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Invited Speakers

Why botany? Why now?

‘ Sandra Knapp.

‘ Natural History Museum, Cromwell Road, London SW7 5BD, United Kingdom

Abstract

Botany — broadly speaking, the study of algae, fungi, and plants — is a global enterprise. We depend upon
the organisms for the very air we breathe, yet their survival, along with our own, is ever more in question.
How should we come together to tackle this planetary emergency — the mutually reinforcing threats of cli-
mate change and biodiversity loss? Individual botanists, or individual botanical institutions, cannot tackle this
alone. At this critical time in Earth's history, it is more important than ever to work together — across bound-
aries, institutions, and career stages - to effect change and affect our planetary future. The time for con-
centrating the power and influence in a few institutions is gone, and our strength lies in our diverse skills and
complementary understandings of the natural world. Our goal must be to create a level playing field where
all those studying algae, fungi, and plants can come together to share ideas and exchange knowledge, so we
can together develop solutions both from nature but most importantly for nature. | will share some learnings
from projects | have been fortunate enough to have been involved in and will bring new ideas for discussion.
Today, at almost the quarter-point of this century, it is time for us to join efforts in better, more diverse, and
more distributed ways to find solutions for Earth’s problems so the algae, fungi, and plants upon which we all
depend and that we all so love, have a secure future.

Unraveling diversity and evolution of
lichens in the genomic era

‘ H. Thorsten Lumlbsch, Todd J. Widhelm, Felix Grewe

Collections, Conservation, and Research and Grainger Bioinformatics Center, The Field Museum, Chicago,
USA

Abstract

Our understanding of the biology, evolution, and diversity of lichens has dramatically changed over the last
decade. This symbiotic system has been shown to be complex. Several fungi can be involved in the symbi-
osis and recent studies suggest a diversity of photosynthetic partners shaped by phylogeny and ecology. In
addition, bacteria and various groups of other fungi have been found to form part of the lichen holobiome.
Whereas lichens were thought to be ancient organisms, molecular data suggest that the evolution of these
organisms happened in parallel to land plants and there is no indication from molecular or well-preserved
fossils that would support an ancient origin of the lichen symbiosis. The knowledge of the phylogeny of li-
chenized fungi has been revolutionized with genetic and genomic data that resulted in a classification that
is dramatically different from the classifications inferred from phenotypical data. Potential reasons for the
bewildering complexity of phenotypical data in lichens are discussed in the presentation.

Genomic data have also fundamentally changed our understanding of species delimitation and biogeog-
raphy of lichens. In the pre-molecular erg, it was assumed that ecology was the main driver shaping distri-
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butional ranges with only very limited attempts to interpret observed patterns in a historical biogeographical
framework. Molecular data showed that numerous species that were interpreted as having wide, inter-conti-
nental distributions belong to distinct clades, often not closely related to each other. As a consequence, his-
torical biogeography has seen a revival in lichenology over the last decade. The genomic era is in its infancy
in lichenology and some open questions will be highlighted that will be addressed with the growing number
of genomic data becoming available

Tropical tree adaptation to fire regimes
and infertile soils: key for ecosystem
conservation

Kaoru Kitajima 1, Hiroki Sato2, Joseph Percivall, Tomohiro Nishigaki 3, Kaoru Oshimal,
Ando Rakotomamonjyl, Zo Lalaina Razafiarison4

1 Graduate School of Agriculture, Kyoto University, Kyoto, Japan
2 Graduate School of Asian and African Area Studies, Kyoto University, Kyoto, Japan

3 Japan International Research Center for Agricultural Sciences, Tsukuba, Japan

4 Faculty of Sciences, University of Antananarivo, Antananarivo, Madagascar

Abstract

Fire is a key threat to the conservation of natural forests worldwide. In many tropical countries, especially in
Africa, population increase and expansion of agricultural lands encroach the remaining frontier of pristine
forests, many of which are on marginal lands that do not support sustainable agricultural production. This talk
highlights the case in NW Madagascar, where we have established a 15-ha forest monitoring plot in a season-
ally dry forest on infertile white sand within Ankarafantsika National Park. This forest supports a high diversity
of plants and animals, including eight species of lemurs in mutualistic relationships with many tree species
via frugivory-seed dispersal. The woody plant community of this forest has a high level of endemism, with
dominance of evergreen species despite the prolonged dry season (April November). Fire has been a main
driver of forest loss in the region, resulting in the highest rate of forest loss in Madagascar during the last three
decades. During the last five years, the number and area burned increased rapidly within the national park
border. We have conducted intensive analyses of ca. 3000 ha near the southern border of the park, where
there were no fires until 2014. Large areas of primary forest burned in 2017, 2019, and 2021, partly due to a lack
of fire adaptation in the tree community. The first burn makes a site susceptible to repeated burns, as dead
woody materials above and below ground serve as fuel to support intense burns. After a few fire episodes,
the dense closed-canopy forest turns into a barren desert.&nbsp; The fire vulnerability of the primary forest in
Ankarafantsika is a testimony to the importance of paying attention to variations in fire adaptation within the
tropical dry forest biome to design effective conservation strategies at the landscape level.

The science of plant conservation in a
changing Mediterranean world

‘ Thompson, John D

‘ CEFE, Univ Montpellier, CNRS, EPHE, IRD, Montpellier, France
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Abstract

The Mediterranean region and its climate are changing, perhaps faster than we realize. As scientists, a mod-
ern challenge is to identify how species, communities, and ecosystems respond to global change and to
integrate information on the underlying processes into conservation management and recommendations
for political decision. This knowledge is necessary to fulfill conservation objectives. This talk will focus on dif-
ferent elements of contemporary ecological and evolutionary dynamics of West Mediterranean endemic
plant species whose distribution patterns cover all, or a small part of, a narrow belt from northern Morocco,
though eastern Spain, to mediterranean France. This distribution is a recurrent pattern in the flora of the West
Mediterranean. The often narrow latitudinal range of species with this distribution pattern contrasts with a
wide longitudinal range. As a result, many species occur in areas subject to different representations of the
Mediterranean climate, and very often in peripherally isolated populations at the limits of their distribution. Us-
ing examples of several species with this distribution pattern | will illustrate ongoing processes of adaptation
in a changing Mediterranean climate and the issues associated with conserving species that show marked
variability in the their ecological niche on different spatial scales, their spatial genetic structure, and variation
in their floral biology at their distribution limits. | conclude with a message concerning how our knowledge of
the history of the Mediterranean region improves not only our understanding of this variability but also the
reasons and values for local efforts to conserve such species, often in areas where they are rare.

Cryptic disruptions of plant-animal
mutualisms in the Anthropocene

‘ Jordano, Pedro

Estacion Biolégica de Donhana, CSIC, and Dept. Plant Biology and Ecology, Univ. Sevilla, Spain

Abstract

Pairwise plant-animal mutualistic interactions build up into mega-diverse networks involving dozens of inter-
acting species. These mutualisms among free-living species fundamentally consist of food provisioning by
plants and, their counterpart, plant propagule (pollen, seeds) movement by the animals. They are based on
interaction outcomes serviced by multiple species, so that studies focusing on pairwise interactions in isola-
tion underestimate the levels of biodiversity required to maintain multifunctional networks. Loss of biodiversity
in these assemblages entails losses of key functional services that may remain cryptic, i.e, their consequenc-
es undetected well after the loss. | explore study cases documenting the extinction of mutualistic interactions,
and the loss of associated services that may occur well before the partner species become extinct. In addi-
tion, also how addition of interactions (e.g, by invading species) may deconstruct native interaction networks.
The combination of direct and passive interaction sampling (e.g, direct census, camera traps) and last-gen-
eration sequencing (DNA barcoding) allow to identify species-specific contributions to these mutualisms and
estimate both demographic and genetic outcomes of interactions. The functionality of most generalized mu-
tualisms among free-living species relies on complementarity of effects across a high diversity of partners.
Disruptions of these mutualisms by anthropogenic drivers may remain subtle and undetected despite being
pervasive in many real world ecosystems. The loss of these interactions, frequently occurring well before their
plant and animal partners go extinct, generates a type of extinction debt not adequately addressed when
biodiversity loss is considered.
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Evolution of floral disparity through
integration of fossil and extant
morphological diversity

Susana Magallon, Andrea M. Lopez-Martinez, Maria von Balthazar, Jurg Schénenberger,
Hervé Sauquet, Marion Chartier.

Abstract

Integration of molecular data, to provide a general phylogenetic framework, and morphological data, to al-
low incorporation of fossils, represents a cardinal approach to investigate evolution in deep time. We assem-
bled a morphological matrix for 1201 extant species representing all angiosperm families, and 121 well-pre-
served fossil flowers, and in combination with a molecular database for extant species based on exemplar
representation, used it to investigate methodological issues relating to integration of extant and fossil taxa in
phylogenetic estimation; divergence time estimation in a full Total Evidence approach; and estimation of the
theoretical floral morphospace. Phylogenetic analyses used different optimization criteria and kinds of data
to estimate relationships, as well as uncertainty in fossil placements. We found that the joint use of molecular
and morphological data in a parametric context allows to recover a phylogenetic framework in agreement
with molecular estimates, and fossils associated to branches in agreement with assessments based on de-
tailed morphological comparisons. Nevertheless, uncertainty associated to fossil placements is usually high.
An attempt to estimate divergence times using morphological, molecular and temporal information indi-
cates that, while available models to integrate extant and fossil species in the same diversification process
represent significant advances, there are practical difficulties with fossils for which few characters can be
scored, and in the free estimation of model parameters. The theoretical morphospace of floral structure was
estimated through the construction of a pairwise distance matrix among extant and fossil species, estimation
of disparity, and ordination techniques to reduce dimensionality. The area of the theoretical morphospace
occupied by extant and fossil species was identified, as well as how morphospace occupation has changed
through time and among groups. A decrease in morphospace occupation towards the present and canal-
ization in the of morphospace occupation among derived clades are documented, in agreement with pre-
vious independent observations.

Integrating Plant Hydraulics and Ecological
Processes Across Scales

‘ Rafael Oliveira

Ph.D in Integrative Biology at the University of California, Berkeley. Professor at Plant Biology Department at
University of Campinas, Campinas, Brazil

Abstract

Plant hydraulics is increasingly recognized as a central link between plant biology and fields such as commu-
nity and ecosystem ecology, climatology, and earth-system science. Understanding the intricate interactions
between plant hydraulics and ecological processes is essential for predicting plant responses to environ-
mental changes and managing ecosystems effectively. In this talk, | will present an overview of recent find-
ings that demonstrate how hydraulic traits can explain species distributions across various spatial scales and
influence ecological processes such as growth, demography, community assembly, and carbon dynamics,
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particularly in tropical ecosystems, which are crucial for global water and carbon cycles. Furthermore, | will
discuss how plant hydraulics can offer a mechanistic explanation for vegetation resistance or vulnerability to
predicted climate changes, and how this knowledge can be used to forecast future dynamics of species and
communities in changing climatic conditions.

Evolution of woody plants on the tropical
coasts inferred from a full set of mangrove
genomes

‘ShLSuhuo

‘ School of Life Sciences, Sun Yat-sen University, Guangzhou, China.

Abstract

Genomic studies are now poised to explore whole communities of species. The ~70 species of woody plants that
anchor the coastal ecosystems of the tropics, collectively referred to as mangroves, are particularly suited to
this exploration. In this study, we de novo sequenced the whole genomes of 32 mangroves, which we combined
with other sequences of 30 additional species, comprising almost all mangroves globally. These communi-
ty-wide genomic data will be valuable for ecology, evolution and biodiversity research. While the data revealed
27 independent origins of mangroves, the total phylogeny shows only modest increases in species number,
even in coastal areas of active speciation, suggesting that mangrove extinction is common. A possible expla-
nation for common extinction is the frequent sea-level rises and falls documented in the geological record.
Indeed, near-extinctions of species with extremely small population size (N) often happened during periods of
rapid SLR, as revealed by the genome-wide heterozygosity of almost all mangroves. Reduction in N has possi-
bly been further compounded by population fragmentation and the subsequent accumulation of deleterious
mutations, thus pushing mangroves even closer to extinction. The impact of the next SLR will be exacerbated by
human encroachment into these mangrove habitats. Finally, in addition to possible extinctions, this talk will also
cover the opposite phenomenon, namely, the patterns speciation along the tropical coasts.

The phylogenetics of plant geography:
past, present, and future

‘ Donoghue, Michael J.

Department of Ecology and Evolutionary Biology

Yale University, New Haven, Connecticut, USA

Abstract

In decades past, vicariance/cladistic biogeographers emphasized the importance of discovering general bio-
geographic patterns and their underlying causes. Since then, however, most of the focus has been on inferring
geographic movements using phylogenetic trees of individual clades. Another development has been the ap-
plication of phylogenetic approaches to major biogeographic patterns of interest especially to ecologists. With
the hope of revealing general patterns | have revisited and updated two papers that | published with colleagues
in 2004 one on the latitudinal gradient in species richness and one on major disjunctions around the Northern
Hemisphere. In both cases, I have carried out a systematic review of progress based on plant studies published
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over the past twenty years. Although a number of hypotheses have been well supported over this time period,
and others can now safely be set aside, there are still substantial gaps in our understanding, and a need for
further coordination of efforts and methodological improvements. | will present the results of these studies while
highlighting the value of syntheses that draw upon multiple primary analyses. These observations also high-
light improvements that can be made in studying individual clades. To illustrate many of the central points | will
make special reference to our ongoing studies of Viburnum biogeography

Delving into South African medicinal plant
treasures

‘ Nokwanda Makunga

‘ Department of Botany and Zoology, Faculty of Science, Stellenbosch University, 7600

Abstract

South Africa has an incredible floral heritage that has a strong history of being important to local people for
diverse range of ethno-cultural uses and those plants that are exploited for medicinal purposes have also
encouraged entry of new natural products into global markets. There are thus unique opportunities that are
presented by interfacing various biotechnologies to study medicinal plants of South Africa, more especially
with the intention of generating socioeconomic benefits. This talk will touch on historical aspects linked to the
exploitation of medicinal plant resources and define the importance of indigenous knowledge and medici-
nal plants when interfaced with biotechnology in relation to the bioeconomy strategy of South Africa. Using
specific examples from medicinal plants that occur in the greater Cape Floristic Region, various studies are
thus presented and summarized. The application of LC-MS-based metabolomics technologies has been
useful as a qualitative tool, enabling fast detection and a reliable method of studying mesembrine alkaloids
produced by Sceletium tortuosum (Aizoaceae). Microplant and callus cultures also accumulate a wide array
of these alkaloids. By applying both non-targeted and targeted metabolomics, influence of varied microen-
vironments on the phytochemistry and cytotoxicity of Sutherlandia frutescens (Fabaceae) plants is evident.
Proteomic analyses under stressed conditions provided new insights into the impacts of salinity and drought
stress with respect to both central and specialized metabolism of S. frutescens. Combining microsatellite
and chemometric analyses confirmed biogeographical-based genetic structure amongst populations of
Dodonaea viscosa (Sapindaceae) and Aspalathus linearis (Fabaceae), pinpointing chemotype(s) that may
fit domestication and industrialization for the production of phytopharmaceutics. These studies illustrate the
exciting potential of medical plants of South Africa that still remain chemically under explored.

Distyly as a model for studying convergent
evolution - insights from genomic studies

‘ Tanja Slotte

Professor in Ecological Genomics, Department of Ecology, Environment and Plant Sciences, Stockholm Uni-
versity, Stockholm, Sweden

Abstract

Recent advances in sequencing technologies, in combination with powerful new simulation and analysis
tools, have opened up a wealth of new possibilities to address classic evolutionary questions in non-model
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systems. In this talk, | will highlight how we are harnessing this development to study the evolution of plant
mating systems, with a focus on the evolution of a balanced floral polymorphism termed distyly.

Distyly is a floral polymorphism governed by a supergene, that has evolved convergently in multiple an-
giosperm lineages. Distyly promotes outcrossing and efficient pollen transfer via the presence of two floral
morphs that differ reciprocally in the positions of their male and female sexual organs. These morph dif-
ferences are usually coupled with a heteromorphic self-incompatibility system that reduces self- and in-
tra-morph fertilization. Loss of distyly has also occurred very frequently, often in association with convergent
evolution of floral selfing syndromes. Studying the evolution and loss of distyly therefore offers an opportunity
to address classic questions on the genetic basis of convergent phenotypic evolution, supergene breakdown
and the genomic consequences of selfing.

Here, | will present our work on these topics in Linum, a non-model plant system that is exceptionally well suit-
ed for this purpose. Harnessing new high-quality genome assemblies, we have identified and characterized
the distyly supergene in Linum at the molecular level, tested theory on genetic causes of loss of distyly, and
documented pervasive population genomic consequences of this shift. Genomic studies of distyly in Linum
and other systems have revealed striking similarities in hemizygous genetic architectures and molecular evo-
lution of independently evolved distyly supergenes and provided a foundation for further characterization of
the genetic underpinnings and genomic consequences of convergent evolution and loss of distyly. This body
of work demonstrates the power of genomic analyses in non-model systems to shed new light on classic
evolutionary questions.

Biodiversity and ecosystem function in
subtropical forest

‘ Ma, Keping

‘ Institute of Botany, Chinese Academy of Sciences

Abstract

In order to explore the relationship between biodiversity and ecosystem functioning such as primary pro-
ductivity in forest ecosystem, a large manipulation experiment was established in subtropical China in 2009
and 2010. Based on the experiment platform, German, Swiss and Chinese scientists worked together and
published more than 200 papers. The key findings are as follows. 1, After 8 years, 16-species mixtures had ac-
cumulated over twice the amount of carbon found in average monocultures and similar amounts as those
of two commercial monocultures. Species richness effects were strongly associated with functional and phy-
logenetic diversity. 2, Effects of functional diversity (FD) values on productivity became larger than effects of
community-weighted mean (CWM) values after 7 years of forest development and that the FD values also
became more reliable predictors of productivity than the CWM values. In contrast to CWM, FD values con-
sistently increased productivity across ten different species-pool subsets. 3, Tree species richness improved
community stability by increasing asynchrony. That is, at higher species richness, interannual variation in pro-
ductivity among tree species buffered the community against stress-related productivity declines. This effect
was mediated by the diversity of species hydraulic traits regarding drought tolerance and stomatal control.
4, Effects of experimentally increased tree species richness were consistently positive for species richness and
abundance of herbivores, predators and parasitoids. Richness effects decreased as trophic levels increased
for species richness and abundance of all trophic groups. Multitrophic species richness and abundance of
arthropods were important mediators of plant diversity effects on tree productivity. These long-term studies
emphasize the importance of planting functionally diverse, mixed-species for the restoration and reforesta-
tion projects to improve ecosystem functioning, maintain muititrophic diversity and mitigate climate change.



¢ TIBC o

(, 2024 Madrid Spain

Pollination ecotypes: niche-driven floral
evolution below the species level

‘ Steven D. Johnson

DST-NRF SARChI chair in Evolutionary Biology. Associate editor of Proceedings of the Royal Society B and Bi-
ological Journal of the Linnean Society.

Abstract:

Ecological niche shifts are a key driver of phenotypic divergence among populations and can also contribute
to reproductive isolation. While patterns of historical ecological shifts and the associated trait-environment cor-
relations are well-documented at the macroevolutionary level, the process is initiated below the species level,
as shown originally by Turesson, Clausen and others in their seminal studies of edaphic and climate ecotypes in
plants. Pollinators are critical for the establishment and persistence of populations of the maijority of plant species,
thereby forming part of their fundamental niche. Novel floral trait combinations allow plants to exploit particular
pollinator niches in local habitats and evolve primarily through sexual selection due to their effect on plant mating
success. Shifts in pollinator niches among plant populations lead to the formation of “pollination ecotypes”. Work
on pollination ecotypes has revealed that their origin is best explained by contemporaneous ecological gradients
arising from the mosaic-like spatio-temporal distribution of pollinators. | discuss case studies on the evolution of
pollination ecotypes and use these to identify a number of challenging practical and conceptual issues. These
include the paucity of reliable natural history data, difficulty of knowing when ecotypes should be considered spe-
cies, reconstructing the number and direction of intraspecific shifts, and distinguishing between extinctions and
isolating barriers as explanations for phenotypic and genetic discontinuities among population clusters.

The Changing Face of Herbarium
Collections

‘ Pamela S. Soltis

Abstract

Herbaria have long provided the foundation for our understanding of plant diversity and distributions. Beyond their
fundamental role in taxonomy, herbarium speciments, like other natural history collections, reflect a history of unantici-
pated uses. Although collected to document plant occurrences, the world's 400,000,000 herbarium specimens, span-
ning space and time, provide unparalleled resources for plant science and are indeed undergoing a renaissance in
their use. Preserved plant tissues are reservoirs of genetic information that can be used to reconstruct the evolutionary
history of plants. The resulting family tree provides a foundation for basic biology and for solving many societal prob-
lems, such as food security and the search for new medicines. Digitized herbarium specimens also offer new research
opportunities, particularly in relation to climate change and conservation. These herbarium resources provide novel
opportunities for mobilizing and integrating massive amounts of information from organismal biology, ecology, genet-
ics, climatology, and other disciplines. As the number of online records continues to grow, these data provide excellent
information on species distributions, changes in distributions over time, phenology, and a host of traits. Integration of
information from specimen records with phylogenies, climate data, and other resources enables new questions to
be addressed while also providing new perspectives on longstanding questions in ecology and evolutionary biology.
Through a series of case studies, | will illustrate some of the many uses to which herbarium specimens and their digital
data are currently being applied. These case studies link specimen data and related heterogeneous data sources
and show how high-throughput molecular analysis and artificial intelligence can be applied to centuries-old herbari-
um specimens to address a range of evolutionary, ecological, and societal problems.

11
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Exploring the underground: unraveling
the complex interplay of biodiversity and
disease in plant communities

‘ Liesje Mommer

‘ Wageningen University, Wageningen, the Netherlands

Abstract

Biodiversity loss is a significant driver of disease risk in ecosystems, yet the intricate relationships between diversity
and disease remain poorly understood. This keynote lecture will delve into the knowledge frontiers of this field.

Traditionally, plant ecologists have explained diversity-disease relationships by distinguishing between host
and non-host species. When biodiversity loss increases the density of hosts compared to non-hosts, disease
risk increases, and vice versa. However, focusing on this host-non-host dichotomy overlooks the substantial
variation in ‘host quality'—a measure of a host's contribution to parasite fitness.

To illustrate this concept, | will present findings from a temperate grassland biodiversity experiment involving 16 plant
species (forbs and grasses). Using lllumina MiSeq amplicon sequencing, we assessed the abundance of root-asso-
ciated fungal pathogens in plant monocultures and four-species mixtures. Our study identified three major fungal
pathogens with differing host ranges: Paraphoma chrysanthemicola, associated with forb species of the Asterace-
ae family; Slopeiomyces cylindrosporus, associated with grass species; and Rhizoctonia solani, affecting both forb
and grass species. We discovered that plant coommunity composition rather than plant species richness per se sig-
nificantly influences pathogen relative abundance. The presence of specific high quality host species appeared key.

Another concept that may modify diversity-disease relationships belowground in the presence of arbuscular
mycorrhizal fungi. These organisms are form symbiotic relationships with 80% of plant species and are known
to enhance nutrient uptake in plants. | will present preliminary evidence that these mycorrhizal fungi modify
plant-pathogen interactions in grassland systems.

Our findings highlight the intricate interplay between plant community properties, host-pathogen and
host-symbiont interactions and their vital role for understanding the impacts on overall grassland productiv-
ity and ecosystem health. Be invited to journey underground to uncover the hidden dynamics of biodiversity
and disease in plant communities.

Into the wild: addressing plant extinction
through population reintroductions

‘ Gallagher, Rachael V.

‘ 1 Hawkesbury Institute for the Environment, Western Sydney University, Richmond, NSW, Australia

Abstract

Over the last three decades, vast international resources have been committed to conservation seed banking, to
great success. Seed bank collections have grown rapidly since the millennium and seeds and plant germplasm
are now routinely stored to safeguard species against extinction. Yet seed banks were never intended to be a final
stop along the road to recovery for plant species. Currently, when we do reintroduce or translocate plant popu-
lations, failure rates associated with their establishment can be unacceptably high. We also often do not know

12
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where to situate new plant populations relative to their historical distributions, given immense changes in climate
and land use. New science is therefore needed to improve and intensify the strategic reintroduction of plant pop-
ulations to the landscape. In this talk, | will outline gaps in ecological and conservation knowledge that hamper
current reintroduction success, explore solutions, and demonstrate how we might use emerging financial market
mechanisms to fund initiatives that reduce plant extinction risk. | hope to inspire new thinking about how we can
thoughtfully design initiatives that get more plant species out of the fridge and into the wild across the world.

Bringing ecophysiology closer to plants
from extreme environments and diverse
phylogenetic groups

‘ Flexas Sans, Jaume

‘ INAGEA - Universitat de les llles Balears, Palma, Spain

Abstract

Plant (eco) physiology deals with the physiological responses of plants to environmental conditions. Within this
definition, it should deal with any kind of plant and environment. However, perhaps because this discipline often
requires the use of electronic devices and heavy equipment, most studies deal with a limited number of Angio-
sperms, especially crops. Studies are most often conducted under tropical, temperate and Mediterranean condi-
tions, with scarce studies in more extreme environments such as high elevation mountains, hot and cold deserts.

Here I will show examples on how my research group has recently expanded along the land plant phylogeny
and towards climatically extreme ecosystems. First, | will show how photosynthetic capacity changes along
the land plant phylogeny, and its underlying physiological, anatomical and biochemical causes. Second, I will
present some home-made, relatively portable techniques, for assessing the short-term tolerance of plant
photosynthetic organs to dehydration, low and high temperature, and excess visible and UV-B radiation, and
how the use of these devices is allowing us to test for the trade-off between photosynthetic capacity and abi-
otic stress tolerance across the entire land plant phylogeny and along the entire spectrum of Earth biomes.

Finally, I will focus on two specific studies in some extreme environments. In the first, | will show how well standardized,
portable and commercially available ecophysiological tools allowed for a diagnose of different species physiological
status without the need for a previous knowledge of each species optimal status along a Chinese transect, from the
Xinjiang steppes through the Taklamakan desert to the Tibet Plateau. In the second, | will deal with the particular case of
giant cushion Azorella species along the Chilean Andes Range, and discuss how its particular anatomy generates a very
contrasted microclimate that may allow these species to establish and, perhaps, help them to facilitate other species.

The evolution of extant South American trop-
ical Biomes

‘ Jaramillo, Carlos

‘ Smithsonian Tropical Research Institute, Panama

Abstract

When and why South American tropical biomes developed? Tropical vegetation had a complete turnover
from non-angiosperm dominance at the onset of the Cretaceous to angiosperm dominance nowadays.
Cretaceous tropical biomes do not have extant equivalents; lowland forests were dominated mainly by gym-

13
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nosperms and ferns lacking a closed canopy. This structure was transformed following the Cretaceous Pa-
leogene meteorite event. The extant lowland tropical rainforests first developed at the onset of the Cenozoic
with a multistratified forest, an angiosperm-dominated closed canopy, and abundant legumes. Cenozo-
ic rainforest diversity has increased during warmings and decreased during coolings. Tropical dry forests
emerged at least by the late Eocene, whereas other drier Neotropical biomes are much younger.

Reimagining arid zone ecology in a
changing world: is rainfall all that matters?

‘ Austin, A.

‘ IFEVA-CONICET, University of Buenos Aires, Buenos Aires, Argentina

Abstract

While forests have received intense attention regarding their role in the global carbon cycle, the drier parts of the
world, constituting over 40% of the terrestrial land surface, are often overlooked as unproductive and unresponsive
to human-induced global change. In contrast to forest ecosystems, these arid regions present unique conditions,
encompassing a matrix of climate, land use, and plant-soil interactions that suggest complex responses to chang-
ing environmental conditions, which we are only beginning to comprehend. Our research specifically focuses on
understanding how alternative climatic controls, such as exposure to solar radiation, temperature, and the season-
ality of rainfall, exert substantial impacts on carbon turnover and storage in arid land ecosystems. In contrast to a
singular focus on rainfall as the primary determinant of ecosystem functioning in arid lands, our findings highlight
the significant, positive effect of solar radiation exposure on carbon emissions and subsequent microbial turnover.
By shedding light on these often-neglected arid land ecosystems and their specific controls, we may provide more
predictive power for effective management and conservation amidst ongoing climate and land use changes.

Machine learning and new inference
algorithms: expanding what is possible
in evolutionary biology and phylogenetic
analysis

‘ Sanmartin, Isabel

‘ Real Jardin Botanico, CSIC, Madrid, Spain

Abstract

Investigators across different fields of evolutionary biology are increasingly turning their attention to more integrative
and complex inference models. This trend is fueled partly by the emergence of next generation sequencing technol-
ogies, scaling up the number of genes, individuals, and species sampled, and partly by the rapid expansion of bio-
diversity, climatic and biogeographic databases at the local, regional and community scales. This massive increase
in the quantity of data available has opened up a range of new questions but also unexpected challenges that
require the development of more sophisticated approaches to data modeling. For example, a standing challenge is
how to hybridize lineage-based, individual-based, and gene-based models to adress all aspects of biodiversity loss
(richness, abundance, genetic diversity) in order to explain the biotic impacts of climate change. The COVID-19 pan-
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demic introduced the need for models that are computationally efficient and can analyze in a short time thousands
of sequences differing only in a few nucleotides. Statistical models in evolutionary biology are typically built around
stochastic parameters interconnected by rigid dependencies, but there is a growing demand for models that allow
hidden, unobserved components. Moreover, some commonly employed models for evolutionary inference face
challenges related to non-identifiability, where distinct model parameters induce the same probability distributions
and are structurally or practically indistinguishable. Phylogenetic inference itself is classified as a non-polynomial
time problem, meaning that the number of steps needed to solve a problem grows exponentially with the size of
the problem. Here, | review some possible solutions and paths forward in relation to these challenges, including the
advent of online Bayesian phylogenetics, the popularization of (deep) machine learning approaches, and the in-
troduction of probabilistic programming languages that promise to speed up analyses and tackle more complex
biological questions in fields as diverse as phylogenetics, epidemiology, community ecology and phylogeography.

What do we know about mutualism? A
thirty-year retrospective on a very young
field

‘ Judith L. Bronstein

‘ University of Arizona, Tucson, USA

Abstract

The study of mutualism (interspecific, mutually beneficial interactions) is a surprisingly young subfield of ecology
and evolutionary biology. Building on centuries of natural history knowledge, it began to coalesce in the 1970s; key
patterns and processes only started to attract intensive attention in the 1990s. | will start by briefly susnmarizing the
best-understood mutualisms in which plants are involved, interactions that have fundamentally shaped plant bi-
ology: nutritional mutualisms (including symbioses with mycorrhizal fungi and Rhizobium bacteria), transportation
mutualisms (biotic pollination and seed dispersal) and protection mutualisms (involving ants that attack herbi-
vores). | will then offer a capsule history of the study of mutualism as a whole, focusing on its origins and subsequent
development. | will highlight key research questions that have emerged in recent years, as well as some main find-
ings to date from each of them. Finally, | will lay out questions likely to drive mutualism research in the coming years.
My approach throughout is to highlight features uniting mutualisms that differ radically in natural history, as well as
features that make mutualisms similar to and different from other types of interspecific interaction. We are only now
beginning to recognize what we need to know about these critically important interactions to help secure the future
of plants and the larger systems in which they occur. As a whole, it is a exciting time for this very young field.

Diploidization, Polyploidy, and the Evolution
of Plant Diversity

‘ Barker, Michael S.

‘ Department of Ecology & Evolutionary Biology University of Arizona

Abstract

Polyploidy, or whole-genome duplication, is widely recognized as an important force in the evolution of plants.
Ancient genome duplications have driven the re-organization of plant genomes and nearly ¥ of contempo-
rary flowering plants are of recent polyploid origin. Despite the recognition that polyploidy has been important
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across plant evolution, there are still many unresolved issues surrounding polyploidy and its role in evolution.
Among these issues is reconciling the apparent success of ancient polyploid species with observations that
contemporary polyploids have much lower net diversification rates than their diploid relatives. Here, | present
new analyses of polyploidy across the plant phylogeny and explore the impact of species tree topology on
WGD inferences. Using these new inferences, | will present phylogenetic simulations that explore the legacy
of ancient WGDs with different diversification dynamics of polyploid and diploid species. We find that multiple
rounds of polyploidy occur in the ancestry of lineages when diploid species have higher net diversification
rates than polyploid species. This occurs in simulations using arbitrary rates as well as those using parameters
derived from empirical analyses. Using empirical estimates of diploid and polyploid diversification rates from
plants and estimates of the rate of polyploid speciation from diploids, our simulations indicate an average of
3.5 rounds of WGD in flowering plant species.This is consistent with observations from phylogenomic studies
and suggests that the results of many independent lines of research, from empirical estimates of diversification
rates to inferences of WGDs, broadly agree with each other and are likely generally accurate. Our simulations
also indicate that the rate of diploidization is an important driver of the evolutionary dynamics of polyploidy
and may explain variation in the numbers of ancient WGDs inferred in different lineages of eukaryotes. Overall,
our simulations reconcile the seemingly contradictory observations of low polyploid diversification rates with
the repeated rounds of WGDs that have been inferred throughout the evolutionary history of flowering plants.

One third backwards! The varied ways
plants have already changed in response
to climate change and the implications for
plant communities and conservation.

‘ Moles, Angela

‘ Evolution & Ecology Research Centre, UNSW Sydney, NSW 2052, AUSTRALIA

Abstract

Plant species are already responding to climate change by undergoing rapid evolution, altering their phe-
nology, and undergoing remarkably rapid shifts in distribution. | will review current understanding of these
changes, highlighting the fact that different species are changing in different ways and at different rates,
and that not all of the responses are as we would expect. Most strikingly, a third of species seem to be shifting
their distributions downhill or toward the equator rather than shifting to cooler areas. This variation in species
responses to climate change means that broad change in plant communities seems inevitable. | will finish by
discussing implications of all this change for conservation.

State of the World’s Plants and Fungi

‘ Alexandre Antonelli

Director of Science at the Royal Botanic Gardens, Kew, UK. Professor of Biodiversity and Systematic at the
University of Gothenburg, Sweden, and Visiting Professor at the University of Oxford.

Abstract

The race is on to scientifically describe the world’s plants and fungi, so we can better understand, protect, and
sustainably use biodiversity. But how do we accelerate scientific research and conservation, while strength-
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ening local capacity and equity? These are questions at the heart of Kew's State of the World’s Plants and
Fungi reports, which bring together global scientific expertise, large data sets and practical experiences to
synthesise current knowledge on plants and fungi. In this talk | will provide a short overview of the themes
published so far and then take a deep dive into the latest report focused on how our communities could
collectively work to fill in the most critical knowledge gaps — through innovative and sometimes unexpected
approaches.

Save the male! Reflections on sex and
gender in flowers and flowering plants

‘ Pannell, John R!

‘ Department of Ecology and Evolution, University of Lausanne, 1015 Lausanne, Switzerland

Abstract

Plant sexual reproduction involves strategic decisions in the context of variation in sex and gender. These
decisions include who to mate with and how often (the mating system), whether and when to mate as a
male or a female partner, and how much resource to allocate to each sexual function (the sex allocation).
All these decisions may be subject to tradeoffs and will often reflect only a partial resolution to genetic and
sexual conflicts. The wonderful diversity of flowers illustrates the numerous ways in which conflict resolution
has been achieved. In this presentation, | will address the complexity of mating systems and sex allocation,
especially with a view to the benefits and costs of being male. How does selection on the mating system in-
teract with selection on sex allocation? How well do we understand the costs and benefits of being both male
and female? Can we satisfactorily address Charles Darwin;s difficulty in understanding why hermaphrodite
plants should ever have been rendered dioecious? To what extent can current theory explain the distribution
of combined versus separate sexes among individuals in a population? Can the same theory also help to ex-
plain why female flowers are so rarer than male flowers on plants with bisexual flowers, whereas females are
so much more likely than males to co-occur with hermaphrodites in a population? To address these ques-
tions, I will reflect on variation in sex and gender in plants, drawing upon: insights gained from observations
of plant and floral sex ratios; evidence of sexual selection in wild and experimental populations; observations
of rapid transitions between combined and separate sexes under experimental evolution; the association
between mating pair identity and sex allocation strategies; and the phylogenetic distributions of reproductive
and other traits.

Morphological and genomic consistency
for 20 million years

‘ Elizabeth A. Kellogg

Robert E. King Distinguished Investigator at the Donald Danforth Plant Science Center in St. Louis, Missouri.
Member of the National Academy of Sciences of the U.S. and is an Académica (Fellow) of the Academia
Nacional de Ciencias, Argentina.

Abstract

Nearly one fifth of the world’s land area is inhabited by wild grasses of a single clade, the tribe Andropogone-
ae, which originated about 20 million years ago in the early Miocene. A cultivated member of this same tribe,
maize, now replaces wild grasses in many areas, dominating the landscape and the world’s economy. The
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tribe is characterized by spikelets borne in pairs, with the spikelet pair as the dispersal unit. Thanks to this type
of dispersal unit, the tribe spread throughout the Old World, diversifying into more than 1000 species. Much
later and coincident with the well-documented global grassland expansion, members of the tribe arrived in
the Americas as the result of several independent dispersal events. Aerodynamic properties of the spikelet
pairs are consistent with long-distance dispersal by wind for most, but not all, species. We have generated
de novo genome sequences for about 40% of the 1200 species in the tribe using a combination of long-read
and short-read sequencing. The 33 new long-read genomes are high gaulity as shown by several measures
of completeness and continguity. Genome alignments indicate collinearity of genomes, with the ancestral
haploid number and architecture of 10 chromosomes being preserved even through polyploidization events.
We have developed data and tools to improve annotation of the maize genome, inferred the chromosomall
evolution of maize, investigated amplification of transposable elements, and begun to identify conserved
regulatory sequences. Together these resources can enhance breeding for environmental change in the
crops and illuminate the history of wild species.

Beyond regional flora’s: what do we know
about the ecology and evolution of the Afri-
can flora?

‘ Muasya, Muthama

‘ University of Cape Town, Cape Town, South Africa

Abstract

Studies on the diversity of African plants have lagged. Efforts to document the floral wealth have spanned
nearly two centuries, with oldest treatments in Flora Capensis dating back to 1860s, but the tropical regions
of the continent have only been more recently studied, and knowledge gaps remain. Overwhelmingly, there
is good coverage in documenting species occurrence and taxonomy, and indepth studies have focused on
crops and other economically important taxa. Ecological and evolutionary studies have sought to explain
the origin and processes maintaining the distinctive assemblages, in part driven by questions on the origin
of hominins and other iconic fauna. The continent has a rich diversity of vascular plants, with over 65,000
species, distributed in five major vegetation types (lowland forests, savannas, temperate, montane and al-
pine, and desert). Africa was covered in lowland forests at about 60 million years ago, gradually opening into
savannas since the Eocene, and fragmented further by the uplifting and volcanism during the mid Miocene.
Africa position, straddling the equator and its earlier emergence of open habitats, drove origin of earliest
savanna lineages, in particular C4 graminoids and associated fauna, which dispersed into other continents
as open habitats evolved. The temperate (Cape) flora, together with the montane and alpine flora, have
assembled more recently, seeded from the savanna and other temperate floras, though the directionality
of dispersal between oceanic and sky islands is contentious. Most intriguing is the assembly of the arid flora,
where there is evidence for both antiquity and recent origin, and hypotheses on an African arid corridor per-
sists. Heterogeneity in topography, soils and climate, together with fire and biotic interactions, drives the wide
species riches and functional diversity. With a focus on the Cenozoic, the current knowledge and gaps on the
ecology and evolution of African flora will be interrogated.
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Evolution and development of iridescent
petals

‘ Glover, Beverly J.

‘ University of Cambridge, UK

Abstract

The enormous diversity of flower colour is largely the result of modifications to and combinations of chemi-
cal pigments. But some plants also use physics to modify the colour of their flowers. In this talk | will describe
the way that diffractions gratings, formed from folds of the epidermal cuticle, can produce structural colour
in flowers. | will summarise our recent work analysing the distribution and diversity of this trait in the angio-

sperms, its function in pollinator attraction and the developmental programmes underlying the formation of
floral iridescence.
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Symposia Session 1

S.1 MERGING EVOLUTIONARY APPROACHES
WITH ETHNOBOTANICAL KNOWLEDGE.

SESSION 1

S.1.1 The potential of
phylogenies to safeguard
human well-being

Rafael Molina-Venegas'?

1 Department of Ecology, Faculty of Science, Uni-
versidad Auténoma de Madrid, Spain. 2 Biodiversity
and Global Change Research Center, Universidad
Auténoma de Madrid, Spain.

The idea that conserving evolutionary history is
more efficient than species-based approaches for
capturing biodiversity benefits to people has re-
mained largely theoretical since the early 1990s.
These benefits may not necessarily be currently
known or realized benefits but ‘option values’, that is,
benefits that are yet to be discovered or demanded
by future generations, which hampers assessing the
long-standing hypothesis that preserving the main
branches of the Tree of Life (i.e, high levels of phy-
logenetic diversity) would help to safeguard human
well-being. However, it is reasonable to assert that
known benefits today were at one point in human
history unknown future options. Hence, proving that
current benefits of biodiversity (i.e, the ‘option values’
of past generations) are to a great extent provided
by subsets of taxa that encapsulate high levels of
phylogenetic diversity could serve as a proof of con-
cept on the relationship between evolutionary his-
tory and future options. Adhering to this reasoning,
some recent studies have begun to yield empirical
evidence supporting the theoretical background,
thus opening an exciting avenue of research to fur-
ther investigate the complex relationship between
biodiversity and human well-being.

S.1.2 The hot node analysis
incompletely explains the
position of phylogenetic
structure in taxon samples

Dario Atienza-Barthelemy', Manuel J.
Macia'?, Rafael Molina-Venegas??

1 Department of Biology (Botany), Faculty of Sci-
ence, Universidad Auténoma de Madrid, Spain. 2
Biodiversity and Global Change Research Center,
Universidad Auténoma de Madrid, Spain. 3 Depart-
ment of Ecology, Faculty of Science, Universidad
Auténoma de Madrid, Spain.

Advances in phylogenetics have provided a revolu-
tionary way to address ethnobotanical data, gen-
erally based on calculating the phylogenetic struc-
ture of a set of medicinal plants, and identifying the
clades showing significant overabundance of such
plants (i.e, hot nodes). However, this emerging disci-
pline is in need for more quantitative evidence, and
the common assumption that hot nodes represent
the main clades responsible for phylogenetic struc-
ture remains to be tested. Here, we use the most ex-
tended metrics on the field and a comprehensive
database (1,803 medicinal species) to calculate the
phylogenetic structure of the medicinal plants of
Ecuador. Specifically, we (1) conduct the analyses
on both species- and genus-level phylogenies to
assess the influence of the phylogenetic grain, and
(2) evaluate whether hot nodes can tackle the po-
sition of phylogenetic structure using a jack-knifing
procedure to identify clades significantly influencing
phylogenetic distance-based metrics. Phylogenet-
ic structure was found to be strongly dependent on
taxonomic level and the identified hot nodes incom-
pletely matched those with a significant contribu-
tion to phylogenetic structure metrics. Significant
information may be missed whenever the influence
of the taxonomic level is not evaluated, and the po-
sition of phylogenetic structure cannot be fully tack-
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led by the hot nodes. We suggest combining dif-
ferent phylogenetic grains and methods to identify
highly influencing clades before drawing any con-
clusion that may misguide the search for plants with
bioactive potential.

S.1.3 A new phylogenetic
analysis pipeline to support
the identification and the
prioritisation of plants with
medicinal potential

Giovanni Zecca'? Elisa Toini*?3, Massimo
Labra'? Fabrizio Grassi'?

1 Department of Biotechnology and Biosciences,
University of Milano-Bicocca, Milan, Italy. 2 NBFC,
National Biodiversity Future Center, Palermo, Italy.

Recent studies have proposed that phylogenetic
methods can be effective tools for exploiting the un-
tapped potential of medicinal plants. Under the as-
sumption that medicinal properties tend to be phy-
logenetically clustered, phylogenies can be used to
narrow down the relevant species for bioprospect-
ing, increase the discovery rate and reduce the time
and costs involved. Nonetheless, some restrictions
exist. By integrating ethnobotanical knowledge with
phylogenetic methods, it has often been necessary
to group plants into macro-categories of therapeu-
tic effects, limiting the potential of the approach. In
many studies “hot nodes” corresponding to lineages
overrepresented in medicinal taxa were identified.
However, as larger phylogenies and databases be-
come available, the possibility of huge lineages be-
ing identified by “hot nodes” is also likely to increase,
once again posing a prioritization problem. To tack-
le these issues, we propose a new analysis pipe-
line, mixing existing and new developed methods.
Briefly, our workflow is as follows: 1 using selected
databases that integrate traditional medicine data
with growing molecular information, species linked
to specific diseases or specific biological effects are
obtained; 2) different methods to estimate the phy-
logenetic clustering of taxa are applied using a ref-
erence phylogeny; 3); where a phylogenetic signal
has emerged, “hot nodes” are repeatedly estimated
to assess their robustness; 4) in case of large lin-
eages subtended by stable “hot nodes’, a (relative)
probability of being linked to the disease or biolog-
ical effect of interest is calculated for each taxa; 5)
results are summarised and graphically displayed
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to combine different information. To test our pipeline
data related to 10 diseases and 10 biological effects
were obtained from two different public databases
and were analysed together with a published phy-
logeny including ~ 30,000 species. Our results show
the effectiveness of the approach suggesting that it
will be useful in the bioprospecting of new potential
medicinal plants.

S.1.4 Exploring
ethnobotanical knowledge
dynamics across time
scales: the contribution of
phylogenetic comparative
methods

Irene Teixidor-Toneu?, Anneleen Kool?,

Simon J. Greenhill*4, Karoline Kjesrud®,
Jade J. Sandstedt? Fiona M. Jordan®

1 Mediterranean Institute for Biodiversity and Ecolo-
gy, French National Research Institute for Sustainable
Development, Marseille, France. 2 Natural History Mu-
seum, University of Oslo, Oslo, Norway. 3 Australian
National University College of Arts and Social Sci-
ences, ARC Centre of Excellence for the Dynamics of
Language, Canberra, Australia. 4 Department of Lin-
guistic and Cultural Evolution, Max-Planck-Institut fur
Menschheitsgeschichte, Jena, Germany. 5 Museum
of Cultural History, University of Oslo, Oslo, Norway. 6
Department of Anthropology and Archaeology, Uni-
versity of Bristol, Bristol, UK.

Knowledge of plants is dynamic and can change
at rapid time scales. Grasping past human-plant
relations is largely concomitant to having his-
torical and archaeological evidence. Yet, apart
from major crops, this is uncommon for most so-
cial-ecological systems and time periods. This
presentation outlines a multi-disciplinary trian-
gulation method that combines inferences of
ancestral plant uses by a cultural evolutionary
approach with historical, linguistic, and archae-
obotanical evidence (Teixidor-Toneu et al 2021).
Phylogenetic comparative methods that use lin-
guistic phylogenies representing people’s histor-
ical relations are applied to ethnobotanical data.
Results fill gaps of evidence and link data sources
for the study of past human-plant relations. The
triangulation method is illustrated by taking the
Nordic countries as a case study, as extensive
historical collections of various plant use records
are very limited until the 1700s and there is also
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limited direct evidence of plant use from archae-
ological contexts. A language tree models the
population history of the Nordic region and allows
to computationally infer ancestral plant uses
from recent ethnographic data. We evidence a
wealth of Viking-age plant uses, especially for
medicine and food. All plants for which ancestral
uses were inferred by phylogenetic compara-
tive methods had vernacular names with shared
North Germanic word roots, confirming the past
knowledge and importance of these species. We
inferred the ancestral use of a diversity of spe-
cies (such as Angelica archangelica or Junipe-
rus communis) and uses (wild foods, beer, and
mead brewing) whose cultural history had been
overlooked in botanical or archaeological stud-
ies. This multi-disciplinary triangulation method
evidences that while most plant use knowledge
may quickly arise and fade through time, some
human-plant relations persist through centuries
shaping both culture and the environment.

S.1.5 INDIGENOMICS: Linking
indigenous knowledge with
metabolomics to assess the
chemical traits underpinning
human-plant interactions
Rodrigo Cadmara-Leret!, Luiz L. Saldanhd?,

Kim Castro', Juan C. Copete!, Lauren Raz?,
Uldarico Matapi®

1 Department of Systematic & Evolutionary Bota-
ny, University of Zurich. 2 Universidad Nacional de
Colombia, Instituto de Ciencias Naturales, Bogotd,
Colombia. 3 Independent researcher, Bogotd, Co-
lombia.

INDIGENOMICS is a Swiss National Science Founda-
tion Starting Grant (2023-2028) that aims to inte-
grate Indigenous ways of knowing with science to
address a long-standing question about the chem-
ical traits that underpin human-plant interactions.
Co-developed with the Indigenous Matapi of the
Colombian Amazon, we are testing hypotheses that
link Matapi and western ecological knowledge to
better understand how plant chemistry influences
the use, management, and conservation of Ama-
zonian forests. Coupling metabolomics and Indig-
enous knowledge, we unravel the phytochemical
space used by Indigenous communities to predict
how much chemodiversity may vanish as global
change accelerates across Amazonia. Supporting
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Indigenous elders and their apprentices, INDIGE-
NOMICS boosts indigenous-led research to preserve
the endangered knowledge of the Matapi— thus
strengthening Indigenous contributions to science
while creating opportunities that reinforce cultural
heritage.

S.1.6 Botanicultural
macroevolution? Theory
and tools for investigating
cross-cultural uses of plants

Fiona M. Jordan', Julie Hawkins?, Jamie
Thompson?

I. Anthropology & Archaeology, University of Bristol,
UK. 2 Ecology & Evolutionary Biology, University of
Reading, UK. 3 Life Sciences, University of Bath, UK.

Evolutionary approaches to human culture and
language are now commonplace in anthropolo-
gy, including the use of comparative phylogenetic
methods to understand cultural macroevolution.
Using linguistic phylogenies to model human pop-
ulation history, it is possible to infer the dynamics
of change in ethnographic, archaeological, mate-
rial, linguistic and cognitive phenomena. Ancestral
features of cultural groups can be estimated, and
both transformational sequences of change as well
as coevolutionary hypotheses about culture and
environment can be robustly tested while account-
ing for historical autocorrelation between popula-
tions. Language families spanning the globe and
human lifeways are now represented by computa-
tionally inferred language phylogenies, and the ma-
turity of the field has accelerated with large-scale
cross-cultural databases and data collection sur-
veys. To further promote ethnobotanical research in
this arena, we present a selection of key studies that
investigate botanical resource use. Our recent study
of Polynesian medicinal plant traditions explores the
roles for adaptation and ancestral knowledge in
plant-based healthcare at pre-historic timescales.
We test the extent to which (a) the new floristic en-
vironments encountered, (b) cultural ancestry or (c)
geographic proximity predict the composition of
ethnopharmacopoeias in seven Oceanic ethnolin-
guistic groups. This small study highlights the need
for large-scale ethnobotanic databases in order to
progress future work, while highlighting the chal-
lenges of collating and synthesising traditional eco-
logical knowledge in ways that are sensitive to the
CARE principles of indigenous data management.
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S.2 THE ANGIOSPERM REPRODUCTIVE
SPECTRUM FROM FLOWERS TO SEEDS.

SESSION 1

S.2.1 The eFLOWER project:
what have we done, where
are we, and where are we
heading now?

Hervé Sauquet'?®, Andrea M. Lopez-
Martinez?, Maria von Balthazar®, Marion
Chartier®, Julian Herting', Santiago
Ramirez-Barahona* Susana Magalléon?,
Jurg Schénenberger®

1 Botanic Gardens of Sydney, Mount Annan, Australia.
2 University of New South Wales, Sydney, Australia. 3
University of Sydney, Sydney, Australia. 4 Universidad
Nacional Autbnoma de México, Ciudad de México,
Mexico. 5 University of Vienna, Vienna, Austria.

The eFLOWER project started thirteen years ago as
a long-term initiative to address key questions on
the early evolution and diversification of angio-
sperm flowers. A central part of eFLOWER has been
the development and continuous curation and ex-
pansion of a collaborative database named PROTE-
US allowing to record floral traits at the species level
while documenting the explicit source of each data
point. Here we review the diverse contributions that
eFLOWER has brought so far to our understanding of
floral evolution, reflect upon the questions and chal-
lenges encountered along the way, and outline fu-
ture directions. An important milestone was reached
seven years ago with the publication of a new mod-
el for the ancestral flower of all angiosperms, based
on ancestral state reconstructions using a dataset
of 792 species sampled from most families. Despite
uncertainty remaining for some traits, this new mod-
el proved effective in questioning long-term as-
sumptions and opening new research opportunities
on floral evolution. Interestingly, this model appears
to be robust to new analyses of a recently published,
expanded dataset of 1201 species sampled from alll
families, but some results continue to be highly sen-
sitive to methodological approaches and models of
character evolution. Another significant milestone
has been the development and evaluation of angio-
sperm-wide ‘phyloscan’ approaches to assess the

phylogenetic position of fossil flowers using these
datasets of floral traits. While these methods appear
to provide a powerful new tool to systematically as-
sess fossil flowers, they have also revealed high un-
certainty in the placement of many taxa, reflecting
the limits of the number of preserved, standardised
characters that may be recorded from fossil flowers.
Lastly, we present briefly some recent new avenues
linked with this project, including new ideas on the
origin of pollination and evidence on early angio-
sperm diversification from morphospace analyses
of floral disparity.

S.2.2 Evolution of fruits and
seeds of Solanaceae, from
extinct to extant diversity

Rocio Deanna'?

1 Instituto Multidisciplinario de Biologia Vegetal
(CONICET-UNC), Cérdoba, Argentina. 2 Depart-
ment of Ecology and Evolutionary Biology, Universi-
ty of Colorado at Boulder, Boulder, USA. rociodean-
na@gmail.com

The placement of extinct taxa on phylogenies relies
on scoring informative morphological characters,
which can be difficult given the fragmentary nature
of the fossil record. Although detailed studies of So-
lanaceae fossils remain few, the family exhibits wide
variation in seed and fruit traits to use in estimating
fossil placement from morphological data. There-
fore, we reviewed a total of 106 seed and seven fruit
fossils of Solanaceae, including two recently pub-
lished South American species that are the oldest
records in the family. We scored 28 traits, including
11 continuous and 17 discrete, for all the fossils gath-
ered and almost 400 extant taxa, sampling at least
one species per genus. We then performed a clus-
ter analysis to morphologically compare these fossil
seeds to extant Solanaceae, along with a phyloge-
netic analysis including all the morphological traits
and 10 DNA regions in order to infer the phylogenetic
placement of the fossils. We also reconstructed the
ancestral states of the most conspicuous morpho-
logical traits over a molecular phylogenetic tree
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to finally compare the morphological evolution in-
ferred with the placement of the fossils. The clusters
found in the statistical analysis were congruent with
the phylogenetic placement of the fossils in all the
species, except by some fossil seeds. According to
the morphological reconstructions, traits that have
been acquired only once in the family were the most
informative to place the fossils, like the finger-like
appendages in the fruiting calyx of the fruit fossil
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Lycianthoides calycina placed in the chili pepper
clade. Converged traits (e.g, inflated fruiting calyx)
were less informative but the combination of fruiting
calyx traits was sufficient to place the Physalis fruit
fossils. Continuous traits were highly informative, es-
pecially in the placement of the fossil seeds. These
results lay the foundation for new total evidence
dating analysis for the entire family.

$.2.3 The evolution of
angiosperms seeds

embryo size in

Filip Vandelook'?, Angelino Carta?®

1 Meise Botanic Garden, Meise, Belgium. 2 Katho-
lieke Universiteit Leuven, Leuven, Belgium. 3 Univer-
sity of Pisq, Pisq, Italy.

Seeds are the main dispersal and propagation units
of angiosperms, and they are very diverse in their ex-
ternal and internal features. When dispersed, seeds
consist of an embryo, the next generation of a plant,
surrounded by the seed and/or fruit coat and by an
alternative storage tissue (endosperm or perisp-
erm) in case the nutritive reserves are not stored
in the cotyledons. Examining the relative allocation
of seed reserves by quantifying the relative embryo
size at dispersal (ie, size of the embryo relative to
the seed, ES) across angiosperms, sets the basis to
track the evolutionary history of this key reproduc-
tive trait related to germination timing and offspring
survival. We used macroevolutionary approaches
to estimate adaptive shifts of ES in the entire an-
giosperm radiation. We also evaluated how tempo
(i.e, evolutionary rates) and mode (i.e, evolutionary
process) of ES evolution changed through time and
the role of paleo-temperatures on ES evolution-
ary rates. Early angiosperms typically had a low ES,
which is still reflected in contemporary magnoliids
and ANA-grade species. The analysis of major shifts
in ES throughout angiosperm evolution revealed
that these shifts occurred after 145 Myr and were
predominantly associated with the formation of the
main angiosperm lineages. Comparison of a series
of paleo-inspired models showed that tempo and
mode of ES evolution altered from a very dynamic
ES evolution early in angiosperm history towards a
more static evolution driven by stronger stabilizing
selection. Finally, a consistent trend for a slowdown
in rates of ES evolution during periods of climate
warming was found. Fast evolutionary rates under
cold climates are consistent with the macroecolog-

ical observation that rates of phenotypic evolution
are higher at high latitudes. This study provides cru-
cial new insights in seed trait evolution, which con-
tribute to understanding the diversification of repro-
ductive strategies in angiospermes.

S.2.4 Are flower and fruit
colors associated with
environment? Exploring
global ecogeogeographic
patterns in flower and fruit
colors

Agnes S. Dellinger, Leah Meier? Stacey D.
Smith?, Miranda Sinnott-Armstrong>?

1 Department of Botany and Biodiversity Research,
University of Vienna, Vienna, Austria. 2 Department of
Ecology and Evolutionary Biology, University of Col-
orado Boulder, Boulder, CO, USA. 3 Department of
Chemistry, University of Cambridge, Cambridge, UK

Flowers and fruits are central to plant reproduction
because they facilitate gene dispersal through pol-
len or seeds, respectively. In species engaging in bi-
otic interactions during reproduction (i.e, with pol-
linators and dispersers), flower and fruit coloration
are important as visually attractive cues. Different
groups of pollinators (i.e, bees, birds, bats) and dis-
persers (ie, birds, monkeys, lizards) differ in their
sensory abilities, which might drive color evolution
in flowers and fruits. The abiotic environment may
also be an important selective factor on coloration.
For instance, the synthesis of anthocyanin pigments
(most reds, pinks, and blacks) is triggered by cold
temperatures and UV-B radiation. Although flowers
and fruits originate from the same organ and con-
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stitute a continuous developmental sequence, we
currently lack understanding of whether flower and
fruit traits are correlated in space. If flower and fruit
colors show similar spatial patterns, those patterns
may be influenced strongly by similar abiotic fac-
tors. If, however, flower and fruit color are decoupled,
then they likely result from different selective agents
(either abiotic or biotic). To address this gap, we col-
lated a dataset of 2800+ species from 51 clades with
animal-pollinated flowers and animal-dispersed
fruits and scored flower and fruit colors into eight
categories. We combined the color data with GBIF
occurrence records for these species and found
striking differences in the geographic distribution
of flower and fruit colors. Overall, fruit color diversity
is higher in the tropics, but flower color diversity is
not. Red and pink in both flowers and fruits are more
prevalent at high northern latitudes, which suggests
that a common selective agent may drive the evo-
lution of red/pink under those environmental con-
ditions. Aside from red/pink, flower and fruit colors
and color diversity are decoupled across the globe,
indicating different importance of abiotic and biotic
selective agents.

$.2.5 The emergence of a
floral economic spectrum
and its association with the
leaf economic spectrum

Lars Gotzenberger'?, Marketa Applova'?,
Anna E-Vojtko!

I Institute of Botany of the Czech Academy of Sci-
ences, Trebon, Czech Republic. 2 Department of
Botany, University of South Bohemia, Budweis,
Czech Republic.

Understanding resource allocation strategies in
plants is crucial for unraveling ecological and evo-
lutionary dynamics. The traditional fast-slow con-
tinuum is a well-established framework that has
primarily been explored through vegetative above
and below-ground traits of leaves and roots. Re-
cent propositions suggest the existence of a floral
economic spectrum (FES) that parallels leaf traits,
in particular with regard to area and mass-related
traits, as well as longevity of individual organs. In a
survey of herbs across a wide range of plant fam-
ilies, we confirm the expected negative correlation
between specific leaf area (SLA) and leaf dry mat-
ter content (LDMC) but also demonstrate a similar
relationship in flowers, ie, a negative correlation
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between specific floral area (SFA) and floral dry
matter content (FDMC). Across organs, the anal-
ogous traits are positively associated, i.e, FDMC
correlates positively with LDMC, and SLA with SFA.
In addition, with data from a greenhouse experi-
ment of 8 species, we show that these relationships
also hold within species, and are influenced by wa-
ter availability. Our findings show that flowers and
leaves, though serving very different functions, are
constrained at least to some degree with respect
to their morphology and structure. The often-as-
sumed independent evolution of floral characters
depends much on what traits are considered, and
the same can be said about the previously report-
ed independent dimension of floral traits in the
space of plant form and function.

$.2.6 The seed germination
spectrum of Mediterranean
plants

Diana Maria Cruz Tejada', Eduardo
Ferndndez Pascual? Efisio Mattanas?,
Angelino Cartd'

1 University of Pisq, Pisa, Italy. 2 IMIB Biodiversity Re-
search Institute (University of Oviedo — CSIC - Prin-
cipality of Asturias), University of Oviedo, Mieres,
Spain. 3 Royal Botanic Gardens, Kew, Wakehurst, UK.

The understanding of seed biology of wild plant
species is fundamental to address ecological, evo-
lutionary, and biogeographical questions, as well
as to the success of seed-based conservation and
restoration actions. Despite recent attempts to syn-
thesise seed germination knowledge across major
temperate biomes, most assumptions about the
germination ecology of Mediterranean plants are
based on individual species or local studies, miss-
ing an integrated view of germination patterns for
the whole Mediterranean Basin biodiversity hotspot.
Here, we performed a binomial phylogenetically in-
formed Bayesian meta-analysis, considering ca.
7,000 germination tests of ca. 400 species charac-
teristic of EUNIS Mediterranean habitats (Europe-
an habitat classification system) from laboratory
experiments conducted across the Mediterranean
Basin. We estimated the effect on germination pro-
portions of five environmental cues, including mean
incubation temperature, temperature regime, light,
and dormancy-breaking treatments for typical
Mediterranean plants (i.e, species that only occur
in lowland habitats of the Mediterranean Basin) and
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generalist plants (ie, distribution wider than the
Mediterranean Basin). Overall, typical Mediterranean
species exhibit a cold-cued germination response, a
positive effect of scarification, and are insensitive to
light and alternating temperatures, in accordance
with previously described germination syndromes
for the area. Generalist species are also stimulated
by cool temperatures but show positive effects of
alternating temperatures, light, and cold stratifica-
tion. Our results suggest that specific germination
responses could vary according to species macro-
climatic constraints (typical vs. generalist species)
and secondarily local habitat conditions. Indeed, we
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found consistent patterns across different habitats
(forests, scrublands, and grasslands) with few ex-
ceptions, including anthropogenic habitats, in which
opportunistic germination strategies were found. Fi-
nally, whilst phylogenetically related species exhibit
similar germination responses, our results also sug-
gest a functional convergence of the seed germi-
nation patterns across Mediterranean species. Our
integrative methodological approach emphasised
the significance of utilising extensive datasets to
formally test eco-evolutionary and biogeographical
research questions.

S.3 APOCYNACEAE - ON THE WAY TO A

MODEL FAMILY

S.3.1 Phylogenomic analysis
of Apocynaceae based

on the Apoc836 probe

set: toward resolution of
recalcitrant nodes

Chelsea R. Smith'?, Shannon C. K. Straub?,
Tatyana Livshultz'?

1 Academy of Natural Sciences of Drexel Universi-
ty, Philadelphia, USA. 2 Drexel University, Philadel-
phia, USA. 3 Hobart and William Smith Colleges,
Geneva, USA

The broad outline of Apocynaceae phylogeny, di-
vided into three subfamilies (Periplocoideoe, Se-
camonoideae, Asclepiodoidecle) and two informal
grades: rauvolfioids (11 tribes) and apocynoids (9
tribes) has been stable since the earliest single gene
plastid analyses: a paraphyletic rauvolfioid grade
subtending a monophyletic APSA clade (apocy-
noids, Periplocoideae, Secamonoideae, Ascelpia-
doideae). Accumulation of data, culminating in the
first phylogenomic analysis of the family (Antonelli,
et al. 2021) has highlighted areas of continued to-
pological uncertainty including relationships within
the APSA clade, specifically the positions of Periplo-
coideae and Rhabdadenieae, and an earlier radia-
tion that includes the rauvolfioid tribes Melodineae,
Hunterieae, Amsonieae, and Alyxieae. We revisited
Apocynaceae phylogenomics with expanded sam-
pling of taxa and loci (Apoc836; Straub, et al. 2020).
We constructed trees using summary coalescent

and concatenation methods and conducted sen-
sitivity analyses to evaluate the robustness of our
topologies to sampling and analytical decisions. An
intriguing outcome of these analyses is the frequent
placement of Periplocoideae as sister to the well-es-
tablished clade of Baisseeae, Secamonoideae, and
Asclepiadoideae, harkening back to the abandoned
Asclepiadaceae (comprised of Periplocoideae, Se-
camonoideae, and Asclepiadoideae) and re-open-
ing questions about homology of pollen aggre-
gation, translators, and coronas in these taxa. This
topology is sensitive to both sampling and analyti-
cal choices, and we conclude that the weighted AS-
TRAL analysis most accurately represents remaining
uncertainty. This new Apocynaceae species tree
suggests a revised classification for the family at the
subfamily and tribal levels.

