California we have discovered a new endemic species. The 
exciting discovery of this new fern species, from a very well studied floristic region, serves as a 
prominent example of how herbaria are underexplored reservoirs for new species that are 
important to our phylogenies. 
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4:15 PM Identifying a cryptic Adiantum population through DNA barcoding. 
Edward Williams (Delaware Technical Community College, USA), Zachary 
Theis (Delaware Technical Community College, USA), and Christopher 
Hoess (Delaware Technical Community College, USA)* 

 
Populations from the Adiantum pedatum species complex occur on serpentine barrens in 
Pennsylvania and Maryland, and have sometimes been identified as A. pedatum var. 
aleuticum, now recognized as the species A. aleuticum. A phylogenetic analysis of two plastid 
markers shows that these populations are A. pedatum s.s. rather than A. aleuticum or A. 
viridimontanum, species known from serpentine in New England and Canada. 

 
4:25 PM Proposing a monographic study on the old world genera of vittarioids. 

Cheng Wei Chen (National Tsing Hua University, Taiwan)*, Yao Moan Huang 
(Taiwan Forestry Research Institute, Taiwan), Chia Wei Li (National Tsing 
Hua University, Taiwan), Wen Liang Chiou (Taiwan Forestry Research 
Institute, Taiwan) 

 
The vittarioid ferns forms a monophyletic clade belonging to Pteridaceae. Recent efforts have 
clarified generic classification thus creating a favorable condition for the microevolution study. 
Although over 250 names have been published, less than half species are recognized by 
modern taxonomists and therefore indicating the need for a comprehensive revision. It is 
estimated that more than 70% species of vittarioid ferns are distributed in the old world. 
However, the species delimitation, ploidy level, reproductive mode, and phylogeny are still 
largely unknown. With a comprehensive sampling and an integrated methodology the aim of 
this study is twofold: first, to provide detail information for every species and recognize their 
diversity and systematics; second, to elucidate the evolutionary scenarios of vittarioids by 
integrated analyses of morphology, cytology, genetics, and the reproductive mode. Over 80% 
species of vittarioid ferns in the old world are included in our sampling and the preliminary 
results are presented here. 

 
4:35 PM Investigating reticulate evolution in Adiantopsis using nuclear data: 

first glimpses. Melanie A. Link-Pérez (Armstrong State University, USA)*, 
Thomas G. Ludwig (Armstrong State University, USA), Emily B. Sessa 
(University of Florida, USA) 

 
Adiantopsis is a neotropical fern genus in the Pteridaceae notable for its three distinctive 
laminar morphologies, with species having pinnate, palmate, or pedate architectures. Several 
members of Adiantopsis are hypothesized to be hybrids or allopolyploids (for example, A. 
lindigii, A. pedata, and A. pentagona). These hypotheses are based primarily on morphological 
characteristics, such as large spore size consistent with polyploidy or laminar architecture 
intermediate between two hypothesized parent species. We are exploring the role of 
hybridization and allopolyploidy in the diversification of Adiantopsis by amplifying two nuclear 
genes—pgiC and gapCp—for all putative hybrids, tetraploids, and hypothesized parent taxa. 
Molecular cloning and DNA sequence analysis allows us to test the morphological hypotheses 
with nuclear data. We will be sharing preliminary data from the analysis of DNA sequences to 
confirm or reject hybrid origins and parentage for select species. 

 
4:45 PM Does asexuality confer a short-term evolutionary advantage? A 

genomic analysis of the widespread fern Myriopteris gracilis 
(Pteridaceae). David A. Wickell (Wichita State University, USA)*, Michael D. 
Windham (Duke University, USA), James B. Beck (Wichita State University, 
USA) 

 
Asexual taxa are generally seen as evolutionary dead ends, relegated to the tips of 
phylogenies due to elevated extinction rates. In spite of this apparent macroevolutionary 
disadvantage, there is evidence that asexual reproduction may provide a short-term benefit in 
some cases. This is particularly noticeable in asexual species that display a wider distribution 
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than their sexual relatives. It is possible, however, that such broad distributions are an illusion 
created by multiple asexual lineages, each occupying a relatively small area. Myriopteris 
gracilis Fée (Pteridaceae) is a North American asexual triploid fern species with a particularly 
large range. In this study we ask two basic questions: 1) Is M. gracilis exclusively asexual? and 
2) Does M. gracilis comprise a single wide-ranging lineage, or multiple, geographically 
restricted lineages? Sexuality was assessed by counting the number of spores per sporangium 
in 508 herbarium specimens from 28 states and provinces in the USA, Canada and Mexico. 
Despite such broad sampling, no cryptic sexual populations were found. Lineage structure was 
then assessed with both plastid DNA sequence and Genotyping By Sequencing (GBS) SNP 
datasets. The plastid data identified two large groups, one extending from the Driftless Zone to 
the Missouri Ozarks, with the other occupying the remainder of the range. These groups were 
further subdivided by the GBS data, revealing a mosaic of asexual lineages with varying 
geographic range sizes. 

