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CONCURRENT SESSIONS

Session 1
Biogeography of Anthropocene
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Session 11
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Macroecology: disturbance and humans
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15 min talks TITLE SPEAKER
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AWARDS ABSTRACTS

1. Patterns and Processes of Island Assembly
Robert J. Whittaker, Oxford University, Oxford, United Kingdom

It is half a century since Jared Diamond introduced his analyses of sedentary, tramp and supertramp
bird species on islands near New Guinea, laying the foundations of island assembly theory,
focussed on describing and understanding non-random patterns in the composition of island
avifaunas. Yet, a settled general theory of island meta-community assembly applicable to multiple
taxa is still lacking. | review progress in this area, focusing particularly on research that | and my
collaborators have been involved in, initially working on the Krakatau Islands and subsequently
expanding to analyses of community compositional attributes of biotas from multiple archipelagos
around the world’s oceans.

2. Assessing the wider implications of species extinctions: island birds and beyond
Tom Matthews, University of Birmingham, United Kingdom

Humans, through a range of drivers, are known to have increased species extinction rates by orders
of magnitude compared to the background extinction rate. Island birds have been particularly
impacted, with hundreds of known extinctions. Given the increasing availability of data relating to
extinct species and their functional traits, including a novel database on extinct birds that | present
here, it is now possible to evaluate many of the wider impacts of anthropogenic extinctions. Focusing
primarily on island birds as a case study, | review three such impacts, namely the effect of species
loss on: (i) functional and phylogenetic diversity, (ii) island ecosystem functioning, and (iii) our
understanding of biogeographic patterns, and the natural world more broadly.

3. The Geography, Ecology, and Evolution of Mammalian Endemism
Benjamin R. Shipley', Jenny McGuire
1Georgia Institute of Technology, Atlanta, GA

Endemic species, species with restricted range sizes, are vulnerable to extinction and often
ecologically and evolutionarily unique. Because of their ecological and conservation importance,
understanding how abiotic factors, species traits, and community composition influence endemism is
a defining question in biogeography. In my dissertation, | examined drivers of mammalian endemism
from multiple angles. First, | evaluated how patterns in global mammalian endemism are driven by
landscape factors like topography and long-term climate stability, trends in species richness, and the
climatic specialization (niche breadth) of the species. | developed a novel null-model technique that
employs spatial randomization to isolate the abiotic effects on endemism patterns. Next, | expanded
my analyses from the abiotic to the biotic factors influencing endemism, evaluating the ecological
and evolutionary distinctiveness of highly-endemic mammalian communities. Overall, although areas
of high mammalian endemism mirror those of high richness, endemism is even more prevalent in
topographically diverse regions that have had stable climates through time. Species that live in areas
of high endemism tend to have small body sizes, short lifespans, and few offspring per year,
indicating they may have been unable to expand their ranges after habitat fluctuations. However, |
found little evidence that climatic niche breadth structures continental patterns of small-ranged
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species. To explore this result further, | narrowed my focus from global endemism to island-endemic
mammals, using the controlled situation of island biogeography to determine that geography, rather
than relatedness or phenotype, influenced climatic niche evolution in island endemics. Overall, my
results suggest that suggesting that geography is the primary driver of restricted-range species
distributions, demonstrating that understanding geographical patterns is vital for preserving unique
species, communities, and ecosystems.
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SYMPOSIA ABSTRACTS

4. A picture of plant functional diversity on an oceanic island

Martha Paola Barajas Barbosa, Dylan Craven, Patrick Weigelt:, Pierre Denelles, Rudiger Ottos,
Sandra Diazs, Jonathan Prices, José Maria Fernandez-Palacioss, Holger Kreft

iDiv, Leipzig, Germany, zUniversity of Goettingen; Macroecology, Biodiversity and Conservation
Biogeography Group, Goettingen, Germany, sUniversity of Géttingen, Germany, +University of
Goettingen

Oceanic islands have served as valuable natural laboratories to test fundamental ideas about
biodiversity for centuries. Oceanic islands often possess a distinctive geology and are highly
isolated. In theory, these characteristics would make their plants functionally distinct from flora in
other locations. However, until now, research into the characteristics of island floras has been
impeded by a lack of empirical data on fundamental plant traits such as leaf area, plant height and
stem density. We addressed this gap by collecting plant-trait data from Tenerife (Canary Islands,
Spain), a charismatic oceanic island situated off the coast of North Africa in the Atlantic Ocean, and
comparing them against the widely accepted global spectrum of plant form and function data set. We
found that environmental conditions have selected for adaptations in plant size and shape, as well
as for those linked to a plant’s persistence on the island. Tenerife’s mostly semi-arid conditions
favour a dominance of shrubs. The dominance of woody shrubs might also relate to a frequently
observed island phenomenon called insular woodiness, whereby small herbaceous plants develop
stems and evolve to become woody over time. We further found that much of the oceanic island’s
functional diversity came from a species colonizing its habitats through longdistance dispersal. By
contrast, we found that the evolution of new species on Tenerife contributed little to the overall
functional diversity of the island. This is because many recently evolved plant species on Tenerife
had not adapted to different ecological niches, but rather inhabited similar habitats to those of their
ancestors. This results in the evolution of species that are functionally similar to their ancestors and
thus share similar traits.

5. Biodiversity dynamics: from the fossil record to human dominated systems
Manuel J. Steinbauer, Bayreuth University, Bayreuth, Germany

The fundamental processes that generate and maintain the complex patterns of life on Earth are not
only human dominated but also strongly influenced by interactions across time. Understanding the
effect of human behaviour and decision-making as well as the legacy of past processes is thus
central for society, which critically depends on the many vital ecosystem services provided by
biodiversity and ecosystem functioning.

Using oceanic islands as model systems, the talk will first explore how biodiversity dynamics are
interacting with the earth system and how the effects of climate change today are influenced by
environmental processes from the deep-time past. | will then show how human induced dynamics in
ecological systems have intensified from the first arrival of our ancestors to a situation where human
induced effects are an integral part of modern ecosystems.

The talk not only aims in presenting different case studies, many of which come from island
biogeography. It also aims in discussing the potential and limitations of data available for studying
biodiversity dynamics and their interaction with humans and environment on very different
timescales from decades (historic vegetation surveys) over millennia (pollen record) to the deep time
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fossil record.

6. The demise of dwarfs and giants: body size shifts predispose insular mammals to
anthropogenic extinctions

Roberto Rozzi, Zentralmagazin Naturwissenschaftlicher Sammlungen, Martin-Luther-University
Halle-Wittenberg, Halle (Saale), Germany

Islands have long been recognized as laboratories for the study of the generation and maintenance
of biodiversity. These isolated evolutionary arenas often lead to morphologically unique species,
such as insular dwarfs and giants, which are well-documented in the fossil record. Yet, many of
these peculiar biotas have been driven extinct in historic or prehistoric times, and those remaining
are often threatened, hinting at a possible link between body size changes and increased
vulnerability to extinctions. In this talk, | will discuss how body size evolution in island mammals has
exacerbated their fragility, and how human arrival has contributed to their past and ongoing
extinctions. Based on a newly compiled dataset including 1,231 extant and 350 extinct insular
species from islands and paleo-islands worldwide spanning the past 23 million years, we found that
the likelihood of extinction and of endangerment are highest in those insular species that exhibit the
most extreme body size shifts towards dwarfism or gigantism. Furthermore, our results reveal a
series of extinction pulses on islands starting more than 100,000 years ago, and a marked temporal
association between island extinctions at a global level and the arrival of modern humans. Extinction
rates of mammals on islands accelerated by over 10-fold following human colonization, resulting in
the almost complete demise of iconic giants and dwarfs. These findings highlight the importance of
morphological adaptations associated with the island syndrome in predisposing island biotas to
extinction.

7. The island syndrome in a great speciator: the silvereye in the south Pacific
Sonya Clegg', Ashley Sendell-Price!, Andrea Estandiar
‘University of Oxford

The island syndrome refers to the phenomenon where sets of morphological, physiological, and
behavioural traits evolve in a predictable way when organisms colonise islands. Changes include
body size shifts (the ‘island rule’ of tendency toward medium body size), and reductions in dispersal
capacity among many other patterns. The island syndrome is linked with a second phenomenon,
that of the evolution of great speciators, those forms that exhibit multiple phenotypes distributed
across many islands. The existence of great speciators has been presented as a paradox because
their wide distributions imply high dispersal ability, but their high levels of phenotypic divergence
imply dispersal is limited. Silvereyes (Zosterops lateralis) have colonised numerous islands and
archipelagos of the southwest Pacific and exhibit aspects of the island syndrome, most notably a
repeated pattern of body size increase in island populations. Despite the impressive dispersal
capacity, 11 exclusively insular morphological subspecies are recognised, and they are classified as
a great speciator. Using the well understood colonisation history of the silvereye, | present results on
the genetic impacts of island colonisation, and the genomic basis of repeated body size evolution
and changes in dispersal propensity.
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8. An island biogeographical analysis of the uninhabited islands in the Shinan Province,
South Korea

Keonhak Lee', Daehyun Kim:

1Seoul National University, Kwanak-gu, Seoul, Korea, Republic of, 2Seoul National University, Seoul,
Korea, Republic of

Theories of island biogeography have generally been developed and evaluated at broad spatial
scales. Large, remote, and linearly distributed archipelagos are excellent natural laboratories and
typical geological settings to study species-area relationship (SAR), distance effect, and community
dynamics of island biogeography. However, it remains elusive whether traditional theories of island
biogeography would still be valid at sub-regional scales, in which many islands tend to be more or
less similarly small-sized and spatially aggregated, not necessarily perpendicular to the mainland. In
this study, we took advantage of having a detailed dataset, in which 175 uninhabited islands of the
Shinan Province in South Korea (all within 50 km from the mainland) were intensively surveyed for,
among others, the presence of vascular plant species. Using logistic regression and partial
correlation analysis, we found that island size and distance to the species source (mainland)
significantly explained the plant species richness of the islands. Furthermore, a Mantel bearing
correlogram revealed that not only the mainland but also the neighbouring islands functioned as
species sources, indicating a significant level of species exchange effect among the islands. We
propose that the traditional island biogeographical theories (i.e., SAR and distance effect) are not
restricted to broad spatial scales but might also work at sub-regional scales. In addition, the species
exchange effect between nearby islands seems to be another significant biogeographical
mechanism for densely distributed islands in southwestern Korea.

9. Linking the past to the present: How human history has shaped the distribution and
evolution of urban wildlife
Elizabeth Carlen, Washington University in St. Louis

We are in the Anthropocene, characterised by a plethora of human-driven environmental changes
that impact ecosystems. While most people now live in cities, these cities are also home to
numerous native wildlife. Reconciling cities for use by humans and wildlife requires careful
consideration of how features of our socio-political decision-making drive evolutionary processes.
Genetic evolution has been considered a slow process, yet it can also happen rapidly, especially
when evolutionary forces are strong. Some of the textbook examples of evolutionary change, such
as melanism in the peppered moth (Biston betularia), have happened rapidly and are linked to
urbanisation. However, the extent to which past human behaviour has shaped the biogeography of
cities requires special consideration. | will explore how human actions have influenced the evolution
of wild species in cities and present data from case studies on multiple urban taxa.

10. Will climate niche and functional traits facilitate the expansion of urban tree species in
cities worldwide?

Manuel Esperon-Rodriguez:, Mark G. Tjoelkerz, Jonathan Lenoirs, Bree Laugierz, Rachael V.
Gallagher:

'Western Sydney University, Sydney, NSW, Australia, 2Western Sydney University, Australia,
sCNRS, Amiens, France
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Climate plays a key role in determining the geographic space that a species can occupy across the
landscape, where range limits are established by the species' intrinsic tolerance. Cities, however,
are unigue environments where human preferences and management define the species
composition. Therefore, cities often harbour species outside the limits of their climatic tolerance
inferred from their native range. Eucalypts are popular urban tree species worldwide, but little is
known about which aspects of their climatic niche and which functional traits predict their success,
and vulnerability, to current climate change. We assessed the relationship between the climatic
tolerance limits of 50 eucalypt species and key plant functional traits to classify species resilience
and vulnerability in 67 cities in 21 countries. We used the concept of species safety margin — an
index of potential climatic tolerance, to determine the cities where eucalypt species are planted
outside their native climatic tolerance. Then, we assessed which functional traits (leaf 513C, leaf dry
mass, leaf length, leaf N per dry mass, wood density) were correlated with species’ safety margins.
Forty-two species planted in 40 cities exceeded their thermal safety margins for temperature, while
43 species in 38 cities exceeded their hydraulic safety margins for precipitation. In general, species
with small leaves, high 13C, high leaf N per dry mass and high wood density are more likely to be
planted in cities outside their native climate tolerance. Eucalypts exhibit broad adaptability in terms
of occurrence in cities outside their native climatic ranges displaying functional trait characteristics of
heat and drought tolerance.