References: Antonelli, A, et al. (2021). Settling a
family feud: a high-level phylogenomic framework
for the Gentianales based on 353 nuclear genes
and partial plastomes. https://doi.org/10.1002/
ajp2.1697. Straub, S. C. K, Boutte, J,, Fishbein, M., &
Livshultz, T. (2020). Enabling evolutionary studies at
multiple scales in Apocynaceae through Hyb-Seq.
Applications in Plant Sciences, el1400. https://doi.
0rg/10.1002/aps3.11400.
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$.3.2 Biome lability and
substrate conservatism
fuelled plant evolution in
xeric ecosystems

Cdssia Bitencourt!; Conal Aitken'; Matilda
Brown'; Leonel Herrera-Alsina?; Olivier
Maurin', Natalia Przelomska'’; Moabe F.
Fernandes'™, Mohammad Vatanparast’,
Alessandro Rapini4 Mary EndressS; Sigrid
Liede-Schumann®, David Goyder?; Brian
Schrire'; Kyle Dexter?; Nicolai Nurks; Jan
Hackel'; Mike Gilbert'; Raquel Negrdo';
Alexandre Zuntini'; Paul Kersey?'; llia
Leitch'; Eve Lucas'; Oscar A. Pérez-
Escobar® Melanie J. Howes!; William J.
Baker'; Eimear Nic Lughadhdad'; Alexandre
Antonelli"®" Fé&lix Forest!

I Royal Botanic Gardens, Kew, London, UK. 2 Uni-
versity of Aberdeen, Aberdeen, UK. 3 University of
Exeter, Exeter, UK. 4 Universidade Estadual de Feira
de Santana, Feira de Santana, Brazil. 5 Institute of
Systematic Botany, Zurich, Switzerland. 6 Universi-
ty of Bayreuth, Bayreuth, Germany. 7 University of
Edinburgh, Edinburgh, UK. 8 University of Bayreuth,
Germany. 9 Philipps-Universitdt Marburg, Marburg,
Germany. 10 University of Gothenburg, Gothenburg,
Sweden. 11 University of Oxford, Oxford, UK.

The expansion of arid environments following the
Eocene-Oligocene climate transition is thought
to have promoted increased species diversi-
fication rates across several plant lineages. In
this study, we use the Apocynaceae as a model
to assess whether a combination of biotic (e,g.,
lifespan and dispersal traits) and abiotic (e.g., cli-
mate and soil) predictors favoured diversification
during the expansion of dry biomes. To accom-
plish this, we reconstructed a comprehensive
time-calibrated phylogenetic tree for Apocyna-
ceae using the Angiosperms353 bait set to es-
tablish a backbone. Subsequently, we merged all
Apocynaceae species with sequence data (for
ITS, trnL-F, and rpsIG) available on GenBank. Fi-
nally, distribution and trait data were compiled to
test three hypotheses: [H1] Biome shifts between
Apocynaceade species primarily occur from rain-
forest to savanna, whereas transitions between
tropical and temperate environments are rare;
[H2] Diversification in Apocynaceae was driv-
en by “key synnovation” involving anemochory,
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presence of pollinia and climbing habit; and [H3]
High speciation rates favoured the diversifica-
tion of Apocynaceae lineages adapted to xeric
environments. Our study suggests that lineages
in more xeric environments exhibit higher spe-
ciation rates as they adapt to new, harsher con-
ditions. These findings suggest that substrate,
rather than biome, might be the primary factor
regulating evolutionary rates in plants adapted
to dry ecosystems.

5.3.3 Marsdenieae
(Apocynaceae -
Asclepiadoideae) -
phylogenetic analysis
clarifies generic concept
and unveils abundant
parallelisms

‘ Michele Rodda, Sigrid Liede-Schumann?

1 Singapore Botanic Gardens, National Parks Board,
1 Cluny Road, Singapore 25969, Singapore. 2 Uni-
versity of Bayreuth, Department of Plant Systemat-
ics, Bayreuth, Germany

S.3.4 Biogeography and
multiple origins of Indian
open-flowered Ceropegia

‘ Siddharthan Surveswaran'

1 Department of Plant Sciences, University of Hyder-
abad, Hyderabad, India.

The open-flowered type of Ceropegia, formerly
Brachystelma is a rare and elusive group of plants
in India. They occupy the relatively dry habitats of
peninsular India which is influenced by the high-
ly seasonal monsoonal climate. The diversity of
Brachystelma is about 35 species in peninsular
India. Molecular phylogeny reveals that within the
radiation of Ceropegia (tubular-flowered species).
Brachystelma has evolved at least three times from
closed tubular-flowered. In this study, | examine the
distribution of the Indian open-flowered lineages
based on the most up-to-date and comprehen-
sive sampling of the genus. The diversity of the
genus is linked to open grassland in the Eastern
Ghat region of India. Using climatic niche mod-
elling, I discuss the climatic requirements which
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might have led to the diversity of the open-flow-
ered genotypes. Furthermore, using transcriptomic
approaches, | examine the genes responsible for
the shift from tubular flowers to open type flowers. |
also discuss preliminary data on pollinators of Indi-
an open-flowered genera of Ceropegia.

A densely sampled molecular phylogeny of the
pantropical, predominantly forest-dwelling tribe
Marsdenieae, including almost a quarter of the
ca. 740 species shows that the tribe is divided in
two large clades, with two genera Rhyssolobium
(southern Africa) and Sicyocarpus (Madagascar)
placed outside of both clades. The first of the two
large clades has a native distribution exclusively
in Asia and the Pacific area. The type genus of
the tribe, Marsdenia R.Br,, is sister to all remaining
genera of this clade, and comprises ca. 10 species.
This clade harbours two species-rich radiations,
Leichhardtia (ca. 80 species) in the Pacific realm
and the Hoya-alliance (>300 species). The sec-
ond large clade shows a cosmopolitan distribu-
tion with several small Asian lineages as sisters to
some larger genera of African-Asian distribution,
as well as the New World genus Ruehssia (ca. 130
species). As far as known, all larger clades com-
prise species adapted to various types of polli-
nators (small and larger flies, bees, butterflies,
moths), forcing highly similar floral structures. For
the Hoya-alliance, we present a densely sampled
phylogeny obtained using target enrichment and
including ca. 80 % of the known diversity of Hoya
and Dischidia, all taxa of Oreosparte (3 species)
and Papuahoya (3 species). Dischidia, Oreospar-
te and Papuahoya are confirmed as monophylet-
ic, but Hoya is paraphyletic, with a smaller clade
sister to Papuahoya and a larger clade (Hoya s s.)
sister to Dischidia + Oreosparte. Within Hoya s.s.,
some clades are characterised by uniform flower
morphologies while others, including the main ra-
diation of species in New Guineq, independently
developed a large range of flower morphologies.
The largest molecular and morphological diver-
sity of Hoya s.s. is found in Borneo. Our results will
contribute towards a modern, stable classifica-
tion of the Hoya-alliance, and studies on its origin
and and diversification.
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$.3.5 Tackling tough
taxonomy: genomic,
morphological, and
ecological approaches to
Asclepias (Apocynaceae) in
North America

Mark Fishbein' Shannon C. K. Straub?
Victor Andreev'3, Julien Boutte? Carl
Wagner? David Kunkel', Therese
Mandracchia? Alessandra Bryan?,
James Riser®

1 Oklahoma State University, Stillwater, USA. 2 Ho-
bart and William Smith Colleges, Geneva, USA. 3
University of Arizona, Tucson, USA. 4 A2Bio2, Mol-
leges, France. 5 University of Wisconsin-Platteville,
Platteville, USA

Rapid diversification may present taxonomic chal-
lenges resulting from the gradual nature of spe-
ciation. Processes including incomplete fixation of
ancestral polymorphisms and partial establishment
of reproductive barriers permitting gene flow after
speciation result in conflicting information about
species boundaries and phylogeny. The rapid diver-
sification of >130 species of American Asclepias pro-
vides a good system to demonstrate that integration
of genomic data, population genetics, ecological
modeling, and traditional approaches can resolve
longstanding taxonomic challenges. We present two
case studies. The “dwarf milkweed” clade has been
variously treated as 1-4 species (A. eastwoodiana,
A. ruthiae, A. sanjuanensis, A. uncia/is) distributed
across semiarid western North America. Populations
exhibit limited morphological variation, largely in
the shape and vestiture of leaves. Previous research
supported recognition of four species based on
population genetics and ecological niche model-
ing. We support this taxonomy with a plastome phy-
logeny and newly discovered floral differences and
resolve the phylogeny of the four species using se-
quence data from >2000 nuclear genes. In the sec-
ond example we address circumscription of A. hir-
tella and A. longifolia. Populations of these taxa are
found in the eastern United States, with coastal pop-
ulations assigned to A. longifolia and interior popu-
lations to A. hirtella (or A. longifolia subsp. hirtella). In
the western Gulf Coast (Texas and Louisiana) pop-
ulations are morphologically intermediate and have
been commonly assigned to A. longifolia, which they
most resemble. Using population genomic data
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from >1400 SNP loci and a plastome phylogeny, we
found evidence for two largely discrete gene pools.
However, the western Gulf Coast populations belong
to the interior A. hirtella, not the coastal A. longifolia,
and we present supporting morphological evidence
for this circumscription. These case studies pave the
way for achieving deeper understanding of evolu-
tionary and biogeographic history of Asclepias.

$.3.6 Citizen science and
its impact on systematics
and natural history of
Apocynaceae of Mexico

‘ Leonardo O. Alvarado-Cdardenas!

1 Departamento de Biologia Comparada, Facultad
de Ciencias, Universidad Nacional Autébnoma de
México, Ciudad de México, México.

By 2003, humanity had created the equivalent of 5
exabytes of information. Today, this information is
generated in 2 days. Although most of it is enter-
tainment, some of it has allowed us to benefit and
connect the daily life of citizens and scientists. So-
cial networks have enabled a proximity between
science and society, but citizen science platforms
have created a very productive link, an example of
which is INaturalist. In Mexico, INaturalist integrates
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more than 3000 photos daily, many of them exot-
ic or cultivated organisms, but others of great im-
portance for the information they contain. This has
contributed to aspects such as systematics, bioge-
ography, plant-animal interactions, biological inva-
sions and, of course, the relationship between peo-
ple and scientists. One of the plant families that has
benefited from these platforms is the Apocynaceae.
This is one of the most diverse families in the world,
with more than 5000 species, and in Mexico there
are about 500 species, making it the 12th most di-
verse family in the country. Since 2018, the INaturalist
database has been managed as the “Apocynace-
ae of Mexico” project. The project includes about
60,000 photos, the presence of 4 specialists in the
group and a curation of more than 80 %. As a result,
the distribution of many taxa has been adjusted.
Over 400 species have been documented, includ-
ing some with flowers and fruits. The documentation
includes the presence of five species that have not
been collected in over 30 years, the discovery of five
new species, and the identification of invasive spe-
cies within natural areas. Likewise, floral visitors and
potential pollinators have been documented, many
of them unknown to the country. Proper utilization
and management of this information will enhance
the comprehension of the biology and systematics
of the organisms under investigation.

5.4 BIOGEOGRAPHY AND DIVERSIFICATION
OF INTERCONTINENTAL TROPICAL PLANT

DIVERSITY. SESSION 1

S.4.1The biogeography
of tropical plants with
megafaunal fruits

Renske E. Onstein'? Seheno
Andriantsaralaza?, Onja Razafindratsima?,
Andressa Calbral?, Anna Travesets, Mauro
Galetti®

1 Naturalis Biodiversity Center, Leiden, the Nether-
lands. 2 German Centre for Integrative Biodiversity
Research, Halle-Jena-Leipzig, Leipzig, Germany. 3
University of Antananarivo, Antananarivo, Mada-
gascar. 4 University of California Berkeley, Berkeley,

USA. 5 Instituto Mediterrdneo de Estudios Avanza-
dos (CSIC-UIB), Mallorca, Spain. 6 Séo Paulo State
University, Sao Paulo, Brazil

Plants with megafaunal fruits (>4 cm) have relied
on dispersal by megafauna and other large-bodied
vertebrates (> 40 kg) throughout their million-year
evolutionary history. How megafruit plants have per-
sisted in contemporary ecosystems adfter the Pleis-
tocene extinction of most megafauna - especially in
the Neotropics, Madagascar, and Australasia - re-
mains an evolutionary enigma. By integrating glob-
al data on traits, seed dispersal interactions, phy-
logenies, and geographical occurrences for >1500
megafruit plants, we show that many megafruit
species (613 species, 40%) interact with contempo-
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rary dispersers, including humans, megafauna (e.g,
elephants), secondary dispersers (e.g, rodents),
or water, providing an explanation for their per-
sistence. These megafruit species often have large
geographical range sizes, strongly contrasting the
128 (up to 300) megafruit species that are currently
threatened with extinction, suffer from small range
sizes, and lack suitable co-occurring dispersers, pri-
marily on (isolated) tropical islands in the Austral-
asia, IndoMalay and Madagascar regions. Our re-
sults illustrate how the Pleistocene extinctions and
ongoing defaunation limit seed dispersal of many
tropical plant populations with megafaunal fruit, but
humans may have replaced megafaunal dispersal
functions for s subset of taxa.

S.4.2 The spatio-temporal
co-diversification of
frugivores and three
vertebrate-dispersed
tropical plant families

Andressa Cabral', Yaowu Xing? Renske E.
Onstein'?

I German Centre for Integrative Biodiversity Re-
search (iDiv) Halle — Jena — Leipzig, Germany. 2
Xishuangbanna Tropical Botanical Garden, CAS
Menglun, Mengla, Yunnan, China. 3 Naturalis Biodi-
versity Center, Leiden, The Netherlands.

Fleshy-fruited plants and their fruit-eating and
seed-dispersing animals (frugivores) have originat-
ed millions of years ago, but it remains unclear when
and where their mutualistic interactions evolved, and
whether this led to co-diversification and co-adap-
tation of frugivory-related traits. Here, we hypothe-
size that shifts in diversification and trait evolution
rates of tropical, fleshy-fruited plant lineages coin-
cided with the evolution of frugivorous vertebrate
lineages and their traits, as a result of co-evolution-
ary selective pressures from interacting partners. To
test this hypothesis, we focus on three pantropical
keystone plant families comprising >6,200 species
with vertebrate-dispersed fruits: custard apples (An-
nonaceae), palms (Arecaceae) and mulberries and
figs (Moraceae). We align their evolution with that of
their primary seed dispersers based on data from
extant and Late Quaternary mammals and birds (~
5,200 species). Because fruit and seed size are con-
strained by frugivore gape widths and body sizes,
with the largest fruits depending on dispersal by the
largest animals, we also collected information on
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fruit and/or seed sizes and body sizes/gape widths/
diet. We integrated these data in a phylogenetic
framework and used comparative methods to iden-
tify the origin and biogeography of major frugivore
lineages and their food plants. Using diversification
and trait evolution models, we showed that sever-
al plant and frugivore lineages co-diversified in the
Cenozoic (ie, last 66 million years), with increased
rates of diversification coinciding with increases in
fruit and body size evolution. These findings suggest
that reciprocal adaptations in frugivory-related
morphological traits between plants and frugivores
have influenced their mutualistic-dependent co-di-
versification across the tropical realms, explaining
high contemporary diversity and ‘trait matching’ in
tropical rainforests.

$.4.3 Climatic niche and
functional shifts after
Neotropics colonization
drive diversification in
the amphi-pacific genus
Dendropanax

Angélica Gallego-Narbon', Jun Wen?, Luis
Valente®4 Gabriel Johnson? Marina Coca-
de-la-Iglesia’, Nagore G. Medina'®, Mario
Ferndndez-Mazuecos', Virginia Valcarcel

I Universidad Auténoma de Madrid, Madrid, Spain.
2 Smithsonian National Museum of Natural History,
Washington DC, USA. 3 Naturalis Biodiversity Center,
Leiden, The Netherlands. 4 University of Groningen,
Groningen, The Netherlands. 5 Centro de Investi-
gacién en Biodiversidad y Cambio Global (UAM),
Madrid, Spain.

Dendropanax is a species-rich genera of Araliace-
ae and a classic example of the Asian-Neotropical
disjunction or amphi-pacific tropical disjunction.
Previous biogeographic reconstructions of the ge-
nus point to an East Asian origin and posterior col-
onization of the Neotropics, with higher diversity in
the Neotropical clade. Here we investigated the role
of climatic niche evolution and colonization events
in the diversification of the functionally and climati-
cally heterogeneous genus Dendropanax. We used
Hyb-Seq phylogenomics on 237 Araliaceae species
to obtain time-calibrated nuclear and plastid phy-
logenies used to perform biogeographic analyses,
diversification models, and climatic niche and func-
tional trait reconstructions (habit, leaf type, dimor-
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phism, and areaq, stipule and trichome presence) for
Dendropanax and phylogenetically close genera.
Curated databases were used to estimate current
and ancestral climatic niches (6,496 occurrences)
and leaf areas (910 measurements) using a novel
probabilistic approach that considers niche hetero-
geneity. Diversification in Dendropanax followed a
temperature-based model with a decrease of di-
versification towards the present. After an Asian or-
igin, successive colonizations of Central and South
America preceded climatic niche expansions and
shifts towards warmer and drier climates coupled
with an increase in leaf area and variability and as-
sociated with the persistence of high diversification
rates in the Neotropical Dendropanax clade in com-
parison with the Asian Dendropanax clade. Given
that the evolution of leaf area followed the coloniza-
tion of the Neotropics, we believe that this trait could
be associated with the adaptation to the climatic
conditions in the colonized area. Our results support
the relevance of colonization events, climatic niche
evolution and functional trait shifts to explain phylo-
genetic diversification in the intercontinental tropi-
cal Dendropanax.

S.4.4 Phylogenetic insights
into the origins of tropical
rainforest hyperdiversity: Big
Data versus model groups

Wolf L Eiserhardt"?, William J. Baker'?, Paola
de Lima Ferreird’, Lars Emil S. F. Hansen),
Oscar B. Wrisberd', Melanie Tietje!

1 Department of Biology, Aarhus University, Aarhus,
Denmark. 2 Royal Botanic Gardens, Kew, Richmond,
Surrey, UK.

Rainforests occur across the tropics and are consis-
tently the most biodiverse biome on Earth. Despite
centuries of scientific interest, the eco-evolutionary
drivers of rainforest hyperdiversity remain elusive.
That said, it seems clear that explanations have to
be sought in deep time, involving dynamics of di-
versification, migration and adaptation over tens
to hundreds of millions of years. Phylogenetic trees
can provide a unique window on those deep-time
dynamics, but are notoriously hard to obtain at the
scale needed to unpick rainforest hyperdiversity. Ro-
bust and well-sampled phylogenetic trees tend to
be only available for small “model groups” that may
or may not be representative for the assembly of
rainforest biotas. Meanwhile, “Big Data” approach-
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es investigating major groups as a whole (e.g. seed
plants) consistently suffer from limited, patchy and
biased phylogenetic data. Similar trade-offs exist
for the geographic and ecological data needed to
assign species to biomes, a prerequisite for investi-
gating biome assembly over time. Here, we discuss
recent efforts to understand the evolutionary as-
sembly of rainforest hyperdiversity using both “Big
Data” and “model group” approaches, comparing
their findings and highlighting the specific challeng-
es, pros and cons of each approach. Specifically,
we report our recent findings based on phylogenet-
ic, geographic and biome association datasets for
all seed plants (Spermatophyta), contrasting them
with focused studies mostly from the palm family
(Arecaceae), a well-established model group for
tropical plant ecology and evolution.

S.4.5 Reconciling deep

and recent time to unravel

global tropical rain forest

diversification dynamics at
unrivaled levels of precision
Laura Holzmeyer!, Francis J. Nge'?,

Vincent Soulé', Thomas L.P. Couvreur?,
Annonaceade Phylogenetics Consortium?

1 IRD, UMR DIADE, Université de Montpellier, Montpelli-
er, France. 2 National Herbarium of New South Wales,
Australian Institute of Botanical Science, Royal Botan-
ic Gardens and Domain Trust, Mount Annan, Austra-
lia. 3 Annonaceae Global Phylogenetic Consortium,
http://www.couvreurlab.org/agpc.

The evolution and processes leading to the remark-
able biodiversity contained within tropical rain for-
ests (TRF) have been subject to research for de-
cades. Traditionally, at a macroevolutionary scale,
two predominant contrasting hypotheses are gen-
erally debated, the museum hypothesis, where low
extinction rates lead to a constant diversification
and a steady increase of diversity through time, and
the cradle hypothesis, where increased speciation
rates lead to rapid bursts of diversity. To date, most
studies were based on regional or limited global
taxonomic sampling spanning either recent or deep
time scales. These studies suggested a more nu-
anced view with a mixed or neutral model of high
species turnover, implying both elevated specia-
tion and extinction rates in TRF. Here, we reconcile
deep and recent time scales to test these hypoth-
eses by generating for the first time a global near
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complete species level dated phylogenetic tree of
the major TRF family Annonaceae Juss. (ca. 2000
out of 2450 species). Using this framework, we tested
both hypotheses using different macroevolutionary
methods and statistics. We shall present the major
results obtained from these analyses and implica-
tions for our understanding of TRF evolution through
time at global scales. Our study marks a significant
advancement in understanding TRF evolution, by
presenting the first comprehensive species-level
phylogenetic tree of one of the oldest rain forest an-
giosperm families on a global scale.

$.4.6 The biogeography
and evolution of derived
woodiness in tropical and
sub-tropical angiosperms

Alexander Zizka'?, Renske Onstein?3,
Frederic Lens?4

1 Department of Biology, Philipps-University Mar-
burg, Marburg, Germany. 2 Naturalis Biodiversity
Center, Leiden, The Netherlands. 3 German Cen-
tre for Integrative Biodiversity Research Halle-Je-
na-Leipzig, Leipzig, Germany. 4 Institute of Biology
Leiden, Leiden University, Leiden, The Netherlands.
*alexander.zizka@biologie.uni-marburg.de.
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The repeated evolution of woodiness in herbaceous
lineages has long been perceived as defining fea-
ture of island floras, in particular in the Tropics and
sub-Tropics (“insular woodiness”). However, scat-
tered evidence indicated comparable transitions
of herbaceous lineages towards woody growth
on continents, for instance on tropical mountains
(“derived woodiness”). Here, we contrast recent
results on the evolution of insular woodiness with
a novel dataset on derived woodiness on conti-
nents. We identified numerous independent tran-
sitions towards woodiness in 57 eudicot angio-
sperm families, resulting in more than 6,500 recent
derived woody species. We found more transitions
and derived woody species on continents than
on islands but derived woodiness on islands was
more common when accounting for total angio-
sperm richness (on average 0.77% of the total flora
on continents vs 1.85% on islonds). Furthermore, we
identified four global continental centers of derived
woodiness, mostly in the Tropics and sub-Tropics:
The Andes, South Africa, parts of Australia and New
Zealand (“Australasia *), and the Old-World dry belt.
Our results reveal the re-evolution of woodiness in
herbaceous lineages as widespread phenomenon
on island and on continents driven globally by en-
vironmental conditions, albeit with important re-
gional and systematic idiosyncrasies.

5.5 ADVANCES IN SEED CONSERVATION OF
WILD SPECIES. SESSION 1

S.5.1 Status of European
seed Conservation of Wild
Plants in Seed banks

Andreas Ensslin!, Adelaide Clemente? Elke

Zippel®, Udayangani Liu4, Peter Glasnovic?,
Sandrine Godefroid®

1 Conservatory and Botanic Garden of the City of
Geneva, Switzerland. 2 University of Lisbon, Portu-
gal. 3 Botanic Garden and Botanical Museum Ber-
lin-Dahlem, Germany. 4 Royal Botanic Gardens
Kew, UK. 5 University of Primorska, Slovenia. 6 Meise
Botanic Garden, Belgium.

Conserving orthodox seeds of wild plants through
seed banking (at 15% RH and -20°C) has become
a valuable tool in safeguarding threatened pop-

ulations and species, supporting conservation in-
terventions such as plant translocations, but also
in conserving genetic resources for plant breeding
and food security. Despite over 90% of the Europe-
an flora is likely to possess bankable seeds, there
is no general assessment of how many taxa are
secured in seed banks, where the gaps are and
whether the countries met the objectives of global
conservation initiatives such as the GSPC (i.e., tar-
get 8: 75% of threatened plants conserved ex situ).
Within the framework of the COST Action Conserve-
Plants (CA18201), a European-wide survey on seed
bank collections was launched to gain an over-
view over the current state of ex situ conservation
of wild plant taxa in seed banks across Europe. After
a challenging process of taxonomic harmonization,
we identified over 13,000 taxa conserved in 109 in-
stitutions from 29 countries across Europe and the
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Middle East. We mapped the taxonomic names and
the original provenance of seed lots against the re-
spective national red lists to identify the coverage
met by each country concerning the GSPC target 8.
We reveal gaps in species conservation and point
out future directions on how to meet global conser-
vation targets. Our study demonstrates the impor-
tance of collaborative approach for seed banking
to support safeguarding threatened plants across
Europe but also highlights that its potential has not
at all been fully exploited yet.

$.5.2 Research Progress on
in vitro preservation of Wild
Plants in China

‘ Jun He Junbo', Yang Dezhu Li!

1 Germplasm Bank of Wild Species, Kunming Insti-
tute of Botany, Chinese Academy of Sciences, Kun-
ming, Yunnan,People’s Republic of China.

Both in situ and ex situ conservation are comple-
mentary and synergistic approaches that are es-
sential for the protection of wild plants and their
biodiversity. As a major national scientific infrastruc-
ture, the Southwest China Germplasm Bank of Wild
Species has established a wild plant germplasm
resource bank that includes a seed bank, plant tis-
sue culture bank, DNA bank, animal germplasm
bank, and microbial germplasm bank. The plant
tissue culture bank is mainly based on the theory
and methods of tissue culture to carry out species
conservation, in order to achieve long-term conser-
vation of “exceptional” species with low yield, poor
quality, recalcitrance, and cannot be directly sown.
Explants are obtained through field collection or ex-
change, and then cultured through various methods
such as protocorn type, short branch cutting type,
clustered shoots proliferation type, or organ type. Fi-
nally, strategies such as normal temperature or low
temperature restriction are used to achieve in vitro
preservation of germplasm resources. The use of in
vitro conservation methods allows wild plant germ-
plasm resources to obtain regenerability, repeat-
ability, and sustainability in research and utilization,
which is a major characteristic that distinguishes in
vitro preservation from other ex situ conservation
methods and provides new strategies to make up
for the shortcomings of in situ and other ex situ con-
servation methods. The staff of the Southwest China
Germplasm Bank of Wild Species has made certain
progress in large-scale in vitro preservation of wild
plants through years of accumulation. As of the end
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of 2023, the plant tissue culture bank has preserved
in vitro culture materials of more than 1100 species
and 27,100 samples, with orchid species accounting
for over 60%. It has preserved one-third of the spe-
cies and 55% of the genera of wild orchids in China,
as well as other rare and endangered plants.

$.5.3 Spectrometry

and machine learning
technologies to aid
conservation of native dry
forest seeds

Maria A. R. Ferreira', Raquel A. Gomes!,
Jamille C. Silva', Jailton J. Silva', Williane A.
S. Oliveira', Marcos V. C. Freitas', Sérgio T.
Freitas!, Barbara F. Dantas!

1 Embrapa Semiarido, Petrolina, Brazil.

Seed-based conservation plays a critical role in
the conservation, enrichment, and restoration of
degraded environments. Climate change and ag-
ricultural pressure has enhanced the vulnerability
to desertification of tropical dry forests. Plant biodi-
versity conservation is urgent, mainly in populations
located in climate change threatening hotspots.
Traditional stored seed quality assessment relies on
destructive tests to evaluate viability, germination,
and moisture content. These usually take more time
and seeds than is convenient for restoration actions.
Quick and accurate non-destructive methods allow
efficient decision making in all native seed conser-
vation activities, from harvest to storage, and also in
seed-based restoration actions. Spectrometry allied
to machine learning can be an effective method for
evaluating the quality of native forest seeds, while
maintaining the usually small bulk of stored seeds.
Thus, we aimed to develop an easy and non-de-
structive method for evaluating stored seeds phys-
iological quality and moisture content using a por-
table Vis-NIR spectrometer and a machine learning
algorithm model. Stored and fresh seeds of different
populations of two dry forest Fabaceae were indi-
vidually evaluated for germination, moisture con-
tent and spectral data using a portable spectrom-
eter. External and internal validation of the model
were carried out by dividing the data into training
(70%) and testing (30%) stages, using 10x cross-val-
idation. The spectral data were processed using
Weka 3.8.6 software. The discriminative algorithms
applied were Support Vector Machine, Multilayer
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Perceptron, Random Forest and J48. For germina-
tion, the seeds were classified as YES (germinated)
and NO (not germinated). Multilayer Perceptron al-
gorithm obtained the best results for water content
evaluation, with calibration and prediction correla-
tion coefficients above 0.70. Random Forest and
J48 algorithms showed best performances for seed
germination classification. Although the algorithms
were efficient in seed quality classification, increas-
ing the number of sampled seeds may improve
their prediction accuracy and aid seed-based con-
servation activities.

$.5.4 Capturing
representative genetic
diversity in quality
conservation germplasm
collections

Marlien van der Merwe', Saphira Bloom-
Quinn!, Patricia Lu-Irving', Jason Braggd',
Eilish McMaster!, Maurizio Rossetto!

1 Research Centre for Ecosystem Resilience, Botanic
Gardens of Sydney, Sydney, Australia.

Seed banking of wild plants is a cost-effective conser-
vation tool that allows for genetically representative
germplasm collections to be stored for extensive pe-
riods of time. Such collections are becoming increas-
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ingly more important particularly for species where
anthropogenic activities are contributing towards
local extinction and population decline, leading to a
loss of genetic diversity and adaptive capacity. Seed
collecting aimed at capturing genetic diversity across
the range of wide-spread species can be daunting
specially in parts of the world where resources are
limited, and such germplasm collections are only
now being initiated. Here we use a range of genomic
datasets to provide guidelines for building represen-
tative conservation germplasm collections. Progeny
datasets for multiple species that we obtained from
seed collected across multiple sites and multiple
maternal lines allowed us to explore how different
collecting strategies (numbers of seed, families, and
sites) capture genetic diversity. The results from this
empirical data were encouraging indicating that a.)
small quality collections can capture a large propor-
tion of allelic variation and b.) we can use population
genomic data to strategize seed collections to max-
imise genetic diversity. We apply the outcomes from
the progeny analysis to multiple extensive population
genomic datasets available through the Restore and
Renew program and discuss guidelines for captur-
ing various representative levels of allelic variation.
Finally, based on these progeny data sets and other
results from our teams’ extensive work in taxonomy,
conservation and restoration genomics, we prompt
seed collectors and seed bank managers to main-
tain maternal lines during the life of the collection as
this maximises the value and utility of these precious
germplasm collections.

S.6 NEW FRONTIERS IN PLANT
PHYLOGENOMICS. SESSION 1

S.6.1 New Views on Fern
Phylogenetics. Updates
from the GoFlag Targeted
Enrichment Probe Set

Emily B. Sessd, Jessie A. Pelosi? Susan
Fawcett?, J. Gordon Burleigh?

1 William & Lynda Steere Herbarium, New York Bo-
tanical Garden, Bronx, NY, USA. 2 Department of
Biology, University of Florida, Gainesville, FL, USA. 3
University & Jepson Herbaria, University of Califor-
nia, Berkeley, CA, USA.

Ferns are the second largest group of vascular land
plants, with ca. 10,000, species, and they are critical
components of Earth’s biodiversity — ferns can be
found in nearly every type of ecosystem and habitat,
from desert to rainforest. Ferns also occupy a pivotal
evolutionary position as sister to the megadiverse seed
plants, and they are thus the critical outgroup needed
to understand the evolution of key seed plant features.
Fern phylogenetics as a field has evolved considerably
since the 1990s, when the first rbcl-based phylogenet-
ic analyses of ferns were completed. Fern phylogenet-
ics has presented researchers with a number of chal-
lenges, including the deep evolutionary history of the
group and their propensity to undergo hybridization
and whole genome duplication. We present a phy-
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logenomic approach to fern evolution, using the most
highly resolved nuclear dataset to date (targeting 408
loci), and with highly targeted taxonomic sampling
(including nearly all fern families and genera). This
dataset allows us to explore a range of outstanding
questions in fern phylogenetics, including resolving re-
calcitrant nodes, and comparing results between our
nuclear based trees and other recent large-scale fern
phylogenies based on chloroplast loci.

$.6.2 Completing the
Angiosperm Tree of Life

‘ Williom J. Baker!, the PAFTOL Community

‘ I Royal Botanic Gardens, Kew, Richmond, Surrey, UK.

The tree of life is the fundamental biological roadmap
for navigating the evolution and properties of life on
Earth, and yet remains largely unknown. Even angio-
sperms are fraught with data gaps, despite their criti-
cal role in sustaining terrestrial life. Since 2016, the Plant
& Fungal Trees of Life (PAFTOL) project at the Royal Bo-
tanic Gardens, Kew has targeted this knowledge gap in
angiosperms by leveraging biological collections with
novel genomic tools at unprecedented scale. Here, we
describe our efforts to complete the angiosperm tree
of life for all genera. Key achievements include: (1) the
creation of Angiosperms353, an innovative, open-ac-
cess, target sequence capture toolkit for tree of life
research on any flowering plant; (2) the assembly of
Angiosperms353 sequence data for 8,336 (61%) of the
13,600 genera of flowering plants, amounting to over
15 billion base pairs in total; (3) a tree of life containing
all 7,514 genera of flowering plants sequenced to date,
integrating novel data for over 8000 samples, with
data sourced from collaborators and public resourc-
es; (4) the Kew Tree of Life Explorer (https://treeoflife.
kew.org/) launched in February 2021, an open data
portal through which our tree of life and all data are
made publicly available, with release 3.0 (April 2023)
containing data for 10,377 samples; (5) a collabo-
rative network of >300 individuals worldwide driving
numerous projects using Angiosperms353 data; (6)
outreach activities communicating the science of
PAFTOL to the public. A wealth of primary research has
also arisen from our data ranging from species-level
studies, through to big picture analyses exploring the
rise of the angiosperms. As the project approaches its
goal of sampling all angiosperm genera, we welcome
collaboration from all corners of the community and
encourage anyone with interests in working with us on
data generation, sharing or utilisation to get in touch.
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$.6.3 Angiosperms353
Version 2: improving gene
recovery and locus length
for universal single copy
genes in flowering plants

Matthew G. Johnson!, Chris Jackson?
Alexandre R. Zuntini®, Nan Hu', Paul
Bailey?, Felix Forest3, Norman J. Wickett?,
William J. Baker?

1 Department of Biological Sciences, Texas Tech
University, Lubbock, USA. 2 Royal Botanical Gardens
Victoria, Melbourne, Australia. 3 Royal Botanical
Gardens Kew, London, UK. 4 Department of Biologi-
cal Sciences, Clemson University, Clemson, USA.

Angiosperms353 has gained popularity both
as informative single copy genes and univer-
sal probes for cost-effective target capture in
high-throughput sequencing. With data from
over 10,000 species and 60% of extant genera
now represented in the Kew Tree of Life Explor-
er (treeoflife.kew.org), Angiosperms353 has be-
come an important tool for phylogenetics and
population genetics studies. However, several
shortcomings of the original gene targets and
associated probe sequences have led to poor-
er than average recovery of sequences in cer-
tain angiosperm groups. We seek to improve
Angiosperms353 probes by using expanded re-
sources of high-quality genome references in
angiosperms and data generated by the Plant
and Fungal Tree of Life (PAFTOL) project at RBG-
Kew and the Genomes of Australian Plants (GAP)
project at RBG-Victoria. For Angiosperms353v2,
we expanded the targeted sequence of each
gene to include coding regions not captured in
the first version. We also improved the regions
covered in Angiosperms353vl by using kmediods
clustering to select represented sequences at a
per-exon level. We describe the in-silico testing
of Angiosperms353v2 and associated resources,
including curated clade-specific target files for
use in gene recovery workflows. Our new probe
design is intended to continue the success of
Angiosperms353 with improved recovery and in-
creased gene sequence length, thus enhancing
future phylogenetic inference.
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S.6.4 Integrative
phylogenomics of the model
tropical rain forest family
Annonaceae: from herbaria
to global scale diversity
dynamics

Thomas L.P. Couvreur’; Carlos Rodrigues-
Vaz"?; Vincent R.C. Soulé" Laura
Holzmeyer', Francis J. Nge'; Serafin J. R.

Streiff, Annonaceae Global Phylogenetics
Consortium?

1 DIADE, Univ Montpellier, CIRAD, IRD, Montpellier,
France. 2 Institut de Systématique, Evolution, Bio-
diversité, Muséum National d’Histoire Naturelle-
CNRS-SU-EPHE-UA, Paris, Cedex 05, France. 3 http://
www.couvreurlab.org/agpc.htmi.

Annonaceae is a major pantropical family with
2450 known species mainly occurring in rain for-
ests worldwide. Based on decades of taxonomic
research and resource generation, Annonaceae
provide an excellent model-clade to understand
the evolution of hyperdiverse tropical rain forests.
We present ongoing integrative research combin-
ing phylogenomics, evolution and ecology of An-
nonaceae. Using a custom Annonaceae baiting kit,
we sequenced hundreds of nuclear genes for over
85% of its diversity worldwide (> 2000 species). Over
75% of species were sequenced from herbarium
specimens, the oldest dating from 1785. In paral-
lel, we produced a massive morphological dataset
documenting functional diversity, generated pre-
cise species-level distribution based on herbarium
specimens documenting spatial diversity, and fi-
nally, used innovative near infrared scanning (NIRs)
to estimate species specific spectra documenting
chemical diversity. Most relationships were well re-
solved producing one of the first ever near-com-
plete robust species level phylogenetic hypothe-
ses of a major tropical rain forest plant family. The
results mainly confirmed past systematic studies
in Annonaceae, but also produced some surpris-
es. By integrating these large-scale datasets with
a robust dated phylogenetic tree at the species
level, we present preliminary results about global
rain forest diversification. Finally, we discuss the ad-
vantages and challenges of leading a large-scale
project on a model clade, and how herbaria are
(and will be) central to tackling numerous ques-
tions about rain forest evolution.

$.6.5 A phylogenomic
analysis of Salsoloideae
(Amaranthaceae). An
example of extreme
paralogy and discordance

Diego F. Morales-Briones!, Gudrun
Kadereit'

1 Ludwig-Maximilians-Universitdt Mnchen, Munich,
Germany.

Caroxyloneae and Salsoleae constitute a spe-
cies-rich lineage of Amaranthaceae containing
around 40 genera and 300-400 species, includ-
ing the largely polyphyletic Salsola. Members
of this lineage are primarily distributed in the
steppes and deserts of Eurasia, northern and
southern Africa. It includes leaf- and stem-suc-
culent halophytic, xerohalophytic, xerophytic,
and ruderal plants, where C, photosynthesis is
prominent. Generic boundaries in Caroxyloneae
and Salsoleae have been historically a matter of
long-standing debates, with numerous transfers,
reinstatements, or newly established genera in
recent years. To date, phylogenetic analyses of
the tribe have been based on a limited number
of DNA regions, leaving most phylogenetic rela-
tionships unclear in an already highly taxonom-
ic challenging group. To build a comprehensive
backbone phylogeny of the group to clarify ge-
neric boundaries and investigate patterns of C,
photosynthesis, we used 483 putative single-co-
py loci from a custom target enrichment bait set
and sampled 175 spp. from 36 genera from Car-
oxyloneae and Salsoleae. We recovered many
paralogs for all species, including many pseu-
do-gene copies. These paralogs were spread
across all Chenopods I, with several species
even having gene copies as far as nested within
Polycnemoideae (one of the other subfamilies in
Amaranthaceae). This extreme paralog pattern
largely halted the ability to infer orthologs using
tree-based methods because the many duplica-
tions found in the gene trees resulted in main-
ly small orthologs, which ultimately resulted in a
phylogeny with massive discordance and low to
no support for most nodes. Here, we explore the
challenges and strategies for overcoming the is-
sue of rampant paralogy to attempt to build a
backbone of Caroxyloneae and Salsoleae.
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$.6.6 Applying the
phylogenomics package
Captus to polyploid,
contaminated, and
degraded samples

Edgardo M. Ortiz!, Gentaro Shigita'?,
Alina Héwener3, Mustafa Razad', Hanno
Schaefer

1 Technical University of Munich, Freising, Germany.
2 University of Tsukuba, Tsukuba, Japan. 3 Ludwig
Maximilian University of Munich, Munich, Germany

Our recently developed software package, Captus
(available at https://github.com/edgardomortiz/
Captus), greatly simplifies processing high-through-
put sequencing data into alignments ready for phy-
logenetic analyses. Captus can remove paralogs
from these alignments for use in traditional species
tree estimation methods or include the complete
set of recovered paralogs for use in more recent
methods such as ASTRAL-Pro. Even though Captus
normally searches for previously known sets of or-
thologs (e.g, Angiosperms353, BUSCO lineage data-
bases) it can also be used to discover new putative
homologs across the samples analyzed, making it
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possible to extract phylogenetically informative loci
from any group of organisms. Besides recovering
accurately and rapidly a greater number of more
complete loci across more samples, Captus is also
capable of dealing with several common issues that
arise in current phylogenomics practice. We show
that the accuracy of recovery helps minimizing the
methodological sources of conflict between gene
trees and the species tree revealing clear patterns
of reticulation or hybridization. Captus facilitates
the combination of sequence data from samples
of varying quality (i.e, silica-preserved, herbarium),
different data types (ie, target capture, high and
low depth whole genome sequencing, and RNA-
Seq), and pre-assembled genomes and transcrip-
tomes to build a single phylogenomic dataset for
analysis. Captus can also be used to identify out-
lier samples containing an excess of paralogs due
to polyploidy or potentially contamination. Captus
can be used to remove phylogenetically distant
contaminants from a sample. Finally, we show an
additional feature of Captus, an easy-to-use work-
flow to find putative homologs and design baits for
target enrichment and how we used it to create a
set of baits to capture 989 protein coding genes
(854 single-copy and 135 associated with morpho-
logical traits of interest) as well as 177 non-coding
regions for the family Cucurbitaceae.

S.7 MECHANISMS AND CONSEQUENCES OF
DISPERSAL IN LAND PLANTS: TOWARDS A
MORE UNIVERSAL UNDERSTANDING. SESSION 1

$.7.1 Seed dispersal
mismatches under
global change: what can
we apply to the rest of
terrestrial plants?

‘ Irene Mendozd!

‘ 1 Estacién Biolégica de Doriana (CSIC), Sevilla, Spain

Seed dispersal implies the movement of a seed at
a certain distance from the maternal plant, which
favours propagation towards new environments.
Many Spermatophyta rely on animals for seed dis-
persal, especially those with fleshy fruits which offer

a nutritious award for the disperser. The unprece-
dented environmental change produced by hu-
man activities (including climate and land-use
changes) is not only reducing biodiversity in terms
of the number of species, but it is also changing
the probabilities of interactions among plants and
their dispersers. Seed dispersal by avian species
necessarily implies that the phenology of birds and
fruit production matches in time. Whereas we have
evidence that species are already changing their
geographic distribution ranges and their life cycles’
timing (e.g, bird migration, fruiting time) as a con-
sequence of climate change, we still have a knowl-
edge gap in understanding whether these changes
will result in mismatches among interacting species.
Network analytical advances and new technologies
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applied to biodiversity monitoring have paved the
road to undertake this challenging objective. In this
presentation, | focus on these specific questions 1)
What phenological changes are currently taking
place in Southern Spain as a consequence of global
change? 2) Are these phenological shifts resulting
in a mismatch between the phenology of birds and
fleshy-fruited plants? 3) How can we forecast phe-
nological mismatches? For answering these ques-
tions, | use methods from classical field monitoring
and new technologies such as digital images from
phenocams or unmanned aerial vehicles that have
barely been applied to research on ecological in-
teractions, combined with cutting-edge analytical
tools including network analyses and forecasting
modeling. These methods and conceptual advanc-
es can be easily extended to other terrestrial plants
and will help understanding the ultimate conse-
quences for ecosystem functioning and biodiversity
conservation of seed dispersal mismatches induced
by global change.

S.7.2 How can dispersal by
endozoochory by waterbirds
influence the genetic
structure of a dry-fruited
wetland plant?

M. Angeles Ortiz ', Raul Sanchez? Iciar
Jim? Karin Tremetsberger?, Casper van
Leeuwen? Adam Lovas-Kiss®, Andrew J.
Green?.

1 Dpto. Biologia Vegetal y Ecologia, Universidad de
Sevilla, Spain 2 Dept of Wetland Ecology, Dofiana
Biological Station EBD-CSIC, Sevilla, Spain. 3 Institut
far Botanik, Universitét far Bodenkultur Wien, Wien,
Austria 4 Netherlands Institute of Ecology (NIOO-
KNAW), Wageningen, The Netherlands 5 Wetland
Ecology Research Group, Centre for Ecological Re-
search, Danube Research Inst, Debrecen, Hungary

One of the main challenges when reconstructing
the evolutionary history of a plant species is the
lack of information about its dispersal mechanisms.
These mechanisms shape the distribution of plants,
favoring long-distance dispersal events or confining
them to much more restricted areas. Some species
exhibit obvious dispersal syndromes, like plants with
fleshy fruits. However, plants without clear modifi-
cations in their fruits or seeds promote controversy
regarding whether they have a specialized disper-
sal system, fall passively near the mother plant, or
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depend on random events to colonize new habitats.
A specific case involves dry-fruited plants in wet-
lands, traditionally assumed to have hydrochorous
dispersal due to their distribution in or near water-
bodies. Recent studies have shown that aquatic
birds can disperse dry-fruited plants through endo-
zoochory, after feeding on the plants or in the seed
bank, egesting viable seeds in their faeces. But how
does this type of dispersal affect the genetic struc-
ture of plants? Does it promote long-distance dis-
persal along migratory flyways, and/or connectivity
between nearby wetlands?

We will test the dispersal processes shaping the
population structure and gene flow in Eleocharis
palustris (Cyperaceae). This species inhabits wet-
land borders and temporarily flooded areas, being
native to the Northern Hemisphere. Endozoochory
of this species has been recorded for many differ-
ent waterbird species. Morphological and ploidy
level studies have been conducted to characterize
its variability. To delve into this topic, population ge-
nomics was investigated applying GBS (genotyping
by sequencing) in 188 plants from 20 populations in
seven European countries. Finally, the relationship
between the migratory flyways and the popula-
tion networks will be discussed, as well as the role
of their ecological niche. The understanding of how
endozoochory can shape the distribution of a spe-
cies could be key to management and conservation
policies for native taxa.

S.7.3 Autorotating diaspores
of flowering plants: an
inspiring strategy in wind
dispersal

Drisya V.V, C. Pramod"? AK. Pradeep?
T.P. Suresh?®

1 Department of Botany, Government Brennen Col-
lege, Dharmadam P.O., Thalassery, Kerala, India. 2
Department of Botany, University of Calicut, Calicut
University P.O, Kerala, India. 3 Department of Phys-
ics, Government Brennen College, Dharmadam
P.O, Thalassery, Kerala, India

Plants are excellent source of inspiration for de-
sign innovation as they are already figured out
what works to spread over the planet and pro-
vide numerous examples of stable design and
specialized functionality that are worth to study
(Pandolfi & Izzo, 2013). One amazing demonstra-
tion of ‘intelligent’ behavior of plants for wind



XX International
Botanical
Congress
Madrid Spain

Ve
o 05

dispersal is the production of autorotating dia-
spores. Dispersal units, such as fruits, seeds, and
other structures which constantly rotate in the air
during dispersal basically due to aerodynamic
forces for moving away from the parent plant to
establish the progeny as an independent sap-
ling are known as autorotating diaspores. Based
on the morphology and type of rotation during
the fall, three types of autorotating diaspores are
identified: autogyros, rolling autogyros, and heli-
copters (Augspurger, 1986). In a study conducted
on the winged diaspores of the flowering plants
of South India, a total of about 120 species (55
autogyros, 24 helicopters, 41 rolling autogyros)
were recorded, which produce autorotating dia-
spores with well-defined morphological adapta-
tions. Macromorphological, micromorphological,
developmental, anatomical, flight behavioural,
and aerodynamic studies of a subset of dias-
pores from each category show that each of
them varies in its origin, pattern of development,
and configuration of the wings, which account
for the variation in the overall morphology and
eventually the dispersal potential. The autorotat-
ing diaspores of the flowering plants of South In-
dia display a variety of morphology and design
for the efficient mechanism of dispersal, also ef-
fective as natural inspiration for design innova-
tion. The present paper aims to provide a better
understanding of the morphology, geometry, un-
derlying mechanisms of flight, specificity of the
direction of rotation, and biomimetic application
of the autorotating diaspores of flowering plants
of south India.

S.7.4 Linking pollen
limitation and seed
dispersal effectiveness

‘ Laura C. Leal'?, Matthew H. Koski?

1 Universidade Federal de Sao Paulo, Diadema, Séo
Paulo, Brazil. E-mail: laura.leal@unifesp.br. 2 Clem-
son University, Clemson, South Carolina, USA

Seed production and dispersal are crucial eco-
logical processes impacting plant demography,
species distributions, and community assembly.
Plant-animal interactions commonly mediate both
seed production and seed dispersal, but current
research often examines pollination and seed dis-
persal separately, which hinders our understand-
ing of how pollination services affect downstream
dispersal services. To fill this gap, we propose d
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conceptual framework exploring how pollen lim-
itation can impact the effectiveness of seed dis-
persal for endozoochorous and myrmecochorous
plant species. We summarize the quantitative and
qualitative effects of pollen limitation on plant re-
production and use Optimal Foraging Theory to
predict its impact on the foraging behavior of seed
dispersers. In doing so, we offer a new framework
that poses numerous hypotheses and empirical
tests to investigate links between pollen limitation
and seed dispersal effectiveness and, consequent-
ly, post-dispersal ecological processes occurring
at different levels of biological organization. Final-
ly, considering the importance of pollination and
seed dispersal outcomes to plant eco-evolution-
ary dynamics, our framework opens new avenues
for future studies exploring the current and future
functioning of these key interactions, both deeply
threaten by human landscape modification and
ongoing climatic changes.

$.33.3 How can dispersal by
endozoochory by waterbirds
influence the genetic
structure of a dry-fruited
wetland plant?

M. Angeles OrtiZ', Raul Sanchez? Iciar
Jiménez? Karin Tremetsberger?, Casper
van Leeuwen?* Adam Lovas-Kiss®, Andrew
J. Green?

I Departamento de Biologia Vegetal y Ecologia,
Universidad de Sevilla, Spain. 2 Dept. of Wetland
Ecology, Doriana Biological Station -CSIC, Sevilla,
Spain. 3 Institut far Botanik, Universitdt far Boden-
kultur Wien, Wien, Austria. 4 Netherlands Institute of
Ecology (NIOO-KNAW), Wageningen, The Nether-
lands. 5 Wetland Ecology Research Group, Centre
for Ecological Research, Danube Research Inst, De-
brecen, Hungary

One of the main challenges when reconstruct-
ing the evolutionary history of a plant species is
the lack of information about its dispersal mech-
anisms. These mechanisms shape the distribu-
tion of plants, favoring long-distance dispersal
events or confining them to much more restrict-
ed areas. Some species exhibit obvious dispersal
syndromes, like plants with fleshy fruits. However,
plants without clear modifications in their fruits
or seeds promote controversy regarding wheth-
er they have a specialized dispersal system, fall
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passively near the mother plant, or depend on
random events to colonize new habitats. A spe-
cific case involves dry-fruited plants in wetlands,
traditionally assumed to have hydrochorous dis-
persal due to their distribution in or near water-
bodies. Recent studies have shown that aquat-
ic birds can disperse dry-fruited plants through
endozoochory, after feeding on the plants or in
the seed bank, egesting viable seeds in their fae-
ces. But how does this type of dispersal affect
the genetic structure of plants? Does it promote
long-distance dispersal along migratory flyways,
and/or connectivity between nearby wetlands?
We test the dispersal processes shaping the
population structure and gene flow in Eleocharis
palustris (Cyperaceae). This species inhabits
wetland borders and temporarily flooded areas,
being native to the Northern Hemisphere. Endo-
zoochory of this species has been recorded for
many different waterbird species. Morphological
and ploidy level studies have been conducted to
characterize its variability. To delve into this topic,
population genomics was investigated applying
GBS (genotyping by sequencing) in 188 plants
from 20 populations in seven European coun-
tries. Finally, the relationship between the migra-
tory flyways and the population networks will be
discussed, as well as the role of their ecological
niche. The understanding of how endozoochory
can shape the distribution of a species could be
key to management and conservation policies
for native taxa.
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S.7.5 Pollen dispersal

in flowering plants.
Importance of pollinators
from single visits to regional
patterns

‘ Javier Valverde!

‘ 1 Universidad de Sevilla, Sevilla, Spain

Pollen dispersal in flowering plant species results
from the joint action of the pollinators at each plant
population. These dispersal agents determine the
mating patterns between plants and ultimately the
genetic composition of the populations as well as
their degree of genetic isolation. Here, results from
a series of studies will be introduced to highlight the
importance of pollinators for the genetic dispersal
of flowering plants at different scales. At the level of
individual plants, a study demonstrates how pollina-
tors can widely differ in their capacity of transport-
ing pollen of different genetic diversity and origin.
At the population level, a study is used to evidence
the role of these animals in generating contempo-
rary patterns of pollen flow between plants. At the
regional level, a study performed on several plant
species demonstrates how pollinator diversity cor-
relates with the genetic diversity and connectivity
of plant populations. Taken together, these studies
demonstrate that addressing the mechanisms of
pollen flow is essential to explain the genetic pat-
terns found within and between plant populations
that ultimately provide insights into plant evolution.

S.8 SAPINDALES: UNDERSTANDING
ANGIOSPERM EVOLUTION BY INTEGRATION
ACROSS DATA, SPACE AND TIME

S.8.1Hybrid Capture resolves
the phylogeny of the
pantropically distributed
Zanthoxylum (Rutaceae) and
reveals an Old World origin

Lee Ping Ang', Salvatore Tomasello', Jun
Wen? Marc S. Appelhans'?

I. Department of Systematics, Biodiversity and
Evolution of Plants, Albrecht-von-Haller Institute
of Plant Sciences, University of Goettingen, Untere
Karspuele 2, Goettingen, Germany. 2. Department
of Botany, National Museum of Natural History,
Smithsonian Institution, Washington, DC, USA.

With about 225 species, Zanthoxylum L. is the second
most species rich genus in Rutaceae. It is the only
genus with a pantropical distribution. ECconomical-
ly, it is used in several Asian countries as traditional
medicine and spice. In the past Zanthoxylum was
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divided into two generaq, the temperate Zanthoxy-
lum sensu strictu (s.s.) and the (sub)tropical Fagara,
due to the large differences in flower morphology:
heterochlamydeous in Fagara and homochlamyd-
eous in Zanthoxylum s.s. This genus is much under
studied and previous phylogenetic studies using
Sanger sequencing did not resolve the relationships
sufficiently. In this study, we use Hybrid Capture with
a specially designed bait set for Zanthoxylum to se-
quence 347 putative single-copy genes. The taxon
sampling has been largely improved as compared
to previous studies and | present preliminary results
based on 371 specimens representing 133 species
from all continents and major island groups. Our
preliminary results reveal similar tree topology as
the previous studies while providing more details to
the backbone of the phylogeny. The phylogenetic
tree consists of four main clades: a) African/Mala-
gasy clade, b) Z. asiaticum clade - a clade consist-
ing widespread species occurring in (sub)tropical
Asia and Africa as well as Madagascar, ¢) Asian/
Pacific clade and d) American clade, which also in-
cludes the temperate Asian species. The merging of
Fagara and Zanthoxylum is supported by our results
and the homochlamydeous flowers of Zanthoxylum
s.s. are likely derived from heterochlamydeous flow-
ers. Several of the morphologically defined sections
within Zanthoxylum are not monophyletic. In this
presentation, we (1) introduce the framework of this
project; (2) present preliminary results and (3) the
ongoing progress of the study.

5.8.2 Systematics and
morphological diversity
of the cashew family
(Anacardiaceae)

‘ Susan K. Pell', John D. Mitchell?

1 United States Botanic Garden, Washington, USA. 2
The New York Botanical Garden, New York, USA

Anacardiaceae is an ecologically and econom-
ically important plant family of about 800 species
in more than 80 genera worldwide. Most well-known
for its commercial crops, cashew (Anacardium
occidentale), mango (Mangifera indica), and pis-
tachio (Pistacia vera), and its many contact der-
matitis-causing species (e.g, poison ivy and oak;
Toxicodendron spp.), the family includes many
other regionally important taxa and exhibits sub-
stantial morphological diversity. Anacardiaceae is
particularly diverse in leaf architecture, flower and
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fruit morphology, and pollination and dispersal syn-
dromes. Fruit diversity is the primary reason 30 of the
genera are monotypic and that so many genera are
recognized in the family. Recently published Sapin-
dales phylogenies and newly discovered Anacardi-
aceae fossils have shed new light on the evolution
of structural diversity in the family. This presentation
provides an overview of the noteworthy morpho-
logical diversity of Anacardiaceae in the context of
systematics and paleobotany. Several newly recog-
nized taxa, including newly published and yet-to-be
published generaq, are discussed.

S.8.3 Meliaceae (mahogany
family): model group for

a better understanding

of tropical angiosperm
evolution?

Alexandra N. Muellner-Riehl'?, Meliaceae
Taxonomic Expert Network

1 Leipzig University, Leipzig, Germany. 2 German
Centre for Integrative Biodiversity Research, Hal-
le-Jena-Leipzig, Leipzig, Germany

Meliaceae comprises woody plants widely dis-
tributed throughout the tropics and subtropics,
extending into temperate zones. With over 740
species in 58 generaq, they constitute a medi-
um-sized family in Sapindales. The Indo-Male-
sian region is the geographic centre of diversi-
ty. Africa-Madagascar is almost as diverse as
Indo-Malesia, followed by Australasia. Only eight
genera are present in the Neotropics, but they
are as diverse as the Africa-Malagasy region as
for the number of species. Comparing geological
evidence with the fossil record as well as biogeo-
graphic studies, there is indication that the now-
adays pantropically distributed family has made
use of three routes to acquire its current distri-
bution: land connections (i) between Eurasia and
North America, (i) between North America and
South America, and (iii) dispersal paths between
Africa and South America that have existed since
the proposed evolutionary origin of modern Meli-
aceae (Cretaceous). Although important new in-
sights into Meliaceae evolution have been gained
during the past two decades, there are also still
open questions. A careful revision of the entire
fossil record of Meliaceae will be an important
step into a more comprehensive understanding
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of the biogeographic history of this family, which
may serve as a prime example for understanding
the evolution of rainforest (and related) taxa on
a global scale. A more or less completely sam-
pled species-level phylogeny, accompanied by
molecular clock dating making use of the rich
fossil record, complemented by biogeographic
reconstructions (incl. the investigation of niche
evolution), will only be achievable by a scientific
community effort, bringing together researchers
from different disciplines, who have a keen inter-
est in Meliaceae evolution. The vision of this lon-
ger-term research agenda will be to establish
this—also economically very important—family
as a model group for a better understanding of
angiosperm evolution.

$.8.4 The evolution of
Meliaceae: systematics,
genome duplications and
implications for taxonomy

‘ Monika M. Iskander’, Elizabeth M. Joyce?

1 Rhenish Friedrich Wilhelm University of Bonn, Ger-
many. 2 Ludwig Maximilian University of Munich,
Germany

Meliaceae is a widespread angiosperm family of c.
740 species in 58 genera, mainly comprising tropi-
cal and subtropical trees. Given its distribution and
diversity, Meliaceae is considered a useful lineage
for understanding the evolution of tropical forests;
however, our understanding of the family's evo-
lution and infra-familial relationships remain un-
clear. Here, we present the first genus-complete
phylogenies for the family, generated with Angio-
sperms353 and chloroplast loci, and including 139
taxa with good geographic representation. In the
nuclear trees, many relationships were retrieved
with maximum support (PP=1, BS=100) and sug-
gest that some genera are non-monophyletic and
should be recircumscribed, while some relation-
ships remained poorly supported or conflicted with
the topology of the chloroplast phylogeny, partic-
ularly in the Melioideae. Analysis and placement of
paralogs suggest that this poor resolution is likely
caused by a history of hybridisation and genome
duplication events. Our results indicate that this
may confound our ability to reconstruct relation-
ships in bifurcating trees, raising interesting ques-
tions about how we might classify tribes and gen-
era within the family.
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$.8.5 Phylogeny of Galipee-
ae (Rutaceae, Sapindales),
a group of the Citrus family.
with insights of critical mor-
phological traits.

Milton Groppo', Jacquelyn Ann Kallunki?,

Carla P. Bruniera?, José Rubens Pirani',
Carolina Ferreird!, Paola de Lima Ferreira®

1 University of SGo Paulo, Brazil. 2 New York Botanical
Garden, USA. 3 Federal University of SGo Paulo, Bra-
zil. 4 Aarhus University, Denmark

Tribe Galipeeae (Rutaceae, Subfamily Zanthoxy-
loideae) is the largest group of Rutaceae in the
Neotropical Region, with 33 genera and c. 181 spe-
cies. The tribe is composed of two subtribes, Gali-
peeae (28 genera and c.130 species) and Pilocar-
pinae (5 genera, 51 species). Subtribe Galipeinae
is different from Pilocarpinae by the possession
of zygomorphic flowers (v. actinomorphic flowers
in Pilocarpinae) and by the constant presence
of staminodes (v. all fertile stamens in Pilocar-
pinae.) A phylogenetic analysis was conducted
to test the monophyly of Galipeeae and its two
subtribes. A total of 120 terminals, representing
24 genera and 80 species of both subtribes were
sampled. Species of Balfourodendron, Choisya,
Helietta, Hortia, and Plethadenia, all from gen-
era traditionally not included in Galipeeae were
also used; Zanthoxylum, a phylogenetically dis-
tant genus was used as outgroup in all analyses.
Molecular data included four regions, two from
the cpDNA (trnL-trnF and rps-16) and two nuclear
(ITS1 and 1TS2) analyses. Parsimony and Bayes-
ion analysis was conducted. Results showed
all Galipeeae grouped in a strongly supported
clade (Bootstrop Percentages BP-100% BP, Pos-
terior Probabilities PP = l); Subtribes Galipeeae
and Pilocarpinae appear as sisters, both clades
with strong support. Balfourodendron and Heliet-
ta appear as part of the Pilocarpinae and Hortia
along with the Galipeinae. Critical morphologi-
cal characteristics such as zygomorphic flowers,
presence of staminodes, embryo and fruit char-
acteristics are discussed in the light of the new
produced phylogeny.
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S.9 TOWARDS INTEGRATIVE TAXONOMY.
THEORY AND PRACTICE. SESSION 1

S.9.1Integrated Taxonomy

‘ R.W. Scotland!

‘ 1 University of Oxford, Oxford, UK.

Tropical plants are in the most urgent need of tax-
onomic revision as the majority of tropical genera
have never been monographed, that is they have
not been the subject of detailed study across
their entire geographical range. To complete the
inventory of tropical flowering plants phylogenet-
ics and monophyly are important but need to be
integrated with nomenclature, description, mor-
phology, geography, literature, interpretation of
specimens, plant collectors and protologues. In
the absence of this integration the inventory of
tropical plants remains partial and problematic
to tackle the biodiversity crisis.

$.9.2 Taxonomic updates
to Caribbean Pitcairnia
(Bromeliaceae) based on
genomic, morphological,
and ecological data

Natalia Ruiz-Vargas', Roberta Mason-
Gamer'

1 Department of Biological Sciences, University of
lllinois at Chicago, lllinois, United States

Pitcairnia is the second largest genus in the
family Bromeliaceae, distributed from Mexico to
northern Argentina, and the only one with pres-
ence in Africa. There are approximately 15 species
reported for the Caribbean islands, most of which
are island endemics; one species, Pitcairnia an-
gustifolia, has wider distribution. Among the is-
lands, Ayiti (Hispaniola), shared by the Dominican
Republic and Haiti, stands out with six proposed
species, while most of the islands have one. Using
a target Sequence Capture approach with the
Bromeliad 1776 baits set we analyze the relation-
ships within the Caribbean group and found 1)
that current species delimitation does not match
the molecular data, and 2) that species diversity

has been overestimated, likely because of high
phenotypic plasticity in the group. We analyzed
morphological characters in the group to under-
stand differences between taxa and intraspecific
variation. Ecological factors that influence mor-
phological variations and promote or inhibit iso-
lation are also analyzed.

