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Welcome to the BE20 Conference 

 

 

Dear colleagues, dear guests, dear friends, 

 

we are delighted to welcome you to the BE20 Conference organised by the Biodiversity Exploratories 

entitled “Integrating Emerging Topics in Long-Term and Large-Scale Biodiversity Research.” 

This conference marks the 20th anniversary of the Biodiversity Exploratories, one of Europe’s largest 

interdisciplinary long-term and large-scale research programmes. Over the past two decades, the 

Biodiversity Exploratories have brought together researchers from a wide range of disciplines and 

perspectives, covering topics from soil and landscape ecology to functional and molecular biodiversity 

research, as well as remote sensing in grassland and forest ecosystems. 

With this conference, we aim to reflect this interdisciplinary diversity and to create a platform for 

exchange among scientists working on related topics across the world. From June 8–12 in Berlin, we are 

bringing together researchers to discuss current challenges in long-term and large-scale biodiversity 

research and to explore the integration of emerging topics and innovative approaches in the field. 

We are very pleased that the conference has attracted more than 100 contributions and around 170 

participants from diverse scientific backgrounds. We are convinced that this broad interdisciplinary 

participation will stimulate inspiring discussions, foster new collaborations, and strengthen connections 

within the biodiversity research community. 

We hope that the historic conference venue, the Langenbeck-Virchow-Haus, together with the vibrant 

atmosphere of Berlin, will provide an inspiring setting for intensive scientific exchange. The conference 

dinner, hosted in the unique ambience of the historic Straßenbahnbögen and inspired by Berlin’s famous 

Golden Twenties, will further contribute to this special experience. 

Our programme features eight outstanding international keynote speakers, and we encourage you to 

take this opportunity not only to listen to their exciting research but also to engage in discussions and 

personal exchange throughout the meeting. In addition to keynote lectures, the programme offers a 

wide range of talks and poster sessions that we hope will inspire fruitful discussions and new 

perspectives. 

Finally, we would like to express our sincere gratitude to everyone who contributed to making this 

conference possible. First and foremost, we thank the German Research Foundation (DFG) for its 

long-standing support of the Biodiversity Exploratories, without which this exceptional long-term 

research programme—and this conference in particular—would not have been possible. 
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We also extend our thanks to KCS Heike Kuhlmann and to the many helpers and volunteers whose 

support were essential to the successful organisation of this event. We are grateful to the session chairs 

for guiding the scientific programme and fostering engaging discussions, and to our excursion guides for 

sharing their expertise during the visit to the Schorfheide-Chorin Exploratory. 

Special thanks go to our keynote speakers for accepting our invitation and enriching the conference with 

their insights and perspectives. Finally, we thank all participants for being part of this meeting. We look 

forward to inspiring presentations, stimulating discussions, and an enjoyable and memorable conference 

with all of you. 

We wish you a productive and inspiring stay in Berlin. 

 

Scientific Committee 
Markus Fischer, Nico Blüthgen, Marion Mehring, Marion Schrumpf, Steffi Schulz, Paul Magdon, Pete 

Manning                                     

BEO – Biodiversity Exploratories Office 
Victoria Grießmeier, Franca Marian, Anna Franke, Dong-Hee Maeng, Eva Schmidt, Natalia Conopliova 
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BE20 WELCOME SESSION 

 

WS: On the relevance and practice of large-scale and long-term biodiversity 
research 

 

 

 

 

Markus Fischer, 
University of Bern 

The opening presentation discusses features, insights and 

challenges of large-scale and long-term biodiversity research, 

illustrated by examples from IPBES assessments and the 

Biodiversity Exploratories. As biodiversity research is very broad, encompassing the causes and 

consequences of biodiversity change across all levels of biological organisation, at various 

temporal and spatial scales, linking nature and people, and as it is motivated by both fundamental 

and applied interests, there are very many different approaches, all with their merits and 

limitations. Moreover, while long-term research is going on, new topics keep emerging. The 

presentation highlights the role and importance of large-scale and long-term biodiversity research 

and calls for promoting comprehensive, intercompatible and flexible research designs and for 

increased general synthesis efforts. 
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BE20 Keynotes 

  BE20 KEYNOTES 
 

 

Richard Bardgett 
Lancaster University, UK 

 

Richard Bardgett is Distinguished Professor of Ecology and co-Director 

of the Centre for Sustainable Soils in the Lancaster Environment Centre, 

Lancaster University, UK. 

Richard is a soil ecologist whose work explores how soils and their 

biodiversity regulate the structure and function of terrestrial 

ecosystems and their response to global change. Most of his work is 

focussed on grasslands, where his recent work has been exploring how 

soil microbial communities and the biogeochemical cycles they regulate 

respond to and recover from climate extremes. Richard's work in this 

area has led to foundational insights, but also the practical implementation of below-ground ecological concepts 

for climate mitigation and grassland restoration. Richard is also an avid writer, and has written several books on 

soils and their ecology, including his most recent book: “The Ecology of Soil: From Communities to Ecosystems” 

(2025). 

Richard has spent most of his career in the north of England, where he was brought up and studied at the 

University of Newcastle-upon-Tyne, where he gained his first degree in Soil and Land Resource Science in 1987. 

After a long period working at The University of Manchester, he recently returned to Lancaster University to 

establish the Centre for Sustainable Soils. He served as President of the British Ecological Society (2017-2019) and 

co-founded the Global Soil Biodiversity Initiative (GSBI) in 2011 to promote the translation of soil biodiversity 

knowledge into policy. He is Executive Editor of Journal of Ecology and in 2023 was appointed Commander of the 

Order of the British Empire (CBE) by King Charles III for services to soil ecology and climate change science.  
 

 

Keynote 01: Soil biodiversity and ecosystem functioning in a changing world. 
 

Soils host some of the most complex ecological communities on Earth, yet our knowledge of how this 

hidden biological complexity underpins critical ecosystem functions and their resilience to perturbations, 

such as climate extremes, remains limited. This knowledge gap severely constrains our ability to manage 

soils at a time of escalating climate change and soil degradation. Closing this gap is therefore critical if 

we are to develop the fundamental understanding needed to guide land management decisions that 

promote healthy, resilient soil. In this talk, I will highlight recent developments in this area to illustrate 

how consideration of linkages between plants and soil biodiversity can improve our understanding of the 

structure and function of below-ground communities and the consequences of global change for 

ecosystems, with a focus on climate extremes and grasslands. I will also consider how new soil ecological  
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knowledge might be harnessed to address major sustainability challenges, with a focus on restoring  

multifunctional, climate-resilient grassland soils. Much is still to be learned about soil biodiversity, and I 

will highlight some of the many challenges that face ecologists in their exploration of soil life and its 

importance for people and the planet. 

 
 

 

 

 

Duccio Rocchini 
Alma Mater Studiorum University of Bologna, Italy 
 
Duccio Rocchini is Full Professor at Alma Mater Studiorum University of 

Bologna from December 2019, after having been Associate Professor in 

Biology and Ecology at the University of Trento, from February 2017. He 

attained his PhD in 2005, dealing with remote sensing applied to the 

estimate of biodiversity. 
After having collaborated with international researchers from 

institutions like U.S. Geological Survey, University of Nottingham (School 

of Geography, UK), Ashoka Trust for Research in Ecology and the 

Environment (India), University of California Los Angeles (Department of 

Geography, US), he joined the Fondazione Edmund Mach in Trento in 2009, in the Dr. Markus Neteler's GRASS GIS 

and Remote Sensing group, promoting open source algorithms for Ecology. Over the years he promoted the 

development of open source algorithms for computational, mathematical, spatial and theoretical ecology. 
 

 

 
Keynote 02: Decoding biodiversity through spatio-temporal spectral variations 

 
Understanding biodiversity dynamics through spectral variations offers a potential approach to 

examining ecological complexity. This talk explores the spatiotemporal patterns of spectral variability as 

a proxy for biodiversity, focusing on both plant and animal communities. I will review the assessment of 

alpha diversity of plants by analyzing spectral data associated with different plant species, while also 

considering the alpha diversity of animals through their indirect relationship with plant spectra. In 

addition, I will delve into the evaluation of beta diversity as the turnover of plant and animal 

communities across spatial and temporal gradients. To quantify the complexity of these biodiversity 

variations, generalized entropy might be used, a metric that captures the diversity across multiple facets. 

Finally, I will move to temporal changes in spectral data by ridgeline plots, enabling us to track 

fluctuations in biodiversity over time and detect ecological shifts in response to environmental 

pressures. The integrative approaches I will present highlight the utility of spectral data as a tool for 

studying biodiversity. 
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Rachael Winfree 
Rutgers University New Brunswick, USA 

 

Rachael Winfree is a Professor in the Department of Ecology, Evolution 

and Natural Resources at Rutgers University, New Brunswick. The goal of 

her work is to better understand the causes and consequences of 

biodiversity change, particularly in real-world settings and at large spatial 

scales. She works with bee pollinators and pollination as a system and is 

active in pollinator conservation. Her work has been funded primarily by 

the National Science Foundation (NSF), and has been published in 

leading scientific journals including Science, Proceedings of the National 

Academy of Sciences (PNAS), Ecology Letters, and Proceedings of the 

Royal Society of London. From 2015-2019 she was one of approximately 170 scientists worldwide (and one of 

approximately 20 women) on the list of highly cited researchers in the field of environment / ecology. Rachael is a 

Fellow of the American Association for the Advancement of Science (AAAS) and a Fellow of the Ecological Society 

of America. She serves on the board of directors of the Xerces Society for Invertebrate Conservation, which has 

the largest pollinator conservation effort of any nonprofit. She received her Ph.D. in Ecology & Evolutionary 

Biology from Princeton University in 2001 and her B.A. from Dartmouth College in 1990.  

 

 

 

 

Keynote 03: The overlooked role of abundance in ecosystem function, and 

why it matters 
Rachael Winfree1, James Reilly1, Mark Genung2 

1Rutgers University, United States of America; 2University of Louisiana, United States of America 

 

The field of biodiversity-ecosystem functioning research has largely focused on diversity, which is a 

measure of variation, as a driver of ecosystem function, and less often considered abundance, which is a 

measure of amount. In this talk I argue that abundance — that is, the number of individuals or biomass 

present — is a strong predictor of ecosystem function. I will first review the evidence from the published 

literature that numerically dominant species are drivers of function, and discuss reasons why much 

previous biodiversity-ecosystem functioning research may have under-estimated the importance of 

abundance. I then present current work from my lab group showing that datasets on pollination and 

carbon storage follow the Pareto principle, such that 80% of ecosystem function is provided by the top 

20% of species. Furthermore, these top function-providing species are often the most abundant species. 

Globally, organism abundance is declining much faster than species richness or diversity; thus, if 

abundance drives ecosystem function, we could be losing function faster than currently thought. 
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Helmut Hillebrand 
University of Oldenburg; Helmholtz Institute, Germany 

 

Helmut Hillebrand is a professor at the Carl von Ossietzky University of 

Oldenburg and Director of the Helmholtz Institute for Functional Marine 

Biodiversity (HIFMB). From 1988 to 1994, he studied biology at the 

University of Oldenburg, during which his interests shifted from genetics 

and human biology to ecology and biodiversity. 

After completing his PhD at the University of Kiel, he conducted 

postdoctoral research in Uppsala, later became a junior professor at the 

University of Kiel, and subsequently served as an associate professor of 

aquatic ecology at the University of Cologne. Since 2008, he has been teaching and conducting research at the 

Institute for Chemistry and Biology of the Marine Environment (ICBM) in Oldenburg, specializing in plankton 

ecology. 

In 2017, he played a key role in founding the Helmholtz Institute for Functional Marine Biodiversity, where he 

continues to serve as director. His research focuses on the mechanisms and changes in marine 

biodiversity—particularly under the influence of climate change and human activities—as well as on developing 

concepts for the protection of marine ecosystems. 

 

 

 

 

Keynote 04: You ain’t seen nothing yet - Multiple dimensions of marine 

biodiversity change 
 

Biodiversity change jeopardizes the foundation of natural ecosystems and human well-being, prompting 

major global agreements aiming to bend the curve towards a net positive biodiversity future. However, 

both the scientific and management assessment of the true magnitude of this transformation requires 

careful analysis of multiple dimensions of compositional change. This talk is based on a series of 

collaborative efforts and uses extensive monitoring data from the Wadden Sea (455 stations, 37 

monitoring programs) as an example to analyze the trends in population size, annual (α-)diversity, and 

temporal turnover in composition captures also changes in species identity (β-diversity). The talk 

highlights the usefulness of Effective Number of Communities as a measure of accumulated turnover 

with time, showing that up to 20% of the Wadden Sea time series effectively replaced the entire 

community composition at least once. This change needs to be interpreted while acknowledging that 

biodiversity response to climate change are asynchronous and delayed compared to changes in the 

environment. This not only is a scientific challenge, but also alters our view on biodiversity targets and 

management. 
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Andrew Gonzalez 
McGill University, Canada 

 

Andrew Gonzalez is a community ecologist and evolutionary biologist, 

recognized for his contributions to biodiversity science. His research 

focuses on the impacts of global change on the ecological and 

evolutionary processes that shape biodiversity. This includes 

investigating long-standing questions about species coexistence and the 

vital role of biodiversity in the structure and function of ecosystems.  

Evolutionary rescue has been a key area of Gonzalez’s work. He 

conducted pioneering experiments that tested early theories of 

evolutionary rescue. He has since spearheaded research advancing both 

the theory and experimental understanding of evolutionary rescue in 

response to single and multiple stressors, as well as within complex communities characterized by interspecific 

interactions. Gonzalez is also developing a framework for detecting and attributing biodiversity change in order to 

enhance the monitoring of eco-evolutionary dynamics and understand their impact on the goods and services 

provided by ecosystems. He collaborates closely with a variety of stakeholders to apply scientific knowledge to 

real-world conservation. He is an ISI Highly Cited researcher, a distinction given to the top 0.1% of the world's 

researchers, across 21 research fields. He is a Fellow of the Royal Society of Canada and the founding Director of 

the Quebec Centre for Biodiversity Science. He also plays a leading role in international conservation efforts as the 

co-chair of the Group on Earth Observations Biodiversity Observation Network (GEO BON) and as co-chair of the 

IPBES assessment on monitoring biodiversity and nature's contributions to people. In 2018, he co-founded 

Habitat, a consulting company that provides biodiversity science to a range of clients in both the private and 

public sectors. 

 

 

Keynote 05: How Long-Term Biodiversity Research Learns: Emergence, Scale, 

and Inference 

Many of today’s most urgent biodiversity questions arise not from lack of data, but from mismatches 

between the scales of observation, inference, and decision-making. Many emerging patterns and 

processes challenge monitoring and experimental designs and demand new forms of cross-scale causal 

inference that link short to long-term dynamics. I will address cross-scale feedback between biodiversity 

change, ecosystem functioning, and drivers - a central emerging topic for long-term research. These 

feedbacks unfold across space and time and can be understood through three axioms of long-term 

biodiversity research: biodiversity is a spatio-temporal process; biodiversity change can often be 

detected rapidly but attributed only slowly; and credible prediction depends on repeated tests of 

predictive skill. Shifts in biodiversity emerge over multiple scales, with emergent consequences for 

ecosystem functioning and stability. Long-term, spatially replicated research is therefore essential to test 

and monitor how biodiversity–function relationships are changing in response to drivers. I conclude by 

outlining practical pathways through which long-term research infrastructures can remain both 

sustainable and societally responsive. 

14 



BE20 Keynotes 
 

 

Elizabeth Borer 
University of Minnesota, USA 
 

Elizabeth Borer is a Regents Professor in the Department of Ecology, 

Evolution, and Behavior at the University of Minnesota. Her research 

quantifies how global changes, including land clearing, atmospheric 

pollution, and species invasions and extinctions, change the composition 

and function of the world's ecosystems. Most of her work is in 

grasslands where she studies the effects of a changing environment on 

plant and animal biodiversity, disease transmission, and the identity and 

function of microbes inhabiting individuals (the "microbiome"). She 

sometimes strays into other ecosystems via collaborations and 

meta-analysis. Borer is co-founder and co-lead of the Nutrient Network (“NutNet”) and DRAGNet, two global 

scientific cooperatives studying the effects of global changes on critical processes and functions in the world’s 

grasslands. The Nutrient Network, begun in 2007, now includes over 300 scientists performing identically 

replicated experiments and observations at nearly 180 sites in 29 countries spanning 6 continents. DRAGNet, 

extends this scientific cooperation to 36 countries, adding studies of disturbance and cessation at 60 additional 

sites. 

 

 

 

 

Keynote 06: Across continents and decades: generality and contingency in 

biodiversity change 
 

Biodiversity is in constant flux, but do changes in local biodiversity follow general rules in response to 

environmental change, or is it shaped by a variable combination of local conditions, historical 

contingencies, and species interactions? The answer matters: it determines whether we can forecast the 

future of local biodiversity, build predictive theory, and guide conservation wisely. Short-term and single 

site studies can’t fill this gap. Space-for-time substitutions and meta-analyses raise significant challenges 

for distinguishing methods from mechanisms. Large-scale and long-term experimental data, while rare, 

allow us to ask why and where temporal trends in response to environmental drivers generalize and the 

conditions under which the magnitude and direction of biodiversity responses depend on context. I’ll 

share insights from the Nutrient Network (NutNet), a collaborative experiment that has amassed nearly 

two decades of replicated experimental data from grassland sites on six continents. This distributed, 

collaborative approach is overcoming the challenges of generating both large-scale and long-term 

ecological data, revealing generality and quantifying contingencies in biodiversity change and building 

toward a predictive understanding of local biodiversity change. 
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Tim Newbold 
University College London, UK 

 

Tim Newbold is Professor of Conservation Ecology at University College 

London. His research aims to understand the nature, drivers and 

consequences of global biodiversity change, with a particular focus on 

insect biodiversity and pollinators. Tim's work uses global-scale 

databases and advanced statistical methods to understand how 

environmental changes, particularly climate change and land-use 

change, are driving changes in the composition of ecological 

communities. Tim has also contributed to collating global ecological 

databases, notably the PREDICTS database, which documents the 

impact of human land use on ecological communities. Tim is also interested in the consequences of biodiversity 

change for human societies, and has published a number of studies on the impacts of land-use and climate change 

on animal pollination. 