11. The global decline of evolutionary uniqueness of avian communities within cities:
conservation implications
Federico Morelli, Czech University of Life Sciences Prague, Prague, Czech Republic

Urbanization represents the hugest anthropogenic impact on our planet, modifying landscapes and
increasing habitat fragmentation globally. The main effects of urbanization on biodiversity are
negative and mainly related to an overall decrease in the number of species. However, such effects
depend on the group of animals we are focusing on. Urbanization filters some bird species, altering
the composition of avian communities in different ways. For example, a continuous replacement of
specialists by alien or invasive species, often more generalist ones, can increase the functional
relatedness among birds within the assemblage, leading to biotic homogenization. Through the
results of three recent large spatial-scale studies (two continental and one global), we found
evidence of a significant decline in the evolutionary uniqueness of avian communities associated
with the urbanization process. A first study showed a lower evolutionary uniqueness for avian
communities from urban areas when compared to rural areas, in Europe. A similar pattern was found
when comparing urban vs. natural areas at the global scale. Finally, performing a study focusing on
a gradient of urbanization, we found that, overall, urban bird assemblages from dense areas (e.g.,
city centres) supported one million years less of evolutionary history than communities from low-
dense urban areas (e.g., residential areas). Such evolutionary homogenization is due to a filtering
process of the highest phylogenetic diverse birds. Metrics related to the evolutionary uniqueness of
communities have to play a role in assessing the effects of urbanization on wildlife.

12. Urban greenspaces to benefit people and biodiversity — a biogeographic-macroecological
perspective

Jens-Christian Svenning, Center for Ecological Dynamics in a Novel Biosphere (ECONOVO),
Department of Biology, Aarhus University, Aarhus C, Danmark, Denmark
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Urbanization is one of the global megatrends. While it comes with challenges, it also offers
opportunities for sustainable development worldwide. In terms of living conditions for people and
biodiversity, the high densities of people and their activities have direct impacts. However, there are
also important derived impacts that need consideration, e.g., urban heat-island effects and elevated
rates of alien species introductions. Rewilding principles offer a useful framework for designing
urban greenspaces to benefit people and biodiversity, notably via focus on area, connectivity,
disturbance regimes, and trophic complexity. Here, | first outline lessons from biogeographic-
macroecological inspired studies of urban greenspace, e.g., showing how greenspace area
positively affects biodiversity, human mental health as well as ecosystem services such as cooling to
alleviate heat stress. | then show how greenspace planning can be implemented to strategically
benefit biodiversity and people, with an example from the Global South. Finally, | exemplify how
trophic rewilding with megafauna can be implemented in a peri-urban setting and discuss its
biodiversity outcomes. Overall, the existing evidence suggest that if substantial amounts of
greenspaces is implemented into urban areas using pragmatic rewilding principles, there is strong
potential to enhance living conditions in cities for both people and biodiversity, something that needs
particular attention given the expected rising stress from global warming. If this becomes a common
approach, there is hope to realize urbanization’s positive potential.

13. Socioeconomics and culture as drivers of urban biodiversity patterns in the Global South
Sarel S. Cilliers, North-West University, Potchefstroom, South Africa

Socioeconomics and culture as drivers of urban biodiversity patterns in the Global South
Sarel S. Cilliers, Marié J. du Toit

Unit for Environmental Sciences and Management, North-West University, 11 Hoffman street.
Potchefstroom, 2531, South Africa

The Global South (GS) is urbanizing at a much faster pace than its northern counterpart, with more
than 75% of the global urban population living there. Urbanization has major impacts on the local
environment with several filters operating simultaneously to determine urban biodiversity
assemblages. Several frameworks and models have been proposed to describe the relationship
between humans and their natural environment in urban areas. The multi-scalar framework is one
attempt to explain how biodiversity is spatially structured within urban landscapes, with varying
effects of social, biophysical, and spatio-temporal filters from local, to neighbourhood-level, to
regional scales. However, much of the focus has been on cities of the Global North (GN). Through
legacies of the past, current stark socioeconomic realities, and diverse cultural backgrounds, we will
show that context matters in explaining biodiversity patterns of specific urban areas in the GS. The
mechanisms which are often used to explain positive relationships between socio-economic status
and urban biodiversity include the luxury effect, ecology of prestige and a hierarchy of needs. Other
mechanisms, such as the legacy effect, could, however, lead to different current relationships. We
will use case studies to show the impact of socioeconomic factors and cultural differences on urban
species assemblages. We will further discuss unique patterns and similarities in comparing the GS
with the GN and highlight what relevant lessons and insights the rest of the world could gain from the
GS.
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14. Past, present and future of network biogeography
Dominique Gravel, Université de Sherbrooke

Biogeography has traditionally focused on the spatial distribution and abundance of species. Both
are driven by the way species interact with one another, but only recently community ecologists
realized the need to document their spatial and temporal variation. Network approaches offer a
convenient representation of communities because they simultaneously account for species
composition and their interactions. At the intersection of biogeography and community ecology, the
field of network biogeography is rapidly raising with proposition of new concepts, methods, data and
observations. The objective of this talk is to synthesize ten years of research on spatial variation of
ecological networks and discuss the most promising directions for the future. | will first rigorously
formalize the object of study and develop theory to explain spatial variation in network structure. | will
explore predictions, in particular about the variation of network structure along environmental
gradients. Second, | will assess the current empirical support for these predictions. We will find
significant constraints on data collection limiting our current ability to test these predictions. Finally, |
will turn to a new concept, the ecological coherence, to explore the joint response of network
elements to environmental changes. Quantifying ecological coherence of a network facilitates the
analysis of network variation over biogeographical gradients and predictions of their response to
environmental changes. | expect the notion of coherence will offer a theoretically sound, reliable,
measurable and communicable tool to monitor complex biodiversity changes.

15. Understanding and predicting trophic webs in space and time

Wilfried Thuiller:, Louise O'Connorz, Giovanni Poggiatos, Pierre Gauzere+

'‘CNRS, Grenoble, France, 2Laboratoire d'Ecologie Alpine, Université de Grenoble Alpes, Grenoble,
France, sCNRS - Univ. Grenoble Alpes, «Université Grenoble Alpes, France

Spatial network ecology has recently come up as a new vibrant research area. Understanding how
ecological networks are distributed, how do they respond to anthropogenic and environmental
changes and, most importantly, how to predict them in unobserved locations are crucial questions to
address. Here, using a large and innovative species interaction dataset for all European terrestrial
vertebrates, alongside species distribution information, we explore the spatial distribution of the
European terrestrial vertebrate food webs.

o First, we analyze their spatial coherence with traditional functional and phylogenetic diversity
and show why interaction diversity should be considered as another important biodiversity
facet.

e Then, through the use of spatial-distance decay analyses, we contrast the uniqueness of
trophic networks with their vulnerability to human footprint and climate change, and measured
their coverage within protected areas. We revealed that unique networks situated in southern
Europe were particularly exposed to human footprint, and that unique networks in the Arctic
might be at risk from future climate change. However, considering interaction networks at the
level of trophic groups, rather than species, revealed that the general structure of trophic
networks was redundant across the continent, in contrast to species’ interactions.

e Finally, we introduce a novel framework that combines knowledge of trophic interactions with
Bayesian structural equation models to model each species as a function of its prey or
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predators and environmental conditions. This framework stands out as a novel solution for
modeling multitrophic community distributions when trophic interactions are known or
assumed.

16. Climate or diet? The importance of biotic interactions in determining species range size
Nuria Galiana, Miguel Lurgiz, Miguel Araujos, José M. Montoya+, Eric Galbraiths
‘Museo Nacional de Ciencias Naturales (CSIC), Spain, zDepartment of Biosciences, Swansea
University, Swansea, UK, sMuseo Nacional de Ciencias Naturales, CSIC, Madrid, Spain, +Theoretical
and Experimental Ecology Station, CNRS, Moulis, France, sDepartment of Earth and Planetary
Sciences, McGill University, Montreal, Quebec, Canada

Species geographical range sizes play a crucial role in determining species vulnerability to extinction.
Although several mechanisms affect range sizes, the number of biotic interactions and species climatic
tolerance are often thought to play discernible roles, defining two dimensions of the Hutchinsonian
niche. Yet, the relative importance of the trophic and the climatic niche for determining species range
sizes is largely unknown. We use data documenting the spatial distributions and biotic interactions of
96 herbivore species, and their 125 parasitoids, across Europe and analyse the relationship between
species range size and the climatic and trophic dimensions of the niche. We then compare the
observed relationships with null expectations based on species occupancy to understand whether the
relationships observed are an inevitable consequence of species range size or if they contain
information about the importance of each dimension of the niche on species range size. We find that
both niche dimensions are positively correlated with species range size, with larger ranges being
associated with wider climatic tolerances and larger numbers of interactions. However, diet breadth
appears to more strongly limit species range size. Species with larger ranges have more interactions
locally and they are also able to interact with a larger diversity of species across sites, resulting in a
larger number of interactions at continental scales. Our study offers new insight into the importance of
biotic interactions in determining species spatial distributions, which is critical for improving
understanding and predictions of species vulnerability under the current rates of global environmental
change.

17. An overview of emerging approaches for conserving food webs across space
Louise O'Connor, Laboratoire d'Ecologie Alpine, Université de Grenoble Alpes, Grenoble, France

Species are embedded in food webs, and need to be protected within diverse, functional, and resilient
communities. Food webs can help identify the species and areas in need of conservation, as well as
mitigate threats to biodiversity. Despite their potential, food webs are rarely used in biogeography and
spatial conservation, leaving best practices uncertain. Here, we explore ways in which we can use food
web data in conservation. We combined trophic interaction data for over 800 European terrestrial
vertebrates with their spatial distributions and the threats they face. We found that agricultural
intensification and direct exploitation were two major threats to terrestrial vertebrate food webs in
Europe. Furthermore, incorporating trophic information reshapes conservation priorities, enhancing the
representation of predators, prey, and threatened species. While challenges remain to effectively
integrate food webs in conservation, our work highlights the need for a more holistic paradigm in
conservation that considers biodiversity as an interconnected system.

18. Emerging patterns in trophic network biogeography
Miguel Araujo, Museo Nacional de Ciencias Naturales, CSIC, Madrid, Spain
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Recent research has provided evidence for striking regularities in the behaviour of consumer-resource
interaction networks from local to global scales, both driven by disturbances and energy availability. |
will show that departures from expected network topologies are related to strong human disturbances,
and that the local configuration of network topologies predictably change to maximise ecosystem
resilience to these disturbances. | will also show that climate acts as the main control parameter
modulating consumer-resource networks, and that changes in climate trigger abrupt changes in energy
flows resulting from phase transitions between different dynamical consumer-resource states. | argue
that ongoing research will provide a baseline expectation to predict the consequences of human
pressures, including climate change, on the dynamics of ecosystems at biogeographical scales.

19. Ecosystem engineering, ‘Earth systems engineers’, and the lasting impact of organisms in
deep time

Simon A. Darroch, Senckenberg Research Institute and Natural History Museum, Frankfurt am Main,
Germany

All species interact with their environments, but ‘ecosystem engineers’ modify resource flows in a way
that changes, maintains, creates/destroys habitats, and thus control the ecological structure of
communities. The study of ecosystem engineering has consequently become crucial to understanding
the structure and function of the biosphere. Despite this, extending the concept of ecosystem
engineering into a deep-time and evolutionary context has been difficult; two related concepts — ‘niche
construction’ and ‘legacy effects’ — explicitly incorporate time, but arguably do not provide a single
framework that allows us to consider ecosystem engineering-type effects through the history of life.

Here, we propose a conceptual framework for ecosystem engineering-type effects that combines
both modern and deep-time biotic processes, and thus will be of broad use to ecologists,
paleoecologists, and evolutionary biologists. First, we argue that a new term is required to describe
organisms that not only modulate the availability of biologically-important resources, but which also alter
the structure, function, and/or interactions between planetary spheres. To distinguish these organisms,
we propose the term ‘Earth systems engineers’ (‘ESESs’). Second, we describe a spectrum of possible
scenarios surrounding the evolution of new EEs and ESEs, including a discussion of processes vs.
consequences, macroevolutionary lags, legacy effects, and putative thresholds controlled by
abundance or interactions between organismal groups. Lastly, we use case studies drawn from the
fossil record to show how these can be broadly applied both across the tree of life, and throughout the
span of Earth history.

20. Elucidating the effects of Ediacaran-Cambrian ecosystem engineering: A neoichnological
case study
Katherine Turk, Vanderbilt University, Herndon, Virginia

Bioturbation, or the physical movement of sediment by organisms, represents a powerful form of
ecosystem engineering through which animals can influence the characteristics of seafloor sediments
and control the distribution of habitable ecospace. The emergence and proliferation of these behaviors
— amid a general rise in the diversity and intensity of metazoan ecosystem engineering — during the
Ediacaran-Cambrian transition (‘ECT’; ~550-538 Ma) is coincident with the establishment of animal-
dominated ecosystems. Consequently, understanding the deep-time evolution of ecosystem
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engineering is key to understanding the biotic drivers of this unique interval in Earth history.
Bioturbation over the ECT is thought to have resulted in several critical downstream effects, including
downwards transport of surficial materials, porewater chemistry changes, and increased subsurface
oxygenation. However, there remains a dearth of empirical data illustrating exactly how and at what
magnitude these behaviors alter environments. The study of modern organisms and behaviors in
analogous environments (‘neoichnology’) thus represents a promising avenue through which to explore
these questions long shrouded by the vagaries of deep time. Here | provide an overview of the
evolution of these key ecosystem engineering behaviors across the ECT, and present the early results
from experiments designed to quantify the impacts of bioturbative taxa thought to have evolved during
this interval. | use these experiments to highlight several instances in which neoichnology can be used
as a basis for understanding and reinterpreting ECT tracemaker behaviors, with important implications
for understanding their role in ecosystem engineering and the emergence of the modern marine
biosphere.