$.9.3 Carex sect. Fecundae:
a boreotemperate-origin
adaptative radiation in the
Neotropics

Radl Lois T, Anton A. Reznicek? Socorro
Gonzélez Elizondo?, Eduardo Ruiz Sénchez?,
Marcial Escudero®, Ana Morales Alonso®,
Carmen Acedo!, Pedro Jiménez-Mejias’

1 Universidad de Ledn, Spain. 2 University of Michi-
gan Herbarium, USA. 3 Instituto Politécnico Nacio-
nal, CIIDIR Durango, Mexico. 4 Universidad de Gua-
dalajara, Mexico. 5 Universidad de Sevilla, Spain. 6
Universidad Rey Juan Carlos, Spain. 7 Universidad
Pablo de Olavide, Spain

Carex, a member of the Cyperaceae family, stands
as a megadiverse genus encompassing over 2000
recognized species, primarily thriving within the bo-
real and temperate zones of the northern hemi-
sphere. Despite this, certain lineages of Carex have
successfully ventured into the tropical zones of the
southern hemisphere on multiple occasions. No-
tably, Carex sect. Fecundae emerges as one such
lineage, displaying a distribution entirely within the
Neotropics, predominantly within high-altitude for-
ests and grasslands spanning from Central Mexico
to Northern Argentina. Comprising more than 30
species, Carex sect. Fecundae stands as one of the
broadest lineages within Carex. It boasts perhaps
the most intricate inflorescence patterns among its
counterparts. However, akin to numerous Neotropi-
cal plant groups, the understanding of sect. Fecun-
dae remains significantly limited. Only three treat-
ments of this section exist to date, none of which
are comprehensive. Our research addresses this
gap through a comprehensive taxonomic revision
of Carex sect. Fecundae, reviewing more than 1000
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specimens and statistically testing more than 100
characters. We established morphometric bound-
aries for species within the section by selecting the
most distinguishing characters, such as inflores-
cence conformation, utricle, glumes, and achene di-
mensions. Furthermore, we undertook the first com-
plete molecular phylogeny of the section, employing
HybSeq to unravel the evolutionary relationships
within Carex sect. Fecundae. Our combined analy-
sis of morphological and molecular data led to the
discovery of 18 previously overlooked species within
the section. Additionally, we dated the recent origin
of this section to approximately 5.77 Mya, affirming
the rapid adaptive radiation witnessed within Car-
ex sect. Fecundae. Through biogeographical anal-
ysis, we inferred the most recent commmon ancestor
of the section between the Neotropical and South
American Transition Zones. This origin was followed
by two independent rapid radiations—one in Mexico
and the other in South America—further elucidating
its evolutionary history.

$.9.4 Heuirristics, species, and
the analysis of systematic
data - or why morphology is
still king

‘ Tom Wells 12

1 Herbarium, Royal Botanic Gardens, Kew, UK. 2 Biol-
ogy Department, University of Oxford, UK

The rise of molecular phylogenetics and “integrative
taxonomy” have led to a sense that disagreements
about the fundamental nature of the species cat-
egory are no longer an issue in contemporary sys-
tematics. The implicit consensus is that increases in
the volume, type, and precision of data and meth-
ods available to contemporary researchers will au-
tomatically lead to more accurate and consistent
species delimitations, without the need for a widely
accepted definition of what species are and how
they should be identified and used in biological re-
search. The chief challenge to this triumphalist view
of ‘integrative taxonomy’ remains the heterogenous
nature of speciation. Since speciation proceeds
over extended periods of time and through different
processes, it results in the inconsistent manifesta-
tion of different ‘contingent properties’ for its rec-
ognition, depending on the taxa in question. Simply
combining multiple forms of data or methods un-
der an ‘integrative approach’ cannot automatical-
ly overcome this fundamental obstacle because
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of the continued lack of an overarching theoretical
framework for species delimitation and how to treat
incongruence between different types of System-
atic data. Deciding what properties to assess, how
to do so, and which to prioritise in the event of in-
congruence remains an unresolved issue, requiring
a theoretical framework within which to make those
decisions. In this talk, | explore how treating species
as a “heuristic” can provide the basis of just such a
framework. Species delimitation inherently involves
the use of heuristics — through the study of repre-
sentative specimens, the use of selected diagnostic
characters, and strategic sampling of “tree space”.
Meanwhile, species themselves are routinely used in
a heuristic manner to investigate broader patterns
of biodiversity and the processes underpinning
them. Acknowledging these aspects of systemat-
ic research can therefore inform both operational
ways of accurately and consistently delimiting spe-
cies, and theoretical ideas about their nature.

$.9.5 Challenges in defining
genera: the limits of
integrative taxonomy in the
Funariaceae (Bryophyta)
Rafael Medina', Matthew G. Johnson?,

Nikisha Patel?, Nicholas Wilding? Yang
Liu®, Bernard Goffinet®

1 Departamento de Biodiversidad, Ecologia y Evolu-
cién. Universidad Complutense de Madrid. Madrid.
Spain. 2 Department of Biological Sciences. Texas
Tech University. Lubbock TX. USA. 3 Department
of Biology. Trinity College. Hartford CT. USA. 4 UMR
PVBMT, Péle de Protection des Plantes. University of
La Réunion. Saint-Pierre, Réunion. France. 5 Depart-
ment of Ecology and Evolutionary Biology. Universi-
ty of Connecticut. Storrs CT. USA

Traditionally, morphology played a pivotal role in
shaping bryophyte taxonomy until the advent of the
molecular phylogenetic revolution, substantially im-
pacting their systematics. The integration of morphol-
ogy and sequence data, while occasionally feasible,
often remains elusive in select groups, likely due to
the constrained morphospace of their anatomy and
the prevalence of homoplasy. Here, we delve into the
transformative influence of molecular investigations
on classical generic concepts within the moss fam-
ily Funariaceae. Despite the general conservation of
moss sporophyte architecture driven by selective
pressures for efficient spore dispersion, the Funariace-
ae exhibit an exceptionally diverse sporophytic gen-
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eration. Historically, generic assignment relied on spe-
cific trait combinations, resulting in the recognition of
17 generaq, including three specious ones—Funaria, En-
tosthodon, and Physcomitrium—and 14 paucispecific
genera. Many of the latter were established to reflect
intuitively unique morphological variations, typified by
single or very few species, such as for Physcomitrella,
harboring the model taxon P. patens. However, a series
of molecular phylogenetic studies at different scales
has substantially reshaped the taxonomic landscape
within the Funariaceae. These investigations have
unveiled novel insights: For example, most highly re-
duced sporophyte morphologies reflect a recurrent
syndrome within the family, lacking predictive value
of systematic affinities. Secondly, certain toxa arise
from hybridization events, exhibiting combinations of
morphological traits that may or may not align with
the progenitor species. Additionally, what seemed like
a coherent lineage, Entosthodon, revedls itself as two
separate groups (Entosthodon ss. and Physcomi-
trellopsis) diverging 30 mya. While proposing a novel
generic synopsis consolidating the family's diversity
into seven genera was feasible, achieving a complete
integration between morphology and molecular sys-
tematics remains a partially realized goal. The refine-
ment of Funariaceae taxonomy remains an ongoing
challenge, prompting future inquiries to uncover over-
looked synapomorphies that complement the evolu-
tionary narratives elucidated by molecular data.

$.9.6 Modern taxonomic re-
visions: example of our ap-
proach in the big pantropical
genus Solanum ?Solanaceae)
Tiina Sarkinen', Rebecca Hilgenhof!,
Edeline Gagnon? Sandy Knapp? Leandro
Giacomin4

1 Tropical section, Royal Botanic Garden Edinburgh,
Scotland, UK. 2 Department of Integrative Biology,
University of Guelph, Ontario, Canada. 3 Life Sci-
ences Division, Natural History Museum, London, UK.
4 Department of Systematics and Ecology, Univer-
sidade Federal da Paraiba, Paraiba, Brazil

Agriculture has benefited from the large mor-
phological diversity found within the large genus
Solanum through the exploitation of tubers (po-
tatoes) and fruits (tomatoes, eggplants, and sev-
eral minor crops). We present an overview of how
taxonomic work on Solanum has developed over
the past decades, highlighting what tools and
approaches have been useful at different stag-

Oral presentations

es and how “integrative taxonomy” has helped
our work. Our main aim is to provide a classifi-
cation framework for the megadiverse and ag-
riculturally important genus to be used across
research fields, including taxonomically authori-
tative molecular phylogenies, updated list of ac-
cepted species names and synonyms, and mor-
phological descriptions of all species. In our view,
phylogenies are important but the main core of
our work is around morphology, nomenclature
and field work as molecular sequence data (in-
cluding full reference genomes) are being pub-
lished more widely by non-taxonomists. We are
passionate to expand the number of taxonomic
specialists working in the genus across different
parts of the world, and to provide interactive and
visual identification tools that enable botanists to
identify Solanum species with higher confidence.
Our taxonomic expertise enables us to collabo-
rate with evolutionary developmental biologists
and genomics experts to understand the genetic
control of distinct morphologies in the group and
our understanding of evolution across Solanum.
Core part of this work is using our database of
taxonomically verified herbarium specimens from
across >400 herbaria to characterise species and
traits in ecological and geographical space to
better understand their biology and function.
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S.10 FLORAL SPECIALIZATION AND THE
GENERALISED NATURE OF POLLINATION
INTERACTIONS. SESSION 1

$.10.1Flowers on an adaptive
plateau: which floral traits
mediate specialization

in buzz-pollinated
Melastomataceae?

Benjamin Lazarus', Ashlee Kerber? Agnes
S. Dellinger!

1 Department of Botany and Biodiversity Research,
University of Vienna, Austria. 2 Ecology and Evolu-
tionary Biology, University of Colorado Boulder, USA.

While the ecology and evolution of plant-pollina-
tor interactions has often been studied through
the comparison of closely-related species dif-
fering in functional pollinator groups (e.g, bees
and birds), many plant lineages exhibit a single
pre-dominant pollination strategy. Buzz-pollina-
tion is one such strategy, where, in the case of the
plant family Melastomataceae, more than 5000
species are adapted to pollination by bees capa-
ble of producing specialized vibrations on flowers.
While many buzz-pollinated flowers across angio-
sperms converge into a single main phenotype
(‘Solanum-type’ flowers), Melastomataceae exhibit
highly diverse flowers differing in color and scent
profiles, corolla shapes, sizes, and the architecture
and biomechanics of stamens. To date, we know
comparatively little about how unbalanced pat-
terns of flower diversity and uniformity arise across
plant lineages, and how they play out in communi-
ties of co-flowering species. In this talk, we introduce
patterns of macroevolutionary diversity of Melasto-
mataceae flowers, and present new results on how
flower traits may contribute to pollination niche
partitioning and specialization despite substantial
overlap in buzzing bee pollinators among close-
ly-related, co-flowering Melastomataceae species.
We compare trait and pollinator data across se-
lected Melastomataceae communities from the
South-Eastern USA, Ecuador and Brazil, covering a
broad range of floral phenotypes and phylogenet-
ic diversity of the group. By analyzing the links be-
tween buzz-pollination niche specialization, flower

traits commonly considered important in pollinator
attraction (scent, color, reward) and pollen transfer
(flower-pollinator fit), we aim at better resolving the
processes underlying the evolution of floral diversi-
ty within pollination strategies.

S.10.2 Pollinator shifts, floral
evolution, and geographic
range evolution in the
genetic divergence of three
Aeschynanthus species
Jing-Yi LU', Yaowu Xing? Hong Truong

Luu®, Ming-Xun Ren# Shao-Jun Ling% and
Richard H. Ree'®

I Committee on Evolutionary Biology, University of
Chicago, Chicago, USA. 2 CAS Key Laboratory of
Tropical Forest Ecology, Xishuangbanna Tropical
Botanical Garden, Chinese Academy of Sciences,
Mengla, China. 3 Southern Institute of Ecology, Viet-
nam Academy of Science and Technology, Ho Chi
Minh City, Vietnam. 4 Center for Terrestrial Biodi-
versity of the South China Seaq, Hainan University,
Haikou, China. 5 Negaunee Integrative Research
Center, Field Museum, Chicago, USA

How do plants evolve under a geographic mosaic
of pollinators? The Grant-Stebbins model predicts
that local adaptation to different pollinators may
drive ecological speciation. We test this hypoth-
esis in the SE Asian genus Aeschynanthus, whose
160 species mostly overlap with their putative pol-
linators, nectar-specialist sunbirds. A conspicuous
exception is A. acuminatus, a species widespread
across mainland East Asia that also occurs in Tai-
wan, beyond the range of sunbirds. In Taiwan, A.
acuminatus is exclusively pollinated by a mixed
group of generalist passerines. Less is known about
its pollination in mainland Asia, where both sun-
birds and generalist passerines are available. In
this study, we investigate the roles of pollinator
shifts and range expansions in the genetic diver-
gence of A. acuminatus from its closest relatives, A.
moningeriae and A. pedunculatus. Pollinator obser-
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vations of A. acuminatus across its range showed
varied degrees of visitation by both sunbirds and
generalist passerines on mainland Asia. In contrast,
its closest relatives are both exclusively pollinated
by sunbirds. Genome-wide SNP analysis revealed
a mainland origin in A. acuminatus, preceding its
range expansion to Taiwan. The sunbird specialists
have independent origins: A. moningeriae is nested
within A. acuminatus and A. pedunculatus is recip-
rocally monophyletic. The origin of A. acuminatus
was thus likely on the mainland, coincident with a
shift from specialized sunbird pollination to a more
generalized pollination system that facilitated its
colonization of Taiwan. A. moningeriae represents
a localized reversal to sunbird specialization on
Hainan. The evolutionary history of A. acuminatus
and its closest relatives was not consistent with
the classic Grant-Stebbins model. Instead, our
research exemplifies how multiple transitions be-
tween generalized and specialized pollination sys-
tems can influence the genetic divergence and
range dynamics, and the potential for speciation.

$.10.3 Pollination niche
partitioning promotes
coexistence of specialists
in a Neotropical plant
community

Simone Cappellari-Rabeling4, Rosana
Tidon?, John L. Neff? and Beryl B. Simpson#

1 Department of Plant Evolutionary Biology, Institute of
Biology, University of Hohenheim, Stuttgart, Germany.
2 Department of Genetics and Morphology, University
of Brasilia, Brazil. 3 Central Texas Mellitological Insti-
tute, Austin, TX, USA. 4 Department of Integrative Biol-
ogy, The University of Texas at Austin, USA.

Neotropical habitats harbor over 40% of the world's
angiosperm diversity including several plant families
with specialized pollination systems such as the Or-
chidaceae, Malpighiaceae, and the Plantaginaceae.
The Malpighiaceae is considered one of the most
common elements of the Neotropical Flora and is
known for its specialized pollination system involv-
ing the production of floral oils (i.e, lipids) which are
harvested by solitary, oil-collecting bees and used for
larval provisioning or nest construction. Comprising
1,300 species, the Malpighiaceae has its center of di-
versity in South America, where the family is thought
to have originated 65 Mya. Among South American
biomes, the Brazilian Cerrado, a seasonally dry so-

Oral presentations

vannah-like vegetation considered one of the World's
Biodiversity Hotspots for angiosperms, is especial-
ly rich in Malpighiaceae species. But how do these
specialists coexist and persist successfully in sym-
patry if competition for pollination services and risk
for hybridization (i.e, via interspecific pollen transfer)
among close relatives is expected to be high? Here,
we explore the niche ecology of 33 sympatric Mal-
pighiaceae species, focusing on potential temporal,
spatial, behavioral, and morphological partitioning
mechanisms. Among other factors, we show the im-
portance of temporal niche partitioning in phenol-
ogy promoting the Malpighiaceae species richness
that characterizes the Cerrado vegetation through-
out its geographic range. We discuss the relevance
of the emergent patterns observed in this system to
improve our understanding of niche and communi-
ty ecology in other Neotropical plant communities
where specialized pollination is also widespread.

$.10.4 Chemical divergence
in floral scents of two
Magnolia species from the
Colombian Andean region

Juan Pablo Santa-Ceballos', Marcela
Serna Gonzalez? Vinita Gowda?d, Hiroshi
Suzuki-Azuma*

1 Departamento de Ciencias Forestales, Universidad
Nacional de Colombia, Sede Medellin, Medellin, Co-
lombia. 2 Facultad de Ingenieria, Tecnolégico de An-
tioquia—Institucién Universitaria, Medellin, Colombia.
3 Department of Biological Sciences, Indian Institute
of Science Education and Research Bhopal, Bhopal,
Madhya Pradesh, India. 4 Faculty of Engineering,
Toyama Prefectural University, Toyama, Japan

Floral scents serve as chemical signals to attract pol-
linators and thus play an essential role in the repro-
ductive strategies of angiosperms. In Magnoliaceae,
floral scents were identified as primary attractants for
floral visitors. This study explores the chemical com-
position of floral scents in two Colombian endemics
species, Magnolia jardinensis and M. yarumalensis,
from the Andean cloud forests. Through scent col-
lection by dynamic headspace methods, followed by
Gas Chromatography-Mass Spectrometry (GC-MS)
analysis, we identified distinct volatile compounds
from flowers in their staminate and pistillate stages, in
both the species. Magnolia jardinensis exhibited seven
compounds, while M. yarumalensis displayed a more
complex profile with sixteen compounds. Notably, five
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compounds were shared between the male and fe-
male floral stages of M. yarumalensis, reinforcing the
notion of specialized pollination systems. The chemi-
cal divergence between these two Magnolia species
aligns with previously observed differences in floral
visitors and phenological patterns. Magnolia yarumal-
ensis attracts beetles of the Staphylinidae family, while
M. jardinensis attracts beetles of the Cyclocephala
genus (Family Scarabaeidae). This work holds signif-
icance for conservation efforts. The specialized polli-
nation systems observed in these Magnolia species
highlight the vulnerability of these ecosystems to dis-
ruptions, underscoring the need for targeted conser-
vation measures to safeguard the intricate relation-
ships between Magnolia trees and their pollinators.

$.10.5 Sapromimesis as d
pollination strategy — floral
mimicry of the necrobiome

‘ Katherine R. Goodrich', Jade Savage?

1 Widener University, 1 University Pl. Chester, PA, USA.
2 Bishop’s University, Sherbrooke, Quebec, Canada

Some flowers use false advertisements to decep-
tively attract pollinators. Mimetic resemblance to
other organisms or their by-products can result in
pollinators cognitively misclassifying the flowers,
as evident by behavior such as mating attempts
or egg-laying. Floral mimicry of decomposing sub-
strates, frequently termed “oviposition-site mimicry,”
presents a particularly challenging study system.
Current studies on flowers mimicking decomposing
substrates (e.g. carrion, fermentation, dung) show
intriguing patterns of convergence of floral scents,
color, and texture. However, we do not yet fully un-
derstand the cues utilized by foraging and/or gravid
saprophagous insects which pollinate sapromimet-
ic flowers. Examining floral phenotype convergence
in sapromimetic species may help elucidate cru-
cial cues used by these insects. Traditional views of
mimicry suggest that increased phenotypic overlap
of the mimic with a specific model should increase
mimic fitness. But in sapromimesis, it is frequent-
ly unclear whether the flower imitates a general
set of cues used by saprophagous insects or more
specialized imitation of a particular model, such
as a species of fermenting fruit. | present ongoing
research for two sapromimetic species - Asimi-
na triloba (Annonaceae) and Symplocarpus foeti-
dus (Araceae) — occurring in the same habitats of
northeastern USA. Yeasty-smelling maroon flowers
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of A. triloba overlap chemically with odors of a range
of fermenting environmental substrates and attract
a range of fermentation-seeking Diptera. Fetid, car-
rion-smelling inflorescences of S. foetidus chemi-
cally overlap with both carrion and fermenting sub-
strates, potentially attracting a broader range of
saprophagous insects. We highlight convergent flo-
ral characteristics between these species as well as
potentially important differences. We present sub-
strate chemical data for locally-occurring potential
models. Finally, we identify insect taxa attracted to
flowers of both species, and to carrion and fermen-
tation baits placed near blooming plants. This inves-
tigation helps elucidate boundaries and potential
overlap between substrate properties and attracted
insect communities within a close geographic area.

S.10.6 Future distribution

of Iranian Salvia and its
pollinators using ecological
niche modeling and
molecular data

‘ Fatemeh Moein', Hojatolah Saeidi!

I Department of Plant and Animal Biology, Faculty
of Biological Science and Technology, University of
Isfahan, Isfahan, Iran

Climate change and anthropogenic drivers are
widely considered as the most important threat to
biodiversity. Pollinators play an important role in
ecosystem regulation. Phenological mistmatch-
es between plant-pollinator interactions can
threat at population or species level depend on
the degree of specialization. Taken into account
these adverse effect and limited time for con-
servation, providing maps of species distribution
are required to identify where vulnerable species
are at risk of decline or even extinction specially
for plants depend on pollinators for reproduction.
Salvia, the largest genus in Lamiaceae, includes
approximately 1000 species in the world with
around 200 species in southwestern Asia distri-
bution. More than 80 percent of the species are
characterized by special pollination system known
as lever mechanism. Salvia species in southwest
of Asia are melittophilous, pollinated by insects,
mostly bees. (Apis mellifera, Bombus sp and Xy-
clocopa sp.). Iran with 72 species of Salvia in which
19 of them are endemic is one of the main cen-
ter of Salvia diversity in southwestern Asia, we fo-
cused on Iranain Salvia and relevant pollinators



XX International
Botanical
Congress
Madrid Spain

Ve
o 05

to realize how the ongoing climate change can
effect on Salvia distribution in future using eco-
logical niche modeling. We used the current and
the future models to realize whether the niche
shift in plants and pollinators are at the same rate
in 4 stamen type of Iranian Salvia. Our analysis
showed that Salvia species with smaller floral size
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(4-9 mm) in lower latitude reduce their suitable
area in future more than Salvia with larger flowers.
Also, small flowers have lower niche overlap with
their relevant pollinators. We integrated molecular
data with ecological information in aspect of phy-
logenetic diversity, which shows those species in
lower latitudes have higher phylogenetic diversity.

S.11 ASSESSING THE INTERPLAY BETWEEN
GENETIC AND NON-GENETIC MECHANISMS
CONTRIBUTING TO PHENOTYPIC VARIATION
AND ADAPTATION OVER TIME

S.11.1 Cumulative
reinforcement of
plasticity: non-genetic
transgenerational effects
in stable vs. unstable
environmental conditions

‘ Mar Sobral', Francesco de Bello?

1 University of Santiago de Compostela, Santiago de
Compostela, Spain. 2 CIDE-CSIC, Valencia, Spain.

Non-genetic heritable variances in phenotype,
within and across populations, play a crucial role
in facilitating adaptation in non-mobile organ-
isms like plants. They regulate the expression of
traits in response to shifts in the environment. In
addition to within-generation plasticity (short-
term modifications occurring within an individ-
ual's lifetime), plasticity can be inherited across
generations, manifesting as non-genetic effects
shaped by the conditions in which parental plants
developed (transgenerational plasticity). The ex-
tent to which these non-genetic effects accumu-
late in stable environmental conditions and how
rapidly they revert when conditions change re-
mains unclear. In a three-generation experiment
with wild radish, we maintained different cohorts
in either consistent or varied environmental con-
ditions, with respect to the conditions experienced
by parental generations, with or without herbivo-
ry by caterpillars. Results revealed a robust plas-
tic response marked by phenotypic adaptation,
specifically an increase in plant defenses char-

acterized by two traits—trichome abundance and
glucosinolate production. As expected, condi-
tions experienced during a plant’s lifetime induce
a strong plastic response within an organism’s
life cycle. However, our findings also demonstrate
that transgenerational plasticity cumulatively
reinforces lifetime plasticity, particularly for indi-
viduals whose all previous parental generations
were grown in the same conditions. This cumu-
lative effect causes phenotypes of a given gen-
otype to diverge when exposed for several gen-
erations to either stressed or benign conditions,
resulting in increased non-genetic phenotypic
divergence across populations grown for several
generations in different environments. Contrari-
ly, in more unstable environments, where condi-
tions varied across parental generations, we ob-
served increased phenotypic differences among
individuals growing in the same conditions. This
suggests the presence of mechanisms support-
ing bet-hedging effects—enhanced trait diversity
to potentially bolster population resilience. These
results highlight important and previously unex-
plored effects with implications for ecological
theories beyond species adaptation.
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S.11.2 Phenotypic

diversity generated by
transgenerational plasticity
and transposable elements
enhances population
functioning

Javier Puy!, Vit Latzel? Carlos P. Carmona?,
Michael Thieme? Etienne Buchers, Lars
Gotzenberger?$, Francesco de Bello®’
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heritable plasticity and transposable elements cre-
ated differentiation in ecologically important traits
connected to different axes of the plant ‘econom-
ics’ spectrum. Such increased phenotypic diversity
ameliorated the negative effect of competition be-
tween coexisting individuals and enhanced popula-
tion productivity and stress resistance; and interest-
ingly, by a similar magnitude as genetic diversity did.
Our results highlight the ecological relevance of un-
explored sources of phenotypic variability because
as other sources of biodiversity, they could similarly
affect ecosystem and population functioning.

I Estacién Biolégica de Doriana, CSIC, Sevillg,
Spain. 2 Institute of Botany, Czech Academy of
Sciences, Prithonice, Czech Republic. 3 Institute
of Ecology and Earth Sciences, University of Tartu,
Tartu, Estonia. 4 Department of Plant and Microbial
Biology, University of Zurich, Zurich, Switzerland. 5
Crop Genome Dynamics Group, Nyon, Switzerland.
6 Department of Botany, University of South Bo-
hemia, Ceské Budéjovice, Czech Republic. 7 CIDE-
UV-CSIC, Centro de Investigaciones sobre Desert-
ificacién, Valencia, Spain.

The observed positive effect of diversity on ecosys-
tem functioning, explained by mechanisms of trait
diversity, has rarely been assessed within popula-
tions. However intraspecific phenotypic variability
should theoretically cause similar biodiversity ef-
fects. Intraspecific trait variation could stem both
from underlying genetic diversity and non-genetic
mechanisms such as plasticity in response to en-
vironmental cues. This plasticity can potentially last
multiple generations and can derive, for example,
from epigenetic modifications or mobilization of
transposable elements. Using Arabidopsis thaliana
as a proof-of-concept model, our work has been on
unravelling the effect of phenotypic diversity gen-
erated by 1) heritable plasticity and 2) transposable
elements on coexistence, population productivity,
and resistance to stress, as well as on comparing
their magnitude with the effect of genetic diversi-
ty. Across two glasshouse experiments, three differ-
ent types of Arabidopsis thaliana populations were
established: one type with differing levels of genet-
ic diversity, another one with a different mixture of
individuals that differed in their ONSEN retrotrans-
poson insertions, and a last one, genetically uniform
but with varying diversity levels of the parental en-
vironments (parents grown in the same or different
environments). In all populations, we tested whether
the increasing diversity increased the phenotypic
diversity of populations and enhanced their func-
tioning under different conditions. As expected, both

S.11.3 Intraspecific trait
variability within and across
generations: implications for
coexistence and stability
Francesco de Bello!, Vit Latzel?, Maria del

Mar Sobral Bernal®, Javier Puy4 Christina
Richards®

I Centro de Investigaciones sobre Desertificacion
(csic), valencia, Spain. 2 Academy of Sciences of the
Czech Repubilic, Institute of Botany, Pruhonice, Czech
Republic. 3 University of Santiago de Compostela,
Santiago de Compostela, Spain. 4 Estacion Biolégica
de Donana, CSIC, Spain. 5 University of South Florida,
USA & University of Tubingen, Germany

To comprehend the responses of ecosystems to
globalchange, unraveling the dynamics of biologicall
diversity and ecosystem function over time is imper-
ative. A key pursuit in this context is deciphering the
factors fostering coexistence and resilience to en-
vironmental shifts within communities and popula-
tions. Ecologists have debated various mechanisms
modulating local biodiversity effects on ecosystem
properties although effects within populations re-
main largely unexplored. Ecological mechanisms
act initially on individuals, scaling up to communi-
ties and ecosystems, shaping and being shaped by
Intraspecific Trait Variability (ITV). These variations
stem from diverse sources: genetic (attributed to
DNA differences) or non-genetic (e.g, epigenetic
mechanisms without DNA sequence modifications).
Genetic diversity is believed to empower populations
to adapt to changing environmental conditions by
providing a broader array of phenotypes from which
the fittest can be selected. Concurrently, the ability
of an organism to adjust trait expression in response
to the environment (ie, phenotypic plasticity) can
be also heritable. Plasticity, in fact, does not allow
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only short-term responses within an individual's life-
time (within-generation plasticity) but also cause
inherited differences across generations (transgen-
erational plasticity). The relative impact of genetic
versus hon-genetic heritable mechanisms, encom-
passing their temporal extents and responsiveness
to different environmental drivers, remains largely
unknown. Questions persist regarding the cumu-
lative nature of non-genetic effects in stable envi-
ronmental conditions across generations and the
reversibility of induced differences when environ-
mental conditions shift. Addressing these issues ne-
cessitates researchers to develop new approaches
to evaluate how genetic diversity and non-genetic
inheritance diversity intersect with population sta-
bility over time. Additionally, outlining experimental
approaches to tackle these questions is crucial. This
contribution seeks to synthesize ideas and perspec-
tives aimed at understanding the interplay between
genetic and non-genetic effects on short- and
long-term phenotypic variation within species. It ex-
plores how these effects influence coexistence and
ecological stability of growing conditions and traits.

S.11.5 Epigenetics and
transgenerational plasticity
in the face of climate
change: a matter of
reproductive mode?

Iris Sammarco', Zuzana Munzbergova ',
Vit Latzel

1 The Czech Academy of Sciences, Prihonice, Czech
Republic. 2 Faculty of Science, Charles University,
Prague, Czech Republic

Climate change poses a significant threat to plant
species, potentially pushing them beyond their adap-
tive capacities. Epigenetic modifications, such as DNA
methylation, have emerged as a key mechanism
enabling plants to quickly adapt to environmentall
changes by generating locally adapted phenotypes.
These phenotypic changes can be even inherited
across multiple generations, a phenomenon known
as transgenerational plasticity. Specifically, the ex-
tent and ecological implications of this heritability are
known to potentially differ between sexual and clonall
reproductive modes. However, the impact of environ-
mentally induced epigenetic changes on transgen-
erational plasticity across these reproductive modes
remains poorly understood. Here, we assessed the

5]
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adaptive potential of woodland strawberry (Fragaria
vesca), a widely distributed herb with both clonal and
sexual reproductive capabilities, in the face of pro-
jected environmental conditions expected by the end
of the 21t century. These conditions included a tem-
perature rise of 4 °C, an atmospheric CO, concentrao-
tion twice that of the present (800 ppm), and periodic
drought periods. We quantified ecologically relevant
phenotypic traits and examined whole-genome DNA
methylation patterns in both parental individuals and
their clonal and sexual offspring. We found evidence
for transgenerational plasticity induced by the pa-
rental environment, with a stronger overall effect ob-
served in the clonal offspring compared to the sexual
offspring. These results suggest that transgenerational
plasticity vio DNA methylation could potentially facili-
tate plant adaptation to future environmental condi-
tions, particularly in clonal species.

S.11.6 Epigenetic memory of
climate change associated
stress in forest trees

Joe Q He', Rosa Sénchez-Lucas', Phoebe
Swift!, Charlotte Jones', Adriane Esquivel-
Muelbert!, Marco Catoni', Estrella Luna-DieZ'

‘ 1 University of Birmingham, Birmingham, UK.

Memory is the acquisition, retention and transmission
of information guiding future action. The imprinting of
memory in plants mostly happens by altering its epi-
genetic signature through DNA methylation, which has
been shown to contribute to both short-term pheno-
typic plasticity and the longer-term adaptive capacity.
In our large research project MEMBRA, we are studying
epigenetic changes and transgenerational memo-
ry because of climate change-associated stress in
key forest tree species present. Different abiotic (ie,
drought, frost, elevated C0O2) and biotic stresses (ie,
insect infestation and different diseases) have been
selected based on our data showing that they alter im-
portant traits, such as growth, within UK forests. Leaf DNA
from selected trees exposed to stress has been extract-
ed and subjected to Whole Genome Bisulfite Sequenc-
ing (WGBS). A custom bioinformatic pipeline was es-
tablished to call differentially methylated points (DMPs)
and regions (DMRs) and to associate the differential
stresses to the methylome. Our long-term aim is to in-
tegrate the capacity of tree species to develop memo-
ry into the spectrum of tree form and function and test
its influence on forest resilience. Memory will be used as
a plant functional trait to help select the most resilient
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forests and populations to be targeted as a source of
seeds for afforestation programme. Therefore, MEM-
BRA is concerned with the implications of establishing
long-term memory of stress as a key characteristic
of trees that can fundamentally change climate resil-
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ience strategies. Through this multidisciplinary project
working with artists, ethicists and policy experts, we are
providing a paradigm shift in our understanding of the
adaptation capacity of forests to the unprecedented
rapid global-change-driven environmental shifts.

S.12 METAL HYPERACCUMULATORS: NEW
ADVANCES ON A BOTANICAL CURIOSITY.

SESSION 1

S.12.1 Trace element
hyperaccumulator plant
traits: a call for trait data
collection

Béatrice Gervais-Bergeron', Adrian Paul,
Pierre-Luc Chagnon?, Alan Baker345,
Antony van der Ent35, Michel-Pierre
Faucon®, Celestino Quintela-Sabaris’ and
Michel Labrecque!

I Institut de recherche en biologie végétale, Uni-
versité de Montréal, Canada. 2 Agriculture and
Agrifood Canada, Canada. 3 Sustainable Minerals
Institute, The University of Queensland, Australia.
4 School of BioSciences, The University of Mel-
bourne, Australia. 5 Laboratoire Sols et Environne-
ment, Université de Lorraine, France. 6 UniLaSalle,
AGHYLE, France. 7 Grupo de Ecoloxia Animal, Uni-
versidade de Vigo, Spain

Hyperaccumulator plants exhibit extreme ecophysio-
logical characteristics, which make them valuable for
conservation and suited for phytoremediation. Under-
standing their ecological strategies might help identify
the species and functions to be fostered in phytore-
mediation, restoration, and conservation projects for
metalliferous sites. Here, we identified the hyperaccu-
mulator species in the worldwide plant trait database
TRY and cross-referenced these trait syndromes asso-
ciated with the ability of plants to concentrate metals.
We collected three traits (leaf area (LA), specific leaf
area (SLA), and leaf dry matter content (LDMC)) on all
available species on TRY (n= 4523), from which 20 were
identified on the global hyperaccumulator database.
This allows us to link trace element hyperaccumulation
with broader plant ecological strategies, such as com-
petitive, stress-tolerant, and ruderal strategies (CSR)
or resource acquisition ones. With these primary data,

hyperaccumulators seem to have smaller leaves and
poor competitive ability compared to non-hyperac-
cumulator species. Contrary to expectations, we found
no indication of hyperaccumulators being more re-
source-conservative on the leaf economics spectrum.
However, these data remain fragmentary as only 2.7%
of hyperaccumulators have their traits published in the
TRY database. We thus proceed to a systematic review
to retrieve around 40 additional new hyperaccumula-
tor species present on TRY and call for an international
collaborative sampling effort to measure traits in more
hyperaccumulator species. The recent development
of trait-based models to construct plant communities
providing optimal ecosystem services (e.g, phytoreme-
diation, restoration)? requires further research to identi-
fy predictable trait-service relationships. This research
provides a first synthesis of the research advancement
on hyperaccumulator traits, as well as a first synthesis
analysis of their strategies at a global scale.

$.12.2 Functional syndromes
of hyper-accumulating
species: recent advances
and perspectives

‘ Florian Delerue’

1 Université de Bordeaux, CNRS, Bordeaux INP, EPOC,
UMR 5805, Pessac, France

Data bases of plant traits are now available at the glob-
al scale, and functional axes of variation among plants
are well defined. Here, we present the synthesis of two
recent studies revealing the position of herbaceous
metallophyte species along these functional axes, with
a special focus on hyper-accumulators. These studies
covered the major kinds of metalliferous ecosystems
either spontaneous or anthropogenic and in diverse



XX International
Botanical
Congress
Madrid Spain

Ve
o 05

biogeographical regions: Cu-rich environments in-
cluding the “copper hills” in central Africa; Zn-Pb-Cd
rich calamine substrates and Ni-Co-Cr rich serpentinic
substrates in Western Europe. Shoot and root functional
traits have been characterized following standardized
protocols for 348 species present in 30 metalliferous
communities, as well as leaf metal concentration and
soil biogeochemical properties. In all cases metallo-
phyte species exhibited smalll size like many species
growing on other harsh substrates, some being among
the shortest plants worldwide. This confirms a constant
impact of metal-stress on plant stature. Additional-
ly, an important variability regarding the leaf resource
economics axis related to soil resource acquisition was
found. Metallophyte communities are composed by a
mix of conservative species (slow resource acquisition,
long-lasting leaves) together with acquisitive species
(fast resource acquisition and growth, short-lasting
leaves). Remarkably, hyper-accumulating species were
found among the most acquisitive species in the met-
alliferous communities studied. These results offer new
perspectives regarding the evolution of metal-accu-
mulation in plants. Fast-growing species maintain high
soil resource acquisition on harmful substrates, leading
to an important inflow of metals into their leaves. This
may represent a first step towards hyper-accumulo-
tion if specific physiological adaptations are selected
afterwards. Future studies should test the genericity of
these results, by focusing on woody species present in
some serpentinic regions. Additionally, the importance
of the collaboration with mutualistic fungi (another
functional axis related to both soil resources acquisition
and plant-metal relationships) for hyper-accumulat-
ing species should be specified.

$.12.3 Addressing

the diversity of the
mechanisms involved in
metal hyperaccumulation
in plants

Sylvain Merlot'?, Celestine Belloeil', Melina
Gallopin', Vanesa Garcia de la Torre!,
Dubiel Alfonso Gonzalez?, Yohan Pillon*

I Institute for Integrative Biology of the Cell, CEA,
CNRS, Paris-Saclay University, France. 2 Laboratoire
de Recherche en Sciences Végétales, Toulouse
University Paul Sabatier, CNRS, INP Toulouse, France.
3 Jardin Botdnico Nacional, Universidad de La Ha-
bana, Cuba. 4 Laboratory of Tropical and Mediter-
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ranean Symbiosis, IRD, CIRAD, INRA, Montpellier Uni-
versity, France

The extraordinary ability to accumulate and tolerate
tremendous amounts of metals such as nickel, zinc,
or manganese in their leaves has been observed in
about 700 plant species belonging to more than 50
families. For many years, these metal hyperaccumu-
lator species have attracted the attention of scien-
tists interested in understanding the evolution of this
complex and peculiar trait. In the context of the de-
carbonization of energy, metal hyperaccumulators
appear as an opportunity to develop phytotechnolo-
gies aimed at limiting the metal pollution associated
with to the growing demand for metals. However, our
knowledge of the molecular mechanisms involved
in metal hyperaccumulation, which is key to the de-
velopment of these technologies, is still very limited.
To extend our knowledge of the diversity of hyperac-
cumulator species, we participated in a global effort
to identify new hyperaccumulator species using the
X-ray fluorescence technology focusing on the flo-
ra of the neotropical region. Our herbarium and field
studies revealed the first example of a zinc hyperac-
cumulator from the Amazonas region, as well as new
nickel hyperaccumulators originating from Cuba. The
identification of nickel hyperaccumulators and closely
related non-hyperaccumulator species from different
families has opened the possibility to perform compar-
ative cross-species transcriptomic studies to identify
orthologous genes whose expression is linked to nick-
el hyperaccumulation. Among candidate genes, our
analyses revealed that the high expression in leaves
of metal transporters of the IREG/ferroportin family is
a highly conserved mechanism involved in nickel hy-
peraccumulation across distant plant species. We are
now developing the multi-metal hyperaccumulator
Noccaea caerulescens of the Brassicaceae family as
a genetic model to validate and study the role of can-
didate genes in metal hyperaccumulation.

S$.12.4 Deciphering

the physiological and
biochemical mechanisms of
thallium hyperaccumulation
in Biscutella laevigata

Mirko Salinitro', Sandrine Isnard? Dennis
Brueckner? Kathryn M. Spiers3, Mark G.
M. Aarts?, Amelia Corzo Remigio®, Antony
van der Ent?
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1 University of Bologna, Bologna, Italy. 2 Universi-
té de Montpellier, Montpellier, France. 3 Deutsch-
es Elektronen-Synchrotron DESY, Hamburg, Ger-
many. 4 Wageningen University and Research,
Wageningen, The Netherlands. 5 The University of
Queensland, Brisbane, Australia.

Thallium (T1) is a relatively rare element, but high-
ly toxic for all living organisms already at low
concentrations. Some plant however evolved Tl
hyperaccumulation and the most extreme Tl hy-
peraccumulator is Biscutella laevigata capable
of attaining »32,000 pg Tl g'in its leaves. Interest-
ingly, only some ecotypes have the ability to hy-
peraccumulate Tl when growing on Tl-rich soils.
The study aims at understanding the Tl handling
mechanisms, tolerance and distribution in two
ecotypes of B. laevigata using synchrotron-based
X-ray fluorescence microscopy. Two B. [aeavigata
accessions were used in this study coming from:
Les Malines (France, Tl-hyperaccumulator) and
Feltre (Italy, non-accumulator). Both accessions
were grown in aeroponics for two months and
were subjected to three Tl treatments: 0 (control),
5 and 30 pM. The two accessions showed mor-
phological differences in terms of leaves shapes
and trichome distribution, with Les Malines hav-
ing deeply lobate leaves and scarce trichomes
compared to Feltre with almost entire leaves and
dense trichomes. Overall, Les Malines accession
showed greater Tl tolerance and accumulation,
compared to Feltre, which did not survive in the
30 yM Tl treatment. Feltre accession accumulat-
ed 125 ug TIg'in old leaves (at 5 uM), whereas Les
Malines accession had 1750 and 24,130 ug Tl g™ in
old leaves (at 5 and 30 uM respectively). The dis-
tribution of Tl was similar in the two accessions.
The synchrotron pXRF analysis revealed that Tl is
localised in the vacuoles of epidermal cells, es-
pecially in trichome basal cells. Thallium also oc-
curs in solid crystalline deposits (3-5 pym in size,
~40 wt% TI) that are mainly found in guard cells of
stomata and in foliar margins. Other studies need
to be carried out including more accessions, and
including transcriptomics to yield information on
the genes and genetic pathways linked to the
phenotypic variation in Tl hyperaccumulation.
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$.12.5 Synchrotron elemental
imaging for elucidating
nickel distribution in
hyperaccumulators tropical
plant species from New
Caledonia

Sandrine Isnard ', Kathryn M. Spiers?,
Tanguy Jaffré3, Dennis Brueckner? Sarah
C.Irvin4 Jan Garrevoet?, Peter D. Erskine®,
Vidiro Gei®, Emmanuelle Montargeés-
Pelletier®, Bruno Fogliani’, Guillaume
Echevarria® Antony van der Ent8?®

1 AMAP, Université Montpellier, IRD, CIRAD, CNRS,
INRAE, Montpellier, France. 2 Deutsches Elek-
tronen-Synchrotron DESY, Germany. 3 AMAP, IRD,
Herbier de Nouvelle-Calédonie, Nouméa, New
Caledonia. 4 Helmholtz-Zentrum Hereon GmbH,
Germany. 5 Centre for Mined Land Rehabilitation,
Sustainable Minerals Institute, The University of
Queensland, Australia. 6 Laboratoire Interdisciplin-
aire des Environnements Continentaux, CNRS, Uni-
versité de Lorraine, France. 7 Institut Agronomique
néo-Calédonien, Equipe ARBOREAL, New Caledonia.
8 Université de Lorraine, INRAE, LSE, F-54000, Nancy,
France. 9 Laboratory of Genetics, Wageningen Uni-
versity and Research, The Netherlands.

Following the discovery of hyperaccumulation syn-
drome, numerous species were discovered, of which
Ni-hyperaccumulators are by far the most numerous.
Over 400 plant species are currently known to be nick-
el hyperaccumulators, and about a quarter of this di-
versity is found in New Caledonia. The extremely high
Ni concentrations found in hyperaccumulator species
raise the question of how plants can survive with such
high metal content in their cells, and how does plant
diversity translate into Ni-location strategy within the
plant. At particular, the exact localization of metal within
the leaf is of central significance because it might in-
terfere with metabolic process such as photosynthesis.
In this talk, we present our current knowledge of Ni dis-
tribution in hyperaccumulators tropical plant species
from New Caledonia, based on synchrotron elemental
imaging. We then make of focus on Ni-enriched laticifer
in the model species Pycnandra acuminata to bridge
the gap between the structure and function of laticifers
in metal accumulation. The extraordinarily high nickel
concentrations in this species function as an effective
natural tracer for both synchrotron-based X-ray fluo-
rescence microtomography and phase contrast mi-
crotomography, allowing non-destructive probing of
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the structure and the physiological functioning of this
unique duct system. Using fresh plant samples, we
combined analysis with these techniques to visualize
intact laticifers in vivo for the first time and further, to
provide unprecedented insights in the distribution and
structure of laticifers throughout the plant, from roots
to leaves. Considering that laticifers extend from root-
to-shoot, our study elicits the hypothesis that the lat-
icifers network constitute an independent ion transport
system, which would establish a new paradigm in long
distance transport in plants.

S.12.6 How to achieve a
selenium-rich lifestyle in the
barren Australian outback

Jeroen van der Woude', Maggie-Anne
Harvey'? and Antony van der Ent?3

1 Laboratory of Genetics, Wageningen Universi-
ty and Research, Wageningen, The Netherlands. 2
Centre for Mined Land Rehabilitation, Sustainable
Minerals Institute, The University of Queensland,
Brisbane, Queensland, Australia. 3 Université de
Lorraine, INRAE, LSE, Nancy, France

Selenium (Se) is formed in supernovae and is a rare
component in most soils. Nevertheless, many organ-
isms including Homo sapiens need selenium to pro-
duce selenocysteine (SeCys), also referred to as the 21st
amino acid, required for synthesis of so-called seleno-
proteins. In contrast, land-plants lost the need for se-
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lenium, likely due to a decreased bioavailability of Se
over the last couple of million years. Interestingly, some
plants have developed a selenophile lifestyle regard-
less, growing on selenium-rich soil toxic to most plants.
Some of these plants such as Neptunia amplexicaulis
hyperaccumulate selenium up to 1.3% of their dry mass.
These high tissue Se levels normally cause severe ox-
idative stress and dysfunctional proteins due to inad-
vertent incorporation of SeCys en lieu of cysteine. The
latter is caused by the chemical similarity of selenium to
sulfur, leading to the production of various organic sele-
nium compounds through the sulfur transport- and as-
similation pathway, including SeCys and Selenomethi-
onine. However, in the dry and saline Australian outback,
Neptunia amplexicaulis manages to grow well on toxic
soil and accumulate extreme concentrations of sele-
nium in the plant tissue. Its sister-species Neptunia he-
liophile has also developed an increased tolerance to
selenium, but rather excludes Se from its tissue instead
of accumulating it. Our work aims to determine what
mechanisms are necessary for the extreme lifestyles of
N. amplexicaulis and N. heliophila and especially how
to accumulate and tolerate high tissue selenium lev-
els. This investigation involves the analysis of recently
sequenced genomes of N. amplexicaulis and N. grac-
ilis as well as full-length transcriptomics. Furthermore,
this work involves the development of transformation
protocols for N. amplexicaulis to get direct evidence
of gene involvement in Se hyperaccumulation. The
research outcomes could help improve crop Se con-
tent and thereby ameliorate the currently widespread
Se-deficiency in various human populations.

S.13 SYSTEMATICS, PHYLOGENETICS,
BIOGEOGRAPHY AND EVOLUTION OF

MELASTOMATACEAE

S.13.1 A phylogenomic
analysis of
Melastomataceae:
congruence and
incongruence across
genomes

Monigue Romeiro Brito!, Leéo-Paul Dagallier?,
Marcelo Reginato?, Lucas F. Bacci', Nico

Cellinese', Gudrun Kadereit*5, Renato
Goldenberg?®, Ling Liu?, Darin S. Penneys?,
Marie Claire Veranso-Libalah* Luo Chen?,
Renchao Zhou’, Walter S. Judd', Fabian A.
Michelangeli? Lucas C. Majure!

1 University of Florida Herbarium, Florida Museum,
Gainesville, FL, USA. 2 New York Botanical Garden,
Bronx, NY, USA. 3 Universidade Federal de Rio Grande
do Sul, Porto Alegre, RS, Brazil. 4 Ludwig-Maximil-
ians-Universitét Minchen, Munich, Germany. 5 Bot-
anischer Garten Minchen-Nymphenburg, Munich,
Germany. 6 Universidade Federal de Parana, Curi-
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tiba, PR, Brazil. 7 Sun Yat-sen University, Guangzhou,
China. 8 University of North Carolina-Wilmington,
Wilmington, NC, USA

Melastomataceae is a megadiverse family, harboring
almost 6000 species and distributed worldwide, most-
ly in the tropics. The monophyly of the family has been
supported based on morphological and anatomical
data through the last century. However, the advent of
molecular phylogenies has helped to clarify the iden-
tification of new major clades within the family. Addi-
tionally, molecular phylogenies have also proven a
challenging task to uncover relationships among maijor
clades when using only a few sets of plastid and nu-
clear regions. The use of phylogenomic datasets in the
family using target sequencing and plastome data has
been shown to be a promising tool for obtaining robust
phylogenetic relationships within this family. However,
thus far phylogenomic studies have been focused on
a limited taxon sampling and presented weakly sup-
ported nodes. Here we aimed to reconstruct a phylo-
genetic tree for Melastomataceae comprising 21 out of
23 tribes and almost 80 percent of the generic diversity.
For this we relied on a Hyb-Seq approach, joining efforts
from nuclear target sequencing and plastid genome
skimming datasets. We reconstructed plastid, mito-
chondrial, and nuclear phylogenies using concatenat-
ed and coalescent approaches. While we recover fairly
robust phylogenies and tribal composition congruent
with previous analyses, the relationships and support
recovered at some of the deeper nodes vary across
genomes and analytical methods. We discuss sourc-
es of phylogenetic conflicts between approaches and
genetic compartments. We suggest that incongruenc-
es are linked to deep/ancient events of introgression/
duplication/reticulate processes of evolution.

$.13.2 Pollination syndromes
and pollinator shifts can be
explained by climatic and
elevational gradients

Constantin Kopper', Jurg Schénenberger’,
Agnes S. Dellinger!

1 University of Vienna, Rennweg 14, Vienna, Austria.
Contact. constantin.kopper@univie.ac.at

Pollination syndromes are defined as suites of floral
traits, which have evolved repeatedly across angio-
sperms in adaptation to distinct functional pollinator
groups. The large, pantropically distributed family Me-
lastomataceae is dominated by buzz-bee pollination
(955%), where pollen is released from tubular, poricidal
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anthers through vibrations. In seven (of 23) tribes, shifts
to other syndromes have occurred. These shifts can be
found in the New- and Old-World and have been shown
to be correlated with increasing altitude in the Neo-
tropics. We recorded 44 functional floral traits across 411
species, spanning the whole family. We used machine
learning algorithms (random forest — RF) to identify pol-
lination syndromes for species with documented polli-
nators and employed these trained models to predict
pollinators for species without observations. We com-
bined the results from the RF analyses with climatic and
distribution data (elevation) to test if climatic variables
and altitudinal gradients correlate with specific polli-
nation syndromes and certain traits. Finally, we investi-
gated if the same mechanisms apply for the New- and
Old-World. Our results indicate strong support for four
well differentiated pollination syndromes within Melas-
tomataceae: “buzz-bee”, “nectar-foraging vertebrate”,
“food-body-foraging vertebrate”, and “generalist”. Pol-
lination syndromes in Melastomataceae can be dis-
criminated by six system specific floral traits of which
reward type and pollen release mechanism are the two
most important traits. Climatic variables and altitude
explain 67% of the variation found in Melastomataceae,
with altitude having a particularly strong impact. Shifts
away from the ancestral “buzz-bee” syndromes, which
can be found along the whole elevational gradient but
declines towards the top of the mountain, start to ap-
pear at about 1500m (except for the “generalist” syn-
drome - start at about 400m and goes up to 1800m).
Also, shifts to the “nectar-foraging vertebrate” and
“food-body-foraging vertebrate” syndrome are asso-
ciated with cooler Temperatures. These patterns can
be found in the New- and Old-World.

$.13.3 Bridging evolutionary
gaps: utilizing public
and newly generated
target capture data for
the placement of some
enigmatic old world

Marie Claire Veranso-Libalah'!, Luo Chen),

Xander van der Burgt? Pepe Haba3, Peter
Quakenbush? Gudrun Kadereit'®

1 Systemaittik, Biodiversitdt & Evolution der Pflanzen,
Ludwig-Maximilians Universitdt Minchen, Germa-
ny. 2 Herbarium, Royal Botanic Gardens, Kew, Rich-
mond, Surrey, UK. 3 Guinée Biodiversité, Conakry,
Guinea. 4 Department of Biological Sciences, West-

ern Michigan University, Kalamazoo, Michigan, USA.
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5 Botanischer Garten Mdldnchen-Nymphenburg,
Munich, Germany

The strategic amalgamation of public and newly
generated target capture data, utilizing the univer-
sal Angiosperms353 probe set and group-specific
probe sets (e.g, Melastomataceae) and Sanger data
have emerged as a potent strategies in phylogenetic
studies. Through this synergistic integration, our aim
is to unravel the evolutionary mysteries surrounding
taxa that have never been sampled or placed in a
phylogenetic context, to enrich our understanding of
biodiversity and the tree of life. In recent years, efforts
have been made to resolve phylogenetic relation-
ships among OW Melastomataceae taxa. Howev-
er, several enigmatic taxa, including Dionychastrum
schliebenii, Dissotis leonensis, Dissotis splendens, Fe-
liciadamia stenocarpa, Medinilla mirabilis and Ken-
drickia walkeri, persist as unplaced and/or unsam-
pled in current taxonomic revisions and phylogenetic
studies. With recent field collections of these taxa and
the utilization of public and newly generated target
capture data, our goal is to phylogenetically place all
the aforementioned taxa. The resulting phylogenet-
ic placement, complemented by morphology and
anatomy, provides a clearer systematic picture and
enhances our understanding of the evolution of Me-
lastomataceae at large.

$.13.4 Phylogenomics

of the Merianieae
(Melastomataceae) bring
new perspectives for its
systematics, biogeography
and macroevolution

Léo-Paul Dagallier!, Frank Almedao?,
Lucas Bacci®, Agnes S. Dellinger4, Diana
Ferndndez-Ferndndez® Robin Fernandez
Hilario®, Renato Goldenberg?, Humberto
Mendoza-Cifuentes®, Jhon S. Murillo-
Serna®, Carmen Ulloa Ulloa™, Lucas C.
Majure?, Fabian A. Michelangeli'

1 New York Botanical Garden, Bronx, NY, USA. 2 Cal-
ifornia Academy of Sciences, San Francisco, CA,
USA. 3 University of Florida, Gainesville, FL, USA 4
University of Vienna, Vienna, Austria. 5 Instituto Na-
cional de Biodiversidad, Quito, Ecuador. 6 CORBIDI,
Lima, Perd. 7 Universidade Federal do Parand, Curi-
tiba, PR, Brazil. 8 Jardin Botdnico de Bogotd, Bogotd,
DC, Colombia. 9 Universidad de Antioquia, Medellin,
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Antioquia, Colombia. 10 Missouri Botanical Garden,
Saint Louis, MO, USA

The tribe Merianieae (Melastomataceae) is a group of
trees, lianas and herbs distributed in the American trop-
ics. It contains ca. 288 species within 7 genera. The tribe
is distributed in both lowland and highland rainforests,
from southern Mexico and Central America, the Greater
Antilles to the Central Andes, and eastwards to the At-
lantic rain forest. We present the most up-to-date phy-
logenetic reconstruction of the tribe based on phylog-
enomic sequence data, including 184 species (ca. 64%)
and hundreds of nuclear loci. We used different phylo-
genetic reconstruction approaches including paralogy
resolution steps, and secondary calibration to date the
tree. Phylogenetic results are consistent with previous
studies based on Sanger sequence data, but phyloge-
netic placement of some clades (Adelobotrys, Macro-
centrum, Salpinga) remains problematic. Indeed, we
recovered many gene tree conflicts at both deep and
shallow nodes in the Merianieae phylogeny and relate
them to reticulate processes of evolution, possibly linked
to introgression and rapid radiations. Macrocentrum is
not monophyletic and recovered in three clades. Meri-
ania likewise is not monophyletic, because one group
(Adelbertia) is more closely related to Adelobotrys, and
Axinaea is embedded within the remaining Merian-
ia. Graffenrieda and Centronia form a well-supported
clade. The group seems to have originated in the Gui-
ana Shield, but most of the diversity is in the Andes, as a
result of two distinct radiations (one in Graffenrieda and
one in Meriania). Secondary radiations also occurred in
the Guayana Shield and the Atlantic Forest. We discuss
the impact of the Andes in generating the diversity and
the biogeographic history of the clade.

$.13.5 A synopsis of the
enus Sonerila Roxb.
Melastomataceae:

Sonerileae) in India

Resmi Sekarathil?, Nico Cellinese? K.
Karthigeyan?& Santhosh Nampy!,

1 Department of Botany, University of Calicut, Ker-
ala, India. 2 Botanical Survey of India, Southern Re-
gional Centre, Tamil Nadu, India. 3 Florida Museum
of Natural History, University of Florida, Florida, USA

Sonerila Roxb., a taxonomically complex genus in
the family Melastomataceae, comprises approxi-
mately 180 taxa, and as one of the largest groups
in Asiq, it is distributed mainly across Sri Lanka,
India, Nepal, Bhutan, South China, Taiwan, In-
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do-China and the Malay Archipelago. The genus
is represented by caulescent and acaulescent
herbaceous plants of shady habitats. It is easi-
ly recognized by its generally trimerous flowers,
mostly uniparous (scorpioid) cymes, and 3-locu-
lar, inferior ovary. Sonerila is the largest genus in
the tribe Sonerileae in India, with 49 species and
one variety, including a substantial percentage
of endemics. The Western Ghats region indeed
stands out as a hotspot for Sonerila with 43 spe-
cies and one variety, an astonishing 86% of which
are exclusive to this particular biogeographic
zone. This remarkable richness of species serves
as a clear indication of adaptive radiation and
explosive evolution within the genus making it
an intriguing subject of study in the realm of Me-
lastomataceae systematics and evolution. The
present study highlights the diversity of Sonerila
in India with a revisionary account including key
for the identification, detailed descriptions, notes
on infraspecific variations, geographical distri-
bution, and conservation status assessment. Six
species were found new to science. Nomencla-
tural issues relevant to the taxonomic study were
also resolved, resulting in subsequent synonymy,
reinstatement of names, and typifications.

$.13.6 Neotropical
depauperons: from
neglected small genera
to strategically placed
clades in Melastomataceae
phylogenetic trees

Renato Goldenberd', Bruno Bastos', Lucas

F. Bacci?, Thuane Bochorny?, Marcelo
Reginato?, Fabian A. Michelangeli®

1 Universidade Federal do Parand, Curitiba, Bra-
zil .2 Universidade Federal de Santa Catarina, Flo-
rianépolis, Brazil. 3 Instituto de Pesquisas Jardim
Botdnico do Rio de Janeiro, Brazil. 4 Universidade
Federal do Rio Grande do Sul, Porto Alegre, Brazil. 5
Institute of Systematic Botany, The New York Botan-
ical Garden, USA

Asymmetric patterns in species richness are a no-
table feature across different lineages and geo-
graphic regions. While some lineages are rich, di-
verse, and widely distributed, the “depauperons”
are phylogenetically isolated, with only one or a
few narrowly distributed species. Recent phylo-
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genetic studies of Melastomataceae resulted in a
new classification with both megadiverse lineages,
such as tribes Miconieae (1900 species), Sonerileae
(100) and Melastomateae (820) and groups with
few species, such as Lithobieae (1), Rupestreeae
(2), stanmarkieae (4), and Eriocnemeae (7) in the
Neotropics, and Dinophoreae (8) and Feliciadame-
ae (1) in Africa. These depauperon tribes have been
very recently described, with their taxa traditionally
placed in bigger tribes, even though they present-
ed features uncommon for those groups or even
the whole family. Three of these groups are restrict-
ed to Eastern South America: Lithobieae grows on
rock crevices, and is sister to Pantropical Henri-
etteae+Astronieae (250 spp); Rupestreae grows in
“‘campos rupestres”, and is nested in Pantropical
Melastomataeae+Dinophoreae+Rhexieae  (850);
Eriocnemeae’s 3 genera grow in rainforest, iron ore
outcrops, and montane vegetation, and are sister
to Neotropical Miconieae (1900). The recognition
and inclusion of these depauperons in phylogenet-
ic analyses is critical to the study of biogeography,
character evolution and ecology of their speciose
sister groups. The different patterns found for de-
pauperons and their relatives may be explained
by different speciotion/extinction rates, but also
by other traits. Overall, the species in these groups
have limited dispersal ability, dependency on wa-
ter for dispersal, and restricted niches. Climatic
niche spaces of the depauperons are limited but
included within the niche space of the sister tribes.
The threat level for them can be exacerbated by
climate change, mainly due to their inability to
spread over long distances, restricted niches and
increased habitat fragmentation. Future conserva-
tional actions should prioritize these unique taxa in
Melastomataceae, especially under a phylogenet-
ic diversity perspective.
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S.14 A CONTINENTAL SCALE CONSORTIUM
APPROACH TO BUILDING GENOMICS
CAPACITY AND RESOURCES: GENOMICS FOR
AUSTRALIAN PLANTS. SESSION 1

S.14.1 A consortium
approach to building the
Australian Angiosperm Tree
of Life.

Lalita Simpson', Darren M. Crayn),
Theodore R. Allnutt? William J. Baker3, Matt
Barrett!, Gillian Brown?*, Félix Forest? Chris
Jackson?, Paul J. Kersey? Mabel Lums®,
Olivier Maurin3, Todd G. B. McLay®, Daniel
J. Murphy?, Katharina Nargar!, Hervé
Sauquet’, Alexander Schmidt-Lebuhng,
Kelly A. Shepherd?, Michelle Waycott™

1 Australian Tropical Herbarium, James Cook Uni-
versity, Smithfield, Australia. 2 Royal Botanic Gar-
dens Victoria, Melbourne, Australia. 3 Royal Botanic
Gardens, Kew, Richmond, UK. 4 Queensland Her-
barium, Toowong, Australia. 5 Bioplatforms Aus-
tralia, Sydney, Australia. 6 National Biodiversity DNA
Library, CSIRO, Parkville, Australia. 7 Botanic Gar-
dens of Sydney, Mt Annan, Australia. 8 Centre for
Australian National Biodiversity Research, Canber-
ra, Australia. 9 Western Australian Herbarium, Perth,
Australia. 10 State Herbarium of South Australia, Ad-
elaide, Australia

The Genomics for Australian Plants (GAP) Initiative,
catalysed by Bioplatforms Australia in partnership
with researchers from the Australian State and Na-
tional Herbaria and Botanic Gardens, aims to de-
velop genomics resources to enhance our under-
standing of the evolution of the Australian flora and
support its conservation. GAP Phylogenomics, one
of three GAP projects, has the long-term goal of re-
solving the Australian Angiosperm (flowering plant)
Tree of Life (AAToL) to species level. To date, this in-
clusive project has brought together over 70 Austra-
lian researchers and herbarium staff and partnered
with the global Plant and Fungal Trees of Life proj-
ect (PAFTOL) to complete AATol Stage 1 — a phylo-
genetic tree including at least one species exem-
plar of nearly 95% of Australian native angiosperm
genera sequenced for a common set of hundreds

of nuclear markers (using the Angiosperms353 tar-
get capture baits). From the outset, data quality and
reusability have been a priority, ensured through
mandating rigorous documentation of comprehen-
sive sample metadata (e.g. identity, voucher, Na-
goya compliance, etc.). We show, through discus-
sion of its successes and challenges, the value of
a multi-institutional consortium approach and the
enablers such as well-curated collections and na-
tional collaborative research infrastructure, leading
to substantial increase in capacity and delivery of
biodiversity knowledge outcomes. Future directions
for the AAToL project will be discussed.

S.14.2 Cross-platform

and containerised

phylogenomics-

bioinformatics pipelines for

sequence capture data:

hybpiper-nf and paragone-nf
Alexander N. Schmidt-Lebuhn!, Chris
Jackson? Todd McLay?