 

 

 

 

 

Keynote 07: Harnessing global biodiversity data to understand impacts of 

climate and land-use change on ecological communities 
 

The quantity of biodiversity data globally is growing exponentially, aided by new tools for monitoring, 

although we remain challenged by gaps and biases in the available data. I will show how macroecological 

analyses can harness these data to reveal how climate change and land-use change, and crucially their 

interactive effects, are reshaping the structure of animal communities worldwide. I will also demonstrate 

that knowledge of the roles of these species within ecosystems can help us to understand the 

consequences of ongoing rapid biodiversity changes, with a focus on pollinating species. 

 

 

 

 

 

 

 

 

 

 

 

 

16 



BE20 Keynotes 
 

 

 

Kirsten Thonicke 
Potsdam Institute for Climate Impact Research, Germany 

 

Kirsten Thonicke is Deputy Head of Research Department on Earth 

System Analysis and Working Group Leader on Ecosystem in Transitions 

of the Potsdam Institute for Climate Impact Research (PIK). Her research 

work focusses on how climate and land-use change transform 

ecosystems, fire and biodiversity. 

She is the Speaker of the Leibniz Research Alliance "Biodiversity". 
After graduating from the Institute for Geoecology at Potsdam 

University, Germany, she worked as a Post-Doc at Max-Planck-Institute 

for Biogeochemistry in Jena, Germany. In 2005 she was offered the 

Marie Curie Fellowship at the University of Bristol, Great Britain, where she coupled mechanistic global fire 

models into climate-vegetation models at the School of Geography. Kirsten Thonicke joined PIK in 2007. 

 

 

Keynote 08: Supporting function of biodiversity for forest resilience under 

future climate change 
 

Biodiversity consists of genetic, functional and structural diversity. Biodiverse ecosystems have a higher 

resilience and contribute to the maintenance of important ecosystem functions such as carbon storage, 

i.e. biomass. How functional and structural diversity change their supporting role under climate change 

is largely unknown. It also demands Dynamic Global Vegetation Models (DGVMs) - which were once 

developed to inform about climate-induced changes in the global carbon cycle - to evolve into 

Biodiversity-Ecosystem Function models. In my talk, I explain how we implemented a flexible-trait 

approach into an existing DGVM and showcase some studies that also helped to advance hypotheses on 

functional diversity.  
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Session 01: Biodiversity and ecosystem functioning 
Chair: Joana Bergman, Elsa Matthus 

 

 

Biodiversity of various taxonomic groups is an integral element of ecosystem functioning and stability. 

Both natural environmental variation and land use type and intensity have profound effects on various 

aspects of biodiversity. This further mediates ecosystem functions from single nutrient cycles to 

multifunctionality. This session explores underlying drivers of biodiversity change and community 

composition as well consequences for ecosystem functioning. 

 

 

 

S01.1: Major lessons learnt from the Seed Addition and Disturbance Experiment (SADE) 

in the Biodiversity Exploratories – fundamental and applied aspects. 

Norbert Hölzel1, Martin Freitag1, Ute Hamer1, Valentin Klaus2, Till Kleinebecker3, Lena Neuenkamp4, Daniel 

Prati5, Markus Fischer5 

1University of Münster, Germany; 2Ruhr-University Bochum, Germany; 3Justus.Liebig University Giessen, Germany; 4University 

of Bielefeld. Germany; 5University of Bern, Switzerland 

In 2014 we established a full-factorial experiment with high-diversity seeding and topsoil disturbance in 

73 grasslands along land-use intensity and productivity gradients and evaluated vegetation succession 

over 5 years. In addition, 12 ecosystem functions related to productivity, and carbon and nutrient cycling 

were measured after 4 years. With this experiment we gained profound insights into the factors limiting 

the restoration of plant diversity in agricultural grassland along land-use gradients. Our results highlight 

the potential of using diverse seed mixtures for biodiversity restoration in a wide range of permanent 

grasslands, especially when combined with topsoil disturbance. However, productivity both limited 

restoration success and affected establishment via an interaction with plant functional traits. 

At the same time the distinct within site diversity gradient created by the treatments enabled us to test 

the effects of plant species richness on ecosystem functioning under real world conditions. While nature 

conservation and cultural ecosystem services can certainly benefit from plant species enrichment, our 

study indicates that restoration of plant diversity in naturally assembled communities may deliver only 

relatively weak increases in ecosystem functioning. 
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S01.2: Management Intensity is the Primary Driver of Potential Soil Microbial Nutrient 

Cycling in Irish Agricultural Grasslands 

Karla Burke1,2, Achim Schmalenberger2, Stefanie Schulz3, Andreas Lüscher4, Fiona Brennan1, Aaron Fox1 

1Teagasc, Department of Environment, Soils and Land Use, Teagasc Research Centre, Johnstown Castle, Wexford, Ireland; 
2Department of Biological Sciences, University of Limerick, V94 T9PX Limerick, Ireland; 3Helmholtz Zentrum Munich, Research 

Unit Comparative Microbiome Analysis, Ingolstaedter Landstrasse 1, Munich, Germany; 4Forage Production and Grassland 

Systems, Agroscope, Reckenholzstrasse 191, Zurich, Switzerland 

Understanding the influence of grassland management intensity, regional context, and seasonal 

dynamics on microbial activity is critical for predicting microbial nutrient transformation potential. A 

regional-scale survey was conducted across two Irish regions of contrasting agronomic potential (East 

coast and Atlantic seaboard), each containing three grassland management intensities: intensive, 

low-input grassland, and extensively grazed pasture. Soil samples were collected from 72 sites in 

Summer 2024 and, at half of these sites, repeatedly from March to October 2025. Activities of key 

extracellular carbon-cycling enzymes and abundances of functional genes involved in nitrogen cycling 

were quantified. Management intensity exerted a strong influence on extracellular enzymatic activity 

and the abundance of nitrification-related functional genes (p < 0.05), with consistently higher values in 

intensive grasslands, whereas regional effects were weak or non-significant. Seasonal patterns revealed 

pronounced increases in extracellular enzymatic activity and nitrification-related functional gene 

abundances at the growing season peak in intensive grasslands only. Overall, these results demonstrate 

that grassland management intensity is a stronger driver of microbial nutrient transformation potential 

than regional-scale geographic factors in Irish grasslands, particularly at growing season peak. 

 

 

 

 

S01.3: Compartmental and management effects on microbial lignin degradation 

potential in Swabian Alb 

Ann-Christin Wicht1, Arely Quirós Alpízar2, Anna Szasz3, Michael Schloter1,3, Marion Schrumpf4, Sara L Bauke2, 

Qing-Fang Bi5, Stefanie Schulz1 

1Research Unit for Comparative Microbiome Analysis, Helmholtz Centre Munich, Neuherberg, Germany; 2Institute of Crop 

Science and Resource Conservation, University Bonn, Germany; 3Chair of Environmental Microbiology, Technical University of 

Munich, Germany; 4Department of Ecology of Agroecosystems, Helmholtz Centre for environmental research, Halle, Germany; 
5Department of Biogeochemical Processes, Max Planck Institute for Biogeochemistry, Jena, Germany 

Lignin, a major aromatic component of plant-derived inputs in grasslands, favors long-term carbon 

storage by resisting breakdown. Based on the co-metabolism hypothesis, predicting labile carbon 

availability enhances microbial lignin degradation, we hypothesized that stopping fertilization reduces 

microbial lignin-degrading capacity. We conducted a root litter degradation experiment on fertilized and 

unfertilized plots, where fertilization was omitted for four years. After five months of decomposition,  
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root litter bags (lignin hotspots) and adjacent soils were analyzed using long-read metagenomic 

sequencing, targeting lignin-degrading genes. 

Microbial communities from fertilized plots exhibited higher overall lignin degradation potential. In 

contrast, taxonomic richness of lignin degraders was greater under unfertilized conditions, with an 

enrichment of bacterial groups like Acidobacteriota, Verrucomicrobiota, Pseudomonadota and 

Myxococcota. When comparing roots to soils, genes encoding dye-decolorizing peroxidase (dyp) and 

laccase (lcc), key enzymes in initial lignin depolymerization, were relatively more abundant. 

Basidiomycota, Ascomycota and Bacteroidota were likewise enriched in litter, indicating microbial 

adaptation to lignin-rich microhabitats. Downstream phenolic compound degradation steps were less 

compartment specific. Overall, altered nutrient stoichiometry after fertilization cessation impacted 

detritusphere communities, potentially enhancing long-term grassland carbon sequestration. 

 

 

 

 

S01.4: Community-level root traits are strong predictors of soil fungal communities 

Justus Hennecke1,2,3, Alexandra Weigelt2,3, Joana Bergmann4, Elsa Matthus4, Liesje Mommer1 

1Forest Ecology and Forest Management Group, Wageningen University & Research, the Netherlands; 2Systematic Botany and 

Functional Biodiversity, Institute of Biology, Leipzig University, Leipzig, Germany; 3German Centre for Integrative Biodiversity 

Research (iDiv) Halle-Jena-Leipzig, Leipzig, Germany; 4Leibniz Centre for Agricultural Landscape Research (ZALF e.V.), 

Eberswalder Straße 84, 15374, Müncheberg, Germany 

Functional strategies of fine roots shape plant abiotic and biotic interactions, thereby influencing plant 

performance and ecosystem functioning. Root-mediated soil exploration is commonly framed along the 

collaboration gradient of the root economics space, ranging from long, thin roots to thick roots that 

outsource resource acquisition to arbuscular mycorrhizal fungi. Root hairs may represent an additional 

strategy, whose role in biotic interactions remains unknown. By sampling soil fungal communities and 

root traits of ten dominant plant species across 27 grassland communities in Germany, we link root 

functional strategies to the composition of soil fungal communities. Root hairs did not align with the 

collaboration gradient but instead formed an independent dimension of root trait space. At the 

community level, multiple root traits were associated with fungal composition: plant pathogen 

abundance increased in communities with thin, long roots and abundant, long root hairs. Saprotrophic 

fungi showed opposite patterns, suggesting functional differentiation of soil fungal communities along 

root trait gradients. Overall, our results demonstrate tight links between root traits and soil fungi and 

highlight the underexplored role of root hairs in root functional strategies. 
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S01.5: Root-derived resources promote fungal homogenization across microhabitats in 

tropical land-use systems 

Zuopeng Liu 

Johann Friedrich Blumenbach Institute of Zoology and Anthropology, University of Göttingen, Göttingen, Germany 

Conversion of tropical rainforests to monoculture plantations alters carbon inputs from roots and litter, 

with major consequences for soil fungal communities. Yet the relative roles of root- versus litter-derived 

resources in shaping fungi across soil microhabitats remain unresolved. We analyzed fungal communities 

in rhizosphere, litter, and bulk soil across four land-use systems in Sumatra, Indonesia (rainforest, 

shrubland, rubber, oil palm) using ITS amplicon sequencing and β-diversity partitioning. Microhabitat 

filtering was the primary determinant of fungal community structure across land uses. In shrubland and 

plantations, richness of saprotrophs, plant pathogens, and endophytes increased in the rhizosphere 

relative to rainforest, whereas differences were weaker in bulk soil and litter. In contrast, mycorrhizal 

richness declined with land-use intensification across all microhabitats, particularly in bulk soil and litter. 

Fungal communities became more homogeneous in shrubland and plantations, especially in bulk soil 

and litter, indicating land-use–driven homogenization. Species turnover dominated β-diversity but 

declined in monocultures. Random forest models identified root diversity as the strongest predictor of 

fungal turnover, linking reduced plant diversity to losses of endemic mycorrhizal fungi and belowground 

homogenization. 

 

 

 

 

S01.6: Functional relevance of canopy stratum-specific leaf microbiota for tree 

performance 

Lucy Saueressig1, Annabell R. Wagner1, Anjaharinony A.N.A. Rakotomalala1, Tobias Trauden1, Fanhao Kong1, 

Alexander Lach1, Susanne Walden1, Christian Lampei1, Lars Opgenoorth1, Stefan Pinkert1, Nina Farwig1, Anke 

Becker1,2, Hamed Azarbad1, Robert R. Junker1 

1Marburg University, Germany; 2Center for Synthetic Microbiology 

Plant health and functionality are strongly influenced by phyllospheric microorganisms contributing to 

key ecological processes such as nutrient turnover, suppression of pathogens and tolerance to 

environmental stressors. The associated microbiota markedly differ between species, plant individuals, 

specific plant organs and can vary even within the same plant organ as shown for leaves across tree 

canopies. To investigate whether this variation has a functional relevance for the host plant or merely 

reflects (a)biotic variability, we transferred microbiota from two canopy strata of Quercus robur to 

germ-reduced clones of the same species. UV radiation simulated conditions that either matched or 

mismatched the origin of the microbial inoculum (environmental matching). Our results demonstrate 

advantageous effects of matching microbiota and environmental condition as plants of these treatments 

increased in performance. We highlight that leaf microbiota of different canopy positions not only vary 

in diversity and composition but that these stratum-specific microbiota are functionally relevant for the  
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plant host. Building on the concept that intra-individual variability is a pervasive feature of plants, we 

extend this perspective to associated microbiota and emphasize its ecological consequences. 

 

 

 

 

S01.7: General scaling relationships between biodiversity and ecosystem 

multifunctionality 

Fons van der Plas 

Wageningen University, Netherlands, The 

Both biodiversity and rates of ecosystem functioning are driven by a high number of processes, including 

interactions between species and both their living and non-living environment. These interactions are 

highly complex and strongly scale-dependent, making developing a general understanding of ongoing 

biodiversity loss, as well as its consequences for multiple ecosystem functions (i.e. ecosystem 

multifunctionality), a seemingly unsurmountable task. We overcome these challenges by developing, 

and empirically testing, theory that merges two ecological sub-fields traditionally studied in isolation: 

macro-ecology and ecosystem ecology. We describe general patterns on how both biodiversity and 

ecosystem multifunctionality increase with the size of an area. With these ‘biodiversity–area’ and 

‘ecosystem multifunctionality–area relationships’, we show that both in theoretical metacommunities as 

well as in real-world forests, positive relationships between biodiversity and ecosystem 

multifunctionality become stronger with spatial scale when multifunctionality is based on the sum of 

patch-level ecosystem function levels. Hence, both local-scale and large-scale conservation efforts can be 

important for maintaining or restoring multifunctional ecosystems. 
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Session 02: Biodiversity and stability 
Chair: Markus Fischer, Merin Reji Chacko 

 

 

Ecological stability enables ecosystems to withstand environmental change and perturbations, 

supporting consistent, long-term provision of ecosystem functioning. Stability is currently addressed in 

multiple ways and different dimensions. In this session, we explore whether, when and how various 

facets of biodiversity modulate stability at multiple levels of biological organisation. We aim for 

broadening the discussion beyond changes in species richness alone to shifts in populations and 

demographic processes, species community and functional trait composition. 
 

 
S02.1:Diversity or species composition: which is more dynamic in space and time? 

Nico Blüthgen 

TU Darmstadt, Germany 

Biodiversity change encompasses a variety of aspects, such as trends in the total number of species or 

changes in species composition. These two dimensions have fundamentally different implications: 

increased species diversity may improve ecological stability, whereas variation in species composition 

may be related to differences in functions, habitat specificity, vulnerability, and conservation values. 

However, most studies assess changes in diversity only, and the magnitude of these changes is rarely 

compared across sites or over time. Furthermore, while standardised diversity metrics can be compared 

directly, the quantification of species turnover is more complex. I summarise several approaches to 

quantifying the magnitude of species turnover, including beta diversity indices and a niche model that 

can be used alongside environmental gradients. Overall, the results confirmed that compositional 

turnover is much more pronounced than changes in diversity metrics along land-use (Biodiversity 

Exploratories) and successional gradients (Reassembly), and for time series data. Focusing solely on 

diversity trends can thus lead to a severe underestimation of the magnitude of changes in species 

communities. 
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S02.2: Demographic drivers of plant community functional dynamics under land-use 

intensification 

Bruno X. Pinho, Fabio Benedetti, Daniel Prati, Markus Fischer 

University of Bern, Switzerland 

Land-use intensification strongly alters the functional composition of grassland communities, often 

reflecting a shift along a “slow–fast” resource-use continuum. Yet, the demographic processes driving 

these shifts remain unclear. Here, we decompose annual changes in community-weighted means 

(CWMs) of key plant traits into components related to recruitment, growth, and mortality, across 

long-term vegetation plots in three German regions. Using a composite land-use intensity index 

(mowing, grazing, fertilization), we test how each demographic process contributes to functional change 

under intensification. Preliminary results suggest that species with “fast” strategies both recruit and 

grow more, but also exhibit higher turnover through increased mortality—leading to net positive 

functional shifts under high land-use intensity. The same pattern holds for smaller seeds, except for 

recruitment. In contrast, plant height primarily favour recruitment under fertilization and frequent 

mowing, but does not consistently affect growth or mortality. Regional comparisons indicate differing 

relative importance of demographic drivers, emphasizing the need for context-specific management. By 

linking trait dynamics to demographic processes, this study provides insights into the mechanisms 

underlying functional responses to land-use intensification. 

 
 

 

 

S02.3: Decoupling grazing intensity and perturbation scale reveals multi-trophic 

biodiversity responses 

Merin Reji Chacko1, Fabio Benedetti2, Markus Fischer2, Bruno Ximenes Pinho2, Nico Blüthgen1 

1TU Darmstadt, Germany; 2University of Bern, Switzerland 

Livestock grazing is a major land use component, yet its complex effects on grassland biodiversity remain 

difficult to mechanistically disentangle. We analysed 144 grasslands in Germany (Biodiversity 

Exploratories) by separating grazing into three components: dominant livestock type (cattle, sheep), 

grazing duration, and grazing density. We defined grazing intensity as duration × density, and a 

press–pulse index as variation orthogonal to the intensity gradient (the diagonal where duration equals 

density), distinguishing press-like (duration > density) from pulse-like perturbations (density > duration). 

