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Welcome greetings

Welcome greetings by Christian Ammer

Welcome to the 54th conference of the Ecological Society of Germany, Austria and
Switzerland in Wirzburg. This is actually the first time that we meet in this old residence seat
of the prince bishops and its renowned university. | am sure that all participants will agree at
the end of the conference that it was high time we came here. Therefore, | would like to take
the opportunity already now to thank the local organizing committee for all their hard work in
putting together such a diverse program, which is also enriched by a colourful array of non-
technical elements. | wish all participants new insights, good discussions, constructive
feedback on their presentations, and time to get to know the diversity of methodological
approaches and findings from areas of ecology beyond their own field.

This year's conference motto, “Ecological Systems Under Pressure: Challenges and
Solutions” marks two important aspects: on the one hand the fact that human activities are
causing an unprecedented level of change and, unfortunately, sometimes destruction of
ecosystems, but on the other hand that this finding does not mean that there are no solutions
to the climate and biodiversity crises. In this sense, we hope that the conference will also
provide concrete impetus that will find its way into practice.

With the conference in Wirzburg and after six years on the board, | will hand over the
position of president of our society to my successor and bid you farewell in this role.
However, | am confident that the conference in Wirzburg will provide the new board with just
as many new ideas and impulses as the conferences in previous years. | am also convinced
that the conference in Wirzburg will once again prove that it is the direct personal exchange
with colleagues on site that leads to reflection on one's own points of view and own
interpretations and at the same time is a source of inspiration for new ideas. With this in
mind, | wish you and all of us informative and, if the depressing state of the world allows,
happy days in Wurzburg!

Christian Ammer

- President of the GfO
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Welcome greetings by the team of JMU

Dear colleagues and friends, dear guests,

we would like to welcome you to the 54" Annual Meeting of the Ecological Society of
Germany, Austria & Switzerland at the Julius-Maximilians-Universitat Wurzburg. In our
university, several chairs focus on ecology from different perspectives and coordinate this
annual meeting: the Chair of Animal Ecology and Tropical Biology, the Chair of Global
Change Ecology, the Chair of Conservation Biology & Forest Ecology, and the Chair of
Remote Sensing. The Local Organizing Committee thus covers a wide range of ecological
topics, from organismic ecology to chemical ecology, from functional biodiversity research to
conservation biology and remote sensing, in a wide range of habitats from forests to
agricultural and urban environments, in the temperate zone and the tropics.

What unites us is our focus on current challenges in various ecosystems around the world
and our passion to train young biologists and remote sensing students for positions not only
in academia but also in conservation practice. Therefore, we chose the motto "Ecological
Systems Under Pressure: Challenges and Solutions" for this conference. More than
400 contributions to the conference will create an interdisciplinary platform to discuss the
major ecological challenges of our time and to stimulate exchange between the more than
600 participants of the academic ecological community, practitioners and multiplicators, to
find solutions to environmental problems.

The conference venue in Wirzburg and our diverse program will create a unique atmosphere
for intensive scientific exchange in a wonderful city characterized by wine and science. This
will start already at the first evening with a special icebreaker event. During the “Wilderness
and Climate Show” you have the chance to meet the award-winning nature filmmaker Jan
Haft and the Orchestras of Change. During the conference, you can take part in a wine-
tasting session in the last remaining baroque wine cellar, a World Heritage site, constructed
by Balthasar Neumann between 1720 and 1744 in the centre of Wirzburg. Our program
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guarantees top-class key notes, innovative workshops and many exciting talks and poster
presentations. The latter will be organized this year in a special format, because not only will
researchers present their newest findings, but also the young winemakers from
Randersacker will present their wines during the poster session. The artistic research and
dance performance “l don't hear Bugs in the City - A choreographic reminder of the small
creatures among us”, will take a close look at the relationships between humans and insects
in cities, as part of the interdisciplinary research project SLInBio on urban insect diversity. We
hope you'll join us for a concluding night of partying at the traditional GfO-Club Night on
Thursday evening, and that you'll still have enough resources on Friday to go on one of our
excursions to beautiful habitats, experiments in forests, or explore the ancient culture of
Wirzburg.

Finally, we would like to thank the many people who have contributed to the successful
organization of the meeting. First of all, we would like to mention Eveline Schneider, Steven
Hill, Oliver Mitesser, Sabine Nooten, Mara Kuschke, Lars Landgraf, Sabine Oppmann, Julia
Rothacher, Rabea Klimpers, Jochen Krauss, Fabienne Maihoff, Fabian Bétzl and Hanno
Korten and Nicolas Willems for their indispensable help in organizing the meeting, together
with KCS Heike Kuhlmann and the Event-Tech Team. We would also like to thank all other
helpers for their support during the conference and the sponsors of our conference for their
financial support. Many thanks to the keynote speakers for accepting our invitation as well as
the chairs of the various sessions for covering stimulating topics. We are looking forward to
inspiring lectures, talks, and poster sessions. We hope that this meeting will offer an inspiring
atmosphere for fruitful discussions and interactions.