 
4:55 PM Morphological and anatomical analysis of complex Myriopteris 

lendigera (Pteridaceae) in Mexico. Yarely Pérez Atilano (Universidad 
Autónoma del Estado de Hidalgo, Mexico), Arturo Sánchez González 
(Universidad Autónoma del Estado de Hidalgo, Mexico)*, Teresa Terrazas 
(Universidad Nacional Autónoma de México, Mexico), Alejandra Vasco 
(Universidad Nacional Autónoma de México, Mexico) 

 
The Myrioteris lendigera complex is composed by M. lendigera, M. marsupianthes and M. 
mexicana, which are characterized by their great morphological variation, complicating to 
establish boundaries between these taxa. The aim of this study was to analyze morphological 
and anatomical variation to define their taxonomic status. More than 100 specimens from ten 
herbaria and material collected in four states of Mexico were studied. In total 42 characters (30 
morphological and 12 anatomical) were evaluated and analyzed using different multivariate 
analyses including cluster analysis (CA), principal component (PCA) discriminant (DA) and 
variance analysis for the three species of the complex and Cheilanthes pyramidalis and M. 
myriophylla as reference species. With CA five groups were recovered, which correspond to 
the three taxa of the complex and two species used as reference groups. The first two PCA 
axes accounted for 65.99% of the variation and allow us to select 14 characters to be use in 
the DA. In DA, the first two discriminant functions explained 100% of the variation. Ten 
variables contribute most to the discrimination between species. Mahalonobis distances 
indicate that variation in the selected features is significant among taxa analyzed. Based on 
these results, as well as the grouping of taxa within ordination plots is suggested that M. 
lendigera, M. marsupianthes, and M. mexicana are valid species or distinct entities, with both 
qualitative and quantitative morphological characters, enabling their identification. 

 
5:05 PM Polyploid diversification in the star-scaled cloak ferns (Astrolepis, 

Pteridaceae). James B. Beck (Wichita State University, USA)*, Kathleen M. 
Pryer (Duke University, USA), Michael D. Windham (Duke University, USA) 

 
The star-scaled cloak ferns are a taxonomically challenging group with a center of diversity in 
Mexico and the southwestern U.S. Nearly 25 years ago, Benham and Windham used 
morphology, cytology, and isozymes to explore species diversity within the group. In addition 
to identifying several sexual diploids involved in the origins of the widespread apomictic taxa, 
they discovered that the apomicts included autopolyploids as well as di- and tri-genomic 
allotripoids. In a recent paper we used morphological and molecular data to define five sexual 
diploid lineages within Astrolepis; here we apply the same approach to a diverse group of 
polyploids. Spore size/number, plastid sequence, and 570 cloned gapCp alleles are used to 
diagnose the genomic constitution of 27 polyploid individuals. These data confirm many of 
Benham and Windham's original hypotheses and identify previously unrecognized polyploid 
lineages. 

 
5:15 PM CLOSING REMARKS. Eric Schuettpelz (Smithsonian Institution, USA) 
 
5:30 PM RECESS 
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6:15 PM RECEPTION AND DINNER. Rotunda (NMNH first floor). Conference badge 

required. 
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8:00 AM AN INTRODUCTION TO NEXT-GENERATION SEQUENCING AND 
BIOINFORMATICS. Workshop organized by: Mike Barker (University of 
Arizona, USA), Anthony Baniaga (University of Arizona, USA), Zheng Li 
(University of Arizona, USA), and Stacy Jorgensen (University of Arizona, 
USA). Executive Conference Room (assemble in Constitution Avenue lobby, 
NMNH ground floor). Registration required 

 
8:00 AM DIGITAL SPECIES IDENTIFICATION TOOLS. Workshop organized by: 

Gabriela Zuquim (University of Turku, Finland), Glenda Cárdenas (University 
of Turku, Finland), Hanna Tuomisto (University of Turku, Finland), Jefferson 
Prado (Instituto de Botânica, Brazil), Samuli Lehtonen (University of Turku, 
Finland). Q?rius Studio (assemble in Constitution Avenue lobby, NMNH 
ground floor). Registration required 

 
8:00 AM FIELD ECOLOGY OF FERNS: A CALL FOR NEW STANDARD METHODS 

AND OPPORTUNITIES FOR COLLABORATION AMONG 
PTERIDOLOGISTS. Workshop organized by: Klaus Mehltreter (Instituto de 
Ecología, Mexico), Joanne Sharpe (Sharplex Services, USA), Eda C. 
Melendez Colom (University of Puerto Rico, USA), Noelia Solano 
(Monteverde Biological Station, Costa Rica). Q?rius Theater (assemble in 
Constitution Avenue lobby, NMNH ground floor). Registration required 

 
12:30 PM GREAT FALLS PARK AND SCOTT'S RUN NATURE PRESERVE. Field trip 

organized by: W. Carl Taylor (Smithsonian Institution, USA), Amanda L. 
Grusz (Smithsonian Institution, USA), Erin M. Sigel (Smithsonian Institution, 
USA). Assemble on Mall steps (outside NMNH first floor). Registration 
required 