Cattle grazing was more press-like, whereas sheep grazing more pulse-like. Plant taxonomic diversity 

increased under sheep grazing, but functional diversity declined; neither plant metric responded to the 

press–pulse gradient, whereas higher grazing intensity reduced functional diversity. Herbivore and 

myceto-detritivore diversity correlated positively with more pulse-like perturbations, while carnivore 

diversity was insensitive to press–pulse but declined with higher grazing intensity. Myceto-detritivore 

diversity was higher in cattle-dominated pastures, whereas livestock type had no effect on herbivores or  
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carnivores. By decoupling major grazing components, our framework supports designing grazing regimes 

that balance multi-trophic biodiversity and their contributions of ecosystem functioning. 

 

 

 

 

 

S02.4: Ecological determinants of stability in dryland plant communities 

Johanne Gresse 

University of Tübingen, Germany 

Community stability is crucial for sustaining ecosystem services under environmental change, especially 

in unpredictable drylands. Yet, its determinants (population stability, dominance, species asynchrony, 

averaging effect of species diversity) have rarely been disentangled in natural systems, and their 

contributions across climates remain unclear. 

We disentangled the determinants of stability in 40 winter annual communities comprising 178 

populations across four climates (arid, semi-arid, Mediterranean, mesic-Mediterranean) and two 

microhabitats (open areas and under perennial shrubs) over 13 years in a dryland biodiversity hotspot. 

Asynchrony and the averaging effect of species diversity emerged as the strongest stabilizing 

mechanisms. Asynchrony consistently stabilized communities across climates, independent of species 

richness, challenging the ‘Insurance Hypothesis’. The averaging effect was weaker in desert and 

mesic-Mediterranean climates, suggesting biodiversity may not always determine stability. 

These findings stress the need to separate compensatory dynamics into asynchrony and averaging 

effects to better predict community stability over time under increasing climatic variability. 

 
 

 

S02.5: Root outsourcing to mycorrhizae predicts higher population temporal stability in 

grasslands 

Sepideh Golshani1, Joana Bergmann2, Johanne Gresse1, Pierre Liancourt3, Maria Májeková1 

1Vegetation Ecology, Eberhard Karls Universität Tübingen, Tübingen, Germany; 2Leibniz Centre for Agricultural Landscape 

Research (ZALF), Müncheberg, Germany; 3Department of Botany, State Museum of Natural History Stuttgart, Stuttgart, 

Germany 

Understanding which belowground foraging strategies promote long-term population stability is 

essential for explaining species coexistence in grassland ecosystems. Root trait variation is increasingly 

framed within a multidimensional root economics spectrum contrasting do-it-yourself soil exploration 

via fine, acquisitive roots with outsourcing of resource acquisition to mycorrhizal symbionts. Although 

these strategies influence belowground resource use, their implications for temporal population stability 

remain poorly understood. We tested whether root strategies predict long-term population stability  
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using 16 years of annual vegetation data from 150 plots across three temperate grassland regions in 

Germany. Temporal stability was quantified as the coefficient of variation in species cover and related to 

functional traits measured for 82 species. 
Species with stronger outsourcing strategies showed higher temporal stability, whereas species with 

pronounced do-it-yourself strategies showed lower stability. Collaboration-related anatomical traits, 

especially cortex fraction, promoted stability, while acquisitive fine-root traits were linked to greater 

temporal variability. 

 

 

 

 

S02.6: estar: an R package to measure ecological stability 

Ludmilla Figueiredo1, Cédric Scherer1, Stephanie Kramer-Schadt1, Juliano Sarmento Cabral2, Sonia Kéfi3, Paul van 

den Brink4, Viktoriia Radchuk2 

1Leibniz Institute for Zoo and Wildlife Research, Germany; 2University of Bonn, Bonn, Germany; 3ISEM, CNRS, Univ. Montpellier, 

IRD, EPHE, Montpellier, France; 4Wageningen University, PO Box 47, 6700 AA Wageningen, The Netherlands 

Quantifying ecological stability is a crucial task for biodiversity monitoring and conservation. However, 

quantification of stability is difficult because stability is a multidimensional concept, meaning we have to 

measure its different properties. Importantly, until now no single software enabled measuring different 

stability properties on ecological time-series data. We have developed R package estar that allows 

quantification of eleven commonly used stability properties. estar provides two sets of functions. The 

first set allows measuring stability at any level of organisation, from individual to community and 

includes following stability properties: invariability, resistance, extent and rate of recovery, persistence, 

and overall ecological vulnerability. The second set of functions measures community stability from 

Jacobian matrices and includes following properties: maximal amplification, reactivity, initial resilience, 

asymptotic resilience and intrinsic stochastic invariability. We will demonstrate application of the estar to 

a freshwater community that was perturbed by an insecticide in a mesocosm study. 

We hope that estar will be widely used for quantifying ecological stability using the data collected in 

long-term studies and assist in comparisons of stability across scales and ecological levels. 
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Session 03: Biodiversity and ecosystem services 
Chairs: Peter Manning, Gaëtane Le Provost 

 

 

Understanding linkages between biodiversity and ecosystem services (BES) requires and knowledge of 

both the ecological processes driving ecosystem service supply (e.g. the ecology of carbon cycling and 

pest control) and the social dimension of ecosystem service demand and use (e.g. understanding of 

human perceptions and relations with nature). In this session we will explore this full diversity of 

approaches in BES research and discuss how multiple ecosystem services can be managed together to 

the benefit of people and nature.  

 

 

 

 

S03.1: Plant diversity effects on plant-available nitrogen concentrations in soil: 

Temporal variation 

Yvonne Oelmann1, Camilo Maliqueo-Murga1, Wolfgang Wilcke2 

1University of Tübingen, Germany; 2Karlsruhe Institute of Technology, Germany 

Biodiversity was shown to stabilize aboveground plant biomass production. Whether plant diversity 

similarly stabilizes nutrient availability in soil and how this might be influenced by plant functional 

groups such as legumes remains unclear. We used a >20-year time series of nitrogen (N) concentrations 

in soil assessed each autumn in The Jena Experiment. The stability of the detrended N concentrations in 

different chemical N forms was expressed as the temporal mean divided by the temporal variance. 
The stability of the detrended Nmin concentrations in soil increased with increasing plant species 

richness likely because of the more balanced microclimate and increased N uptake by soil 

microorganisms and plants at high plant species richness. The presence of legumes decreased the 

stability of the detrended Nmin and nitrate concentrations in soil. Legumes showed a pronounced 

periodicity of detrended Nmin concentrations with intervals of 4 to 6 years which was lengthened by 

plant species richness. Therefore, plant species richness can stabilize nutrient availability in soil with 

potential positive effects on productivity and on the reduction of leaching risks particularly in the face of 

climate extremes. 
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S03.2: Twelve-years of soil monitoring in the German Biodiversity Exploratories to study 

changes in organic C stocks in topsoils under different management intensity 

Ingo Schöning1, Marion Schrumpf1,2 

1Max Planck Institute for Biogeochemistry, Jena, Germany; 2Helmholtz Centre for Environmental Research, Halle, Germany 

Grassland and forest soils play an important role in the global carbon cycle. However, long-term studies 

assessing soil organic carbon (SOC) dynamics in real-world ecosystems and along management intensity 

gradients are rare. Consequently, the influence of management on SOC storage remains poorly 

understood. We analyzed twelve-year trends in SOC stocks of topsoils (0–10 cm) from 270 grassland and 

forest plots in the Schorfheide-Chorin, Hainich-Dün, and Schwäbische Alb. Soils were sampled in 2011, 

2014, 2017, 2021, and 2023 at 14 points per plot and combined into composite samples. Forest 

management intensity was quantified using the SMI index (Schall and Ammer, 2013), while grassland 

management was characterized by nitrogen fertilization and grazing intensity. SOC stock changes were 

determined using linear mixed-effects models, and piecewise structural equation modelling assessed the 

effects of management and soil properties. SOC stocks increased significantly in most forest and 

grassland plots, probably due to global change (e.g., extended vegetation period). However, 

management intensity showed no direct effect on SOC changes. Instead, SOC accumulation was strongly 

negatively related to existing SOC stocks, indicating higher sequestration potential in C-poor soils. 

 
 

 

 

S03.3: The role of spiders as predators in agricultural grasslands across regions and land 

use intensities 

Klaus Birkhofer1, Henrik Krehenwinkel2, Anja Melcher2 

1BTU Cottbus-Senftenberg, Germany; 2Universität Trier, Germany 

Although wolf spiders dominate ground-running spider communities in grasslands, little is known about 

the impact of land use intensity on their role in food webs. Local land use affects the diversity of prey 

and the distribution of prey and spider body sizes. This could have consequences for spider contributions 

to biological control. We sampled wolf spiders from grasslands in all three exploratories, conducting 

metabarcoding of their stomach contents and measuring individual body sizes. The taxonomic richness 

of prey in spider diets varied between regions, being lowest in the Schorfheide. Higher mowing 

frequencies reduced the number of prey species in diets. Mowing combined with variation in body size 

among individuals affected the diet composition, with potential pest taxa such as grass moths or aphids 

being among the most affected. To contextualise our results, we compared our data from the three 

study sites with data on wolf spider diets obtained by observational or molecular methods in previous 

studies conducted in different habitats and climates. Diet composition was affected by both  method and 

habitat, highlighting the need for caution when generalising future research. 
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S03.4: Cost-effective conservation of multiple goals in grasslands: synergies and 

trade-offs 

Esteban Menares, Nonka Markova-Nenova, Astrid Sturm, Frank Wätzold, Klaus Birkhofer 

BTU Cottbus-Senftenberg, Germany 

Grassland conservation traditionally focuses on species richness and endangered species, overlooking 

goals related to trophic interactions, ecosystem services, or resilience. Utilizing data from the 

Biodiversity Exploratories, we optimized different conservation goals for butterfly and plant communities 

in two German regions. We assessed management costs and ecological states using multiple attributes 

and ran three types of optimizations per region: one budget-unconstrained ecological optimization and 

two budget-constrained cost-effectiveness optimizations (low and medium budgets). The study 

compared grassland management measures, their costs, and ecological effects for different goals 

between optimizations and between different goals within the same optimization. Results highlighted 

that cost-effectiveness optimization enables achieving substantial conservation goals with limited 

budgets, delivering up to 80% of the maximum ecological optimization outcomes with only 30% of the 

budget. Although trade-offs with other goals were unavoidable, they were minimized by jointly 

optimizing multiple goals. Differences in optimization results and trade-offs across regions emphasized 

the importance of region-specific management measures. Our study shows that promoting multiple 

conservation goals simultaneously across taxonomic boundaries is an ecologically and economically 

viable option. 

 
 

 

 

S03.5: Young adults in eastern Germany know dandelion and sparrows but few 

farmland species 

Maria Kernecker, Tobias Naaf 

Leibniz Centre for Agricultural Landscape Research, Germany 

Knowledge of native plant and animal species is fundamental to societal engagement in conservation 

efforts, but how familiar people are with the biodiversity in their surroundings is unclear. We used a 

cultural domain analysis to assess the public’s species knowledge in northwest Saxony, Germany. We 

interviewed 463 adults and asked them to freelist all wild plants and birds they know to occur in their 

surrounding agricultural landscape. 15 plant and 21 bird taxa were part of the people’s cultural domain 

of local species. On average, people named only two plant and three bird taxa out of the 62 plant and 25 

bird farmland indicator species that occur in the region. Thus, most of the species characteristic for 

agricultural habitats were unknown. Characteristic farmland plant species such as Cornflower, 

Chamomile, or Yarrow, and bird species such as Starling or Skylark were more salient among older 

participants (>45 years old), whereas generalist plants, such as Dandelion, Common daisy, or Stinging 

nettle, and high-order bird taxa, such as crows, pigeons and birds of prey, were more salient among 

younger participants (≤45 years old). 
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S03.6: The role of culture for biodiversity conservation 

Cristina Quintas-Soriano1,2, Daniela Alba-Patiño1, Youssra El Ghafraoui1, Irene Otamendi-Urroz1, Juan Miguel 

Requena-Mullor1, Enrica Garau1 

1Social-Ecological Research Laboratory, Biology and Geology Department, Andalusian Center for Global Change - Hermelindo 

Castro (ENGLOBA), University of Almería, La Cañada de San Urbano, Almería 04120, Spain; 2FRACTAL Collective, Madrid, 

Spain. 

Rural regions and their traditional agricultural landscapes are vital for sustaining biodiversity and 

supporting local well-being. In these landscapes, nature and culture have coevolved over centuries, 

shaping heterogeneous environments through everyday practices, local knowledge, and cultural 

traditions. This interdependence is captured by the concept of biocultural diversity, which refers to the 

interconnected diversity of biological and cultural systems within social–ecological contexts. Traditional 

agricultural areas often reflect high levels of biocultural diversity and resilience. Yet these landscapes rely 

on continued human management and are increasingly threatened by rural abandonment, urban 

migration, agricultural intensification, and population aging, processes that drive biodiversity loss and 

erode local knowledge. This study explores the links between biodiversity and culture across several 

rural case studies in Spain. By combining biodiversity transects with socio-cultural approaches, we show 

that species richness and habitat diversity are closely linked to small-scale farming, diversified land uses, 

and intergenerational knowledge transmission. We argue that traditional rural landscapes act as 

biocultural refugia, supporting local stewardship and values that enhance social–ecological resilience 

and inform sustainable rural development and conservation policies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 



BE20 Sessions 
 

 
 
 

Session 04: Understanding indirect drivers of biodiversity change to enable 

transformative change 
Chairs: Berta Martin-Lopez, Caroline Hélène Dabard 
 

Understanding the indirect drivers of biodiversity loss (and its conservation) is essential for enabling 

transformative pathways to sustainability. In this session, we will explore the multiple ways people relate 

to nature and how they shape their decisions regarding land management, sustainability, and 

biodiversity conservation. In doing so, the session will discuss the potential pathways for sustainability 

and just futures where the paradigm of living in harmony with nature is at the center.  
 
 
 

S04.1: Sustainable Land Use - is Managing Ecosystem Service Demand the Key? 

Peter Manning 

University of Bergen, Norway 

Much sustainability and land use research focuses on attempts to identify landscape management 

strategies that balance the needs of multiple stakeholders. Yet, this research often demonstrates that 

the potential for such strategies is limited because there are unavoidable trade-offs between the supply 

of ecosystem services. For example, croplands cannot supply high levels of timber or biodiversity. 

In this talk, I will draw upon examples from the large scale and long term social-ecological projects of the 

Biodiversity Exploratories and the Kilimanjaro Social-Ecological System to show that these trade-offs may 

be overcome by altering our societal demand for ecosystem services. I will then present initial results 

from the a nationally representative Norwegian social survey (Norsk medborgerpanel) showing how 

demand differs across the social and geographical strata of Norwegian society, and discuss the 

implications of these patterns for sustainable land use. 
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S04.2: “The beaver and I, we get along well” – Visual insights into people-nature 

relationships and their effects on land management 

Roman Isaac1, Anna Mayer1, María Felipe-Lucia2, Jacqueline Loos3, Berta Berta Martín-López1 

1Social-Ecological Systems Institute, Leuphana University of Lüneburg, Universitätsallee 1, 21335 Lüneburg, Germany; 
2CSIC-Instituto Pirenaico de Ecología (IPE, CSIC), Av. Nuestra Señora de la Victoria 16. 22700. Jaca, Huesca, Spain; 3Department 

für Botanik und Biodiversitätsforschung, Universität Wien, Rennweg 14, 1030 Vienna, Austria 

 

Cultural landscapes are complex social-ecological systems that are managed to provide multiple benefits 

to humans. Land managers’ decisions depend on factors like topography, ecological status, or 

stakeholder demands, or policy pressures. Recent research shows that land management decisions also 

rely on how land managers relate to nature and the landscapes they work in. To support sustainable land 

management practices and overcome the instrumental focus of land-use policies, we must better 

understand how reciprocal relationships between land managers and nature shape their management 

decisions. Focusing on forests and grasslands across three German case-study sites, we interviewed 20 

land managers using the photovoice method. Applying the IPBES plural values typology to analyse 

photographs and interviews, we could identify distinct narratives which illustrate how specific natural 

entities, like animals, plants, or landscape features, influence management decisions. Such knowledge 

can help shift land-use policies toward more place-based approaches. 

 
 

 

S04.3: Exploring biocultural diversity of three rural German landscapes over time 

through oral histories 

Emmeline Topp1, Tobias Plieninger1,2 

1University of Kassel, Germany; 2University of Göttingen, Germany 

Nature and culture can co-evolve in rural landscapes to create biocultural diversity, which can be 

expressed in landscape practices, cultural traditions, and language. These dynamic, reciprocal 

relationships between people and landscape change over time. We conducted 36 oral history interviews 

with people older than 65 in three rural regions across Germany: Schorfheide-Chorin, Hainich-Dün and 

the Swäbische Alb, to understand how regional biocultural diversity has changed within living memory. 

We find evidence of change to four different components of biocultural diversity: Praxis (practices and 

uses), Language, Corpus (knowledge) and Cosmos (regional identity and belonging). Change occurred 

both incrementally and abruptly, in relation to political and social drivers. We discuss how this relates to 

sustainability transformation dynamics and the importance of taking a long-term view of ecology and 

human-landscape relations. 
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S04.4: Bright spots and hopeful futures: linking gender, relational values and 

biodiversity outcomes in farming systems 

Verena Seufert, Navya Miriam Itty, Kelzy Jepsen 

University of Hohenheim, Germany 

Bright spots – places where social–ecological systems already perform unexpectedly well – are 

increasingly recognised as entry points for sustainability transformations. We first introduce a 

bright‑spots lens and discuss the role of hope and positive deviance in biodiversity research. Drawing on  

 

visioning workshops with feminist agri‑food actors in Mexico and qualitative work with a women’s 

collective in Oaxaca, we show how ethics of care and gendered agency shape visions of desirable 

agri‑food futures and how some actors are already working to realise them. 