J6rg Miiller & Nadja Simons

(Chair of Conservation Biology and Forest Ecology),
Christian Hof & Malte Jochum

(Department of Global Change Ecology),

Ingolf Steffan-Dewenter & Thomas Schmitt
(Department of Animal Ecology

and Tropical Biology),
Stefan Dech

(Department of Remote Sensing)
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Keynote

Anne Chao', Pia Bradler?,?

'National Tsing Hua University, Taiwan, Hsin-Chu, TW

ZInstitute of Ecology, Leuphana University, Liineburg, DE

3Institute of General Ecology and Environmental Protection, TUD Dresden University of
Technology, Tharandt, DE

Most ecological studies rely on sampling data. However, comparisons based solely on
observed diversity can be misleading, as such values are typically sensitive to sampling effort
and sample completeness. To enable meaningful comparisons across assemblages or
spatial scales, sample (or data) standardization is essential. Within the Hill numbers
framework—which encompasses species richness, Shannon diversity, and Simpson
diversity—the iINEXT (interpolation and extrapolation) method offers a statistical approach for
standardizing either sample size or sample completeness across datasets, for both
abundance and incidence data.

An objective measure of sample completeness is sample coverage, defined as the proportion
of individuals in the assemblage (including those from undetected species) that belong to the
species detected in the sample. The concept of sample coverage was originally developed by
Alan Turing during his cryptographic work during WWII. Sample coverage can be accurately
estimated from sampling data. The integration of sample-size- and coverage-based
rarefaction and extrapolation represents a unified standardization for quantifying and
comparing species diversity across multiple assemblages.

The sample-size-based rarefaction and extrapolation curve can be used to assess whether
data are sufficient for accurate asymptotic estimation. For non-asymptotic estimation,
rarefaction and extrapolation standardized by sample coverage are better able to judge the
magnitude of the differences in diversity among assemblages compared to size-based
approaches. The INEXT method has been extended to various contexts, including INEXT.3D
(for taxonomic, phylogenetic, and functional diversity), INEXT.beta3D (for beta diversity),
iINEXT.link (for network data), and INEXT.meta (for synthetic analysis). Data from the Beta-
For project, Enhancing the structural diversity between patches for improving multidiversity
and multifunctionality in managed forests, are used for illustration.
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Keynote

Anne Chao

Institute of Statistics, University National
Tsing Hua University, Taiwan

Anne Chao is a Professor in Statistics. She is currently
60% statistician, 30% mathematician, and 10% ecologist.
For over 40 years, she has been fascinated by the
mathematical and statistical challenges that arise in
ecology and environmental sciences. Her expertise lies in
ecological statistics, statistical methodologies, and
statistical sampling/analysis of survey data. Together with
her colleagues and students, she has developed several
biodiversity measures/estimators, including Chao1,
Chao2, ACE, and ICE, which are used to assess species
richness. She has also contributed novel standardization
methods and software (including iINEXT, iNEXT.3D and
INEXT.beta3D) for inferring and comparing biodiversity
across scales.

Pia Bradler

Leuphana University Liineburg and the
Technical University of Dresden

Pia Bradler is a doctoral researcher. She has a
background in global change ecology and has worked on
investigating the impacts of global change, particularly
warming and land use change, on plant communities and
functional diversity. Her current work focuses on how an
increase in structural heterogeneity in temperate
managed forests affects understory plant diversity and
functioning across spatial scales using INEXT in different
analyses.
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Keynote

Jos Barlow’

'Lancaster Environment Centre, Lancaster, UK

The Rio’92 Earth Summit underpinned the development of organised international action via
the UN conventions on Climate Change (UNFCCC) and Biodiversity (CBD). More than thirty
years on, South America is in the spotlight again; COP16 of the CBD was held in Colombia
and COP30 of the UNFCCC will be held in the Amazon for the first time. This has brought
renewed focus on the Amazon and surrounding ecosystems at a crucial time when recent
events and research highlight the growing risk of critical thresholds being crossed that could
undermine the sustainability and functioning of the whole basin. Here, | outline those
emerging risks by: (i) showing how disturbances within the remaining forests are adding to
the negative impacts of deforestation, driving changes in traits and winner-loser species
replacement; (ii) examining the role of climate extremes, which are increasing at a faster rate
than mean annual changes in temperature, and (iii) exploring what these mean for critical
thresholds and the potential for abrupt system-level tipping points. Finally, | examine how
these changes — and predictions of future change — are altering and diminishing the solution
space for the Amazon basin and other tropical forest regions, and show how achieving net-
positive ecological trajectories requires going beyond avoiding deforestation or restoration,
and must include actions that prevent further degradation.
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Keynote