21. Bridges to Pangaea: Paleo-trait ecology connects us to deep time Earth systems
William J. Matthaeus, Jennifer C. McElwainz
Trinity College Dublin, Dublin, Dublin 8, Ireland, =Trinity College Dublin

Plants are the primary source of organic carbon for terrestrial ecosystems, interact with nutrient and
water cycles, and create unique niches like forest canopy. Plants have likely served as the foundation
of terrestrial ecosystems for hundreds of millions of years. However, the earliest plants were little more
than ‘green slime:’ small, prostrate organisms that were limited to wet environments. Over the course of
the evolutionary transformations that led from green slime to boreal forests and savannahs, plants
acquired considerable environmental tolerances. The appearance of evolutionary innovations like
cuticle, wood, and seeds, and variation in measurable aspects of these structures (functional traits).
Ecosystems based on non-analog plants, which are extinct and radically different than contemporary
plants, may have functioned differently. Further, because the fossil record is patchy in time and space,
even deep-time vegetation cover is unknown. Functional traits can be measured from plant fossils
(paleo traits), and present the opportunity to infer ecosystem function and distribution where no direct
information is available. Recently, synthesis of multiple paleo traits in the context of an ecosystem
model forced by global climate model data suggests that ecosystems more than 300 million years old
may have exceeded the productivity and water transport capacity of modern angiosperm-based
ecosystems, and covered much of Pangea. | will use examples to support the considerable potential for
insight into deep time ecosystem function based on paleo traits, discuss limitations and biases, and
present strategies for improving uncertainty, in particular by promoting synergy between the relevant
fields.

22. Offshore Ecosystem Engineering: Origins and Evolution of Pelagic Fisheries in the
Northeastern Pacific

Torben Rick:, Linda Bentzz, Todd Brajes, Hugh Radde+, Emma Elliott Smiths

1Smithsonian Institution, Washington, DC, :San Diego State University, sUniversity of Oregon,
+University of California Santa Barbara, sUniversity of New Mexico

People have been ecosystem engineers in nearshore marine environments of the northeastern Pacific

for over 10,000 years. However, questions persist about the antiquity and evolution of people’s
influence on offshore, pelagic ecosystems and organisms. We explore the deep history of human
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interactions with northeastern Pacific offshore marine ecosystems, focussing on the origins and
expansion of fisheries for apex pelagic fishes, Thunnus spp., in southern California. We synthesize the
archaeology of tuna fishing during the Holocene, explore commercial and recreational catch records
since the early 1900s, and document museum specimen data from the past 100 years. These data
demonstrate that Indigenous people in southern California fished for tuna beginning over 5000 years
ago but, with few exceptions, tuna were not a focus of Indigenous fisheries which largely targeted
nearshore kelp forest, rocky reef, and estuary habitats. Beginning in the early 1900s, capitalist
commercial fisheries for tuna commenced and rapidly accelerated during the 1930s to 60s, resulting in
significant impacts on pelagic fishes and ecosystems. Despite millennia of tuna fishing by Indigenous
people, significant human degradation of offshore marine ecosystems in southern California correlates
with the mid-20n century Great Acceleration and the relatively recent proposed onset of the
Anthropocene. These data illustrate the important role of humans as ecosystem engineers in marine
habitats around the world, but document significant variability in the timing of anthropogenic influence
on nearshore coastal compared to offshore pelagic ecosystems.

23. Restoring natural processes through rewilding with ecosystem engineers
Liesbeth Bakker, Netherlands Institute of Ecology, Netherlands

Large herbivores have strong effects on ecosystems through consumptive and engineering effects.
This role of large herbivores in landscapes has diminished over time due to long-term and ongoing
defaunation globally. The loss of large herbivores is part of the wider biodiversity decline, which calls for
solutions to bend the curve of biodiversity decline through conservation and restoration. Rewilding has
emerged as an approach to ecosystem restoration, which aims to restore natural processes. Restoring
the role of large herbivores as a natural process in landscapes may benefit biodiversity. Here, we look
at the role of different large herbivores in rewilding projects through ecosystem engineering and see
how this affects the landscape structure and species diversity. Furthermore, we look at the role of
different functional groups of herbivores, comparing bioturbation versus non-bioturbating animals.
Bioturbating wild boar in fact create very herb rich grasslands, which is an interesting analogy to the
observation of herb-rich plant communities in the paleo record, in the presence of megafauna
assemblages, which may also have had important bioturbation effects. Therefore, present-day rewilding
studies may also yield useful information about the roles of herbivores in the past and vice versa.

24. The rising novelty of the biosphere: a macroecology-biogeography perspective

Matthew R. Kerr, Alejandro Ordonezz, Felix Riedes, Jens Christian Svenning+

1Aarhus Universitet, Aarhus, Denmark, 2Aarhus University, Aarhus, Jutland, Denmark, sAarhus
University, Aarhus, Denmark, +«Section for Ecoinformatics & Biodiversity, Department of Bioscience,
Aarhus University, Aarhus, Jutland, Denmark

The concept of novel ecosystems has been discussed for more than a decade to describe ecosystems
that have an altered species composition and function, such that the community has crossed a
threshold forbidding a return to its historical state. While spatial and temporal community compositional
change has been well studied in biogeography, studies on modern novel ecosystems tend towards
classifying novelty based on an arbitrary baseline. Given that the abiotic and biotic drivers of novelty
are in a state of rapid change, reaching levels unprecedented within the last hundred thousand to
million years, defining such a threshold requires additional thought. In this talk we will explore how
novelty can be defined in an environment undergoing progressive global change. We map the variation
in the key drivers and indicators of novelty, measuring the natural variation experienced by a site over
the last 800,000 years to modern and future conditions. By comparing these temporal maps to maps of
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biotic novelty, we can examine how novelty indication is affected by both the environmental history of
an area and the choice of temporal baseline. Finally, we suggest macroecological and biogeographical
pathways through which the emergence and spread of novelty can be further explored, understood,
and managed beyond the perspective we offer here.

25. Pre-Columbian forest recovery in Amazonia

Mark B. Bush, Christine M. Akessonz, Ansis Blauss, Crystal McMichael:

Florida Institute of Technology, Melbourne, FL, 2St Andrews University, St Andrews, United Kingdom,
sFlorida Institute of Technology, +University of Amsterdam, Netherlands

European contact (around 1550-1600 CE) is said to have caused a c. 90% decline in the human
population of Amazonia precipitating widespread abandonment of the land. The Orbis Spike, a c. 10
ppm decline in global atmospheric CO, concentrations at c. 1620 CE has been attributed to the
resulting forest regrowth and carbon sequestration in lands that were deforested prior to European
contact. Paleoecological analysis of Amazonian lake records showed that there was no such
abandonment between 1550 and 1750 CE, but there was an earlier abandonment followed by a strong
forest recovery between c. 950-1150 CE. These data suggest that the phase of site abandonment
occurred long before European arrival, contra to the hypothesis that the Orbis Spike was caused by
forest regrowth. The study of two Amazonian lakes, Ayauchi and Kumpakz, which lie within 25 km of
each other, highlights the heterogeneity of indigenous land use. Applying a new transfer function for
forest openness, fossil pollen projects that these settings never lost more than 50% of forest within 1
km of the lake during the last 2000 years, even at the peak of deforestation. Our data indicate that the
period between c. 950 - 1150 CE is critically important in Amazonian pre-history with greater ecological
impact than the period of initial European contact (1550-1750). Our data do not reveal any forest
signature connected to a major population collapse or forest recovery that could account for the Orbis
Spike.

26. Undiscovered bird extinctions obscure the true magnitude of human-driven extinction waves
Robert S. Cooke!, Ferran Sayolz, Tobias Andermanns, Tim Blackburn+, Manuel J. Steinbauers,
Alexandre Antonellis, Seren Faurby~

UK Centre for Ecology & Hydrology, United Kingdom, 2University College London, London, SWEDEN,
United Kingdom, sUppsala University, «Centre for Biodiversity and Environment Research, UCL,
London, United Kingdom, sBayreuth University, Bayreuth, Germany, sUniversity of Gothenburg,
Department of Plant and Environmental Sciences, Goteborg, Sweden, "University of Gothenburg,
Goteborg, Sweden

Birds are among the best-studied animal groups, but their prehistoric diversity is poorly known due to
low fossilization potential. Hence, while many human-driven bird extinctions have been recorded, the
true number is much larger. Here, by combining recorded extinctions with model estimates based on
the completeness of the fossil record, we estimate that ~1,300 — 1,500 bird species (~12% of the total)
have gone extinct since the Late Pleistocene, with 55% of these extinctions ‘undiscovered’ (not yet
discovered or left no trace). We estimate that islands in the Pacific accounts for ~60% of total bird
extinctions, with the majority of the other extinctions occurring on other islands. Bird extinction rate
varied substantially through time with the largest peak ~1300 CE associated with the arrival of humans
to islands in the eastern Pacific. This time period saw an extinction rate substantially above what is
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currently seen and likely represents the largest human-driven vertebrate extinction wave ever. Thus,
humans have already driven more than one in nine bird species to extinction, with likely severe, and
potentially irreversible, ecological and evolutionary consequences. O

27. Effects of climate change and agricultural practices on plant communities: synthesis from a
long-term, large scale monitoring effort in France

Christine N. Meynard:, Isis Poinas?, Marie-Charlotte Boppz, Elena Kazakous, Guillaume Fried+
'INRAE - France, Moniferrier sur Lez cedex, France, 2INRAE - France, sCEFE - France, *ANSES -
France

Agriculture has been one of the major drivers of global change. Keeping food production for a growing
human population while minimizing agricultural impacts on the environment has therefore become a
major challenge that needs empirical ecological solutions at large scales. Here we synthesize results
from a national yearly monitoring effort in field margin plant communities in 500+ sites across
continental France between 2012 and 2022. We show trends in temperature, soil moisture, and
pesticide use at the national level, as well as plant community changes over time. We interpret these
large-scale community changes in light of their functional consequences and Grime’s CSR
(Competitive, Stress-tolerant and Ruderal species) theory. Results show that while climate change is
clear in the temporal time-series, agricultural management does not show a consistent de-
intensification trend over time. Associated changes in plant functional traits reveal some important
trade-offs. In Grime’s CSR theory, climate change translate into a selection towards more stress-
tolerant and less ruderal species over time. Agricultural management practices have noticeable impacts
in spatial patterns, with the selection of ruderal species, i.e. those that can grow quickly in a highly
disturbed environment. Put together, these results suggest that plant communities are receiving
opposing selective pressures from climate change and agricultural intensification. We suggest Grime’s
CSR theory provides for a useful simplified vision of plant trait composition that allows understanding
and anticipating future changes in plant diversity in agroecosystems. We put forward further areas to
relate macroecological theory to practical management scenarios in these highly anthropized
environments.

28. Urbanization dampens the latitudinal diversity gradient in birds
Jory Griffith, McGill University

Urbanized areas are rapidly expanding, causing the rise of a brand new biome that is globally
distributed. The large-scale habitat transformation caused by urbanization often leads to a local decline
in species diversity. However, little is known about how urbanization affects biodiversity patterns on
global scales. The oldest and most well-known biodiversity pattern is the latitudinal diversity gradient,
where species richness declines from the equator to polar regions. Urbanization has the potential to
alter this pattern by filtering for generalist species that are tolerant of high disturbance, however, few
studies have examined this, and none at a global scale. Using the citizen science database eBird and
the European Commission Global Human Settlement data, | examined how urbanization affects the
latitudinal diversity gradient in birds by comparing the relationship between species richness and
latitude in urban, suburban, and rural areas globally. | found that urbanization has a dampening effect
on the latitudinal diversity gradient, and that this dampening effect is strongest in summer, erasing the
latitudinal gradient entirely. Furthermore, | found evidence that this dampening is largely driven by the
disproportionate loss of specialist species at lower latitudes, where there is a higher porportion of
specalists that are maladapted to urban environments. These results demonstrate how urbanization
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has disrupted biodiveristy patterns at global scales, leading to the formation of novel ecosystems
governed by spatially independent novel assembly rules.

29. The Impact of European Colonialism on Global Plant Redistribution

Bernd Lenzner:, Guillaume Latombez, Anna Schertlers, Hanno Seebens+, Qiang Yangs, Marten Winters,
Patrick Weigeltr, Mark van Kleunens, Petr Pyseks, Jan Perglw, Holger Kreft:r, Wayne Dawson-2, Stefan
Dullingert, Franz Essls

'University of Vienna, Vienna, Austria, 2University of Edinburgh, sDepartment of Botany and Biodiversity
Research, University of Vienna, Vienna, Vienna, Austria, +1Senckenberg Biodiversity and Climate
Research Centre (BiK-F), sGerman Centre for Integrative Biodiversity Research (iDiv), Leipzig,
Germany, sGerman Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig,
Germany, ~University of Goettingen; Macroecology, Biodiversity and Conservation Biogeography
Group, Goettingen, Germany, sEcology, Department of Biology, University of Konstanz, sAcademy of
Sciences of the Czech Republic, Pruhonice, Czech Republic, »institute of Botany, Department of
Invasion Ecology, The Czech Academy of Sciences, '*University of Géttingen, Géttingen, Germany,
21School of Biological and Biomedical Sciences, Durham University, sUniversity Vienna, Vienna,
Austria, Austria

The redistribution of alien species across the globe accelerated with the start of European colonialism.
European powers were responsible for the deliberate and accidental transportation, introduction and
establishment of alien species throughout their occupied territories and the metropolitan state. Here, we
show that these activities left a lasting imprint on the global distribu- tion of alien plants. Specifically, we
investigated how four European empires (British, Spanish, Portuguese and Dutch) structured current
alien floras worldwide. We found that compositional similarity is higher than expected among regions
that once were occupied by the same empire. Further, we provide strong evidence that floristic
similarity between regions occupied by the same empire increases with the time a region was occupied.
Network analysis suggests that historically more economically or strategically important regions have
more similar alien floras across regions occupied by an empire. Overall, we find that European colonial
history is still detectable in alien floras worldwide.