In the second part, we present the design of the BRIGHT‑Futures project, which combines this 

bright‑spots focus with biodiversity and sustainability monitoring in case studies in Siaya (Kenya), Oaxaca 

(Mexico), Kerala (India) and the Allgäu (Germany). We outline how we will link plant and insect diversity, 

soil and other sustainability indicators with gendered patterns of agency and decision‑making on farms, 

using values as a key intermediary concept. The contribution sketches a framework – and work in 

progress – for understanding how gender and care‑based relationships with land may drive positive 

biodiversity and sustainability outcomes in socio-ecological systems. 

 
 

 

 

S04.5: Harnessing Indigenous Knowledge and Digital Innovation: Developing Africa’s 

Ocean Biodiversity Atlas for a Sustainable Blue Economy 

Peter Teye Busumprah 

Ocean Rock Base And Africa Ocean Alliance, Ghana 

Africa’s vast and diverse oceanic ecosystems hold immense ecological, economic, and cultural 

significance. Recognizing the critical need for sustainable management, this project aims to develop 

Africa’s Ocean Biodiversity Atlas, an innovative digital platform endorsed by the UN Ocean Decade. The 

initiative seeks to address key challenges identified during the Ocean Decade, particularly the need for 

comprehensive digital representation of ocean biodiversity. By integrating indigenous knowledge 

systems with cutting-edge digital technologies, the Atlas will serve as a vital resource for researchers, 

policymakers, and local communities. It will facilitate accurate data collection, monitoring, and 

visualization of marine species and habitats, fostering more informed decision-making for conservation 

and sustainable blue economy development. The project emphasizes participatory approaches, ensuring 

indigenous and local communities’ knowledge is central to biodiversity documentation and 

management. Through international collaboration, capacity building, and technological innovation, the  
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Atlas aims to bridge data gaps, enhance marine spatial planning, and promote sustainable utilization of 

ocean resources. Ultimately, this initiative aspires to contribute significantly to Africa’s blue economy, 

ensuring the preservation of marine biodiversity for future generations while supporting economic 

growth and resilience. 

 

 

 

 

S04.6: Understanding metacoupling in the co-production of nature’s contributions to 

people: A qualitative study of anthropogenic capital flows 

Anna Mayer1, Roman Isaac1, María R. Felipe-Lucia2, Jacqueline Loos3, Berta Martín-López1 

1Social-Ecological Systems Institute, Leuphana University of Lüneburg, Universitätsallee 1, 21335 Lüneburg, Germany; 
2CSIC-Instituto Pirenaico de Ecología (IPE, CSIC), Av. Nuestra Señora de la Victoria 16. 22700. Jaca, Huesca, Spain; 3Department 

für Botanik und Biodiversitätsforschung, Universität Wien, Rennweg 14, 1030 Vienna, Austria 

The metacoupling framework provides a lens for analysing human-nature interactions within systems 

(intracoupling), between adjacent systems (pericoupling), and between distant systems (telecoupling), 

enabling sustainability assessments across scales. While research has mainly examined flows of nature’s 

contributions to people (NCP), such as timber or food, less attention has been given to flows of 

anthropogenic capital - human, social, physical, and financial - that are essential for co-producing NCP. 

This study addresses this gap by investigating how metacoupled flows of anthropogenic capital shape 

NCP co-production in forest and grassland systems across three German case study regions. Based on 39 

qualitative interviews with forestry and agricultural actors, we analyse how intracoupled, pericoupled, 

and telecoupled capital flows influence land-use practices and management decisions. We identify four 

interrelated patterns: (1) policy-related flows translating multi-level regulations into local contexts; (2) 

production-related flows of labour, knowledge, and infrastructure; (3) market-related flows enabling 

product marketing; and (4) value-driven flows reflecting land users’ normative orientations. These 

findings highlight how anthropogenic capital shapes NCP co-production and demonstrate the 

importance of qualitative research for understanding sustainability in a metacoupled world and 

informing polycentric NCP governance. 
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Session 05: Aboveground-belowground interactions and soil ecology 
Chairs: Stefanie Schulz, Marion Schrumpf 

 

 

Land-use intensification in forests and grasslands (mowing, grazing, fertilization in grasslands and 

tree-species selection, thinning and harvest intensity and frequency in forests) modifies above- and 

belowground biodiversity as well as soil properties and processes which together sustain ecosystem 

functioning und services. We still lack an integrated view of how changes in management-induced 

resource inputs and losses, and accompanied shifts in plant traits and community assembly translate 

into soil microhabitats, microbe–fauna interactions, and biogeochemical cycling. This BE20 session 

discusses how belowground strategies (root hairs vs. arbuscular mycorrhiza) structure 

rhizosphere/hyphosphere microhabitats, how microbes and soil fauna interact in food webs and nutrient 

cycles, and how these processes scale from roots to communities and landscapes. 

 

 

S05.1: Plant functional composition alters soil pH through dual belowground 

interactions 

Yan Chen1, Meiyan Wang1, Ying Ten1, Eisenhauer Nico2 

1Institute of Soil Science, Chinese Academy of Sciences, China, People's Republic of China; 2German Center for Integrative 

Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany 

The co-occurrence of plants with different functional traits can modify soil pH to enhance plant 

environmental adaptation, yet the mechanistic basis for this plant-soil feedback remains poorly 

understood. Here, we integrate three long-term biodiversity experiments-the Jena (Plant Diversity) 

Experiment (Germany), the Cedar Creek Plant Diversity Experiment (America) and the Yingtan Crop 

Diversity Experiment (China) to investigate the universal temporal effects of functionally diversified plant 

communities, including legumes and grasses, on soil pH in both grassland and cropland ecosystems. 

Combining soil metabolic analysis of co-cultivated crops, pH sensing and imaging in rhizoboxes, and 

quantitative analysis of proton flux-regulating genes involved in nitrogen biotransformation, we 

examined how legume–grass coexistence modulates soil proton balancel. Our findings demonstrate that 

coexistence of functional plant groups, mediated by interspecific root metabolites, directly neutralizes 

soil pH through inherent acid-base properties, while also indirectly regulating soil proton flux by 

selectively stimulating the biochemical activities of nitrogen-transforming microorganisms. These results 

confirm that plant-derived metabolites drive plant-soil feedbacks in natural habitats through dual 

pathways, providing a theoretical basis for rationally assembling the plant functional group composition 

of natural ecosystems. 
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S05.2: A trade-off between arbuscular mycorrhizal root colonization and root hair traits 

depends on organizational scale in grassland species 

Elsa Matthus1, Justus Hennecke2, Karla M Barfuss1, Tilo Henning1, Joana Bergmann1 

1Leibniz Centre for Agricultural Landscape Research, Germany; 2Wageningen University, The Netherlands 

Plant roots employ multiple strategies to acquire soil resources, including the outgrowth of root hairs 

and the association with intraradically growing arbuscular mycorrhizal fungi (AMF). A trade-off between 

these two structures is a long-standing claim in plant biology, as these structures might represent 

functionally alternative pathways to access soil resources. However, empirical evidence is scarce, derived 

mostly from few plant and fungal species, grown under controlled conditions. It remains unclear 

whether this potential trade-off holds under field conditions and whether it manifests consistently 

across different scales of biological organization. 

To this end, we quantified relevant AMF and root traits in 81 grassland species, sampled under 

heterogeneous field conditions in the framework of the Biodiversity Exploratories. Comparing 

communities and comparing species, we observed a strong negative correlation between AMF 

colonization and root hair traits. Within species and at the intra-individual root level, there was weaker 

evidence for a consistent trade-off response. Potential reasons and drivers behind this varying response 

across organizational scales will be discussed. 

 

 
 
 

S05.3: Reciprocal transport of recently fixed carbon and nitrogen between plants, fungi, 

and bacteria in the hyphosphere of grassland soils 

Luise Brandt1, Anna Abrahão1,2, Ann-Christin Wicht3, Stefanie Schulz3, Michael Schloter3,4, Steffen Schweizer5, 

Sven Marhan1, Ellen Kandeler1 

1Department of Soil Biology, Institute of Soil Science and Land Evaluation, University of Hohenheim, Emil-Wolff-Straße 27, 

70593 Stuttgart, Germany; 2Department of Biology, Universidade de Brasília, Brasília, Brazil; 3Research Unit Comparative  

Microbiome Analysis, Helmholtz Zentrum Munich, Ingolstädter Landstraße 1, 85764 Neuherberg, Germany; 4Chair of 

Environmental Microbiology, TUM School of Life Sciences, Technical University of Munich, Alte Akademie 8, 85354 Freising, 

Germany; 5Chair of Soil Science, TUM School of Life Sciences, Technical University of Munich, Emil-Ramann-Straße 2, 85354 

Freising, Germany 

Trilateral interactions between plants, fungi and bacteria can potentially lead to altered carbon and 

nutrient transport in soil-plant systems. We developed 'hyphoboxes' that separate the 

(mycor)rhizosphere from the hyphosphere with a 50 µm mesh. A substrate compartment containing root 

litter and ¹⁵N-labeled urea was isolated within the hyphobox by an air gap to restrict colonization to fungi 

and their associated bacteria. Hyphoboxes were buried in soil (Leptosol) for three months at an 

experimental grassland plot of the Biodiversity Exploratories in south-west Germany. Overall, we found  
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strong evidence for reciprocal C-N transport between grassland plants, soil fungi and hyphosphere  

bacteria, where especially AM fungal networks bridged distances in soil, supplying hyphosphere bacteria 

with C in root-distant nutrient patches. Fungal and bacterial communities and co-occurrences were 

largely driven by microhabitat characteristics. Our findings provide new insights into the complex 

interactions between plants, fungi, and bacteria in belowground nutrient cycling in grasslands. 

 

 

 

 

S05.4: Integrating belowground traits reveals climate-sensitive aboveground biomass in 

global grasslands 

Karl Andraczek1,2,4, Daniel C. Laughlin3, Alexandra Weigelt4,1, Joana Bergmann2 

1German Centre for Integrative Biodiversity Research Halle-Jena-Leipzig – iDiv, Germany; 2Leibniz-Zentrum für 

Agrarlandschaftsforschung (ZALF) e. V.; 3University of Wyoming; 4Universität Leipzig 

Grasslands play a major role in ecosystem functioning. Yet, the contribution of belowground traits to 

ecosystem functions remains uncertain because of the inherent complexity of belowground plant organs 

and because the links between functioning and traits are modulated by temperature and water 

availability. Using globally distributed data from 3,321 grassland sites, including the Biodiversity 

Exploratories, we show that community-level belowground traits are linked to aboveground biomass, 

but these linkages are modulated by temperature and water availability. For instance, investment in 

more durable root tissues enhanced biomass only in water-limited environments, while being negatively 

related to biomass in most other climates. Similarly, investment in bud banks, promoting resprouting and 

carbon storage, enhanced biomass particularly in water-limited environments. This demonstrates that 

belowground traits play an underappreciated yet central role in aboveground biomass in grasslands. 

Integrating belowground dimensions of plant functioning with aboveground traits will be essential for 

predicting the resilience of grasslands to more extreme future climates. 

 

 

 

S05.5: A Functional-Trait Trade-off Between Silicon and Calcium Biomineralization in 

Leaves 

Nahid Rasouli Paeenroudposhti1, Joana Bergmann1, Joerg Schaller1, Norbert Hölzel2, Lena Neuenkamp2, 

Falk-Rudhard Schreiner2, Veronika Irmscher3 

1Leibniz-Centre for Agricultural Landscape Research (ZALF), Germany; 2University of Münster; 3Justus Liebig University of 

Giessen 

Grasslands are biodiversity-rich ecosystems in which plant functional diversity strongly shapes ecosystem 

functioning. While plant nutrient traits are often studied in relation to carbon, nitrogen, and  
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phosphorus, silicon (Si) and calcium (Ca) remain underrepresented in trait-based frameworks. Here, we 

investigated how leaf Si and Ca concentrations vary among plant functional types in grasslands of the 

Biodiversity Exploratories in Germany, how they relate to soil Si and Ca availability, and whether they are 

linked to specific leaf area (SLA).We measured leaf Si and Ca concentrations, soil Si and Ca availability, 

and SLA for grasses, forbs, and legumes across 45 grassland plots. Grasses accumulated high Si and low 

Ca, legumes showed the opposite pattern, and forbs displayed a bimodal behavior resembling either 

group. Leaf Si and Ca were negatively correlated, indicating a biomineral trade-off. Leaf Ca increased 

with soil Ca availability, whereas leaf Si was largely independent of soil Si. also Higher leaf Si was 

associated with lower SLA. Together, these results highlight Si and Ca as important components of plant 

ionomic composition and functional diversity in grasslands. 

 

 

 

 

S05.6: Landscape-scale processes and land-use legacies drive below-ground microbial 

diversity in grasslands 

Leana Gooriah1, Selma Vieira2, Kezia Goldmann3, Luis Daniel Prada Salcedo3, Andrea Larissa Boesing4, Peter 

Manning5, Gaëtane Le Provost1 

1INRAE, France; 2DSMZ, Germany; 3UFZ, Germany; 4Senckenberg, Germany; 5University of Bergen, Norway 

Below-ground microbial diversity plays a crucial role in shaping above-ground biodiversity and terrestrial 

ecosystem functioning, yet it remains far less understood than above-ground biodiversity despite 

representing a substantial fraction of global diversity and being essential to agricultural landscape 

multifunctionality. Specifically, the processes structuring this hidden biodiversity are poorly known. 

Using long-term, large-scale data from grassland plots of the Biodiversity Exploratories, we examined 

how local land use and landscape context influence bacterial and fungal diversity across spatial scales. 

We integrated soil microbial α-, β-, and γ-diversity with local environmental properties, landscape 

structure, and landscape history to disentangle the drivers of local diversity. Local bacterial diversity was 

positively associated with surrounding bacterial turnover, whereas local fungal diversity was mainly 

driven by the size of the regional species pool. Structural equation modelling further showed that both 

bacterial and fungal diversity are strongly shaped by landscape history, increasing with the proportion of 

permanent forest cover in the surrounding landscape. Overall, our results emphasize the importance of 

landscape-scale processes and land-use legacies in shaping below-ground biodiversity in grassland 

ecosystems. 
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S05.7: Desert webs: exploring Oxyopidae and Salticidae diversity in the Arabian 

Peninsula using morphological and genetic approaches 

Fenja Marret Noller1,2,3, Martina Panisi2,3, Raul Vicente4, Barbara Santos2,3, Yuri Simone2,3,5, Vidak Lakušić2,3,6, 

André Liz2,3, Leili Kalathbari2,3, Jeremy Miller7, José Carlos Brito1,2,3, Duarte V. Gonçalves8 

1University of Porto, Portugal; 2CIBIO, Centro de Investigação em Biodiversidade e Recursos Genéticos da Universidade do 

Porto, 4485-661 Vairão, Portugal; 3BIOPOLIS Program in Genomics, Biodiversity and Land Planning, CIBIO, Vairão, Portugal; 
4Pro Natura Träringen 66 B, 416 79 Göteborg; 5Department of Biology, University of Antwerp, Wilrijk, Belgium; 6University of 

Belgrade, Faculty of Biology, Studentski Trg 16, 11000 Belgrade, Serbia; 7Naturalis Biodiversity Center: Leiden, Zuid-Holland, 

Netherlands; 8CIIMAR/CIMAR LA, Interdisciplinary Centre of Marine and Environmental Research, 4450-208 Matosinhos, 

Portugal 

Spiders (Araneae) are highly diverse but remain poorly studied in arid regions such as the Arabian 

Peninsula. Addressing gaps in regional taxonomy and distribution is key to understanding biodiversity 

patterns and desert ecosystems. This study gives an overview of the families Oxyopidae and Salticidae in 

the Arabian Peninsula, with a main focus on Saudi Arabia. Published records and newly collected 

material from north-western Saudi Arabia were used to update the national checklist, based on 

morphological examination and mitochondrial COI sequence data. Seven Oxyopidae species (genera 

Oxyopes and Peucetia) and 108 Salticidae species across 40 genera were previously known from the 

Arabian Peninsula. Preliminary morphological analyses from this study revealed 2 new Oxyopidae and 9 

new Salticidae species records for Saudi Arabia. These findings were complemented by mitochondrial 

COI sequence analyses and are discussed in a biogeographic and ecological context. By cataloguing the 

diversity of these families, this study provides a basis for future studies of spider diversity within this 

region and helps to understand changing ecosystems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

39 



BE20 Sessions 
 

 
 
 
 

Session 06: Above-belowground interactions and soil ecology - forest 
Chairs: Marion Schrumpf, Stefanie Schlulz 

 

 

Land-use intensification in forests and grasslands (mowing, grazing, fertilization in grasslands and 

tree-species selection, thinning and harvest intensity and frequency in forests) modifies above- and 

belowground biodiversity as well as soil properties and processes which together sustain ecosystem 

functioning und services. We still lack an integrated view of how changes in management-induced 

resource inputs and losses, and accompanied shifts in plant traits and community assembly translate 

into soil microhabitats, microbe–fauna interactions, and biogeochemical cycling. This BE20 session 

discusses how belowground strategies (root hairs vs. arbuscular mycorrhiza) structure 

rhizosphere/hyphosphere microhabitats, how microbes and soil fauna interact in food webs and nutrient 

cycles, and how these processes scale from roots to communities and landscapes. 

 

 

 

S06.1: Twelve years of soil biodiversity monitoring allow reconstruction of microbial 

networks and the identification and characterization of microbial keystones 

Selma Vieira1, Johannes Sikorski1, Kezia Goldmann2, Luis Prada-Salcedo2, Francois Buscot2, Boyke Bunk1, Pamela 

Espíndola-Hernández3, Michael Schloter4, Marion Schrumpf2, Jörg Overmann5,1 

1Leibniz Institute DSMZ, Germany; 2Helmholtz Centre for Environmental Research; 3Helmholtz Munich; 4Technical University 

Munich; 5Bavarian State Collections of Natural History 

Due to the tremendous microbial diversity present in soil, it remains challenging to determine the 

function and importance of its individual microorganisms. One approach is to detect and characterize 

keystone taxa, which are critical to the stability and functioning of the entire communities. To infer 

microbial associations, we used co-occurrence networks from high-throughput bacterial and fungal 

sequencing inventories, from the 300 grassland and forest soils of the Biodiversity Exploratories, 

sampled over 12 years. A ranking procedure, after perturbation of the original networks, was used to 

identify keystone taxa, which were specific to distinct soil environments and remained stable over time. 