Jos Barlow

Lancaster Environment Centre (UK) Federal
University of Para (Brazil)

Jos Barlow is a professor in conservation science at
Lancaster Environment Centre (UK) and a professor of
ecology at the Federal University of Para (Brazil). His
work addresses how human activities impact tropical
forest biodiversity and the ecosystem services and
functions that biodiversity delivers, with a focus on the
Brazilian Amazon where he has been working since
1998. He is a co-founder of the Sustainable Amazon
Network (Rede Amazdnia Sustentavel), which brings
together scientists, conservation practitioners and local
stakeholders to further our understanding of the
environmental and socio-economic trade-offs in the
world's largest remaining expanse of tropical forest. He is
a Trustee of WWF-UK, Lead author & member of the
Scientific Steering Committee of the UN’s Science Panel
for the Amazon, and Editor-in-Chief of Journal of Applied
Ecology.
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Keynote

Jean-Philippe Lessard’

'"Concordia University, Montreal, CA

Predicting whether species ranges will expand, or contract is a crucial part of managing
biodiversity in a changing world. It is nevertheless surprising that scientists have such a
rudimentary understanding of processes involved in range dynamics and in setting and
maintaining range limits. Perhaps the slow progress made toward understanding and
predicting range dynamics results from scientists with different expertise working in isolation.
Only the integration of concepts and approaches in physiology, ecology, and evolutionary
biology can lead to major advances. Here, | review recent theoretical and empirical advances
related to processes governing range limits and range edge dynamics, with a particular focus
on the role of physiological plasticity, population genetics, demography, and trophic
interactions. | then discuss the implications of a deeper understanding of the determinants of
range limits on the ability to explain and predict range shifts in a changing world.
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Keynote

Jean-Philippe Lessard

Concordia University in Montreal, Canada

Dr. Jean-Philippe Lessard is a Professor in the
Department of Biology at Concordia University in
Montreal, Canada and the Editor-in-Chief of Ecological
Monographs, a journal of the Ecological Society of
America. His current research investigates the ecological,
evolutionary and anthropogenic determinants of
biological diversity from local to global scale, geographic
range dynamics and ecosystem function. Much of his
empirical work uses insects and in particular ants, as a
study system. He obtained his BSc from McGill University
and his PhD in Ecology and Evolutionary Biology from
the University of Tennessee. He then pursued
postdoctoral work at the Center for Macroecology,
Evolution and Climate, based at the University of
Copenhagen and at the Quebec Center for Biodiversity
Science, based at McGill University.
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Keynote

Zuzana Burivalova’

"University of Wisconsin-Madison, Madison, US

Forests are at the forefront of nature-based climate solutions, and this has stimulated a
global investment into their protection. Yet, focusing on carbon, many nature-based climate
solutions do not automatically protect biodiversity. | will discuss the need to include
biodiversity conservation as a major goal for tropical forest nature-based climate solutions. |
will demonstrate how we use new technologies, particularly bioacoustics (recording and
analyzing sounds that animals and humans make), to document the losses and gains in
biodiversity. Using new advances in machine learning to detect animal and gunshot sounds, |
will show not only the patterns but also the processes that underly biodiversity changes in the
world’s most diverse tropical forests. In this talk, | will draw on examples from the Sound
Forest Lab’s work across tropical forests.
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Keynote

University of Wisconsin-Madison, The Nelson
Institute for Environmental Studies and the
Department of Forest and Wildlife Ecology,
The Sound Forest Lab

Zuzana Bufivalova is Assistant Professor and the
Principal Investigator of the Sound Forest Lab. She is a
tropical forest ecologist and conservation scientist, based
at the University of Wisconsin-Madison, where she is
affiliated with the department of Forest & Wildlife
Ecology, The Nelson Institute for Environmental Studies,
and the Center for Sustainability and the Global
Environment (SAGE). Before joining UW-Madison, she
was a post-doctoral research fellow at Princeton
University and The Nature Conservancy, and received
her PhD at the ETH Zirich and BA at Oxford.

Zuzana researches ways to protect biodiversity in tropical
forests, both forests that are used by people, for example
for logging, and forests set aside for conservation, from
national parks to small community protected areas. She
tries to answer tricky questions in tropical forest ecology
using new technologies, such as through recording
soundscapes, where traditional field methods aren’t
enough. She also collaborates with the environmental
news platform Mongabay on understanding, which
conservation strategies succeed and fail in tropical
forests. Zuzana feels privileged to have worked in the
tropical forests of Madagascar, Papua New Guinea,
Borneo, Gabon, Peru, and Ecuador.