30. GEDI predicts less than expected aboveground forest biomass in Ghana: implications for
modelling carbon storage and forest restoration.

David Shen-, Florian Zellwegerz, Simon Eberz:, Beccy Wilebore!

‘Natcap, London, United Kingdom, 2WSL, Switzerland

Aboveground forest biomass is an important store of carbon and aids in the regulation of greenhouse
gases. This vital role of forests also makes them ideal targets for restoration projects, and as such, they
are increasingly targeted for carbon credit projects. To maximise the benefit of this restoration and
effectively contribute to climate change mitigation, it is crucial to understand where carbon is being
stored, and what the storage potential for a particular area could be for a restoration project. The Global
Ecosystem Dynamics Investigation (GEDI) provides a unique source of point data for forest biomass for
the entire planet. We modelled the distribution of aboveground forest biomass using GEDI data to
estimate the current and carbon storage potential of forests in Ghana. By interpolating the GEDI
biomass data with a suite of environmental and remotely sensed variables, we constructed a random
forest model of forest carbon. Results showed the majority of forest biomass is found in the wetter
south, with higher carbon storage potential, compared to the more arid north. Therefore, the south of
the country has higher carbon storage potential for a given restoration project, than an equivalent sized
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site further north. Crucially, our models for forest carbon were significantly lower than previous
estimations for forests in similar ecoregions, derived from direct sample plots. This analysis highlighted
the uncertainty in using remotely sensed biomass values, at best leading to underestimates of carbon
storage potential, at worst leading to overprediction and overstating the benefit of a restoration project.

31. Gulls in the Urban Archipelago: Reconsidering the Island Syndrome

Yuval Itescur, Fiona Rickowskiz, Jonathan M. Jeschkez=

1. Department of Evolutionary and Environmental Biology, University of Haifa, Israel; 2. Leibniz
Institute of Freshwater Ecology and Inland Fisheries (IGB), Mliggelseedamm 301, 12587 Berlin,
Germany; 3. Institute of Biology, Freie Universitét Berlin, Kénigin-Luise-Str. 1-3, 14195 Berlin,
Germany, 21 Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB), Miggelseedamm 301,
12587 Berlin, Germany 2 Institute of Biology, Freie Universitéat Berlin, Kénigin-Luise-Str. 1-3, 14195
Berlin, Germany

The island syndrome hypothesis, which suggests that insular populations exhibit distinct life-history
traits due to ecological differences, has long intrigued ecologists. Recently, urban environments have
emerged as potential analogs to islands due to their isolation and unique conditions. Our study
investigates the island syndrome in urban gull populations and how it relates to anthropogenic drivers
using a global dataset for seven gull species. We compared mainland vs. island and urban vs. rural
populations, focusing on four life-history traits and their isolation effects. Surprisingly, we found that
mainland populations had higher reproductive success primarily in the number of fledglings per nest.
Similarly, urban populations exhibited greater reproductive success during the fledgling stage
compared to rural populations, with isolation having a weak influence.

Our investigation into the relationship between reproductive success and anthropogenic food
consumption revealed urban gulls feeding on human waste twice as often, a contrast not seen on true
islands where diet and breeding success remained similar.

In conclusion, our study challenges conventional island syndrome predictions, suggesting that urban
gulls resemble mainland populations in reproductive success. Predation pressure, resource availability,
and access to anthropogenic food sources likely drive these patterns. This research advances our
understanding of urban biodiversity, highlighting the potential of applying an island biology framework to
urban areas, providing insights into wildlife dynamics and biodiversity conservation in our increasingly
urbanized world.

32. Beyond Endpoints: Islands drive radiation of passerine birds in the Indo-Australian
Archipelago

Audrey M. Prasetya:, Leo Josephz, Craig Moritzs, Paul Oliver:

1The Australian National University, Melbourne, Australia, 2CSIRO - Australian National Wildlife
Collection, sRSB, Australian National University, Acton, ACT, Australia, «Griffith University and
Queensland Museum

Islands are often perceived as endpoints of colonization. However, recent research has highlighted the
pivotal role of islands as sources of both speciation and dispersal. In regions of high species turnover
such as the Indo-Australian Archipelago, dispersals have typically been treated as a dichotomy
between the main continental shelves of Sunda and Sahul. This undermines the role of intervening
islands to act not only as sites of insular diversification but also as sources of radiation following
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upstream colonization events. We aim to explore the substantial role of islands using large-scale
ancestral state estimations on passerine birds of the Indo-Australian Archipelago. We tested the effects
of historical changes in connectivity, compared within-area diversifications along with inwards and
outwards dispersal between areas, and investigated speciation events occurring post-upstream
dispersal. We show that islands such as Wallacea, New Guinea, and the East Melanesian arc
disproportionately influence the generation of lineages that further diversify into major clades of the
passerine super radiation. These findings support recent perspectives that position islands as catalysts
for colonization. Our study underscores the important biogeographical role of islands, highlighting their
dual capacity as both sources and sinks. By shedding light on the ability of islands to drive radiations
across a region, our research offers insights with broad implications for understanding the dynamics of
species diversification and biogeography.

33. Neutral and Selective Processes Across Scales Identify Marine Islands
Michael Dawson:, Bailey Carlsonz, Karly H. Hlggins-Polingz
'University of California, Merced, Merced, CA, 2University of California, Merced

In recent years, a previously anethematic idea—that marine systems include places with island-like
properties—has become more widely accepted. However, much confusion exists about when and
where marine islands occur. It is essential that the current largely phenomenological and qualitative
approach to identifying and classifying island-like marine habitats become more theoretically grounded
and quantitative. We explore the prototypical class of marine island — marine lakes — from the
perspectives of community genetics, species composition, and traits. We use surveys of microbial taxa,
macroinvertebrates, macrophytes, and fishes. We consider evidence from species-level alpha and beta
diversity, genetic diversity and differentiation, species abundance distributions (SADs), and traits that
are enriched within communities in relation to the range of physical environments. Species-level data,
including genetically barcoded microbial and invertebrate OTUs, reveal pairwise dissimilarities in
community composition among lakes that are positively correlated between microbes and macro-
invertebrates, and influenced to a similar degree by marked gradients in oxygen concentration and
salinity. More isolated locations distinguished by low oxygen concentration and salinity also are
characterized by non-neutral SADs. Fish in these more extreme environments have a biased subset of
traits linked to dispersal, parental investment, body size, and diet. Whole genome sequencing of a
jellyfish indicates shared genotypes across highly insular habitats indicating environmentally mediated
selection. These kinds of quantitative estimates of marine lake communities are directly comparable
with similar data from other marine, freshwater, and terrestrial systems, providing a more quantitative
and synthetic perspective on islands and island-like locations.

34. Introductions outweigh extinctions in shifting seed dispersal potential across 118 island
plant-frugivore communities worldwide

Julia H. Heinen, D. Drakez, K. McConkeyz, J.P. Humez, S. Albertz, H. Andoz, C. Aslanz, C. Baiderz, P.
Bellinghamz, S. Casez, C.G. Chimeraz, F.B.V. Florens?, A. Gonzalez-Castroz, Ruben Helenos, S.
Hervias-Parejos, A. Hruskas, C.T. Imadas, Manuel Nogales+, H. Rogers+, Beatriz Rumeu Ruizs, D.
Strasbergs, Anna Travesets, A. Validos, K. Watanabes, D. Wottons, T. Yoshikawas, Carsten Rahbek’,
Michael K. Borregaards

1Center for Macroecology, Evolution and Climate, Dyssegérd, Denmark, Denmark, zUniversity of
Hawaii, sCentre for Functional Ecology, Department of Life Sciences, University of Coimbra, Portugal,
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+Island Ecology and Evolution Research Group (IPNA-CSIC), Tenerife, Canary Islands Spain, sInstituto
de Productos Naturales y AgrobiologQa (IPNA-CSIC), La Laguna, Tenerife, Canary Islands, Spain,
sTerrestrial Ecology Laboratory, Global Change Research Group, Mediterrani Estudis Avancats Institute
(CSIC-UIB) C, Spain, 7CMEC Univ. of Copenhagen, Copenhagen, Denmark, Denmark, sCenter for
Macroecology, Evolution and Climate, Copenhagen, Copenhagen, Denmark

Oceanic islands are hotspots of both anthropogenic extinctions and introductions of non-native species,
leading to marked functional shifts in island communities. Functional shifts threaten to disrupt key
species interactions, such as animal-mediated seed dispersal, with potential long-term impacts on the
integrity of island plant communities and vegetation structure. Though some recent studies of individual
taxa and islands have confirmed such shifts, it remains unknown whether animal community trait shifts
actually translate to ecologically relevant mismatches with native plant species, and whether these
mismatches are globally uniform in intensity and effect. Here, we document extensive functional
remodelling of 118 island frugivore communities within 20 archipelagos worldwide, based on seed
dispersal-specific traits from all native, extinct and introduced vertebrate frugivores (birds, mammals
and reptiles), and relate them to seed traits of the native plant communities. There is an overall pattern
of taxonomic and functional substitution, mainly of large-gaped flying seed dispersers, by mostly
terrestrial mammalian omnivores, which has caused a mismatch between frugivore gape sizes (e.g. bill
width) and seed sizes. This shift in seed dispersal potential would be underestimated in single-taxon
studies. However, the general pattern is modulated by substantial spatial variation and idiosyncratic
functional shifts for individual island systems. Together with variation in plant seed size distributions this
means that the realized functional mismatch varies substantially among island systems. A story of
similar functional homogenization across the world's archipelagos is thus oversimplified.

35. Spatial variation of phenotypic traits is higher between islands than between mainland
populations, but spatial variation of genetic diversity is rather similar across the two systems
Anna M. Csergér, Kevin Healyz, Darren O'Connells, Maude E. Baudraz:, David Kellys, Fionn O
Marcaighs, Annabel L. Smith, Jesus Villellass, Cian Whites, Qiang Yangt, Yvonne M. Buckley
‘Department of Botany, Hungarian University of Agriculture and Life Sciences, Budapest, Hungary,
2School of Natural Sciences, University of Galway, Ryan Institute, Galway, Ireland, sTrinity College
Dublin, the University of Dublin, Dublin, Ireland, +Trinity College Dublin, Dublin 2, Ireland, s Trinity
College Dublin, Dublin, Co.Dublin, Ireland, ¢Trinity College Dublin, the University of Dublin, Dublin 2,
Ireland, 7School of Environment, University of Queensland, Queensland, Australia, sDepartment of Life
Sciences, University of Alcala, Alcala de Henares, Spain, +School of Natural Sciences, Botany, Trinity
College Dublin, Dublin, Ireland, wGerman Centre for Integrative Biodiversity Research (iDiv), Leipzig,
Germany, " Trinity College Dublin, Dublin, Ireland

A recent realization in ecological biogeography is that reconciling island biogeography theory with
ecological and evolutionary theories developed in parallel could open up new avenues in isolation
research and refine current global biodiversity models. We addressed this challenge and we
hypothesized that marine island systems exhibit higher between-site variation than mainland systems.
We performed a meta-analysis to test the strength of isolation due to geographic- and macroclimatic
distances for paired marine island and paired mainland populations within the same species, comparing
published measurements of phenotypic traits and neutral genetic diversity for 1608 georeferenced
populations of 108 plants and animals worldwide. Variation in phenotypic traits was higher between
marine islands than between populations on the mainland, but we found no consistent signal for
differences in spatial patterns of neutral genetic diversity between the two systems. These results
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suggest that spatial patterns of phenotypic variation are determined by eco-evolutionary pressures that
differ more between islands than between mainland populations, while the spatial variation of neutral
genetic diversity might be shaped by rather similar processes in the two systems. These findings have
implications for future models of population variability at biogeographic scales, which we show can be
improved by considering the spatial structure of populations in addition to the commonly employed
predictors of environmental conditions or geographic distances between populations. Our findings may
also be useful guides in conservation decisions. Larger areas may be necessary to preserve similar
levels of phenotypic variability in homogeneous than in spatially more structured habitats.

36. Non-uniform change of ecosystem functioning on oceanic islands during the last 10,000
years

Franka Gaiserr, Sergi Pla-Rabesz, Sandra Nogués, Pedro M. Raposeiro¢, Vitor Gongalves+, Martin
Soutos, Santiago Giralts, Alvaro Castilla-Beltran’, Lea de Nascimentos, José Maria Fernandez-Palacioss,
Simon Connoro, Manuel J. Steinbauer:

'University of Bayreuth, :CREAF, Bellaterra, Spain, sUniversitat Autonoma de Barcelona, Bellaterra,
Spain, +CIBIO, sCIBIO; Universidade dos Acores, sGeosciences Barcelona, 7University of Southampton,
Southampton, United Kingdom, sUniversity of La Laguna, La Laguna, Santa Cruz de Tenerife, Spain,
sUniversity of La Laguna, wAustralian National University, Canberra, Australia, "Bayreuth University,
Bayreuth, Germany

Plant Functional Traits (PFTs) are informative indicators of ecosystem functioning. The integration of
PFTs in palynological analyses enables us to reconstruct the response of ecosystem functioning to
environmental change in the absence and presence of human activity over millennia. On islands,
assigning PFTs to fossil pollen taxa is not only challenging because pollen taxa are usually identified on
higher taxonomic levels such as genera or families, but also because plant species on islands may
have evolved very different PFTs than on the mainland. We assigned the binary traits survival strategy
(above-ground or below-ground survival) and pubescence (hairy or not hairy leaves) to fossil pollen
taxa of 14 sedimentary cores spanning three archipelagos of Macaronesia (i.e., Azores, Canary
Islands, and Cabo Verde). We reconstructed temporal trajectories of the community weighted means of
both traits across each sediment record and archipelago. This allowed us to correlate traits trajectories
with drivers of vegetation change on islands, such as climate and human colonization. Our findings
reveal an increase in the proportion of plant species that make use of below-ground survival strategies,
from past to contemporary communities. The correlations between temporal trait trajectories and
climatic variables, such as temperature and precipitation, were weak, but trait trajectories changed
around human colonisation in the Canary and Azores archipelagos. All in all, we did not observe a
coherent systematic change of survival strategy and pubescence across all archipelagos, but tracking
ecosystem functioning from a natural system into a human dominated world was possible by using
fossil pollen.