1 Centre for Australian National Biodiversity Re-
search (a joint venture of Parks Australia and
CSIRO), Canberra, Australia. 2 Royal Botanic Gar-
dens Victoria, Melbourne, Australia. 3 CSIRO, Mel-
bourne, Australia

The phylogenomics activity of the Genomics for Aus-
tralian Plants consortium uses target capture | en-
richment data. Early in the process, a phylogenom-
ics-bioinformatics working group was established to
evaluate options for the consortium’s technical ap-
proach ranging from the desired sequencing depth
across assembly to the phylogenetic analysis itself.
In terms of the analysis pipeline, paralogy was identi-
fied as a key concern because phylogenetic analyses
were going to be conducted both at the scale of all
angiosperms and in selected genera and plant fam-
ilies known to be characterised by ancestral genome
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duplication events. We adapted the well-established
HybPiper software for sequence assembly and paral-
og discovery, and a collection of previously published
scripts for the inference of ortholog groups from gene
tree topologies. We iteratively built an integrated work-
flow in which the HybPiper outputs were provided in a
format directly usable for ortholog inference, discov-
ered and fixed bugs, and added alternative options
for several steps such as assembly, alignments, and
gene tree inference. The resulting pipelines have been
published as two Nextflow scripts with a Singularity
container providing all dependencies to allow easy
installation independent of platform, hybpiper-nf and
paragone-nf, and recently also as Python packages
that can be installed with conda. We discuss the his-
tory of their development, the principles behind the
analyses, and important options available to the user.

$.14.3 Phylogenomics,
continental biogeography
and climate-dependent
diversification of
Australian Chamelaucieae
(Myrtaceae)

Francis J. Nge'? Barbara Rye?, Peter
Wilson!, Kevin R. Thiele4, Ed Biffin25,
Michelle Waycott?5, Korjent van Dijk®,
Matthew Barrett®

1 National Herbarium of New South Wales, Botan-
ic Gardens of Sydney, Australian Botanic Garden,
Locked Bag, Mount Annan, NSW, Australia. 2 School
of Biological Sciences, Faculty of Science, Adelaide,
SA, Australia. 3 Western Australian Herbarium, De-
partment of Biodiversity, Conservation and At-
tractions, Locked Bag 104, Bentley Delivery Centre,
Western Australio, Australia. 4 School of Biological
Sciences, the University of Western Australia, Aus-
tralia 5 State Herbarium of South Australia, Botanic
Gardens and State Herbarium, Adelaide, SA, Aus-
tralia. 6 Australian Tropical Herbarium, Sir Robert
Norman Building, James Cook University Cairns
Campus, McGregor Road, Smithfield, Qld, Australia

The Myrtaceae tribe Chamelaucieae is a diverse tribe
predominantly distributed across Australia with over
660 species across 34 genera. The phylogenetic back-
bone of this tribe was previously unresolved based on
studies utilising Sanger sequencing data. Here, we
present an updated well-resolved phylogeny of the
tribe as part of the GAP Stage 2 initiative, utilising over
400 nuclear single-copy loci (angio353 and Ozbaits).
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Ten out of the 11 subtribes with 33 out of the 34 genera
are represented in our study. We dated the phylogeny
using secondary calibrations and looked at biogeo-
graphic disjunctions across different Australian bio-
geographic regions using BioGeoBEARS. We also test-
ed for environmental-dependent diversification using
RPANDA. Findings from our biogeographic analyses
indicate a mixture of vicariance and dispersal events
across different simulated climatic scenarios (eg,
aridification of Australia since the Miocene). Biogeo-
graphic results and speciation decline detected from
our phylogeny coinciding with the Eocene—Oligocene
extinction event (33 Mya) will also be discussed.

S.14.4 Acacia
phylogenomics using the
Angiosperms353 target
capture bait set

Daniel J. Murphy', Bruce Maslin?, Theodore
Alinutt’, Todd McLay?

1 Royal Botanic Gardens Victoria, Melbourne, Vic-
toria, Australia 2 Western Australian Herbarium,
Kensington, Western Australia, Australia 3 National
Biodiversity DNA Library, National Collections and
Marine Infrastructure, CSIRO, Parkville

Acacia — Australia’s largest genus of flowering plants
— was selected for a Genomics for Australion Plants
(GAP)-supported phylogenomic analysis using the
Angiosperms353 target capture bait set. While Sanger
amplicon sequencing datasets have previously been
compiled for approximately 50% of Acacia species,
those datasets comprised fewer than 10 markers and
lacked phylogenetic resolution in certain parts of the
tree, demonstrating the need for a deeper phyloge-
nomic-based sampling of the Acacia genome in order
toresolve the phylogeny with greater support. In this talk,
results are presented of an initial phylogenomic analy-
sis of around 10% of the total number of Australian Aca-
cia species, sequenced for the Angiosperms353 target
capture baits and representing all major evolutionary
lineages of Acacia that had previously been discovered
in molecular phylogenies and morphological classifi-
cations. Initial phylogenetic analyses, including appro-
priate mimosoid legume outgroups and using severall
analytical approaches, have revealed congruence in
the major clades that were previously discovered, such
as the Pulchelloidea clade, which unites morpholog-
ically disparate taxa from several traditional sections
in Acacia. When compared to the topologies found in
previous molecular phylogenetic studies, the overalll
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phylogenomics-based topology is somewhat different,
which may be due to increased phylogenetic resolution
of the markers or differences in the targeted sampling
of species in particular parts of the tree. Some novel
clades, including a sister clade to the majority of Acacia
species, are recovered in our analyses. Due to the level
of support for relationships, in combination with the very
high success rates for sequencing of silica-dried and
older herbarium samples, the Angiosperms353 bait set
shows great potential as the basis for a larger-scale
study of Acacia species, with the ultimate aim of gen-
erating a new formal classification of the genus.

$.14.5 Using sequence
capture to look beyond
floral symplesiomorphies
and classify two new genera
in the Australian Rutaceae
(sapindales)

Harvey K. Orel', Todd G. B. McLay? Paul I.
Forster3, Michael J. Bayly!

1School of BioSciences, The University of Melbourne,
Parkville, Victoria, Australia. 2 National Biodiversi-
ty DNA Library, NCMI, CSIRO, Parkville, Australia. 3
Queensland Herbarium, Department of Science,
Information Technology and Innovation, Brisbane
Botanic Gardens, Toowong, Queensland, Australia

Taxonomists have relied heavily on floral characters
to group taxa and assess relationships, despite the
adaptive significance of these characters and their
correlation with pollination modes. Even if the tax-
onomist, wary of misinterpreting homology, choos-
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es to account for the instability of floral characters,
there may not be sufficient morphological charac-
ters outside of these to make useful inferences. This
is especially problematic in groups with numerous
instances of separate floral specialisation, where in-
terpreting which characters are symplesiomorphic
is difficult. The Eriostemon group (Sapindales: Ru-
taceae) includes 16 genera and ~209 species that
almost all occur naturally in Australia (with ~12 spp.
in 3 genera outside of Australia). The group is most
diverse in the south-east and south-west of Austra-
lia where species most commonly occur in euco-
lypt-dominated woodlands and forests, but are also
found in rainforests, savanna, coastal and montane
heathlands, semi-arid scrub and desert shrubland.
Morphologically, members of the group vary in hab-
it, leaf phyllotaxy, fruit type and, most notably, floral
characters. Pollination syndromes vary between and
within genera, with a predominant contrast between
flowers that are borne upright with spreading, open
petals and flowers that are pendent and tubular or
aggregated into inflorescences surrounded by large
or colourful bracts. This diversity has resulted in tax-
onomic legacy of large genera with unspecialised,
open petalled flowers, and small or monotypic gen-
era with more complex flowers. We present results
from a phylogenomic study of the Eriostemon group
based on target capture sequencing using the An-
giosperms353 kit. Our results reveal the extent to
which the genus Philotheca (54 spp.) is polyphyletic
and highlight how the current classification of that
genus is based on symplesiomorphic floral charac-
ters. They provide new insight into shifts in pollination
modes across the group and support the recognition
of two new genera, separated from Philotheca.

S.15 EVOLUTIONARY ECOLOGY OF PLANTS.

SESSION 1

S.15.1Pre-dispersal seed
predation as a selective force
on plant mating system and
reproductive traits

‘ Gaku Kudo, Akari Shibatad!

1 Faculty of Environmental Earth Science, Hokkaido
University, Sapporo, Japan

Not only mutualistic plant—pollinator interactions but
also antagonistic plant—herbivore interactions can
be a selective force on sex allocation in angiosperms.
The present talk addresses how predispersal seed
predation affects the reproductive success and flo-
ral gender of andromonoecious herbs on a natural
snowmelt gradient. The developing fruits of an alpine
herb (Peucedanum multivittatum: Apioceoe) were
intensively predated by a specialist lepidopteran
larvae (Phaulernis fulviguttella: Epermeniidae) in the
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early-snowmelt habitat, where flowering occurred
from mid to late July. In the late-snowmelt habitat,
where flowering occurred after early August, seed
predation was negligible because the oviposition of
the predator moths was concentrated in early sum-
mer. The moths tended to oviposit on umbels with
more perfect flowers and taller stems, whereas the
number of male flowers was independent of their
oviposition preference. Plants having male-biased
umbels and short floral stems were prevalent in the
early-flowering population, where plants suffered
from intensive predation damage. The proportion of
perfect flowers increased in the later flowering pop-
ulations. The contribution of perfect flowers to intact
fruit production was small when flowering occurred
early in the season, and it consistently increased with
the lateness of flowering period along the snowmelt
gradient. Fitness measurements in the early-flower-
ing population revealed that the production of many
perfect flowers resulted in lower female fitness due
to intensive seed predation. In contrast, male fitness
as a pollen donor increased with total flower produc-
tion irrespective of the composition of perfect and
male flowers. Taken together, the greater production
of male flowers at the expense of perfect flowers is
advantageous under intensive predation pressure
owing to the mitigation of predation damage with
keeping the siring success. These results revealed
that predispersal seed predation acts as a selective
force that promotes male-biased sex allocation in
andromonoecious plants.

$.15.2 Constraints on the
evolution of floral lifespan in
a mixed-mating biennial

‘ Rachel B. Spigler’

‘ 1 Temple University, Philadelphia, PA, USA

Angiosperms display a brilliant diversity of floral
forms, with striking variation in color, size, and scent,
and morphology, including elaborate or special-
ized structures offering protection or rewards. Floral
longevity, the length of time a flower remains open
and functional, shows similarly impressive variation
across species, ranging from a day or less to over a
month, but by comparison has been largely over-
looked. Consequently, even though floral longevity
should strongly influence fitness by setting a criticall
time limit on opportunities for each flower to export
and receive pollen, we lack a firm understanding of
the forces that shape, maintain, and constrain vari-
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ation in floral longevity. In fact, we even lack basic
studies on the heritability of this trait in wild species.
Sabatia angularis (Gentianaceae) is a mixed-mat-
ing biennial with remarkable intraspecific variation
in maximum floral longevity, ranging from plants
that produce flowers lasting only 5 days to those
with flowers that can last over 20 days within a sin-
gle population. | present data from a combination of
field and greenhouse studies that characterize fac-
tors maintaining or constraining this variation, high-
lighting the importance of heritability, trade-offs,
functional and ecological constraints, and plasticity.

$.15.3 The conflict between
ant protection and buzz-
pollination mutualisms
across angiosperm
evolution

Amanda V. da Silva', Marjorie G.
Weber?, Anselmo Nogueird', Thais N.
Vasconcelos?, Avery Russell?, Tamiris D.
Lima?, Lilian F. Melo’, Laura C. Leal®

1 Center of Natural and Human Sciences, Federal
University of ABC, SGo Bernardo do Campo, Brazil.
2 Department of Ecology and Evolutionary Biology,
University of Michigan, Ann Arbor, USA. 3 Depart-
ment of Biology, Missouri State University, Spring-
field, USA. 4 Department of Botany, SGo Paulo State
University, Botucatu, Brazil. 5 Department of Ecolo-
gy, Conservation and Biodiversity, Federal Universi-
ty of Uberlandia, Uberldndia, Brazil. 6 Department of
Ecology and Evolutionary Biology, Federal University
of Sdo Paulo, SGo Paulo, Brazil.

Mutualistic interactions involve varying degrees of
conflicts, including the interference between differ-
ent types of mutualism. One common interference
occurs between protective ants and pollinators in
plants bearing extrafloral nectaries (EFNs). While pa-
trolling the plant, ants can reduce herbivory but also
repel pollinators, especially bees. Since this conflict
can affect plant reproductive performance, it might
be selectively disadvantageous for plants to have
both traits associated with ant defense and spe-
cialized bee pollination. Although conflicts in mutu-
alisms have been extensively studied on the ecolog-
ical scale, the evolutionary consequences of traits
mediating interactions have not been considered.
We hypothesize that there is a negative evolution-
ary correlation between traits mediating plant pro-
tection by ants and exclusive pollination by bees as
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in buzz pollinated plants. For that, we used a phy-
logenetic comparative approach, mapping all an-
giosperms reported to bear EFN associated with ant
attendance and poricidal anthers associated with
buzz pollination in an angiosperm tree comprising
ca. 8,000 genera. We found that EFNs occur in 755
genera while poricidal anthers occurs in 544. How-
ever, only 45 plant genera have both traits. More-
over, we found a negative evolutionary correlation
between EFNs and poricidal anthers, supporting our
hypothesis that the interference of one mutualismin
another can affect the evolutionary trajectory of the
traits driving these interactions. This result means
plants protected by ants are less likely to be in-
volved in buzz pollination, or vice-versa, throughout
angiosperm diversification. Altogether, our results
evidenced that protective and pollination mutual-
isms may exert a reciprocal selective force that re-
duces the likelihood of the simultaneous occurrence
of both ants and bee partners across angiosperm
evolution. This emphasizes that we studies focused
on the evolution of mutualistic traits should consider
the joint effect of simultaneous mutualistic interac-
tions instead of evaluating the traits related to dif-
ferent mutualisms separately.

S.15.4 Convergence in
carnivorous pitcher plants
reveals a mechanism for
composite trait evolution

‘ Guilloume Chomicki'

I Durham University, Department of Biosciences,
South Road, Durham, UK.

Complex, composite traits involve multiple compo-
nents that, only when combined, gain a new syn-
ergistic function. Thus, how they evolve remains a
puzzle -- what Darwin referred to as a ‘special dif-
fulty’ in the Origin of Species. | present the results
of multi-disciplinary study (Chomicki et al, 2024)
that combined field experiments in the field and in
the lab, microscopy, chemical analyses and laser
Doppler vibrometry with comparative phylogenetic
analyses to show that two carnivorous Nepenthes
pitcher plant species independently evolved similar
adaptations in three distinct traits to acquire a new,
composite trapping mechanism. Phylogenetic com-
parative analyses suggest that this new trait arose
convergently via ‘spontaneous coincidence’ of the
required trait combination, rather than directional
selection in the component traits. Our results indi-
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cate a new mechanism for composite trait evolution
and highlight the importance of stochastic pheno-
typic variation as a facilitator of evolutionary novel-
ty. References: G Chomicki, G Burin, L Busta, J Gozdzik,
R Jetter, B Mortimer, U Bauer (2024) Convergence in
carnivorous pitcher plants reveals a mechanism for
composite trait evolution. Science (In press).

S.15.5 Lower mate
availability and leakier self-
incompatibility in Argentina
anserina populations with
small effective population
size

‘ Anita Cisternas-Fuentes'?, Matthew Koski2.

1 Departamento de Botdnica, Facultad de Ciencias
Naturales y Oceanogrdficas, Universidad de Con-
cepcidn, Concepciodn, Chile. 2 Department of Biolog-
ical Sciences, Clemson University, Clemson, SC, USA

Achieving reproductive success in self-incompatible
(SI) populations can be difficult. Flowers must receive
enough pollen to produce seeds, and that pollen
must be genetically compatible. The lack of available
mates can reduce population-level reproductive fit-
ness, have negative impacts on population growth,
and increase extinction risk. The effects of low mate
availability are exacerbated in small populations,
which often harbor fewer S-alleles. So, even with
substantial pollination, reproduction may fail. The
breakdown of SI systems, however, may rescue pop-
ulation declines. Evaluating mate availability across
populations can help us to understand the factors
and conditions leading to mate limitation. We tested
the predictions that populations with small effective
population size have reduced mate availability and
exhibit signatures of a breakdown in their SI mechao-
nism. Additionally, we evaluated mechanisms at the
pollen-pistil interface that contribute to the failure of
outcrossed flowers and success of self-pollinated
flowers. We performed self and outcross pollinations
in 13 populations of Argentina anserina with known
genomic estimates of effective population size to es-
timate mate availability and the Sl index, and used
fluorescence microscopy to enumerate pollen depo-
sition, germination, and tube extension. Results show
that genetically depauperate populations have re-
duced mate availability but not a lower Sl index. Un-
successful outcrosses did not receive fewer pollen
grains or have lower pollen germination than suc-
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cessful ones. Barriers to outcross fertilization occurred
in the style, specifically pollen tubes were arrested at
the S-allele recognition site. Pistils from self-crosses
showed that a higher proportion of self-pollen grains
extend tubes past the location of the SI mechanism
in the style in effectively smaller populations. Howev-
er, this does not necessarily result in seed production.
Results highlight strong mate limitation in genetical-
ly small populations of A. anserina and suggest that
leaky-SI in small populations may represent early
stages of a breakdown in Sl.

$.15.6 Fire-stimulated
flowering: the effect of fire
on pollination success in
Mediterranean geophytes

Julia Gegunde !, Maria Clara Castellanos
2, Juli G. Pausas!
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I Centro de Investigaciones sobre Desertificacion
(csic), valencia, Spain. 2 University of Sussex, UK.

Fire-stimulated flowering is a widely recognized
strategy in fire-prone ecosystems, such as Mediter-
ranean ecosystems. Species with this strategy flow-
er more profusely in postfire conditions than in ab-
sence of fire. We hypothesize that higher flowering
density and less competition for pollinators could
improve pollination success of plants that flower
quickly after fire. We studied geophytes in Southern
Spain and compared flowering in recently-burned
areas with flowering in adjacent unburned areas.
We performed pollinator censuses, estimated pol-
len grain deposition on the stigmas and counted
fruit and seed production. We found that pollination
rates and pollinator composition changed in burned
areas compared to unburned areas. Individuals in
burned areas showed higher pollen deposition on
their stigmas and fruit and seed production was
also higher in burned areas.

S.16 BOTANICAL CONTRIBUTIONS FROM THE
BIODIVERSITY HERITAGE LIBRARY

S.16.1 Data for botany:
unlocking the world of
plants in the Biodiversity
Heritage Library

‘ Martin R. Kalfatovic!

1 Biodiversity Heritage Library, Smithsonian Libraries
and Archives, Washington, USA

The Biodiversity Heritage Library (BHL) is the
world’s largest open access digital library for bio-
diversity literature and archives. Headquartered at
Smithsonian Libraries and Archives (SLA), BHL is a
global consortium of research institutions working
together to build and maintain a critical piece of
biodiversity data infrastructure. Created in 2006 as
a direct response to the needs of the taxonomic
community for access to early literature, BHL pro-
vides free access to over 61 million pages of bio-
diversity content from the 15th-21st centuries. BHL
provides a global community with ready access
to a vast body of botanical literature. BHL works
with the biodiversity community to develop tools

and services to facilitate greater access, interop-
erability, and reuse of content and data. Through
taxonomic intelligence tools developed by Glob-
al Names Architecture, BHL has indexed more
than 230 million instances of taxonomic names
throughout its collection, allowing researchers to
locate publications about specific taxa. BHL also
works to bring historical literature into the mod-
ern network of scholarly research by retroactive-
ly assigning DOIs (digital object identifiers) and
making this historical content more discoverable
and trackable. Biodiversity databases such as
the Catalogue of Life, International Plant Names
Index, Tropicos, World Register of Marine Species,
iNaturalist, and more rely on literature housed in
BHL. To make this data FAIR (findable, accessible,
interoperable, and reusoble), BHL and its partners
are working on a data pipeline to transform tex-
tual content into actionable data that can be de-
posited into data aggregators such as the Global
Biodiversity Information Facility (GBIF). This paper
provides an overview of BHL's botanical content.
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$.16.2 BHL Australia:
unlocking the foundation
of Australia’s botanical
knowledge

‘ Nicole Kearney!

‘ 1 Biodiversity Heritage Library, Australia

The Australian node of the Biodiversity Heritage
Library (BHL) began operation in 2010 with just
one organisation, Museums Victoria. Since then,
it has grown considerably. BHL Australia is now
a national consortium with over 50 organisa-
tions contributing content to BHL. These organi-
sations include all of Australia’s state museums
and herbaria, as well as universities, government
agencies, royal societies, field naturalist clubs
and natural history publishers. Together these
organisations have made over 550,000 pages
of Australia’s biodiversity heritage freely acces-
sible online. This paper focuses on the botan-
ic knowledge contained within the BHL Australia
collection, showcasing highlights from the 1600s
through to the current year. It also celebrate the
close relationship between BHL and the Austra-
lian botanical community. BHL Australia’s active
digitisation operation prioritises requests, which
are received regularly from researchers, librari-
ans, artists, educators, and policy makers. These
have resulted in the rapid digitisation of histor-
ic literature essential to botanists, such as those
studying the impact of Australia’s devastating
2020 bushfires on endangered species. Finally,
this paper presents BHL Australia’s leading role in
BHL's global efforts to bring the historic literature
into the modern linked network of scholarly re-
search. At the onset of the COVID-19 pandemic,
BHL Australia pivoted from digitising historic liter-
ature to generating historic article data, mobil-
ising both volunteers and staff to make the con-
tents of our historic journals searchable. Since
then, we've worked closely with the publishers of
botanical journals (in Australia and around the
world) to assign DOIs (Digital Object Identifiers)
to their back issues. Many have elected to have
BHL assign DOIs to their current issues as well.
These DOIs are now appearing seamlessly in new
publications, taxonomic databases, social media,
and Wikipedia, providing instant, permanent, and
persistent open access to the primary literature,
the foundation of our knowledge of biodiversity.

65

$.16.3 Amplifying the
contribution of women to
botany: an analysis of plant
genera that were named
after women

Carmen Ulloa Ullod!, Sabine von Mering?,
Lauren Gardiner?, Sandra Knapp?,
Heather Lindon?, Siobhan Leachmans,
Sarah Vincent4 Maria S. Vorontsova®

1 Missouri Botanical Garden, St. Louis, United States
of America. 2 Museum fur Naturkunde, Leibniz In-
stitute for Evolution and Biodiversity Science, Ber-
lin, Germany. 3 Cambridge University Herbarium,
Cambridge, UK. 4 Natural History Museum, London,
UK. 5 Royal Botanic Gardens Kew, Richmond, UK. 6

Independent researcher, Wellington, New Zealand

There are several thousand flowering plant genera
named for people of all sorts, but those named for
men outnumber -by more than 10 to 1- those named
for women. In mid-202], a discussion on social me-
dia led to the formation of the multidisciplinary inter-
national working group to answer a simple question:
how many plant genera honor women? More than
two years of mostly virtual interaction, and addition-
al research questions, resulted in the compilation of
a new open dataset of 728 flowering plant genera
honoring women or female beings (mythological).
Some 36% honor mythological beings, and Medusa
had six genera named after her, more than any real
woman! We verified all these genera by examining
original literature (the majority of which are freely
available on the Biodiversity Heritage Library), and
have categorized the honorees by profession, status
or relationship to the describer. As part of the proj-
ect, we created or updated Wikidata items for each
of these women and genera; we worked closely with
IPNI, Tropicos® and BHL receiving and providing feed-
back and data. Our motivation for the development
of this dataset was not only to highlight names of
plant genera that honor women, but also to enrich
and bridge this information with data that would
allow the names, roles, and lives of these women —
many with fascinating stories —, to be shared more
widely with others, both researchers and data sourc-
es like Wikidata. Amplification of the contributions of
women to botany through multiple means will enable
the community to better recognize and celebrate the
role of this particular marginalized group in the histo-
ry and development of science, their contributions to
art, and natural history collections.
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S.16.4 Right on Kew: BHL at
the Royal Botanic Gardens

‘ David Iggulden'

‘ 1 Royal Botanic Gardens, Kew, London, UK

17 years on from its official formation, the Biodiver-
sity Heritage Library’s role continues to evolve, fur-
ther increasing its relevance and demonstrating the
collaborative resiliency of the consortium overall.
BHL's global partnership of natural history, botanical
and national libraries work together to develop the
library and digitise their collections and make them
freely available in BHL. As of November 2023, BHL has
a total of 42 partners consisting of 19 Members and
23 Affiliates. As a Founder Member of the original
project, the Royal Botanic Gardens, Kew has been a
key member from the outset and is well placed to
support the next stages of the resource’s develop-
ment. Kew's involvement with BHL provides an inter-
esting case study overall, which illustrates how the
BHL directly supports botanical research both within
the organisation and across the globe. BHL provides
an invaluable resource for work on plant nomencla-
ture at Kew and has been a key partner in recent
projects within both the Library and Archives and
Economic Botany collections. BHL data is also being
used to support the development of open science
tools for taxonomy. It is for these reasons, plus the
ongoing use by taxonomists that Kew continues to
view BHL as essential to its mission to understand
and protect plants and fungi for the well-being of
people and the future of all life on earth.

$.16.6 Matching herbarium
specimens with Mary

Vaux Walcott watercolor
paintings using machine
learning and detective work

‘ Mike Trizna', Will Weaver?

I Data Science Lab, Office of the Chief Information
Officer, Smithsonian Institution, Washington, DC,
USA. 2 Department of Ecology and Evolutionary Bi-
ology, University of Michigan, Ann Arbor, Ml, USA

Mary Vaux Walcott's five-volume collection of il-
lustrations and descriptions, “North American wild-
flowers”, was published between the years 1925 and
1929. All of the volumes, which include over 400 wa-
tercolor prints, have been fully digitized and made
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available through the Biodiversity Heritage Library
(https://doi.org/10.5962/bhltitle.67774). Many of the
illustrations were based on plant specimens col-
lected by Walcott herself or other botanists from
the Smithsonian Institution, and specimen labels on
their preserved herbaria sheets include written no-
tations that reference this connection. One example
is US1087120 (http://n2tnet/ark:/65665/3fd0d532a-
7203-4818-9dbe-904d72272759), which has a nota-
tion that it was “Painted by Mrs. Walcott”, and closely
matches Plate 44 of Volume 1 (https://www.biodi-
versitylibrary.org/page/42602857). In this project, we
used digitized specimen data to explore candidate
matching specimens, machine learning OCR and
LLM validation tools from the VoucherVision project
(https://github.com/Gene-Weaver/VoucherVision)
to transcribe and clean specimen labels, and com-
puter vision tools from LeafMachine?2 (https://github.
com/Gene-Weaver/LeafMachine2) to isolate mor-
phological and phenotypic traits for comparison.
With confident pairs of illustrations and specimens,
we investigate the possibility of using the Biodiversity
Heritage Library’s extensive collection of botanical il-
lustrations to extract valuable phenotypic and mor-
phological data.
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S.17 ACROSS LAND AND WATER:
UNDERSTANDING PLANT GENE FLOW AT A
LANDSCAPE SCALE. SESSION 1

S.17.1 Landscape effects

on the spatial distribution
of genetic lineages in a
widespread, generalist herb

Mareike Daubert!, Alina Persson!, Dirk C.
Albach!

I Institute of Biology and Environmental Sciences,
Carl-von-0Ossietzky University, Oldenburg, Germany

The majority of landscape genetic studies to
this day has focused on animals, often mam-
mals of high conservation interest. The studies
conducted in plants have found a significant to
no effect of landscape features on the genetic
structuring of the respective species. Previously,
no differentiation was found between popula-
tions of the generalist, widespread herb Veronica
chamaedrys (Plantaginaceae) growing in grass-
lands under different management regimes. We
suspect however that grassland management
changes on too short timescales to affect the
species and that factors inhibiting or facilitating
gene flow may reveal themselves at larger geo-
graphic scales. We sampled populations along
a 500 km transect from the German North Sea
coast to the central German xeric zone at the lee
of the Harz mountains. At each location we char-
acterized the surrounding vegetation via Ellen-
berg values. Moisture and soil reaction numbers
showed the strongest geographic trends with
the steepest change occurring at the southern
margin of the Harz mountains. We expect these
marked changes to be recognizable in genotyp-
ing-by-sequencing data. The species turned out
to be much rarer in the north German plain than
anticipated. This could be either due to a histor-
ical lack of suitable habitat as the region used
to be characterized by extensive wetlands or due
to a recent extinction of populations as a result
of agricultural intensification. Yet, semi-natural
and natural habitats were sampled preferentially.
Should populations north of the central uplands
prove not to show signs of isolation, it could in-

dicate a buffering function of gardens and pub-
lic green spaces as V. chamaedrys can be fre-
quently found in parks and mature lawns.

S.17.2 Systematics and long-
distance dispersal of family
Urticaceae

‘ Zeng-Yuan Wu'

1 Germplasm Bank of Wild Species, Kunming Insti-
tute of Botany, Chinese Academy of Sciences, Kun-
ming, Yunnan, China

Urticaceae consists of approximately 54 genera
with more than 2000 species and is widely dis-
tributed in tropical regions but less common in
temperate regions, with by far the largest con-
centration of genera and species in tropical Asia.
This family has important economic and medic-
inal value, a full understanding of relationships
within this family would help to understand how
these ecological assemblages evolved, and also
to detect potential new sources of medicinal
compounds. However, the infra-familial classifi-
cation of Urticaceae has been controversial for
more than one century, and relationships within it
remain poorly known. In this talk, I introduce some
of my studies on the systematics of Urticaceae
in the last 10 years based on different molecu-
lar markers and research methods. In addition, |
present an in-depth study of the biogeography
of Urticaceae Integrated multiple lines of evi-
dence including phylogenetic, molecular-dating,
biogeographical, ecological, seed biology and
oceanographic data, we found that Urticaceae
originated in Eurasia ~69 Ma, followed by 292 LDD
events between landmasses. Under experimen-
tal conditions, it was demonstrated that seeds of
many Urticaceae floated for »220 days, and re-
mained viable after ten months in seawater, long
enough for most detected LDD events, according
to oceanographic current modeling. Ecological
trait analyses indicated that preferences for dis-
turbed habitats might facilitate LDD. Nearly half of
all LDD events involved dioecious taxa, so popu-
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lation establishment in dioecious Urticaceae re-
quires multiple seeds, or for occasional selfing to
be possible. This work clearly shows that seawa-
ter LDD played an important role in shaping the
geographic distributions of Urticaceae, provid-
ing empirical evidence for Darwin’s transoceanic
dispersal hypothesis.

$.17.3 Tropical Montane
Cloud Forest at risk: the
importance of unprotected
forest areas for tree genetic
diversity and connectvity

Yessica Rico!, Marisol Zurita Solis', M. Angel
Ledn-Tapia? Ara N. Miguel Penaloza!

1 Red de Diversidad Bioldgica del Occidente Mexi-
cano, Instituto de Ecologia A.C. Michoacdn, Mexico.
2 Departamento de Zoologia, Instituto de Biologia,
Universidad Nacional Autbnoma de México, Ciudad
de México, Mexico

Magnolias are representative tree species of the
Tropical Montane Cloud Forest (TMCF) in Mexico,
which is one of the most endangered ecosys-
tems due to anthropogenic habitat degradation
and climate change. Magnolia schiedeana is a
vulnerable and restricted endemic TMCF spe-
cies, occurring in forest fragments in the Sierra
Madre Oriental. We sampled remnant popula-
tions across the species range to investigate
spatial patterns of genetic diversity and gene
flow by genotyping polymorphic microsatellite
loci. Our data showed a strong spatial structure,
which matches the patchy geographic distribu-
tion of M. schiedeana. Contemporary migration
rates between these genetic clusters are very
low. Levels of genetic diversity were low in small
populations relative to large populations, and no
evidence of inbreeding was found. Landscape
genetic analysis revealed that geographic iso-
lation was the main factor shaping genetic dif-
ferentiation, not slope or environmental variation.
Urgent conservation actions are needed as most
of the cloud forests in which large and genetically
diverse M. schiedeana populations persist are not
under federal protection, and which currently ex-
perience selective logging. Restoring landscape
connectivity should be a priority to reduce risks of
inbreeding and genetic drift as populations be-
come smaller and geographically isolated.
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S.17.4 Genetic diversity

of grassland plants at
adaptive and neutral loci -
two actors on the stage of
landscape change

Iris Reinula', Sabrina Trager?3, Tsipe Aavik'

I Institute of Ecology and Earth Sciences, Universi-
ty of Tartu, Estonia. 2 Institute of Biology/Geobota-
ny and Botanical Garden, Martin-Luther-University
Halle-Wittenberg, Germany. 3 German Centre for
Integrative Biodiversity Research, Germany

Over the past century, changes in land use have
significantly reduced the extent of semi-natu-
ral grasslands, threatening the functional con-
nectivity, i.e, exchange of genes through pol-
len and seed dispersal, among populations of
plants characteristic of these valuable habitats.
Although growing evidence suggests that land-
scape features can influence gene flow among
isolated plant populations, the role of historical
land use legacies in shaping the relationship
between current landscape characteristics and
gene flow in perennial grassland plants remains
unclear. Notably, studies often focus solely on ge-
netic diversity at neutral loci (not under natural
selection), overlooking genetic diversity at adap-
tive loci (under natural selection) crucial for plant
adaptability to changing conditions. We studied
the impact of landscape characteristics on the
functional connectivity of 32 populations of the
grassland plant Primula veris in two historically
semi-natural grassland-dominated landscapes
in Western Estonia. Nowadays, one landscape re-
mains grassland-dominated, while forests and
agricultural fields prevail in the other. We exam-
ined genetic diversity at both neutraland adaptive
loci and structure of these populations. We also
assessed the role of landscape characteristics
on gene flow at neutral loci. The relative perme-
ability of different landscape elements for gene
exchange depended on landscape context, likely
reflecting opposite land use trajectories in these
landscapes. Furthermore, the outcome was also
affected by different gene flow indices, indicat-
ing their context-dependency. Notably, genetic
diversity at neutral and adaptive loci showed dif-
ferent results to landscape context. Conclusively,
applying connectivity measures based on find-
ings from a landscape setting reflecting only one
type of land use trajectory should be avoided. In-
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terpretation of gene flow measures for long-lived
plant species should also be approached with
caution due to potential delays in their response
to landscape changes. Lastly, the correlation be-
tween genetic diversity at neutral and adaptive
loci is not consistent, warning against using one
to estimate the other.

$.17.5 Applying genomics
and metabolomics to
elucidate evolution in the
homoploid complex of
Baccharis L. in Chile

Fabian Schneider!, Olga Zafra Delgado?
Tobias G. Kéllner?, Frank H. Hellwig'

1 Friedrich-Schiller-University, Jena, Germany. 2
Max Planck Institute for Chemical Ecology, Jena,
Germany

The genus Baccharis L. (Asteraceae-Astereae) in Chile
is supposed to form a homoploid complex containing
about 21 taxa and 33 described hybrids based on mor-
phological and ecological evidence. In this study, we in-
vestigated evolutionary processes within this complex
using genomic and metabolomic approaches with
Baccharis linearis (Ruiz et Povén) Pers, B. macraei Hook.
et Arn, B. vernalis FH. Hellwig and their putative hybrid
B. x intermedia DC. in Central Chile. The sampling cov-
ered selected populations ranging from La Serena in
the north to Concepcidn in the south. Next generation
sequencing (ddRad/lllumina) and untargeted metab-
olomics (LC-qTOF) was performed using silicagel-dried
material. The initial hypothesis on the hybrid nature of B.
intermedia was corroborated by genomic and chem-
ical evidence. Within the morphologically intermediate
hybrid, a combination of genetic markers from both
parents could be detected. The hybrid shows a signifi-
cantly higher heterozygosity than both parental taxa.
Moreover, metabolomics analyses revealed that B. in-
termedia has a mixed chemotype and combines the
chemistry of the parental species. Both parents exhibit a
north-south genetic differentiation that goes in parallel
with their chemistry. This pattern is also found in the hy-
brid pointing to its polytopic origin. There is evidence for
gene flow between the hybrid and the parental species,
albeit at a low level, allowing independent evolution of
the hybrid taxon. Time and history of the taxa involved
are discussed in the light of ecology vegetation history.
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$.17.6 Employing landscape
genetics to forecast
climate-driven habitat
changes for high-mountain
plant endemics in the
Canary Islands

Sonia Sarmiento Cabelld!, Priscila
Rodriguez Rodriguez!, Yessica Rico?,
Leticia Curbelo Munoz', Pedro A. Sosa
Henriquez'

I Instituto Universitario de Estudios Ambientales y
Recursos Naturales, Las Palmas de Gran Canar-
ia University, Las Palmas de Gran Canaria, Spain.
2 Instituto de Ecologia, A.C, Red de Diversidad Bi-
olégica del Occidente Mexicano, Centro Regional
del Bajio, Patzcuaro, Michoacén, Mexico.

Climate change poses a significant threat to en-
demic and native flora, particularly those inhabiting
upper vegetation zones. While the impact of climate
change on continental alpine ecosystems has been
extensively studied, little progress has been made in
understanding high mountain ocean ecosystems.
Using a combination of species distribution models
and landscape genetic methods, our study focus-
es on species inhabiting high mountain ecosystems
in the Canary Islands. In this context, we aim to 1)
characterize genetically different populations, 2)
estimate interpopulation gene flow and function-
al connectivity, 3) determine the current and fore-
casting future habitat suitability, and, finally, 4) as-
sess the impact of climate change on these plant
species. Like alpine regions, we expect that species
within the upper vegetation zones of the Canary Is-
lands are vulnerable to population declines due to
climate change, especially those with restricted dis-
tribution and short-distance dispersal, such as the
Teide violet. Ultimately, our research aims to develop
enhanced conservation strategies for the endemic
and native flora of the Canary Islands.
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S.18 INVENTORYING THE PLANT DIVERSITY OF
THE EURO-MEDITERRANEAN AREA: INTEGRATING
TAXONOMIC PROGRESS INTO DYNAMIC WEB
CHECKLISTS AND ELECTRONIC FLORAS

S.18.1How to classify
apomictic polyploid
complexes - challenges and
perspectives

‘ Elvira Horand!!

1 Department of Systematics, Biodiversity and
Evolution of Plants (with herbarium), University of
Goettingen

Apomixis, the reproduction via asexually formed
seeds, avoids cycles of meiosis and fertilization.
Apomictic lineages appear scattered in the phy-
logenies of plants, and often comprise widespread
and abundant taxa, which makes them highly rel-
evant for biodiversity research. Apomixis poses a
problem for species concepts and delimitation, be-
cause the popular biological species concept is per
definition not applicable. Alternative species con-
cepts, like the phylogenetic species concepts, clus-
ter species concepts, evolutionary and ecological
species concepts are theoretically applicable, but
pose in theory and practice still many problems. A
major conceptual problem is the predominant hy-
brid origin of many apomictic plants, which violates
assumptions of tree-like diversification patterns, but
also blur boundaries between clusters and lineages
in the other classical concepts. Genetic clustering
and vertical lineage formation remain weak with-
out the homogenizing effects of sexuality. Pluralistic
approaches for species delimitation are nowadays
preferred for taxonomic decisions, i.e, case-by-case
applications of concepts based on combinations
and multiple datasets. Apomictic lineages might be
included under one species name, as it often ap-
plied to autopolyploids. In allopolyploid complexes
the sexual progenitors can be normally classified
on species level, but the vast majority of ill-defined
asexual lineages could be lumped under a cluster
concept or named just as nothotaxa. The formal
designation of hybrids is possible according to the
Code if at least one parental taxon is known, which
applies to most young apomictic complexes. This

strategy would avoid swamping databases, flor-
as and checklists with hundreds of species names
for ill-defined taxa. Only few obligate long-term
apomictic lineages exist in plants, without knowl-
edge of progenitors. Such cases may deserve d
classification as species (agamospecies). Applica-
tion of genomic data and artificial intelligence tools
will improve the classification process and help to
delimit taxa as comparative units that can be han-
dled in databases, floras, and checklists.

$.18.2 Assessing local and
national floristic diversity
through the Portal to the
Flora of Italy

Lorenzo Peruzzi', Fabrizio Bartolucci?,
Gabriele Galasso?, Gianni Bedini!, Stefano
Martellos? Gianniantonio Domina®, Fabio
Conti?

1 University of Pisq, Italy. 2 University of Camerino, It-
aly. 3 Natural History Museum of Milano, Italy. 4 Uni-
versity of Trieste, Italy. 5 University of Palermo, Italy.

Approximately two decades ago, the Working Group
for Floristics, Systematics and Evolution of the Ital-
ian Botanical Society initiated a collaborative proj-
ect to develop a checklist of the Italian vascular flo-
ra. The first project output was a book, published in
2005, followed by a significant update in 2018. An-
other update is scheduled for release in early 2024.
The project triggered two crucial requirements: the
digital storage and publication of floristic records,
and the dissemination of the checklist through an
online information system. Consequently, the col-
laborative floristic project “Wikiplantbase” (http://
bot.biologia.unipiit/wpb/italia) was launched in
2013, and in 2018 the online “Portal to the flora of
ltaly”  (https://dryades.units.it/floritaly/index.php)
was introduced to the scientific community. These
two online tools operate in tandem, ensuring con-
tinuous updates and interoperability. They thus
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constitute a unified system, serving as a robust
and reliable reference for the nomenclature, tax-
onomy, and distribution of the Italian vascular flora.
Additional resources are slated to be incorporated
into the system. These include a database storing
protologues, type localities and other pertinent in-
formation about type designations for accepted
plant names described in Italy, and the “Chrobase.
it" database (http://bot.biologia.unipiit/chrobase/
index.php), focusing on chromosome numbers.
Furthermore, the “The Italian flora of human inter-
est” database (https://www.optima-bot.org/index.
php/en/projects/8-category-en-gb/217-the-ital-
ian-cwr-whp-database) will contribute to the ex-
panding repository. An ongoing effort involves es-
tablishing interoperability between this system and
external initiatives, such as the “World Flora Online”
(https://www.worldfloraonline.org/), “Plant of the
World Online” (https://powo.science kew.org/), and
the “Euro+Med Plantbase” (https://europlusmed.
org/). This integrated approach aims to create a
more comprehensive and interconnected resource
for sharing and accessing a wide spectrum of bo-
tanical data.

$.18.3 Designing a
comprehensive online and
print flora from scratch -
the Flora of Greece project

‘ Panayotis Dimopoulos'

I Laboratory of Botany, Department of Biology, Uni-
versity of Patras, Greece

By starting from scratch, the Flora of Greece proj-
ect represents a significant initiative aimed at
constructing a thorough and annotated catalogue
of the country’s rich plant diversity, with both on-
line and print components. Launched in 2010 and
concluding three years later, in 2013, the “Vascular
plants of Greece: An annotated checklist” (VPG)
is the first comprehensive inventory of the flora
of Greece more than a century after Eugen von
Haldcsy, finalized the most recent complete Flora
of the country in its political borders. Since 2017,
the project utilizes an advanced web tool (EDIT
Platform for Cybertaxonomy) to facilitate easy
access and navigation through extensive collec-
tion of taxonomic information. Users can access
the electronic version of the VPG through the Flora
of Greece website (https://portal.cybertaxonomy.
org/flora-greece). The web checklist evolves dy-

Oral presentations

namically, undergoing systematic and regular re-
visions to incorporate emerging scientific knowl-
edge. The Ist version of the “Flora of Greece web”
was published in May 2017 and the current, 5th
version, summarizes all published information to
the end of November 2023. This ambitious project
stands as a collaborative achievement, based on
the expertise of numerous scientists, aiming to the
construction of a comprehensive database, cur-
rently comprising 5960 species and 2015 subspe-
cies (6850 taxa). Looking ahead to 2024, the Flora
of Greece project is poised to release an updated
version. The project adheres to the nomenclatur-
al adaptation via the APG IV, ensuring consistency
with contemporary botanical standards. This new
iteration, to be published in both online and print
formats, will feature expanded content including
additional descriptions and distribution maps. This
ongoing commitment to floristic exploration and
documentation underscores the project’'s endur-
ing impact on the understanding and conserva-
tion of Greece's rich plant diversity.

$.18.4 Euro+Med PlantBase -
how to integrate taxonomic
knowledge and provide
plant diversity data at a
continental level

‘ Eckhard von Raab-Straube!

1 Freie Universitét Berlin, Botanic Garden and Bo-
tanical Museum, Berlin, Germany

Euro+Med PlantBase (E+M), a long-term project
founded in the year 2000, has developed into a well-
known standard resource for information on sys-
tematics, nomenclature and distribution of vascular
plants and bryophytes in Europe and the Mediter-
ranean region. At present, E+M contains more than
45,000 taxa, over 150,000 scientific names, nearly
150,000 common names in more than 40 languag-
es, and ca. 380,000 source-referenced distribution
records. The data are open access and can be re-
trieved through the Euro+Med Data Portal (https://
europlusmed.org/), online in its present form since
2020. E+M provides a permanently updated taxo-
nomic backbone and a dynamic checklist for na-
tive and alien plants in Europe, the Caucasus, the
circum-Mediterranean countries and the Macaron-
esian archipelagos. Distribution is given for areas
which correspond to all countries and most larger
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islands of the region. E+M is currently maintained
by an informal consortium of participating Europe-
an institutions, with the secretariat at the Botanic
Garden Berlin since 2004. The editorial team of E+M
continuously updates the systematic treatments
of the checklist and adds new or corrects existing
records. Initially based on Flora Europaea and inte-
grating information from all taxonomic and floristic
literature sources from the areq, E+M is the most
comprehensive resource on accumulated historical
and actual floristic data at country level of the Eu-
ro-Mediterranean region. It keeps track of the new-
est publications in plant systematics and evolution,
nomenclature and floristics, thus ensuring that the
database is up to date in every respect. At present,
approximately 200 taxa a year are added which are
described as new to science from the E+M area. E+M
also contributes taxonomic and distribution data to
the World Flora Online (WFO) and links to other ma-
jor online resources, thereby serving as a gateway to
European and Mediterranean flora portals.
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Symposia Session 2

S.19 BIOGEOGRAPHY AND DIVERSIFICATION
OF INTERCONTINENTAL TROPICAL PLANT

DIVERSITY. SESSION 2

$.19.1Origin and
biogeographical history of
the Piper (Piperaceae)

Dominik Metschina', Rosabelle Samuel’,
Luiz Augusto Caus dos Santos', Maarten
Christenhusz? James W. Byng? Deepthi
Yakandawala®, Tara de Silva®, Anushka
Wickramasuriya®, Mark W. Chase'?4

1 Department of Botany and Biodiversity Research,
University of Vienna, Vienna, Austria. 2 Department
of Environment and Agriculture, Curtin University,
Perth, Western Australia, Australia. 3 Hortus Botan-
icus, Technical University Delft, The Netherlands. 4
Royal Botanic Gardens, Kew, Richmond, Surrey, UK.
5 Faculty of Science, University of Peradeniya, Sri
Lanka. 6 Department of Plant Sciences, University of
Colombo, Sri Lanka

Target enrichment for Piperaceae, including all five
genera, produced a well-supported maximum like-
lihood tree in which there was a good support for
(Verhuellia ((Manekia + Zippelia) + (Piper + Peper-
omia))). Originating in South America in the Late
Cretaceous, Piper then dispersed during the middle
Eocene climatic optimum (ca. 40 Mya, when tropical
species reached higher latitudes) to southern Africa
and the Pacific islands first, followed by New Guinea,
Southeast Asia and the Philippines. During the Oli-
gocene the genus radiated in Southeast Asia and
reached East Asia, Indig, Sri Lanka and Australia and
re-colonised Africa. The New Caledonian and Van-
uatuan species are sister to the New Guinean and
Philippine taxa rather than the Pacific species. Once
Piper left South America it exhibited a great number
of intercontinental dispersals throughout its subse-
quent evolutionary history.

$.19.2 Biogeography of
Indian Persea group
(Lauraceae) - filling
the gaps in the global
phylogeny

Nabasmita Malakar'?, Gudasalamani

Ravikanth!, K. Praveen Karanth3, Ganesan
Rengaian'

1 Ashoka Trust for Research in Ecology and the En-
vironment, Bangalore, India. 2 Manipal Academy of
Higher Education, Manipal, Karnataka, India. 3 Cen-
tre for Ecological Sciences, Indian Institute of Sci-

ence, Bangalore, India

We investigated the phylogeny and biogeography
of the basal angiosperm group Persea (Lauraceae)
that comprises eight accepted genera ie, 1) Alse-
odaphne 2) Alseodaphnopsis 3) Apollonias 4) De-
haasia 5) Machilus 6) Nothaphoebe 7) Persea and
8) Phoebe. In India, Persea group is distributed in
low-elevation evergreen forests to broad leaved
temperate forests of Himalayas and mid-elevation
evergreen forests of Western Ghats, south India. We
aim to understand the biogeographic origins of the
Persea group and to decipher the times and modes
of evolution in the Indian subcontinent compared to
the Asian region. Two nuclear and one chloroplast
gene marker are sequenced for ca. 100 samples col-
lected across Northeast region and Western Ghats
of India. We mapped the sequences of Indian Per-
sea group in global dataset. Phylogenetic relation-
ships were reconstructed using maximum likelihood
and Bayesian inference methods. Divergence time
estimated using BEAST 2.4.8. and Ancestral geo-
graphical ranges performed using BIOGEOBEARS.
The Persea group has diverged around ~55.3 Mya
(95% highest posterior density (HPD): 41.4 — 69.9 Mya)
in China. We expect the probable divergence time
of Persea group in India is early-mid Eocene. Also,
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molecular study shows the Apollonias arnottii, sin-
gle known species of the genus globally, has to be
shifted to the genus Phoebe. Phylogenetic tree we
developed also supports the Persea group is not
monophyletic. The Persea group requires in-depth
taxonomic study of flower and fruit collections to re-
solve all the clades of different genera globally. This
is the first attempt to understand the phylogenetic
relationship and historical biogeography Indian Per-
sea group in the global phylogeny.

$.19.3 Time calibrated
phylogeny of Cunoniaceae
reveals the biogeographical
history of the Andean genus
Weinmannia

Francisco Fajardo-Gutiérrez'*8 Christine
Edwards?, J. Sebastian Tello?, Alfredo
Fuentes®* Nora H. Oleas®, Ricardo A.
Segovia® Mariasole Calbi’, Markus
Dillenberger'®, James E. Richardson?®
Yohan Pillon'®, Thomas Borsch'®

1 Botanischer Garten und Botanisches Museum
Berlin-Dahlem. Berlin, Germany. 2 Jardin Botdnico
de Bogotda José Celestino Mutis, Bogotd, Colom-
bia. 3 Missouri Botanical Garden, St. Louis, USA. 4
Universidad Mayor de San Andrés, La Paz, Bolivia.
5 Universidad Tecnolégica Indoamérica, Ambato,
Ecuador. 6 Universidad de Concepcion, Concep-
cién, Chile. 7 University of Genoa, Genoag, Italy. 8
Freie Universitdt Berlin, Berlin, Germany. 9 University
College Cork, Cork, Ireland. 10 Université Montpellier,
Montpellier, France

Cunoniaceae, mostly distributed in the Southern
hemisphere, comprises 27 genera and c. 335 spe-
cies. The highest diversity can be found in New
Caledonia and South America. Also, diversity is con-
centrated in the genus Weinmannia (c. 80 species),
which is dominant in cloud and montane forests
along the Andes. Other ten to fifteen Weinmannia
species are scattered throughout the Americas in
the Atlantic Forest (South Brazil), the Guyana shield,
Central America, Mexico, and the Caribbean islands.
Our main objective is to reveal the phylogeograph-
ic history and diversification patterns of the group.
We used a relaxed molecular clock, based on DNA
sequences of three plastid markers trnk-matk,
trnL-trnfF, and rps3-rpll6, and twelve fossil calibro-
tions, with an extended sampling across the Rosid
lineages. We found the Cunonieae tribe (Cunonia,
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Pancheria, Pterophylla and Weinmannia) diverging
during the late Eocene (~39.6 Ma), and the estimat-
ed age of Weinmannia (~34 Ma), correspond with
the age of the Eocene-Oligocene Transition (33.9
Ma). This transition was characterized by the first
formation of the Antarctic ice sheet and the isolation
of the Gondwanan groups caused by the opening
of the Drake Passage between South America and
Antarctica, and the Tasman Seaway between Aus-
tralia and Antarctica. Such continental rearrange-
ment explains the current distribution of the taxa
in the tribe. The most basal species of Weinmannia
are in the Mascarenes Islands and Chile, while the
central and northern Andean species show a recent
evolutionary radiation estimated to have occurred
~5.5 Ma, which is consistent with the two major puls-
es of Andean uplift during the Miocene and Pliocene
at ¢12-6 Ma and ca. 45 Mya. Our results support
the idea that continental drift and orogeny played
a crucial role in determining the distribution and di-
versification of Weinmannia.

$.19.4 Unlocking
Parablechnum from the
field to the lab: a Hyb-
Seq approach to unravel
the global disjunction of a
young fern genus

Sonia Molino™?, Guillermo Santos Rivilld!,
Mario Mairal, Weston Testo?, Peter
Delange? Rosenber Hurtado® James
Rodger®, Rafael Medina Bujalance!

1 Universidad Complutense de Madrid. Madrid.
Spain. 2 Universidad Europea de Madrid, Madrid,
Spain. 3 Pringle Herbarium, University of Vermont,
Burlington, USA. 4 Unitec Institute of Technology,
Auckland, New Zealand. 5 Herbario Nacional de Bo-
livia, La Paz, Bolivia. 6 Stellenbosch University, Stel-
lenbosch, South Africa

Parablechnum is the most speciose genus of the
fern family Blechnaceae, particularly represented in
vulnerable habitats such as tropical montane cloud
forests. Its 68 species exhibit a Gondwanan distribu-
tion, predominantly spread across two major cen-
ters of diversity —one in the Neotropics and the oth-
er in Australasia—; additionally, there are only three
African species found in Southern Africa, Madagas-
car, and the Mascarene archipelago. Reconstruct-
ing the evolutionary history of these ferns has been
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hampered by their singular circumstances. Recent
studies show that the genus is undergoing a rapid
diversification that obscures its backbone phyloge-
ny and hence the explanation of its current disjunct
distribution. The taxonomy of the genus is still poorly
understood as several species groups need further
attention to be adequately circumscribed. Addition-
ally, phenomena such as hybridization and cryp-
tic speciation seem frequent in the genus, making
it difficult to complete the phylogenetic approach.
Combining the specimens from two recent field
campaigns with herbarium material, we are at-
tempting to improve the quality and quantity of mo-
lecular data. Our approach aims to reach a more
detailed phylogenetic resolution via Hyb-Seq using
the GoFlag probe set. Our preliminary results show
a complex evolutionary history of a dynamic group
shaped by long-distance dispersal events and on-
going diversifications. Guided by these results we
are undertaking a comprehensive taxonomic re-
evaluation of the whole genus with the perspective
of completing a global monograph.

$.19.5 Exploring
evolutionary transitions
across biomes in Zornia
J.F.Gmel. (Leguminosae:
Papilionoideae)

Lais C. Zeferino'??, Flavia F. Pezzini? Kyle

G. Dexter3, Gwilym P. Lewis? Ana Paula
Fortuna Pérez!

1 Universidade Estadual Paulista “Julio de Mesqui-
ta Filho”, Séo Paulo, Brazil. 2 Royal Botanic Garden
Edinburgh, Edinburgh, UK. 3 University of Edinburgh,
Edinburgh, UK. 4 Royal Botanic Gardens, Kew, UK.

The genus Zornia JF.Gmel is the second most spe-
ciose representative of the Adesmia clade (Legumi-
nosae: Papilionoideae), with ca. 80 species. Zornia is
the only genus within the clade with a global dis-
tribution, mainly occurring in tropical and subtrop-
ical regions of the world. A previous phylogeny for
Zornia reveadled that most species diverged in Brazil
ca. 8-10 mya, and suggested a single transoceanic
dispersal event from the Americas to the Old World
ca. 5 mya. Here, we augment the previous phylog-
eny with new sampling from Central America, Asia,
Africa and Oceania. We aimed to investigate evolu-
tionary patterns of distribution in Zornia and answer
biogeographic questions related to ancestral range
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estimation and evolutionary transitions between
biomes. Our results suggest that Zorniaoriginated
in the dry forest in Northeast Brazil. From there, the
evolutionary path of the genus continued to the sa-
vannas of the Americas, where 40% of the present
species occur. Lineages then adapted to the high
elevation grassland in South America and Central
America. The genus dispersed to the hight eleva-
tion grassland in Africa and then to the savannas
in India and Australia. Our study shows the trans-
oceanic dispersal occurred in Zornia, as previously it
was not clear if this dispersal occurred from Ameri-
ca to Africa or Australia first. We also clarify how the
evolutionary transitions between biomes occurred
in the genus, which is important to understand the
dynamics of adaptation particularly to dry environ-
ments where Zornia mostly occurs.

$.19.6 Historical
biogeography and niche
evolution of Lecythidaceae
in the American tropics

Diana Medellin-Zabala', Oscar M. Vargas?,
Deise Pereira Gongalves', Raquel C.
Pizzardo', Andre Chanderbali®, Douglas
Soltis?, Pam Soltis®, Stephen Smith' &
Christopher Dick!

1 Department of Ecology and Evolutionary Biology,
University of Michigan, Ann Arbor, USA. 2 Depart-
ment of Biological Sciences, University of California,
Santa Cruz, USA. 3 Florida Museum of Natural Histo-
ry, University of Florida, Gainesville, USA

Lecythidaceae (Ericales) is a pantropical family
of woody plants of ca. 278 tree species with three
subfamilies: Foetidioideae (Madagascar), Plan-
chonioideae (Asia and Africa), and Lecythidoide-
ae (ca. 232 species) restricted to the Neotropics.
This family is within the 20 most-species rich
families of trees in the lowland Amazon forests,
providing important ecological services such as
carbon sequestration and food resources for pol-
linators and seed dispersers. The global center of
species richness and ecological importance is in
the Amazon basin and Guiana Shield, where most
Lecythidaceae research has been focused. How-
ever, there are genera occurring in the Andean
and Choco Biogeographic regions where several
knowledge gaps lie. Despite multiple studies hav-
ing been performed for Lecythidaceae, there are
still incongruences among hypotheses about the
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evolution of this family. To infer the geograph-
ic history of Lecythidaceae in the Neotropics,
and identify areas of importance for its diver-
sification, we performed a Maximum Likelihood
analysis in IQ-TREE, based on nuclear markers
targeted by the Angio353 probes in 94 species,
and an ancestral range reconstruction, using a
dispersal-extinction-cladogenesis model (DEC)
in BioGeoBEARS. According to our results, there is
a high uncertainty about the ancestral area for
the Neotropical clade. However, the Southeastern
Amazonia was reconstructed as the most prob-
able ancestral area for the zygomorphic-flow-
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ering clade, originated in the Paleogene (~34
Mya), while Central America and the Choco were
recovered as the most plausible ancestral area
for the actinomorphic-flowering clade (originat-
ed ~37 Mya). Since most of the species included
in this reconstruction occur in the Amazon basin
and given the complexity of wetland habitats and
their association with the Andean uplift that most
likely had an important role in the evolution of
Amazonian Lecythidaceae, increasing sampling
from the InterAndean Valleys and Chocé will al-
low us to better understand the niche evolution
and diversification history of this family.

$5.20 CONTRASTING DIVERSITY PATTERNS,
BIOGEOGRAPHY, AND CONSERVATION ISSUES
IN NORTHERN AND SOUTHERN HEATHERS

(ERICEAE, ERICACEAE)

$.20.1 Heath species

help reconstruct the
biogeographic role of the
Strait of Gibraltar

Antonia Salces-Castellano'? Pablo
Vargas?®, Fernando Ojeda*

1 Department of Biology, Ecology and Evolution,
Université de Liége, Belgium. 2 Unit of Evolution-
ary Biology & Ecology. Université Libre de Brux-
elles, Belgium. 3 Departamento de Biodiversidad
y Conservacién, RJB-CSIC, Madrid, Spain. 4 De-
partamento de Biologia-IVAGRO, Universidad de
Cdadiz, Cadiz, Spain

The Strait of Gibraltar is characterised by the di-
versity and uniqueness of its terrestrial flora. The
floristic similarity between both sides of the Strait,
together with the existence of some discontinu-
ities, illustrates its biogeographical importance as
a dispersal bridge/barrier. On the other hand, the
Strait of Gibraltar has acted as a biogeographi-
cal refuge for flora from the Pleistocene glacia-
tions. Many plant species found on both sides of
the Strait are associated with sandy, very acidic
and infertile soils. These include the heather Cal-
luna vulgaris and Erica australis, characteristic
species of the Mediterranean heathland or herri-
za. The Strait was an important glacial refuge for

these species, followed by a post-glacial expan-
sion along the western lberian Peninsula. Howev-
er, the Guadalquivir valley, dominated by clayey,
non-acidic, fertile soils, would represent an edaph-
ic barrier to the northward expansion of these ac-
idophilic species. How did they overcome it? The
phylogeographic analyses of these two heathland
species were reviewed, and the geological and
geomorphological literature of the Strait of Gibral-
tar region was examined. For both species, a cer-
tain genetic discontinuity is observed between the
European area of the Strait and those of the rest of
the Iberian Peninsula. In contrast, there is a striking
genetic link between the W Iberian Peninsula and
the African part of the Strait. Assuming a sea-level
drop of about 140 m, the topography of the Strait
of Gibraltar and the continental shelf of the Gulf of
Cadiz, as well as the tectonic nature of their sub-
strates, we suggest the existence of a glacial cor-
ridor between the African side of the Strait and the
Portuguese Algarve. Confirmation of this Tingita-
no-Algarvian corridor using NGS approaches will
help to clarify the role of the Strait of Gibraltar as
a bridge or dispersal barrier in the geographical
distribution of plants.
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$.20.2 Phylogenetics,
biogeography and
phenotypic variation of four
species of heathers (Erica L.,
Ericaceae) with contrasting
distributions

Jaime Fagundez'? Ivan Rodriguez-Bujan?,
Pilar Diaz-Tapia"?

1 Universidade da Corufia, BIOCOST research
group, Centro Interdisciplinar de Quimica e Bioloxia
(CICA), A Corunia, Spain. 2 Universidade da Coruria,
Departamento de Bioloxia, Facultade de Ciencias,
A Coruna, Spain. 3 Universidade de Santiago de
Compostela, Departamento de Botdnica, Santiago
de Compostela, Spain

Erica tetralix, E. ciliaris, E. mackayana and E. ande-
valensis form a robust clade within the heathers
(Erica L) of the northern hemisphere. They share
a number of traits such as their low size, the pluri-
cellular glandular trichomes, and their ecological
niche of permanently wet conditions. However, they
cover different geographic areas, ranging from the
widespread North Atlantic E. tetralix, to the narrow-
ly endemic E. andevalensis of South western Iberia.
Moreover, hybridisation occurs in northern areas
between E. tetralix and E. ciliaris or E. mackayana,
but not in overlapping southern populations. Here
we present a dataset of over 400 plants obtained
from the distribution range of the four species. Most
samples have been analysed by means of genetic
analyses using SNPs (nextRAD sequencing). Further-
more, we conducted measurements on an array
of morphological traits, encompassing macro and
micromorphological traits, including reproductive
and vegetative characters. In this talk, we present
the first results on the biogeography, phylogenet-
ic relationships and morphological variation at the
species, population and individual level including i)
The biogeography of E. mackayana, which shows a
clear pattern of recent multiple introduction events
for the Irish populations from northern Spain, i) both
genetics and morphology support the species tax-
onomic level of E. andevalensis, and iii) the hybrids
of E. tetralix and E. mackayana or E. ciliaris are inter-
mediate in their morphology and genotype, and are
produced only in certain regions. Results from this
model group can aid in the interpretation of evo-
lutionary and biogeographic patterns such as the
northern recolonization by plants from southern ref-
uges after the ice age.

$.20.3 Phylogenetic
diversity and conservation
prioritisation of Erica
(Ericaceae)

Michael D. Pirie"4, Dirk U. Bellstedt?,
Roderick W. Bouman3, Jaime FagUndez*®
Berit Gehrke', Martha Kandziora®, Nicholas
C. Le Maitre’, Seth Musker®, Ethan
Newman?®, Nicolai M. NUrk'®, E.G.H. Oliver",
Sebastian Pipins'?® Timotheus van der
Niet®, Félix Forest?

1 University Museum, University of Bergen, Postboks,
Bergen, Norway. 2 Department of Biochemistry,
University of Stellenbosch, Private Bag X1, Matieland,
South Africa. 3 Hortus botanicus Leiden, Leiden Uni-
versity, RA, Leiden, the Netherlands; Naturalis Bio-
diversity Center, RA, Leiden, the Netherlands. 4 Uni-
versidade da Corufa, BIOCOST research group,
Centro Interdisciplinar de Quimica e Bioloxia
(CICA), A Coruria, Spain. 5 Universidade da Coruria,
Departamento de Bioloxia, Facultade de Ciencias,
A Corunfa, Spain. 6 Department of Botany, Faculty
of Science, Charles University, Prague, Czech Re-
public. 7 Department of Genetics, University of Stel-
lenbosch, Private Bag X1, Matieland, South Africa.
8 Department of Biological Sciences, University of
Cape Town, Private Bag, Rondebosch, South Africa.
9 School of Life Sciences, University of KwaZulu-Na-
tal, Scottsville, Pietermaritzburg, South Africa. 10
Department of Plant Systematics, Bayreuth Centre
of Ecology and Environmental Research, University
of Bayreuth, Bayreuth, Germany. 11 Department of
Botany and Zoology, University of Stellenbosch, Pri-
vate Bag X1, Matieland, South Africa. 12 Royal Botan-
ic Gardens, Kew, Richmond, UK. 13 Department of
Life Sciences, Imperial College, London, UK; On the

Edge, London, UK

Estimates of the numbers of vascular plant species
currently under threat of extinction are shockingly
high, with the highest extinction rates reported for
narrow-range, woody plants, especially in Mediter-
ranean climate and tropical biodiversity hotspots.
The genus Erica is a prime example: of the around
850 species, all shrubs or small trees, a large pro-
portion are narrowly endemic to localities within
the Cape Floristic Region of South Africa. Just under
200 are known to be threatened and a further 100
are ‘Data Deficient’. We need to target conservation
work as well as research to fill the most problematic
knowledge gaps. This can be especially challeng-
ing in large genera such as Erica with numerous
threatened species that are more or less closely
related. One approach involves combining knowl-
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edge of phylogenetic diversity with that of IUCN
threat status to identify the most evolutionarily dis-
tinct and globally endangered (EDGE) species. We
present an expanded and improved phylogenetic
hypothesis for Erica (representing 67% of described
species diversity) and combine this with available
threat and distribution data of species to assess
which species and geographic areas should be
targeted for conservation effort to maximise pres-
ervation of phylogenetic diversity. This analysis de-
livers priority lists of phylogenetically diverse taxa -
threatened, or data deficient - and of areas. Priority
lists can be cross-referenced to existing living and
seed banked ex situ collections and used to target
new and updated threat assessments and conser-
vation action.