Zuzana is the 2021 winner of the nature award for driving
global impact. In 2023, she received the Bassam Z.
Shakhashiri Public Science Engagement Award, and the
WINGS Women of Discovery Award.
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Keynote

Lorenzo Marini’

"University of Padova, Padova, IT

In the next decades, the growing human population will pose significant challenges to meet
global food demand while protecting biodiversity across agricultural landscapes. To increase
the resilience of cropping systems, different disciplines including biotechnology, agronomy,
and agro-ecology are trying to provide farmers with a diverse portfolio of solutions. In this
context, agro-ecology has proposed local and landscape diversification as a general strategy
to both sustain yields and protect biodiversity. However, after decades of ecological research
intensive agriculture is still one of the major drivers of biodiversity loss worldwide. We still
have incomplete knowledge on single interventions’ effectiveness under different
environmental contexts and on their potential costs and benefits for farmers and the wider
society. This large uncertainty is currently hindering a widespread adoption of agro-ecological
strategies. To try to fill these knowledge gaps, | will outline current challenges and novel
frontiers in agro-ecological research. From a more theoretical perspective, bridging network
theory with landscape ecology can help inform landscape management by improving our
understanding of the complex relationships between service-delivering organisms and their
environments. From a more applied perspective, expanding the focus from single ecological
services to landscape multi-functionality, for instance by incorporating co-benefits such as
non-instrumental values, can help overcome current barriers to the adoption of agro-
ecological strategies into conventional farming systems. Integrating different disciplines could
foster synergies between food production and biodiversity conservation goals.
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Keynote

Lorenzo Marini

University of Padova, DAFNAE

Lorenzo Marini is a professor of general and applied
entomology at the University of Padova. His research
focuses on understanding how major anthropogenic
pressures impact plant and insect diversity, as well as
associated ecosystem services, with the ultimate goal of
developing management solutions to mitigate negative
effects on agricultural and natural ecosystems. In
agroecology, he primarily works on plant protection and
pollination, contributing to the design of sustainable
cropping systems. His research also extends to global
change, species range shifts, and biological invasions.
He employs diverse methodological approaches,
including manipulative experiments, observational
studies, macroecological analyses, and syntheses.
Following various international research experiences, he
established his research group at the University of
Padova in 2011, creating multiple Ph.D. and postdoctoral
positions funded by European, national, and regional
research grants.
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Award Session

Volker Grimm
Helmholtz Centre for Environmental Research (UFZ), Leipzig

Perhaps the most important task for ecologists in these times is to predict how ecological
systems will respond to change. But who or what is responding? For example, an increase in
the frequency of droughts will alter the species composition and ecosystem functions of
forests, but these changes are due to the response of the trees themselves. Although
ecology is a systems science, it will be difficult to make predictions that support conservation
and safeguarding without understanding the variability, local interactions and adaptive
behaviour of individual organisms. Fortunately, modelling and monitoring the individuals that
constitute ecological systems have advanced significantly over the last two decades, making
Individual-Based Ecology (IBE) both necessary and feasible. Nevertheless, to better inform
and test predictive models, empirical research must refocus and ask the right questions. IBE
will complement and unify all existing branches of ecology. Rather than seeing the forest for
the trees or vice versa, we should see both and understand how they influence each other's
behaviour and responses.
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Session 1-01
Accelerating farming system fransition through agroecology

Catrin Westphal, Stefan Schiiler?, Marco Ferrante?, Isabelle Arimond?,
Jule Huber®, Patricia Joest?, Menko Koch*, Alfred Kok?, Sebastian
Lakner’, Tobias Plieninger’, Annika Hass?

2Functional Agrobiodiversity & Agroecology, University of Géttingen,Gottingen, DE
3Social-Ecological Interactions in Agricultural Systems, University of Gottingen, Géttingen, DE
4Agricultural Economics, University of Rostock, Rostock, DE

Agri-environmental collaboration has become a prominent subject to agricultural research
and policy-making in the EU. Collaboration among multiple farmers within landscape-scale
agri-environmental schemes (LAES) can overcome the spatial mismatch between the local
implementation of agri-environmental schemes and the landscape-scale habitat requirements
of farmland species. Therefore, LAES are a promising way to effectively enhance farmland
biodiversity. Besides, they can also create social and economic benefits for farmers and other
stakeholders.

However, it remains unclear how much area is needed for LAES to be ecologically effective,
whether this effectiveness depends on the existing landscape diversity, how stakeholders can
be motivated to participate in LAES initiatives, and how positive feedbacks and synergies
between social, economic and ecological benefits can be created.