37. Assessing islands’ vulnerability to climate change
André Menegotto:, Ana M. Santosz
'Universidad Auténoma de Madrid, Spain, 2Universidad Auténoma de Madrid, Madrid, Spain

Climate change is one of the greatest threats to biodiversity. With a 1.5 °C rise in the global average
temperature almost certain, the current rate of greenhouse gas emissions may lead to a global warming
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of 3 °C above pre-industrial levels by the end of the century. This change is already causing shifts in
species’ geographical distribution to meet the environmental conditions required for their survival. For
most species living on islands, though, such shifts are simply not possible. Here, we evaluate how
climate change will affect islands’ climatic space in the near future by quantifying the mismatch between
current and projected climate conditions. Our analysis includes more than 22,000 islands under global
warming scenarios of 1.5, 2, 3 and 4 °C. Our results show that an increase of one degree leads to an
average 10% reduction in the similarity of the environmental space of islands worldwide. This decrease
in similarity is characterized mainly by a shift of the environmental space rather than a change in the
size of the environmental envelope, indicating that islands will be exposed to non-analogue climates as
global temperature rises. However, these changes will not affect all islands equally. While a high
similarity in climate conditions predominates on islands located at latitudes above 25°, islands below
this latitude may experience a total climate mismatch as temperature increases. Our study reveals that
though climate change is a global threat, tropical islands are the most exposed to potential climate-
driven extinctions.

38. Exploring mechanisms behind species-area relationship on habitat patches of acidophilous
grasslands: a case study from the Czech Republic

David Zeleny', Hana Sekerkovaz

‘National Taiwan University, Taipei, Taiwan, 2Masaryk University, Brno, Czech Republic

Three mechanisms are hypothesized to affect the species-area relationship on island-type habitats:
passive sampling, habitat heterogeneity and "area per se". We aimed to test these mechanisms in
patches of dry acidophilous grasslands scattered across Czechia's agricultural landscape near the city
of Tfebi€, which host a number of threatened vascular plant species. In a subset of 44 grassland
patches (area 100—8600 mz), we sampled vascular plants and their cover in four randomly located 0.5 x
0.5 m plots and recorded all plant species in the patch. We used the analytical framework proposed by
Chase et al. (2019, Front Biogeogr) to disentangle the effect of the three mechanisms. The framework
uses data on multiple scales (alpha: species within each plot; gamma: species in a set of plots within
the same patch; beta: calculated from alpha and gamma; and island: all species in the habitat patch)
and also two diversity metrics (richness and Simpson's diversity index). We considered only habitat
specialists of acidophilous grasslands. We found that alpha and gamma diversity decreased with
decreasing patch area, indicating that in addition to passive sampling, the "area per se" plays a role in
the species-area relationship. Since only the species richness, but not Simpson's diversity, changed
with the island area, we suggest that these disproportionate effects are related to the extinction of rare
plant species in smaller patches, possibly due to random drift. We demonstrate that empirical data from
grassland habitat patches can provide insights into the mechanisms behind the assembly of their plant
communities.

39. Floristic homogenisation on South Pacific islands during the last 5000 years

Nichola A. Strandberg', Manuel J. Steinbauerz, Anna J. Walentowitzs, William Gosling¢, Patricia Falls,
Matieu Prebbles, Janelle Stevenson, Janet Wilmshursts, David Seare, Peter Langdons, Mary Edwardse,
Sandra Nogué

'Univerisity of Southampton, Southampton, United Kingdom, 2Bayreuth University, Bayreuth, Germany,
sUniversity of Bayreuth, Bayreuth, Germany, University of Amsterdam, sUniversity of North Carolina at
Charlotte, Charlotte, NC, sUniversity of Canterbuy, New Zealand, -Australian National University,
Camberra, Australia, sManaaki Whenua-Landcare Research, Lincoln, New Zealand, sUniversity of
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Southampton, United Kingdom, University of Southampton, Southampton, United Kingdom,
nUniversitat Autonoma de Barcelona, Bellaterra, Spain

There is a relevant body of work stemming from island palaeoecological research that contributes
greatly to the global understanding of ecosystem changes, including the increasing similarity of plant
species, globally. Here, we will present results from a collaborative effort that aims to understand
floristic trends during the past 5000 years across the tropical, sub-tropical, and the warm temperate
South Pacific. While floristic homogenisation is often referred to as a contemporary issue, we have
identified a much earlier trend, likely driven by human actions. First, the site comparisons show and
increasing trend of floristic homogenisation over the last 5000 years. Second, pairwise Bray-Curtis
similarity results show that when two islands were settled in a given time interval, their similarity was
greater than when one or neither of the islands were settled. Finally, future trends of biotic similarity will
depend on the levels of continued human ecosystem modification, rates of non-native introductions,
and rates of extinctions and extirpations.

40. Variation and temporal trends of climate matching in birds

Duarte S. Vianar, Jonathan Chasez

‘Donfana Biological Station, CSIC, 21. German Centre for Integrative Biodiversity Research (iDiv), Halle-
Jena-Leipzig, Germany

Climate is an important driver of species abundances and distributions. However, some species are
more closely matched to variations in climate than others; and the magnitude of climate matching might
also change through time under fast global change. Using long-term data on North American birds, we
found that variation in climate matching was associated to species traits. Intermediate-sized species
were more well matched to climate than smaller or larger species, as were species that lived primarily
in forested compared with open habitats, species that were locally more abundant and species that
were more territorial. Alternatively, species that were more specialized or had high variability in
abundance among sites were less well matched to climate. We also found that species abundances
and distributions are becoming more decoupled from climate as it changes through time. Climatic
decoupling through time was particularly prominent for birds that were declining in abundance and
occupancy, which could lead to a feedback as birds experience increasing exposure to suboptimal
climatic conditions. Temporal trends in climate matching were related to species traits, particularly
habitat specialization, but not to average rates of climate and land use change within the species’
ranges. Our findings provide an ecological basis for understanding the extent to which species
abundances and distributions match broad climatic gradients, and how it changes through time.

41. Climate-induced range and niche shifts in European and North American breeding birds
Damaris Zurell', Katrin Schifferlez, Sergi Herrandos, Verena Keller+, Aleksi Lehikoinens, Thomas
Sattlers, Levin Wiedenroth2

‘University of Potsdam, Berlin, Germany, 2University of Potsdam, sEuropean Bird Census Council,
+Swiss Ornithological Institute, sThe Helsinki Lab of Ornithology

Species respond dynamically to climate change leading to transient dynamics and time lagged range
shifts. In consequence, species may not occupy their full climatic niche during range shifting. Here, we
aim to assess niche tracking during recent range shifts of European and US birds. Using data from two
European bird atlases and from the North American Breeding Bird Survey between 1980s-2010s, we
analyse range overlap and climate niche overlap based on kernel density estimation and null model
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analyses. Phylogenetic multiple regression was used to assess the effect of species morphological,
ecological and biogeographic traits on range and niche metrics. European birds shifted their ranges
north and north-eastwards, US birds westwards. Trailing range edges were more inert than leading
range edges in both regions. Although transient dynamics were more pronounced in US, we found
niche expansion was more common than niche unfilling in both regions. Trait analyses revealed some
commonalities but also important differences between the two regions. Overall, dispersal limitations
were minor in both regions while severe lagging of trailing range edges could be indicative of extinction
debts. Differences between regions suggest different underlying mechanisms, for example related to
land use history, that should be further investigated.

42. Towards a Novel Biosphere in 2300: rapid and Extensive Global and Biome-wide Cli-matic
Novelty in the Anthropocene

Alejandro Ordonez:, Felix Riedet, Signe Normand-, Jens Christian Svenningz

1Aarhus University, Aarhus, Denmark, 2Section for Ecoinformatics & Biodiversity, Department of
Bioscience, Aarhus University, Aarhus, Jutland, Denmark

The climatic changes that characterize the incipient Anthropocene indicate a rewinding of the climate
clock by approximately 120,000 years. Such drastic climatic changes would inevitably change species
distributions, reshuffle their spatial configurations, and result in the emergence of new ecosystems due
to different responses to climatic changes. This work addresses two critical questions: Where is
anthropogenic climate change likely to result in the emergence of novel ecosystems by 23007 To what
extent biomes, at their current distribution, will experience rising climatic novelty? To answer this
question, we combined three perspectives on how climate novelty could result in novel ecosystems:
defining where local climate changes are expected to be fast, in divergent directions, and resulting in
climatic combinations that differ from the 1980-2010 climate normal of variability. Based on these
metrics, we then establish the exposure to novel climates of different biomes in the near (2100) and
long term (2300). Establishing the links between different ways climate change can rearrange the
biosphere is essential to assess the likely changes in the exchange of energy, moisture, aerosols, and
trace gases between the land surface and the atmosphere. We find rapidly increasing coverage of
climatic novelty after 2100 without rapid mitigation, with over 50% of the biomes experiencing climate
changes that would lead to novel ecosystems by 2300 under all evaluated scenarios. Our results show
the diverse mosaic of climate change vulnerability and how the three evaluated factors contribute to this
heterogeneity while considering the long-term temporal dynamics in climate-driven ecological novelty.

43. Plant lineage gains and losses in temperate forest understories in response to global
change drivers

Josep Padullés Cubinor, Jonathan Lenoirz, Daijiang Lis, Flavia A. Montano-Centellas+, Javier Retanas,
Lander Baetens, Markus Bernhardt-Rémermann-, Markéta Chudomelovas, Déborah Clossete, Guillaume
Decocqe, Pieter De Frennes, Martin Diekmannt, Thomas Dirnbdck, Tomasz Durak2, Radim Hédls,
Thilo Heinken+, Bogdan Jaroszewiczs, Martin Kopeckys, Martin Macekrs, FrantiSek Mali§7, Tobias
Naafis, Anna Orczewskars, Petr Petfik», Remigiusz Pielechs, Kamila Reczyriskaz, Wolfgang Schmidtzs,
Tibor Standovarz, Krzysztof Swierkoszz, Balazs Telekiz, Kris Verheyens, Ondfej Vild», Donald Wallerzs,
Monika Wulf+s, Milan Chytrys

'‘CREAF, Spain, 2UMR CNRS 7058 “Ecologie et Dynamique des Systemes Anthropisés” (EDYSAN),

sl ouisiana State University, +Instituto de Ecologia, Universidad Mayor de San Andres, La Paz, Bolivia,
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Republic, sUniversité de Picardie Jules Verne, ©University of Bremen, '*Environment Agency Austria,
2University of Rzeszow, 3Czech Academy of Sciences, +University of Potsdam, sBiatowieza
Geobotanical Station, Faculty of Biology, University of Warsaw, Biatowieza, Poland, 'sInstitute of Botany
of the Czech Academy of Sciences, Pruhonice, Czech Republic, 7Technical University in Zvolen,

[ eibniz Centre for Agricultural Landscape Research (ZALF), »University of Silesia, »Institute of Botany
of the Czech Academy of Sciences, 2'University of Agriculture in Krakow, 22University of Wroctaw,
sGeorg-August-University Géttingen, »ELTE Eétvés Lorand University, sMTA-DE Biodiversity and
Ecosystem Services Research Group, zUniversity of Wisconsin-Madison

Environmental changes leading to species extinction and colonization have resulted in the loss and
gain of unique evolutionary lineages. Our research investigated whether these changes are random
across the evolutionary tree. We examined alterations in the phylogenetic diversity structure of plant
species lost and gained in European temperate forest understories over an average of 40 years. We
also explored the influence of macroclimate variations and nitrogen deposition on these changes. Our
findings indicate that losses and gains of species were clustered within specific lineages, with certain
families consistently experiencing either losses or gains. For instance, the Fabaceae, Orchidaceae, and
Rubiaceae families consistently showed losses, while the Fagaceae, Betulaceae, and Rosaceae
families exhibited consistent gains. Areas with reduced annual precipitation but consistent minimum
winter temperatures demonstrated greater losses in phylogenetic diversity. Conversely, communities in
regions with low nitrogen deposition and warmer summers experienced an increase in phylogenetic
diversity. The lost and gained species were not closely related, suggesting that specific traits did not
significantly influence their ability to adapt to new environments or their susceptibility to extinction.
Additionally, our analysis revealed that environmental shifts did not appear to affect the phylogenetic
structure of the lost and gained species. In summary, our findings underscore the impact of recent
environmental changes on phylogenetic diversity patterns in temperate forests, shedding light on which
branches of the evolutionary tree and ecological strategies may be influenced by global shifts.