$.20.4 Pollinator shifts and
budding speciation in the
Cape Floristic Region’s
heathers

Seth D. Musker', Nicolai M. NUrk?, G.
Anthony Verboom!', Michael D. Pirie?

1 Department of Biological Sciences, University of
Cape Town, Cape Town, South Africa. 2 Depart-
ment of Plant Systematics, University of Bayreuth,
Bayreuth, Germany. 3 University Museum of Bergen,
Bergen, Norway

Of the roughly 900 species of Erica worldwide, 690
(75%) occur in the Cape Floristic Region. This taxo-
nomic diversity is accompanied by an impressive
array of floral phenotypes corresponding to differ-
ent modes of pollination, including wind, bird, bee,
fly, and even rodent pollination. We focused on a
clade with evidence of multiple shifts between bee
and sunbird pollination syndromes and used ge-
nome-wide data to improve on previous estimates
of the clade’s phylogeny. This provided a much
clearer picture of the group’s evolutionary histo-
ry; however, the picture is still by no means clear.
What we can say is that the group’s diversification
happened very rapidly and is certainly still ongo-
ing. Intriguingly, budding speciation — which is when
one species gives rise to a new species without it-
self changing at all — appears to be a common oc-
currence and is often accompanied by a shift from
bird to bee pollination. The prevalent paradigm of
speciation by bifurcation might therefore be a poor
model of what really happened during the group’s
spectacular diversification.

Oral presentations

$.20.5 Systematics and
evolution of the true
blueberries (Vaccinium
sect. Cyanococcus,
Ericaceae)

Peter W. Fritsch!, Andrew A. Crowl? Bruce
A. Sorrie®, and Paul S. Manos#

1 Botanical Research Institute of Texas, Fort Worth Bo-
tanic Garden, Fort Worth, Texas, USA. 2 Florida Muse-
um of Natural History, University of Florida, Gainesville,
Florida, USA. 3 Coker Herbarium, North Carolina Bo-
tanical Garden, University of North Carolina, Chap-
el Hill, North Carolina, USA. 4 Department of Biology,
Duke University, Durham, North Carolina, USA

The true blueberries (Vaccinium sect. Cyanococ-
cus) constitute a clade of about nine to 24 species
in temperate North America. This group served as
a model system during the Modern Synthesis for
examining the origins, prevalence, and diversifica-
tion of polyploidy in nature, and remains intensively
studied because of its economic importance as a
food crop. Nonetheless, its taxonomy and evolution-
ary history is still uncertain, particularly regarding
the relative importance of allo- versus autopolyploi-
dy in the evolution of the group, the extent to which
levels of ploidy concord with species boundaries,
and the utility of the morphological characters tra-
ditionally used for delimiting taxa. To address these
knowledge gaps, we have collected over 750 sili-
ca-gel-dried leaf samples from natural populations
with herbarium vouchers and photographs, nearly
500 of which have been analyzed with flow cytom-
etry to estimate ploidy. A robust diploid phylogenet-
ic estimate has been generated for 36 samples of
known ploidy with a target-enrichment phyloge-
nomic approach. To this diploid framework we have
added polyploids in several ways to test their evo-
lutionary origins. We found a strong correlation of
leaf and stem stomata size and density with ploidy
across the clade. With the knowledge gained from
these studies, we have examined thousands of her-
barium specimens from key U.S. herbaria to begin
the process of a comprehensive taxonomic revision
that will uniquely include expansive species descrip-
tions, specimens cited, and distribution maps. Prog-
ress indicates that the revision will vary substan-
tially from prior work, e.g, it includes the taxonomic
resolution of two polyploid species to which names
have been extensively misapplied, the resurrection
of a localized polyploid endemic currently buried in
synonymy, and the discovery of two diploids with
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unique morphology and localized geographic distri-
bution that may represent undescribed species. We
also discovered a morphological means to discern
“rabbit-eye” blueberry cultivars that have escaped
from cultivation.

$.20.6 Hybridisation and the
debated species boundries
in Rhododendron subgenus
Pentanthera

‘ Gulzar Khan', Raulf Baur'!, Dirk C. Albach!

‘ 1 Carl von Ossietzky Universitat Oldenburg
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Rhododendron (Ericaceae) is one of the largest gen-
era of woody plants with 1156 species. The genus has
been divided into five subgenera, of which R. subg.
Pentanthera G. Don comprises a group of highly or-
namental species, with interesting distribution, in-
digenous to North America, Japan, Ching, and the
Caucasus regions. The species (17 species) assigned
to R. section Pentanthera are commonly known as
Azaleas. The section has highly debated taxonomy
and unresolved phylogeny. We here used the GBS
techniques to assess the species boundaries using
the population and phylogenomic approaches. Our
initial results suggest that there is frequent admixture
among different species of R. section Penanthera.
The initial phylogenomic results also support reticu-
lation in the tree backbone of the section.

S.21 NEW FRONTIERS IN PLANT
PHYLOGENOMICS. SESSION 2

S.21.1 Darwin Tree of Life,
towards reference genomes
of an entire flora

‘ Michelle L. Hart!, Laura L. Forrest!

‘ 1 Royal Botanic Garden Edinburgh, Scotland, UK

The Darwin Tree of Life project has the ambitious
goal of producing reference quality genomes of alll
eukaryotic species in Britian and Ireland. Within this
broader goal, the botanical aim is to collect 1900
species of land plant from Britain and Ireland and
produce reference genomes from over half of these
species by the end of 2024. In building such a large
scale reference genome resource, considerable at-
tention has been given to standard operating pro-
cedures and protocols. This involves work undertak-
en by Genome Acquisition Laboratories (GALs) at
the Royal Botanic Garden Edinburgh and the Royal
Botanic Gardens Kew and includes developing tar-
get species lists, defining and adhering to compre-
hensive meta-data standards, collection of plants
directly snap frozen on dry-ice or liquid nitrogen in
the field, and then using DNA barcoding to check
species identify, and undertaking genome size es-
timates with flow-cytometry to guide sequencing
efforts. High quality plant tissues are then submitted
to the Wellcome Sanger institute for DNA extractions
and genome sequencing using a combination of

PacBio Hifi sequencing for the main assembly and
scaffolding with HIiC. In this presentation we give an
overview of botanical progress on the Darwin Tree
of Life project, summarising achievements (includ-
ing the successful sequencing of the 90 gb mistle-
toe genome) and also the challenges including the
multitude of difficulties that arise when from work-
ing with diverse tissues sources and often very small
amounts of starting material.

$.21.2 Towards a better
understanding of the
genomics of tropical
forests: a case study from
Singapore
Matti A. Niissalo', Sitaram Rajaraman??,
Jun Ying Lim24, Le Min Choo!, Jia Jun
Ngiam? Kang Min Ngo®, Shawn K. Y. Lum?,
Victor A. Albert?®, Charlotte Lindqvist?,

David J. Middleton'?, Gillian S. Khew'?,
Jarkko Salojérvi??

1 Singapore Botanic Gardens, National Parks
Board, Singapore. 2 School of Biological Sciences,
Nanyang Technological University, Singapore. 3 Or-
ganismal and Evolutionary Biology Research Pro-
gramme, Faculty of Biological and Environmental
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Sciences, University of Helsinki, Helsinki, Finland. 4
Department of Biological Sciences, National Uni-
versity of Singapore, Singapore. 5 Asian School of
the Environment, Nanyang Technological Universi-
ty, Singapore. 6 Department of Biological Sciences,
University at Buffalo, New York, USA

$.21.3 What can we do with
a continental phylogenetic
tree?

Darren M. Crayn!, Lalita Simpson,
Theodore R. Allnutt? William J. Baker3, Matt
Barrett!, Gillian Brown?*, Félix Forest? Chris
Jackson? Lizzy Joyce®, Paul J. Kersey?,
Mabel Lumé, Olivier Maurin3, Todd G. B.
McLay?, Daniel J. Murphy?, Katharina
Nargar', Hervé Sauquets, Alexander
Schmidt-Lebuhn?®, Kelly A. Shepherd?,
Andrew Thornhill", Michelle Waycott™?

1 Australian Tropical Herbarium, James Cook Uni-
versity, Smithfield, Australia. 2 Royal Botanic Gar-
dens Victoria, Melbourne, Australia. 3 Royal Botanic
Gardens, Kew, Richmond, UK. 4 Queensland Herbar-
ium, Toowong, Australia. 5 Ludwig Maximilians Uni-
versity of Munich, Munich, Germany. 6 Bioplatforms
Australia, Sydney, Australia. 7 National Biodiversity
DNA Library, CSIRO, Parkville, Australia. 8 Botanic
Gardens of Sydney, Mt Annan, Australia. 9 Centre
for Australian National Biodiversity Research, Can-
berra, Australia. 10 Western Australian Herbarium,
Perth, Australia. 11 University of New England, Armi-
dale, Australia. 12 State Herbarium of South Austra-
lia, Adelaide, Australia

Australia, the world’'s smallest continent has a glob-
ally significant flora comprising over 2,100 genera
and 21,000 native species of flowering plants, of
which over 90% are endemic. The Genomics for Aus-
tralian Plants (GAP) Initiative, catalysed by Bioplat-
forms Australia in partnership with researchers from
the Australian State and National Herbaria and Bo-
tanic Gardens, aims to develop genomics resources
to enhance our understanding of the evolution of
this unique flora and support its conservation. GAP
Phylogenomics, one of three GAP activity streams,
has the long-term goal of resolving the Australian
Angiosperm Tree of Life (AATol) to species level.
To date, this inclusive project has brought togeth-
er over 70 Australian researchers and herbarium
staff and partnered with the global Plant and Fun-
gal Trees of Life project (PAFTOL) to complete AAToL
Stage 1 - reconstructing a phylogenetic tree includ-
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ing at least one species exemplar of nearly 95% of
Australian native angiosperm genera sequenced
for a common set of hundreds of nuclear markers
(using the Angiosperms353 target capture baits).
However, because sampling is strongly biased due
to being geographically constrained, the range of
applications of this continental tree in evolutionary
biology is limited

Approximately half of Singapore’s native plant diver-
sity resides in a small, 1.64 km? patch of rainforest in
Bukit Timah Nature Reserve (BTNR). Between 2019 to
2022, we collected and vouchered a total of 882 an-
giosperm species from BTNR. lllumina shotgun short-
read sequencing was carried out for each species
to obtain a minimum of 30Gb of data, followed by
genome assembly and gene prediction. For the first
stage of the project, we focused our analysis on 499
good quality genomes. A set of 1,000 conserved sin-
gle-copy genes were used to generate a high-reso-
lution phylogeny of the BTNR species, illustrating that
when compared with APG IV, there were differences
in the position of Santalales and the relationships
within the families in Malpighiales and some orders
in the malvids and fabids. Gene predictions allowed
us also to study ancestral whole genome duplica-
tion events, to look for evidence of introgression and
to chart the proteomic diversity present in BTNR.

S.21.4 Angiosperm evolution
and biogeography across
the floristically diverse
Canary Islands archipelago

Ryan F.A. Brewer'?*, Luis Valente'?, Rampal
S. Etienne? Ornela Dehayem Nanwou?,
Laura van Hoek!, Marcelino José del Arco
Aguilar?, Yurena Arjona?, Juli Caujapé-
Castells’, José Maria Ferndndez-
Palacios?, Ruth Jaén-Molina®8, Louis S.
Jay-Garcia4, Aguedo Marrero®, Sara
Martin-Hernanz’8, Cristina Gonzdalez-
Montelongo3®®, Jairo Patifno? Stephan
Scholz'%, Pablo Vargas", Frederic Lens'?

I Naturalis Biodiversity Center, CR Leiden, The Neth-
erlands. 2 University of Groningen, Groningen, The
Netherlands. 3 Universidad de La Laguna. La La-
guna, Tenerife, Islas Canarias, Spain. 4 Instituto
de Productos Naturales y Agrobiologia (CSIC), La
Laguna, Tenerife, Spain. 5 Jardin Botdnico Canario
‘Viera y Clavijo’-Unidad Asociada CSIC, Las Palmas




XX International
Botanical
Congress
Madrid Spain

Ve
o 05

de Gran Canaria, Gran Canaria, Spain. 6 DNA Bank
of the Canarian Flora, Jardin Botanico Canario ‘Vi-
era y Clavijo'-Unidad Asociada CSIC, Las Palmas,
Gran Canaria, Spain. 7 Universidad de Sevilla, Sevil-
la, Spain. 8 Royal Botanical Gardens, Kew, London,
UK. 9 TFC Herbarium. Universidad de La Laguna. San
Cristobal de La Laguna, Tenerife, Canary Islands,
Spain. 10 Jardin Botanico Oasis Wildlife Fuerteven-
tura, La Lajita, Fuerteventura. 11 Real Jardin Botanico
(Ccsic), Madrid, Spain. 12 Leiden University, Leiden
BE, The Netherlands. *Corresponding author. ryan.
brewer@naturalis.nl

A fundamental characteristic of biodiversity is its un-
even distribution across the Tree of Life. A prominent
example of this is the flora of the Canary Islands,
which comprises many spectacular species-rich ra-
diations and dozens of depauperate, single-species
lineages. Addressing why some lineages have diver-
sified, whilst others have not, requires phylogenom-
ic datasets, which can provide unparalleled insight
into the dynamics governing diversity unevenness.
For example, time-calibrated phylogenetic trees
can be used to estimate dynamic biogeographic
processes (such as rates of speciation, extinction,
and colonisation), allowing us to infer the drivers of
radiations and depauperate lineages alike. Howev-
er, a community-wide phylogenetic dataset for the
Canarian flora that would allow for such analyses is
lacking. Here, we present a time-calibrated molec-
ular phylogeny including over 800 species of native
Canary Islands flowering plants (~60 % of the native
flora), constructed using hybrid capture-based tar-
get enrichment of the angiosperm-wide 353 bait
set. We sequenced the maijority of species and lin-
eages that make up the native angiosperm flora of
the archipelago and, to estimate the colonisation
and branching times of the Canarian lineages, in-
tegrated the sequences into a broader, time-cali-
brated angiosperm phylogeny based on the same
angiosperm-353 gene set. Crucially, to provide an
estimate of colonisation times, we also sampled the
closest mainland relatives of each lineage. We also
present an estimated number of independent col-
onisation events for all native angiosperm genera
of the archipelago, inferred from the phylogenetics
literature, and refined using our phylogenetic data.
From the temporal information contained within the
molecular phylogeny, we generate a novel recon-
struction of the biogeographic history and temporal
diversity dynamics of angiosperms in the Canary
Islands. By combining biogeography, ecology, and
evolution, our analyses present novel insights into
the factors underlying the community dynamics of
the near-complete flora of a large, floristically di-
verse oceanic archipelago.
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$.21.5 Phylogenetic analyses
of entire regional flora using
Angiosperms353 sequences
data

Sébastien Miche'?, Charles Pouchon?,
Camille Christe? Nicolas Wyler? Mathieu
Perret'?

1 Department of Plant Sciences, University of Ge-
neva, Genéve 4, Switzerland. 2 Conservatory and
Botanical Garden of Geneva, Pregny-Chambésy,
Switzerland

Accurate knowledge of the phylogenetic relation-
ships among the species composing the region-
al biota is crucial to understand how species were
assembled and how much phylogenetic diversity
they represent. However, phylogenetic information
available for local species communities is still limit-
ed because of the poor resolution and uncomplete
sampling of the tree-of-life at the species-level.
Here, we demonstrate the feasibility of using Angio-
sperms353 target-enrichment and high-through-
put genome sequencing on both fresh and historic
DNA to estimate phylogenetic relationships among
all species composing the regional flora of the Swiss
plateau. The analysis of over 1300 species provides
a more resolved and complete tree than available
synthetic or plastid-based phylogenies, especially
within complex families (e.g. Cyperaceae, Oroban-
chaceae, Poaceae). This new genomic reference for
swiss plants points to several disagreements with
the current plant classification and provides a new
framework to assess the evolutionary dynamics of
a complete regional flora. Our results bring new in-
sights into the consequences of habitat conversion
on phylogenetic diversity and the identification of
areas that should be prioritized for long-term con-
servation strategies.
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$.22 GLOBAL MYRTACEAE SYSTEMATICS: PURE
AND APPLIED PERSPECTIVES FOR MANAGING
AND CONSERVING THE EARTH'S PLANT

DIVERSITY

$.22.1Fruit evolution

in Eugenia (Myrteae,
Myrtaceae), with taxonomic

implications in one of the

world’s largest tree genera
Fiorella F. Mazine', Karinne S. Valdemarin?

Mariana Andreotti!, Eve Lucas® & Vinicius
C. Souza?

1 Universidade Federal de Séo Carlos, campus So-
rocaba — Sorocaba, Sdo Paulo, Brazil. 2 Escola Su-
perior de Agricultura Luiz de Queiroz, Universidade
de Sd&o Paulo - Piracicaba, Séo Paulo, Brazil. 3 Royal
Botanic Gardens Kew — Richmond, UK.

Tropical forest habitats are characterized by the
prevalence of plants bearing fleshy fruits dispersed
by animals. In South America, the genus Eugenia
stands out, with a high number of species and serv-
ing as a significant year-round producer of fleshy
fruits. The evolution of fleshy fruits is considered a
potential key innovation in the hyper-diversification
of subtribe Myrteae and the large genus Eugenia.
Our investigation focused on the hypothesis that
variation in fleshy fruit traits within Eugenia is close-
ly linked to infrageneric lineages. We aimed to de-
termine if specific species groups display distinct
patterns of fruit traits and whether these traits have
evolved to enhance reproductive success by ei-
ther attracting specific dispersers or reducing seed
predation. Results revealed substantial variability
in Eugenia fruit traits, with discernible trends with-
in infrageneric groups. The predominant exocarp
colour in sampled Eugenia fruits were dark purple
and red, contrasting with a higher probability of an-
cestral colours being yellow. Ripened exocarp co-
lour is relatively strongly associated with taxonomic
sections, suggesting potential common ancestry.
Larger-fruited species are rarer and concentrated
in early diverging clades within Eugenia, offering a
potentially informative taxonomic feature for these
groups. The number of seeds, a labile trait within

Eugenia, was commonly recorded as one, but early
diverging clade species tend to produce fruits con-
taining more than one seed. Pulp ratio exhibited a
stronger association with taxonomic sections, sug-
gesting that species from more recently diverging
clades invest less energy in pulp production and in-
stead allocate more resource to seed size. Our find-
ings suggest that variation in fleshy fruit traits in Eu-
genia can help define infrageneric lineages. Specific
groups of Eugenia species display unique patterns
of fruit traits, and our evidence suggests that these
traits may have evolved to maximize reproductive
success by either attracting specific dispersers or
minimizing seed predation.

$.22.2 The relationship
between environment and
reproductive traits in the
clove genus (Syzygium-
Myrtaceae)

Eve Lucas!, Max Fontaine'? Low Yee Wen'?,
Wei Han Fang?# Matilda Brown!

1 Royal Botanic Gardens Kew, Richmond, Surrey, UK.
2 University of Bath, UK. 3 Singapore Botanic Gar-
dens, 1 Cluny Road, Singapore. 4 National Taiwan
University, Taipei, Taiwan

Syzygium (Myrtaceae), is one of the most diverse
tree genera globally, encompassing economically
significant species such as clove, lilly pilly, and wa-
ter apple. Its natural habitat spans Southeast Asiq,
Southern Asia, Australia, and the Pacific, with most
species falling within Syzygium subgenus Syzygium.
Despite its economic importance, the taxonomic
complexity of the genus, coupled with limited knowl-
edge about its evolution and ecology, poses chal-
lenges to downstream activities such as conserva-
tion. Our study focuses on a representative sample
of Syzygium subgenus Syzygium, leveraging repro-
ductive traits, geolocation data, and climate infor-
mation. Our aim is to identify the key environmental
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variables influencing floral and fruit diversity within
the genus. Considering the relationships among bi-
otic and abiotic factors, we explore these variables
within a phylogenetic context to discern patterns
independent of and influenced by the environment.
Our investigation recorded 12 continuous and 13 dis-
continuous traits related to flowers and fruits from
the sample species. To analyse climate variation,
we extracted 19 CHELSA bioclimatic variables for all
GBIF Syzygium occurrences. Mixed PCA plots were
constructed to independently assess trait and en-
vironmental Principal Components. To understand
the evolution of each trait cluster, we compared
Brownian Motion and Ornstein-Uhlenbeck models
of evolution based on a pruned version of the most
comprehensive available phylogenetic hypothesis.
Phylogenetic linear modelling was employed to ob-
serve the interplay between the environment and
the main axes of trait variation while considering the
evolutionary relationships between species. Our re-
sults highlight temperature, precipitation, and sea-
sonality as the primary independent climatic driv-
ers influencing Syzygium distribution. We found that
flower/fruit size contributes more to morphologi-
cal variation than any other biotic traits examined.
Weak correlations were identified between flower/
fruit size, inflorescence architecture, fruit colour, and
climate. All biotic traits better fit the Ornstein-Uhlen-
beck model suggesting that these characteristics
are evolving under natural selection rather than
randomly.

$.22.3 A review of eucalypt
research from the last
decade (2014-2024)

‘ Andrew H. Thornhill’

I N.C.W. Beadle Herbarium, University of New En-
gland, Armidale, NSW, Australia

Much progress has been made in the phylogenetic
analysis of the eucalypts (Angophora, Corymbia, and
Eucalyptus). This presentation aims to summarise
the progress and now controversies that have oc-
cured in eucalypt generic classification since the
previous International Botanical Congress in 2017.
Two large-scale phylogenies of the group have
been published and a new genus, Blakella, has been
proposed to deal with the paraphyly of Corymbia.
The eucalypt fossil record and our current under-
standing of the biogeography will be discussed. New
species have been described from most Australian
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states, while other research suggests that some eu-
calypt species should be lumped. A new edition of
the eucalypt identification key Euclid was published
in 2019 but ways of creating new editions are now
limited. Ways to solve this problem are discussed.

$.22.4 Exploring the timing
of environmental shifts in
response to trait evolution:
a case study in Myrteae
(Myrtaceaeg

‘ Thais Vasconcelos!, James Boyko!

1 Department of Ecology and Evolutionary Biology,
University of Michigan, Ann Arbor, M, USA

The widespread convergence of plant traits in cer-
tain environments indicate that generalities exist
for how plants diversify in space. However, because
evolution and environments are dynamic, not all
species are fully adapted to their environment at
all times. A consequence of this is that infrequent
trait-environment combinations - that is, plant
traits that appear in environments where they may
not be optimal—is also a common feature in no-
ture. The presence of these infrequent combinations
can be harnessed to test timing of trait evolution in
relation to environmental shifts. Specifically, when
analyzed in a phylogenetic context they might help
indicate whether traits evolve prior to (as in exap-
tations) or after (as in adaptation) an environmen-
tal shift. Here, we demonstrate this in the context of
leaf traits and biome shifts in Myrteae (Myrtaceae).
We use a subset of 221 species with dry leaf mass/
area (LMA g/cm?) data measured from herbarium
specimens and trait evolution analyses in a recent-
ly generated phylogeny for the group. Biome type
and LMA appear correlated, with low LMA lineages
being more common in closed-canopy biomes. Low
LMA in closed-canopy biomes is recovered as the
most likely root state in the group. Transition rates
from this state to low LMA in open-canopy biomes
are practically zero, meaning that the only route to
transition to open-canopy biomes is by evolving
high LMA first. Similarly, to transition from open-can-
opy back to closed-canopy, lineages have to evolve
low LMA before a shift. These preliminary results sup-
port the idea that trait evolution precedes and may
facilitate environmental shifts, at least for this trait
and set of species.
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$.22.5 Assembling the
genome of ratd Moehau
and applications for other
New Zealand Metrosideros
(Myrtaceae)

Jessica M. Prebble', Natalie Forsdick?
Thomas Buckley? Rob Smissen!, Peter
Heenan!, Peter Bellingham!, Alex Verry?,
Connor Watson', Dukchul Park?, Ngati Kuri®

1 Manaaki Whenua — Landcare Research, Lincoln,
New Zealand. 2 Manaaki Whenua — Landcare Re-
search, Private Bag 92170 Auckland Mail Centre
Auckland, New Zealand. 3 Ngati Kuri Trust Board,
Ngataki, RD4, Kaitaia, New Zealand

The 12 Metrosideros (Myrtaceae) native to the New
Zealand archipelago are facing a growing num-
ber of threats, particularly since the arrival of the
pathogen myrtle rust (Austropuccinia psidii) in
2017. Despite their iconic status (e.g. Pohutukawa
M. excelsa known as the New Zealand Christmas
tree) we have surprisingly little genetic data to
help us understand how diversity is partitioned
across the landscape for most species. One of
the most threatened species is ratd Moehau (M.
bartlettii), a critically endangered tree found only
in the far north of New Zealand. At the last count
only 14 trees were found in the wild. In conjunction
with the iwi (tribe) Ngati Kuri we have assembled a
genome of ratd Moehau. This assembled genome
forms the basis of multiple studies in the genus,
e.g. resequencing almost the entire wild popula-
tion of ratd Moehau, plus representatives of ad-
ditional closely related species. At the same time,
we are using the assembled genome to develop
new low copy genetic markers and are gathering
a dataset of as many New Zealand Metrosideros
species as we can to sequence using amplicon
sequencing. The end goal is an understanding of
how the genetic diversity of each New Zealand
Metrosideros species is distributed in space, with a
particular focus on modelled refugia in the face of
climate change and projected myrtle rust spread,
to help prioritise conservation effort.
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$.22.6 Digital approaches
in taxonomy: surfacing
datasets from herbarium
specimens and images to
treat a species complex in
Myrcia (Myrtaceae)

Paulo Henrique Gaem'?Eve Lucas?,

Fiorella Fernanda Mazine4, Maria do
Carmo Estanislau do Amaral’

1 University of Michigan, Ann Arbor, Ml, USA. 2 Uni-
versidade Estadual de Campinas, Campinas, SP,
Brazil. 3 Royal Botanic Gardens, Kew, Richmond,
Surrey, UK. 4 Universidade Federal de SGo Carlos,
Sorocaba, SP, Brazil

Herbaria are the most important source of informa-
tion for taxonomic work. Facilities and technologies
available today, such as digitisation of collections
and herbarium DNA sequencing, can help accelerate
taxonomic decisions. Species complexes are a ma-
jor factor preventing a better understanding of plant
diversity in the tropics. In this context, we employed a
multi-source pipeline to address limits among taxa of
the Myrcia neoobscura species complex (Myrtaceae)
using herbarium specimens. We collected morpho-
metric traits from high-resolution images and anal-
ysed them with a clustering analysis, resulting in twelve
morphological groups. We subsequently tested these
groups with phylogenomics using molecular data ob-
tained from herbarium specimens. Congruence be-
tween morphology and phylogenomics was observed
in the following: Myrcia marliereana, M. neoobscu-
ra, and M. neoriedeliana, as currently circumscribed,
represent two entities each, and M. excoriata can be
split in three entities. We also investigated species
geographic distributions and phenological patterns
using herbarium specimens and their labels. The two
species today recognised under M. neoriedeliana and
M. neoobscura differ in flower seasonality, while two
of the taxa currently under M. excoriata differ in both
geographic distribution and flowering phenophase.
The final species delimited in this work are morpho-
logically diagnosable and geographically structured,
and most of them are monophyletic according to the
obtained phylogenetic reconstruction. The success-
ful results of this work are based on the high-quality
data obtained from museum specimens, and other
herbarium-based investigations of species complex-
es are encouraged to accelerate the much-needed
taxonomic resolutions in the tropics.
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S.23 INTEGRATING CONSERVATION BIOLOGY
AND SOCIETY ENGAGEMENT TO ENHANCE
PROTECTION OF AT RISK FLORA. SESSION 1

$.23.1 A survey of flora and
habitat diversity in three
cultural heritage sites of
central and southern Italy

Giulia Albani Rocchetti', Thomas Abeli,
Giulia Canevd!

1 Department of Science, Roma Tre University,
Rome, Italy.

Several scientific studies highlight that cultural her-
itage sites, e.g, monuments and sacred sites, often
represent refuge sites for local flora and fauna and
can constitute important ecological corridors and
biodiversity hot spots. Hence, protected cultural her-
itage sites can play a key role in biodiversity con-
servation at the global scale, especially for those
situated in environments modified by anthropo-
genic activities. To ensure adequate management
of these sites to enhance and conserve biodiversi-
ty, in-depth knowledge of the florg, vegetation and
the nature-man relationship are essential elements
to consider. This research aims to provide the first
characterization and analysis of the flora and habi-
tats of three Italian sites of the Cultural Route of the
Council of Europe “Aeneas’ route”. This research is
also aimed at increasing citizens’ awareness of the
importance of maintaining biodiversity and analyz-
ing the relationships between natural and histor-
ical characteristics of these important contexts in
southern Italy. Currently, field surveys are being con-
ducted in the following sites: 1) The archaeological
Park of Cuma is a site of great archaeological and
cultural importance, with areas of great naturalistic
and conservation interest. Here, 160ca different taxa
and two interesting forest communities formed by
previous plantations now naturalized were found-
ed. 2) Sanctuary of Sol Indiges, Torvaianica; to date,
the site is rich in taxa (more than 180 species), with
species of conservation interest (e.g, orchids) and
high biodiversity and community patterns. 3) The
archaeological area of Portus presents a high nat-
uralistic, landscape, historical and cultural interest.
Here, more than 160 different wild and cultivated

taxa, and different vegetation patterns -including
wetland and riparian - were found. Here, preliminary
data useful for the next characterization, valoriza-
tion, and conservation of the flora and vegetation of
the above-listed sites are provided. The application
of results includes the site management implemen-
tation and the planning of conservation actions.

$.23.2 Rare and endemic
plant conservation: insights
from the East Mediterranean
experience

Magda Bou Dagher Kharrat', Carole

Saliba', Rhea Kahale', Sonja YakovleV!,
Thierry Robert!

1 Faculty of Science, Saint Joseph University of Bei-
rut and Mediterranean Facility (EFIMED) European
Forest Institute - Barcelona Office Sant Pau Art Nou-
veau Site, Sant Leopold Pavilion, Barcelona, Spain

The Mediterranean Basin is considered to be one
of the most biodiverse regions in the world and an
important site of floral exchange and active plant
speciation. Lebanon, a micro-hotspot for plant
biodiversity in the Mediterranean Basin is charac-
terized by the coexistence of plants with diverse
biogeographical origins and a large number of
narrow endemic taxa. It clearly exhibits differen-
tiated center of endemism. Topographical relief
and sharp climatic contrasts within a small geo-
graphical area may have driven micro-evolu-
tionary diversification processes of newly evolved
species while water availability was critical for
the long-term persistence of ancient lineages in
refuge areas of smoother topography. As natural
habitats continue to be lost and degraded, many
plant species are becoming increasingly threat-
ened especially endemic plant species that are
usually more vulnerable to anthropogenic threats
and natural changes. Therefore, they hold a higher
extinction risk. The preservation of these species is
a major concern on a worldwide context. Our re-
search group has carried out for the last few years
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an interdisciplinary, integrated approach to the
conservation of threatened plants of the Lebanese
flora and to ecosystem restoration. Investigations
on plant distribution, systematic relationships, au-
toecology, genetic structure, and some plant-ani-
mal species interactions were conducted in order
to plan conservation activities. My talk will focus on
Lebanese endemic Irises. Four of the 7 Iris studied
are classified as “Endangered” and 2 as “Critically
Endangered”. Knowing what taxonomic units need
to be preserved and how unique they are is a pre-
requisite to any conservation action. Since res-
cue from possible extinction could be performed
through the reinforcement of populations, defining
species and differentiating taxa is crucial in order
to define conservation units. For this purpose, mo-
lecular and cytogenetic studies were conducted,
targeting different species in need of in-situ and
ex-situ conservation.

$.23.3 Ecology and
conservation of cliff-
plant communities under
increasing climatic and
human pressures

Marti March-Salas'?; Felipe Morales-
Armijo3; Juan Lorite?

1 Plant Evolutionary Ecology, Faculty of Biological
Sciences, Goethe University Frankfurt. Frankfurt am
Main, Germany. 2 Area of Biodiversity and Conser-
vation, Department of Biology and Geology, Phys-
ics and Inorganic Chemistry, University Rey Juan
Carlos-ESCET, Mbstoles, Madrid, Spain. 3 Facultad
de Ciencias Forestales, Universidad Autbnoma de
Nuevo Lebdn, Victoria, A.P. 4], Linares, Nuevo Ledn,
Mexico. 4 Department of Botany, Faculty of Scienc-
es, University of Granada, Granada, Spain

Cliffs are home to a large diversity of endemic and
endangered plant species and millennial-old trees
that are currently facing increasing threats from cli-
mate change and recreational climbing. In recent
years, rock climbing has become very popular, with
annual increases of 15-20% in the number of climb-
ers. Rock climbing is known to damage plant com-
munities and other organisms such as birds, lizards
or snails. However, the origin of the climbing impact
remain largely unknown. Climbing impact some-
times compels conservation managers to make
insecure or even inappropriate decisions within a
framework of growing conflicts among stakehold-
ers. But the climbing community has expressed its
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willingness to contribute to cliff preservation, with
various climbing associations focused on promot-
ing sustainable climbing. We carried out a study in-
vestigating the origin of the climbing effects on cliff
flora involving the local community. In primal and
unaltered cliffs of El Potrero Chico (Mexico), we in-
stalled new climbing routes to unravel whether the
greatest climbing impact is produced in an initial
phase due to the installation (opening) of the route
or rather due to increasing climbing frequency. Lo-
cal climbers actively contributed to create the new
routes and posteriorly climbed them simulating the
post-opening climbing effect. We found that the
opening of the climbing route produced the great-
est negative impact on cliff flora, and also promot-
ed the loss of individuals from the surroundings of
the route. However, successive post-opening climb-
ing have little effects on cliff flora. These findings
clearly evidence the need to consider existing cliff
vegetation before developing new climbing routes,
and that managers should focus on this rather than
closing existing climbing areas. Given the high com-
plexity of study cliff ecosystems, promoting aware-
ness on its biodiversity and protection needs to the
local community will contribute to its preservation.

S.23.4 Local involvement
for endemic floristic
species conservation: case
study of the Kirindy forest
Morondava - Madagascar

Andriaharimalala T.! Ramakarison N. G2,
Razanamaro O.HM:2

I Centre National de recherches sur I'Environne-
ment, Ministére de I'Enseignement Supérieur et de
la Recherche Scientifique, Madagascar. 2 Centre
National de Formation, d’Etudes et de Recherche
sur I'Environnement et la Foresterie, Ministére de
I'Environnement et du Développement Durable,
Madagascar. 3 Parc Botanique et Zoologique de
Tsimbazaza, Ministére de 'Enseignement Supérieur
et de la Recherche Scientifique, Madagascar

This study focuses on the crucial role played be the
local community in safeguarding the endemic flo-
ristic species within the Kirindy Forest in Morondava,
Madagascar, where several tree species face the
imminent threat of extinction. Various stakeholders
are actively combating deforestation and endeav-
oring to enhance the protection of unique species
such as Dalbergia sp, Commiphora sp., Givotia
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madagascaraiensis, Cordyla madagascariensis,
and Diospyros sp. The primary aim of this research is
to evaluate and promote community engagement
in the conservation of these distinctive botanical
treasures. The methodology involves data collection
through surveys and interviews with both the local
population and managers, focusing on the utiliza-
tion of these species. Additionally, in-depth inter-
views and field observations are employed to gather
insights into the knowledge, attitudes, and practices
of the local community, identifying traditional wis-
dom and indigenous practices related to biodiver-
sity. The study results encompass a comprehensive
assessment of the local population’s knowledge
and attitudes toward conserving endemic floristic
species, proposing solutions for ensuring the sus-
tainability of these species, and exploring traditional
practices conducive to preservation. The outcomes
will contribute to formulating recommmendations for
tailored awareness programs targeted at the local
community. Furthermore, the study will underscore
the implications and commitments of the local
population in the conservation and protection of the
floristic biodiversity of the Kirindy Forest, emphasiz-
ing the development of sustainable strategies for
safeguarding their natural heritage.

$.23.5 Conservation
strategies for large old trees
to promote natural forest
restoration and climate-
change mitigation

Alfredo Di Filippo'*3, Andrea Caggegi'*?

1 DAFNE, Universitda della Tuscia, Viterbo, Italy. 2 Ag-
riTech - National Centre for Technology in Agricul-
ture, Italy. 3 National Geographic Society, Washing-
ton DC, USA

Primary forests, including old-growth forests, have
a prominent role in biodiversity conservation. Fur-
thermore, they represent a consistent repository of
carbon in tree biomass and soil, making them crit-
ical regulators of the carbon cycle. Their ecological
integrity strengthens their climate-change mitiga-
tion potential by fostering ecosystem stability as a
C sink. Old trees are the most charismatic element
of old-growth forests, harbouring large quantities of
the overall biomass and contributing to forest bio-
diversity with unique arrays of microhabitats. We
present the unique traits characterizing multi-cen-
tury beech trees in a network of old-growth for-
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ests in the UNESCO Site 1133. We describe how traits
change along environmental gradients and quan-
tify their contribution to the forest carbon stock and
sequestration, as well as the quantity and quality of
biodiversity-hosting microhabitats. Tree-ring cores
collected along the whole trees served to quanti-
fy tree conservation status in terms of response to
climate change in the last decades. Old trees fea-
tures were compared with data on exceptional tree
distribution throughout managed landscapes gath-
ered in a citizen science project promoted within the
National Geographic-funded project “Old But Gold:
Restoring old-growth forests to build effective cli-
mate-change mitigating landscapes”. Comparing
natural and managed forests will help quantify the
potential of human-altered landscapes to host old
trees and the contribution of natural forest resto-
ration to climate mitigation and biodiversity conser-
vation.

$.23.6 Pampa Singular:
integrative conservation on
subtropical grasslands of
South America

Jodo Iganci™, Gustavo Heiden? Josimar
Klkamp!, Daiane Vahl', Emanuel
Scherdien!, Alessandra Menezes,
Mauricio Bonifacino?®, Eimear Nic
Lughadhao?

1 Universidade Federal de Pelotas, Brazil. 2 Embrapa
Clima Temperado, Pelotas, Brazil. 3 Universidad de
La Republica, Montevideo, Uruguay. 4 Royal Botanic
Gardens, Kew, UK. *joaoiganci@gmail.com

The Pampas is one of South America’s major grass-
land ecosystems, extending from northern Argen-
tina to Uruguay and southern Brazil. In addition to
natural grasslands, rocky outcrops, coastal vegeta-
tion, swampy areas, savannas, and small patches
of dry forests increase landscape heterogeneity and
are home to a remarkable diversity of plant species,
of which c. 5% are endemic to the Pampas. Cat-
tle grazing was the dominant economic activity in
the area until the late 20th century, and the natural
grasslands were used in a more sustainable man-
ner. However, the growth of agriculture, silviculture,
and mining throughout the Pampas in recent de-
cades has resulted in significant habitat loss and
accelerated habitat fragmentation. Pampa Singu-
lar is an integrative project that focuses on under-
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standing biodiversity in the Pampas, as well as the
conservation of unique landscapes and rare plant
species. We produced endemic flora species inven-
tories and searched for crop wild relatives from the
Pampas. Furthermore, science outreach initiatives
were designed to raise awareness in the local pop-
ulation and to promote science and conservation
for future generations. Most plant species endemic
to the Pampas have never been assessed for their
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conservation status (extinction risk) and many lack
sufficient data to be assessed. We used the Rapid
Least Concern method to identify species that were
not threatened and focused our efforts on likely
threatened species. We mapped the most diverse
areas for endemic species and for crop wild rela-
tives, comparing historic and current species distri-
butions taking into account land conversion to eco-
nomic uses.

$.24 THE IMPACT GENOME SIZE AND
CHROMOSOME EVOLUTION ON THE
ARCHITECTURE OF THE GENOME

S.24.1Challenges and
lessons learnt from a giant
plant genome: the European
mistletoe (Viscum album L.)

Lucia Campos-Dominguez'? Alexandros
Bousios?, Max Brown#, Robin Burns®,
Wellcome Sanger Institute Tree of Life
programme, Wellcome Sanger Institute
Scientific Operations: DNA Pipelines
collective, Tree of Life Core Informatics
collective, Darwin Tree of Life Consortium,
lan Hendersons, llia Leitch®, Alex D. Twyford?

I Centre for Research in Agricultural Genomics Con-
sejo Superior de Investigaciones Cientificas-Institut
de Recerca i Tecnologia Agroalimentaries-Univer-
sitat Autdnoma de Barcelona-Universitat de Bar-
celona, Barcelona, Spain. 2 Ashworth Laboratories,
Institute of Evolutionary Biology, University of Ed-
inburgh, Edinburgh, UK. 3 School of Life Sciences,
University of Sussex, Brighton, UK. 4 School of Life
Sciences, Anglia Ruskin University, Cambridge, UK. 5
Department of Plant Sciences, Downing Street, Uni-
versity of Cambridge, Cambridge, UK. 6 Compar-
ative Plant and Fungal Biology Department, Royal
Botanic Gardens, Kew, Richmond, Surrey, UK.

The European mistletoe (Viscum album) is an obligate
hemiparasitic plant from the Santalaceae family. Al-
though it is a well known plant for its many uses and
traditions, evolutionary and genomic studies on mis-
tletoe are rare due to its haploid genome size, which
can vary from 85 Gbp up to 105 Gbp (more than 30
human genomes). This makes mistletoes one of the

eudicot genera with the largest genomes. We have
sequenced, assembled and curated the Viscum al-
bum genome to generate the largest high-quality,
chromosome-level genome published to date. More-
over, here we present preliminary results not only on
the genome assembly data but on the analysis of the
repetitive fraction of the genome, including TE distribu-
tion as well as telomere and centromere repeat anal-
yses. Our efforts are resulting in the first in-depth in-
sights on a giant genome structure, which represents
an invaluable resource for studies on the evolutionary
processes underlying the evolution of genome obesity.

$.24.2 Interactions between
cytogenetic diversity

and habit - insights from
neotropical orchids

Roseane R. dos Santos!, José J. Amorim-
Silva', Juliano S. Cabral? Ana P. Moraes?®

1 Universidade Federal do ABC, SGo Bernardo do
Campo, Brazil. 2 University of Birmingham, Bir-
mingham, UK. 3 Universidade Estadual Paulista, IBB,
Botucatu, Brazil

The relationship between cytogenetic and eco-
logical data is a classical hypothesis. Recently,
this subject was poorly analyzed within an evo-
lutionary framework using phylogenetic com-
parative methods (PCM). To address this gap, we
investigated the association between cytoge-
netic data and habitat using the subfamily Epi-
dendroideae (Orchidaceae) as a model through
PCM. The chromosome number (CN) and genome
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size (GS) data were organized into an online da-
tabase (http://orchidcountsdb.epizy.com/) and a
new phylogenetic tree was constructed based on
four markers encompassing 1,754 species. Habit
information was surveyed for all species with cy-
togenetic data. The CN varied 24x and presented
a low phylogenetic signal (A=0.53), while GS var-
ied 119x and presented a high phylogenetic sig-
nal (A=0.95). The mode and tempo of evolution
suggest that both CN and GS show punctual evo-
lution (k=0.34), with long branches contributing
more to the evolution of both characters (5=3.00).
When analyzing each tribe individually, Cymbi-
dieae stands out as an interesting exception. This
tribe shows adaptive radiation for CN and GS (k =
0 and 0 / & = 0.46 and 0.3], respectively), and CN
presents a high phylogenetic signal (A=0.89). The
OU evolutionary model, suggesting a response
to stabilizing selection, was considered the best
model for CN in the subfamily and in individual
tribes as well, while BM was the best for GS. Once
again, the exception is Cymbidieae, which had EB
as the best model for both characters, reinforc-
ing the suggestion of adaptive radiation. Based
on these results, GS is more suitable for perform-
ing macroecological analysis, while PCM using
CN will function as an ordinary test. Considering
GS, small GS is associated with an epiphytic hab-
itat (p=0.00067). In conclusion, GS is associated
with habit at higher taxonomical levels, such as
subfamily, while CN, is associated with ecological
traits, it should be true at lower taxonomic level.

$.24.3 The impact of
repetitive DNA in the
evolution of fern genomes

Pol Fernéndez'? llia J. Leitch®, Andrew R.
Leitch?, Lisa Pokorny®3, Oriane Hidalgo?,
Maarten J. M. Christenhusz?, Rémy
Amiceb, David Bruy”8, Jaume Pellicer'?

1 Institut Botanic de Barcelona (IBB), CSIC-CMCNB,
Passeig del Migdia s.n, Parc de Montjuic, Barce-
lona, Spain. 2 Facultat de Farmacia i Ciencies de
I'alimentacié, Campus Diagonal, Universitat de
Barcelona, Barcelona, Spain. 3 Royal Botanic Gar-
dens, Kew, Richmond, UK. 4 School of Biological and
Behavioural Sciences, Queen Mary University of
London, London, UK. 5 Real Jardin Botdanico (CSIC),
Madrid, Spain. 6 Independent researcher, Nouméa,
Nouvelle-Calédonie. 7 AMAP, IRD, Herbier de Nou-
velle-Calédonie, Nouméa, Nouvelle-Calédonie. 8
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UMR AMAP, Université Montpellier, IRD, CIRAD, CNRS,
INRAE, Montpellier, France

Genomic architecture in ferns stands out signifi-
cantly from that of other plant lineages. Ferns ex-
hibit a unique response to whole genome mul-
tiplication (WGM), deviating from the typical
diploidization pattern observed in angiosperms.
Instead, ferns tend to accumulate chromosomes
and trigger the silencing of newly acquired gene
copies following WGM. Consequently, ferns display
higher mean chromosome numbers (n=61) com-
pared to angiosperms (n=17). Nevertheless, while
average fern genome sizes (1IC=12.11 Gbp) are larg-
er when compared to angiosperms (1C=5.13 Gbp),
the underlying mechanisms responsible for such
differences remain unclear. Certainly, the contribu-
tion of repetitive DNA in driving shifts in genome size
is well studied in angiosperms, but needs to be fur-
ther explored in ferns. This study seeks to address
this knowledge gap by conducting a comprehen-
sive comparative analysis to identify and quanti-
fy the main types of repetitive DNA sequences in
50 fern species. The sampling covers a genome
size range varying over 222-fold (0.72-160.4 Gbp),
including the largest eukaryote genome recent-
ly discovered in the fern Tmesipteris oblanceolata
(1C=160.4 Gbp). The central focus of this research
is to enhance our understanding of the genomic
processes contributing to the unique characteris-
tics observed in fern genomes, shedding light on
the broader evolutionary implications for plant ge-
nome size. The composition of the repetitive DNA
fraction of the genome for each species has been
identified and quantified through low-coverage
genome skimming sequence data analysed with
the RepeatExplorer2 pipeline. Overall, our results
show that fern genomes have a more heteroge-
nous genome landscape than angiosperms and,
unlike them, they show a positive correlation of re-
petitive elements with genome size. Future studies
will focus on identifying the particular role of specif-
ic families of repeats that are enriched or depleted
in fern genomes, while diving deeper into the re-
lationship between the accumulation of chromo-
somes and its implication on genome composition.
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$.24.4 The Crocus
Chronicles: Decoding the
Triploid Puzzle of Clonal
Saffron Crocus

Abdullah El-nagish'?, Ludwig Mann),
Seyedeh Sanam Kazemi Shahandashti#,
Dorte Harpke®, Zahra Nemati®, Maximilian
W. Schmidt®, Susan Liedtke', Frank R.
Blattner®, Bjorn Usadel?4, Tony Heitkam?!’

1 Faculty of Biology, Institute of Botany, Technische
Universitat Dresden, Dresden, Germany. 2 Botany
and Microbiology Department, Faculty of Science,
Sohag University, Sohag, Egypt. 3 Institute of Biolog-
ical Data Science, Heinrich-Heine Universitét Dis-
seldorf, Dusseldorf, Germany. 4 IBG-4 Bioinformat-
ics, Forschungszentrum Jdlich, Julich, Germany. 5
Leibniz Institute of Plant Genetics and Crop Plant
Research (IPK), Gatersleben, Germany. 6 Depart-
ment of Grapevine Breeding, Hochschule of Gei-
senheim University. 7 Institute of Biology, NAWI Graz,
Karl-Franzens-Universitdt, Graz, Austria

Saffron crocus (Crocus sativus L), a sterile triploid
(2n = 3x = 24), is a clonally propagated crop grown
for the production of saffron, the highest priced
spice of the world. The evolutionary origin of the
triploid C. sativus was largely unknown, but debat-
ed since the early 20th century. Recent cytogenet-
ic and comparative next-generation sequencing
approaches pointed to ancient Greece as a point
of origin for saffron and concluded that C. sativus
is an autotriploid species solely derived from het-
erogeneous diploid cytotypes of C. cartwrightianus
(Schmidt et al. 2019, Nemati et al. 2019, reviewed in
Kazemi-Shahandashti et al. 2022). Here, we tar-
get the processes before and after emergence
of triploid saffron crocus. With this, we can look
into the past, present and future of this clonal line:
(1) The past: How is chromosomal variability in the
progenitor C. cartwrightianus? We detected large
differences in haplotype variability among chro-
mosomes, suggesting that some C. cartwrightianus
chromosomes have obtained a higher genetic di-
versity across the Mediterranean than others. This
haplotype diversity is fixed in saffron’s karyotype,
a testimony to the genetic variability of C. cart-
wrightianus 5000 years ago. (2) The present: Are
there signs of somaclonal variability in the saffron
clone? By comparing triploid saffron accessions
across the globe, we detect chromosomal variabil-
ity in three independent instances. We conclude
that several saffron lineages evolved somaclonal-

Oral presentations

ly after emergence of triploid saffron crocus. These
saffron lineages have likely spread and are retained
by vegetative propagation. (3) The future: Can the
global cultivation of the saffron crocus clone serve
as a model for the epigenetics of adaptation? As
the basis for comparative and epigenetic analy-
ses, we are assembling reference genomes of the
triploid saffron crocus and the diploid progenitor C.
cartwrightianus. We show the progress of sequenc-
ing, assembly and chromosomal anchoring.

$.24.5 Repetitive DNA
elements reveal contrasting
evolutionary responses to
the polyploid genome shock
hypothesis in Brachypodium
grasses

Maria Angeles Decena'? Rubén

Sancho'??, Luis A. Inda'4, Ernesto Pérez-
Collazos'?, Pilar Catalén'?

1 Escuela Politécnica Superior de Huesca, Universi-
dad de Zaragoza, Carretera de Cuarte, km 1, 207],
Huesca, Espania. mdecena@unizar.es, rsancho@
unizar.es,  ernextop@unizar.es, lainda@unizar.
es, pcatalan@unizar.es. 2 Grupo de Bioquimica,
Biofisica y Biologia Computacional (UNIZAR), Uni-
dad Asociada al CSIC, Esparia. Zaragoza, Espana.
3 Estacién experimental Aula Dei-CSIC. Zaragoza,
Esparia. 4 Instituto Agroalimentario de Aragén-IA2
(Universidad de Zaragoza-CITA), Zaragoza Esparia

The Brachypodium grass species serve as model plants
for studying the functional genomics of grass crops,
and for elucidating the origins of allopolyploidy and pe-
renniality in monocots. However, significant variations
exist in genome sizes among different Brachypodium
diploid and polyploid lineages. To explore the compo-
sition, abundance, and phylogenetic significance of re-
petitive elements in these lineages, we utilized low-pass
genome sequencing data from 44 representatives. Our
study aimed to test the potential mechanisms and con-
sequences of the “polyploid genome shock hypothesis”
(PGSH) in three distinct evolutionary scenarios, analyz-
ing repeat and genome size variations in Brachypodi-
um allopolyploids. Our findings revealed a 3.3-fold dif-
ference in the proportion of the genome covered by the
repeatome, ranging from 20.77% in B. stacei-2x to 67.97%
in B. mexicanum-4x. Changes in genome sizes were at-
tributed to gains or losses in repeat elements. The most
prevalent repeat elements in the Brachypodium ge-
nomes were LTR-Retand and Tekay retrotransposons.
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Repeatome phylogenetic networks exhibited high con-
gruence with plastome, nuclear rDNA, and transcrip-
tome trees, distinguishing ancestral outcore lineages
from recently evolved core-perennial lineages. The
rDNA 5S graph topologies aligned well with ploidy levels
and types of subgenomes of Brachypodium polyploids.
The core-perennial B. sylvaticum-2x displayed a large
repeatome, indicative of a post-polyploid diploidized
origin. Our study evidenced that expansions and con-
tractions in the repeatome accounted for three con-
trasting responses to PGSH: the exacerbated genome
expansion of the ancestral allotetraploid B. mexicanum
was a consequence of chromosome-wide prolifer-
ation of TEs and not of WGD, the additive repeatome
pattern of young allotetraploid B. hybridum of stabilized
post-WGD genome evolution, and the genome shrink-
age of recent core perennials polyploids (B. pinnatum,
B. phoenicoides) of repeat losses through recombina-
tion. Our analyses have contributed to disentangling
the evolution of the repeatome and the genome size
variation of model Brachypodium grasses.

$.24.6 A comparative look
at genome fractionation in
pteridophytes

Sylvia P. Kinosian', Fay-Wei Li2, Michael S.
Barker!
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I Department of Ecology and Evolutionary Biolo-
gy, University of Arizona, Tucson, AZ, USA. 2 Boyce
Thompson Institute, Ithaca, NY, USA

Genetic variation created by whole genome dupli-
cation (WGD) events can provide beneficial genetic
variation for evolution to act upon. However, polyploid
genomes comprise many, sometimes unnecessary,
duplicated genes. The loss of these duplicates is part
of the process of diploidization. One mechanism of
diploidization is fractionation, where genes are lost
or silenced in one or both homoeologs. Fractionation
structurally and functionally alters the genome as only
a subset of duplicated genes is retained. This affects
the amount of genetic variation present following
diploidization, influencing how a lineage will be able
to evolve. Despite its evolutionary importance, little
is known about how fractionation occurs in different
lineages of land plants, particularly in ferns and lyco-
phytes (pteridophytes). In angiosperms, fractionation
is thought to proceed quickly, mainly by gene loss.
Previous work suggests that genes may be silenced
rather than lost in pteridophyte genomes, and chro-
mosomes are retained following WGD. We use newly
available published genome sequences for ferns and
lycophytes to examine how genome fractionation
may be occurring. We find that pteridophyte genomes
may fractionate relatively rapidly following WGD, but
chromosome order and collinearity are preserved. In-
cluding pteridophytes, for the first time, in compara-
tive work on fractionation is a key step to better under-
standing genome evolution in land plants.

$.25 TOWARDS INTEGRATIVE TAXONOMY.
THEORY AND PRACTICE. SESSION 2

S.25.1 Demographic
systematics—species
circumscription through
reciprocal illumination
among multiple
demographic levels and
data sources

‘ Richard M. Bateman!

1 Royal Botanic Gardens Kew, Richmond, UK
(rbateman@kew.org)

Traditional morphological taxonomy utilises mul-
tiple preserved collections that collectively con-
stitute a serendipitous sample of organisms that
have been immediately killed and often also dis-
membered, thereby reducing the number of mor-
phological characters available for subsequent
study. The comparative approach typically applied
to herbarium specimens prioritises qualitative de-
scription above quantitative analysis and cerebral
rather than algorithmic assignments of specimens
to taxg; it also over-emphasises the holotype — a
single point in space and time. The contrasting ‘de-
mographic’ approach to taxonomy, illustrated here
using studies of European orchids, employs a statis-
tically rigorous in situ sampling strategy, and yields
large volumes of fully quantified data of two or more
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kinds obtained from the same spectrum of individ-
ual organisms. Each sampled individual is subject-
ed to character-rich morphometric data collection,
describing every organ, and to equally detailed
population genetic analysis; additional data cat-
egories are optional. Each category of data then
undergoes multivariate ordination via an algorithm
that does not require prior taxonomic assignment
of individuals. This approach entails two contrasting
forms of reciprocal illumination — the essential ele-
ment in any truly scientific enterprise. (1) Organisms
are aggregated into their source populations, and
populations into infraspecific taxa and species, rel-
atively large distances among sets of populations
providing the basis of a genuine species circum-
scription process. (2) Confidence in, and the under-
lying nature of, the putative species boundaries are
then determined through congruence among pat-
terns of similarity in contrasting categories of data,
addressed in the context of information gathered on
extrinsic properties such as symbiotic relationships,
habitat preference and putative geographic distri-
bution. Although the demographic approach con-
sumes considerably more time and resources than
traditional taxonomy, it rigorously tests initial species
hypotheses and provides far deeper understanding
of the resulting species — perhaps even sufficient to
predict their behaviour in the face of environmental
challenges such as climate change.

$.25.2 Integrating different
sources of data to
disentangle the taxonomy of
Nothoscordum (Allioideae,
Amaryllidaceae)

‘ Agostina B. Sassone'? Frank R.Blattner!

I Leibniz Institute of Plant Genetics and Crop Plant
Research (IPK), Gatersleben, Germany. 2 Facultad
de Ciencias Agrarias, Universidad Nacional de Mar
del Plata, Balcarce, Argentina

Nothoscordum (tribe Leucocoryneoe) is a New
World genus distributed mainly in South America.
The huge number of species (ca. 60 new species
described in the last three decades out of a total
of 89 accepted species at POWO), and the difficulty
or impossibility of contrasting the description with
types, illustrations, and keys to species has created
a taxonomic confusion. This problematic scenario
together with the complexity of finding diagnostic
characters and the presence of reticulate patterns
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in the evolution of the genus, has made the identi-
fication of the species a real challenge. The aim of
our research is to integrate different disciplines to
define taxa within Nothoscordum as part of the main
goal of reconstructing the evolutionary history of the
tribe Leucocoryneae. We have gathered 130 spec-
imens and inferred their phylogeny based on the
complete chloroplast genome and genome-wide
GBS loci, and collected where possible cytogenet-
ic data. Furthermore, we have statistically analyzed
morphological data from included specimens in
molecular analyses as well as from type specimens
(matrix size: 32 characters x 160 speoimens). Asare-
sult, the gathered information agrees at some tax-
onomic levels (e.g, sections within Nothoscordum)
but only partially in other cases (e.g, on the species
level). Traditional morphological characters used to
distinguish species are in most cases not enough to
discern them, and it is important to consider molec-
ular data, phenology, and ecological traits as well.
Karyotypes are also helping to discriminate some
monophyletic groups. In summary, we dive into the
challenges of linking the different datasets, and the
new questions that have emerged.

$.25.3 Are all these
carnations supported?
Insights from integrative
taxonomy of the Dianthus
virgineus complex
(Caryophyllaceae)

Jacopo Franzoni', Gianluigi Bacchetta?,
Fabio Conti®, Gianniantonio Domina?,

Simone Fior®, Luigi Minuto®, Lorenzo
Peruzzi'

1 University of Pisa, Pisa, Italy. 2 University of Cagliari,
Cagliari, Italy. 3 University of Camerino, Camerino,
Italy. 4 University of Palermo, Palermo, Italy. 5 ETH
Zdrich, Zarich, Switzerland. 6 University of Genova,
Genovaq, Italy

Species are hypotheses about how biological diver-
sity is structured in nature, and robust hypotheses
are typically supported by multiple lines of evidence.
However, traditionally botanists have been prone to
circumscribe species relying just on morphological
observations. For instance, the Dianthus virgineus
complex includes 21 wild putative species/subspe-
cies in the central Mediterranean recognized ac-
cording to qualitative morphology, but their bound-
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aries await to be explored with other approaches.
Thus, we are conducting an integrative taxonomy
project to test the current taxonomy of the com-
plex. For this purpose, we collected morphometric,
cytogenetic, and genomic (ddRAD-seq) data from
over 100 populations belonging to all the 21 taxa. The
global structure of the morphometric dataset, built
using continuous and categorical variables, suggest
the presence of just two main groups. Populations
distributed from southern France to peninsular It-
aly show shorter calyx teeth, epicalyx scales and
mucros with respect to populations from Sicily and
Corso-Sardinian system (including Tuscan Archi-
pelago). These two groups show sub-clusters, only
in some cases mirroring currently accepted taxa.
These plants are all diploid with constant chromo-
some number (2n = 2x = 30), albeit relative genome
size is slightly higher in populations from Sicily and
from Corso-Sardinian system. Genotyping thou-
sands of SNPs revealed a genetic structure that
parallels geography rather than taxonomy. Studied
populations from the central Mediterranean belong
to a unique genetic lineage, structured in two major
clines. A first cline extends from southern France to
the southern part of the Italian Peninsula, and the
other from the Italion Peninsula to the Tuscan Ar-
chipelago, Corsica, and Sardinia. Sicilian and Sar-
dinian populations are linked through those origi-
nating from Tunisia. All these evidences point to a
number of groups lower than currently recognized
taxa. In-depth morphometric classification models
and multispecies coalescence model-based ap-
proaches are currently ongoing to test current and
alternative taxonomical settings.

$.25.4 Tackling taxonomy
of the mega-diverse genus
Begonia

Mark Hughes', Wisnu H. Ardi??, Gosse

S. Bootsma'4, Dipankar Borah?®, Janet
Gagul’, Deden Girmansyah? Toby Mills',
Peter W. Moonlight?, Adolfo Jara-Munoz®,
Martin Pullan’, Sangeeta Rajohandary®,
Rosario R. Rubite', Madhavi Sreenath’,
Daniel C. Thomas", Mark C. Tebbitt'?,
Hannah P. Wilson!, Kegiao Zhong!

1 Royal Botanic Garden Edinburgh, Scotland, UK. 2
Research Center for Biosystematics and Evolution,
BRIN, Cibinong, Indonesia. 3 University of Florida,
USA. 4 School of Natural and Built Environment,
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Queen’s University, Belfast, Northern Ireland, UK. 5
Department of Botany, Goalpara College, India. 6
Biological Sciences, University of Papua New Guin-
eqa, Papua New Guinea. 7 Department of Botany,
Trinity College Dublin, Ireland .8 Univesidad Nacio-
nal de Colombia, Colombia. 9 Central Department
of Botany, Tribhuvan University, Nepal. 10 Depart-
ment of Biology, College of Arts and Sciences, Uni-
versity of the Philippines Manila, Philippines. 11 Sin-
gapore Botanic Gardens, Singapore. 12 Department
of Biology, Geology and Environmental Sciences,
California University of Pennsylvania, USA

Large genera are at the forefront of taxonomic
endeavour, as they often need a considerable
amount of work and represent unique challenges
due to the number of species involved, such as
how to delimit bite-size groups for revision and
how to best work collaboratively. Here we demon-
strate an approach to tackling the taxonomy of
the mega-diverse genus Begonia (2132 accept-
ed species), using a relational database system
(PADME) developed at the Royal Botanic Garden
Edinburgh to manage nomenclatural and spec-
imen linked data. We built on published hard
copy checklists to make an electronic checklist
of current nomenclature and taxonomy. We then
added images of protologues and specimens,
and included specimen-associated information
in the database, with currently 60,327 specimens.
What emerged was a specimen-driven multi-us-
er dataset, permitting checklist production for
any geographic area annotated with current
nomenclature plus type and other herbarium
specimens, facilitating a new wave of taxonomic
work on the genus. Specimen annotations such
as phenology and georeferenced localities have
supported emergent global scale macroecolog-
ical studies on the genus. More recently, we have
used DNA data to craft a new stable subgener-
ic classification for Begonia in order to facilitate
revisionary taxonomy and identification, and also
added species descriptions from protologues, re-
visions and floras in a World Flora Online compli-
ant format. We now have a 50% complete draft
WFO account for the world’s fastest growing ge-
nus. Our approach shows the value of the invest-
ment of time in baseline taxonomy, and the facil-
itatory effects of regional checklists and digitised
specimens.
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$.25.5 A heuristic approach
to species delimitation

in the charismatic giant
waterlily genus Victoria

Lucy T. Smith' Carlos Magdalena' Natalia
A. S. Przelomska'?® Oscar A. Pérez-
Escobar™ Dario G. Melgar-Gomez?
Stephan Beck* Raquel Negrdo' Sahr
Mian' llia J. Leitch' Steven Dodsworth®
Olivier Maurin' Gaston Ribero-Guardia®
César D. Salazar” Gloria Gutierrez-
Sibauty? Alexandre Antonelli'®?®
Alexandre K. Monro"™

1 Royal Botanic Gardens, Kew, Richmond, UK. 2 Na-
tional Museum of Natural History, Smithsonian In-
stitution, Washington, DC, United States. 3 Herbario
German Coimbra Sanz, Jardin Botdnico Municipal
de Santa Cruz de la Sierra, Santa Cruz de la Sierra,
Bolivia. 4 Herbario Nacional de Bolivia, Universidad
Mayor de San Andrés, La Paz, Bolivia. 5 School of
Biological Sciences, University of Portsmouth, Ports-
mouth, UK. 6 La Rinconada Ecoparque, Santa Cruz,
Urbari, Bolivia. 7 Calle 11 Norte #24, Urbari, Bolivia.
8 Gothenburg Global Biodiversity Centre, Depart-
ment of Biological and Environmental Sciences,
University of Gothenburg, Gothenburg, Sweden. 9
Department of Plant Sciences, University of Oxford,
Oxford, UK.