To address these questions, we implemented a collaborative landscape-scale experiment
within the project KOOPERATIV by sowing 0-13.5 ha of perennial flower fields (250 ha in
total) with a regionalized, native seed mixture in 37 landscapes along an independent
gradient of landscape diversity.

First results show that species richness of birds was not affected by the amount of flower
fields but by landscape diversity, while wild bee abundance increased in landscapes with
flower fields one year after their establishment.

We also found that addressing stakeholder expectations, involving regional facilitators, and
establishing cross-sector networks can jointly support the establishment of collaborative
LAES. To make LAES an effective tool of the agricultural policy, it is crucial to capitalize on
potential synergies among social, ecological, and economic benefits arising from
collaborative implementation by regional stakeholders.
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Accelerating farming system fransition through agroecology

Andrea Friih-Miiller’
"Weihenstephan-Triesdorf University of Applied Science, Weidenbach, DE

The Nuremberg Metropolitan Region stands at a crossroads where agricultural diversity and
urban expansion create ongoing land-use conflicts. Infrastructure development, residential
growth, and economic priorities often clash with efforts to preserve cultural landscapes,
leading to the loss of agricultural land. With 1,679 hectares disappearing annually, the
challenge lies in balancing infrastructural development with conservation while ensuring the
long-term sustainability of local food systems.

Despite these tensions, the region sees an opportunity in its Globally Important Agricultural
Heritage System (GIAHS) application. By securing this recognition, the region aims to
reinforce urban-rural connectivity and promote land-use strategies that integrate agricultural
heritage with sustainable development. Strengthening rural-urban links —through localized
food chains, stakeholder participation, and digital innovations—can help mitigate conflicts,
making agricultural spaces more valuable not only for food production but also for recreation,
cultural identity, and ecological resilience.

This study explores how the GIAHS process serves as a tool for transforming land-use
disputes into cooperative solutions. By fostering dialogue between farmers, and
policymakers, urban planners, the Nuremberg Metropolitan Region exemplifies how heritage
conservation and sustainable land management can reinforce resilient agri-food systems.
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Accelerating farming system fransition through agroecology

Stephanie I. J. Holzhauer', Bastian Hédfner', Jens Dauber’

"Thiinen Institute of Biodiversity, Braunschweig, DE

The transdisciplinary project FInAL (since 2018) has set up three landscape living labs (LLL;
3 km x 3 km) in representative agricultural landscapes in Germany in order to initiate,
demonstrate and evaluate their insect-promoting transformations.

The long-term transformation is addressed by participatory processes (co-learning, co-
design) with local stakeholders like farmers, municipalities, and landscape maintenance
associations. The processes consider the economic viability for the practitioners as well as
current and future challenges for the practitioners. Thus, economic and social parameters
and other factors are recorded and included in these processes expected to strengthen
support a long-term change towards agroecological systems. In contrast to AES, in FInAL,
practitioners are encouraged to adapt measures regarding insect-promoting, region-specific
aims and practical considerations. Applied measures encompass the integrated cultivation of
renewable raw materials, other production-integrated measures and measures outside
agricultural fields.

The joint effect of innovative, insect-promoting measures and enhanced spatio-temporal
landscape structure in the LLL is assessed through landscape-scale monitoring of key
organism groups like pollinators and natural enemies, and ecosystem services (ES) including
biocontrol within LLL and respective reference landscapes following the BACI-design.
Preliminary results on insect diversity, abundance and ES, based on available data from
three to four years following the implementation of the measures since 2022 do not yet
indicate a significant landscape-wide response. Potentially insect-fostering changes in the
choices of measures, however, are increasing in the landscape labs with a trend towards
more complex measures and followingly more diverse landscape composition and
configuration. Efforts towards higher quality of measures, increased habitat connectivity
through measures outside the production areas are in progress.
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Accelerating farming system fransition through agroecology

Pablo Aycart Lazo',?, Luz Sanchez-Maldonado®,*, Blanca Ivanez-
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Tscharntke®, Stefan Dullinger’, Ingolf Steffan-Dewenter?, Bea Maas',?

'University of Vienna, Vienna, AT

2University of Wiirzburg, Wiirzburg, DE
3Universidad Nacional Agraria La Molina, Lima, PE
“Centro de Ornitologia y Biodiversidad, Lima, PE
*Technical University of Darmstadt, Darmstadt, DE
SUniversity of Géttingen, Géttingen, DE
’Bioversity International, Lima, PE