Concomitantly, active bacterial taxa were identified using 16S rRNA/ 16S rDNA ratios and by determining 

growth rate from metagenomic data using peak-to-trough ratio. We found a significant overlap between 

keystone and active species, which validated the network approach. Further insights into niche 

preferences of keystone taxa were determined by modelling their abundances against environmental 

parameters, and metagenome assembled genomes (MAGs) revealed their functional potential. Our 

results help elucidate the ecological roles of relevant microbial taxa in highly complex environments. 
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S06.2: Biotic controls on the neo-formation of persistent mineral-associated soil organic 

matter 

Klaus Kaiser1, De Shorn Bramble2, Luise Brandt3, Susanne Ulrich1, Ingo Schöning2,4, Christian Poll3, Ellen 

Kandeler3, Marion Schrumpf2,4 

1Martin Luther University Halle-Wittenberg, Halle (Saale), Germany; 2Max Planck Institute for Biogeochemistry, Jena, 

Germany; 3Soil Biology, University of Hohenheim, Stuttgart, Germany; 4Ecology of Agroecosystems, UFZ – Helmholtz Centre for 

Environmental Research, Halle (Saale), Germany 

Carbon storage over decadal to millennial time periods is one of the crucial ecosystem services provided 

by soil. Mineral-associated organic matter (MAOM) has been recognized as key component in the 

build-up of the persistent soil organic carbon reservoir. Nevertheless, the factors defining the formation 

and stability of MAOM are not entirely understood. In particular, the contributions of biotic effectors, 

such as vegetation type and diversity and microbial growth and functions, remain unresolved. We 

studied MAOM formation by exposing pristine minerals for five years in soil at 300 forest and grassland 

sites. We found strong control of mineral type on newly formed MAOM, but also plant species 

composition and productivity affected MAOM. Coniferous species promoted MAOM formation in 

forests, while biomass and plant diversity increased it in grasslands. Fungi led the microbial colonization 

of the minerals, which differed strongly in habitat quality for microbial life, with consequences for the 

MAOM formed. Our results indicate that minerals frame a soil’s potential to form stable MAOM but 

variations in biotic conditions control the extent to which the potential is used. 

 

 

 

 

 

S06.3: Digging into the "Gadgil effect": a contrived field experiment to unravel how the 

competitive balance between fungal guilds affects forest carbon cycling 

Rodica Pena1, Brian Pickles1, Elena Vanguelova2, Mark Tibbett1 

1University of Reading, United Kingdom; 2Forest Research, United Kingdom 

Interactions between ectomycorrhizal and saprotrophic fungi play a central role in regulating soil carbon 

and nutrient cycling in forest ecosystems. Competitive interactions between these guilds have been 

hypothesised to suppress organic matter decomposition via the “Gadgil effect”, yet empirical evidence 

remains highly variable across environments, and the underlying mechanisms are poorly resolved. 

Building on previous findings from the Biodiversity Exploratories showing a shift from facilitative to 

competitive ectomycorrhizal-saprotrophic interactions along soil fertility gradients, we tested the 

generality and mechanistic basis of these patterns across contrasting soils and nitrogen regimes. 

We used a double-controlled trenching experiment across sandy and clay soils under nitrogen-limited 

and nitrogen-deposition conditions, excluding ectomycorrhizal fungal ingrowth, while paired controls  
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allowed root and ectomycorrhizal access. Infrared spectroscopy and fungal community analyses were 

used to track chemical changes during litter decomposition.Our results suggest that 

ectomycorrhizal-saprotrophic fungal interactions depend on soil and forest type and nitrogen availability 

in influencing soil carbon cycling. Rather than suppressing decomposition, these interactions modified 

litter chemistry in ways consistent with facilitative processes driven by specific fungal taxa than with a 

classical competitive Gadgil effect. 

 

 

 

 

S06.4: Long-term stability of belowground biodiversity in temperate forests despite 

aboveground biodiversity loss: abiotic control and diversity effects 

Melanie M. Pollierer1,2, André Junggebauer2, Sarah Bluhm2, Melissa Jüds2,3, Bernhard Klarner2, Stefan Scheu2,4 

1Julius Kühn-Institut, Institute for Forest Protection, Quedlinburg, Germany; 2University of Göttingen, J.F. Blumenbach Institute 

for Zoology and Anthropology, Göttingen, Germany; 3Senckenberg Nature Research Society, Senckenberg Biodiversity and 

Climate Research Centre SBIK-F, Frankfurt, Germany; 4Centre of Biodiversity and Sustainable Land Use, Göttingen, Germany 

Global biodiversity loss threatens ecosystem functioning, with strong declines documented for 

aboveground arthropods over the past 15–20 years. In contrast, temporal changes in belowground 

biodiversity remain poorly understood. We analysed a comprehensive long-term dataset of soil meso- 

and macrofauna from forests differing in land-use intensity within the Biodiversity Exploratories in 

Germany. Abundance and diversity were assessed at three-year intervals over 12 years (2008–2020). 

Neither species richness nor γ-diversity declined over time, indicating contrasting dynamics above- and 

belowground. Soil mesofauna density and diversity varied strongly among years and were closely related 

to precipitation, but showed no consistent long-term decline. Temporal trends in macrofauna densities 

were inconsistent and depended on region and management intensity. Community stability was related 

to effective diversity and species asynchrony, supporting the portfolio effect, whereas weak 

compensatory dynamics and synchronous fluctuations indicated strong abiotic control. Forest 

management influenced density and richness of soil fauna but did not directly affect stability. 

Our results reveal a notable resilience of soil animal communities in temperate forests and provide new 

insights into the drivers of belowground biodiversity dynamics. 
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S06.5: Traits and pH, but not forest gaps, are key drivers for structuring oribatid mite 

communities in Central European forests 

Johanna E. Noske1, Yan Zhang1, André Junggebauer1, Sarah L. Bluhm1, Melanie M. Pollierer1,3, Stefan Scheu1,2 

1J.F. Blumenbach Institute of Zoology and Anthropology, University of Göttingen, Germany; 2Centre of Biodiversity and 

Sustainable Land Use, University of Göttingen, Göttingen, Germany; 3Institute for Forest Protection, Julius-Kühn-Institute, 

Quedlinburg, Germany 

Forests provide essential ecosystem services, yet Central European forests are largely managed for 

timber. Harvesting creates canopy gaps and reduces deadwood availability, altering microclimate and 

nutrient inputs. However, interactive effects of gap formation and deadwood availability on soil 

microarthropods remain poorly understood. We studied oribatid mite communities in forest sites of the 

Biodiversity Exploratories, using a full-factorial gap × deadwood experiment replicated across northern, 

central and southern Germany. We investigated pH, litter mass, microbial biomass, forest type, and 19 

species-specific traits as potential drivers for oribatid mite communities. The most important traits and 

environmental variables were selected using random forests. To estimate trait-environment 

relationships, we fit a Bayesian joint species distribution model, partitioned variance across 

management treatments and environmental covariates and assessed residual species associations. 

Results indicated that effects of forest gap formation and deadwood addition played minor roles, while 

traits related to microhabitat use and trophic ecology, together with soil pH, mediated species-specific 

abundance responses. This highlights the resistance of soil microarthropod communities to intensive 

forest management and the importance of trait-environment relationships for structuring oribatid mite 

communities. 

 

 

 

 

S06.6: The role of mineral soil properties as driver for microbial phosphorus turnover in 

horizons of forest soils 

Stefanie Schulz1, Sebastian Bibinger1, Friederike Lang2, Gabriela Villalba3, Jörg Niederberger2, Jörg Prietzel3, 

Michael Schloter1,4 

1Research Unit Comparative Microbiome Analysis, Helmholtz Zentrum München GmbH, Germany; 2Lehrstuhl für 

Bodenökologie, Universität Freiburg, Freiburg, Germany; 3Lehrstuhl für Renaturierungsökologie, Technical University Munich, 

Freising, Germany; 4Lehrstuhl für Umweltmikrobiologie, Technical University Munich, Freising, Germany 

Soil microbial communities are crucial for the functioning and resilience of forest ecosystems. Their 

composition is shaped by interacting abiotic and biotic factors (e.g. tree species, forest floor thickness, 

mineral soil nutrient stoichiometry). Understanding how these drivers interact is key to developing 

sustainable forestry practices and increasing forest resilience under climate change. 

Across geosequences with strong phosphorus (P) gradients and forest floor stratification, nutrient 

availability emerged as a major determinant of microbiome structure and function. In P-rich soils, 

prokaryotes mainly rely on P acquisition strategies, whereas those in P-poor soils exhibit stronger P    
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recycling traits, supporting both tree nutrition and P mobilization. In Ah horizons, we found strong 

correlations between microbes involved in nitrogen and phosphorus turnover, particularly when soil N:P 

ratios were low. In contrast, such bedrock-driven gradients were not apparent in the forest floor. Here, 

litter decomposition and humification — reflected in shifting C:P and C:N ratios — dominated microbial 

patterns, driving a shift from fast‑growing Pseudomonadota and Bacteroidota in Ol layers to 

slow‑growing Acidobacteriota and Chloroflexota in Oh layers, which are enriched in recalcitrant carbon. 

 

 

 

 

 

S06.7: Silva Nova: Using forest soil inoculation to accelerate early belowground 

establishment in afforestation 

Johan Peter Bredal Jørgensen1, Anna Karina Zimmermann1, Yamina Micaela Rosas1, Davide Barsotti1, Sebastian 

Kepfer Rojas1, Lars Vesterdal1, Per Gundersen1, Ludovica D'Imperio2, Mathias Just Justesen1, Chatchai 

Kosawang1, Inger Kappel Schmidt1 

1University of Copenhagen, Department of Geosciences and Natural Resource Management, Denmark; 2Technical University of 

Denmark, Department of Biotechnology and Biomedicine 

Afforestation of former agricultural land is increasingly used to restore ecosystems and is central to 

forest-expansion targets across Europe. However, agricultural soil legacies may constrain tree 

establishment and growth because soil microbiomes in former fields differ markedly from those in 

mature forests, and essential plant-beneficial microbes could be absent. We tested whether inoculation 

with soil from a nearby ancient forest could improve early tree establishment by introducing 

forest-associated microbes during planting. To do this, we established a 5 ha afforestation experiment 

with approximately 15,000 oak and maple trees. After one growing season, inoculated oaks had more 

than double the belowground biomass of non-inoculated controls and showed substantially greater 

fine-root development. In contrast, maples showed no clear response at this stage. Ongoing work will 

assess how inoculation affects tree-associated microbiomes and whether it influences responses to 

biotic and abiotic stress during early forest establishment. These early results suggest that soil 

inoculation could help accelerate and strengthen establishment in afforestation, but that effects are 

tree-species specific. 
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Session 07: Ecosystems under climate change 
Chairs: Nico Blüthgen, Fabio Benedetti 

 
 
Climate change is rapidly altering species communities and ecosystem functioning across spatial and 

temporal scales. Contributions in this session address how warming, drought, or changes in disturbance 

regimes interact with land use to shape biodiversity, biogeochemical cycles, and ecosystem processes. 

From soil microbial dynamics and methane cycling to vegetation change and forest structure, the studies 

presented in this session highlight mechanisms underlying ecosystem responses and resilience, and 

include experimental, long-term, and large-scale approaches.  

 

 

S07.1: Quantifying the role of trophic guilds in soil organic carbon mineralization 

Mathilde Borg Dahl1, Fabrizzio Protti- Sánchez2, Verena Groß1, Anna Burns1, Andrea Söllinger3, Die Hu1, Biplabi 

Bhattarai4, Kenneth Dumack5, Dennis Metze6, Ostonen Ivika4, Ivan Janssens7, Bjarni Sigurdsson8, Michael Bahn2, 

Andreas Richter6, Tim Urich1 

1Department of Bacterial Physiology, University of Greifswald, Greifswald, Germany.; 2Department of Ecology, University of 

Innsbruck, Innsbruck, Austria.; 3Department of Arctic and Marine Biology, UiT The Arctic University of Norway, Tromsø, 

Norway.; 4Institute of Ecology and Earth Sciences, University of Tartu, Tartu, Estonia; 5Department of Biology, University of 

Koblenz, Koblenz, Germany.; 6Centre for Microbiology and Environmental Systems Science, University Vienna, Vienna, Austria.; 
7Department of Biology, University of Antwerp, Antwerp, Belgium.; 8Environmental & Forest sciences, Agricultural University of 

Iceland, Reykjavik, Iceland 

Soil organic carbon (SOC) is a critical carbon pool, essential for soil functions and services. SOC is 

dynamically recycled within microbial biomass and channelled into long term storage in soil (the 

'microbial carbon pump'). Understanding the biotic processes driving SOC mineralization is key to 

predicting climate warming-carbon cycle feedback. The microbial pump is influenced by trophic 

interactions, and SOC mineralization results from complex biotic interactions in the soil food web. 

We combined Tree-of-life sequencing (TOLseq; metatranscriptomic rRNA three-domain profiling of soil 

biota) with quantitative conversion factors linking transcript abundance to biomass, using standard 

parameters of microbial stoichiometry and physiology. We show how this can form the basis for 

energetic food web models, an approach we refer to as TOLmodel. 

Applied to Icelandic grassland sites ('Forhot'), where geothermal warming has persisted over 60 years, 

TOLmodel quantified soil biota, aligning with lab-measured microbial biomass-carbon and SOC 

mineralization rates matching field CO₂ efflux. The model revealed that warming-induced loss of soil 

fauna reduced top-down control of microbial growth, increasing SOC mineralization per unit microbial 

biomass six-fold in summer. 
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S07.2: Methane sink function of grassland soil microbiomes - negative effects of 

intensive management persist three years after land-use extensification 

Nils Volles1, Hauke Winter2, Verena Groß2, Milos Bielcik1, Tim Urich2, Steffen Kolb1, Sven Marhan3 

1ZALF Leibniz Centre for Agricultural Landscape Research, Germany; 2University of Greifswald, Germany; 3University of 

Hohenheim, Germany 

Distinct methanotrophic groups maintain the atmospheric CH4 sink of upland soils and act as a biological 

filter, oxidizing CH4 produced by methanogens within the soil. In grasslands, intensive management 

reduces the CH4 sink potential. How methanotrophs recover through reduced land-use intensity (LUI) 

remains unclear. We investigated the impact of a three-year experimental LUI reduction (no fertilization, 

no grazing, one mowing event per year) across 45 grassland sites in three pedoclimatic regions in 

Germany, using 15 historically low-LUI sites as a baseline. After three years, LUI reduction had no 

significant effect on CH4 oxidation and production potentials as well as on methanotroph gene 

abundance (pmoA). In contrast, historically low-LUI sites showed higher potential to oxidize atmospheric 

CH4 and greater Upland Soil Cluster γ (USCγ) methanotroph abundance, indicating the potential for 

long-term recovery of the atmospheric CH4 sink. Decreased methanogen gene abundance (mcrA), 

reduced soil bulk density and increased soil water content after three years highlight possible 

mechanisms that can mediate future recovery. A constant pmoA to mcrA ratio suggests a stable methane 

filter function across diverse soils under different LUIs. 

 

 

 

 

S07.3: Interactive Effects of Land-Use Intensification and Climate Extremes on Grassland 

Biodiversity and Stability 

Fabio Benedetti1, Adrian Huerta2, Bruno Ximenes Pinho1, Stephan Wöllauer3, Andrea Larissa Boesing4, Gaëtane 

Le Provost5, Paul Magdon6, Peter Manning7, Daniel Prati1, Nico Blüthgen8, Markus Fischer1 

1Uni. Bern, IPS, Plant Ecology, Bern, Switzerland; 2Uni. Bern, GIUB, Climatology, Bern, Switzerland; 3Philipps-Universität 

Marburg, Environmental Informatics, Marburg, Germany; 4Senckenberg Biodiversity and Climate Research Centre, Frankfurt 

am Main, Germany; 5INRAE, Bordeaux Sciences Agro, ISVV, Villenave d’Ornon, France; 6University of Göttingen, Forest 

Inventory and Remote Sensing, Göttingen, Germany; 7University of Bergen, Department of Biological Sciences (BIO), Bergen, 

Norway; 8Ecological Networks Lab, Technische Universität Darmstadt, Darmstadt, Germany 

Understanding how land-use intensification interacts with climate change is critical for predicting 

grassland ecosystem responses to increasing climatic extremes. In temperate grasslands, intensive 

management typically reduces plant diversity while enhancing productivity, yet its role in mediating 

ecosystem responses to extreme climate events remains unclear. We combined long-term vegetation 

surveys, standardized land-use indices and daily climate data from the Biodiversity Exploratories with 

high-resolution reconstructions of daily climate variability since 1950. We quantified the frequency,  
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duration, and intensity of droughts and assessed their effects on plant diversity, traits, and aboveground  

biomass under contrasting land-use intensities since 2008. Exposure to severe drought increased 

dramatically, from 0.48 months per year in 1990-2006 to 1.86 months since 2008. Over this period, 

aboveground biomass declined significantly (–9.4 ± 0.8 g m⁻² yr⁻¹), while species richness increased 

(+0.41 ± 0.15 species yr⁻¹). However, land-use intensity does not seem to affect the rate of biomass 

decline in time, nor its resistance or recovery rates following drought events. Land-use intensity and 

increasing climatic stress throught intensifying drought may have opposing effects on plant species 

diversity which requires further work. 