Reliably documenting plant diversity is necessary
to protect and sustainably benefit from it. At the
heart of this documentation lie species concepts
and the practical methods used to delimit taxa.
Here, we apply a total-evidence, iterative meth-
odology to delimit and document species in the
South American genus Victoria (Nymphaeace-
ae). The systematics of Victoria has thus far been
poorly characterized due to difficulty in attributing
species identities to biological collections. This re-
search gap stems from an absence of type ma-
terial and biological collections, also the confused
diagnosis of V. cruziana. With the goal of improving
systematic knowledge of the genus, we compiled
information from historical records, horticulture
and geography and assembled a morphological
dataset using citizen science and specimens from
herbaria and living collections. Finally, we gener-
ated genomic data from a subset of these spec-
imens. Morphological and geographical observa-
tions suggest four putative species, three of which
are supported by nuclear population genomic
and plastid phylogenomic inferences. We propose
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these three confirmed entities as robust species,
where two correspond to the currently recog-
nized V. amazonica and V. cruziana, the third be-
ing new to science, which we describe, diagnose
and name here as V. boliviana Magdalena and L.
T. Sm. Importantly, we identify new morphological
and molecular characters which serve to distin-
guish the species and underpin their delimitations.
Our study demonstrates how combining different
types of character data into a heuristic, total-ev-
idence approach can enhance the reliability with
which biological diversity of morphologically chal-
lenging groups can be identified, documented,
and further studied.

S.25.6 Reconciling the
taxonomy, morphology, and
evolutionary history of the
coca crops (Erythroxylum

spp.)

‘ Dawson M. White!

‘ 1 Harvard University Herbaria, Cambridge, USA

Coca represents one of the most culturally signifi-
cant and oldest crops in the Americas. As the nat-
ural source of cocaine, coca is also internationally
proscribed under various applications of taxon-
omy ond/or biochemical data. However, recent
phylogenetic and phylogeographic studies of the
coca crops and closest wild relatives have re-
vealed a complex evolutionary blueprint substan-
tiating taxonomic revisions. The widespread wild
species Erythroxylum gracilipes is a paraphyletic
taxon containing two or three clades of coca taxa
(E. coca and E. novogranatense; each with two
varieties) plus the wild species E. cataractarum.
Additionally, genetic, and morphological studies
indicate intraspecific hybrids are being cultivat-
ed for the illicit cocaine market. This presentation
provides an overview of the recent genetic and
morphological research on the coca clade and
discuss various taxonomic proposals that could
be more informative of this evolutionary history.
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CONSERVATION. SESSI

$.26 AFRICAN TAXONOMY: A COLLABORATIVE
EFFORT TOWARDS BIODIVERSITY

ON 1

$.26.1 Taxonomic revision
of the genus Eulophia R. Br.
(orchidaceae) in Ghana

Benjamin Darko Williams', Matthew Kweku
Essilfie!, Alex Asase?

1 Department of Plant and Environmental Biology,
University of Ghana, Ghana. 2 Centre for Scientific
Research into Plant Medicine, Ghana

Eulophia R. Br. is one of the prominent ground
orchids in West Africa and Central Africa, how-
ever, there is no complete taxonomic revision
of the genus Eulophia in Ghana although a revi-
sion has been carried out in Nigeria, Cameroon,
Equatorial Guinea, Gabon, and the Republic of
the Congo. The goal of this study is to determine
the range of morphological variations within the
genus in order to clarify the delimitation of the
taxa in Ghana; evaluate aspects of the ecolo-
gy and distribution of the genus in Ghana. Field
trips to collection sites as cited by the major her-
baria in Ghana yielded no live plants although
the visits were done following the cited collec-
tion dates. Urbanization and land use change is
quickly destroying the habitats of the members
of this genus. Morphological studies carried out
on preserved specimens suggested eight spe-
cies of Eulophia in Ghana, with the most common
members found in grasslands. Members of the
genus have a cosmopolitan distribution across
the country, with the least distribution around the
western part. The genus produces flowers and
fruits between March to May, with the exception
of E. cristata (Afzel. ex Sw.) Steud. producing flow-
ers in January also.

$.26.2 A case for the
nameless — Accelerating
plant taxonomy as a tool
for conservation, using
Indigofera as a case study

Brion du Preez'?, Brian D. Schrire?, Leanne
L. Dreyer?, Charles H. Stirton', A. Muthama
Muasyad!

1 Bolus Herbarium, Department of Biological Sci-
ences, University of Cape Town, Rondebosch, South
Africa. 2 Department of Botany and Zoology, Stel-
lenbosch University, Matieland, South Africa. 3 Hon-
orary Research Associate, Accelerated Taxonomy
Department, Royal Botanic Gardens, Kew, Rich-
mond, Surrey, UK.

The saying that we cannot conserve what we do not
know presents one of the greatest dilemmas in the face
of a probable sixth mass extinction. While many large
and charismatic organisms enjoy substantial conser-
vation efforts in terms of funding and public sentiment,
thousands of smaller and lesser-known species face
the prospect of extinction out of the public eye. We are
for fortunate to have one of the best plant red data lists
globally that helps to monitor our more than 20 000
plant species in South Africa. Yet, despite a rich history
of plant taxonomy in SA dating back to the 1700's, many
of our plant species remain undescribed and poor-
ly known. Indigofera is an example of a genus that is
poorly known and harbors numerous undescribed spe-
cies. The Greater Cape Floristic Region (GCFR) is home
to a diverse assortment of Indigofera species, but the
last taxonomic account of these species was done in
1862. | aimed, in my PhD study, to taxonomically revise
the genus Indigofera in the GCFR. Following an inten-
sive regime of field sampling and herbarium analyses,
| found 55 undescribed Indigofera species in the GCFR,
meaning that these 55 species have never received
any conservation attention, with some of these spe-
cies being severely threatened. However, through this
study, we now understand and recognize the diversity
of Indigofera in the GCFR and can inform conservation
authorities and landowners of the presence of these
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previously unknown species. The extensive fieldwork
conducted during this study has contributed invaluable
information that can be used to help conserve these
species by identifying past, present and future threats.
This study demonstrates the value of taxonomic stud-
ies when combined with extensive field sampling, in
firstly helping to understand and quantify species di-
versity, and through that contribute to the subsequent
conservation of biodiversity.

$.26.3 Rediscovery of
Nymphaea thermarum Eb.
Fisch. in Rwanda

Thomas Abeli'?, Sarah M. MUller3, Siegmar
Seidel®

I Department of Science, Roma Tre University,
Rome, Italy. 2 [IUCN SSC Conservation Translocation
Specialist Group, Calgary, Canada. 3 Rwanda Cen-
tre and Office for Africa Cooperation, University of
Koblenz, Koblenz, Germany

Nymphaea thermarum is a small waterlily en-
demic to Rwanda that is being assessed as ex-
tinct in the wild since 2010. The species has been
rediscovered in July 2023 not far from its locus
classicus. We report on the rediscovery of N.
thermarum, identify the current and potential
threats for the wild populations, namely mining
and overharvesting by collectors, respectively
and provide a list of urgent conservation mea-
sures and research required to save the species
from “re-extinction”. The species occupies small
muddy ditches fed by hot springs water use to
water Avocado plantations and fish pools. The
population counts hundreds of individuals in-
cluding adult reproducing plants and seedlings.
In the short term, important conservation actions
should include land protection, negotiation to
ensure that enough water is reaching the habi-
tat of N. thermarum and the reassessment of the
species against the IUCN Categories and Crite-
ria to update its status. In a new formal IUCN as-
sessment, the species would quality as Critically
Endangered. In the medium-term the creation of
a nature reserve, the restoration of the areas al-
ready affected by mining and the reintroduction
of N. thermarum to its original site, would place
the species into a better position for its long-term
in situ conservation.
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$.26.4 Potential impacts

of climate change on
geographic distribution and
conservation of the genus
Talbotiella

Alex Asase!, Daniel Jiménez-Garcia?,
Andrew Townsend Peterson3

1 Centre for Plant Medicine Research, P. O. Box 73,
Mampong-Akuapem, Ghana. 2 Centro de Agro-
ecologia y Ambiente, Instituto de Ciencias, Bene-
mérita Universidad Autébnoma de Puebla, Puebla,
Puebla, Mexico. 3 Biodiversity Institute, University of
Kansas, Lawrence, Kansas, USA

Although climate change is a leading cause of
species extinction, the effects of climate change
on geographic distributions and conservation
status of African plants have not seen detailed
evaluation. We employed ecological niche mod-
elling approaches to investigate the potential
effects of climate change on geographic distri-
butions of the threatened West-Central African
genus Talbotiella. The results of the study showed
habitat suitability was lower in the northern parts
of its range in West Africa and at it's southern ex-
tremes in West-Central Africa. Potentially suitable
areas where new populations or species of the
genus could be discovered in West Africa was
between Liberia and southwestern Ghana. Model
transfers to future conditions showed range shifts
and contractions in geographic distributions.
Conservation of species of the genus should also
include threats by factors such as degradation,
agriculture and development of industrial infra-
structure. Our study shows how niche modelling
approaches could be used to enhance the con-
servation and discovery of African biodiversity.
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$.26.5 Digitization and
Enrichment of U.S.
Herbarium Data from
Tropical Africa to Enable
Urgent Quantitative
Conservation Assessments

Patricia Barberd', Alex Asase?3, Israel

T. Borokini4, Alison Colwell®, Charles C.
Davis® Nico M. Franz’, Peter Fritsch?®,
Edward Gilbert”'©, Bonnie L. Isaac",
Robert Johnson®, Beth A. Kaplin'™4,
Rebecca Y. Kartzinel's, Maria Lucia
Kawasaki'®, Jonathan Kennedys®,
Jennifer Kluse', Elena M. Kramer®, Laura
Lagomarsino?, Tatyana Livshultz'81s,
Porter P. Lowry', Michelle McMahon?,
Brent D. Mishler?, Tiwonge |. Mzumara??,
Mare Nazaire?, Kevin C. Nixon?24, Nestor
Engone Obiang?, Sylvia Orlizé 27, Katelin
Pearson’®, A. Townsend Peterson?s,
Daniel Potters, Mitchell J. Power?®, Tiana
F. Rehman?®?®, Heidi Schmidt!, D. Rabern
Simmons?°, Michaela Schmull®, Eric
Schuettpelz?6?, Chelsea R. Smith'é, Neil
Snow?, Patrick W. Sweeney?? Nicole
Tarnowsky?3, Jordan K. Teisher!, George
D. Weiblen3®4, Timothy J.S. Whitfeld34,
John Wieczorek?®s, Paula Zermoglio3®

1 Missouri Botanical Garden, St. Louis, Missouri,
USA. 2 Centre for Plant Medicine Research, Mam-
pong-Akuapem, Ghana. 3 University of Ghana,
Accra, Ghana. 4 Montana State University, Boz-
eman, Montana, USA. 5 University of California,
Davis, Davis, California, USA. 6 Harvard Univer-
sity, Cambridge, Massachusetts, USA. 7 Arizo-
na State University, Tempe, Arizona, USA. 8 Bo-
tanical Research Institute of Texas, Fort Worth,
Texas, USA. 9 Fort Worth Botanic Garden, Fort
Worth, Texas, USA 10. Integrated Digitized Bio-
collections, Gainesville, Florida, USA. 11 Carnegie
Museum of Natural History, Pittsburgh, Pennsyl-
vania, USA. 12 Bringham and Young University,
Provo, Utah, USA .13 University of Rwanda, Kigali,
Rwanda. 14 University of Massachusetts Boston,
Boston, Massachusetts, USA. 15 Brown University,
Providence, Rhode Island, USA. 16 Field Museum
of Natural History, Chicago, lllinois, USA. 17 Lou-
isiana State University, Baton Rouge, Louisiana,
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USA. 18 Academy of Natural Sciences of Drex-
el University, Philadelphia, Pennsylvania, USA.
19 Drexel University, Philadelphia, Pennsylvaniaq,
USA. 20 University of Arizona, Tucson, Arizona,
USA. 21 University of California Berkeley, Berkeley,
California, USA. 22 Malawi University of Science
and Technology, Mikolongwe, Malawi. 23 Califor-
nia Botanic Garden, Claremont, California, USA.
24 Cornell University, Ithaca, New York, USA. 25
L’Herbier National du Gabon, Libreville, Gabon.
26 National Museum of Natural History, Wash-
ington D.C., USA. 27 Smithsonian, US National
Herbarium, Washington, D.C., USA. 28 University
of Kansas, Lawrence, Kansas, USA. 29 University
of Utah, Salt Lake City, Utah, USA. 30 Purdue Uni-
versity, West Lafayette, Indiana, USA. 31 Pittsburg
State University, Pittsburg, Kansas, USA. 32 Yale
Peabody Museum, Yale University, New Haven,
Connecticut, USA. 33 New York Botanical Garden,
Bronx, New York, US. 34 Bell Museum, Universi-
ty of Minnesota, Saint Paul, Minnesota, USA. 35
Rauthiflor LLC, Bariloche, Argentina. 36 Instituto
de Investigaciones en Recursos Naturales, Agro-
ecologia y Desarrollo Rural (IRNAD) Sede Andina,
Universidad Nacional de Rio Negro, San Carlos
de Bariloche, Rio Negro, Argentina

Herbarium specimens represent a rich source of
data on plant diversity. These rich information
resources, however, too often remain in analog
format only, and have not been digitized and "en-
abled” in the service of science. This project aims
to digitize, enrich, and share openly the rich data
resources held in 21 U.S. herbaria that correspond
to plants of tropical Africa, which will total more
than 11 million herbarium specimens. Imaging
and data capture is being carried out at each
of the herbaria, and data are then aggregated
for efficient georeferencing. For most records,
georeferencing is being performed automat-
ically, and the remainder will be georeferenced
manually by plant scientists in Ghana, Rwanda,
Malawi, and Gabon. Finally, project data will be
subjected to detailed quality-control assessment
and served openly to the scientific community
via a dedicated “African Plants” portal on Sym-
biota (https://serv.biokic.asu.edu/africa/plantae/
index.php), as well as integration into biodiversity
data portals such as iDigBio and GBIF. The proj-
ect has thus created a broad, international, in-
tercontinental network of scientists and students
interested in and experienced with management
and analysis of data about African plant distri-
butions. These rich data resources will be used
to understand the conservation status of African
plant species in much greater detail than has
been possible to date.
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$.26.6 Enhancing taxonomy
skills in Africa: joining efforts
in training and international
collaborations

‘ Ana Rita G. Simdes!

‘ 1 Royal Botanic Gardens, Kew, UK.

Plant taxonomy is a diverse and increasingly in-
tegrative discipline. With the expansion of digitally
available collections, innovative molecular meth-
odologies and geospatial analyses, there is an
outstanding opportunity for this field to grow, and
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for the African continent, in particular, to accel-
erate the documentation of its plant diversity as
never before. However, insufficient specialised hu-
man resources, unequal access to resources, and
deficient infra-structure could weaken this mo-
mentum. Enhancing taxonomy training in Africa is
key to filling in the specialists’ gap and overcome
biases and inequalities in access to these skills.
This presentation offers an overview of current
challenges and opportunities for plant taxonomy
training, particularly in Africa, with suggestions on
how to strategically design plant taxonomy train-
ing initiatives that efficiently tackle regional needs,
fostered by international collaboration.

S.27 A CONTINENTAL SCALE CONSORTIUM
APPROACH TO BUILDING GENOMICS
CAPACITY AND RESOURCES: GENOMICS FOR
AUSTRALIAN PLANTS. SESSION 2

S.27.1 Resolving taxonomy
challenges in species
complexes using
conservation genomics
Margaret Byrne'!, Rachel Binks', Kelly

Shepherd', Laura Simmons? Katherina
Nargar34, Michael Bayly®, Andre Messina?

1 Department of Biodiversity, Conservation and At-
tractions, Perth, Australia. 2 Royal Botanic Gardens,
Melbourne, Australia. 3 James Cook University,
Cairns, Australia. 4 CSIRO, Cairns, Australia. 5 Uni-
versity of Melbourne, Melbourne, Australia

Species complexes are often present in floras
with high diversity driven by complex evolution-
ary history and associated high speciation and
low extinction rates. Whilst most species are
readily identified and described, there are many
species complexes where taxa are challenging
to resolve though morphological analysis alone.
Genomic approaches can assist in this chal-
lenge through identification of relationships at
the species-population interface providing an
evolutionary basis for identifying taxon boundar-
ies, including where ongoing hybridisation con-

fuses morphological relationships. The Genomics
for Australian Plants initiative is a national col-
laborative program that is developing genom-
ic resources to enhance understanding of the
evolution and conservation of the diverse Aus-
tralian flora. One of its three components is ap-
plication of a conservation genomics approach
to taxonomic resolution of challenging species
complexes in the Australian flora. This integrat-
ed approach brings taxonomists and geneticists
together, applying an evolutionary biology lens
to identification of taxonomic entities. The focus
has been on resolving taxa in complexes where
there are likely taxa of conservation concern so
they can be defined and considered in conser-
vation listing, facilitating implementation of man-
agement actions. The initiative has supported
projects covering 11 species complexes and clar-
ified relationships amongst entities, using ddRAD
genomic data in combination with morphologi-
cal assessment. The relative outcomes of ddRAD
and the angiosperm 365 bait kit were also tested
for four species complexes. These analyses have
led to the identification of species of conserva-
tion concern, as well as clarification of situations
where morphological variation is not reflective
of taxonomic separation, or where hybridisation
is a complicating factor obscuring morphologi-
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cal relationships. The outcomes demonstrate the
benefits of an integrated approach using ge-
nomic and morphological methods to facilitate
taxonomic resolution of species complexes. This
approach may be readily implemented in other
highly diverse floras where taxonomic identifica-
tion of conservation entities is critical to effective
conservation action.

$.27.2 Using genomic tools
to explore diversity in
Southwest Australian plants
of conservation concern

Benjamin M. Anderson', Rachel M. Binks),
Ryonen Butcher!, Margaret Byrne),
Andrew D. Crawford!, Terry D. Macfarlane),
Barbara L. Rye', Kelly A. Shepherd!

1 Department of Biodiversity, Conservation and At-
tractions, Western Australia, Perth, Australia

The Southwest Australian Floristic Region contains
high angiosperm diversity (>7500 species) often
occuring in managed landscapes with varying
levels of anthropogenic disturbance, which cre-
ates a taxonomic and conservation challenge to
understand, classify and protect these organisms.
Evolutionary patterns in the flora of this histori-
cally stable region are diverse, with widespread,
genetically-connected lineages  contrasting
those with restricted or discontinuous ranges
and complex genetic structure. While much of
the flora has been described, some groups with
morphological complexity or subtlety (and pu-
tative evolutionary complexity) have frustrated
taxonomists and prompted the use of genomic
techniques to help unravel that complexity. As
part of the Genomics for Australian Plants initia-
tive, we applied reduced representation genomic
approaches (ddRAD, sequence capture) to spe-
cies complexes suspected to contain cryptic taxa
of conservation concern. Our goal was to resolve
the taxonomy of these complexes. We present
some of our results, along with reflections on the
effectiveness and appropriateness of the molec-
ular approaches for our goal. Our findings include
unexpected diversity leading to the recognition
of more species, as well as the contrasting pat-
tern of unanticipated genetic connectivity lead-
ing to fewer species. We also encountered chal-
lenges that reflect the complex biology of these
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systems and highlight the need for fundamental
knowledge of e.g. breeding system, ploidy and
dispersal patterns when approaching this flora
and interpreting genetic data.

S.27.3 A species-level
phylogeny of eastern
Australian Phebalium Vent.
sect. Phebalium Duretto

& Heslewood (Rutaceae;
Zanthoxyloideae)

Sangay Demda', Rose L. Andrew!, lan R.H.
Telford'!, Jeremy J. Bruhl!

I N.C.W. Beadle Herbarium, University of New En-
gland, Armidale, Australia

Phebalium Vent. sect. Phebalium Duretto &
Heslewood is an Australian endemic monophy-
letic group of species with 14 species distribut-
ed in south-western Australia and 21 in eastern
Australia. Most species of Phebalium have strong
horticultural potential, while many are narrow-
ly endemic and of high conservation value. Un-
derpinned by morphological, phytochemical and
molecular data, we recognised 15 new species,
and we are reinstating four species and raising
eight subspecies to the rank of species. From the
few previous studies in Phebalium, most spe-
cies-level relationships remained untested or
unresolved. Our SNP-based phylogenetic analy-
sis of all eastern Australian Phebalium taxa, in-
cluding the newly delimited species, was carried
out using maximum likelihood with IQ-TREE2 and
maximum parsimony with PAUP. We also inferred
phylogenetic relationships under a coalescent
model using SVDquartets. The phylogenetic rela-
tionships inferred under all models were concor-
dant. Our analyses recovered three major clades
within eastern Australian Phebalium correspond-
ing to three species complexes involving P. squa-
mulosum, P. glandulosum and P. nottii. The mono-
phyly and inter-specific relationships of most of
the eastern Australian species of Phebalium were
resolved and will be discussed.
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S.27.4 Phylogenomic
analysis of generic limits
underpins a systematic
study of Chrysocephalum
(Gnaphalieae, Asteraceae)

Shelley A. Rowntree'? Alexander N.
Schmidt-Lebuhn? Jeremy J. Bruhl', lan R.
H. Telford!, Rose L. Andrew!

1 Botany and N.C.W. Beadle Herbarium, University of
New England, Armidale, Australia. 2 Centre for Aus-
tralian National Biodiversity Research, CSIRO, Can-
berra, Australia

Chrysocephalum Walp. is a medium-sized genus
in the Waitzia clade of the Australian Gnaphalie-
ae (Asteraceae), comprising nine currently rec-
ognised species and two phrase-named species.
In a recent revision of the C. apiculatum and C.
semipapposum complexes (Wilson 2016), 34 sub-
species were added based on morphological
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characters, with a high level of complexity mak-
ing distinction difficult among them. Detailed re-
lationships within the clades of the Gnaphalieae
remain largely unresolved, and generic concepts
have often been based on a small number of
morphological characters traditionally consid-
ered important. We have inferred a molecular
phylogeny of selected Australian native Gnaph-
alieae (Asteraceae) to test the monophyly of the
Chrysocephalum using target capture sequenc-
es and a bioinformatics pipeline co-developed
through the Genome of Australia Plants Consor-
tium. A group of three species form the “core”
Chrysocephalum clade, C. apiculatum (type spe-
cies), C. semipapposum and C. vitellinum. Arid
zone species form separate clades. We are also
resolving species-level relationships with molec-
ular and morphological analyses. This study will
resolve long-standing taxonomic issues and, as
the study group includes several rare and threat-
ened taxa whose status will be clarified, will also
support biodiversity conservation.

$.28 EVOLUTIONARY ECOLOGY OF PLANTS.

SESSION 2

$.28.1 Rapid evolution of
ecological strategies in
Arabidopsis thaliana

Maria Stefania Przybylska'?3, Cyrille
Violle!, Denis Vile?, JF Scheepens?, Léo
Delalandrel, Lily Bennett!, Eric Garnier',
Frangois Vasseur!

1 CEFE, Univ Montpellier, CNRS, EPHE, IRD, Montpellier,
France. 2 LEPSE, Univ Montpellier, INRAE, Institut Agro
Montpellier, Montpellier, France. 3 Goethe University
Frankfurt, Frankfurt am Main, Germany

The study of ecological strategies, i.e, sets of co-
varying traits that match with environmental con-
ditions in a potential adaptive way, helps to ad-
dress the role of the phenotype as a whole, rather
than individual traits, in adaptation. Because, in
the field, covariation between environmental con-
ditions makes it difficult to test for the concrete
factors driving ecological strategies, experimental
approaches can be valuable. Using experimen-

tal evolution, we tested for the evolution of both
mean phenotypes and their variance in response
to contrasting levels of stress (resource availabil-
ity) and disturbance (herbivory) in Arabidopsis
thaliana. By tracking the phenotypic space formed
by whole-plant and leaf traits, we found that, af-
ter only three generations, A. thaliana populations
diverged both in terms of phenotypic variation
and trait syndromes in response to contrasting
resource and herbivory treatments. The most di-
vergent responses were found to evolve under low
and high resources without herbivory: a strategy
of fast-growth for stress escape and a strategy of
slow-growth for competitive ability, respectively.
Furthermore, these strategies have been shown
to be adaptive and possibly density-dependent.
Our results highlight the rapid evolution of plant
strategies in response to stress and disturbance
and the key importance of population size in eco-
logical analyses.
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$.28.2 Plant epigenetics:

a contribution to
understanding phenotypic
variation in changing
environments

Conchita Alonso!, Ménica Medrano),
Carlos M. Herrerd'

$.28.3 Genetic and
phenotypic differentiation

in functional traits of Iris
pseudacorus L. in native and
introduced ranges

Blanca Gallego-Tévar', Brenda J. Grewell?,
John F.Gaskin?, JesUs M. Castillo'

1 Estacién Biolégica de Doriana, EBD-CSIC, Sevilla,

Spain
Epigenetics investigates phenotypic variation that
is not accompanied by changes in DNA sequence,
but instead involves the set of chromatin modifica-
tions that regulate the ability of a certain genome to
produce diverse phenotypes. In plants, DNA cytosine
methylation is a key epigenetic mechanism involved
in genome stability and developmental change. In the
last few decades we have learned that Angiosperms
have evolved specific DNA methylation enzymes and
pathways (e.g., chromomethylases, RNA-directed
methylation) which target cytosines in any sequence
context and genomic location, and that genome-wide
cytosine methylation level is largely variable across
species and has a strong phylogenetic signal and
phenotypic correlates within and across plant indi-
viduals. Furthermore, changes in DNA methylation
induced by environmental stress and transgenero-
tional transmission of some methylation marks have
been documented for many plant species. It remains
unclear, however, the extent to which inter- and in-
tra-specific variation in the ability of a given genotype
to produce phenotypic variants depends on intrinsic
genomic features and/or the ecological characteris-
tics of their environments. In our group we have as-
sessed epigenetic variation in wild plant populations
at different spatial scales and adopted experimentall
approaches which combined a controlled alteration
of epigenetic features (e.g, by applying demethylating
agents) with exposure to selected biotic and abiotic
stress factors. | summarize what we have learned from
applying these two approaches to a set of non-mod-
el plant species. Understanding the relationships be-
tween phenotypic traits and changes in DNA methyl-
ation in contrasting environments is crucial to uncover
the potential impact of epigenetics on fast plant ad-
aptation to changing environments under current
scenarios of climate change. Integration of molecular
understanding gained from model species and eco-
logical significance assessed in non-model plant spe-
cies should contribute to better value the contribution
of epigenetics in plant adaptation and evolution.

I Departamento de Biologia Vegetal y Ecologiq,
Universidad de Sevilla, Sevilla, Spain. 2 USDA-ARS
Invasive Species and Pollinator Health Research
Unit, Department of Plant Sciences MS-4, Univer-
sity of California, Davis, CA, USA. 3 USDA ARS Pest
Management Research Unit, Northern Plains Areq,
Sidney, MT, USA

Intraspecific variation in functional traits between
native and alien invasive plant species may under-
lie resilience and invasiveness of aliens facing new
physiological limits in response to climate change.
Using a common garden experiment, we explored if
observed phenotypic variation of Iris pseudacorus
L. between tidal wetland populations in the native
vs. invaded range may be explained by genetic dif-
ferentiation and/or phenotypic plasticity. Iris seeds
were collected from populations under Mediterra-
nean climate along estuarine salinity and inunda-
tion gradients within four native and invasive pop-
ulations in both Guadalquivir Estuary (Andalusia,
Spain) and San Francisco Bay-Delta Estuary (Cali-
fornia, USA). Germinants were potted (6 plants x 4
populations x 2 ranges; n = 48 experimental plants)
and grown for 12 months under uniform environ-
mental conditions. We then evaluated 23 functional
traits including growth, biomass allocation, morpho-
logical and biochemical responses. Genetic anal-
ysis was performed on leaf tissue collected from
plants in each seed donor population. Geographic
range explained relative intraspecific trait variation
segregating native from alien phenotypes. Native
plants had lower SLA (-23%) and rhizome TNC con-
centrations (-63%) than introduced plants, provid-
ing evidence of genetic differentiation. Higher ge-
netic diversity in the field and 27% higher phenotypic
variation in the CGE for native compared to alien
plants indicate longer-term adaptive processes
in the native range, while genetic distance of alien
field populations increased along with their pheno-
typic distance in the CGE suggesting rapid genetic
differentiation. Phenotypic plasticity also explained
some observed inter-range phenotypic differences
in response to environmental conditions, since these
field differences were not expressed by plants in the
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CGE. Management of alien I. pseudacorus in the in-
vaded estuary should be established urgently since
they represent novel genotypes with key functional
traits that can support invasiveness through high
competitive ability and physiological stress toler-
ance responses to sea level rise.

S.28.4 Fitness and barriers
to gene flow related to
flower colour variation in a
snapdragon hybrid zone

David L. Field!, Sean Stankowski? Arka
Pal®, Parvathy Surendranadh?®, Desmond
Bradley?, Enrico Coen? Nick Barton?

1 Macquarie University, Sydney, Australia. 2 Univer-
sity of Sussex, UK. 3 Institute of Science and Tech-
nology, Klosterneuburg, Austria. 4 John Innes Cen-
tre, Norwich, UK

A fundamental question in evolutionary biology
is how phenotypes and their underlying genes
interact to generate reproductive barriers be-
tween populations. The fitness landscape has
been an influential framework to model these
connections, yet direct measures of how multi-
ple genes interact to create fitness valleys be-
tween populations remains challenging to obtain
in nature. | present some of the work we've been
doing to address this gap by exploiting a natural
hybrid zone between subspecies of Antirrhinum
majus (snapdragons) with a well-defined geno-
type-phenotype map. This work includes investi-
gations into the molecular genetic basis of flower
colour, ecological experiments on the agents of
selection, and the development of novel popu-
lation genomic approaches to detect barriers in
the genome. A key focus will be on our multi-gen-
erational study, where-by genotyping and phe-
notyping over 30,000 plants over 14 years, we've
obtained a pedigree-based estimate of the fit-
ness landscape separating these recently di-
verged subspecies. At deeper evolutionary time
scales, using whole-genomes along geographic
clines we find the absence of a genome-wide
barrier to gene flow with only a small proportion
of the genome resisting introgression. By linking
recent ecological time-scales of fitness variation
in nature to patterns of deeper genomic diver-
gence, our goal is to provide a general model for
how reproductive barriers arise during the early
stages of divergence.

Oral presentations

$.28.5 Above- and below-
ground trait covariation

in perennial herbaceous
species

Allison Miller"2, Molly Hanlon? Matthew
Rubin?

1 Department of Biology, Saint Louis University, St.
Louis, MO, USA. 2 Danforth Plant Science Center, St.
Louis, MO, USA

A fundamental question in plant evolutionary bi-
ology is how species that live for multiple years
balance resource allocation over time to sexual
reproduction (seed production) relative to veg-
etative growth. One component of this is under-
standing how reproductive output covaries with
vegetative traits (e.g, stem thickness, leaf num-
ber, leaf thickness, physiology, root biomass, etc,),
how these relationships shift from one year to the
next, how they vary under different environmental
conditions, and how they change in response to
strong selection for increased reproduction out-
put. Although the direction and magnitude of trait
correlations can constrain or enhance response
to artificial or natural selection, there are few
comprehensive studies that describe relation-
ships between traits expressed at early life stag-
es (e.g., seed size and weight, germination timing,
germination rate) with traits expressed later in life
(e.g. reproductive output, root/shoot biomass ra-
tioin Y1, Y2, Y3, etc.) in perennial herbaceous spe-
cies. Here, we phenotyped seeds and seedlings
of 1,650 plants representing eleven perennial,
herbaceous species in the Asteraceae, Fabace-
ae, and Poaceae families, planted those individ-
uals in a spaced plant nursery in Gray Summit,
MO USA, and monitored height, flowering time,
and vyield over three years. We estimated root
traits via soil cores in Y2 and Y3, and then exca-
vated root crowns for further phenotyping. Anal-
yses to date indicate strong correlations within
and among life-stages, among reproductive and
vegetative traits, and among above- and below-
ground traits. These core questions can provide
key insights into how perennial, herbaceous spe-
cies evolve under in nature and under artificial
selection and may expedite pre-breeding and
domestication of perennial grain crops through
early stage selection of traits correlated ex-
pressed in seeds and seedling that correlate with
desirable traits expressed at later life stages.
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$.29 AEROBIOLOGY. ADVANCES IN THE
ATMOSPHERIC POLLEN RESEARCH AND
CHALLENGES IN THE CONTEXT OF GLOBAL

CHANGE. SESSION 1

$.29.1 Metabarcoding and
metagenomics techniques
in monitoring airborne
pollen

Rosa Pérez-Badia', Clara E. Pogner?,
Celia Antunes?® Godfrey P. Apangu?,
Nicolas Bruffaets®, Sevcan Celenks,
Antonella Cristofori?, Nestor Gonzdlez-
Rolddansg, Agnieszka Grinn-Gofron®,
Beatriz Larad!, Mirela Lika'®, Donat
Magyar", Moises Martinez-Bracero',
Lucia Muggia®, Babette Muyshondt?,
David O'Connor'?, Alberto Pallavicini®,
Alexandra M. Penhas?, Helena Ribeiro™,
Ana R. Costa 3, Zsofia Tischner", Merita
Xhetani'®, Carsten A. Skjgth'™

1 Institute of Environmental Sciences, Universi-
ty of Castilla-La Mancha, Toledo, Spain. 2 Unit
Bioresources, Center of Health and Bioresources,
AIT Austrian Institute of Technology GmbH, Tulln,
Austria. 3 Department of Medical and Health Sci-
ences, School of Health and Human Development,
University of Evora and Earth Sciences Institute
(ICT), Evora, Portugal. 4 Protecting Crops and the
Environment, Rothamsted Research, Harpenden,
UK. 5 Mycology and Aerobiology, Sciensano, Brus-
sels, Belgium. 6 Bursa Uludag University, Arts and
Science Faculty, Biology Department, Gortkle-Bur-
sa, Turkiye. 7 Research and Innovation Centre,
Fondazione Edmund Mach, San Michele all’Adige,
(TN), Italy. 8 Pollen Laboratory, Department of Bi-
ological and Environmental Sciences, University
of Gothenburg, Gothenburg, Sweden. 9 Institute of
Biology, University of Szczecin, Szczecin, Poland. 10
Department of Biology, Faculty of Natural Scienc-
es, University of Tirana, Tirana, Albania. 11 National
Center for Public Health and Pharmacy, Budapest,
Hungary. 12 School of Chemical Sciences, Dublin
City University, Dublin, Ireland. 13 Department of Life
Sciences, University of Trieste, Trieste, Italy. 14 De-
partment of Geosciences, Environment and Spatial
Plannings, Faculty of Sciences, University of Porto
and Earth Sciences Institute (ICT), Porto, Portugal.

15 Department of Environmental Science, iClimate,
Aarhus University, Roskilde, Denmark

The importance of monitoring the concentra-
tion of pollen in the atmosphere has been widely
demonstrated from the environmental, ecologi-
cal and agronomic point of view, as well as from
the perspective of human health, since allergenic
pollen represents the most important cause of
pollinosis globally. Traditionally, pollen concen-
trations in the air are estimated from analyses
based on identification and quantification using
optical microscopy. However, the classification of
pollen types at the species level using this proce-
dure is limited. This is due to the morphological
characteristics of the pollen grains used for their
recognition, often shared within genera, fam-
ilies, and even taxonomic orders. An alternative
approach is the identification of pollen through
molecular sequencing and DNA analysis. Differ-
ent high-throughput sequencing (HTS) tech-
nologies have been used to massively analyse
environmental DNA and therefore the airborne
pollen. This process requires, before sequencing,
the preparation and amplification of the spe-
cific library for each sequencing platform. “lon
Torrent” (ThermoFisher), “GenapSys” technology
and above all “llumina”, represent several plat-
forms that sequence with the metabarcoding
procedure short DNA fragments (reads) up to
a few hundred base pairs in length. Other plat-
forms called “third generation sequencing” such
as “PromethlON”, “GridlION” and “MIinlON” from
“Oxford Nanopore Technology” and “PacBio CCS”
from “Pacific Biosciences”, generate much longer
reads (LR) than those obtained in the previous
ones, however they are still little used in aerobiol-
ogy. This study presents a review and the state of
the art of airborne pollen studies based on me-
tabarcoding and metagenomics, as well as the
limitations of these molecular analyses.

Acknowledgments: This study is conducted in the
frame of Cost Action CAI8226 (New approaches in
detection of pathogens and aeroallergens) and has
been carried out by the members of Working Group 2.
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$.29.2 Airborne pollen trends
in the Iberian Peninsula
during the last three
decades: flowering timing
and intensity

Carmen Galan'?, Jose Oteros"? Herminia
Garcio-Mozo"?, Fatima Aguilera?®, Maria
Jesus Aira4 Jordina Belmonte®®, Paloma
Carifnanos’, Delia Fernéndez-Gonzdalez®®,
Maria Ferndndez-Gonzdalez'®, Santiago
Ferndndez-Rodriguez", Montserrat
Gutiérrez-Bustillo'?, Beatriz Lara®,
Concepcion De Linares’, Stella Moreno-
Grau®, José M. Moreno-Grau', Rosa
Pérez-Badia'®, Antonio Picornells, Alberto
Rodriguez Ferndndez® Javier Rodriguez-
Rajo', Jesus Rojo'™? Luis Ruiz-Valenzueld?,
Maria del Mar Trigo', Purificacion Alcdzar'?

1 Department on Botany, Ecology and Plant Physi-
ology, Agrifood Campus of International Excellence
(ceiA3), University of Cérdoba, Spain. 2 Inter-Uni-
versity Institute for Earth System Research, Uni-
versity of Coérdoba, Spain. 3 Department of Ani-
mal Biology, Plant Biology and Ecology, University
of Jaén, Spain. 4 Department of Botany, University
of Santiago de Compostela, Spain. 5 Department
of Animal Biology, Plant Biology and Ecology, Uni-
versitat Autonoma de Barcelona, Spain. 6 Institute
of Environmental Sciences and Technology (ICTA),
Universitat Autonoma de Barcelona, Spain. 7 De-
partment of Botany, University of Granada, Spain.
8 Department of Biodiversity and Environmental
Management (Botany), University of Leén, Spain. 9
Institute of Atmospheric Sciences and Climate, Na-
tional Research Council, Bologna, Italy. 10 Depart-
ment of Plant Biology and Soil Sciences, Univer-
sity of Vigo, Spain. 11 Department of Construction,
University of Extremadura, Spain. 12 Department of
Pharmacology, Pharmacognosy and Botany, Com-
plutense University of Madrid, Spain. 13 Department
of Environmental Sciences, University of Castilla-La
Mancha, Toledo, Spain. 14 Department of Chemical
and Environmental Engineering, Technic University
of Cartagena, Spain. 15 Department of Botany and
Plant Physiology, University of Malaga, Spain.

Airborne pollen significantly impacts air quality, hu-
man health, and ecosystems. Effective pollen mon-
itoring is essential for understanding these effects
and advancing in air protection strategies. Pollen al-
lergies, affecting a substantial global population, lead
to respiratory issues and decreased life quality. Pollen
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monitoring also informs climate change research, ag-
riculture, and forestry; shifts in pollen seasons indicate
the climatic change impacts on vegetation and aid-
ing in fruit production forecasting. Airborne pollen is a
good indicator of floral phenology and intensity on an-
emophilous plants. Historical databases allow to study
pollen season timing and intensity. The Mediterranean
Climate is wet and mild during winter, and warm and
dry in summer. During recent decades, the climate is
changing on increasing temperatures and to the lack
of water availability, due to a different precipitation
pattern with more frequent floods and droughts. These
trends are affecting to plant responding to extreme
events. Woody plants response more to temperatures,
especially those flowering during winter or early spring.
Herbaceous plants respond more to water availability.
Many recent studies have shown an advance in flow-
ering start, specially on woody plants. However, winter
is getting warmer, and the plants are not sufficiently
exposed to chilling temperature for break dormancy
and budburst; with lack of chilling requirements the
forcing process at early spring will not be as effective,
that together the lack of water, may cause a delay on
flowering. Weeds and grasses respond more to water
availability, although in different way, with an advance
or delay depending on the species. For this reason,
recently there are evidence of longer pollen seasons
because more diversity on flowering timing. Regard-
ing flowering intensity, recent studies also support the
higher pollen season intensity, probably due to in-
creasing CO2 in the air; however, in the Mediterranean
climate it does not always occur due to lack of water.

$.29.3 Effect of long-
distance pollen transport
on the local and regional
airborne pollen evolution
José Maria Moreno, Luis Negral’,

Francisco Aznar', Isabel Costad!, Stella
Moreno-Grau’

1 Department of Chemical and Environmental En-
gineering, Technical University of Cartagena, Cart-
agena, Spain

Long-distance pollen transport, primarily wind-facilitat-
ed, profoundly influences local and regional airborne
pollen dynamics, impacting genetic diversity, species
composition, allergen exposure, seasonal timing, eco-
logical interactions, climate change implications, and
biogeographical patterns. The transport introduces
genetic material from distant populations, fostering in-
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creased genetic diversity within local plant populations
for enhanced adaptability to environmental changes.
Pollen transport alters the species composition of locall
and regional plant communities, potentially introduc-
ing new species or amplifying the abundance of cer-
tain ones, influencing regional biodiversity. The process
significantly affects allergen exposure by introducing
allergenic species, extending pollen seasons, and alter-
ing overall allergen composition, posing implications for
public health. Understanding the impact of long-dis-
tance pollen transport on seasonal timing is crucial for
predicting changes in allergen exposure patterns, with
direct implications for public health. Ecological interac-
tions arise, such as competition between introduced
and native plant species, leading to cascading effects
on local ecosystems and changes in insect and bird
populations reliant on specific plant species for food.
The complex interplay between long-distance pollen
transport and climate change is pivotal for predicting
ecological responses, managing biodiversity, and de-
vising strategies to mitigate climate-driven environ-
mental impacts. This interconnectedness contributes
to biogeographical patterns, connecting plant popu-
lations across geographical regions, vital for maintain-
ing genetic exchange and preventing isolation among
plant populations. Monitoring pollen movement aids
researchers in assessing the impact of global and re-
gional environmental changes on plant populations.
In summary, long-distance pollen transport is a valu-
able tool for ecological research and environmentall
nmonitoring, providing insights into plant dispersal, ge-
netic connectivity, climate influences, and ecological
dynamics, contributing to a broader understanding of
interconnected processes shaping ecosystems.

$.29.4 Response patterns

of calendar and pollen
intensity to climate at the
southwestern distribution limit
of Betula: a 30-year study

Guillermo Guaddad', Maria Ferndndez-
Gonzdlez!, Rubén Amigo!, Duarte A. Dias
Lorenzo!, Kenia C. SGnchez Espinosadl, F.
Javier Rodriguez-Rajo!

1 Department of Vegetal Biology and Soil Sciences,
Faculty of Sciences, University of Vigo, Ourense, Spain

We studied the relationship between the occur-
rence of Betula spp. airborne pollen and climate,
during the main pollen season, as well as before
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and in the preceding year. Our aim was to un-
derstand how environmental conditions can in-
fluence the main pollen season and the intensi-
ty of airborne pollen presence at the meridional
boundary of the Betula forest distribution in Eu-
rope. For this purpose, pollen monitoring was
conducted using Lanzoni VPPS 2000 volumetric
trap and nearby meteorological data. The study
area was located in the northwest of the Iberian
Peninsula, specifically in three cities with diverse
mesoclimate: Vigo (Atlantic), Ourense (Mediter-
ranean) and Lugo (Cantabrian), which had a dis-
tinct oceanic influence. Aerobiological data was
conducted based on the Spanish aerobiology
network protocol. Weather variables precipita-
tion, maximum, minimum and mean tempera-
ture were selected for three-time windows: 1¢t the
main pollen season period, 2" from 5 to 90 days
before the onset of pollen presence, with a cu-
mulative five-day interval, and 3™ the average
monthly climate of the previous year. Precipita-
tion delays the onset of the main pollination sea-
son and also delays the end of the season, in-
creasing pollen counts in the post-peak interval
at all three areas. Temperature during the pollen
season affects the duration and pollen integral
differently among area. The pollen integral shows
an increasing trend over the last decades at all
three sites, and the increase in the minimum tem-
perature of the previous summer explains this in-
crease at all three areas from a climatic point of
view. In conclusion, the effect of weather before
and during the main pollen season has varied ef-
fects on the date-related data across the meso-
climate, while the increase in temperature during
the summer of the last few decades results in a
spring with higher airborne pollen loads for all
three locations.

$.29.5 The aerobiology-
floral phenology binomial.
Phenoclimatic models for
pollen forecasts.

‘ Giuseppe Frenguelli!

I Department of Agriculture Science, University of
Perugia, Perugia, Italy

The release of pollen from a plant-source is char-
acterized by a time distribution which is the con-
sequence of the various flowering stages. The be-
ginning of the release of pollen and the quantity
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of pollen that each plant produces are in relation
to a series of biotic factors such as the genotype,
the age, the size of the plants, and environmental
factors such as the climate, other than edafic and
phytosanitary factors. In the aerobiological studies
phenological models are used to obtain information
useful for forecasting the beginning of pollination of
many species, expecially of agricoltural and allergo-
logical interst, and to know what will be the severity
of the pollination or the quantity of pollen which will
be released into the atmosphere day by day. Aero-
biological historical data bases on the pollen con-
tent in the air, evidence how the climate change is
affecting distinct species in different geographical
areas. The aerobiology-floral phneology binomi-
al can contribute to the improvement of bio-geo-
graphical and ecological information of vegetation,
the forest health and vitality being important for the
protection of the plant biodiversity. When a predic-
tive model on beginning of pollination is being de-
veloped, it is necessary to take into consideration
the different responses to environmental factors of
the species considered. Temperature-based mod-
els are commonly used to predict floral bud-burst
as universal models disregarding that they are site-
and species-specific. Models working well in some
regions might not respond so well in other areas
due to genetic characteristics that enable plants to
show different tolerance to particular environmen-
tal conditions. Modeling to predict the performance
of the pollen season with the intention of giving a
meaningful result as early as possible has led to
the development of many analytical mathematical
models, increasingly complex, like time series mod-
els, multivariate regression models, Artificial Neural
Networks and more.

$.29.6 Real-time airborne
pollen monitoring

B. Clot!, B. Crouzy!, S. Erb", G. Lieberherr,
F. Tummon!, R. Pérez-Badia? EUMETNET
AutoPollen community

1 Federal Office of Meteorology and Climatology
MeteoSwiss, Payerne, Switzerland. 2 University of
Castilla-La Mancha, Toledo, Spain.

Between 20-30% of the European population suffers
from pollen allergy, resulting in costs ranging from
€50-150 billion per year. For decades, airborne pol-
len has been monitored using manual methods with
counting being done by hand under the microscope
and results reported as daily average values from
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3-9 days after the measurement. New technologies
developed over the past years are revolutionising
this field. Combining artificial intelligence with ad-
vanced measurement methods, several devices
are now available on the market that provide re-
al-time observations of pollen as well as a consid-
erable potential to detect and identify a range of
other airborne particles. The EUMETNET AutoPollen
Programme has been established in 2018 to take full
advantage of the large potential for progress that
automatic observations provide. It brings together a
consortium from across Europe with the multidisci-
plinary expertise needed to address the challenges
along the entire information chain — from the initial
observation through to the final products and ser-
vices co-designed with end users. As an example,
the SwissPollen network, operated by MeteoSwiss,
comprises 15 monitoring stations and since the be-
ginning of 2023 provides hourly information in re-
al-time through its website and smartphone app.
Furthermore, the real-time observations are inte-
grated into the COSMO-ART model to provide fore-
casts to end-users.
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$.30 MERGING EVOLUTIONARY APPROACHES
WITH ETHNOBOTANICAL KNOWLEDGE.

SESSION 2

$.30.1 Estimation of Activity
Concentrations of naturally
occurring radionuclides in
selected infant-herbs grown
in Igbokoda, Ondo state

Funmilola M. Ojo', Abiola O. llori?, Kayode
O. Karigidi®

1 Department of Biological Sciences, Olusegun
Again University of Science and Technology, Okitip-
upa Ondo State, Nigeria. 2 Department of Physical
Sciences, Olusegun Again University of Science
and Technology, Okitipupa Ondo State, Nigeria. 3
Department of Chemical Sciences, Olusegun Again
University of Science and Technology, Okitipupa
Ondo State, Nigeria

The traditional use of medicinal herbs in treating
infant ailments is entrenched in many cultures,
including the coastal region of Ondo State, Nige-
ria. However, there is limited scientific information
regarding their morphological characteristics
and possible radiological health risks. This study
aimed to investigate the morphological features
and radiological health effects of six common-
ly consumed infant herbs. A comprehensive field
survey was conducted to identify and collect rep-
resentative samples of the selected infant herbs:
Ananas comosus, Azadirachta indica, Carica pa-
paya, Cymbopogon citratus, Jatropha curcas,
Mangifera indica, Ocimum gratissimum, Psidium
guajava, Vernonia amygdalina, and Zingiber offi-
cinale. Plant identification and classification were
conducted morphologically to assess plants’
growth habits, stem structure, leaf morphology,
and flower characteristics. Radiation levels were
measured to evaluate potential risks associat-
ed with the consumption of these herbs, using a
portable radiation meter. The concentration of
radionuclides (specifically, naturally occurring
radioactive materials such as uranium, thori-
um, and potossium) was also determined using
gamma spectroscopy techniques. The morpho-
logical studies revealed distinct features of each
herb, aiding in their accurate identification and

classification. Additionally, the radiological health
impact assessment indicated relatively low ra-
diation levels in the selected infant herbs, with
concentrations of radionuclides falling within
acceptable limits set by international regulato-
ry bodies. Thus, the consumption of these herbs
was determined to be unlikely to pose significant
radiological health risks to infants and young
children. This study contributes to the documen-
tation of the morphological characteristics of
commonly consumed infant herbs in the coast-
al region of Ondo State, Nigeria. Furthermore, the
radiological health impact assessment provides
valuable insights into the safe use of herbs for
infant care. The findings can inform healthcare
providers, traditional medicine practitioners, and
the general public about the potential benefits
and risks associated with the consumption of
these medicinal herbs, promoting safe and in-
formed choices in infant healthcare practices.

$.30.2 Market integration
and changes in traditional
practices in West Africa: the
case of Shea

‘ Nerea Turreira-Garcid!

I Department of Food and Resource Economics,
University of Copenhagen, Denmark

Commercial and development actors influence
traditional ecological knowledge (TEK) practic-
es among rural populations in the global south
through complex mechanisms. This paper ex-
plores this rural transformation dynamic through
the case of shea (Vitellaria paradoxa). For centu-
ries, women have collected and processed shea
nuts into dried kernels, and subsequently butter.
Over the last decades, the international demand
for kernels has increased as opposed to butter.
The results of 1100 household surveys conduct-
ed in Ghana and Burkina Faso about women’s
current and past processing methods and end-
use of shea products, reveal that 1) processing

107



TAIBC interasions
Q) 2024 .

methods are being homogenized, and 2) wom-
en abandon the butter making process in favor
of selling shea kernels. This trend is more visible
in Ghana, where especially younger women fol-
low processing methods promoted by big com-
panies and development institutions, in contrast
to Burkina Faso, where there remains higher pro-
cessing diversity, and butter production. Loss of
diversity in processing methods may reduce the
ability to adapt to external changes, such as
market demands and climate change. The de-
crease in butter production is leading to matrilin-
eal knowledge loss and has implications for the
household economy, as women substitute shea
butter for industrial, more expensive cooking oils
and skincare creams. The study offers a critical
analysis of how the dynamic and multidirectional
nature of rural transformations and TEK influence
resource users and the entire value chain.

$.30.3 Does scent guide
Indigenous People’s
perception of medicinal
plants?

Kimberly P. Castro', Rodrigo Cémara-
Leret!

1 Department of Systematic and Evolutionary Bota-
ny, University of Zurich, Zurich, Switzerland

Understanding the interactions between people
and plants is of great relevance for both biodiver-
sity and biocultural conservation efforts. The use of
plants has been considerably investigated based
on morphological traits, but explaining how people
recognize a plant’s usefulness based on chemis-
try has been challenging. Here, we explore to what
degree the selection and utilization of medicinal
plants is influenced by people’s smell perception of
plants. We assess this through a literature review
of works published over 50 years on smell percep-
tion and Indigenous People’s knowledge of tropical
plants. We find that the sense of smell may very well
be a nexus between human-plant interactions, but
the concept has been relatively complex to estab-
lish due to the confines posed by disciplinary per-
spectives and methodological limitations in most
studies. To advance the field, we propose integrat-
ing phytochemistry with standard ethnobotanical
data collection within study communities to better
understand the role of plant scents and smell per-
ception in medicinal plant selection.
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$.30.4 Crop domestication
is favored by higher
competitiveness and
resource-capture.

Rafael Rubio de Casas', Irene Martin-
Brull'?, Francisco J. Ocana-Calahorro!

I Departamento de Ecologia, Universidad de
Granada, Granada, Spain. 2 EEAD-CSIC, Zara-
goza, Spain.

One of the open questions regarding the relation-
ship between humans and plants is why some
taxa are domesticated and become crops while
other ecologically and morphologically similar
relatives are not. In all likelihood, this is mediated
by functional differences between crops and their
wild relatives. The identification of this key traits re-
quires accounting for the divergence in ecological
and demographic settings between natural pop-
ulations and crop fields, in which interspecific den-
sity is much higher and diversity lower. Traits facili-
tating growth and survival under these conditions
might have thus been relevant for domestication.
Using a phylogenetically controlled experiment,
we investigated whether domestication might be
facilitated by functional traits that increase surviv-
al and growth under high density, hyper-competi-
tive conditions. We picked three important annual
legume crops, lentil (Lens sp.), grasspea (Lathyrus
sp.) and vetch (Vicia sp.) and measured traits that
determine competition (lodging; growth rate), re-
source acquisition (plant height; total aerial and
root biomass) and yield (fruit no.). Bayesian mod-
els were fitted to these data to quantify the effects
of evolutionary divergence between close wild
and domestic relatives, as well as between natural
and crop (landraces) populations of domesticat-
ed taxa. Our results showed important taxonomic
differences, likely reflective of different selection
pathways. Nevertheless, wild relatives consistent-
ly differed from their domesticated congeners in
competition and resource acquisition. Never-do-
mesticated taxa consistently produced smaller,
slower-growing plants that were more prostrated
and allocated less biomass to roots. Conversely,
the effect of selection under domestication on
vegetative traits was largely negligible, although
it appeared to have led to an increase in yield. We
conclude that, although domestication process-
es are always complex and case-dependent, they
might indeed favor taxa that are particularly com-
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petitive and more effective in resource capture.
Subsequent selection under domestication may
have targeted reproductive traits (i.e, fruit and
seed production).

$.30.5 Molecular
authentication,
quantification, and in vitro
production of metabolites
from different Swertia
species

Parthraj Kshirsagar' Dnyanesh Chinte?
and Nikhil Gaikwad?®

1 Department of Botany, Shri. Shivaji College Bar-
shi, Dist-Solapur, India. 2 Department of Zoology, S.
M. Dnyandeo Mohekar College, Kalamb, Dist- Os-
manabad, India. 3 Department of Botany, Shivaji
University Kolhapur, Dist-Kolhapur, India

Swertia is ethno-medicinally an important genus
belonging to the family Gentianaceae. Swertia chi-
rayita is used as an imperative medicinal plant in
the Indian system of medicine. However, this species
has been frequently adulterated due to its high de-
mand and scarcity. Authentication of this species
was needed to protect consumers and conserva-
tion measures and to find an alternative source. ITS
region proves a robust molecular marker for differ-
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ing the S. chirayita from its related adulterant spe-
cies. All barcoding regions indicate that S. chirayita
and S. minor both are more closely related than
other Swertia species. Swertiamarin and mangiferin
were estimated from different Swertia species and
it was revealed that maximum swertiamarin and
mangiferin content was found in S. chirayita, S. mi-
nor, and S. angustifolia species. Various extraction
methods like static extraction (SE), continuous shak-
ing extraction (CSE), and ultrasonic extraction (USE)
were evaluated for increasing recovery % of swer-
tiamarin and mangiferin from different Swertia spe-
cies which revealed that SE was more proficient with
24 h extraction gave the maximum recovery in S.
chirayita of swertiamarin (256.98 mg/g) and man-
giferin (155.76 + 7.78 mg/g). In vitro production of
swertiamarin from cell suspension cultures of S. mi-
nor was studied chitosan-treated (25 ppm) cell bio-
mass accumulated higher contents of swertiamarin
than salicylic acid and methyl jasmonate. Findings
showed that DNA barcoding is an efficient tool for
the identification and authentication of S. chirayita.
S. minor is remarkably the best match for S. chirayita
as per molecular and phytochemical fingerprint is
concerned, suggesting an alternative for chirayita.
The described protocol can be effectively used for
the large-scale propagation, and exploitation of ac-
tive compounds and will serve as a potential alter-
native to S. chirayita for the fulfillment of over-grow-
ing industrial requirements.

S.31 THE ANGIOSPERM REPRODUCTIVE
SPECTRUM FROM FLOWERS TO SEEDS.

SESSION 2

S.31.1 Variation in fruit and
seed dimensions is better
explained by dispersal
system than by leaf size in a
tropical rainforest

Pablo R. Stevenson!, Diana C. Acosta-

Rojas', Sasha Cardenas!, L. Francisco
Henao-Diaz'"?

I Centro de Investigaciones Ecolégicas La Macare-
na, Departamento de Ciencias Biolégicas, Universi-
dad de Los Andes, Bogotd, Colombia. 2 Department
of Ecology and Evolution, University of Chicago,
Chicago, IL, USA

Variation in fruit and seed traits could originate from se-
lection pressures exerted by frugivores or other ecolog-
ical factors (adaptive hypotheses) and developmen-
tal constraints (by-product hypotheses) or chance.
We evaluated fruit and leaf traits for nearly 850 plant
species from a rainforest in Tinigua Park, Colombia.
Through a series of linear regressions controlling for the
phylogenetic signal of the traits (minimum N = 542), we
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tested (1) whether the allometry between seed width
and length depends on seed dispersal system (Mazer
and Wheelwright's adaptive hypothesis of allometry for
species dispersed in the guts of animals = endozoo-
chory) and (2) whether fruit length is associated with
leaf length (i.e, Herrera's by-product hypothesis derived
from the assumption that both organs develop from
homologous structures). First, we discovered a robust
negative allometric relationship between seed width
and length in endozoochorous species, aligning with
our expectations. Surprisingly, this association also held
true for anemochorous species. In addition, we found
a positive relationship between fruit and leaf length,
but this relationship was not evident for zoochorous
species. Our findings lead us to the conclusion that the
allometric relationship between seed length and width
exhibits variability among dispersal systems. This sup-
ports the notion that fruit and seed morphology has
undergone modifications due to interactions with frugi-
vores and the unique adaptability to rotate, particularly
evident in certain wind-dispersed species.

$.31.2 Morpho-anatomy of
the flower-to-fruit transition
in selected Andean
Loranthaceae

Valentina Botero-Castano!, Favio
Gonzdlez? Natalia Pabén-Mora'™

1 Universidad de Antioquia, Medellin, Colombia. 2
Universidad Nacional de Colombia, Bogotd, Co-
lombia *Author for correspondence: lucia.pabon@
udea.edu.co

Loranthaceae (Santalales) is a family of hemiparasit-
ic plants that exhibits unique structural modifications,
such as: (1) structural reduction of the carpels, compen-
sated by the formation of a massive hypanthium and
(2) ategmic ovules, these reduced to the embryo sac;
(3) migration of the embryo sac nuclei from the ovary
to the style and ectopic fertilization in the style, followed
by the repositioning of the proembryo(s) to the ovarian
region; and (4) fruits developing from inferior ovaries
fused with the hypanthium, with abundant viscine. Oth-
er atypical features recorded include the presence of
dimorphic embryos (i.e, embryos have foliose or pris-
matic cotyledons) in the genus Psittacanthus and the
absence of endosperm described in Psittacanthus and
Aetanthus. Conventional serial sectioning of flowers
and fruits at different developmental stages of Aetan-
thus colombianus A.C. Sm, Gaiadendron punctatum
(Ruiz & Pav.) G. Don, and Tristerix secundus (Benth.) Kuijt,
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allowed us to conclude that the flowers of these spe-
cies go through: (1) migration of the nuclei of the me-
gagametophyte, which reach the distal third portion
of the style; (2) formation of a secretory parenchyma
associated with the vascular bundles of petals and sta-
mens; and (3) growth of a sclerenchymatic structure
that delimits the megagametophyte in the flower and
the proembryo in the fruit. Conversely, the fruit forma-
tion follows: (1) development of the pendular embryo,
facing the schlerenchymatic tissue, with a conspicuous
hypocotyl, and formation and expansion of the viscin in
the epicarp; (2) development of two foliose cotyledons
surrounded by massive endosperm (ruminate in Gaio-
dendron), and lack of seed coat; and 3) the fruit proper
is delimited by the vascular bundles of the gynoecium,
and surrounded by a thick epicarp with extra-carpel-
lary viscin. This work lays the foundation for compara-
tive evo-devo studies on the genetic bases for ovule
reduction in hemiparasitic neotropical Santalales.

$.31.3 Anatomy and
micromorphology of the
two genera with unusual
fruit type in Apiaceae
(Echinophora and
Thecocarpus)

Golshan zZare!, Asli Dogru-Koca?

I Pharmaceutical Botany, Faculty of Pharmacy,
Hacettepe University, Ankara, Tlrkiye. 2 Laborato-
ry of Plant Conservation & Phylogeny, Department
of Biology, Faculty of Science, Hacettepe University,
Ankara, Turkey

The genus Echinophorag, with 10 species is represented in
Tarkiye by six species, three of which are endemic. The-
cocarpus carvifolius,is the only representative of the ge-
nus. Echinophora and Thecocarpus are closely related
genera with taxonomically controversial history, which
are placed in Echinophoreae. This tribe is characterized
by the remarkable structure of the fruiting umbellules.
In this tribe the umbellules have sessile solitary female
fruit in the centre, surrounded by the indurated pedicels
of the male flower. In this group, different parts of the
umbellules take part in fruit formation and in these in-
fructescence structures. The anatomical characters of
the fruit are widely used in the taxonomy of Apiaceae.
In this study detailed anatomical and micromorpho-
logical futures of 7 taxa were done in detail including; E.
tenuifolia, E. tournefortij, E. chrysantha, E. lamondiana, E.
tricophylla, E. orientais, T carvifolius. The relationships of
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Echinophora and Thecocarpus species grown in Tarki-
ye were discussed based on the micromorphology and
anatomy of fruits of 7 species. Plant material was col-
lected from different regions of Turkiye and free hand
sections were stained with astra blue and safranin. For
scanning electron microscopy, fruits were coated with
gold-palladium. We describe the range of variation in
the infructescence, to discuss the available taxonom-
ic characters and elucidate micro-morphological and
anatomical fruit structure. Echinophora mericarps is
generally pyriform, glabrous or hairy, located inside
thickened structure called the cage or shell. Mericarps
contain two carpels or monocarpel by abortion, 6vittae
and carpophore. Stomata are absent in some species.
Theococarpus, fruits called false nuts are hardened,
glabrous with two carpels, 4vittae, and carpophore and
stomata are present. Fruit structure such as presence
and position of stomata, carpophore, vittae size, num-
ber and position provided valuable diagnostic charac-
ters in the taxonomy of these taxa.

S.31.4 Pleurothallidinae
inflorescences: Importance
of correct morphology
interpretation

Gustavo Rojas-Alvarado!, Adam
Karremans!