8BOKU University, Vienna, AT

Agricultural expansion and associated land-use change are major threats to Amazonian
biodiversity. Cacao agroforests can support diverse and multifunctional bat assemblages,
which are suitable indicators of land-use changes and may therefore provide valuable
information for developing land-use policies in Amazonian agricultural landscapes. We
sampled aerial insectivorous (AlBs) and phyllostomid bats (mainly frugivores) in 28 cacao
agroforests in two neighbouring regions in the Peruvian Amazon that differ in the proportion
of remaining forest and cropland intensity. We analyzed how landscape structure affected
both groups and projected their taxonomic, functional and phylogenetic responses to two
future landscape scenarios predicting either cropland expansion or reforestation. AlB activity
(a surrogate of abundance) and feeding buzzes (an indicator of foraging activity) decreased
with increasing cropland cover in the non-intensive region only, presumably due to vulnerable
species being already scarce in the intensive region. AlB phylogenetic diversity decreased
with tree cover in the non-intensive region, but we did not find significant trait-based
environmental filtering. Abundance of fruit-eating phyllostomids increased towards
landscapes with lower tree cover, while higher edge density was associated with more insect-
and large fruit-eating phyllostomids. Furthermore, phyllostomid abundance decreased with
increasing cropland cover in the intensive region, probably due to low resource availability.
We predicted fewer AIB feeding buzzes and higher frugivorous phyllostomid abundances with
ongoing tree cover loss in the non-intensive region. Conversely, tree cover loss is expected
to result in lower phyllostomid abundance in the intensive region. Our results suggest that
restoring tree cover in agricultural landscapes offers a valuable strategy to mitigate
biodiversity loss and phylogenetic homogenization in the rapidly changing Amazon region.
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Agricultural intensification often leads to landscape simplification, resulting in the decline of
animal and plant species. Therefore, promoting sustainable agricultural practices and
restoring degraded ecosystems are crucial for promoting biodiversity. However, more
landscape-scale studies are necessary to assess the effectiveness of current restoration
measures. To address this, we investigate the combined impact of flower strips and
hedgerows on biodiversity in the largely simple agricultural landscapes of Saxony-Anhalt,
Germany. Using a combination of observational and experimental approaches, we will
examine the effects of these measures on birds and bats in farmlands. For the fieldwork in
spring and summer 2025, we selected 20 winter cereal fields along a landscape complexity
gradient in Saxony-Anhalt. The studied crop fields have one of the adjacent treatment types:
(i) grassy margin (control), (ii) flower strip, (iii) hedgerow, or (iii) a combination of flower strip
and hedgerow. In each of these fields, we will perform bird transect surveys to assess
species presence and abundance. We will study bird nest predation to evaluate predation
pressure and predator communities. Further, birds and bats will be recorded using AudioMoth
devices. In addition, we will use automated flight-interception traps to estimate potential
insect prey availability for bats. We suspect that the combination of flower strips and
hedgerows offers a greater value to bird and bat communities than either of the measures
alone. The results from the large-scale surveys will provide valuable insights into the
effectiveness of these restoration strategies in promoting biodiversity in agricultural
landscapes. They will also help to evaluate European strategic plans that promote
sustainable agriculture.
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Climate extremes are a major challenge for arable farming. They require ecological-functional
intensification for sustainable and climate-resistant cultivation systems in order to secure
yields and at the same time counteract soil degradation and the loss of biodiversity. As part of
the Hessian LOEWE research cluster “Transformative Intercropping Systems for One Health”
(TRIO), we are investigating the integration of annual and perennial, deep-rooted aromatic
plants in crop rotations with intercropping of cereals as a promising approach for sustainable,
biodiversity-promoting arable farming systems under a wide range of site conditions. Using
eDNA barcoding of insects and their respective plant traces, we investigate the effects of strip
cropping systems with spring wheat (Triticum aestivum L.) and medicinal and aromatic
plants, here annual and perennial caraway (Carum carvi L.) and coriander (Coriandrum
sativum L.), on insect diversity on two organically and two conventionally farmed sites in
Hesse. Our study shows that spatio-climatic factors have a stronger influence on insect
diversity and the associated plant diversity than the cultivation techniques or the surrounding
vegetation. By conducting a comparative analysis of arthropod diversity and their ecosystem
functions in a strip intercropping system, we aim to contribute to a more comprehensive
understanding of the significance and role of insects and their ecosystem services in
alternative cropping systems and make our data publicly available through NFDI4Biodiversity
and FAIRAgro.
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Agricultural diversification across fields, farms, and landscapes is widely promoted as a
pathway to more sustainable ecosystems, yet the links between landscape complexity and
crop diversity remain poorly quantified. We present how temporal crop diversity is linked with
spatial crop diversity and landscape complexity, and how these patterns can be explained by
various farm, landscape, and environmental attributes.

We analysed crop information from Integrated Administration and Control System data (2011-
2020) (>150 000 fields per year) in Brandenburg, Germany, and employed interpretable
machine learning to test the relationship between spatial, temporal, and spatio-temporal crop
diversity with habitat and land cover maps, soil and climate information in more than 290 grid
cells (10x10 km). Spatial and temporal crop diversity and landscape composition were
measured using richness, Shannon’s diversity index, and Shannon’s evenness index.
Landscape configuration was measured using field, farm, and habitat patch sizes and edge
density.