44. Global records of soil fungi show climatic constraints of distribution and common
cosmopolitanism

Petr Baldrian', Tomas Vétrovskyz, Petr Kohout:

Institute of Microbiology of the Czech Academy of Sciences, Praha 4, Czech Republic, 2Institute of
Microbiology of the Czech Academy of Sciences

Soil fungi are an important group of microorganisms that are important for ecosystem processes
including plant nutrition and decomposition. These organisms of which the majority has a cryptic
lifestyle, largely evaded the attention of biogeographers in the past. The advance of high-throughput
sequencing methods in microbial ecology represented a breakpoint in the ability to track fungi across
global soils since it led to the accumulation of vast amounts of observations of fungi based on
environmental DNA metabarcoding. When compiled, validated and linked to environmental metadata,
such as in the GlobalFungi database (https://globalfungi.com) for general fungi and GlobalAMFungi
database (https://globalamfungi.com) for plant-symbiotic fungi, forming arbuscular mycorrhiza, these
large observatory data are useful to explore global distribution of fungal taxa. Here, we show that
climatic constraints are important drivers of global biogeography of fungal species, although climate
does not affect all fungal species equally and smaller-scale distribution is driven by other factors.
Importantly, climatic niches are narrower in ectomycorrhizal fungi than in plant pathogens or
saprotrophs which can have important consequences if we consider the ongoing change of global
climate. High share of fungal species, including soil saprotrophs, yeasts and arbuscular mycorrhizal
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plant symbionts exhibit cosmopolitan distribution or distribution across multiple continents with suitable
climatic conditions, indicating efficient dispersal. Our study also shows the utility of public data sharing
and FAIRification for the advance in the fields of microbial biogeography and ecology.

45. Attributing biodiversity change to processes and drivers in the Alps - a dynamic modelling
perspective

Anne Thomas', Maya Gueguen, Yue Dous, Wilfried Thuiller

'Universite Grenoble Alpes, France, zUniversité Grenoble Alpes, CNRS, Laboratoire d’Ecologie Alpine,
sUniversity of Twente, «CNRS, Grenoble, France

Understanding and projecting biodiversity responses to land use and climate change is an urgent
priority in global and European conservation, especially in sensitive, species-rich mountain
environments. Recent calls for standard empirical frameworks for detection and attribution of
biodiversity change such as Gonzalez et al. (2023) reflect this priority. However, these approaches
emphasize identifying drivers of change such as climate patterns, neglecting the underlying ecological
processes and interactions that link drivers to biodiversity shifts. Process-based models of biodiversity
dynamics are poised to fill this gap, integrating observed biodiversity patterns, climate and land use
drivers, and ecological processes such as biotic interactions and demography. Importantly, models also
allow projection of biodiversity shifts under future scenarios of climate and land use change, including
adaptive scenarios that represent constructive societal responses to climate change. Our study uses a
process-based vegetation model, FATE-HD, to disentangle the effect of anthropogenic drivers and
biotic interactions on biodiversity change in the Alps under a range of future climate and land use
conditions. Building our analyses on novel land use scenarios that implement the IPBES Nature
Futures Framework, we demonstrate that while climate change is a determinant driver of vegetation
dynamics across the Alps, its effects are long-term and slower than those of land use changes that act
regionally and immediately. Plant-plant interactions combined with land uses limit the tree-line shift and
have marked effects on the Essential Biodiversity Variables monitored. We conclude by advocating
better uptake of process-based models together with adaptive land use scenarios to safe-guard
biodiversity.

46. A climate-induced tree species bottleneck for forest management in Europe

Johannes Wessely+, Franz Essle, Konrad Fiedlers, Andreas Gattringer+, Bernhard Hulbers, Olesia
Ignatevas, Dietmar Mosers, Werner Rammer7, Stefan Dullinger:, Rupert Seidl”

'University of Vienna, Vienna, Austria, 2University Vienna, Vienna, Austria, Austria, sUniversity Vienna,
«University of Vienna, sVienna University of Technology, sUniversity Vienna, Vienna, Austria, 7Technical
University of Munich

Large pulses of tree mortality have ushered in a major reorganization of Europe’s forest ecosystems.
For initiating a robust next generation of trees, the species that are planted today need to be climatically
suitable throughout the entire 21s century. Here, we developed species distribution models for 69
European tree species based on occurrence data from 238,080 plot locations to investigate the options
space for forest management in Europe. We show that if the need for a continuous climate suitability
throughout the century is considered, the average tree species pool decreases by between 33.1% and
49.2% compared to current values, even if these pools would be larger by 85.5% under the climate of
the late century. This bottleneck could have strong negative impacts on timber production, carbon
storage and biodiversity conservation, as only three species of high potential for providing these
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functions remain suitable on average per square kilometre. Our results indicate that the option space
for silviculture is narrowing substantially because of climate change, and that an important adaptation
strategy to increasing uncertainty — creating mixed forests — might be curtailed by widespread losses of
climatically suitable tree species.

47. Range lags in European alpine plants under climate change

Christopher Johnsont, Damaris Zurellz, Sabine Rumpfs

'University of Basel, Switzerland, 2University of Potsdam, Berlin, Germany, sUniversity of Basel, Basel,
Switzerland

Many alpine plant species are shifting their geographical ranges in response to global climate change.
These range shifts, however, often occur more slowly than the rate of climate warming, leading to
growing lags between species’ expected and observed ranges — lags that can potentially drive species
to extinction. With accelerating climate change, it is important to better understand how lags in the
colonization of newly-suitable habitats (colonization credits) and lags in extinction of formerly-suitable
habitats (extinction debts) accrue over time. What are the consequences of accrued lags in colonization
credits and extinction debts for species’ ranges under climate change? To investigate this issue, we are
using Europe-wide alpine vegetation re-survey data to inform species distribution models in order to
quantify range lags in alpine plants over the last several decades of climate change. We find that very
few species are able to fully track their expected niche with climate change, such that colonization
credits and extinction debts generally increased over time. Our modeling analyses reveal complex
relationships between key environmental variables and the dynamics of alpine plant range shifts. By
disentangling the temporal dynamics of range lags in alpine plants across Europe, we aim to better
understand the impact of climate change on alpine plant communities as well as lay a foundation for
forecasting the future range dynamics of alpine plants under ongoing climate change.

48. SPA: A predictive biogeographical framework to explain population differentiation through
the prevalence of environmental suitability

Angel L. Robles Fernandez:, Norma A. Hernandez Hernandez:, Nathan S. Uphamr

1Arizona State University

Genetic variation among populations is known to exhibit biogeographic patterns in many species, but
there is still no consensus on the general rules of spatial genetic variation. We establish a theoretical
framework based on the backward projection of Grinelian environmental niches to relate the current
geographic distribution of population genetic structure to the historical evolutionary context of a given
species.

We test this idea in the Tassel-eared Squirrel (Sciurus aberti) to jointly analyze spatial, environmental,
and genetic data to predict the historical endemic area of this species. Our results reveal that in cases
of genetic isolation by geographic distance, the prevalence of environmental suitability over time
corresponds to the genetic fixation index of populations with respect to a source population.
Populations closer to the historical endemic area present a higher genetic diversity and lower fixation
index values. This empirical example allows us three further advances:

1.Propose an index to delimit historical endemic areas through environmental suitability prevalence.
2.Explain results obtained from population genetic methods from biogeographic patterns.
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3.Generate maps of this genetic structure as a predictive tool supporting biodiversity conservation
efforts.
This work advances a perspective that integrates population genetics with historical species distribution
patterns.

49. Incorporating life history strategies in genetic models of demographic history
Rllquer Mascarenhas', Ana C. Carnavalz
1The City College of New York, New York, New York, =City University of New York, New York, NY

Ecological differences across species have long been recognized as important to explain the
biogeographic distribution of intraspecific genetic diversity. Specifically, individual dispersal capacity
has been linked to levels of genetic differentiation across space, whereas life history strategies, such as
different fecundity and survival rates, may explain both present and past estimates of effective
population size. Therefore, genetic models that explicitly incorporate this ecological information are
promising approaches to accurately estimate demographic history. Although attempts have been made
to incorporate environmental niche as a proxy for dispersal capacities, less progress has been made in
incorporating life history strategies. Here, we utilized individual-based forward simulations to assess the
effect of such strategies on observed genetic variation. Our goal is to investigate whether incorporating
life history variation aids in estimating historical demographic parameters, such as population size
through time and intensity of demographic changes. In a simulation exercise for a single population, we
explored varying values of the following parameters: generation time, adult longevity, adult annual
mortality and number of mates per reproduction event. Generation time and number of mates had a
strong negative correlation with levels of genetic diversity, whereas mortality had a moderate negative
correlation. In ongoing work, we are applying this approach to a mitochondrial DNA dataset from two
Neotropical passerines to show how ecologically informed simulations can be used for inference of
population demographic history. The results reinforce the importance of life history strategies and
introduce an approach to incorporating them when estimating biogeographic history from genetic data.

50. A database and web application for sharing the entire alpine flora genomic data

Julien Renaud', Anthony Hombiatz, Frédéric Boyers, Eric Coissace, PhyloAlps Consortiums, Niklaus E.
Zimmermannes, Wilfried Thuiller, Sébastien Lavergnes

1LECA, France, :GRICAD, sUniversity of Grenoble, France, +LECA, sThe PhyloAlps Consortium, sSwiss
Federal Research Institute WSL, Birmensdorf, Switzerland, 7CNRS, Grenoble, France, sLaboratoire
d’Ecologie Alpine, CNRS - Université Grenoble Alpes, Grenoble, France

Due to their isolation and intricate terrain, high mountain regions are renowned for being incredible
biodiversity hotspots. Major challenges in the study of these hotspots resides in understanding the
evolutionary scenarios and species coexistence mechanisms that have shaped biodiversity patterns.
These endeavors require high-quality genomic data on a large number of species, a field often termed
"biodiversity genomics". In 2009, the Phyloalps consortium initiated the collection of the entire Alpine
flora and sisters species in the Pyrenean and Carpathians. They subsequently sequenced
approximately 6000 species, among which 4000 alpine species, covering 95% of the entire flora of the
European Alps. This endeavor required building a common database for systematic archiving and data
sharing. This presentation will highlight the major accomplishments of this initiative, encompassing an
outline of the database's structure and a focused examination of key functionalities such as synonymy
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management according to international taxonomies and data interoperability with existing databases.
Additionally, we will introduce an online application that will serve as a user-friendly interface for
exploring, downloading, and analyzing the information.

51. Pleistocene climate oscillations, not orogeny, drove the assembly of the European Alpine
sky island flora

Lara Wootton:, Florian Boucherz, Sébastien Lavergnes

'University Grenoble-Alps, Grenoble, France, zUniversité Grenoble Alpes, sLaboratoire d’Ecologie
Alpine, CNRS - Université Grenoble Alpes, Grenoble, France

The relative impact of orogeny and paleoclimate on the evolutionary assembly of species-rich mountain
floras remains debated. Here, we aim to uncover how the physical history of the European Alps drove
the assembly of the European Alpine sky island (ASI) flora. Using whole chloroplast genomes for 96%
of the ASI flora (1320 species), we reconstruct a time-calibrated phylogenetic tree to infer temporal
changes in the rates of two key assembly processes, namely colonisation and diversification. By
including species-poor lineages that are generally excluded from macroevolutionary studies, we were
able to show that the majority of the flora assembled via colonisation or individual speciation events into
the sky islands, rather than the in situ diversification of large clades. The accumulation of extant
lineages was decoupled from major orogenic events, such as the initial uplift of the Alps. Instead, the
Quaternary climate oscillations had the strongest impact on colonisation and diversification rates, which
increased substantially during the Pleistocene glacial period. Many ASI lineages originated in Europe,
rather than through long distance dispersal from temperate Asian mountain ranges. We conclude that
the ASI flora consists of a continuous subset of the European flora, filtered by the ability to disperse into
the sky islands during and after the profound landscape transformation of the Pleistocene glacial
cycles.

52. Genomic evidence from forest understorey species suggests unexpected prevalence of
cryptic temperate forest refugia in Europe

Philipp Kirschner:, Camille Voisinz, EliSka Zaveskas, Bozo Frajman+, Peter Schoenswetters

1Free University Bozen / Bolzano, Innsbruck, Tyrol, Austria, 2Université Grenoble Alpes, Grenoble,
France, sInstitute of Botany of the Czech Academy of Sciences, Czech Republic, +Department of
Botany, University of Innsbruck, Innsbruck, Austria, sUniversity of Innsbruck, Innsbruck, Austria

Temperate forests are the dominant natural vegetation of Europe today. During Pleistocene cold
stages, these forests underwent large-scale and continent-wide range losses, and were repeatedly
forced to retreat into comparably small refugia in southern and central Europe. In recent years, genetic
studies added conclusive evidence supporting the location of these long-hypothesized refugia, and
further hinted the existence of previously unknown, cryptic refugia. However, the evidence in support of
cryptic refugia remained ambiguous, as it mostly consisted of low-resolution markers from
anemophilous trees with shallow genetic structures. To understand the prevalence and the importance
of cryptic refugia, we pursue an indirect approach that focused on five forest understorey herbs that we
cautiously interpret as proxies for temperate forests (Aposeris foetida, Cardamine trifolia, Euphorbia
carniolica, Helleborus niger and Hacquetia epipactis). For each species, we inferred population
structure and tested explicit demographic scenarios based on range wide samplings and genomic
SNPs. This was further complemented by ecological niche models projected to late Pleistocene
conditions. Our findings suggest that forest understorey species have survived at least the last cold
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stage in multiple cryptic forest refugia (e.g. in the Southern Alps). Deep phylogenetic splits between
refugial areas, sometimes even predating the Pleistocene, supported long-term stability of many cryptic
refugia. We hypothesize that the prevalence of cryptic refugia enabled tree species such as beech
(Fagus sylvatica) to expand rapidly after the Last Glacial Maximum, which might even clarify Reid's
paradox of an unrealistically fast migration of tree species in Europe.