 

 

 

 

 

 

S07.4: The fate of habitat trees in Germany over a 20-year period (2002-2022) 

Rose-Marie Oksanen 

Chair of Silviculture, Albert-Ludwigs-Universität Freiburg 

Climate change is shifting conditions in Central European forests through rising temperatures, recurrent 

extreme drought episodes, and insect outbreaks. Extreme drought between 2018 and 2022 caused 

unprecedented tree mortality in Germany, and such events are expected to increase under future 

climate scenarios. While climate-induced tree mortality has been widely studied, its consequences for 

structures important for biodiversity remain poorly understood. Habitat trees are large and structurally 

complex individuals often bearing cavities, fungal fruiting bodies, crown deadwood, sap runs, and other 

microhabitats that are essential for a wide range of forest species and ecosystem functions. However, 

their large size, old age, and injuries may make them especially susceptible to climate-induced mortality. 

Using data from the German National inventory, we assess whether habitat trees exhibit higher mortality 

than comparable non-habitat trees and how cumulative drought influences these patterns. Mortality 

probability is modelled as a function of tree size, species identity, and occurrence of specific 

microhabitats, and compared across two inventory intervals spanning two decades. Our study links 

biodiversity conservation with climate adaptation and informs evidence-based habitat tree retention 

under climate change. 
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S07.5: When mixing tree species is not enough under environmentally challenging 

conditions: Winter bird diversity in European forests with and without non-native 

Douglas fir 

Sara Piccini1, David Singer1,2, Lea Leister1, Micaela Pineda3, Alice Penanhoat4, Dominik Seidel4, Martin M. 

Gossner5,6, Andreas Schuldt1 

1Department of Forest Nature Conservation, University of Göttingen, Göttingen, Germany; 2Department of Forest Nature 

Conservation, Northwest German Forest Research Institute, Hann. Münden, Germany; 3Department of Wildlife Sciences, 

University of Göttingen, Göttingen, Germany; 4Department for Spatial Structures and Digitization of Forests, University of 

Göttingen, Göttingen, Germany; 5Forest Entomology, Swiss Federal Research institute WSL, Birmensdorf, Switzerland; 
6Department of Environmental Systems Science, Institute of Terrestrial Ecosystems, ETH Zürich, Switzerland 

Forest conversion toward climate-resilient non-native tree species is increasingly promoted in temperate 

Europe, yet biodiversity responses outside the growing season remain poorly studied. Winter conditions 

may constrain forest organisms through limited resources and harsh microclimates, potentially 

amplifying effects of tree-species composition on habitat use and community composition. 

Here, we investigated winter bird communities across 38 forest plots in northwest Germany, comparing 

pure and mixed stands of European beech, Norway spruce, and non-native Douglas fir. Using passive 

acoustic monitoring, we quantified taxonomic and functional diversity from over 4 400 recording hours 

and more than 1.8 million detections. 

Beech–Douglas fir mixtures supported lower activity days, taxonomic and functional diversity than 

native stands. Community composition differed consistently among stand types, with strong contrasts 

between beech- and conifer-dominated forests. In addition, bird activity days and diversity were strongly 

influenced by microclimatic conditions and vertical forest structure. 

Our results show that biodiversity responses to non-native tree species under winter conditions differ 

from patterns observed during the growing season, highlighting the risk of incomplete conclusions when 

assessments focus only on summer periods. 
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Session 08: Ecosystems under global change 
Chairs: Wolfgang Weisser, Olga Ferlian 

 

In the context of accelerating global change, ecosystems are exposed to multiple, interacting pressures, 

including land-use change, pollution, climate shifts and biological invasions. Understanding how these 

drivers alter ecological structure, function, and resilience across spatial and temporal scales is essential 

for anticipating future trajectories. This session highlights ecosystems as dynamic and 

context-dependent systems, where responses to global change vary across biomes, taxa, and levels of 

organization. The topics addressed include: 

● Community assembly and biodiversity dynamics in disturbed and heterogeneous environments, 

from soil systems in degraded landscapes to freshwater and urban habitats. 

● Direct and indirect effects of anthropogenic pressures—such as pollution, pesticides, and 

land-use intensity—on species interactions, habitat structure, and ecosystem functioning. 

● Long-term monitoring and integrative approaches to detect ecological change, assess biotic 

integrity, and inform adaptive management and restoration strategies. 

 

 

 

 

S08.1: Plant ecosystem engineers drive the soil fauna community’s complexity in 

metal-polluted arid areas 

Amaia Martínez-Gaviria1,2, Marta Goberna1, Chema Catarineu3, Gonzalo G Barberá4, Jose Antonio Navarro-Cano1 

1Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria, Spain; 2Dpto. de biodiversidad, Ecología y Evolución, 

Facultad de ciencias Biológicas, Universidad Complutense de Madrid, Madrid, Spain; 3Asociación de Naturalistas del Sureste 

(ANSE), Murcia, Spain; 4Dpto. de Conservación de suelo y Agua, y Manejo de Residuos Orgánicos, Centro de Edafología y 

biología Aplicada del Segura (CEBAS-CSIC), Murcia 

Soil arthropods are essential for maintaining soil structure, fertility and trophic interactions. In semi-arid 

and polluted ecosystems, pioneer plant species colonize bare substrates and modify microclimatic and 

soil conditions beneath them. These triggers plant nucleation and lead to patchy vegetation patterns. 

Such spatial heterogeneity determines edaphic fauna community’s assembly and composition. We 

studied three polluted metalliferous mine tailings in Southeastern Spain. We analized how growth and 

identity of nine plant species influence both the abundance and taxonomical and functional diversity of 

soil communities beneath them. We hypothesized that plant growth triggers cascade effects on above- 

and below-ground organisms, which increases soil communities’ complexity. For each plant species, we  
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sampled across an age sequence including seedlings, juveniles, reproductive and senescent plants. 

Meso- and macrofauna were collected with pitfalls placed under each plant individual. We identified 170 

taxa from 30 orders. Plant growth increased fauna abundance, size and taxonomical diversity, although 

the response was species specific. Functional diversity did not change with plant growth and was higuer 

in shrubs and grasses. Understanding community assembly in disturbed ecosystems is essential for 

ecosystem restoration. 

 

 

 

 

S08.2: Organic fertiliser nitrogen fates and full nitrogen balances for German grasslands 

depending on management intensity 

Julia Kepp1, Theresa S. Schwärzler1, Ralf Kiese1, Clara Knobloch1, Narda L. Pacay-Barrientos2,3, Rudi Schäufele4, 

Michael Schloter3,5, Tom Schuba1, Stefanie Schulz3, Steffen A. Schweizer2, C. Florian Stange6, Michael 

Dannenmann1 

1Karlsruhe Institute of Technology, Institute of Meteorology and Climate Research, Garmisch-Partenkirchen, Germany; 
2Technical University Munich, TUM School of Life Sciences, Research Department Life Science Systems, Chair of Soil Science, 

Freising, Germany; 3Helmholtz Centre Munich, Research Unit Comparative Microbiome Analysis, Neuherberg, Germany; 
4Technical University Munich, TUM School of Life Sciences, Associate Professorship of Crop Physiology, Freising, Germany; 
5Technical University Munich, TUM School of Life Sciences, Research Department Life Science Systems, Professorship of 

Environmental Microbiology, Freising, Germany; 6Federal Institute for Geosciences and Natural Resources (BGR), Hannover, 

Germany 

Organic fertilisation sustains productivity in permanent grasslands but is often linked to high nitrogen (N) 

losses and low plant N use efficiency. Effects of management intensity on organic fertiliser-N fates and 

full N balances remain unclear. Using fully ¹⁵N-labelled (mineral + organic N) organic fertilisers, we 

quantified fertiliser-N fates over one growing season across a management-intensity gradient at 27 

grassland sites in the three Exploratories. Treatments comprised extensive management with labelled 

manure, and medium and intensive management with labelled slurry. We traced fertiliser-N in above- 

and belowground biomass, soil (0–30 cm), and leachate; unrecovered ¹⁵N was attributed to gaseous N 

losses. Across all regions total fertiliser-N recovery declined with management intensification, indicating 

increasing gaseous N losses. Ecosystem N balances were generally positive and driven more by harvest N 

export (yield and plant N concentration) than fertilisation intensity. Overall, intensification shifted 

systems from virtually absent environmental N losses, maximal SON formation but low productivity and 

fodder quality to increased productivity, fodder quality and gaseous losses. The universal patterns found 

in this study highlight a broad applicability to grassland fertilisation policy. 
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S08.3: Response diversity stabilizes ecosystem functioning but depletes species 

diversity under land-use changes 

Manuel Pitzer, Robert R. Junker 

Marburg University, Germany 

Biodiversity is fundamentally linked to ecosystem functioning and stability. Yet, underlying mechanisms 

remain debated. Response diversity – the variability of responses to abiotic factors among functionally 

redundant species – has been hypothesized to stabilize functionality as species positively responding to 

change may functionally compensate the reduced functionality of negatively responding species. 

However, empirical evidence remains scarce - particularly on how different taxa and trophic levels are 

effected by response diversity. Using a copula-based approach, we quantified responses to land-use 

intensification of >1500 taxa and calculated response diversities of communities under experimental and 

field conditions. Results show that response diverse communities are functionally more stable than 

communities exhibiting lower response diversities, but also are less stable in term of species diversity 

and composition. Diversity declines and compositional changes were driven by losses of negatively 

responding species without replacements in response diverse communities. We conclude that response 

diversity is an important driver of functional stability that underlies multiple dimensions of ecosystem 

stability. However, the loss of negatively responding species may erode response diversity - and thus 

functional stability - over time. 

 

 

 

 

 

S08.4: Building evidence for adaptive conservation on islands: the Azorean SLAM 

long-term arthropod observatory 

Paulo Borges, Sébastien Lhoumeau 

University of Azores, CE3C—Centre for Ecology, Evolution and Environmental Changes, Azorean Biodiversity Group, CHANGE 

—Global Change and Sustainability Institute, School of Agricultural and Environmental Sciences, Rua Capitão João d’Ávila, Pico 

da Urze, 9700-042 Angra do Heroísmo, Azores, Portugal 

Long-term monitoring is essential to detect biodiversity change and evaluate conservation outcomes in 

island ecosystems. The Azores, a North Atlantic hotspot of endemism, is highly vulnerable to invasions, 

habitat fragmentation and climate-driven shifts. Systematic terrestrial arthropod monitoring was limited 

until the SLAM (Sea, Land and Air Malaise) project began in 2012. SLAM uses standardized passive 

flight-interception traps operated year-round in native, mixed and exotic forest fragments across several 

islands. Over more than a decade, the program has produced a large, taxonomically broad time series of 

specimens and identified species, spanning endemic, native and introduced components. These data 

support robust biodiversity indicators, including arthropod-based indices of biotic integrity and 

assessments of seasonal detectability. Analyses reveal strong edge-related gradients and temporal  
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community reorganization, often with increasing turnover and diversity of non-native species and early 

warning signals for some endemic taxa. Null-model and time-series approaches suggest stochastic 

source–sink dynamics for many non-native assemblages, whereas indigenous dynamics may additionally 

reflect environmental filtering and disturbance. 
By delivering consistent, high-resolution records, SLAM underpins adaptive management, biosecurity 

surveillance and evidence-based restoration of Azorean forests under global change 

 

 

 

 

 

S08.5: What urban ecology can learn from land use and functional biodiversity research 

Wolfgang Weisser 

Technical University of Munich, Germany 

Urban ecology is a relatively young field of research, as biologists have long ignored the city. 

Urbanisation is a form of human land use and different places within the city differ in land use intensity. 

As a result of these differences, different places within the city differ in species richness and 

composition. I propose that urban environments do not fundamentally differ from other habitats 

modified by humans, hence urban ecology can benefit from the progress made by research on land use 

effects on biodiversity and ecosystem functioning in other habitats. I give examples where urban ecology 

can learn from the progress in these fields, with respect to a) how land use effects on biodiversity can be 

investigated, b) what biodiversity-ecosystem functioning relationships may be expected, and c) ways to 

find more sustainable land use strategies. With its focus on extreme cases of human land use, urban 

ecology can also contribute to a better understanding of land use- biodiversity –ecosystem function 

relationships in other habitats. 
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Session 09: Tracking biodiversity with remote sensing and machine learning 
Chairs: Paul Magdon, Hanna Meyer 

 

 

This session presents cutting-edge remote sensing and machine learning approaches for large-scale 

biodiversity monitoring. Using satellite data, hyperspectral imaging, and foundation models, studies 

from Europe and Latin America demonstrate accurate prediction of species diversity, ecosystem 

functions, and habitat heterogeneity in different ecosystems. The work advances scalable, transferable 

methods for biodiversity monitoring and underscores the critical role of Earth observation in advancing 

biodiversity science. 

 

 

 

S09.1: Mapping Tree Diversity with Satellite Embeddings across Central European 

Temperate Forests 

Xiang Liu1,2, Tobias Kuemmerle2,3 

1Leibniz Institute of Freshwater Ecology and Inland Fisheries, Müggelseedamm 310, Berlin, 12587 Germany; 2Geography 

Department, Humboldt-Universität zu Berlin, Unter den Linden 6, Berlin, 10099 Germany; 3Integrative Research Institute on 

Transformations of Human-Environment Systems (IRI THESys), Humboldt-University, Berlin, Germany 

We present the first application of the AlphaEarth foundation model to map tree species diversity. We 

evaluate whether high-dimensional, abstract satellite embeddings capture sufficient information to 

predict spatial variation in tree communities across temperate forests in Central Europe. 

Machine-learning models are trained to estimate plot- and landscape-level diversity metrics and are 

benchmarked against models using conventional Sentinel-1/2 bands and environmental predictors. 

Transferability is assessed using spatially blocked cross-validation, and predictive uncertainty is 

quantified to support map interpretation. Across species diversity metrics, embedding-based models 

achieved R² values ranging from 0.42 to 0.57 under spatially blocked cross-validation. Performance was 

comparable to conventional approaches that combine Sentinel-1/2 data with environmental variables, 

while requiring substantially less manual band engineering. Moreover, the embeddings provided 

additional predictive power beyond single-sensor models and environmental predictors alone. Overall, 

these results demonstrate that embeddings offer a scalable and efficient alternative to manual feature 

engineering for ecological modeling and biodiversity monitoring. 
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S09.2: Spatiotemporal patterns of fragmentation explain variation in GPP and NDMI 

independently of forest loss 

Jenny Zambrano, Craig Malone 

Washington State University, United States of America 

Whether fragmentation - independent of forest loss - explains observed variation in key ecosystem 

functions remains poorly understood. We proposed a spatiotemporal approach to determine whether 

fragmentation alone explains variation in gross primary productivity and drought regulation at Los 

Tuxtlas Biosphere Reserve (LTBR), Mexico. We hypothesized that: 1) forest loss and fragmentation are 

increasing over time due to anthropogenic pressures 2) fragmentation independent from forest cover 

changes explains variation in ecosystem functions, and 3) forest fragmentation effects are better 

captured by landscape-level than patch-level metrics. 
We used satellite imagery from 2000 to 2023 to quantify forest cover and fragmentation metrics and 

assessed long-term observations of climate, GPP, and normalized difference moisture index (NDMI). 

Forest cover remained stable, while fragmentation varied across time and space. Furthermore, we found 

that fragmentation influenced NDMI and GPP in distinct ways and landscape-level fragmentation metrics 

best explained variation in GPP, whereas both landscape- and patch-level predictors explained shits in 

NDMI. Therefore fragmentation is a dynamic process with variable and distinct consequences for critical 

functions that need to be considered in future analyses of ecosystem functioning. 

 

 

 

 

S09.3: BEyond: Learning from the Exploratories to make predictions beyond them 

Jan Linnenbrink1, Maite Lezama Valdes1, Marvin Ludwig1, Lena Neuenkamp2, Katharina Höchst1, Sara Kehmer1, 

Katharina Schwesig1, Norbert Hölzel1, Hanna Meyer1 

1Institute of Landscape Ecology, University of Münster, Germany; 2Faculty of Biology, University of Bielefeld 

Successful management and conservation of grasslands relies on sufficient data. Field data are often 

sparse, therefore, approaches to generate spatial continuous data are needed. The Biodiversity 

Exploratories provide a dense observation network of grasslands in three regions of Germany. However, 

it is unclear whether relationships learned from these data can be applied to a larger landscape. 
In this work, we use machine-learning to model the complex relationships driving grassland diversity. 

Using interpretable machine-learning, we unravel the learned drivers of grassland diversity. We then 

apply these models to make landscape-scale predictions. We delineate the area for which the trained 

models are applicable and evaluate the predictive accuracy based on an independent probability sample 

of the landscape.In our presentation, we will depict relationships learned by the models and place 

emphasis on the spatial predictions of grassland diversity and their transferability to the landscape scale. 

We show the high explanatory power of the machine-learning models within the Exploratories, what 

insights they offer when upscaled to the broader landscape, and methodological factors influencing 

model performance across scales, highlighting opportunities to improve landscape-level predictions. 
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S09.4: Hyperspectral Imaging and Biodiversity: A Context-Specific Perspective 

Christine Wallis1, Birgit Kleinschmit2, Mark Vellend3 

1Technical University Berlin, Germany; 2Thünen-Institut, Germany; 3University of Sherbrooke, Canada 

Hyperspectral remote sensing offers strong potential for monitoring biodiversity by linking spectral 

information to plant composition, diversity, and biomass. However, the strength and interpretation of 

spectral–biodiversity relationships depend on sensor characteristics, acquisition timing, and 

methodological choices. We synthesize results from multiple studies across Canada and Germany using 

hyperspectral UAV-based, airborne, and satellite imaging spectroscopy combined with field data from 

open vegetation and forest ecosystems. We evaluate how spectral composition and spectral diversity 

relate to plant biomass, species composition, and α- and β-diversity, explicitly assessing the influence of  

phenological timing, spectral range (VNIR vs. VNIR–SWIR), spatial resolution, and spectral 

transformations. Across studies, biomass estimates benefited from the inclusion of SWIR bands. While 

species composition and functional diversity were consistently related to spectral metrics of composition 

and diversity, spectral–biodiversity relationships were strongest along environmental gradients and were 

highly sensitive to preprocessing choices. Our results highlight the need for context-specific and 

methodologically transparent approaches in biodiversity monitoring using hyperspectral imaging. 