We found that (i) spatial and temporal crop diversity are positively correlated with each other,
(i) high farm-level crop diversity is positively associated with both spatial and temporal crop
diversity, and (iii) structurally simple landscapes and poor soil quality are linked to higher
temporal crop diversity (crop rotations) but not spatial crop diversity.

These results underline that there is a trade-off between crop diversity and landscape
complexity, that crop diversity can be limited by poor soil quality, and that decisions at the
farm level shape temporal and spatial crop diversity patterns within landscapes, while
different factors drive spatial and temporal crop diversity. Although our results are based on
the study region of Brandenburg, they highlight the need to identify site-specific
characteristics to support informed ecosystem management, such as balancing landscape

complexity and crop diversity depending on the local priorities and constraints. 73
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Almond (Amygdalus communis) is a large and economically important crop in Mediterranean
countries. Insect pollination is a limiting factor to its production. Thus, the conventional
practice is to clear the vegetation between the tree rows to reduce competition over
pollinators. The result is bare-soil orchards lacking diverse floral resources for wild pollinators
and post-winter honeybee colonies. Recently, a regenerative agriculture practice of cover
crops has been introduced in Israel, where growers retain or sow plants between the tree
rows. In this study, we focused on orchards with flowering cover crops and compared them to
conventional orchards with no flowering cover crops. We sampled ten orchards over two
years (2023-2024) in the lower Galilee in Israel. We recorded the diversity and abundance of
pollinators (netting and pan-traps), visitation rates of pollinators in almond trees, and fruit-set.
In three orchards, we also assessed the honeybee colonies' performance by recording the
increase in brood size, colony size, and pollen storage during the almond bloom season. We
hypothesized that orchards with flowering cover crops would have higher abundance of wild
pollinators, higher visitation rates of pollinators in almond trees (pollination services), higher
fruit-set of almond (yield), and better honeybee colony performance. In orchards with cover
crops, pollinator abundance was 80% higher between trees, almond tree visitation rates
increased by 10% (2023) and 73% (2024), and fruit set increased by 8-20% in both years,
respectively. Honeybee colonies in orchards with cover crops increased their brood and
colony size during almond bloom, whereas colonies in orchards without cover crops did not.
Pollen storage increased in both treatments. This suggests that flowering cover crops benefit
the almond growers, the beekeepers, and wild pollinators.
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Seed removal is an ecosystem function that can contribute as biological weed control. This is
especially important in times of biodiversity decline when it is essential to find
environmentally sustainable agricultural methods while maintaining yields. One such method
is strip-till farming which reduces tillage activities and has the potential to lower pesticide and
fertilizer use.

In our project, we studied the use of a wildflower mixture consisting of seven annual and
eight perennial forbs sown in the interrow between the cultivated crops in a strip-till system to
enhance biodiversity. For comparison, we used conventional strip-till farming without
wildflower sowing and conventional farming. Within the three farming systems, we tested
seed removal by rodents, one of the most important species group contributing to this
ecosystem function. We selected four harmful weed species (Fumaria officinalis, Galeopsis
tetrahit, Avena fatua and Lamium purpureum) and observed seed removal rates in June and
July for four nights in winter wheat, maize and legumes before harvest.

Our results show that the seed removal varied by year and was lowest in 2023 (29%) and
highest in 2024 (60%). Overall, legumes exhibited highest seed removal rates with on
average 54%, followed by winter wheat with 48%, whereas seed removal in maize was only
34%. Furthermore, seed removal was highest in conventional strip-till farming (49%) while it
was slightly lower in strip-till farming with wildflower sowing and conventional farming (both
44%).

Thus, our results indicate that seed removal by rodents was influenced by temporal variation,
which is likely related to fluctuations in rodent densities. Additionally, seed removal rates were
overall high in winter wheat and legumes suggesting that rodents play an important role in
biological weed control in these crops. As invertebrates are also important seed predators,
they will be included in future analysis of seed removal in these farming systems.

75



Session 1-10
Accelerating farming system fransition through agroecology

Freya Zettl',?, Maria Miiller-Lindenlauf', Frank Schurr?

'Niirtingen-Geislingen University, Niirtingen, DE
2University of Hohenheim, Stuttgart, DE

Agricultural intensification drastically reduced the number of rare arable weed species, which
are now largely restricted to organic farms. Even in organic farming, however, these species
are declining, highlighting the need for targeted conservation measures. At the same time,
these vmeasures must not promote competitive weeds that reduce agricultural productivity.
Hence, we investigated how contemporary management, land use history and site conditions
affect arable weed communities in 75 organic winter cereal fields on the Swabian Alb,
southern Germany. We analysed how management practices, the duration of organic
cultivation and a gradient from low to average yield potential, affect the richness and cover of
both threatened and competitive weed species.