53. Genomic adaptation and future responses of an alpine Rhododendron species at eastern
Hengduan Mountains

Qin Liv, Kaining Huz, Richard Rees

1East China Normal Univsersity, Shanghai, China, 2University of Chicago, sField Museum, Chicago, IL

Plant species at high altitudes have shown local adaptations to particular environments, such as low
temperature, drought, ultraviolet radiation, and a short growing season. In the face of climate change,
alpine specialists are more likely to experience range contractions and evolutionary risks. To quantify
such vulnerability, we sampled 15 populations of an alpine Rhododendron (R. intricatum) spanning with
a large elevational range (3000 m - 4500 m) at the Mt. Gongga region of eastern Hengduan Mountains
in southwestern China. With a whole-genome re-sequencing dataset, we performed genotype-
environment association (GEA) and gene ontology (GO) enrichment analyses to explore its adaptation
signature along elevation. Using inferred outlier SNPs (single nucleotide polymorphisms), we then
modelled the genetic turnover in a multidimensional climate space and estimated genetic offsets under
climate change. The genomic data showed no significant geographic structure, while GAE tests
returned a large number of outlier SNPs being associated with altitude. Among inferred significant
SNPs, the GO enrichment analysis obtained a strong functional tendency associated with reproductive
processes, such as pollination and signalling. The current genetic turnover shows strong signals along
climatic variables related to precipitation seasonality and extremes, which matches a northeastern-
southwestern geographical separation among population. Meanwhile, such turnover signals would lead
to remarkable risks at high elevation with intense precipitation changes in the future. Together, we
highlight the genomic mechanisms underpinning local adaptation at high altitudes. More importantly, we
show that predicting climatic vulnerability from both evolutionary and ecological factors reveals
population-level risks to climate change in a mountainous region.

54. Repeated upslope biome shifting during late-Cenozoic climate cooling in a diverse alpine
plant clade

Tom Carruthers, Michelangelo S. Moerlandz, Jana Ebersbachs, Adrien Favre+, Ryan Folks, Julie
Hawkinss, Alexandra N. Muellner-Riehl7, Martin Résers, Douglas E. Soltise, Natalia Tkachs, Bill J.
Bakerw, Jurriaan M. de Vos'1, Wolf L. Eiserhardt:

‘University of Michigan: Ann Arbor, 2Royal Botanic Gardens, Kew, sLeipzig University, +Regional Nature
Park of the Trient Valley, sMississippi State University, sUniversity of Reading, 7Leipzig University,
Leipzig, Saxony, Germany, sMartin Luther University Halle-Wittenberg, sFlorida Museum of Natural
History, ©wRoyal Botanic Gardens, Kew, Twickenham, Surrey, United Kingdom, »*University of Basel,
Switzerland, =Aarhus University

Mountainous regions are renowned for their high biodiversity, not least due to their steep environmental
gradients that culminate in the alpine zone, an exposed and stressful habitat beyond the climatic
treeline. Although many mountain ranges are ancient, the extant biodiversity of their alpine zones may
be surprisingly young. To shed light on the historical assembly of alpine biota, we built a densely
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sampled genomic phylogeny of the flowering plant genus Saxifraga Tourn. ex L. (Saxifragaceae, ca.
557 species), an important element of alpine floras across the Northern Hemisphere. Using a
customized probe set for targeted sequence capture, we generated DNA sequence data for 329 low-
copy nuclear loci in 407 species, and used coalescent-based methods to reconstruct the species tree of
the genus. We then gathered a comprehensive dataset on the geographic occurrence and biome
associations of species. Based on these data, we modelled the rate at which lowland lineages have
transitioned into the alpine zone over time, and the rates at which alpine-adapted lineages have
speciated and dispersed among regions. Our results suggest that Saxifraga has colonized the alpine
zone frequently from lowland ancestors, with most colonisations occurring in the last five million years.
In contrast, dispersal of alpine-adapted lineages among regions is rare, and speciation in alpine-
adapted lineages is relatively slow. Taken together, these results suggest that the large number of
saxifrage species in many alpine regions is mostly the product of recent rampant upslope biome-
shifting, presumably driven by repeated climate-driven expansions of the alpine zone during the
Quaternary.

55. Gaps in the global protection of terrestrial genetic diversity

Jana Schultz', Spyros Theodoridisz, Jonas Geldmanns, David Nogues Bravos

1University of Wageningen, :2Senckenberg Biodiversity and Research Center, sUniversity of
Copenhagen, Copenhagen, Denmark

In recent decades, increased anthropogenic impact has led to a global decline in genetic diversity.
Before the Kunming-Montreal Global Biodiversity Framework (2022), the absence of international
consensus on how to directly assess and monitor genetic diversity, hampered large-scale conservation
efforts. Scarcity of assessable genetic data has hindered the evaluation of conservation policies in
safeguarding genetic diversity. This study presents the first global approach for evaluating the
protection of genetic diversity. By examining the global distribution of mammalian intraspecific
mitochondrial DNA and protected area coverage, we identify regions with high genetic diversity and
insufficient protection coverage, e.g. regions of critical importance for biodiversity in the Brazilian
Atlantic Forest. Additionally, we estimate the impact of global change scenarios on genetically diverse
regions with a low degree of protection, revealing high vulnerability of areas in Central Africa.
Nonetheless, integrating robust analysis into conservation planning remains challenging. Incorporating
Macrogenetics into conservation planning holds the potential to reverse biodiversity decline.

56. The ecology and biogeography of endemic mammal species
Benjamin R. Shipley:, Jenny McGuire!
1Georgia Institute of Technology, Atlanta, GA

Endemic species, species with restricted range sizes, are vulnerable to extinction and often ecologically
and evolutionarily unique. Because of their ecological and conservation importance, understanding how
abiotic factors, species traits, and community composition influence endemism is a defining question in
mammalogy. We examine drivers of mammalian endemism from multiple angles. First, we use a novel
null-model technique, employing spatial randomization that removes ecological factors, to explore the
long-term effects of climate stability, topography and species richness on endemism patterns. Next, we
reincorporate ecological factors, evaluating the traits characteristic to endemic mammals and the
functional diversity of highly-endemic mammalian assemblages. Finally, we narrow our focus to island-
endemic species, exploring how differences in climate, geography, and traits influence the evolution of
these species’ climatic niches. Overall, although areas of high mammalian endemism mirror those of
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high richness, endemism is even more prevalent in topographically diverse regions that have had
stable climates through time. Species that live in areas of high endemism tend to have small body
sizes, short lifespans, and few offspring per year, indicating they may have been unable to expand their
ranges after habitat fluctuations. However, we also find little support for the influence of climatic niche
shifts on broad-scale continental or island endemism patterns, suggesting that geography is the primary
driver of restricted-range species distributions. Thus, conservation efforts should focus on rugged,
climatically stable areas, often characteristic of coastal montane regions.

57. Niche Trackers Don’t Play by the Rules: Consequences of Niche Tracking on Seasonal North
American Bird Biogeography

Dominique Caron', Maximiliane Joussez, Morgan W. Tingleys, Dirk Nikolaus Karger+, Dominique
Gravels, Laura J. Pollocke

‘McGill University, Montreal, Quebec, :McGill University, sUniversity of California, Los Angeles, +Swiss
Federal Institute for Forest, Snow and Landscape Research WSL, Birmensdorf, Switzerland, sUniversité
de Sherbrooke

Each year, nearly 20% of the world's bird species migrate in response to seasonal environmental
changes. This predictable redistribution of bird diversity plays a pivotal role in ecological processes and
the shaping of biogeographic patterns. However, our understanding of how seasonal variation, species
traits, and their consequences for biogeography are interconnected remains fragmented. Our study
addresses two fundamental questions: 1) How do species traits influence their degree of climatic niche
tracking? 2) What is the impact of these trait-niche tracking relationships on seasonal bird
biogeography? To answer these questions, we integrate daily climate data, bird traits, and weekly
distribution estimates of over 600 species across Canada and the United States. We identify species
that favour minimizing movement in geographic space (niche switchers) over climatic space (niche
trackers).

Our results support the hypothesis that larger species can tolerate a broader range of climatic
conditions, making them more likely to switch their climatic niche throughout the year. In contrast,
efficient dispersers tend to favor niche tracking. This trade-off leads to varying migration patterns
among species guilds, with significant implications for ecosystem functioning. We also demonstrate that
species tending to track their climatic niche induce critical shifts in two well-accepted ecogeographical
rules across seasons: the Latitudinal Diversity Gradient and Bergmann's rule.

These insights enhance our understanding of how niches interact with bird migratory behaviour,
underscoring the importance of integrating seasonality into large-scale predictive models, especially in
the current context when climate and seasonal regimes are changing.

58. Seasonal variation in dragonfly assemblage colouration suggests a link between thermal
melanism and phenology

Roberto Novella Fernandez:, Roland Brandl>, Stefan Pinkertz, Dirk Zeusss, Christian Hof+
'University of Wiirzburg, 2University of Marburg, sDepartment of Zoology, Stockholm University,
Stockholm, Sweden, +University of Wirzburg, Germany

Phenology, the seasonal timing of life events, is an essential component of diversity patterns. However,

the mechanisms involved are complex and understudied. Body colour may be an important factor,
because dark-bodied species absorb more solar radiation, which is predicted by the Thermal Melanism
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Hypothesis to enable them to thermoregulate successfully in cooler temperatures. Here we show that
colour lightness of dragonfly assemblages varies in response to seasonal changes in solar radiation,
with darker early- and late-season assemblages and lighter mid-season assemblages. This finding
suggests a link between colour-based thermoregulation and insect phenology. We also show that the
phenological pattern of dragonfly colour lightness advanced over the last decades due to global
warming, which together with the static nature of solar radiation, may drive flight periods to suboptimal
seasonal conditions. Our findings open a research avenue for a more mechanistic understanding of
phenology and spatio-phenological impacts of climate warming on insects.

59. Multiple dimensions of 3D habitat structure drives multiple dimensions of avian community
diversity in North America

Colin Sweeney', Marta A. Jarzyna:

1The Ohio State University

Habitat loss is the leading cause of terrestrial species declines globally, yet how existing habitats shape
community composition remains unclear. In particular, the role that 3D habitat structure, the
combination of 3D habitat composition (volume) and 3D habitat configuration (horizontal and vertical
arrangement), has on avian diversity is not yet elucidated. Most studies of 3D habitat structure rely on
simplistic metrics of habitat structure (i.e. canopy height) and often single measures of diversity (i.e.
species richness). Thus, there is a gap in the research to examine the independent influence of both 3D
habitat composition and configuration on avian taxonomic, functional, and phylogenetic diversity, as
well as on individual traits. We used LiDAR data and abundance-corrected avian data from across the
National Ecological Observatory Network (NEON) to calculate eight different biodiversity indices and
eleven different measures of habitat structure. Using Bayesian models, we tested different model
hypotheses, comprised of different combinations of compositional, configurational, and climatic
covariates. We found 3D habitat structure best predicted measures of functional diversity and trait-
based PC axes, with little effect on phylogenetic or taxonomic diversity indices. Habitat composition and
configuration varied in effect across different vertical height strata (understory, midstory, subcanopy,
canopy) and across trait-based indices. Additionally, we found plots with lower vegetation amounts had
communities with different dietary, foraging, and morphological traits compared to high vegetation plots.
Our findings suggest that studies of 3D habitat structure should focus on functional and trait-based
measures of diversity and use both compositional and configurational measures of habitat structure.

60. Fine-scale patterns of plant community diversity across Europe

Milan Chytry:, Irena Axmanovaz, Jan DiviSek, Zderika Lososovés, Gabriele Midolo¢, Josep Padullés
Cubinos, Martin Vecefas

‘Masaryk University, Brno, Czech Republic, 2Department of Botany and Zoology, Masaryk University, Brno,
Czech Republic, sMasaryk University, Czech Republic, +Research Institute on Terrestrial Ecosystems,
National Research Council of Italy (IRET-CNR), Pisa, ltaly, Pisa, Italy, sCREAF, Spain

Recent compilations of large databases of vegetation-plot data have paved the way for mapping and
analyzing plant biodiversity patterns at fine spatial resolution over large areas. The European Vegetation
Archive (EVA), which contains ~2 million vegetation plots, is by far the largest regional vegetation-plot
database in the world. We used this database to examine patterns of taxonomic, phylogenetic and functional
alpha diversity of vascular plant communities across Europe, and here we synthesize the results of our
recent studies. For taxonomic alpha diversity, we showed that the richest plant communities occur in
mountainous areas of southern Central Europe and submediterranean Europe, particularly on calcareous
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substrates, whereas Northwestern Europe is generally characterized by species-poor plant communities.
For phylogenetic alpha diversity, we identified high values in areas that were historically exposed to less
dramatic environmental changes or have mountainous topography that provides refugia in times of climate
change. Similar to taxonomic alpha diversity, phylogenetic alpha diversity also tends to be low in
Northwestern Europe. Functional alpha diversity depends on the traits selected to quantify it, but considering
a simple measure of the number of life forms, it tends to increase from Northwestern to Southeastern
Europe. Nevertheless, there is a strong, symmetrical north-south geographical pattern in functional diversity,
with trait syndromes associated with slow nutrient economies prevailing both in the north (reflecting cold
stress) and the south (reflecting drought stress) and syndromes associated with fast nutrient economies
predominating in the European cool-temperate zone.