 

 

 

S09.5: Earth observation for large-scale monitoring of agricultural land use and habitat 

diversity in Germany 

Stefan Erasmi1, Christian Levers2, Felix Lobert1, Gideon Tetteh1, Marcel Schwieder1 

1Thünen Institute of Farm Economics, Germany; 2Thünen Institute of Biodiversity, Germany 

The national Monitoring of Biodiversity in Agricultural Landscapes (MonViA) aims at assessing the status, 

trends and changes in land use and biodiversity, enabling the evaluation and impact assessment of 

agri-environmental policy measures in Germany. MonViA builds on a set of more than 40 indicators that 

cover the three levels of biodiversity: habitat, organism, and genetic diversity. At the landscape level, 

habitat diversity is characterized by (agricultural) land use heterogeneity, while at the field scale by 

management intensity. At both levels, Earth Observation (EO) data provide the basis for the area-wide 

mapping of habitat diversity and its development within the agricultural landscape. 

The first nationwide reporting of habitat diversity is scheduled for 2027, covering a period of almost ten 

years (2017-2025). It includes selected indicators on the temporal and spatial composition and diversity 

at both landscape and field level that are derived based on an extensive archive of multi-modal satellite 

images. First results show a slight but steady increase in habitat heterogeneity (cropping diversity) and 

regionally diverse trends of land use intensity. 
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Session 10: Macro and landscape ecology 
Chair: Holger Kreft 

 
 
Landscape structure, connectivity and environmental change shape biodiversity patterns and ecosystem 

functioning across spatial and temporal scales. In this session, we explore how land-use intensification, 

habitat fragmentation, dispersal, and climate warming influence communities, food webs, and 

ecosystem services in heterogeneous landscapes. Combining theory, long-term monitoring, and 

large-scale empirical analyses, we highlight how landscape context and connectivity mediate biodiversity 

dynamics, species interactions, and ecological resilience, with implications for conservation and 

sustainable landscape management. 
 
 
 
 

S10.1: Weak dispersal and landscape size inevitably promote local biodiversity in 

heterogeneous metacommunities of competing species 

Frederik De Laender1, Andrew Gonzalez2, Olivia Bleeckx1, Dieter Ebert3, Gyuri Barabas4 

1University of Namur, Belgium; 2McGill UNiversity, Canada; 3University of Basel, Switzerland; 4University of Linkoping, Sweden 

We provide new theoretical underpinning for a classic result in metacommunity ecology: weak dispersal 

between patches promotes local biodiversity. First, we derive a simple equation showing that local 

persistence of competing species in heterogeneous landscapes is fully captured by their regional density 

and local growth rate when rare. We then show that local coexistence of all is intimately linked to 

feasibility, which quantifies the scope for coexistence in isolated systems. Together, these results explain 

why weak dispersal inevitably promotes local biodiversity in arbitrary competitive communities, and 

more so in larger landscapes. We then demonstrate when our predictions match more complex 

simulation models. We finally analyze a dataset of a natural Daphnia metacommunity, finding that 

species co-occurrence is more likely in rock pools surrounded by more neighbor pools, supporting our 

main conclusion. Taken together, our results imply that larger and better connected heterogeneous 

landscapes will always lead to higher local richness of competitors. 
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S10.2: Landscape context shapes the multi-trophic diversity and ecosystem services of 

temperate forests 

Leana Devi Gooriah1, Gaëtane Le Provost1, Andrea Larissa Boesing2, Peter Manning3 

1INRAE, Santé et agroécologie du vignoble, SAVE, Villenave d’Ornon, France; 2Senckenberg Biodiversity and Climate Research 

Centre, Frankfurt am Main, Germany; 3Department of Biological Sciences, University of Bergen, Bergen, Norway 

The effects of habitat fragmentation on forest biodiversity have been extensively documented in tropical 

forests, but less is known about how large-scale biodiversity dynamics shape ecosystem services (ES) in 

temperate forests. Beyond local forest attributes, broader landscape-scale context, including 

surrounding habitat amount and plant diversity, are likely shaping local biodiversity and associated 

ecosystem services. 

Using comprehensive long-term multi-trophic diversity data measured across 150 forest plots from the 

Biodiversity Exploratories, alongside recently collected data on surrounding plant β- and γ-diversity, 

stand structure, and landscape configuration, we examined how surrounding plant diversity and 

landscape context shape local above- and below-ground diversity and in turn, multiple ES. Structural 

equation modeling revealed drivers across scales: surrounding plant γ-diversity strongly predicts local 

above-ground diversity, while surrounding open habitat area positively drives below-ground α-diversity. 

Overall, ES were primarily influenced by surrounding landscape diversity, plant γ-diversity and forest 

stand attributes. 

Our findings show that local forest attributes, surrounding γ-diversity and landscape context are key to 

sustaining multi-trophic diversity and ES delivery, highlighting the need to integrate landscape-scale 

processes into temperate forest management. 

 

 

 

 

S10.3: Congruent biodiversity responses to land use intensification in space and time? 

Lena Neuenkamp1,2,3, Hugo Saiz2,4, Noelle Schenk2, Markus Fischer2, Nico Blütghen5, Martin M. Gossner6,7, 

Norbert Hölzel3, Valentin H. Klaus8,9, Till Kleinebecker10, Daniel Prati2, Sebastian Seibold11, Nadja Simons12, 

Wolfgang Weisser13, Eric Allan2, Caterina Penone2,14 

1Bielefeld University, Germany; 2Bern University, Switzerland; 3University of Münster, Germany; 4University of Zaragoza, Spain; 
5Technichal University Darmstadt, Germany; 6ETH Zürich, Switzerland; 7Swiss Federal Research Institute of Forest, Snow and 

Landscape Research (WSL), Switzerland; 8Agroscope, Switzerland; 9Bochum University, Germany; 10Justus Liebig University 

Giessen, Germany; 11TUD Dresden University of Technology, Germany; 12Würzburg University, Germany; 13Technical University 

of Munich, Germany; 14Univ. Grenoble Alpes, France 

Land-use intensification is widely recognized as a major driver of biodiversity loss, yet most evidence is 

based on spatial comparisons among sites differing in current land-use intensity. Whether such 

space-for-time substitutions reliably capture temporal biodiversity change remains uncertain. We 

compared spatial and temporal responses of plant and arthropod communities to land-use 

intensification using 150 long-term time series spanning 11 years from German grasslands. Increasing  
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land-use intensity across both space and time was associated with declines in plant and arthropod α- 

and β-diversity. Biodiversity responses were largely consistent in direction between spatial gradients and  

temporal trajectories, supporting the use of spatial patterns to infer temporal change. However, the 

magnitude of diversity loss was weaker over time, likely reflecting smaller temporal changes in land-use 

intensity and delayed community responses. Our results demonstrate the utility of space-for-time 

substitution approaches for estimating biodiversity change, while highlighting the need for long-term, 

standardized monitoring to capture delayed responses and accurately quantify the pace and extent of 

biodiversity change under land-use intensification. 

 

 

 

 

S10.4: Causal attribution of temperature impacts on European breeding bird 

communities 

Miriam Beck1, Diana Bowler2, Laura Dee3, Joaquim Estopinan4, Romain Goury4, Gabrielle Martin5, Luca Santini6, 

Franziska Schrodt7 

1FRB-CESAB, France; 2UK Centre for Ecology & Hydrology, UK; 3Department of Ecology and Evolutionary Biology, University of Colorado 

Boulder, Boulder, CO, USA; 4Univ. Grenoble, Univ. Savoie Mont Blanc, CNRS, LECA, Grenoble, France; 5University of Toulouse, CNRS, CRBE, 

France; 6Department of Biology and Biotechnologies “Charles Darwin”, Sapienza University, Rome, Italy; 7School of Geography, University of 

Nottingham, Nottingham NG7 2RD, UK 

Temperature is a key driver of ecological change, shaping species’ distributions, phenology, and 

population dynamics, with cascading consequences for community structure and diversity. However, 

quantifying community responses to varying temperature is complicated by concurrent changes in 

landuse or habitat structure, requiring the proper separation of temporal dynamics from environmental 

confounding. 
We use 15 years of pan-European breeding bird data to quantify how inter-annual variation in mean, 

minimum, and maximum breeding-season temperature affects multiple dimensions of community 

diversity (total abundances, richness, evenness, Shannon diversity). Using causal reasoning and fixed 

panel regression, we isolate within-site temporal variation in temperature to estimate its independent 

effect while accounting for environmental confounding. 
Increasing mean temperature was associated with declines across all diversity metrics, whereas 

minimum and maximum temperatures showed weaker, generally positive effects. These patterns partly 

reflected site-specific trends or variation shared within ecoregions. Variation in responses mostly arose 

from community composition: communities dominated by warm-adapted species were less sensitive, 

while those near species’ upper thermal limits showed stronger declines. Overall, warming has a 

community-wide negative effect, rather than selectively affecting individual components of biodiversity. 
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S10.5: Destabilizing pest persistence by breaking meta-population connectivity: why 

ecological barriers matter in greenhouse landscapes 

Juan M. Requena-Mullor1,2, Álvaro Peláez-Pérez1,2, Estefanía Rodríguez3, Pablo Barranco1,4 

1Department of Biology and Geology, Universidad de Almería; 2Centro Andaluz para el Cambio Global - 

Hermelindo Castro (ENGLOBA), Universidad de Almería; 3Department of Sustainable Crop Protection, 

IFAPA, La Mojonera- Centre; 4CECOUAL, Universidad de Almería 

Pest dynamics in greenhouse-dominated regions are strongly shaped by landscape connectivity: 

dispersal among farms, refuges, and surrounding habitats continually rebuilds local populations. This 

pest pressure from the surrounding landscape makes local pesticide-based interventions within 

greenhouses short-lived. Seasonal crop removal creates a temporary reset in which pests within 

greenhouses are eliminated and external populations decline, producing a transient low-abundance 

stationary phase in which dynamics converge across sites. Using spatio-temporal abundance data of Tuta 

absoluta, an exotic tomato pest, we analyze how population patterns change across sites during 

seasonal decline. The preliminary ergodicity-breaking analysis revealed that pest levels briefly become 

similar across locations when overall abundance is low, but diverge again as populations grow, 

suggesting that outbreaks are driven by recolonization and persistent hotspots rather than local 

dynamics alone. We argue that management should aim to prolong the stationary phase by reducing 

pest population connectivity at the landscape scale. Biodiversity-based ecological barriers that foster 

natural enemies could limit recolonization pathways, suppressing source patches. These findings suggest 

that ecological infrastructure could serve as a lever to stabilize pest dynamics and improve long-term 

suppression. 

 

 

 
 

S10.6: Tree islands in a sea of oil palm – results from the biodiversity-ecosystem 

functioning / restoration experiment EFForTS-BEE in Sumatra, Indonesia 

Holger Kreft, Gustavo Paterno, Nathaly Guerrero-Ramirez, Leti Sundawati, Damayanti Buchori, Bambang 

Irawan, Dirk Hölscher 

University of Göttingen, Germany 

The recent expansion of large-scale, intensively managed oil-palm plantations into former rainforest 

areas has caused substantial losses of biodiversity and ecosystem functioning, leaving large swaths of 

land in urgent need of restoration. This talk provides an overview of more than 12 years of research from 

EFForTS-BEE, a large-scale ecosystem restoration experiment in an oil palm landscape enriched with 52 

tree islands. In EFForTS-BEE, we experimentally varied island area size from 25 to 1600 m²) and the 

diversity of planted native tree species (from 0 to 6) to investigate their effects on tree growth, oil palm 

yields and the recovery of biodiversity and multiple indicators of ecosystem functioning. Overall, our  
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results show that indicators of biodiversity and ecosystem functioning, as well as multidiversity and 

ecosystem multifunctionality, increased rapidly in tree islands compared to conventionally managed oil 

palm. For instance, bird diversity increased by 60% within 10 years and the recovery of taxonomic, 

phylogenetic, and functional diversity of spontaneously colonizing woody plants was greatly enhanced. 

Importantly, tree enrichment did not decrease landscape-scale oil palm yield indicating a strong win-win 

outcome for both ecology and the economy. Together, our results demonstrate that enriching oil 

palm-dominated landscapes with tree islands is a promising ecological restoration strategy for 

safeguarding rare, endemic, and forest-associated species in oil palm landscapes and for creating a more 

wildlife-friendly matrix in otherwise greatly impoverished landscapes. 
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Session 11: Population biology and molecular diversity 
Chairs: Oliver Bossdorf, Michael Schloter 

 
 
Biodiversity has many dimensions beyond species diversity, for instance genetic or phenotypic diversity 

within species, or the functional or phylogenetic diversity across species. During the last years, molecular 

methods are increasingly employed to explore many understudied kinds of biodiversity. This session will 

showcase examples from this research, from life-history trait diversity to molecular analyses of genetic 

and taxonomic diversity, and biotic interactions. 
 

 

S11.1: Clonal growth and strategies of resource transport – an overlooked aspect of 

plant functional diversity 

Jana Duchoslavova, Joana Bergmann 

Leibniz-Zentrum für Agrarlandschaftsforschung (ZALF) e. V., Germany 

Clonal growth is a widespread, but often neglected plant feature. It allows plants to spread vegetatively, 

live almost forever, deal with stress and disturbances, and transport resources between different rooting 

points. Furthermore, clonal plants exhibit considerable functional diversity. Here, we synthesize the 

results of several experiments showing the diverse growth strategies of clonal plants, as well as findings 

from a pilot project, which explores the relationship between clonal growth and root function. We first 

demonstrate that different clonal types must be distinguished to fully understand the implications of 

clonal growth. Secondly, we focus on the transport of resources between the rooting units of clonal 

plants, a process considered to balance the spatial heterogeneity of resource availability. We highlight 

the diversity of resource-sharing strategies in clonal plants and link the ability to transport resources 

through clonal organs to the transport function of plant roots. Overall, our results underpin the necessity 

to consider traits related to plant clonality when studying plant functional diversity in time and space. 
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S11.2: Harnessing genetic diversity in Brassica oleracea for sustainable agriculture and 

human health 

Vanda Púčiková1, Matías Schierenbeck2, Paula Carolina Pires Bueno1, Andreas Börner2, Franziska Sabine 

Hanschen1,3, Katja Witzel1 

1Leibniz Institute of Vegetable and Ornamental Crops, Germany; 2Leibniz Institute of Plant Genetics and Crop Plant Research 

(IPK), Germany; 3Technische Universität Berlin, Institute of Food Technology and Food Chemistry, Germany 

Global food security depends on the genetic diversity of cultivated crops. However, breeding programs' 

focus on a limited number of high-yield varieties has driven a significant decline in agrobiodiversity, 

potentially reducing crops' adaptive capacity to climate change, emerging pests, and pathogens. This loss 

may also limit the production of nutritionally rich foods. Integrating large-scale genomic, metabolomic, 

and phenotypic datasets can elucidate the molecular basis of trait formation and enhance breeding 

strategies. 

To explore how genetic diversity shapes bioactive metabolite formation, we selected the highly diverse 

species Brassica oleracea, which produces sulfur compounds with antimicrobial, anticancer, and 

anti-inflammatory properties. 282 genotypes representing six varieties (white, red and savoy cabbage, 

kohlrabi, kale, and cauliflower), provided by the IPK gene bank, were analyzed using untargeted 

metabolomics, targeted quantification of selected health-promoting metabolites, and proteomic 

profiling. Genomic DNA was extracted from seeds for single nucleotide polymorphism genotyping to 

characterize genetic diversity and identify regulatory patterns associated with bioactive metabolite 

production. 

Using this interdisciplinary approach, we demonstrate how intraspecific agrobiodiversity shapes crop 

nutritional quality, highlighting the importance of conserving crop biodiversity for sustainable agriculture 

and human health. 

 

 

 

 

S11.3: From Draft Genome to Landscape Genomics: A Reproducible Pool-seq 

Framework Reveals High Connectivity and Weak Polygenic Adaptation in a Soil 

Springtail 

Mohammad Jamil Shuvo, Gernot Segelbacher, Katrin Heer, Julia C. Geue 

University of Freiburg, Germany 

Small soil arthropods are ecologically important but genomically underrepresented, largely due to 

degraded DNA from ethanol-preserved specimens and the lack of suitable reference genomes. We 

developed PoLoCo, a reproducible pooled low-coverage workflow that integrates draft genome 

assembly, validation, and allele-frequency estimation from ethanol-preserved material. Using pooled 

short-read sequencing, we assembled a 411 Mb draft genome of the soil springtail Entomobrya nivalis  
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with 97.7% BUSCO completeness, demonstrating that degraded field material can support reliable 

population genomic inference. 

Building on this genomic resource, we applied a landscape genomics framework to 82 pooled 

populations sampled across managed forests of the Black Forest, Germany. Neutral analyses revealed 

weak and spatially diffuse structure with shallow isolation by distance and no isolation by environment, 

indicating high landscape connectivity. Genotype-environment association analyses detected subtle and 

largely method-specific signals consistent with weak polygenic adaptation along gradients of vegetation 

productivity, soil chemistry, and topographic heterogeneity. Together, our study demonstrates how 

reproducible Pool-seq workflows can unlock genomic inference for non-model soil organisms and reveals 

that local adaptation can remain subtle under high connectivity in managed forest landscapes. 