1 Jardin Botdnico Lankester, Universidad de Costa
Rica, Cartago, Costa Rica

Despite its great relevance, the study of the inflo-
rescence from a typological point of view generally
goes unnoticed in taxonomy, which is fundamen-
tal for the comparison of structural elements of the
same origin. Pleurothallidinae is the most diverse
subtribe in Orchidaceae is not the exception, its ty-
pology inflorescence remains largely unexplored,
causing incorrect interpretations of its structures
and misapplication of terms. The morphology of
Pleurothallidinae inflorescences is clearly illustrated
by photographs and diagrams, and it is analyzed
and discussed from a typological point of view,
based on the detailed study of structural elements
of living material, including more than 82% of gen-
era of the subtribe. The study shows that the sub-
tribe presents a generalized type of inflorescences
formed by an abbreviated peduncle and branch
system that cannot be seen with the naked eye,
which is an uncommon condition in other orchids
groups. Each branch may produce coflorescences
of different lengths with one or multiple flowers, also
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presenting different patterns of succession that de-
termine the general appearance of the plant. There
are two main types of inflorescences in Pleuroth-
allidinae, these with single-flowered coflorescenc-
es that are dominant in early divergent clades, ant
the multi-flowered coflorescences, which dominate
higher clades. A general and practical classifica-
tion is established for the different types of coflo-
rescences according to the length and number of
flowers produced

$.31.5 Evolution of seed
dispersal modes in the
Orchidaceae: has the
Vanilla mystery been
solved?

Adam P. Karremans!, Charlotte Watteyn?,

Daniela Scaccabarozzi®4 Oscar A. Pérez-
Escobar® & Diego Bogarin'®

I Lankester Botanical Garden, University of Costa
Rica. P.O. Box 302-7050 Cartago, Costa Rica. 2 De-
partment of Earth and Environmental Sciences, KU
Leuven, Celestijnenlaan 200E, P.O. Box 24I], Leuven,
Belgium. 3 Department of Ecology and Genetics,
Uppsala University, Uppsala, Sweden. 4 School of
Molecular and Life Sciences, Curtin University, Bent-
ley, Australia. 5 Royal Botanic Gardens, Kew, Rich-
mond, UK. 6 Evolutionary Ecology Group, Naturalis
Biodiversity Center, CR Leiden, The Netherlands.

Orchidacede seeds are said to have the smallest
seeds among flowering plants. They lack an endo-
sperm, and most have only a very small embryo within
a thin, spindle-like, transparent seed coat. The seeds
are predominantly wind-dispersed, often developed
within dry, dehiscent fruits that typically release millions
of dust-like seeds into the air. Wind dispersal appears
to be a derived state in Orchidaceae and given its
predominance, a trait likely associated with enhanced
speciation rates. Animal-mediated seed dispersal is
a lesser-known phenomenon in the family and pre-
dominantly occurs in groups belonging to early-di-
verging lineages bearing indehiscent, fleshy fruits with
hard, rounded, dark seeds. Zoochory primarily occurs
in groups derived from early-diverging lineages; oc-
casional reversions suggest a link between dispersal
mode and fruit and seed traits. Among the zoochrous
groups of orchids, genus Vanilla is the most predomi-
nant. The more than 120 species of Vanilla are native to
the Tropical regions of Asia, Africa and America where
they grow as climbing vines. Vanillin, the organic com-

m



TAIBC interasions
Q) 2024 .

pound responsible for the much appreciated vanilla
aromga, is synthesized naturally only in the fruits of cer-
tain Neotropical species belonging to this genus. This,
and related, aromatic compounds play a pivotal role
in the multimodal seed dispersal. Ectozoochory occurs
in dry, dehiscent fruits, whose seeds are dispersed by
(i) male euglossine bees collecting the fruit's vanillin
aromatic compounds and (i) female stingless bees
collecting the fruit's mesocarp. Endozoochory occurs
in (i) highly nutritious, indehiscent fruits consumed
by terrestrial mammals or (iv) fleshy, dehiscent fruits
whose mesocarp is consumed by arboreal mammals.
Interestingly, fruits features, such as dehiscence and
fleshiness lack phylogenetic signal in Vanilla despite
their role in determining dispersal modes, suggesting
potential environmental adaptability.

$.31.6 Disentangling

the Orchid-Euglossini
interaction networks in the
tropical forest in Costa Rica

Rengifo Alfonso Nicolds™, Ferndndez
Otdrola Mauricio*?, Hanson, Paul?.
Karremans, Adams3

I Graduate Biology Program, University of Costa
Rica. 2 School of Biology, University of Costa Rica.
3 Center for Research in Biodiversity and Tropical
Ecology, University of Costa Rica. 4 Lankester Bo-
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tanical Garden Research Center, University of Cos-
ta Rica *Corresponding author. nicolas.rengifo@
ucr.ac.cr

Orchids are one of the most diverse groups of plants,
with sophisticated reproductive mechanisms that
have allowed the diversification of niches and pollina-
tors, such as Euglossini bees. The study of the repro-
ductive phenology of orchids by means of bee body
pollinaria provides a clear understanding of the inter-
action between plants and pollinators. Also, many bee
species have a different phenology in certain ecosys-
tems, which puts pressure on orchids that depend on
these pollinators for reproduction. The objective of this
work was to characterize the reproductive phenology
of orchids and the Euglossini pollinator bee communi-
ty. The work was carried out at La Selva Biological Sta-
tion, Costa Rica. During one-year, monthly samplings
of three days were carried out, using different chem-
ical attractants to attract Euglossini males, and only
those observed with pollinaria or accessory structures
on their bodies were captured. The orchid pollinators
were identified at the Lankester Botanical Garden and
the bees at the School of Biology, University of Costa
Rica. Gongora and Euglossa were the most abundant
orchid and bee genera. During the dry season, the
abundance of bees was higher than during the rainy
season. and the species in flowering vary significantly
from season to season, as do the species of bees. This
work presents the first bipartite network between or-
chids and Euglossini bees, considering the two climat-
ic seasons of the year.

S5.32 ADVANCES IN SEED CONSERVATION OF
WILD SPECIES. SESSION 2

S.32.1 Are seeds of today’s
endangered plants ready
for tomorrow’s climate
change challenges?

‘ Héctor E. Pérez

1 Environmental Horticulture Department, University
of Florida, Gainesville, USA

Seeds operate in a world of physiological limits
established by abiotic and biotic factors. These
limits represent thresholds that govern not only
in planta development of high-quality seeds but

also seed to seedling transitions via germination.
Important plant life history stages such as seed
development on mother plants and seedling es-
tablishment are crucial to sustaining life on Earth.
Yet human induced climate change continues to
influence thresholds regulating plant regenera-
tion from seeds. Additionally, many of the predict-
ed impacts of climate change may push seeds
beyond limits established during their recent evo-
lutionary history. This predicament may be mag-
nified for seeds of endangered plants and raises
a series of important questions. Are the seeds of
today’s endangered plants ready for the climate
challenges of tomorrow? How will seeds have to
adapt to climate change? Are we expecting too
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much from seeds given the potential for increas-
ing levels of stress that may keep seeds at op-
erational limits? This presentation explores those
questions by first discussing projected impacts of
climate change. It then overlays a current syn-
thesis of seed responses to predicted climate-in-
duced stressors. We conclude with perspectives
that may contribute to development of adaptive
solutions for endangered species while calling for
more attention to seed biology especially in a cli-
mate change context.

$.32.2 Elevated spring
temperatures promote
premature germination
in range-wide cork oak
populations

Marta Benito Garzon!, Fany Baillou, Filipe
Costa e Silva?, Carla Faria? Maurizio
Marchi3, Giovanni Giuseppe Vendramin?,
Natalia VizcainoPalomar#

1 BIOGECO INRAE, UMR 1202, University of Bordeaux,
Pessac, France. 2 Centro de Estudos Florestais, In-
stituto Superior de Agronomia, Universidade de Lis-
boa, Tapada da Ajuda, Lisbon, Portugal. 3 Florence
Research Area, CNR-Institute of Biosciences and
BioResources, Sesto Fiorentino, Fl, Italy. 4 ICIFOR,
INIA-CSIC, Madrid, Spain

Climate change is facilitating the northward mi-
gration of Mediterranean oak species, leading to
an expansion of their distribution at their leading
edges. Nevertheless, Mediterranean oaks possess
desiccation-sensitive acorns that lack the ability
to form seed banks, relying instead on post-seed
fall climate conditions and the interplay of genet-
ic determinants for germination. In this study, we
investigate Quercus suber populations’ potential
adaptation to rising spring temperatures in germi-
nation timing and rates. A total of 701 acorns from 9
populations, with 10 mother trees each, were sown
at temperatures of 15, 20, and 25 °C, with daily mon-
itoring of germination over a 90-day period. Ger-
mination timing was modeled using Cox’s propor-
tional-hazards models. Populations’ adaptation to
the transfer distances associated with spring tem-
perature changes and germination climatic niches
under current and the RCP 8.5 scenario for the year
2080 were assessed using fixed-effects models.
Variations in germination timing were attributed
to both population origin and temperature treat-
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ment, while germination rates exhibited sub-opti-
mal tendencies under temperatures exceeding the
species’ native range. The timing of germination
decreased in correlation with rising spring tem-
peratures, with a projected germination occur-
rence in 2080 anticipated to be 12 days earlier than
the present timeframe in central lberia. Elevated
spring temperatures significantly expedite the ger-
mination process of recalcitrant Mediterranean
species, potentially influencing the developmental
environment of seedlings and, consequently, the
regeneration and species composition of popula-
tions. Consequently, germination timing deserves
greater consideration in scientific and stakehold-
er discourse and should be integrated into forest
vulnerability assessments and assisted migration
programs designed to foster long-term forest ad-
aptation to climate change.

S.32.3 Functional traits
at the service of seed
conservation in Brazilian
open ecosystems

Carlos A. Ordbéiez-Parra'?, Lara Amaral-

Garcia? Rafael Figueiredo? Fernando A.O.
Silveira?

I. Instituto de Ciéncias Biolégicas, Universidade
Federal de Minas Gerais, Belo Horizonte, Brazil. 2
Centro de Sintese Ecolégica e Conservagéo - CSEC,
Departamento de Genética, Ecologia e Evolugdo,
Instituto de Ciéncias Bioldgicas, Universidade Fed-
eral de Minas Gerais, Belo Horizonte, Brazil.

Seed-based conservation and restoration are in-
creasingly recognised as cost-effective strategies
to protect biodiversity and restore degraded eco-
systems. Both strategies depend on seeds’ ability
to remain viable in medium- to long-term storage,
which, in turn, is directly related to seeds’ desicca-
tion tolerance —a trait whose assessment is highly
time-consuming and challenging to scale to vari-
ous species. To overcome this shortfall, trait-based
models to predict desiccation tolerance using easy-
to-measure traits, such as seed mass and moisture
content, have been proposed. Here, we used these
models to explore the potential of seed conserva-
tion in two hyperdiverse yet threatened open eco-
systems in Brazil: rock outcrop vegetation and the
Cerrado, with the ultimate goal of delivering knowl-
edge about native seed conservation and building
capacity for their use in conservation and resto-
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ration projects. For rock outcrop vegetation, we built
a database of 16 seed traits for 383 species. Unfortu-
nately, data on desiccation tolerance was available
for only 34 species, all of them producing orthodox
seeds. Still, the available information for seed mass
and moisture content for 87 species indicates a high
potential for seed conservation, as suggested by the
few empirical studies available for these and simi-
lar ecosystems worldwide. An ongoing project in the
Cerrado is assessing seed desiccation tolerance in
84 species —56 of them with unknown storage be-
haviour— currently commercialised by local com-
munities in Central Brazil. This species pool includes
groups whose seed desiccation tolerance has been
little studied, such as perennial grasses, which are
a fundamental element of Cerrado plant commu-
nities. Ongoing data collection will be compared
with the predictions of global trait-based models
to assess whether these models produce accurate
predictions of seed desiccation tolerance and, thus,
used as a tool to facilitate the seed conservation
work currently carried out by local communities.

$.32.4 Enhancing Seed
Conservation Strategies

for Rare and Endangered
Plant Species in Bavariq,
Germany: Insights from
Trait-Based Seed Longevity

Deshika Muthuthanthirige', Peter
Poschlod!

I Institute of Plant Sciences, Faculty of Biology and
Preclinical Medicine, University of Regensburg, Re-
gensburg Germany

The rapid changes in the environment due to hu-
man activities and climate shifts pose a signifi-
cant threat to the habitats of rare and endangered
plant species, pushing them closer to extinction. It
remains crucial to preserve these species to up-
hold the functioning of ecosystems. Our objective is
to comprehend the impact of traits like seed mor-
phology and physiology in endangered species on
their capacity to endure extended storage periods.
By investigating the relationship between these
traits and seed longevity, especially in habitats like
less fertile soils or transitional zones, our aim is to
enhance the prioritization of in situ protection or
alternative conservation cultures for certain spe-
cies, as well as those suitable for long-term ex situ
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storage in gene banks. Additionally, our analysis of
habitat features and seed longevity data using El-
lenberg indicator values (EIVs) aims to unveil why
particular habitats favor short-lived or long-lived
plant species. Our focus within Bavaria, Germa-
ny includes understanding how species, including
those stored in projects like Bayern Arche estab-
lish their abundance in specific habitats based on
seed longevity and environmental factors. This re-
search endeavors to establish a direct connection
between seed viability and essential traits, provid-
ing valuable insights to optimize seed conservation
strategies and improve species selection for stor-
age in seed banks.

$.32.5 Green and fatty
architecture: how
chlorophyll, fatty acids and
antioxidants modulate
ageing rates in dry seeds

Daniel Ballesteros'? Rida Ajmal?, Antonia
Martin?, Marina Lopez-Pozo?, Davide
Gerna? Christina Walters4, Hugh W.
Pritchard®

1 University of Valencia, Burjassot, Spain. 2 Royal
Botanic Gardens, Kew, Wakehurst Place, UK. 3 Uni-
versity of the Basque Country, Vizcaya, Spain. 4 US-
DA-Agriculture Research Service, Fort Collins, USA.
5 Chinese Academy of Sciences, Kunming, China

Orthodox seeds, when dry, solidify their cell's
aqueous cytoplasm forming a glass (ie, an
amorphous non-crystalline solid) where most
biochemical reactions are inhibited. However,
ageing is not completely stopped at this quies-
cent state and slowly progress mainly via oxida-
tive reactions. Seed ageing kinetics is species de-
pendant, but the causes for these differences are
not well known. However, it has been well charac-
terized that the seeds of some particular species
age faster than the average. For example, “green
seeds” - i.e, those containing chlorophyll at ma-
turity, generally in fully developed chloroplasts -
age fast at any storage temperature, like those
from Salicaceae species. In addition, diverse “fat-
ty (oily) seeds” age abnormally fast when stored
to high subzero temperatures, as those standard
in seeds bank (e.g, -20°C). The causes for the
faster ageing rates in these two particular seed
types have been related to specific reactions
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modulated by their “dry architecture” (Ballesteros
et al, 2020). In other words, the particular physi-
cal-chemical properties of the cell cytoplasm of
“green” or “fatty” seeds when dry and stored to
low temperatures strongly influences their ageing
kinetics. This influence is focused in two aspects:
(1) the source of Reactive Oxygen Species (ROS),
the target of oxidative reactions, and the antiox-
idant potential, and (2) the differential physical
changes occurring in the glassy aqueous phase
of the cytoplasm and the lipid oil droplets dis-
tributed therein. In this talk we review the state of
art of ageing kinetics in dry seeds with green and
fatty architectures. Moreover, we show recent
advances on our understanding of this topic us-
ing both muilticellular seeds but also fern spores
as a unicellular model. References: Ballesteros
D, Pritchard HW, Walters C. (2020). Dry architec-
ture: towards the understanding of the variation
of longevity in desiccation-tolerant germplasm.
Seed Science Research 30(2): 142-155.

$.32.6 Call for data sharing
and an open invitation

to join SeedArc, a global
archive of primary seed
germination data

Eduardo Ferndndez Pascual', Angelino
Carta? Sergey Rosbakh?, Lydia Guja*?,
Shyam S. Phartyal®, Fernando A.O.
Silveira’, Si-Chong Chen?g?®, Julie E Larson',
Borja Jiménez-Alfaro!

1 IMIB Biodiversity Research Institute (University of
Oviedo - CSIC - Principality of Asturias), University
of Oviedo, Spain. 2 Department of Biology, Botany
Unit, University of Pisq, Pisq, Italy. 3 Department of
Plant and Environmental Sciences, University of Co-
penhagen, DK Frederiksberg C, Denmark. 4 Nation-
al Seed Bank, Australian National Botanic Gardens,
Parks Australia, Acton, ACT, Australia. 5 Centre for
Australian National Biodiversity Research, CSIRO,
Acton, ACT, Australia. 6 School of Ecology and En-
vironment Studies, Nalanda University, Rajgir, India.
7 Department of Genetics, Ecology and Evolution,
Federal University of Minas Gerais, Belo Horizonte,
Brazil. 8 Wuhan Botanical Garden, Chinese Acad-
emy of Sciences, Wuhan, China. 9 Millennium Seed
Bank, Royal Botanic Gardens Kew, Wakehurst, UK. 10
USDA Agricultural Research Service, Eastern Oregon
Agricultural Research Center, Burns, OR, US
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We present SeedArc, a global initiative to mobilize
seed germination data that has been produced
by decades of studies on seed ecology and con-
servation. Seed germination is a key stage in a
plant’s life that is controlled by numerous envi-
ronmental conditions. Yet, significant amounts of
data on germination-environment relationships
remain inaccessible and many plant lineages and
biomes are underrepresented. Since available in-
formation is scattered into a multitude of sources
and germination metrics, there is a need for a uni-
fied open-science database to archive and share
primary seed germination data. To meet this need
and to stimulate continental and global eco-evo-
lutionary research, we introduce SeedArc, a global
archive of primary seed germination data (www.
unioviedo.es/seedarc/; https://doi.org/10.1111/
nph.19143). We expect SeedArc to strengthen in-
ternational collaborative projects in plant science,
connecting the seed research community with
other data synthesis initiatives. In this session, we
demonstrate SeedArc’s potential to address major
research questions in seed ecology and describe
the process for submitting your germination data
and participating in collaboration. Most impor-
tantly, we extend an open invitation to all holders
of seed germination data to submit data and col-
laborate on SeedArc research projects exploring
seed ecology and evolution.
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$.33 MECHANISMS AND CONSEQUENCES
OF DISPERSAL IN LAND PLANTS: TOWARDS A
MORE UNIVERSAL UNDERSTANDING. SESSION 2

$.33.1Drift in the tropics:
Phylogenetics and
biogeographical patterns in
Combretaceae

Olivier Maurin', Artemis Anest234 Félix
Forest!, lan Turner®®, Russell L. Barrett?,
Robyn C. Cowan! Lijia Wang?, Kyle

W. Tomlinson?®, Tristan Charles-
Dominique*'°

I Royal Botanic Gardens, Kew, Richmond, Surrey,
UK. 2 Center for Integrative Conservation, Yun-
nan Key Laboratory for Conservation of Tropical
Rainforests and Asian Elephants, Xishuangbanna
Tropical Botanical Garden, Chinese Academy of
Sciences, Mengla, Menglun, Yunnan, China. 3 Uni-
versity of Chinese Academy of Sciences, Beijing,
China. 4 AMAP, Univ Montpellier, CIRAD, CNRS, INRAE,
IRD, Montpellier, France. 5 Singapore Botanic Gar-
dens, National Parks Board, Singapore, Singapore.
6 Singapore Botanical Liaison Officer, Royal Botan-
ic Gardens, Kew, Richmond, Surrey, UK. 7 National
Herbarium of New South Wales, Australian Botanic
Garden, Mount Annan, New South Wales, Austra-
lia. 8 University of Michigan School of Public Health,
Ann Arbor, Michigan, USA. 9 Center of Conservation
Biology, Core Botanical Gardens, Chinese Acade-
my of Sciences, Mengla, Menglun, Yunnan, China.
10 Centre National de la Recherche Scientifique
(CNRS), Sorbonne University, Paris, France

Certain plant clades are distributed across every con-
tinent, occupying various contrasting biomes. Within
these globallly distributed clades, the ecologically dom-
inant Combretaceae family shows intercontinental dis-
junctions. Fruit morphology in Combretaceae suggests
various seed dispersal modes, potentially explaining
the observed geographical patterns. To enhance our
understanding of the mechanisms that have facilitat-
ed such distribution, this study explores the dispersal
strategies of the Combretaceae family, the acquisition
of new modes throughout their evolutionary history,
and their impact on present and past plant biogeog-
raphy. The study integrates data on natural distribution,
biomes, and dispersal types into comparative phylo-
genetic analyses. Estimates of the ancestral distribution
of Combretaceae suggest a Gondwanan origin for this

family, with minimal transitions between different bi-
omes. Our findings indicate that drift fruits, dispersing
seeds by water, played a critical role in colonising new
continental lands. Conversely, biome shifts appear un-
affected by dispersal strategies. The study highlights a
dispersal mode paradox, wherein specialised modes of
seed dispersal can facilitate intercontinental dispersal
but limit colonisation of new biomes and strengthen
biome conservatism. Our study emphasises the im-
plications for species preservation in changing envi-
ronments and the importance of understanding the
relationship between plant distribution and dispersal
modes for effective conservation efforts.

$.33.2 Unraveling the
evolutionary history of
island floras on the world’s
most isolated archipelagos.

Angela Aguado-Lara'?, Isabel
Sanmartin? Johannes Le Roux?, Carlos
Garcia-Verdugo?, Sonia Molino58, Bettine
Jansen van Vuuren’, Mario Mairal.

I Universidad Complutense de Madrid, Madrid,
Spain. 2 Real Jardin Botdnico (CSIC), Madrid, Spain.
3 Macquarie University, Sydney, Australia. 4 Univer-
sidad de Granada, Granada, Spain. 5 Universidad
Auténoma de Madrid, Madrid, Spain 6 Universidad
Europea de Madrid, Madrid, Spain. 7 University of
Johannesburg, Johannesburg, South Africa.

The sub-Antarctic archipelagos are some of the most
remote and semi-pristine insular habitats in the world.
The diverse array of ages of these archipelagos, com-
bined with the large distances between them and to
the nearest landmasses, create an exciting area for
exploring austral biogeography. This includes phe-
nomena such as extreme long-distance dispersal and
colonization, facilitated by marine currents across the
Southern Hemisphere. Understanding these dynamics
requires reconstructing the patterns and processes
explaining biodiversity assembly in the sub-Antarctic
archipelagos involved in the sub-Antarctic region. To
better understand the biogeography of the sub-Ant-
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arctic region we examined four vascular plant species
exhibiting different modes of dispersal which are wide-
spread across the region and nearby austral con-
tinents, along with three species restricted to a very
remote sub-Antarctic province: the Southern Indian
Ocean Biogeographic Province (SIOBP). We generat-
ed and compiled nuclear and plastid DNA sequence
data for each species and estimated phylogenetic
relationships, divergence times, inter-island migration
rates and island carrying capacities. Our findings re-
veal that the nearby continental landmasses (South
America, Australia or New Zeolond) acted as source
areas for the dispersal of these widespread vascular
plant species to the sub-Antarctic archipelagos. This
connection persisted for millions of years, spanning
from the Miocene to the present day, and may have
been driven by the eastward-moving winds and wa-
ter currents, supporting long-distance dispersal as a
key biogeographic process in this region. In addition,
the isolation of the sub-Antarctic archipelagos played
a role in the origin of endemics restricted to remote
islands. Overall, our study suggests that the sub-Ant-
arctic islands have served as important biodiversity
refuges from the Miocene to recent times, emphasiz-
ing the need to establish priority conservation plans
for these habitats, particularly in light of rapid climate
change throughout this region.

$.33.3 Patterns of sex
expression and sex ratio
with focus on insular
bryophytes
Anabela Martins!, Jairo Patino? Ana
Losada-Lima3, Manuela Sim-Sim'4

1 cE3c - Centre for Ecology, Evolution and Environ-
mental Changes & CHANGE - Global Change and
Sustainability Institute /MUHNAC - Museu Nacional
de Histéria Natural e da Ciéncia, Universidade de Lis-
boq, Lisboa, Portugal. 2 Island Ecology and Evolution
Research Group. Instituto de Productos Naturales y
Agrobiologia (CSIC). La Laguna, Tenerife, Canary Is-
lands, Spain. 3 Departamento de Botdnica, Ecologia y
Fisiologia Vegetal, Universidad de La Laguna, Tener-
ife, Spain 4. ck3c - Centre for Ecology, Evolution and
Environmental Changes & CHANGE - Global Change
and Sustainability Institute, Departamento de Biolo-
gia Vegetal, Faculdade de Ciéncias, Universidade de
Lisboa, Campo Grande, Lisboa, Portugal

Oceanic islands host remarkable biodiversity richness
and represent important hotspots. Laurel forests are
the relicts of an evergreen humid forest community,
which occurred across the Mediterranean basin about
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20 Mya . Since the onset of the Mediterranean climate,
laurel forests only persisted in Macaronesia, where the
oceanic environment buffered the climatic oscillations
of the Pleistocene, and where these forest ecosystems
are closely associated with the elevational belt of oro-
graphic cloud formation. The Macaronesian laurel
forest harbors an exceptionally high diversity of bryo-
phytes, with approximately 33 threatened endemic
bryophyte species, the maijority of which are dioecious.
Dioecious bryophyte species often face challenges in
sexual reproduction. Traditionally, asexual reproduction
is thought to help maintain well-adapted phenotypes
in stable environments, while sexual reproduction en-
hances genetic variability, increasing the population’s
chances of survival in new colonizing areas or during
periods of environmental change. In contrast to flower-
ing plants, most dioecious bryophytes exhibit a female
bias among sex-expressing individuals. However, in a
few cases, sex ratios have been found to be evenly bal-
anced or that there is a male bias, as demonstrated
in population studies of leafy liverworts. A significantly
broader taxonomic range of moss species has been
examined, but there is a noticeable lack of data for
leafy liverworts. This research will be the first to investi-
gate patterns of sex expression in Macaronesian laurel
forest endemic bryophytes. Through the integration of
data obtained from fieldwork conducted on the islands
of Madeira and Tenerife, along with herbarium material
(AZU, C, E LD, LISU, E, TFC, VAL), we aim to examine the
patterns of sex expression and sex ratio in four laurel
forest bryophytes (Exsertotheca intermedia [endem-
ic], Frullania polysticta [endemic), Frullania teneriffae,
Porella canariensis), exploring their implications for ef-
fective sexual reproduction across their entire range.

$.33.4 The ultimate
dispersers? How dispersal
has shaped global patterns
of fern biodiversity

Emily B. Sessa', Weston L. Testo? Cody C.
Howard?

1 William & Lynda Steere Herbarium, New York Bo-
tanical Garden, Bronx, NY, USA. 2 Department of Plant
Biology, University of Vermont, Burlington, VT, USA. 3
Department of Plant Biology, Ecology, and Evolution,

Oklahoma State University, Stillwater, OK, USA

Fern life cycles are characterized in part by their reli-
ance on spores as the primary unit of dispersal. Un-
like seeds, which may be a variety of sizes and often
rely on animals to assist with dispersal, fern spores
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are almost uniformly microscopic and wind dis-
persed, and as a result, these plants have long been
recognized as being exceptional long-distance dis-
persers. We explore the consequences of this dis-
persal ability for fern distribution and natural histo-
ry, focusing on recent studies of globally dispersed
groups (including genera such as Asplenium and
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Dryopteris, and families like Blechnaceae) and how
their evolutionary history has been shaped by long
distance dispersal. We also discuss the implications
for various biogeographical patterns as they apply
to ferns, such as island biogeography, classical ex-
amples of disjunct distributions, and fern species’
ability to colonize of newly available habitats

S.34 FLORAL SPECIALIZATION AND THE
GENERALISED NATURE OF POLLINATION
INTERACTIONS. SESSION 2

$.34.1 The role of pollinator
generalization in co-
flowering community
assembly

‘ Gerardo Arceo-Gome?Z

‘ 1 East Tennessee State University, Tennessee, USA

Pollinators can play a key role in the assembly of plant
communities. Due their ability to carry and disperse
pollen among flowers they are central in mediating
facilitative and competitive plant-plant interactions.
These interactions can be direct (via pollen interac-
tions on the stigma) or indirect (by altering pollinator
visitation). However, their underlying complexity and
their relative role in mediating the assembly of high-
ly diverse plant communities is not fully known. To this
end, we collected data on floral traits, phenology and
pollinator visitation for over 40 plant species at the
serpentine plant communities in California and used
network tools to uncover novel patterns of co-flower-
ing and trait structure to help elucidate the role of pol-
linator generalization in co-flowering assembly. Results
show plant species are differentially assembled along
multiple trait-axes (flower color and flowering time) de-
pending on the efficiency and specialization level of the
main pollinator groups. The assembly of plant species
along multiple axes of trait differentiation limits pollina-
tor sharing (competition) and contributes to the main-
tenance of diverse co-flowering communities. We fur-
ther collected over 1000 flower visiting insects and plant
styles and characterized pollen loads on insect bodies
and flower stigmas. We reveal the importance of di-
rect pollen-pollen interactions in community assembly,
not only of those that occur on the stigma, but also of
those that take place on pollinators bodies during pol-

len co-transport. Specifically, pollen co-transport net-
works revealed differences in the number and identity
of competitors that pollen species encounter on insect
bodies across pollinator taxa. Pollen co-transport net-
works were modular, indicating some pollen species in-
teract more often on the bodies of pollinators than oth-
ers. Differences in pollinator generalization can lead to
vastly different competitive landscapes during pollen
transport and deposition, with important consequenc-
es for plant community assembly.

$.34.2 Unraveling
urbanization: a tropical
perspective on pollinators,
plants, and interactions

Victor H. D. Silvd', Ingrid N. Gomes!, Pietro
K. Maruyama!

1 Universidade Federal de Minas Gerais, Belo Hori-
zonte, MG, Brazil

Urbanization is a major threat to pollination, due
to the transformation of natural landscapes into
urban matrices. Previous studies indicate that
highly urbanized areas have a higher negative
effect on pollinators and their interactions with
flowers. However, most of this informmation comes
from non-tropical regions, emphasizing the need
for studies in the tropics. Here, we evaluated the
impact of urbanization on the richness of polli-
nators, plants, and interactions in a large tropical
metropolis, across twelve sampling points with
varying levels of impervious surface. Over a one-
year period, we conducted monthly visits to each
of these points, sampling over 1 km transects.
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During these visits, we observed and recorded
all flowering plants, as well as interactions with
pollinators. Throughout the study, we recorded
7,603 plants-pollinators interactions, involving
234 plant and 217 pollinator species. Urbaniza-
tion did not influence pollinator (pseudoR2= 0.154;
p=0151) and interaction richness; (pseudoR2=
0.083; p=0.311), but it negatively influenced plant
richness (pseudoR?= 0.357; p = 0.0129). Analyzing
seasonal variation, we observed that plant, polli-
nator, and interaction richness were significantly
higher in the rainy season compared to the dry
season (t =3.69, W =125, W = 127; p<0.00]1, respec-
tively). The plant species most frequently visited
included Sphagneticola trilobata, Tridax procum-
bens, Leucanthemum vulgare, and Psychotria
carthagenensis. During the rainy season, Sphag-
neticola trilobata (a native species) emerged as
the predominant resource for pollinators, while
in the dry season, Tridax procumbens (non-na-
tive) took precedence. With the exception of Psy-
chotria carthagenensis (Rubiaceae), all other
frequently visited flowers belong to Asteraceae.
These findings offer crucial insights into the im-
pact of urbanization on biodiversity and ecosys-
tem dynamics, with important implications for
biodiversity conservation in tropical cities. Addi-
tionally, they underscore the substantial potential
of Asteraceae plants and non-native species in
supporting pollinators in urban areas.

5.34.3 Do pollinator shifts
or adaptive wandering
explain floral divergence in
generalist Dimorphotheca
daisies?

‘ Arjan Engelen’, Allan G. Ellis'

‘ 1 Stellenbosch University, Western Cape, South Africa

While pollinator-mediated selection undoubted-
ly contributes to diversification of plants with spe-
cialised pollination phenotypes, its importance in
generdlist plants is less clear. The adaptive wan-
dering model of floral diversification posits that flo-
ral divergence in generalists, occurring in response
to selection across quantitative pollinator mosaics,
does not result in the trade-off in pollinator use (ie,
ecological specialisation) that is the hallmark of the
alternate, pollinator-shift model. Here we test the
importance of these alternate mechanisms in gen-
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erating the striking spatially structured floral varia-
tion that characterises the annual Dimorphotheca
daisy complex in South Africa. First we show that
the system is underlain by a weak spatial pollinator
mosaic because all morphotypes interact strongly
with a core group of widespread visitors, with use of
these pollinators tracking their relative availability in
communities, both within and across morphotype
ranges. However, each morphotype is associated
with some unique and effective pollinating species
that are distributed in a largely qualitative spatial
mosaic corresponding to floral morphotype distri-
butions. Field experiments with model inflorescenc-
es suggest that, while the core pollinators are not
exerting selection, the unique species in the assem-
blage are selecting on divergent trait phenotypes.
Although evidence of trade-offs in pollinator use
is limited, divergent floral phenotypes do produce
weak but significant pollinator partitioning, and thus
ethological isolation, in sympatry. While these results
largely align with the adaptive wandering model of
floral divergence, the fact that spatially discrete flo-
ral variation is underlain by largely qualitative gro-
dients in the availability of a small subset of effec-
tive pollinators exerting selection on divergent floral
traits is akin to the pollinator-shift model. Against
the background of a core widespread generalist
pollinator community, our results suggest that rel-
ative fitness gains associated with traits improving
attraction and effective use of additional range-re-
stricted pollinator species may explain the evolution
of floral diversity in Dimorphotheca.

$.34.4 A mosaic of local
pollinator assemblages
underlies floral trait
divergence in a pollination-
generalized plant.

Felipe Torres-Vanegas', Vanda

Temesvari', Magne Friberg', dystein H.
Opedal'

1 Department of Biology, Biodiversity Unit, Lund Uni-
versity. Lund, Sweden. SE.

Pollinators are a fundamental driver of the diversifi-
cation of floral traits. Indeed, the astonishing diversity
of floral traits represent, in part, an adaptation to the
behavioural preferences and functional characteris-
tics of the associated pollinators. The composition of
the local pollinator assemblage is expected to differ
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across the distribution range of a particular plant spe-
cies, with the potential to generate a geographic mo-
saic of divergent patterns of phenotypic selection that
can represent an avenue of adaptation to the local
pollinator assemblage. Thus, studies that relate geo-
graphical variation in floral traits to the distinct regimes
of phenotypic selection exerted by the local pollinator
assemblage are fundamental to understand the in-
terplay between microevolution and macroevolution.
This is particularly relevant for generalized plant-pol-
linator interactions, where a particular plant interacts
with a broad range of pollinators. Here, we evaluated
whether geographical variation in the composition
of the local pollinator assemblage can establish dis-
tinct regimes of phenotypic selection and underlie the
patterns of divergence in floral traits of Viscaria vul-
garis. We observed a taxonomically and functionally
broad range of diurnal and nocturnal pollinators that
primarily included bumblebees, honeybees, solitary
bees, syrphid flies, butterflies, and moths. We detected
geographical variation in the composition of the local
pollinator assemblage and the strength and direction
of phenotypic selection on particular floral traits. De-
spite generalized plant-pollinator interactions, we de-
tected that the observed variation in floral traits was
associated with divergence in the composition of the
local pollinator assemblage. We argue that general-
ized plant-pollinator interactions can exert phenotypic
selection on floral traits and that distinct local pollina-
tor assemblages can underlie the patterns of diver-
gence in floral traits. Together, these outcomes indi-
cate that specialized plant-pollinator interactions are
not required to generate and maintain the diversity of
particular floral traits.
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flowering. Consequently, plants have evolved strate-
gies to minimize heterospecific pollen transfer (HPT)
and ensure efficient pollination. While floral trait diversity
has been well-studied for its role in generating special-
ized interactions, the role of pollinators in Maintaining
this diversity is often overlooked. We investigated the
foraging behavior of native pollinators in highly diverse,
annually flowering, herbaceous communities of the
Sky-islands of northern Western Ghats. We assessed
floral abundance using a transect method across the
flowering season to understand: i) the extent of flow-
ering synchrony with respect to floral color and shape,
and ii) shifts in plant-pollinator interactions as flower-
ing phenology changed. Additionally, we examined
the degree of floral constancy displayed by the most
dominant pollinator group—bees—to assess the effect
of floral traits and their abundance within a patch in a
heterogeneous community. Despite the high species
diversity in these seasonal communities, we found that
the community as a whole exhibits higher asynchrony
in its flowering phenology, potentially reducing com-
petition for shared pollinators. Interestingly, while gen-
eralized interactions dominate at the landscape-level,
our study revealed that pollinators display high floral
constancy towards the most abundant species within
a patch. This observation was further supported by the
dominance of uni-floral pollen in their loads, highlight-
ing the critical role of individual foragers in preventing
HPT and maintaining floral diversity. Our findings unveil
the paradox between floral specialization and gener-
alised interactions by showing the presence of low HPT
and specialized response of individual pollinators to lo-
cally abundant species in a hyper-diverse commmunity
with generalised network

$.34.5 Unveiling the
paradox: specialized
individuals shape
generalised networks in
seasonal herbaceous
communities of Indian Sky-
islands

‘ Sukhraj Kaur', Vinita Gowdad!

1 Indian Institute of Science Education and Re-
search, Bhopal, India

Floral traits are recognised to play a key role in attract-
ing pollinators, and the competition for limited pollinator
resources can negatively impact a plant's reproductive
fitness, especially in communities with synchronous

$.34.6 Pollination of
Dipcadi saxorum Blatt.
(Asparagaceae: Scilloideae)

Suchandra R. Dutta'!, Hensal S. Rodrigues',
Kiran G. Chakral'

I Department of Botany, R. D. & S. H. National Col-
lege & S. W. A. Science College, Bandra (West),
Mumbai, India

Dipcadi Medik. (Asparagaceae: Scilloideae), compris-
es of 44 species distributed in Africa, S. Europe up to
Indian Subcontinent. In India, the genus is represented
by 13 species and 2 varieties. The genus is character-
ised by bulbous geophyte plants, bearing long linear
flat or channelled leaves, white-green-brick red tubu-
lar-campanulate flowers, emitting sweet-foul odour,
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some odourless. Initially, pollination in Hyacinthaceae
(now Scilloideae) was known by bees, birds, butterflies,
moths and rodents. Studies of pollination biology on
members from Tribe Dipcadieae Speta ex J.C. Manning
& Goldblatt, had not been undertaken until Manning et
al. brought forth the pollination of Dipcadi brevifolium
(Thunb.) Fourc. by owlet moth Cornutiplusia circumflexa
(L, 1767) Syn: Syngrapha circumflexa (L) (Noctuidae)
from Africa. Scientific study on Pollination of Indian Dip-
cadi is carried out by the in Mumbai suburban districts,
Maharashtra, India during the flowering season from

Oral presentations

June-August for a period of 2 years from 2020 to 2022.
Our work deals with pollination of Dipcadi saxorum. The
flowers are nocturnal, producing scent and nectar at
nightfall which extends up till morning attracting many
visitors. The study concludes that the species is self-in-
compatible, and that the foul-acrid odour it produces
is majorly because of aldehydes and esters. Settling
moths, Heliothus peltigera, Chrysodexis acuta and hov-
ering moths, Macroglossum stellatarum and Cephan-
odes hylas are the pollinators of D. saxorum.

$.35 METAL HYPERACCUMULATORS: NEW
ADVANCES ON A BOTANICAL CURIOSITY.

SESSION 2

$.35.1 Tomographic
adventures in the selenium-
enriched phloem sinks of a
hyperaccumulator

Maggie-Anne Harvey', Jeroen van der
Woude', Ai Lin', Abel Muller!, Cyril Stevens!,
Mirko Salinitro?, Dennis Brueckner3, Hugh
H. Harris4 Kathryn M. Spiers3, James H.
Lovett?, Antony van der Ent!

1 Wageningen University and Research, Wagenin-
gen, The Netherlands. 2 University of Bologna, Bo-
logna, Italy. 3 Deutsches Elektronen-Synchrotron
DESY, Hamburg, Germany. 4 The University of Ade-
laide, Adelaide, Australia.

Selenium (Se) is an element beneficial but not essen-
tial to plant nutrition, and soils enriched with Se are
typically hostile to plant growth and induce toxicity.
Uniquely adapted hyperaccumulator plants are co-
pable of growing on these enriched soils and accu-
mulating rather extreme concentrations of Se in their
tissues, without exhibiting serious toxicity. In Australia,
the legume Neptunia amplexicaulis was found growing
on seleniferous soils with >4400 yg Se g in its tissues,
and under controlled conditions this plant is capable
of concentrating up to 13,600 pg Se g™ in the youngest
leaves. This plant has been shown to retain and circu-
late its accumulated Se, concentrating Se in phloem
sinks such as developing tissues and recycling Se as
these phloem sinks become phloem sources. While
Se is generally metabolized into a non-toxic organic

form (selenocystathioinine), concentrating excessive
Se can be a metabolically costly and risky process. Re-
cently we have been able to use cutting edge X-Ray
Fluorescence Tomographic Imaging at the German
Synchrotron (DESY) to examine the tissue distribu-
tion of Se in phloem sinks. These tissues, such as the
youngest developing leaves, apical meristem and root
tips, would have been difficult to hand section without
damaging the tissues or losing any phloem-bound Se.
It was found that Se is present in the epidermis of the
youngest leaves — unlike maturing leaves, less Se could
be found in the vascular tissues of these developing
organs. In contrast, the root tips showed ubiquitous Se
concentrations in the ground meristem, with a graduall
concentration of Se in vascular tissues as they begin to
develop. Analysis of this distribution can reveal interest-
ing implications about the mechanisms of Se cycling in
this plant, as well as the evolutionary advantages of Se
hyperaccumulation.

$.35.2 Screening for metal
hyperaccumulators - An
analysis of herbarium
material from Angola

‘ Tom Morgenstern!

1 Institute of Botany, Faculty of Botany, Technical
University Dresden, Germany

For the research on hyperaccumulator plants and their
uses in phytomining, phytoremediation of soils and
many other applications one crucial part is the iden-
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tification of species which are able to hyperaccumu-
late metals. To date there is some research done in the
Democratic Republic of the Kongo but only a few on the
native plants of its neighboring state, the Republic of
Angola. In this context herbaria offer a broad spectrum
of native plants that can be scanned for hyperaccu-
mulators. The Herbarium Dresdense contains a big col-
lection of over 3000 specimens from Angola. In cooper-
ation with the Herbarium Hamburgense, for a master's
project these were scanned for hyperaccumulating
species from different regions of Angola, mainly from
the north-western Province of Uige as well as from the
south of the country. The Global Hyperaccumulators
Database was used to pre-select genera and fami-
lies from which Hyperaccumulating species are known.
Small samples of each specimen were analyzed for the
concentration of several metals using ICP-OES. Over 130
different species, some with several samples from dif-
ferent locations and organs of the plants were tested
to examine the influence of these factors on the metal
concentrations. We were able to identify several new
aluminum hyperaccumulators containing up to 40.000
mg/kg of its leaf dry mass, one new Mangan hyperac-
cumulator and discover a rather interesting genus for
further searches on new hyperaccumulators.

$.35.3 Bioaccumulation of
potentially toxic elements
in exotic and native woody
species growing around a
copper mine in Mufulira,
Zambia

Charles Mulenga, Darius Phiri?, Daigard
Ricardo Ortega-Rodriguez®4, Martina
Meincken?®

1 Department of Biomaterials Science and Technol-
ogy, Copperbelt University, Kitwe, Zambia. 2 Depart-
ment of Plant and Environmental Sciences, Cop-
perbelt University, Kitwe, Zambia. 3 Universidade
de Sdo Paulo, Escola Superior de Agricultura Luiz
de Queiroz, Departamento de Ciéncias Florestais,
Piracicaba, Sédo Paulo, Brazil. 4 DendrOlavide-Dept.
Sistemas Fisicos, Quimicos y Naturales, Universidad
Pablo de Olavide, Sevilla, Spain. 5 Department of
Forest and Wood Science, Stellenbosch University,
Stellenbosch, South Africa

There is an international debate on the potential of
exotic or native species in phytoextracting potentially
toxic elements (PTEs) from contaminated soil to con-
tain the impact of mining activities on forest ecosys-
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tems. Exotic and indigenous trees have been evalu-
ated as greenbelts to trap dust and thereby limit the
dispersion PTEs. This study compares the potential of
native (Brachystegia longifolia) and exotic (Eucalyptus
camaldulensis and E. grandis) tree species growing
around a copper mine in Zambia to accumulate PTEs
and evaluate their ability to biomonitor metal pollution.
Tree bark and leaves were collected from trees grow-
ing at the same site downwind from a copper-leaching
plant. Topsoil was collected one metre from each sam-
pled tree trunk. Portable X-ray fluorescence was used to
analyse the elemental composition and concentration
of heavy metals in biomass and soil samples. Pollution
indices were used to establish the status and degree
of soil contamination, while the bioaccumulation factor
(BF) determined the ability of studied species to accu-
mulate PTEs. PTEs (Cd, Fe, Cu, Pb, Ni, Mn, and Zn) were
detected across biomass and soil samples, with a sig-
nificant variation between species and plant parts. The
pollution indices established that the soil at the study
site is highly contaminated with Cu. The concentration
of the studied heavy metals varied across species fol-
lowing the order E. grandiis > B. longifolia > E. camaldu-
lensis in both tree bark and leaves. The BF indicated that
Zn, Mn, and Cd accumulates in all the studied species.
Furthermore, a higher concentration of Cu was detect-
ed in B. longifolia bark, suggesting that this tree species
has potential for biomonitoring Cu pollution attributed
industrial activities. This study presents new insights in
managing polluted environments through biomonitor-
ing and bioaccumulation of PTEs, because these find-
ings can guide policy on species selection when estab-
lishing greenbelts.

S.35.4 Mediterranean native
plants for the restoration of
abandoned mining sites:
where we stand and how we
move forward

Maria E. Boi', Mauro Fois!, Lina Poddd!,

Marco Sarigu', Marco Porceddu', Gianluigi
Bacchettd!

1 Centre for the Conservation of Biodiversity, Sar-
dinian Germplasm Bank (BG-SAR), Department of
Life and Environmental Sciences, University of Ca-
gliari, Cagliari, Italy

The Mediterranean Basin experienced a long history
of mining exploitation that has left important conse-
quences on environment, human health and biodi-
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versity. In this frame, phytoremediation can help in the
restoration of these environments, especially adopting
a multidisciplinary approach. A recent review (Boi et al,
2023) has discussed the main issues of metal(loid)s pol-
lution related to mine exploitation in the Mediterranean.
A list of native plants suitable for phytoremediation
and their related applications were given, categorizing
them into four groups basing on their biological forms,
vegetation types, and ecology: (1) hydro/nygrophilous
vegetation, (2) annual and perennial meadows, (3)
garrigues and magquis, (4) high magquis and woods. The
study allowed to highlight that mine environments are
often rich in taxa of phytogeographic and conservation
interest which must be taken in account for the remedi-
ation of abandoned mines. However, physiological and
ecological studies were deserved for a little amount of
Mediterranean plants and thus further efforts are nec-
essary to increase knowledge and detect other suitable
species. Acknowledgements: We acknowledge finan-
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cial support under the National Recovery and Resil-
ience Plan (NRRP), Mission 4 Component 2 Investment
15 - Calll for tender No.3277 published on December 30,
2021 by the Italian Ministry of University and Research
(MUR) funded by the European Union — NextGenera-
tionEU. Project Code ECS0000038 — Project Title eINS
Ecosystem of Innovation for Next Generation Sardinia —
CUP F53C22000430001- Grant Assignment Decree No.
1056 adopted on June 23, 2022 by the Italian Ministry of
Ministry of University and Research (MUR), and the Mu-
nicipality of Iglesias in the frame of “Progetto di conser-
vazione e traslocazione di Limonium merxmuelleri nella
Valle del Rio San Giorgio”.

References: Boi ME et al (2023) Using mediterranean
native plants for the phytoremediation of mining
sites: an overview of the past and present, and per-
spectives for the future. Plants 12, 3823.

$.36 CULTIVATED PLANT TAXONOMY:

BRIDGING THE DIVIDE

5.36.1 Weeping willow
mystery solved: genome-
wide DArTseq genotyping
reveals origin of Salix
babylonica hybrids

Radim J. Vasut!, Jana Gerzovd', Veronika
Ciesarikovd!, Veronika Chodilovd', Lucie
Kobrlovd', Zdenék Spisek!, Jan Weger?

1 Palacky University Olomouc, Olomouc, Czechia. 2
Silva Tarouca Research Institute for Landscape and
Ornamental Gardening, Prihonice, Czechia

Weeping willow (Salix babylonica L.) and twisted wil-
low (S. matsudana Koidz.) are prominent ornamen-
tal willows in temperate regions of the world. In ad-
dition, their importance has been growing in recent
years due to their use as a promising crop for bio-
mass production. Despite their distinctive morphol-
ogies, the taxonomy of this ornamental group, which
also includes cultivars of presumed hybrid origin,
has been characterised by uncertainty and con-
fusion. Previous taxonomic concepts lacked exact
(genetic) data and relied instead on morphological
surveys. The considerable intraspecific phenotypic

variation in willows and the lack of knowledge of the
genetic relationships of taxa within S. babylonicals.
matsudana group have prevented experts from
reaching a consensus on the number of accepted
taxa of weeping and twisted willows. In our study, we
used genome-wide genotyping using DArTseq (Di-
versity Arrays Technology) to analyse all major culti-
vars of S. babylonica/S. matsudana and their puta-
tive hybrids. By examining thousands of binary SNPs
for each chromosome pair, complemented by data
on genome size variation (estimated by flow cytom-
etry), we gained new insights into the delimitation of
taxa and cultivars within the S. babylonica/s. matsu-
dana group. The results clearly show their close ge-
netic relationship. We identified three major and four
minor hybrid groups, and elucidated the origin of
over 20 cultivars, including all the most widely grown
cultivars. By providing a solid basis for understand-
ing the genetic relationships between taxa within
the S. babylonica group, and by providing compel-
ling evidence for the origin of S. babylonica hybrids,
we propose nomenclatural changes. These pro-
posed changes aim to provide a stable taxonomic
concept for this immensely popular, widely cultivat-
ed and aesthetically pleasing group of ornamental
trees, potentially resolving uncertainties and errors
that have persisted for nearly two centuries.
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5.36.2 The study of formerly
cultivated plants, part of
our historical, cultural and
biological heritage

‘ Daniel Guillot OrtiZ!

‘ I Independent researcher, Valencia, Spain

The data obtained by the author during the period
2001-2023 as a result of the study of the Spanish or-
namental flora, at present and during the 19th cen-
tury and the first half ot the 20th, are presented. The
results have been used in the publication in scien-
tific journals of numerous articles (more than four
hundred) together with several monographs. The
author have also participated in the creation, to-
gether with other botanist, of Boutelouad, a Spanish
journal dedicated to the study of ornamental flora
from the scientific perspective, the first volume of
wich was published in 2006. The results of this line
of work have increased knowledge regarding the
number of species and cultivars cultivated and/
or commercialised in Spain. Over the course of this
study numerous cultivars not mentioned in recent
botanical or horticultural literature, and present in
the Spanish alien flora, were discovered.

$.36.3 A comprehensive
phylogenomic analysis
bridges micro and macro-
evolutionary scales to
explain the evolutionary
history of Cannabis

Manica Balant'?, Daniel Vitales!, Zoltdn
Barina?®, Branko Dolinar?, Lin Fu’, Tiangang
Gao®’, Teresa Garnatje', Airy Gras'?,
Muhammad Q. Hayat®, Marine Oganesian
%, Jaume Pellicer'™, Alireza S. Salami'®,
Alexey P. Seregin', Nina Stepanyan-
Gandilyan®, Nusrat Sultana'®, Shagdar
Ts00j'¢, Magsar Urgamal'®, Joan Valles Y,
Zhigiong Wang'®, Lisa Pokorny"®

1 Institut Botdnic de Barcelona (CSIC-CMCNB), Bar-
celona, Spain.. 2 Universitat de Barcelona, Barcelo-
na, Catalonia, Spain. 3 WWF, Budapest, Hungary. 4
Botanical Society of Slovenia, Ljubljana, Slovenia. 5
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South China Botanical Garden (CAS), Guangzhou,
P.R. China. 6 Chinese Academy of Sciences, Beijing,
China. 7 University of Chinese Academy of Scienc-
es, Beijing, China. 8 Jardi Botanic Marimurtra-Fun-
dacié Carl Faust, Blanes, Spain. 9 National Universi-
ty of Sciences and Technology (NUST), Islkamabad,
Pakistan. 10 Institute of Botany (NAS RA), Yerevan,
Armenia. 11 Royal Botanic Gardens, Kew, Richmond,
UK. 12 Industrial and Medical Cannabis Research
Institute, Tehran, Iran. 13 University of Tehran, Te-
heran, Iran. 14 Lomonosov Moscow State Universi-
ty, Moscow, Russia. 15 Jagannath University, Dha-
ka, Bangladesh. 16 Botanic Garden and Research
Institute (MAS), Ulaanbaatar, Mongolia. 17 Institut
d’Estudis Catalans, Barcelona, Spain. 18 Chengdu
University, Chengdu, China. 19 Real Jardin Botanico

(csic), Madrid, Spain

Cannabis sativa L. has been used by humans for
millennia, providing important and versatile ser-
vices in traditional medicine, for ritual purposes
and to produce food and fibre. The process of
domestication and subsequent dispersal by hu-
mans has resulted in the development of various
landraces and cultivars, exhibiting a wide array
of morphological features, phytochemical as-
pects, and an intricate genetic structure marked
by numerous hybridisation events. Unravelling the
origin of this plant and determining the existence
of genuinely wild populations pose consider-
able challenges due to its complex nature. In this
study, we relied on the Angiosperms353 probe set
to investigate the genetic origins of over 90 ac-
cessions, encompassing a spectrum of wild/feral
and landrace representatives. Phylogenomic and
population genomics workflows were implement-
ed to analyse the data generated. Both workflows
consistently showed East Mongolian accessions
as a distinct group, robustly supported as sister to
all other sampled accessions. The remaining ac-
cessions segregate into two main clades, aligning
with the geographical distribution and the clas-
sification proposed in earlier studies for the pu-
tative subspecies Cannabis sativa subsp. indica
and Cannabis sativa subsp. sativa. The first clade
encompasses accessions from China to Iran and
southwards into the Indian subcontinent, with a
dispersal to West Africa. These latter Indian and
African accessions consist of landraces charac-
terized by high A9-tetrahydrocannabinol (THC)
content. The second clade is itself divided into
two subclades. A Caucasian-Mediterranean clade
and a mostly Turanian-Russian clade that also in-
cludes some Eastern European accessions. These
distribution patterns are consistent with known
routes of trade and migrations of human popula-
tions, in agreement with previous studies.
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$.36.4 Classifying and
naming in the network of
cultivated plants

‘ Valéry Malécot!

1 Institut de Recherches en Horticulture et Semenc-
es, L'Institut Agro Rennes-Angers, Angers, France

Like done in any plant group, classification and nam-
ing are key process to spoke about cultivated plants.
The same tools as those used for wild taxa can be
used to reconstruct history of cultivated plants, but
tools coming from genetics (whether population
genetics, genetic diversity or heredity) may also be
used to sort out genealogical links. Most of the ques-
tions raised by cultivated plants are on the bridge
between genetics and phylogeny and have conse-
quences on classificatory and naming process. Us-
ing various genera (such as Rosa, Cytisus..), we show
how adding cultivated taxa in taxonomic studies can
enlarge some aspects of taxonomic studies. The tax-
onomic and breeding histories need to be assessed
before trying to classify and name some groups in
these genera. Various techniques and process can
be used to sort out these taxonomic and breeding
histories, from purely historical ones to molecular
ones. When such histories are reconstructed, in be-
tween inter-individual genealogies and inter-specific
phylogenies, classification process can be applied in
order to delimit pertinent taxa and may question taxa
proposed while using wild plants only. In the same
way, naming these taxa may need the exact same
rules as for wild taxa, but may also rely on rules from
the cultivated plant Code, or even other rules. Such
situations, intermediate between wild and cultivated,
requiring approaches from different disciplines, are
common, may be particularly relevant when ques-
tioning the naturalness of some individual plants.

$.36.5 Has taxonomy gone
to pot? Why the needs and
expectations of amateur
gardeners and professional
botanists lead to opposing
desires

‘ Alastair Culham!

1 Herbarium School of Biological Sciences University
of Reading, Reading, UK.
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Plant taxonomy is a scientific discipline which output
is used directly by a broad range of other parties.
Horticultural taxonomy has a particular impact on
gardeners and the horticultural trade. This has led to
tension between those who dislike any change and
those who update names based on new evidence
of relationships. The past three decades have seen
major changes in plant names and the way plants
can be identified due to the development of DNA
based data. Through a series of examples, the im-
pacts of nomenclatural changes, reactions to de-
cisions made and the lessons learned from those
experiences are examined.

$.36.6 Integrative taxonomy,
insights for wild and
cultivated tomatoes
classification

‘ Iris Edith Peraltd’

1 Universidad Nacional de Cuyo y Consejo Nacional
de Investigaciones Cientificas y Técnicas, Mendo-
za, Argentina.

Cultivated tomato, Solanum lycopersicum L, is a
leading vegetable crop worldwide. It is also a mod-
el organism for genetics and evolutionary research.
Using integrative taxonomy, a predictive classifica-
tion of tomatoes and closely related groups was
proposed, as a framework for further studies (Peral-
ta et al. 2008). Wild tomato species are distributed in
Colombia, Ecuador, the Galapagos Islands, Perd, Bo-
livia and Chile in different ecosystems. The cultivat-
ed tomato belongs to a very recently derived group
and was domesticated from its wild progenitor, S.
pimpinellifolium. Domestication process initiated in
South America and Mesoamerica, continued in Eu-
rope when cultivated tomatoes were introduced in
the sixteenth century in Italy, and later its expansion
throughout the world as the species was incorpo-
rated into consumption. In the 20th century, modern
breeding and the emergence of seed companies
increased the development of new varieties, and
more recently, commercial hybrids mainly with re-
sistance to abiotic factors, pests and diseases, and
quality traits. This long process has generated an
enormous cultivar diversity due to their vegetative
and reproductive growth, and fruit shapes, sizes,
colors, and quality characteristics. An attempt has
been made to apply a nomenclatural system based
on the International Code of Botanical Nomencla-
ture to tomatoes, but it is so complex that it has not
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been used. Taking into account a comprehensive
taxonomy approach, a classification based on the
International Code of Nomenclature for Cultivated
Plants is proposed, which is simple and easy to ap-
ply to describe new tomato cultivars, and potentially
useful for harmonizing names and classification of
breeding collections among genebanks. Classifica-
tion criteria must contribute to understand and use
the diversity among wild and closely related do-
mesticated species.

References: Peralta LE, Spooner D.M,, S. Knapp. 2008.
Taxonomy of Wild Tomatoes and their Relatives
(Solonum sect. Lycopersicoides, sect. Juglandifolia,
sect. Lycopersicon; Solanaceae) Systematic Botany
Monographs Vol. 84
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Symposia Session 3

S.37 PLANT RESPONSES TO STRESSES AND
CLIMATE CHANGE. SESSION 1

$.37.2 Extreme fire severity
and fire frequency:
evidence for state shift and
generation of fire feedback
loops of a mesic forest

Thomsen. A! Keith. D, Lemmon. J? Allen.
V2, Ooi. M!

1 Centre for Ecosystem Science, School of Biologi-
cal, Earth and Environmental Sciences, University of
New South Wales, UNSW Sydney NSW, Australia. 2
Office of Climate Change, Energy, the Environment
and Water, Wollongong, NSW

Shifts in the fire regime caused by climatic and anthro-
pogenic influences mean that we are currently experi-
encing more frequent and severe fires at larger scales.
Fire is a dominant disturbance in Eucalyptus forests
in temperate Australia. Wet sclerophyll forests are of-
ten bordered by dry sclerophyll and/or rainforests and
changes to the fire regime can shift these borders by al-
lowing drier sclerophyll or rainforest species to disperse
into current wet sclerophyll forests. The Black summer
fires of 2019-20 saw around 50% of the threatened Up-
land Basalt Eucalypt forests of the Sydney Basin Biore-
gion ecological commmunity burnt, with some areas ex-
periencing extreme severity fire. Much of this ecological
community is often disturbed and fragmented, making
it potentially less resilient to disturbance changes, such
as extreme fire events. To assess how these wet sclero-
phyll forests respond to different fire severities, we sur-
veyed areas impacted by the 2019-20 Black Summer
fires one-year later. We quantified the mortality rates of
dominant tree species including Acacia melanoxylon,
Eucalyptus blaxlandii Eucalyptus cypellocarpa and Eu-
calyptus radiata, and compared how the dominance
of different functional groups varied across the fire
severity gradient. We have uncovered evidence that
rainforest trees within wet sclerophyll forests may be
highly susceptible to extreme fire events especially and
at sites previously subjected to frequent fires. This study
highlights the importance of understanding how sever-

ity of fire impacts wet sclerophyll forests and can inform
management decision on conserving threatened eco-
logical communities.

$.37.3 Improving salinity
tolerance in rice: lessons
from Oryza coarctata

Ping Yun'? Lana Shabala™?, Meixue
Zhou', Zhonghua Chen?, Gayatri
Venkataraman?®, Sergey Shabala??

I Tasmanian Institute of Agriculture, University of
Tasmania, Hobart, Australia. 2 School of Biologi-
cal Science, University of Western Australia, Perth,
Australia. 3 International Research Centre for En-
vironmental Membrane Biology, Foshan University,
Foshan, China. 4 School of Science, Western Sydney
University, Penrith, Australia. 5 Plant Molecular Biol-
ogy laboratory, M. S. Swaminathan Research Foun-
dation, Chennai, India

Oryza coarctata is the only halophytic relative in the
genus Oryza that is tolerant to high salinity levels. In this
work, we investigated key traits that confer this excep-
tional salt tolerance in O. coarctata, comparing it with
responses of cultivated Oryza sativa species. We show
that O. coarctata is utilizing Na* for stomata operation
and, asresult, is capable to maintain unaltered stomatal
related traits (size, density, and opening speed). These
plants had also enhanced RuBisCO carboxylation and
RUBP regeneration in the Calvin cycle. Taken together,
these features allowed O. coarctata maintain relative
steady CO, assimilation under salt conditions. Upon ex-
posure to salinity, wild rice also quickly increased xylem
Na* loading for osmotic adjustment but maintained
non-toxic level of stable shoot Na* concentration by
increased activity of HKT1;5 (essential for xylem Na+ un-
loading) and a Na*/H* exchanger NHX (for sequestering
Na+ and K+ into root vacuoles). In contrast, cultivated
rice prevented Na* uptake and transport to the shoot at
the beginning of salt treatment but failed to maintain it
in a long-term. We also show that wild rice limits pas-
sive Na* entry into root cells while cultivated rice relies
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heavily on SOSI-mediating Na+ exclusion, with major
penalties imposed by the existence of the “futile cycle”
at the plasma membrane. Other traits that contributed
to superior salinity tolerance in O. coarctata included
more efficient ROS signalling; desensitization of ROS-in-
ducible cation channels and more superior K* reten-
tion in the cytosol, more effective control of cytosolic
Ca? homeostasis by Ca?*-ATPase and CAX-mediated
Cao?* efflux systems; and ability to prevent salt-induced
downregulation of RBOH expression that may affect
operation of the "ROS-Ca?" hub” and signalling cas-
cades under salinity.

$.37.4 Tracing the resilience
of African tree ferns: insights
from the African humid
period and beyond

Mwihaki J. Karichu'?2, Boniface K.

Ngarega* Jefwa JM® Bette A. Loiselle$,
Emily B. Sessa?

I The Lewis B. and Dorothy Cullman Program for
Molecular Systematics, New York Botanical Gar-
den, Bronx, NY. 2 New York Botanical Garden, Bronx,
NY. 3 Graduate Center, City University of New York,
New York, NY, USA. 4 Department of Plant Biology,
Ecology, and Evolution, Oklahoma State University,
Stillwater, OK, USA. 5 Pwani University, P.O Box 195,
Kilifi, Kenya. 6 Department of Wildlife Ecology and
Conservation and Center for Latin American Stud-
ies, University of Florida

Tropical forests in Africa are rapidly declining due to
increasing population, recurrent wildfires, logging, land
use changes, agricultural intensification, and other
socioeconomic factors. This study utilized maximum
entropy modeling, paleoclimatic data, and future cli-
mate scenarios to evaluate the historical presence of
tree ferns in tropical and Saharan Africa during the Af-
rican Humid Period (AHP; ca. 14,500-5,000 years ago)
and project the impacts of climate change on their
future distribution and implications for African forests.
Although precipitation increased substantially during
the AHP, the distribution was variable and insufficient
to support all tropical plant species. We found most
African tree fern species persisted in refuge areas that
survived the late Pleistocene extinction. These refugia
provided a haven for tree ferns, enabling them to sur-
vive despite challenging and fluctuating conditions.
This highlights the remarkable resilience and adapt-
ability of tree ferns and the critical importance of refu-
gial areas in safeguarding populations during climatic
upheaval. Our study further shows tree fern species
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had differential responses to climate change, with
some experiencing minimal range contractions of
5.9% up to over 57% range expansion. Preserving these
refugia not only protects tree ferns but also conserves
overall forest biodiversity and ecosystem functioning.
This knowledge is vital for targeted conservation to
promote sustainable forest management and miti-
gate threats from climate change and human activi-
ties in African closed wet forests.