61. Multifaceted biodiversity-stability relationships in boreal to subarctic ecosystems

Arthur Rodrigues, Tuuli K. Rissanenz, Mirkka M. Joness, Marjo Saastamoinen, Jarno Vanhatalo, Anna-
Liisa Laine!

'University of Helsinki, 2University of Helsinki, Finland, sAalto University School of Science

The biodiversity — ecosystem functioning relationship predicts that increasing biodiversity promotes stability
in ecological communities. Climate change and human-caused habitat disturbance are altering biodiversity
at unprecedented rates, threatening the stability of the ecosystem services on which humans depend.
However, most of what is known about biodiversity-stability relationships comes from experimental studies
making extrapolation to real ecosystems difficult. Here, we utilize terrestrial and aquatic long-term monitoring
datasets encompassing entire assemblages at hundreds of georeferenced sites covering the boreal to
subarctic ecosystems of Finland, to test how the shape of the biodiversity-stability relationship varies among
taxa. Specifically, we explore the pathways via which species richness and the degree of asynchrony in
species’ population dynamics, contribute to community stability on decadal timescales. Furthermore, we
account for the effects of environmental drivers, species traits describing key ecological strategies, and
phylogenetic relatedness on variation in temporal stability. The biodiversity-stability relationship is studied
using structural equation models fitted to each taxon group: birds, butterflies, mammals, moths,
phytoplankton, and rodents. Each dataset represents species abundances, and the monitoring was
established in the 1960-1990s. According to the first results, there is a positive relationship between
community stability, species richness and population asynchrony, but this relationship may vary among taxa,
and is modulated by inter-specific ecological trait similarity, phylogenetic relatedness, and underlying
environmental gradients. Our results suggest that considering multiple taxa and their functional properties is
essential for a comprehensive analysis of this classic yet timely hypothesis to understand and maintain the
functioning of the ecosystems.

62. Taxon and area invariance of macroecological biodiversity patterns
Arnost L. Sizling, David Storch:
1Center for Theoretical Study, Charles University, Praha 1, Czech Republic

Diversity patterns cannot be properly interpreted without a theory providing criteria for their evaluation. Most
biodiversity patterns comprise assemblages of species of given higher taxon (e.g. class) that differ in their
location and size. This requires either (i) a strict specification of the taxonomic clade and assemblage for
which the pattern is observable (more specifically, particular phylogenetic and spatial scales at which the
patterns should be observed), or (ii) an asumption that the patterns are invariant against the change of the
clade or site area. As these two alternatives cover all possible scenarios and can be tested for mutual
exclusivity, the criterion of taxon and area invariance is a powerful tool to examine theories concerning the
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form of macroecological patterns. We propose that truly universal patterns should not change when we
change taxonomic scope by focusing on subtaxa or when we merge several sister taxa together. We show
how to use the principle to derive and test truly universal patterns and refer to the findings that have already
been achieved using this principle. We will focus mainly on two master macroecological patterns, namely
species-sbundance distribution (SAD) and species —area relationship (SAR), and show that the functional
form of both these patterns can be derived by assuming their taxon and area invariance.

63. Idiosyncratic patterns of local species richness and turnover define global biodiversity hotspots
Jesper Sonnet, Carsten Rahbekz
'University of Copenhagen, Denmark, 2CMEC Univ. of Copenhagen, Copenhagen, Denmark, Denmark

Tropical mountains are global biodiversity hotspots, owing to a combination of high local species richness
and turnover in species composition. As the patterns of local species richness and turnover explain why
tropical mountain regions are more species-rich than the lowlands, the same patterns explain why some
mountain regions are disproportional more species-rich than others, even within the tropical zone. Thus,
high levels of local richness and turnover are also implicitly assumed to converge among the World’s most
species-rich tropical mountain regions. We investigated this untested assumption using high-resolution
distribution data for all bird species found in the World’s mountain regions. Contrary to expectations, the
mountain regions with the highest local richness differed from those with the highest species turnover and
were associated with distinct climates and habitat types. Forest habitats and humid tropical climates
characterise the mountain regions with the highest local richness. In contrast, the mountain regions with the
highest turnover are generally colder with drier climates and have mostly open habitat types. The highest
local species richness and turnover levels globally converge in only a few mountain regions with the greatest
climate volumes and topographic heterogeneity, resulting in the most prominent global hotspots for avian
biodiversity. These results underline that species-richness hotspots in tropical mountains arise from
idiosyncratic levels of local species richness and turnover, a pattern that traditional analyses of overall
regional species richness do not detect.

64. Mammal life history strategies are strongly associated with environmental realms
Eleonora Beccari', Pol Capdevila Lanzacoz, Roberto Salguero-Gémezs, Carlos Pérez Carmona:
'University of Tartu, Estonia, zUniversitat de Barcelona, sUniversity of Oxford, «University of Tartu

Mammalian investments in survival, development, and reproduction are constrained by physiological
and evolutionary factors. Mammalian life history strategies can be characterized by a few axes of
variation, which conform a space where species are positioned according to which life history
strategies are favoured in the environment they exploit. Yet, we still lack global descriptions of the
diversity of realized mammalian life history and of how this diversity is shaped by the environment.
We used six life history traits to build a global life history space and explored how major
environmental realms (land, air, water) influence mammalian life history strategies. We demonstrate
that realms are tightly linked to distinct life history strategies. Predominantly, aquatic and aerial
species adhere to slower life history strategies, while terrestrial species tend to exhibit faster life
histories. Highly encephalized terrestrial species, like primates, are a notable exception to these
patterns. In addition, species transitioning between the terrestrial and aquatic realms, such as seals
and otters, show intermediate life history strategies. Further, different behaviours may play a
significant role in allowing to expand the set of strategies exploitable in the terrestrial realm. Our
results provide compelling evidence linking environmental realms to the diversity of life history
strategies among mammals, potentially informing assessments of species viability.
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65. Integrating functional and phylogenetic diversity in conservation science
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Rodriguezs, A. Marcia Barbosas, André Menegottor, William Mustin Carvalhos, Silvia Carvalhos, Ana
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In an effort to halt the alarming loss of biodiversity, nearly all countries have implemented networks
of protected areas designed to safeguard biologically valuable regions. Here we will give an
overview of how functional and phylogenetic diversity have been incorporated in the planning of
protected areas. Based on a systematic literature review, we found that studies on protected areas
have focused mainly on species richness and diversity, while functional and phylogenetic diversity
have received considerably less attention. Exclusive emphasis on taxonomic diversity assumes
equal contributions from all species to biodiversity, disregarding their unique roles in ecosystems
and their distinct evolutionary histories, which hinders a comprehensive evaluation of protected area
effectiveness. We present two examples which illustrate how functional and phylogenetic diversity
can be incorporated into conservation science. The first study assesses whether protected areas
adequately represent regional diversity. This research focuses on the taxonomic, functional, and
phylogenetic diversity of terrestrial tetrapods of the Iberian Peninsula, and shows that protected
areas generally capture the regional diversity of amphibians, reptiles, and mammals, but not birds.
The second study predicts changes in functional diversity if current endangered mammal species
became extinct. This study focuses on islands, which are highly vulnerable regions, and identifies
islands that are more vulnerable to future functional diversity loss. Such losses (through extinction)
often do not immediately lead to a drastic reduction in functional diversity, though the long-term
ecological consequences of even minor losses remain uncertain.

66. Fine-scale alpine plant community assembly: Relative roles of environmental sorting,
dispersal processes and species interactions

Norbert Helm:, Krystof Chytryz, Karl Hilbers, Dietmar Moser+, Johannes Wesselys, Andreas
Gattringerz, Johannes Hausharterz, Harald Paulis, Manuela Winklers, Patrick Saccone?, Andrea
Lamprechts, Martin Rutzingers, Andreas Mayrs, Andreas Kollerts, Stefan Dullingers
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«University Vienna, Vienna, Austria, sAustrian Academy of Sciences, Institute for Interdisciplinary
Mountain Research, Vienna, Austria, sGLORIA Coordination, Center for Global Change and
Sustainability at the University of Natural Resources and Life Sciences (BOKU-gW/N), Vienna,
Austria, 7\GLORIA Coordination, Austrian Academy of Sciences & Institute of Botany, sUniversity of
Innsbruck

In a warming macroclimate the rugged alpine terrain might offer microrefugia for cold-adapted plant

species. However, the efficiency of these refugia will depend on fine-scale population and
community dynamics, and how these processes are affected by dispersal and biotic interactions as
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compared to environmental sorting. We analyzed data from 660 permanent 1-m?2 plots in the alpine-
nivale ecotone of Mt. Schrankogel, Austrian Alps. We combined these data with species lists from
899 additional plots newly sampled across a larger landscape which we used for fine-scale habitat
suitability modeling. We assessed the relative effects of projected habitat suitability, propagule
pressure from surrounding populations and vegetation density on 1530 colonization and 372
extinction events of 31 species observed between 1994 and 2014.

We found that all three predictors are related to both colonizations and extinctions, with habitat
suitability having the strongest, propagule pressure a slightly weaker, and vegetation density the
weakest effect. Colonizations can be significantly better explained by the three process-proxies than
extinctions.

The results indicate that, besides environmental filtering, neutral processes, especially dispersal
limitation, have a strong, yet underestimated impact on alpine plant community (re-)assembly and
may compromise the efficiency of scattered cold microrefugia in rescuing the alpine flora from
climate warming.

67. The ultimate guide of mycorrhiza and abiotic stress polytolerance in woody plants
Lauri Laanisto, Estonian University of Life Scienes, Tartu, Estonia

Mycorrhizal symbiosis is an ancient association between plants and fungi, crucially important
especially for woody plants, as they have to maintain aboveground structures. Our current
understandings of how woody plants respond to abiotic stress and how mycorrhiza mitigates this
stress is very limited and considers almost exclusively just a single stress factor at a time. Functional
diversity of both woody plants and mycorrhizal fungi interacting with them, variability of the strength
and composition of multiple stress conditions in different regions of the world — all this makes it
difficult to predict the patterns of these interactions from both the adaptational and mitigational point
of view. In this study we used top-down approach, where known interactions are partitioned into
functional and biogeographical groups, and then the stress tolerances and interactions are mapped
into overlapping heatmaps to provide us large-scale patterns of these associations. We compiled a
concordant dataset of 621 woody species stress polytolerance (including shade, drought,
waterlogging, cold stress) and their known species-specific mycorrhizal interactions. We tested how
stress polytolerance correlates with different mycorrhiza functional types. Our results confirmed
contrasting patterns between single vs. multiple type, arbuscular vs. ectomycorrhiza, and obligate
vs. facultative mycorrhizal interaction. Functionally different symbionts form significantly polarizing
abiotic stress mitigation patterns with woody species with different life forms, growth forms, and
biogeographical origin. These results provide insight into both evolutionary and biogeographic
patterns related to the development of plant-mycorrhiza interactions.

68. Functional diversity promotes community stability over time across taxonomic groups
Enrico Tordonit, Sabrina Tragerz, Auréle Toussaints, Carlos P. Carmona
‘University of Tartu, Estonia, 2Martin Luther University Halle-Wittenberg, sUniversity of Tartu

Global change (e.g., climate change, land use change) is threatening worldwide biodiversity,
potentially causing drastic ecological disruptions. To anticipate the trajectories of biodiversity
change, it is fundamental to assess their temporal trends. Recent studies investigated temporal
trends of different taxa across biomes finding no net change in global species richness patterns,
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lacking evidence of a systematic biodiversity loss. However, most of the studies performed so far
considered only the taxonomic dimension, lacking information about temporal trends in functional
diversity (i.e., trait differences among species). In this study, we examined spatio-temporal dynamics
of the functional structure of tetrapods and vascular plants (87 studies and 2906 plots across the
globe) using the BioTIME database, quantifying patterns of temporal a diversity (change in functional
richness, a-FD), and temporal 8 diversity (B-FD, functional turnover reflecting how the occupation of
the functional space of an assemblage vary through time). We found no net effect of changes in a-
FD across the time series, even though the temporal divergence in functional structure is faster than
expected by chance suggesting consistent significant functional differentiation over time since the
first year of sampling. We also demonstrated that functionally redundant assemblages tend to be
more stable through time. Investigating change of multifaceted diversity is of utmost importance toa
have a holistic perspective on the effects of global change.

69. Evolutionary history and environmental variability shape resource specialization in
tropical mammals

Chia Hsieh, Daniel Gorczynskiz, Evan Frickes, Lydia Beaudrot:

'Department of BioSciences, Rice University, 2Ecology and Evolutionary Biology Program,
Department of BioSciences, Rice University, :22Department of Civil and Environmental Engineering,
Massachusetts Institute of Technology, +Rice University, Houston

Tropical regions harbor the most diverse terrestrial mammal communities on the planet. The
coexistence of tropical mammal species may result from the evolution of narrower niches, including
specialized resource niches, through niche-filling in stable, productive, and biodiverse environments.
Yet how evolutionary history, paleoenvironmental changes, and human impacts have shaped
consumer-resource interactions in tropical mammal food webs worldwide is unknown. We compiled
the first predator-