 

 

 

 

S11.4: Untangling phylogenetic relationships in white-toothed shrews (Soricidae: 

Crocidurinae) using genome-wide data 

Veronika Chalupová1, Jacob A. Esselstyn2, Violaine Nicolas-Colin3, Josef Bryja1,4, Adam Konečný1 

1Department of Botany and Zoology, Faculty of Science, Masaryk University, Brno, Czech Republic; 2Museum of Natural 

Science, Louisiana State University, Baton Rouge, Louisiana, USA; 3Muséum National d´Histoire Naturelle, Paris, France; 
4Institute of Vertebrate Biology, Czech Academy of Sciences, Brno, Czech Republic 

Shrews (Eulipotyphla: Soricidae) are one of the most speciose mammals and represent an important 

part of global biodiversity. Here, we focus on the subfamily Crocidurinae currently comprising 10 genera: 

Crocidura, Diplomesodon, Feroculus, Palawanosorex, Paracrocidura, Ruwenzorisorex, Scutisorex, 

Solisorex, Suncus and Sylvisorex. Early molecular phylogenetic studies were based on limited numbers of 

genetic markers and/or taxa, but even these studies revealed paraphyletic to polyphyletic relationships 

among some genera. We assembled an unprecedented dataset of 988 cytochrome b sequences covering 

all ten genera. In addition, we sequenced ultraconserved elements (thousands of genome-wide loci) for 

104 individuals representing nine genera and covering most of the cytochrome b diversity. Although the 

reconstructed phylogenetic relationships are strongly supported, some taxonomic uncertainties persist. 

These issues, especially those involving non-monophyletic genera, are currently being investigated 

through an integrative approach combining genomic, morphological, and biogeographic evidence, 

potentially leading to the recognition of new genera. A well-resolved taxonomy is crucial for ensuring 

that subsequent research on white-toothed shrew diversity is based on accurately defined genera. 

The research was funded by the Czech Science Foundation projects no. GA23-06116S. 
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S11.5: Habitat disturbance reshapes mosquito-virus community networks across three 

tropical ecosystems in Uganda 

Victor S. Scharnhorst1, Selina L. Graff1, Georg J. Eibner1, James R. Ochieng2, Verena Heyde1, Christian Hieke1, 

Anthony M. Nsubuga3, Julius J. Lutwama4, Innocent B. Rwego5, Sandra Junglen1 

1Institute of Virology, Charité – Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, Humboldt-Universität 

zu Berlin, and BerlinInstitute of Health, 10117 Berlin, Germany; 2Department of Zoology, Entomology and Fisheries Sciences, 

College of Natural Sciences, Makerere University, Kampala, Uganda; 3Department of Plant Sciences, Microbiology and 

Biotechnology, Makerere University, Kampala, Uganda; 4Department of Arbovirology, Uganda Virus Research Institute (UVRI), 

Entebbe, Uganda; 5Department of Biosecurity, Ecosystems and Veterinary Public Health, Makerere University, Kampala, 

Uganda 

Habitat disturbance leads to changes in species community composition, biodiversity loss, and disease 

emergence, yet ecosystem-wide effects and fundamental ecological mechanisms remain poorly 

understood. To identify common drivers of mosquito and virus community dynamics, 32,632 mosquitoes 

representing 130 species from 13 genera were collected in undisturbed and disturbed sites across three 

Ugandan ecosystems: lowland rainforest, montane rainforest, and savannah. 

The positive relationship between mosquito diversity and temperature was significantly dampened in 

disturbed forests. Disturbed and undisturbed habitats harbour compositionally different assemblages 

driven by species replacement, with disturbance causing ecological reorganization that increases 

medically important species abundance and shifts communities toward higher transmission risk. 

We detected 651 viral sequences belonging to 132 OTUs, including 100 potentially novel species. Viral 

diversity and abundance were primarily driven by mosquito community structure rather than habitat 

type directly, suggesting disturbance effects on viral communities are mediated through vector 

community changes. Habitat disturbance shifted virus-mosquito networks toward generalized, 

opportunistic associations, potentially increasing arbovirus spillover risk. 

These findings advance mechanistic understanding of how habitat disturbance reshapes mosquito-virus 

networks, with implications for disease ecology and biodiversity conservation. 
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S11.6: Scaling genomics for long-term biodiversity monitoring: lessons from European 

genome initiatives 

Camila Mazzoni 

Leibniz Institute for Zoo and Wildlife Research, Germany 

Long-term biodiversity monitoring is essential for assessing ecosystem resilience, detecting population 

declines, and informing conservation policy. However, traditional methods often miss cryptic processes 

such as genetic erosion, inbreeding, connectivity and adaptive change. Genomic advances now enable 

large-scale tracking of these dynamics, but integrating genomics into sustained monitoring remains a 

logistical and conceptual challenge. 

This presentation describes how genomic infrastructures can support long-term population monitoring 

across taxa and regions. Drawing on the European Reference Genome Atlas (ERGA) and Biodiversity 

Genomics Europe (BGE and BGE+), it illustrates how coordinated genomic data production, standardized 

sampling, and federated data systems enable longitudinal and cross-border genetic surveillance. 

Lessons from continent-wide initiatives will be presented, including harmonized metadata standards, 

sustainable biobanking, and emerging analytical frameworks that translate genomic indicators into 

conservation-relevant metrics for policy reporting and biodiversity targets. 

By aligning genomic infrastructure with ecological research, Europe is developing a scalable model for 

genetic monitoring that complements traditional indicators, improves warning systems for population 

decline, and guides recovery. These approaches are broadly applicable to global biodiversity 

observatories and provide a roadmap for embedding genomics into conservation practice. 
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Session 12: Ecological conservation and restoration 
Chairs: Tim Newbold, Nobert Hoelzel 

 

Ecological conservation and restoration increasingly require integrative approaches that combine 

biodiversity monitoring, ecosystem management, and nature-based solutions under global change. In 

this session, we explore how restoration practices, forest management, technological innovation, and 

long-term monitoring shape biodiversity and ecosystem resilience across terrestrial and aquatic systems. 

From AI-supported biodiversity assessment and soil-mediated restoration to climate-adapted forestry, 

wetland recovery, and marine spatial planning, the contributions highlight emerging strategies for 

conserving and restoring ecosystems in a rapidly changing world. 

 

 
 
 

S12.1: Small bodies, big signals: automated end-to-end processing reveals hidden 

drivers of arthropod community change 

Philipp Meyer, Harald Meimberg, Victor Scharnhorst 

Boku University, Austria 

Arthropod declines are among the most pressing ecological concerns of our time, yet our ability to 

detect and interpret these changes remains constrained by the tools we use. Established methods — 

biomass measurements, DNA metabarcoding, and manual identification — each introduce systematic 

biases against small-bodied taxa. At the same time, they struggle to deliver scalable, abundance-resolved 

data, obscuring the very patterns needed to understand ecological change. We developed an integrated, 

end-to-end pipeline that unifies automated size-based sorting, high-resolution imaging, and hierarchical 

AI classification into a single non-destructive workflow. The system processes bulk arthropod samples 

from intake to taxonomic output with minimal manual intervention, treating specimens of all body sizes 

with equal analytical rigor. When applied to Malaise trap samples from sites with contrasting habitat 

management, the pipeline uncovered pronounced size-dependent community responses concentrated 

among the smallest taxa — responses that conventional monitoring approaches fail to capture. These 

findings suggest that current assessments may systematically underestimate the ecological 

consequences of habitat change. 

 

 

 

 

66 



BE20 Sessions 
 
S12.2: Forest landscape planning for biodiversity – Beech as a driver of biodiversity 

reduction? 

Steffi Heinrichs1, Peter Schall2 

1University of Applied Forest Sciences Rottenburg, Germany; 2University of Goettingen, Germany 

Biodiversity of forest landscapes is affected by tree species diversity and composition of forest stands. 

Organisms depend on 1) the presence of a specific “host” tree species within stands, 2) on a specific 

stand level environment or 3) on a small-scale heterogeneity in environmental conditions. According to 

ecological theory, small-scale heterogeneity of mixed stands is assumed to promote biodiversity best by 

integrating additive and interactive effects of different tree species. This is one reason why mixed stands 

are central goals in forest development across Germany. 

Here we used the multi-taxa dataset of the Exploratory Schorfheide-Chorin sampled in pure pine, pure 

beech, oak-dominated and beech/pine mixed stands to find an optimized forest stand composition for 

biodiversity. As part of the northeastern German lowlands, the landscape is under conversion from pine 

monocultures to mixed forests with European beech with unknown consequences for biodiversity. 

Results show a preference of many organismic groups for pine and oak-dominated stands and a 

biodiversity reduction in currently extending pine/beech mixtures. Biodiversity research should be 

incorporated in forest planning processes to counteract ongoing and future biodiversity loss. 

 

 

 

S12.3: Same forest, different story: Beetle community responses to (a) non-native tree 

species depend on the vertical stratum 

Sara Piccini1, Benjamin Wildermuth1,2,3, Dragan Matevski1,4, Peter Kriegel5, Alice Penanhoat6, Dominik Seidel6, 

Jonas Hagge1,7, Martin M. Gossner8,9, Andreas Schuldt1 

1Department of Forest Nature Conservation, University of Göttingen, Göttingen, Germany; 2Institute of Biodiversity, Ecology 

and Evolution, University of Jena, Jena, Germany; 3German Centre for Integrative Biodiversity Research (iDiv) 

Halle-Jena-Leipzig, Leipzig, Germany; 4Institute for Animal Cell and Systems Biology, University of Hamburg, Hamburg, 

Germany; 5Chair of Conservation Biology and Forest Ecology, Biocenter, Julius-Maximilians University of Würzburg, 

Rauhenebrach, Germany; 6Department for Spatial Structures and Digitization of Forests, University of Göttingen, Göttingen, 

Germany; 7Northwest German Forest Research Institute, Forest Nature Conservation, Hann. Münden, Germany; 8Forest 

Entomology, Swiss Federal Research institute WSL, Birmensdorf, Switzerland; 9Department of Environmental Systems Science, 

Institute of Terrestrial Ecosystems, ETH Zürich, Switzerland 

Increased forest diebacks under climate change are driving the use of drought-resistant non-native tree 

species, raising concerns about their impacts on biodiversity and ecosystem functioning. However, most 

studies focus on single forest strata, limiting understanding of biodiversity responses across vertical 

gradients. 

Here, we synthesize how the introduction of North American Douglas fir affects multidimensional beetle 

biodiversity across forest strata in Central European forests. We compared monocultures and mixtures of 

native European beech, Norway spruce (planted outside its natural range), and non-native Douglas fir. 
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Beetle diversity varied strongly among strata and stand types. Douglas fir monocultures consistently 

reduced taxonomic, functional, and phylogenetic diversity across spatial scales, with the strongest 

declines in the canopy. Mixed stands showed context-dependent effects: beech–spruce mixtures 

enhanced forest floor diversity, while beech–Douglas fir mixtures partly mitigated canopy biodiversity 

losses. Biodiversity patterns were also driven by canopy openness, deadwood, and tree neighborhood 

diversity. 

Our results highlight the importance of integrating vertical stratification in biodiversity assessments and 

show that mixed stands can reduce negative impacts of non-native tree species under climate-adapted 

forest management. 

 

 

 

S12.4: Silva Nova: Biodiversity recovery in new forests and its restoration through soil 

inoculation. 

Davide Barsotti1, David Bille Byriel1, Karelle Rheault1, Johan Peter Bredal Jørgensen1, Ming Yu1, Sebastian 

Kepfer-Rojas1, Anna Karina Zimmermann1, Ludovica D'Imperio2, Inger Kappel Schmidt1, Lars Vesterdal1, Per 

Gundersen1 

1University of Copenhagen, Department of Geosciences and Natural Resource Management, Denmark; 2Danish Technical 

University, Department of Biotechnology and Biomedicine, Denmark 

The restoration of forest-related biodiversity is essential for afforestation projects, but knowledge is 

limited on its recovery in post-agricultural landscapes, the impacts of land use legacies, and methods to 

overcome them. 
We used an afforestation chronosequence (~60 years) to describe the ecosystems’ development on 

former cropland, analysing vegetation, bacteria, fungi, soil fauna and ground dwelling arthropods. 

Progress stalled after an initial fast development in the first decades, and communities only partially 

converged to the long-continuity forest references, reaching between 20 and 60% similarity to the 

reference composition. We attribute this delay to agriculture legacies, forest structure, and dispersal 

limitation. 
To address dispersal limitation, we conducted a pilot soil transplant experiment, showing that soil 

inoculation from long-continuity forests into recent afforestation accelerated plant and fungal 

community recovery. Fungal species composition changed with small inoculum amounts, but effects 

varied across sites, suggesting interactions with local environment and land use history. In 2025, we      

planted a new forest to establish a large-scale experiment, where we will quantify the effects of 

long-continuity forest soil inoculation and refine inoculation methods for practical restoration. 
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S12.5: BioMonI-PLOTS: Permanent Monitoring Plots for Island Biodiversity Change 

Paulo Borges1, Rosalina Gabriel1, Nathaly Guerrero-Ramírez2, Holger Kreft2 

1University of Azores, CE3C—Centre for Ecology, Evolution and Environmental Changes, Azorean Biodiversity Group, CHANGE 

—Global Change and Sustainability Institute, School of Agricultural and Environmental Sciences, Rua Capitão João d’Ávila, Pico 

da Urze, 9700-042 Angra do Heroísmo, Azores, Portugal; 2Department of Biodiversity, Macroecology and Biogeography, 

University of Göttingen, Göttingen, Germany 

Oceanic islands concentrate global endemism and invasion pressure, yet detecting and attributing 

biodiversity change is hindered by limited standardised, repeatable, plot-based time series spanning 

habitats and taxa. We present BioMonI-PLOTS, an open, interoperable e-infrastructure built around 

permanently georeferenced plots established along environmental gradients across multiple 

archipelagos. The database harmonises resurveyed plot events with species occurrence and, where 

available, abundance data, and links records to plot covariates (e.g., habitat structure, disturbance, 

management), enabling consistent estimation of population trends, community turnover and invasion 

dynamics. BioMonI-PLOTS is FAIR-by-design, uses an event-centric data model aligned with widely used 

biodiversity standards, and provides explicit provenance, quality-control flags and versioned releases to 

maximise reuse and comparability. The infrastructure is designed for linkage to complementary data 

streams (functional traits, microclimate, genetic tools, remotely sensed layers), supporting analyses from 

local dynamics and intervention evaluation to cross-island syntheses of global-change responses. 

BioMonI-PLOTS provides a scalable backbone for long-term, multi-taxa island monitoring and supports 

evidence-based conservation and policy reporting 

 

 

 

 

S12.6: The river bypass 'Reevediep': a showcase of delta nature development and 

climate resilience 

Arjan Otten 

Province of Overijssel, Netherlands, The 

With the delivery of the river bypass ‘Reevediep’ in 2024, a new connection is created between the river 

IJssel and the IJsselmeer. The bypass follows the alignment of an old sea arm that still can be seen on an 

historical map of the IJsseldelta area of 1724. So, in a way we have restored a part of the old delta. 

And alongside a new wetland of more than 350 hectares of delta nature has arisen! Nature is already 

flourishing in the Reevediep and it’s difficult to imagine that this was an agricultural area, just a decade 
ago. Part of the wetland is an area of reed marsh development of over 40 hectares. This has been added 

to the existing Nature 2000 network. 

The river bypass is the very last of a series of 34 ‘room for the river’ measures in the Netherlands. The 

project is a real showcase of delta nature development, building with nature and climate resilience. See, 

for example, this drone video of an innovative method of ‘reed transplantation’: 

https://www.youtube.com/watch?v=IMgyKP99B9o 
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4.45 pm Coffee break Foyer, 0 Floor 

5.00 pm - 6.45 pm Workshops  
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 W03: Research networks for future large-scale and 

long-term biodiversity/ecological research 

Bernhard von 
Langenbeck, 1 Floor 

 W04: Social-ecological monitoring: Towards a 

long-term social-ecological biodiversity monitoring 

(LTSER) 

Rudolf Virchow, 2 Floor 

  

WEDNESDAY 10/6/2026    

9.00 am Plenary Keynotes 4&5: Helmut Hillebrand, Andrew 
Gonzalez 

Plenum, 2 Floor 

10.50 am Coffee break Foyer, 0 Floor 

11.15 am Parallel Sessions  

 S02: Biodiversity and stability Bernhard von 

Langenbeck, 1 Floor 

 S03: Biodiversity and ecosystem services Rudolf Virchow, 2 Floor 

12.45 am Lunch Foyer, 0 Floor 

1.45 pm Parallel Sessions  

 S07: Ecosystems under climate change Bernhard von 

Langenbeck, 1 Floor 

 S08: Ecosystems under global change Rudolf Virchow, 2 Floor 

3.15 pm Poster Session Foyer, 1 Floor 

 P01: Biodiversity and ecosystem functioning & stability 
P02: Understanding indirect drivers of biodiversity change 
P03: Soil ecology 
P04: Remote sensing & technical advances in biodiversity monitoring 
P05: Global change, conservation and restoration 

4.45 pm - 6.30 pm Workshops  

 W01: Ecological Synthesis: New ideas for large-scale 

and long-term ecological synthesis 

Bernhard von 
Langenbeck, 1 Floor 

 W02: Social-ecological Synthesis: Synthesising findings 

across large-scale and long-term social-ecological 

research 

Rudolf Virchow, 2 Floor 

7.00 pm Conference Dinner Restaurant Nolle 
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THURSDAY 11/6/2026   

9.00 am Plenary Keynotes 6&7: Elizabeth Borer, Tim Newbold Plenum, 2 Floor 

10.50 am Coffee break Foyer, 0 Floor 

11.15 am Parallel Sessions  

 S10: Macro and landscape ecology Rudolf Virchow, 2 Floor 

 S12: Ecological conservation and restoration Bernhard von 
Langenbeck, 1 Floor 

12.45 am Lunch Foyer, 0 Floor 

1.45 pm Plenary Keynotes 8: Kirsten Thonicke Plenum, 2 Floor 

2.40 pm - 3.45 pm Closing Remarks Plenum, 2 Floor 

   

FRIDAY 12/6/2026   

8.00 am - 6.00 pm Excursion to the Exploratory Schorfheide-Chorin 
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Scientific Committee:  

Markus Fischer, Nico Blüthgen, Marion Mehring, Marion Schrumpf, Stefanie Schulz, Paul Magdon,  
Peter Manning 

 

Coordination Office:  

Victoria Grießmeier, Franca Marian, Anna Franke, Dong-Hee Maeng, Eva Schmidt, Natalia Conopliova  
Contact: beo@bio.tu-darmstadt.de 

 

Professional Convention Service: 

Heike Kuhlmann 
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