$.37.5 Learning from the
adaptive responses of wild
emmer wheat to 28 years of
global warming

‘ Yong-Bi FU'

1 Plant Gene Resources of Canada, AAFC Saskatoon
Research and Development Centre

Global warming has been documented to threat-
en wild plants with strong selection pressures, but
how plant populations respond genetically to the
threats remains poorly understood. We character-
ized the genetic responses of 10 wild emmmer wheat
(Triticum dicoccoides Koern; WEW) populations
in Israel, sampling them in 1980 and again in 2008,
through an exome capture analysis. It was found
that these WEW populations were under elevated
selection, displayed reduced diversity and tempo-
ral divergence, and carried increased mutational
burdens forward. However, some populations still
showed the ability to acquire beneficial alleles via
selection or de novo mutation for future adaptation.
Grouping populations with mean annual rainfall
and temperature revealed significant differences in
most of the 14 genetic estimates in either sampling
year or over the 28 years. The patterns of genetic re-
sponse to rainfall and temperature varied and were
complex. In general, temperature groups displayed
more temporal differences in genetic response than
rainfall groups. The highest temperature group had
more deleterious single nucleotide polymorphisms
(dSNPs), higher nucleotide diversity, fewer selective
sweeps, lower differentiation, and lower mutation-
al burden. The least rainfall group had more dSNPs,
higher nucleotide diversity, lower differentiation, and
higher mutational burden. These characterized ge-
netic responses are significant, allowing not only a
better understanding of evolutionary changes in the
threatened populations but also for realistic model-
ing of plant population adaptability and vulnerabili-
ty to global warming.
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$.37.6 Phenological prints
of climate change on
Mediterranean flora: a
retrospective study using
herbarium specimens

Andros Solakis Tend', Federico Casimiro-
Soriguer' & Noelia Hidalgo Triand!

‘ 1 Universidad de Malaga, Malaga, Spain

Plant phenology is linked to environmental variables.
However, in the last century, the global temperature
(T) has increased by 11 °C, which has caused severe
climatic changes that have affected the phenology of
Mediterranean plants. In our study, conducted across
the western Mediterranean area of the Baetic Range,
we used data from herbariums to assess the pheno-
logical trends of 98 dominant species from Habitats of
Community Interest (Group 4, 5, and 9), along with en-
demic plants and the overall phenology of the biocli-
matic thermotypes present in the areq, all over the past
200 years. Significant changes and trends in the day of
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year (DOY) were detected in the studied phenophases
of 71 species, whereas 27 showed no changes. In re-
sponse to the time variable, seven species displayed
significant shifts in the preflowering (FBF), 17 in the flow-
ering (F), one in the fruiting (FS), and 10 in the growth
(DVG) phenophase. In response to long-term climatic
variables, 16 species showed no changes in FBF, where-
as 22 did so in at least one. In F, 23 showed no changes
whereas 49 did; in FS, 7 did not, whereas 13 did; and in
DVG, 21 did not, whereas 29 did. Regarding overall phe-
nology DOY with time, the thermo-Mediterranean (TM)
thermotype showed no changes in the FBF and FS phe-
nophases, whereas advances appeared in F and DVG.
In the meso-supra-Mediterranean (MSM) and oro-cry-
oro-Mediterranean (OCM) thermotypes, all pheno-
phases showed advancing trends. The DOY against
climatic variables in the TM thermotypes showed ad-
vances in FBF and F, while FS showed no changes, and
DVG advanced when P decreased. In the MSM and
OCM thermotypes, all phenophases showed trends
of advance. Tendencies were stronger in the orophilic
than thermophilic group. Those results show the influ-
ence of climate change in the phenology of western
Mediiterranean flora.

S.38 DISSECTING THE EVOLUTION OF SEDGES
(CYPERACEAE): PERSPECTIVES FROM MULTIPLE

LINEAGES

$.38.1 The evolution and
diversity of the genus
Bulbostylis (Abildgaardieae,
Cyperaceae)

Jeremie Morel'?, Fitiavana Rasaminirina®s,
Juliene Maciel-Silva'4?, Vonjison
Rakotoarimananas?, Vincent Savolainen?
André S. B. Gil® & Isabel Larridon'’

I Royal Botanic Gardens, Kew, Richmond, UK. 2 Im-
perial College London, London, UK. 3 University of
Antananarivo, Antananarivo, Madagascar. 4 Fed-
eral Rural University of Amazon, Belém, Brazil. 5
Museu Paraense Emilio Goeldi, Belém, Brazil. 6 Kew
Madagascar Conservation Centre, Antananarivo,
Madagascar. 7 Ghent University, Department of
Biology, Systematic and Evolutionary Botany Lab,
Gent, Belgium

The genus Bulbostylis (hairsedges) includes 227
species worldwide. The taxonomic history of this ge-
nus is quite complex, and limited DNA data is avail-
able. This lack of data means that species delimita-
tion and evolutionary relationships are unclear, and
thus the study of character evolution and biogeo-
graphical history of Bulbostylis is hampered. Thus,
three PhD projects are currently devoted to this ge-
nus, working on three centres of diversity of Bulbo-
stylis: Africa, Brazil and Madagascar. These different
regions respectively include 127, 52 and 25 accept-
ed species of Bulbostylis, representing around 90%
of the total diversity of the genus. Consequently, the
aim of these projects is to gain a better understand-
ing of the diversity, evolution, and conservation of
Bulbostylis on a large and local scale. To this end,
a joint project is underway to reconstruct the evo-
lutionary history of the genus as well as its biogeo-
graphical history using a phylogenomic approach.
Secondly, integrative taxonomic studies at local
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scale are ongoing to clarify species delimitation
based on phylogenomic data with extensive sam-
pling of species complexes, (micro)morphological
and anatomical data; and distribution data. Prelim-
inary results for these regions include: thirteen her-
baria visited, ten fieldtrips undertaken, discovery of
new species to science (e.g. Bulbostylis itremoensis
from Madagascar), new herbarium specimens and
DNA samples of Africa, Neotropical and Madagas-
can species, discovery of new anatomical char-
acters for species delimitation; 212 newly extracted
DNA samples sequenced with the Angiosperms353
targeted sequencing probes. Our study generates
a large, accurate dataset. The future integration
of this information may contribute to demonstrate
patterns of diversity that allow the identification of
important areas for conservation studies and pro-
vide new insights on ecological and evolutionary
understanding in areas of high biodiversity.

$.38.2 Towards the
consolidation of the
Southeast Asian sedge
knowledge

José Ignacio Marquez-Corro', Pedro
Jiménez-Mejias?, Millard Uy3 David A.
Simpson' & Isabel Larridon!

1 Royal Botanic Gardens, Kew, Richmond, UK. 2 Uni-
versidad Pablo de Olavide, Seville, Spain. 3 Inde-
pendent researcher, Cebu, Philippines

Studies on global biodiversity are detecting com-
mon gaps in the taxonomic knowledge of tropical
areas. While some of these areas are not neces-
sarily considered hotspots, these are still incredibly
diverse, and the knowledge gap extends widely to
non-woody plants as they tend to be out of focus
in regions dominated by tropical forests, which may
underestimate diversity levels. For Cyperaceae, the
third most biodiverse monocot family and among
the top ten in angiosperms, Southeast Asia is the
perfect example of such a situation. Despite having
diversified worldwide into more than 5000 species
with a particular preference for temperate areas in
the largest genus Carex (40% of the family), there
are over 600 taxa native to Southeast Asia. Never-
theless, the lack of historical collections, digitization
of herbaria, and lack of support in Cyperaceae ex-
pertise for local research groups have turned the
region into a darkspot for sedges. To protect cur-
rent sedge diversity, understand their natural his-
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tory, and predict their future, we must put forward
a set of international collaborations with in-country
researchers to improve the available information for
this economically and ecologically important family.
We hope to start a much-needed new era of collab-
orations in Southeast Asian sedge-focused projects,
aiming to generate taxonomic, geographical, mor-
phological, molecular, genomic, biochemical, and
ecological data, accompanied by photographic re-
cords of taxa and sets of data that will be publicly
available. Objectives such as training resident tax-
onomists, digitization of local herbaria, or providing
international long-term financial support are some
of the crucial steps towards the establishment of
sedge research lines in Southeast Asia.

$.38.32 Progress on the
phylogeny and evolution of
Fuireneae s.l. (Cyperaceae)

Cassandra D. V. Bradshaw!, Etienne
Léveillé-Bourret? Isabel Larridon3®* Robert
F. C. Naczi®, Jeremy Bruhl®, Pedro Jiménez-
Mejias?, Karen Wilsong, Julian R. Starr’

1 University of Ottawa, Ottawa, Canada. 2 Univer-
sity of Montréal, Montréal, Canada. 3 Royal Botan-
ic Gardens, Kew, Richmond, UK. 4 Ghent University,
Ghent, Belgium. 5 New York Botanical Garden, New
York, United States of America. 6 University of New
England, Armidale, Australia. 7 Pablo de Olavide
University, Seville, Spain. 8 Royal Botanic Gardens
and Domain Trust, Sydney, Australia

Considerable changes to the classification of the
large (ca. 5500 spp.), cosmopolitan monocot family
Cyperaceae (“sedges”) have been made over the
past 20 years. Thisis largely due to the reconstruction
of relationships using molecular data. Nonetheless,
many groups remain poorly studied, such as tribe
Fuireneae s.I, a collection of ca. 153 spp. common to
humid and wet habitats worldwide. The group pos-
sesses numerous annuals and perennials, and holds
ecological and economic importance, often domi-
nating their natural habitats and acting as noxious
crop weeds worldwide. Though a recent molecular
study found support to divide Fuireneae s.l. into four
tribes and six genera, only 30% of the tribe’s diversity
was sampled, sampling was poor where the group
is most diverse (Asia), species level-complexes re-
main unresolved, and tribes could only be divided
using impractical microscopic characters. Interest-
ingly, this preliminary data suggested transitions
from an annual to a perennial life history strategy,
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for which few examples are known in angiospermes,
especially in monocots. Using a complete taxonom-
ic sample of Fuireneae s.I, and molecular (Hyb-Seq),
morphological and embryo characters, we are test-
ing whether current tribal, generic and infragener-
ic classifications of Fuireneae s.I. are natural, and if
some perennials in the grade are derived from an-
nuals as suggested by preliminary data.

$.38.4 The relevance

of expert curation in
taxonomically complex
groups: a comprehensive
database of occurrences for
the genus Carex

Maria Sanz-Arnal', Pablo Garcia Moro',
Carmen Benitez Benitez? Marina Coca-
de-la-Iglesia®, Angélica Gallego-Narbon3,
Consolaciéon Barcield', Fabrizio Bartolucci?,
Matthew Bradley®, Asuncion Cano¥,
Antoine Derouaux’, Sabina Donadios,
Marcial Escudero? Gabriele Galasso®,
Sebastian Gebauer', Mariela Fabbroni",
Kerry A. Ford™ M. Socorro Gonzdlez-
Elizondo®, David Hamon'™, Matthias

H. Hoffrann'®, Xiao-Feng Jin'®, Jacob
Koopman'é, Bangze L1 Raul Lois *2°,
Yi-Fei Lu'>?, Modesto Luceno', Santiago
Martin-Bravo', José Ignacio Marquez-
Corro!, Attila Mesterhdazy?? Monica
Miguez', Ana Morales Alonso', Muthama
Muasya?, Paulo Munoz-Schuler?,

Robert F.C. Naczi?®, Nora Oleas?®, Luciana
Pereira-Silva?, Radomir Repka?, Anton A.
Reznicek??, Katie K. Sanbonmatsu®, Enmily
Sanchez?, Daniel Spalink®, Arne Strid?°,
Pieter Vanormelingen®, Filip Verloovee3?,
Karen L. Wilson 3, Shuren Zhang' '8, Pedro
Jiménez-Megjias'

1 Universidad Pablo de Olavide, Seville, Spain. 2
Universidad de Sevilla, Seville, Spain. 3 Universi-
dad Auténoma de Madrid, Madrid, Spain. 4 Centro
Ricerche Floristiche dell’Appennino, Barisciano, Ita-
ly. 5 Texas A&M University, College Station, Texas,
USA. 6 Universidad Nacional Mayor de San Marcos,
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Museo de Historia Natural y Facultad de Ciencias
Biolégicas, Lima, Perd. 7 Natagora asbl, Namur,
Belgium. 8 Instituto de Botdnica Darwinion (CON-
ICET-ANCEFN), Buenos Aires, Argentina. 9 Museo
di Storia Naturale di Milano, Milano, Italy. 10 Martin
Luther University Halle-Wittenberg, Geobotany and
Botanical Garden, Halle (Saale), Germany. 11 Uni-
versidad Nacional de Salta, Salta, Argentina. 12 Al-
lan Herbarium (CHR), Manaaki Whenua, Landcare
Research, Lincoln, New Zealand .13 CIIDIR, Instituto
Politécnico Nacional, Durango, México. 14 Indepen-
dent Researcher, Lavau-sur-Loire, France. 15 Zhe-
jiang Agricultural and Forestry University, Lin‘an,
Zhejiang, China. 16 ul.Kochanowskiego, Choszczno,
Poland .17 Institute of Botany, Chinese Academy of
Sciences, Beijing, China. 18 China National Botani-
cal Garden, Beijing, China. 19 University of Chinese
Academy of Sciences, Beijing, 100049, China. 20
Universidad de Leén, Campus de Vegazana s/n,
24007, Ledn, Spain. 21 College of Life Sciences, Zhe-
jiang University, Hangzhou, Zhejiang, China. 22 In-
dependent Researcher, Celldébmdélk, Hungary. 23
University of Cape Town, Cape Town, South Africa.
24 Herbario CONC, Universidad de Concepcién,
Concepcién, Chile. 25 New York Botanical Garden,
Bronx, NY 10458, USA. 26 Universidad Indoamérica,
Machala y Sabanilla, Quito, Ecuador. 27 Universi-
dade Federal de Santa Catarina, Campus Trin-
dade, Santa Catarina, Brazil. 28 Mendelova univer-
zita v Brné, Brno, Jihomoravsky, Czech Republic. 29
University of Michigan Herbarium, Michigan, USA. 30
Bakkevej 6, @rbaek, Denmark. 31 Natuurpunt Stud-
ie vzw, Mechelen, Belgium. 32 Meise Botanic Gar-
den, Meise, Belgium. 33 National Herbarium of New
South Wales, New South Wales, Australia

Species occurrences are essential for research re-
quiring spatially-based information. The Global Bio-
diversity Information Facility (GBIF) is the primary and
most popular source of occurrences. However, spe-
cies identification and georeferencing data in GBIF is
often affected by imprecision. Accordingly, a curation
process is needed to prevent downstream errors, bi-
ases and/or inaccuracies derived from their use. Be-
cause of its high species diversity, taxonomic com-
plexity, and wide distribution, occurrence data from
Carex L. (Cyperaceae) are not exempt from these
errors. In this context, we present an expert-curated
global compilation of Carex occurrences mined from
different sources (online databases, herbariag, litera-
ture, and fieldwork collections). Beyond basic quali-
ty-control procedures, the dataset was reviewed by
experts, who curated both geographical inaccura-
cies and misidentifications. The final expert-curated
database contains 397,239 records. During the cura-
tion, 16,604 occurrences were flagged as potential-
ly erroneous, and 7,672 taxa names were changed.
The resulting dataset has occurrences for 1679 Car-
ex species (c. 80% of all currently accepted spe-
cies). Finally, we compared the differences between
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the raw and the expert-curated database. Our work
highlights the importance of high-quality taxonom-
ic and geographic data and provides a significantly
enhanced Carex occurrence database that is made
available for future research in the genus.

$.38.5 Niche partitioning

or divergence? Sister-
lineage comparisons reveal
complex patterns of niche
evolution in Carex

‘ Daniel Spalink’
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$.38.6 Tackling rapid
radiations — update on
the understanding of
the megadiverse genus
Cyperus (Cyperinae,
Cyperaceae)

Isabel Larridon', Tamara Villaverde?,
Luciana Pereira-Silva®, Martin Xanthos],
Megan Griffiths!, Nina MUnder4, Abubakar
Bello*%¢, Alexandra N. Muellner-Riehl|*®,
Muthama Muasya’

‘ 1 Texas A&M University, College Station, Texas, USA

With over 2000 species, Carex (Cyperaceae) is a
nearly cosmopolitan genus with centers of diversity in
temperate zones of each hemisphere. Carex exhibits
tremendous ecological diversity, occupying habitats
from coasts to mountaintops, deserts to wetlands,
tundra to the tropics, and savannas to forest under-
stories. Divergence across these ecological gradients
has long been hypothesized to be a key driver of di-
versification in Carex. This hypothesis has been sup-
ported by phylogenetic comparative analyses, which
show strong relationships between rates of speciation
and niche evolution across the genus. These analy-
ses to date have been based almost exclusively on
the estimations of species niches from occurrence
records, which are known to contain biased, missing,
and incorrect data. Potentially more pernicious prob-
lems, however, are that l) species distributions are dy-
namic through time; and few species likely 2) occupy
the full extent of their fundamental niches or 3) occur
in all geographic areas that are ecologically suitable.
Consequently, significant findings of niche evolution in
Carex may be spurious. Here, we use emerging meth-
ods that avoid the assumption that present distribu-
tions represent the full occupancy of species potential
ranges. For nearly 500 sister-species pairs, we per-
form the Niche Overlap Test, which calculates niche
similarity between two species in their total occupied
environmental space, and the Niche Divergence Test,
which calculates niche similarity in the subset of en-
vironmental space that is shared and accessible
to both species. These tests are designed to detect
whether species occupy distinct niches or simply have
access to different environments. We then test wheth-
er significant niche evolution between sister species is
related to their time since divergence, trait divergence,
latitude, and total range size.

1 Royal Botanic Gardens, Kew, Richmond, UK. 2 Uni-
versidad Rey Juan Carlos, Madrid, Spain. 3 Universi-
dade Federal de Santa Catarina, Florianopdlis, Bra-
zil. 4 Leipzig University, Leipzig, Germany. 5 German
Centre for Integrative Biodiversity Research, Hal-
le-Jena-Leipzig, Leipzig, Germany. 6 Umaru Musa
Yaradua University, Katsina, Nigeria. 7 University of
Cape Town, Cape Town, South Africa

Cyperus or flatsedges represent the second most
species-rich genus of Cyperaceae with almost 1000
species distributed mainly in the tropics and sub-
tropics. Historically, many segregate genera were
split from Cyperus sensu stricto to accommodate
the breadth of morphological, functional and eco-
logical variation present in this group. Over the last
15 years, new insights into the evolution, diversity
and distribution of this group were gained by inte-
grating molecular phylogenetic data with in-depth
morphological and anatomical studies. In the cur-
rent phylogenomics-based classification, subtribe
Cyperinae is monogeneric, placing the 13 segre-
gate genera previously recognised in the mor-
phology-based classification within a broadened
circumscription of Cyperus. We also have strong
evidence that a biodiverse clade of species using
the C4 photosynthetic pathway is nested within a
grade of C3 species. However, rapid diversification
has hampered our understanding of the relation-
ships within the C4 clade. Now, with the advent of
phylogenomics, first inroads are made to study trait
evolution in Cyperus. Yet, to build a complete pic-
ture of this megadiverse genus, a concerted effort
will be needed to generate a species-level phyloge-
nomic framework to investigate its evolutionary his-
tory, generate an infrageneric classification, and re-
solve species limits. We present the current state of
knowledge and explore plans for integrating efforts
towards purging the gaps.
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S5.39 PLANT CONSERVATION GENETICS: FROM
IN-SITU AND EX-SITU CONSERVATION TO
REINTRODUCTIONS AND RESTORATIONS.

SESSION 1

$.39.1 Genomic-guided
conservation actions

to restore the most
endangered conifer in the
Mediterranean Basin

José Carlos del Valle', Montserrat Aristad’,
Carmen Benitez Benitez', Pedro Luis
Ortiz!, Francisco J. Jiménez-Lopez', Anass
Terrab', Francisco Balao!

I Departamento de Biologia Vegetal y Ecologiq,
Universidad de Sevilla, Sevilla, Spain

Species with extremely small population sizes
are critically endangered due to reduced genet-
ic diversity, increased inbreeding, and the added
threat of hybridization. Genomic tools significant-
ly advance conservation by revealing genet-
ic insights into endangered species, notably in
monitoring frameworks. Sicilian fir is the most en-
dangered coniferin Europe with only 30 adult trees
spread across an 84-hectare area. Using 20,824
SNPs from RAD-seq employing the silver fir ge-
nome assembly and a custom 120 SNP-array, we
evaluated genetic diversity, mating patterns, and
effective population size in adult trees, 118 natural
seedlings, and 2,064 nursery seedlings from past
conservation actions. We assessed introgression
from neighboring non-native fir plantations and
established an intra-population assisted gene
flow program selecting the most genetically dis-
similar individuals and investigating the outcome
through simulations. Genomic analysis unveiled
significant genetic diversity among adult Sicilian
firs, comparable to non-endangered Mediterra-
nean firs with larger populations. However, the
genetic diversity of the forthcoming generation
declined due to high self-fertilization, leading to
marked inbreeding (F, = 0.38) and an alarming-
ly low effective population size (N, = 6). Nursery
seedling monitoring revealed similar selfing rates

but significant introgression (~50%) from non-na-
tive firs. Although intra-population assisted gene
flow could help to mitigate genetic loss, it may
not alleviate the species vulnerability to immi-
nent environmental challenges, perpetuating the
risk of an extinction vortex. Hence, investigating
the impact of Sicilian fir population decline and
selfing on inbreeding depression, along with ex-
ploring the potential of hybrids for genetic load
alleviation and future adaptation, is crucial for ef-
fective conservation strategies. This study stands
as a compelling model for guiding conservation
strategies in similarly imperiled species charac-
terized by extremely small populations.

$.39.2 Plant-animal
interactions, population
genetics and local
community engagement
to conserve the Malagasy
baobab Adansonia
suarezensi

Onja Hariveloniaina Morilline
Razanamaro Tonisoa
Ranaivoandriamanantena? Laura
Parducci? Fabio Attorre?, Elisa Rondoni?,
Dario La Montagna 3, Alex Byrne# Barbara
Gravendeel®, Ester Sales®, Richard
Dominique Randriatsitohaina’, Lalaina
Fenosoa Ramiliarisona’, Juan Viruel4,

1 Parc Botanique et Zoologique de Tsimbazaza Rue
Fernand Kassanga, Tsimbazaza, Antananarivo.
Madagascar. 2 Madagasikara Voakajy, Andraiso-
ro BP 5181 Antananarivo, MG. 3 Department of En-
vironmental Biology, Sapienza University of Rome,
Piazzale Aldo Moro 5, Rome, Italy. 4 Royal Botanic
Gardens, Kew, Richmond, UK. 5 Naturalis Biodiver-
sity Center, Endless Forms, Leiden, Netherlands and
Institute of Biology Leiden, Leiden University, Leiden,
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Netherlands. 6 Agrarian and Environmental Scienc-
es Department, Institute of Environmental Scienc-
es, University of Zaragoza, High Polytechnic School,
Huesca, Spain. 7 Département biologie et écologie
végétales, Université d’Antananarivo, Madagascar

Adansonia suarezensis, one of the six endemic
baobabs in Madagascar, is currently classified
as Endangered. Its narrow distribution in the arid
areas of N Madagascar is expected to decrease
from 1200 km? in 2010 to 17 km2 in 2050 due to cli-
mate change, and alarming predictions indicated
a likely extinction between 2050 and 2080 without
intervention or conservation efforts. Madagas-
car has lost 37% of its natural forest since 1973,
and despite the implementation of conservation
programs, deforestation rates have increased
in the last decade, mainly because population
growth and political instability in the country. Ex
situ and in situ conservation actions to recover
threatened species require extensive knowledge
from diverse disciplines to better understand the
reproduction biology, ecology and demography
of the target species. Adansonia suarezensis be-
longs to a section named Brevitubae, which in-
clude dry-season flowering baobabs with white
flowers carrying short-staminal tubes pollinated
by fruit bats and lemurs. Recently, a lack of nat-
ural regeneration has been observed in natural
populations of A. suarezensis. In our project, we
investigate the life cycle of A. suarezensis to re-
veal factors influencing the natural regeneration
of the species, and we designed a restoration
plan based on population genomics data by us-
ing a whole genome Single Nucleotide Polymor-
phism (SNP) screening approach (MigSeq). We
explore also new plant-animal interactions with
fruits, seeds and flowers using camera traps and
direct observations. The aim is to elucidate the
genetic patterns, investigate the level of gene
flow, and explore relationships between popu-
lation size and genetic variation in the species.
The analysis of genetic diversity and population
structure allow us to identify priority populations
for restoration. Our project demonstrates also the
importance of local community engagement in
conservation by building nurseries, growing thou-
sands of seedlings of baobabs and other eco-
nomically plants as part of the conservation plan.
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$.39.3 The value of record-
and molecular-based
conservation management

to exceptional species:

a case study using
Amorphophallus titanum
Justin Tutt!, Jeremie B. Fant? Kayri

Havens?, Olivia G. Murrell®4, Zoe Diaz
Martin®

1 University of Central Florida, Orlando, USA. 2 Chi-
cago Botanic Garden, Glencoe, USA. 3 Manchester
Metropolitan University, Manchester, UK. 4 North of
England Zoological Society, Chester Zoo, Chester,
UK. 5 Spelman College, Atlanta, USA

If ex situ collections are to effectively conserve spe-
cies, practitioners should strive to maintain ge-
netically robust ex situ populations by (1) attaining
a comprehensive understanding of the current
estimates of kinship and other relevant popula-
tion genetic measures and (2) making informed
breeding decisions. The zoological community ac-
complishes these goals by using a combination of
a record-based approach, where extensive doc-
umentation of mating between individuals is re-
corded and used to generate pedigrees, and a
molecular-based approach, where individuals are
genotyped to reconstruct the pedigree or fill in ped-
igree gaps. This raises the questions: how well do
botanic gardens manage populations of exception-
al plant species held across collections, and what
lessons on how to manage collections can we learn
and implement from the zoological community? We
explore these questions and evaluate the utility of
the zoo model for conservation using the charis-
matic arum Amorphophallus titanum, an exception-
al species native to the Indonesian island of Suma-
tra that has been cultivated for over 130 years. In this
study, we used available accession information to
create a pedigree and genomic sequencing to gen-
erate a SNP-based molecular dataset. We present
our anticipated results that will compare relevant
population genetic measures and pairwise kinship
estimates and their subsequent recommendations
of optimal breeding pairs using the record- and
molecular-based datasets. We expect to observe
differences between kinship coefficients calculat-
ed from each dataset and predict that the molec-
ular-based approach will provide higher precision
given notable incompleteness in accession records.
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To our knowledge, this is the first study to compare
the record- and molecular-based approaches of
managing exceptional species in botanic gardens.
This work will be an important first step in improv-
ing collections management (i.e, standardizing the
recording of accession data) and will highlight ge-
nomics as an effective tool when managing poorly
pedigreed exceptional species.
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highly degraded mining site. Our studies suggest that
vulnerability cannot be easily predicted for co-distrib-
uted species, implying the need to obtain species-spe-
cific estimates to assess the extinction risks and inform
decision-makers for conservation efforts. Based on our
studies, we discuss the main challenges in reconciling
conservation with mining activities in unique and highly
diverse environments.

$.39.4 Conservation
genetics of rare and
endemic plants: challenges
and advances

Carolina S. Carvalho!, Barbara S.S. Leal!,
Jacqueline S. Lima', Carlos Eduardo
Batista!, Rafael Assis!, Mauricio Watanabe),
Cecilio Caldeira', Valéria Tavares!

I Instituto Tecnoldgico Vale, Belém, Brazil

Endemic species with limited geographic ranges are
more prone to the negative effects of genetic drift and
their consequences, especially when their habitat over-
laps with economically valuable areas. This is the case
of endemic plants associated with the Eastern Amazon
cangas, a unique ecosystem limited by high iron con-
centration in the soils, which faces sulbstantial threats
from some of the world's largest iron ore mines. The
conservation challenges in this ecosystem arise be-
cause just as plants adapted to iron-rich soils exhibit
non-random distribution, often clustering in specific
microclimatic and edaphic conditions; iron mining ac-
tivities cannot also be haphazard due to variations in
iron ore presence and qudlity. In response to this con-
servation dilemma, we have conducted comprehen-
sive studies, integrating ecology and conservation and
landscape genomics. By investigating the neutral ge-
nomic variation, we have found a scenario of conser-
vation concern for three highly restricted endemic spe-
cies, with simulations indicating a worsening of such
scenario in a few decades if population sizes further de-
cline. Conversely, certain species have demonstrated
remarkable resilience, with genetic diversity and gene
flow patterns remaining unaffected by mining-induced
habitat loss. The use of genotype-phenotype-envi-
ronment associations has offered further insights into
adaptive genomic variation for restoration purposes.
For example, our findings indicate that whereas locall
provenances were found optimal to restore a mod-
erately disturbed site, a mixture of genotypes seems
to be the most promising strategy for the recovery of

$.39.5 Intraspecific genome
size variation, cryptic
speciation and outbreeding
depression in Penstemon
pachyphyllus

Rafael Urbina-Casanova'?, Maria Giro'?,
Jeremy Foster'? Bryce Richardson?, Scott
Jensen3, Jeremie B. Fant'? & Andrea T.
Kramer'2,

I Plant Biology and Conservation, Northwestern
University, Chicago, IL, USA. 2 Negaunee Institute for
Plant Conservation Science and Action, Chicago
Botanic Garden, Glencoe, IL, USA. 3 Rocky Mountain
Research Station, USDA Forest Service, USA.

Outbreeding depression is a main concern when mixing
multiple source populations in restoration, as it can re-
duce seed quantity and quality in seed production fields
and restoration sites. The main causes for outbreeding
depression are unnoticed taxonomic issues and fixed
chromosomal differences, but these aspects are rarely
assessed when designing and implementing a resto-
ration project. Penstemon pachyphyllus was identified
as a restoration priority in the Great Basin, where the
Great Basin Restoration Initiative took a regional admix-
ture provenancing approach, combining as many as 18
source populations in pooled seed production fields, to
generate large quantities of genetically diverse seeds
for wide-scale restoration across this region. However,
outbreeding depression was previously reported for
this species when mixing populations from two different
ecoregions. Because this species extends beyond the
Great Basin, we assessed genome size variation across
the whole species range to study potential causes of
this pattern of outbreeding depression. As we found
a geographically structured pattern of genome size
variation, with southern populations showing a smaller
genome size, we designed a controlled crosses experi-
ment to test if genome size difference is the main driver
of outbreeding depression. Moreover, we took a phy-
logenomic approach to assess species delimitation on
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our target species including all closely related taxa (ie,
the Coerulei-Gentianoides clade). We found that ge-
nome size difference is the main driver of outbreeding
depression in this species, with crosses between pop-
ulations with different genome sizes showing a signifi-
cantly lower seed production in terms of number and
weight, than crosses between populations in different
geographic regions but with the same genome size.
Species delimitation analyses are consistent with this
incipient reproductive barrier.

$.39.6 Using assisted gene
flow to save a population
from depression

Léa Auclair' & Olivier Brisset, José Utgé?
Nathalie Machon!, Paul Verdu?

1 CESCO, MNHN, CRNS, Sorbonne-Université, Paris,
France. 2 Eco-anthropology, CNRS, MNHN, Universi-
té Paris Cité, Paris, France

After the drastic decrease of population sizes of Are-
naria grandiflora’s population in the Parisian region in
the late 20stcentury, a translocation program was im-
plemented in 1999. A preliminary study revealed that
the main cause of the population’s extinction was the
low genetic diversity and the associated low fitness
of the last individuals due to inbreeding depression.
To save this species from extinction in this region,
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non-local and local plants were multiplied by in vitro
culture and introduced in three sites of their natural
area. The three translocated populations were fund-
ed with the same mixture of 450 individuals, 2/3 being
clones of local plants and 1/3 of clones from non-lo-
cal ones. To evaluate the outcome of the program,
annual monitoring of plant’'s fitness was carried out
over 24 years, coupled with genetic analyses based
on 13 microsatellite markers. First results highlighted
that the newly-created populations showed an in-
crease in genetic diversity compared to the found-
ers, and displayed lower consanguinity due to higher
heterozygosity level. These levels of diversity appear
to be fairly stable from year to year, which was en-
couraging for the program'’s success. Interestingly,
fluctuation in fitness were observed between individ-
uals depending on the proportion of genome inherit-
ed from each founder population. To study this mod-
el in greater detail and gain a better understanding
of the complex genetic processes that condition the
success of programs based on assisted gene flow,
we are currently resequencing the entire genomes of
individuals sampled between 1999 and the present
day. By comparing simulations to actual genotypic
data obtained from whole genome sequencing, it will
be possible to assess whether natural selection phe-
nomena linked to crossbreeding, such as heterosis
or hybrid depression, have influenced the patterns of
genetic diversity and how introduction of genotypes
drove the genetic evolution of the population.

S.40 XYLEM ANATOMY AS A CENTRAL HUB
LINKING FLUID TRANSPORT PROCESSES FROM
THE INDIVIDUAL PLANT LEVEL TO ECOSYSTEMS

$.40.1The role of drought on
the evolution of woodiness
in flowering plants

Frederic Lens'? Timo Conradi’, Renske E.
Onstein'4, Helge Bruelheide*?, Alex Zizka"®

1 Naturalis Biodiversity Center, Leiden, The Nether-
lands. 2 Institute of Biology Leiden, Leiden Universi-
ty, Leiden, The Netherlands. 3 Plant Ecology, Faculty
of Biology, Chemistry and Earth Sciences, Bayreuth
University. 4 German Centre for Integrative Biodiver-
sity Research Halle-Jena-Leipzig, Leipzig, Germa-
ny. 5 Institute of Biology/Geobotany and Botanical

Garden, Martin Luther University Halle-Wittenberg,
Halle (Saale), Germany. 6 Department of Biology,
Philipps-University Marburg, Marburg, Germany

Wood formation is a fundamental evolutionary in-
novation that gave rise to countless woody spe-
cies (trees and shrubs), offering crucial ecosystem
services such as carbon storage and its associat-
ed climatic feedback. Most of these species only
have woody ancestors, whereas other lineages
have independently evolved woodiness from non-
woody (herbaceous) ancestors throughout evo-
lutionary history. However, what drives species to
become woody and why have so many unrelated
herbaceous lineages evolved to new woody spe-
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cies? These key questions have baffled scientists
since Darwin, but scientific information has been
too fragmented to develop hypotheses that could
be rigorously tested. Therefore, we have compiled
a unigue woodiness database in flowering plants,
showing that most woody species with herba-
ceous ancestors occur in regions with recurrent
drought cycles. This has laid the foundation for a
novel hypothesis, proposing drought as the ma-
jor driver of most transitions towards woodiness.
We are testing this concept on islands and conti-
nents (1) by inferring via modelling whether there
is a positive correlation between woodiness and
drought, and (2) by assessing via experiments
whether woody species with herbaceous ances-
tors are consistently more drought-tolerant than
their herbaceous relatives. By bridging evolution-
ary biology and ecophysiology, this work shows
increasing evidence for a novel strategy that re-
veals how plants respond to drought stress in a
world facing global change.

$.40.2 Assessing drought
resistance in a population
of cabbage (Brassica
oleracea) with contrasting
levels of stem woodiness

‘ Anai Pereira'? Frederic Lens'?

1 Naturalis Biodiversity Center, Leiden, The Nether-
lands. 2 Leiden University, Leiden, The Netherlands

As the world’'s human population continues to
grow and droughts become more intense and
frequent, monitoring drought-responsive ana-
tomical and ecophysiological traits in crops is
crucial to guarantee food security in the future.
Brassica oleracea is a relevant crop species with
cultivars mostly consumed as vegetables. In our
research, we crossed a woody accession of B. ol-
eracea native to the island of Jersey- commonly
known as Jersey cabbage - with an herbaceous,
rapid flowering accession TOI000 of the same
species. Five F2 genotypes were selected based
on their contrasting levels of stem woodiness,
along with the two grandparent lines. To evaluate
whether stem woodiness is involved in the mech-
anisms leading to drought tolerance in cabbage,
we monitored a broad range of key drought-re-
sponsive anatomical and ecophysiological traits
under well-watered conditions and during con-
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trolled drought. Examples of these traits are stem
woodiness, pit membrane thickness, leaf water
potential, leaf turgor loss point, embolism resis-
tance in stems and leaves, hydraulic safety mar-
gin, and stomatal conductance. We hypothesize
that (1) the more woody genotypes are more
drought tolerant, (2) the more drought-tolerant
genotypes use a coordinated set of anatomical
and ecophysiological traits in both stems and
leaves to reach a certain level of drought toler-
ance, and (3) these trait syndromes may differ
among the genotypes studied.

$.40.3 The vulnerability

to drought-induced
embolism-vessel diameter
link: what needs explaining,
and possible ways forward

Patricia Riverd', Tommaso Anfodillo? Mark
E. Olson®

1 Unidad de Recursos Naturales, Centro de Investi-
gacioén Cientifica de Yucatan, A.C., Mérida, Mexico.
2 Department Territorio e Sistemi Agro-Forestali,
University of Padova, Legnaro, Italy. 3 Instituto de
Biologia, Universidad Nacional Autébnoma de Méx-
ico, Mexico

The escalating global tree mortality crisis, with
millions of trees succumbing to drought annually,
impacts biodiversity conservation. The vulnerabil-
ity of xylem conduits to drought-induced embo-
lism is a critical factor in determining tree survival
during hydric stress. If narrower xylem conduits
are less vulnerable to embolism formation, then
this vulnerability- diameter link would explain nu-
merous well-established patterns. These include
wider xylem conduits in moist environments and
narrower conduits in drier environments, the con-
sistent production of conduits that are well below
the developmental possible maximum diame-
ter of 700 pym+, widening of the conduits from the
tip to the base of the plant, in a way that keeps
conductance optimal with height growth, the dis-
tribution of wide to narrow conduits in earlywood
to latewood, and the differential leaf shedding be-
tween plants with wider and narrower conduits.
All of these patterns require explanation, and if a
vulnerability-diameter link is rejected, alternative
explanations are required. As part of a possible
explanation for these patterns, we provide data
suggesting that the vulnerability-diameter link
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could involve the association between interves-
sel pit membrane thickness, vessel wall thickness,
and vessel diameter. We show ways in which the
vulnerability-pit membrane-wall thickness-vessel
diameter associations could account for the link
as well as why it is not found in some situations.

$.40.4 Developmental
trajectories of the xylem
vessel elements from
single-cell sequencing data

' Philip Shushko!

1 Department of Chemistry, Indiana University,
Bloomington, USA

Changes in transcriptional profiles are at the
heart of development. Understanding transcrip-
tional dynamics at the single-cell level is a cen-
tral challenge in deciphering developmental pro-
cesses. Current sequencing technologies allow
the estimation of transcription profiles at unprec-
edented single-cell resolution but the inference
of developmental progressions of cells is ham-
pered by sampling sparsity, technological noise,
and loss of spatial and temporal information.
The xylem cell populations have distinct tran-
scriptional profiles and are ideally suited to re-
construct transitions in transcriptional programs
during histogenesis. | use noise-resilient diffusion
mapping-based approaches to infer and reca-
pitulate developmental trajectories from large
single-cell datasets. Our new methods allow us to
reconstruct trajectories that occur on substan-
tially different timescales in development and
infer waves of gene expression changes along
the developmental progressions. We analyze the
development of vessel elements and compare it
to the development of other vascular cell types,
including sieve elements and companion cells, in
different plant organs. We recover known regula-
tors of vascular development that follow expect-
ed developmental dynamics based on previous
studies and identify putative regulatory factors.
We identify waves of gene expression changes
of transcription factors and their downstream
targets, which provide substantial resolution of
transcriptional dynamics in vascular cell devel-
opment.
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$.40.5 Root pressure in
tomatoes slightly repairs
daily embolism at well-
watered conditions, but
its role during drought is
inconsistent

Giovanni Bortolami', Kathy Steppe? Jan
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Leiden, The Netherlands. 2 Laboratory of Plant Ecol-
ogy, Department of Plants and Crops, Faculty of
Bioscience Engineering, Ghent University, Ghent,
Belgium. 3 UGent-Woodlab, Department of Envi-
ronment, Faculty of Bioscience Engineering, Ghent
University, Ghent, Belgium. 4 UGent Centre for X-ray
Tomography (UGCT), Ghent University, Ghent, Bel-
gium. 5 Max-Planck-Institute of Molecular Plant
Physiology, Potsdam, Germany. 6 Institute of Biolo-
gy Leiden (IBL), Leiden University, Leiden, The Neth-
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Inside plants, water moves from the roots up to the
leaves due to a gradient in negative pressure (ie,
tension) generated in the leaf mesophyll cells via
transpiration. During intense drought periods, the
tension in the xylem sap increases, leading to gas
bubbles (embolisms) inside the water-conducting
cells (i.e., xylem vessels), thereby obstructing the
long-distance water flow. Tomato plants are known
to also move water through a positive pressure gen-
eratedin the roots. We hypothesize that root pressure
could help tomato plants remove gas embolism af-
ter release from drought after re-watering. There-
fore, we used a gantry-based X-ray microCT imag-
ing system, the EMCT scanner at the UGCT (UGent
Center for X-ray Tomography, www.ugctugent.be),
to visualize plant re-hydration and possible embo-
lism repair by scanning the plants before and after
drought, and at different times after re-watering.
In total, we followed 25 control well-watered plants
and 36 drought-stressed plants (covering a wide
range of drought intensities). Our results show that
all well-watered plants generated root pressure and
partially repaired the few embolized vessels over-
night. The role of root pressure in plants subjected
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to drought is more ambiguous: embolism repair af-
ter re-watering was also observed, but only in the
drought-stressed plants that developed root pres-
sure after re-watering (30%), while no root pressure
was detected in 70% of the drought-stressed plants
after re-watering. These results show that root pres-
sure development is not an efficient mechanism of
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tomato plants’ recovery from drought but shows the
ability of this embolism-vulnerable species to re-
move the first embolism events generated during
the day at well-watered conditions. In conclusion,
we show that root pressure in tomatoes can remove
the limited daily embolism under well-watered con-
ditions and only occasionally after drought.

S.41 APPLICATIONS OF SPECTRAL
REFLECTANCE IN PLANT SYSTEMATICS AND

EVOLUTION

S.41.1 The evolution of
species specific spectra

in a diverse genus of
Neotropical trees (Guatteria,
Annonaceae) using
herbarium specimen

Paola G. Santacruz Endara'? Carlos
Rodrigues-Vaz? Denis Bastianelli®, Laurent
Bonnal®, Roy RH. Erkens4 José Eduardo
Meireles®, Lily Bennett?, Thomas L.P.
Couvreur'?

1 Pontificia Universidad Catdlica del Ecuador, Qui-
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Univ Montpellier, CIRAD, INRAE, Institut Agro, Mont-
pellier, France. 4 Maastricht Science Programme,
Maastricht University, Maastricht, The Netherlands.
5 University of Maine, School of Biology and Ecolo-
gy. Maine, USA.

Leaf reflectance spectra estimated via near-infra-
red scanning (NIRs) are increasingly used to untan-
gle the intricate complexity of plant diversity and
evolution. The variation of these spectra across the
tree of life and the impact of the evolution of leaf
traits on spectral differentiation between species is
still being explored. In this study, we used a frame-
work that combines NIRs of herbarium dried leaves
to infer the diversity and evolution of species specific
spectra within the most diverse genus of Annonace-
ae in the Neotropics: Guatteria. We scanned herbar-
ium preserved leaves of 148 out of the ca. 180 known
Guatteria species. Spectra were cleaned, normal-
ized, and analyzed using different multivariate ap-

proaches. We tested to see if these data could be
used to identify species with similar spectra. We
then analyzed this dataset within a comparative
phylogenetic framework using a large robust spe-
cies-level dated phylogeny of Guatteria. We tested
for the phylogenetic signal of leaf spectra and in-
ferred diversification rates across the evolution of
this genus. We tested if changes in spectral diversity
when present coincided with shifts in diversification
rates within the genus. Our results shed light on the
levels of constraint in the different spectral regions,
reflecting the evolution of underlying Guatteria-spe-
cific leaf traits. Finally, our study underlines the im-
portance of herbarium specimens to understand
the evolution of diversity and leaf traits using inno-
vative techniques such as NIRs.

5.41.2 Classifying stone oaks
(Lithocarpusglin herbaria

with reflectance spectra
Barbara M. Neto-Bradley', J. Antonio

Guzmdan Q2 Jeannine Cavender-Bares?
David A. Coomes!

1 Department of Plant Sciences, University of Cam-
bridge, UK. 2 Department of Ecology, Evolution and
Behavior, University of Minnesota, USA

Global biodiversity datasets contain key gaps, this
is particularly obvious when considering taxa in the
Global South. Natural History Collections have the
potential to help fill these gaps, however many re-
cords are unidentified, precluding them from use. A
need to non-destructively sample from these col-
lections further limits their potential. We evaluate the
added value gained by taking spectral reflectance
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measurements of leaf tissue from herbarium spec-
imens. We use a previously undigitised set of 1539
herbarium specimens from the Herbarium at Kew to
ask how well we can discriminate between species
using spectral data. We also evaluate the feasibil-
ity of inferring traits from these herbarium derived
spectra. Spectra can accurately be used to identify
species, however further work is still needed to ex-
tend this application to trait estimates. We highlight
that leaf reflectance spectra provide a novel and
non-destructive way to add value to natural his-
tory collections and can be applied to fill systemic
knowledge gaps.

S.41.3 NIRS as a innovative
tool for valorizing herbarium
specimens: ongoing
research at CIRAD

Samantha Bazan'? Morgane
Dendoncker?, Elodie Baby'?, Denis
Bastianelli*?, Jennifer Mersni'?,
Alexia Bennert?, Mia Svensk'?, Simon
Taugourdeau'? Laurent Bonnal*?

1 CIRAD, UMR SELMET, Montpellier, France. 2 SELMET,
Univ Montpellier, CIRAD, INRAE, Institut Agro, Mont-
pellier, France. 3 Université catholique de Louvain,
Earth and Llife Institute, Environmental Sciences,
Croix du Sud, 2, box L7.05.24, Louvain-la-Neuve, Bel-
gium

Near infrared spectroscopy (NIRS) is a promising tool
for valorizing herbarium specimens as it allows the
gathering information on plants without damaging
valuable and historical samples. The CIRAD herbar-
ium is currently testing various approaches. These
research can be separated into three areas: Firstly,
we are using the NIR spectrum as a trait, studying
its covariation with some other more “classic” func-
tional traits such as Specific Leaf Area and leaf thick-
ness. We are working on a dataset of Combretum
genus from West and Central Africa to assess re-
lationships between functional traits and a rainfall
gradient. We are also examining functional traits of
a Sahelian species, Balanites aegyptiaca, in relation
with water availability. Secondly, we are experiment-
ing with NIRS as a tool for systematics discrimination.
Assuming that intraspecific variations in the spec-
trum are smaller than interspecific variations, it may
be possible to make identifications in herbarium
within some genus, using appropriate calibration.
A test was carried out on two Pistacia species and
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their hybrid, with some specimens dating back 150
years and others collected recently. Using these two
datasets, we evaluate the ability of NIR models built
on older collections to discriminate recent samples
or, in opposite, the possibility of discriminating older
samples with recent collections. Finally, we are ex-
perimenting NIRS for the prediction of leaf chemical
composition. As prediction of fodder chemical value
is already possible from the use of NIRS on ground-
ed vegetal material, we are building a large calibra-
tion set to test the feasibility of applying the same
method non-destructively on complete herbarium
specimens. We present an overview of the research
underway in our laboratory, spanning these three
areas with practical case studies and initial results.

S.41.4 Leaf spectral
properties and leaf traits
of four alpine species of
butterworts (Pinguicula L.)

Sara Natale', Marco Canella!, Garima
Singh', Mariano Battistuzzi', Silvia Moschin,
Anna Pasinato’, Valentina Boscariol,
Barbara Baldan', Francesco Dal Grande,
Nicoletta La Rocca', Alessandro Alboresi'

1 University of Padua, Padua, Italy

Understanding the traits that influence the respons-
es of species to climate change is a crucial aspect
of predicting future community composition and
ecosystem function. Leaf functional traits are infor-
mative data to understand adaptation and accli-
matization of species to ecological niches. Moreover,
different plant species could have unique spectral
reflectance signatures that might provide informa-
tion to recognize and discriminate plant species. We
characterized leaf morpho-functional traits of four
species of Pinguicula with different ecological nich-
es, from dump meadows to rocky walls. Specifically,
we studied P. alpina, P. leptoceras, P. vulgaris and P.
poldinii. Sampling activities took place in the Dolo-
mites, north-eastern side of European Alpine Arc. We
measured the following environmental parameters:
temperature, relative humidity, light intensity, light
spectrum. As leaf functional traits we considered
leaf dry matter content and specific leaf area. In or-
der to characterize the photosynthetic adaptation
in alpine butterworts, we quantified leaf pigment
contents, and we measured photosynthesis in-situ
and leaf reflectance (400-1000 nm). Also, we ob-
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served leaf surface features, trichomes and glands
morphology via scanning electron microscopy
(SEM). Despite a lower concentration of chlorophylls,
P. poldinii and P. alpina showed a higher photosyn-
thetic efficiency (e.g. yield of open photosystem Ii
reaction centres in light) compared to the other two
species. Since the different species showed differ-
ent leaf reflectance spectra, our findings corrobo-
rate the ongoing hypothesis that leaf reflectance
can be a useful tool to interpret data related to leaf
traits, pigment composition and tissues organiza-
tion. By providing a comprehensive scenario of leaf
morpho-functional characteristics and leaf spectra
signature, we show that the studied-species are co-
herently optimized to their prevailing environmental
conditions.

$.41.5 Plants show their
true colors: leveraging leaf
spectra to understand the
diversity and evolution of
plant form and function
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Jose Eduardo Meireles!, Dawson White?,
Cornelius Nichodemus!, Jeannine
Cavender-Bares?
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versity of Minnesota, USA

Understanding the diversity and evolution of plant
function is critical at a time of rapid global change.
However, traditional methods for assessing plant
function, including measuring their traits and physi-
ological strategies, are too expensive and time-con-
suming to be done at scale. First, we introduce leaf
spectra and how they can be used to rapidly mea-
sure plant functional traits and physiological attri-
butes. We cover the basics of leaf optics and tech-
nigues used to measure leaves Second, we cover
the prospects and challenges of assessing plant
function using herbarium specimens instead of fresh
leaves. We talk about the challenges imposed by the
background mounting paper and glue on the mea-
surements and how to mitigate them. Finally, we de-
scribe and exemplify how to model the evolution of
leaf spectra and their underlying traits to understand
evolutionary rates and convergent evolution.

S$.42 CURRENT RESEARCH IN BORAGINALES

$.42.1 An updated
phylogeny of
Boraginales based on
the Angiosperms353
probe set: a roadmap
for understanding
morphological evolution

Maria-Anna Vasile', Tim Bdhnert!, Julius
Jeiter?, Maximilian Weigend'

1 Bonn Institute for Organismic Biology, Plant Bio-
diversity Section, University of Bonn, Bonn, Germa-
ny. 2 Faculty of Biology, TUD Dresden University of
Technology, Dresden, Germany * email: m.vasile@
uni-bonn.de

Boraginales are a subcosmopolitan order with ca.
2,700 species recognized in 11 families. We re-ana-
lyzed relationships using the Angiosperms353 probe
set. In addition to the Angiosperms353 nuclear gene

data from 109 Boraginales accessions available in
PAFTOL, phylogenomic data from 161 samples were
generated, collectively representing all Boraginales
families and approximately 84% of genus diversity.
The results are consistent with previous phyloge-
netic studies, with some novelties and overall better
resolution. Well-resolved species trees are retrieved
with consistently high support for both data sets
used (exons and supercontigs) and both analyses
implemented (concatenation and multi-locus spe-
cies tree estimation approach). Among the most
important findings, Lennoaceae are found nested
in Ehretiaceae and we propose their inclusion in Eh-
retiaceae. The tribal relationships of the highly di-
verse Boraginaceae subfam. Cynoglossoideae are
fully resolved for the first time. Residual ambiguities
remain: Codonaceae are found as basal branch in
Boraginales | (sister to [Wellstediaceae and Borag-
inaceae]) in the exonic data set, in agreement with
previous studies, but they are retrieved as basal
branch of Boraginales Il in reconstructions based on
exons and introns. Also, the sister relationship of Na-
maceae and Hydrophyllaceae is not clear, probably
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due to limited sampling especially in Nama. Similar-
ly, tribe Cynoglosseae was summarily sampled and
intergeneric relationships are not at present fully
resolved. Overall, the results highlight the effective-
ness of the target enrichment probe set for under-
standing the evolutionary history of Boraginales and
pave the way for resolving remaining taxonomic is-
sues and a comprehensive study of the evolution of
group-specific morphological traits. Our studies on
the internal ovary architecture using scanning elec-
tron microscopy and micro-computed tomogra-
phy reveal that changes in placentation and ovule
number are key characters in the macroevolution
and divergence of Boraginales families. Combining
highly resolved phylogeny with critical morpholog-
ical analyses promises a deep understanding of
evolution trajectories in Boraginales.

S.42.2 Unraveling the
evolutionary history

of Cynoglossinae
(Boraginaceae): insights
fromm molecular dating,
biogeography, and
diversification patterns

Zohreh Pourghorban', Yasaman Salmaki',
Maximilian Weigend?

1 Department of Plant Science, University of Tehran,
Tehran, Iran. 2 Bonn Institute of Organismic Biology,
University of Bonn, Bonn, Germany

Cynoglossinae has radiated into a diverse assem-
blage comprising approximately 200 species, and
its evolutionary history has not yet been compre-
hensively explored. Here, we examine the historical
biogeography of Cynoglossinae, employing mo-
lecular dating and ancestral area reconstruction
to understand how past climate changes and geo-
graphical patterns have provoked the diversification
of Cynoglossinae. We inferred the evolutionary rela-
tionships of Cynoglossinae based on a dataset of
154 taxa, utilizing four plastid markers (trnL-F, rpsie,
rpll6, and trnk—-matk) and one nuclear region (ITS)
through PacBio sequencing. The monophyly of Cy-
noglossinae is strongly confirmed under Bayesian
and maximum likelihood approaches. However, the
nested position of all segregates confirms the broad
concept of Cynoglossum, encompassing all gener-
ic segregates. Our biogeographic analysis results
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suggest that this subtribe likely originated during the
middle Miocene in a large areq, including East Asia
and the Irano-Turanian region. It underwent rapid
initial diversification, subsequently and repeatedly
expanding its range both westward to Europe (in-
cluding the Mediterranean region) and Africa, and
southward to Australia during the Middle-Miocene to
Pleistocene, with a preferential radiation into north-
ern temperate regions. The timing of the diversifi-
cation of the species-rich clades corresponds with
Miocene tectonic events and global climate chang-
es, resulting in increased aridity across Eurasia. Di-
versification analyses demonstrated a relatively
constant diversification rate for all Cynoglossinae.
Our results highlight the complexity of processes
shaping diversifications in Cynoglossinae, empha-
sizing a complex interaction among climatic mod-
ifications providing opportunities for diversification.

$.42.3 An update on the
phylogeny, classification,
and biogeography of
the popcorn flowers
(subtribe Amsinckiinae,
Boraginaceae)

Michael G. Simpson', C. Matt Guilliams?

Kristen Hasenstab-Lehman? Makenzie E.
Malbry?

1 San Diego State University, San Diego, USA. 2 Santa
Barbara Botanic Garden, Santa Barbara, USA 3 Uni-
versity of Florida, Gainesville, USA

Subtribe Amsinckiinae, colloquially known as the
popcorn flowers, is currently recognized with 17
genera and approximately 302 species. The sub-
tribe exhibits a remarkable diversity of form and
is one of the most taxon-rich groups of family
Boraginaceae. Several new species in the sub-
tribe have been discovered in the past five years,
with more yet to be described. Analyses of new
chloroplast DNA and ddRadSeq sequence data
resolve some past ambiguities and confirm gen-
erally strong support for the monophyly of the 17
genera and of a separate group of Cryptantha
species termed the Maritimae clade. We report
the status of resolving “backbone” interrelation-
ships among these major clades, which are often
poorly resolved. We summarize major evolution-
ary shifts in the Amsinckiinae in plant duration,
leaf size, fruit morphology, and reproductive biol-
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ogy. Long-distance dispersals within the subtribe
occurred a minimum of 18 times, each resulting
in an American amphitropic disjunction. Based
on sequence data and comparative morphol-
ogy, we now expand membership of the Mariti-
mae clade to include up to 7 North American and
12 South American species, the latter resulting
from evolutionary divergence following a single
long-distance dispersal event. Finally, we present
evidence that the Maritimae clade is inclusive of
a monotypic genus previously not confirmed as a
member of the subtribe, and we evaluate wheth-
er the Maritimae clade might best be treated as
a separate genus of the popcorn flowers.

$.42.4 A systematic analysis
of the family Heliotropiaceae
Schard. in India based on
morphology, anatomy and
molecular data

‘ Anna Ancy Antony Attullil', Etna Biverd!

1 Department of Botany, St. Albert’s College, Ernaku-
lam, India

Systematic concepts of Boraginaceae have been
highly problematic and controversial over de-
cades. Traditional classifications subdivided the
family Boraginaceae into five subfamilies. Recent
molecular data-based results, supports the rec-
ognition of eleven families namely the Boragina-
ceae s.str, Codonaceae Weigend & Hilger, Cold-
eniaceae J.SMill. & Gottschling, Cordiaceae R.Br.
ex Dumort., Ehretioceae Mart, Heliotropiaceae
Schard., Hoplestigmataceae Gilg, Hydrophyllace-
ae R.Br., Lennoaceae Solms, Nomaceae Molinari,
and Wellstediaceae Novdak. under Boraginales.
The family Heliotropiaceae Schard. comprises
four genera, Heliotropium L., Euploca Nutt,, Ixorhea
Fenzl and Myriopus small. with about 450 species
world wide. The members are distributed in the
tropics and temperate regions of the world and
occur mostly along the plains, coastal areas, dry
arid zones. In Indig, the family is represented by
two genera Heliotropium L. and Euploca Nutt. and
with a high percentage of endemism. The mem-
bers are annual or perennial herbs characterised
by scorpioid cymes, epipetalous stamens, bicar-
pellary gynoecium, tetralocular ovary, terminal
style, uniquely modified stigmatic head with an-
nulus base and infertile apex, four seeded fruits.
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The family is studied in India based on field and
herbarium data and the characters were record-
ed. Entire morphological variation occurring with-
in the family is considered. Diversity and adaptive
value of foliar architecture and pollen morpholo-
gy of species is analysed. Hypodromous, brochi-
dodromous type |, II, I, craspidodromous and
reticulodromous venation patterns are noted
within the members. Kranz anatomy is restricted
to the Euploca clade. Euploca is characterised by
medium-sized pollen grains, except in E. ovalifo-
lia. Pollen grains are prolate in Heliotropium and
prolate spheroidal in Euploca with the absence
of endocingulum and medial constriction. Phylo-
genetic analysis using combined sequence data
from regions ITS, trnL—trnF, matK and rps16 were
conducted. These approaches prove to be high-
ly informative in delimiting members within the
family.

S.42.5 Evolutionary trends
in gynoecium and fruit
evolution in Boraginales

Julius Jeiter", Mario-Anna Vasile?,
Maximilian Weigend?

1 Chair of Botany, Faculty of Biology, TUD Dresden
University of Technology, Dresden, Germany. 2
Bonn Institute for Organismic Biology, Plant Biodi-
versity Section, University of Bonn, Bonn, Germany
*email: julius.jeiter@tu-dresden.de

Boraginales constitute a medium-sized order
in the Lamiids with a chequered taxonomic his-
tory due to considerable diversity in flower and
fruit morphology. In recent decades, molecu-
lar phylogenetics established Boraginales as a
well-defined order with two major clades. Both
comprise families characterised by either cap-
sules or nutlets and capsules, schizocarps and/or
drupes. A reduction in ovule number from many
to four appears to have preceded the transition
from capsular to indehiscent fruits. We address
two main questions: Why did indehiscent fruits
derived from a bicarpellate, syncarpous gynoe-
cium evolve twice independently? What are the
main factors driving fruit evolution in Boragina-
les? We combine scanning electron microscopy
and X-ray micro-computed tomography in the
context of recent phylogenies to understand gy-
noecium and fruit morphological evolution with-
in Boraginales. We focus on three examples from
Boraginales Il. Our studies of gynoecium and
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fruit morphology address patterns in ovule and
seed number evolution. In Hydrophyllaceae we
found multiple transitions from pluri-ovulate to
four-seeded fruits, but reversals of this charac-
ter are rare. We argue that the reduction of ovule
number to four fixes an ontogenetic trajectory,
ultimately leading to indehiscent, four-seeded
fruits. Conversely, in holoparasitic Pholisma are-
narium, parasitism has likely led to a departure
from the “two carpel-four ovule paradigm” in Bor-
aginales, resulting in a multiplication of carpels to
increase seed number. Finally, in Heliotropiaceae,
we found fruit architecture to be highly conserved
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and divergent fruit morphology and function is
realized by histological changes. Multiple transi-
tions between schizocarps and drupes occurred
even within closely related taxa within the family.
These morphological and developmental studies
underscore the multiple ontogenetic trajectories
available for morphological diversification and
functional convergence, even where particular
character combinations are highly conserved.
Traditional Boraginales systematics have em-
phasised mature fruit morphology — phylogenet-
ic data clearly demonstrate that this often fails to
reflect relationships correctly.

$.43 GEOPHYTIC MONOCOTS: TAXONOMY
AND THE EVOLUTION OF SUCCULENCE

$.43.1 Delimiting

species boundaries

in Indian Pancratium
(Amaryllidaceae): a
cytotaxonomic approach

‘ Shrirang R. YadaV!

‘ 1 Shivaji University, Kolhapur, India

Pancratium species grow sporadically throughout
the country and individual plants are usually sparse-
ly distributed. The species are ephemeral bulbous
perennials. The emergence of scape and flowering
mostly depends on the pre-monsoon rain pattern.
Following the first pre-monsoon showers, the species
flower only once in a year for a short period (10-15
days). Therefore, catching the species in flowering is
a difficult task. Consequently, the genus is taxonomi-
cally poorly studied. Moreover, the species have been
distinguished based on overlapping quantitative
characters. Protologues are very brief, and the type
specimens are either not available or poorly pre-
served. Therefore, there is a need to revisit the tax-
onomy and develop standard taxonomic methods
to circumscribe species unambiguously. Accordingly,
attempts have been made over the last 20 years to
study the Indian species (distributed across ca. 75
accessions from various localities in India) in the field
as well as under cultivation. | recognize nine species
in India and provide an account of diagnostic char-
acters and standard terminology that can be used

to distinguish them. Additionally, chromosomal and
crossability data are used to understand species lim-
its. Most of the Pancratium species are diploid with 2n
= 2x = 22 chromosomes but a few, viz. P. triflorum and
P. zeylanicum exhibit triploid (2n = 3x = 33) cytotypes
as well. Karyotypes are represented by m (metacen-
tric), sm (submetacentric), st (subtelocentric) and t
(acrocentric) chromosomes. About 60 interspecific
crosses involving eight species were made. Interspe-
cific crosses among the Indian species produced ful-
ly fertile hybrids indicating that they represent a sin-
gle biological species. The differences in characters
(fixed genetically) among the populations (of spe-
cies) probably represent ecotypes adapted to local
environmental conditions.

$.43.2 Taxonomy of Indian
Dipcadi: Does cytogenetics
provide all answers?

Manoj M. Lekhak!, Priya E. Shelke!, Shrirang
R. YadaV!

‘ 1 Shivaji University, Kolhapur, India

Dipcadi Medik. (Asparagaceae) is a bulbous
monocot with less than 50 species distributed
in Africa, Europe, the Indian subcontinent and
Madagascar. India has 13 species with a maxi-
mum concentration (11 species) in peninsular In-
dia. Cytogenetically the genus is well-known for
its bimodal karyotype wherein two sets of chro-
mosomes of contrasting sizes are found. Taxon-
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omy of the genus has always been convoluted
on account of the uniformity of morphological
features and their short flowering period. More-
over, these species make poor herbarium spec-
imens because of their succulent nature and
hence are underrepresented in Herbaria across
the globe. Here, we studied the cytogenetics of
23 accessions distributed across 11 species to re-
fine their taxonomy. The variation in diploid chro-
mosome number (2n) indicated the presence
of three chromosome counts, i.e, 2n =12, 20 and
22 chromosomes. D. concanense, D. goaense,
D. janae-shrirangii, D. reidii, D. saxorum, acces-
sions collected from Ankai fort, Delhi, Gautala and
Mhaismal had 2n =12 chromosomes whereas D.
coimbatorensis, D. krishnadevarayae, D. monta-
num var. madrasicum, D. ursulae, D. ursulae var.
longiracemosum, accessions collected from Aja-
ra, Badami, Belgaum, Dapoli, Dolkhamb, Halkarni,
Rantale and Yercaud had 2n = 20 chromosomes.
D. erythraeum had 2n = 22 chromosomes. The
mean chromosome length (MCL) varied from 1.52
- 9.31ym and the total l