We find that long-term organic management supports a higher diversity and cover of
threatened arable weeds. Higher yield potential and weed control generally reduce their
abundance, but on fertile soils endangered weeds benefit from weed control, probably due to
reduced competition. Perennial forage leys were more damaging to threatened species than
to competitive weeds. Interestingly, pre-crop forage leys only affected competitive weeds,
thus indicating that annual forage leys constitute a good compromise between biodiversity
conservation and agricultural productivity.

Our results suggest that conservation strategies for endangered arable weeds should
prioritise low-yielding soils and fields under long-term organic management. Importantly,
biodiversity conservation and sustainable crop production should be balanced by permitting
mechanical weed control, common seed densities and short-term forage leys when dealing
with problematic weed infestations. This study provides valuable insights into practical,
production-integrated approaches to conserving threatened weeds in organic farming
systems.
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Diversifying maize with undersown crops can mitigate the negative effects of intensive maize
cultivation and provide resources for arthropods during the growing season. If there is no
tillage after maize harvest, the living biomass or mulch layer of the undersown crop helps to
reduce the risk of erosion and nutrient leaching and can provide an overwintering habitat for
arthropods. In contrast, catch crops established after maize harvest to cover the soil require
soil cultivation, which may reduce overwintering potential for arthropods.

In a field experiment, we assessed arthropod overwintering in two maize undersowing
treatments (maize-fescue, maize-clover), two catch crop treatments (landsberger mix, green
rye) and maize with and without tillage and an adjacent field margin as negative and positive
control, respectively. All undersowing treatments were sown together with maize and not tilled
after harvest while all catch crop treatments were tilled before autumn sowing. Overwintering
arthropods were assessed in the following spring (March to May) using emergence traps. We
aimed to investigate which factor was most decisive for successful arthropod overwintering in
maize: soil cover, soil dormancy in autumn (i.e. no tillage), individual treatment identity or the
interaction between them.

We found that for total arthropod biomass, ground beetle, dipteran and hymenopteran
individuals, autumn soil dormancy was the most important factor, while for all arthropods and
rove beetle individuals, the interaction between autumn soil dormancy and high soil cover
provided by undersown maize-clover, maize-fescue and field margins was more important.
Only for spider individuals did specific treatment characteristics (maize-fescue, field margin)
determine the number of emerging individuals. Among other environmental benefits,
undersown crops left in the field can provide suitable overwintering habitats for arthropods,
but soil dormancy in autumn seems to be even more important.
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Since the 1990s, flower strips and areas have regularly been implemented as agri-
environmental schemes to counteract insect declines in European agricultural landscapes.
Beetles and spiders—two arthropod groups strongly affected by species loss—play key
regulatory roles in ecosystem functioning but remain understudied in systematic syntheses in
comparison to pollinators. Therefore, we investigated beetle and spider abundance and
species richness in sown flower strips and areas compared to different control types, e.g.,
inner-crop or grassy margins. In the frame of a systematic review, we conducted literature
searches in ISI Web of Knowledge and Google Scholar, selecting peer-reviewed studies on
beetles and spiders in sown wildflower strips or areas across Europe. Furthermore, we
analyzed land-use and climate/weather data for the selected primary studies from the
Copernicus project and the CHELSA database as well as age of wildflower strips and number
of sown species on both taxa. We identified 38 studies that fit our criteria from 1995 to 2022,
covering 14 countries. Results indicated that Shannon habitat diversity positively influenced
abundance and richness of both arthropod groups. Beetle abundance and richness benefited
from flower sowing in areas with increased annual precipitation, and beetle richness declined
with higher annual mean temperatures. Spiders showed only marginal response to climatic
variation, but their richness increased with habitat age. Our findings suggest that land-use
and climate change have shaped beetle and spider assemblages over the past 30 years. We
showed that flower strips can support different arthropod groups. Thus, more and varying
habitat structures are needed in agricultural landscapes to sustain biodiversity in a changing
climate.
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Anthropogenic pressures such as land-use intensification and habitat fragmentation
increasingly threaten biodiversity by altering habitat structure and connectivity, particularly in
grasslands and urban greenspaces. Arthropods and plants show highly variable responses to
these pressures depending on the species and its requirements.

In two complementary studies, we used quantitative niche models to assess species-specific
responses of arthropods and plants to mowing, fertilizing, and grazing, as well as to isolation
and urbanization. The first study analyzed 1,352 arthropod species across 150 grassland
plots in Germany between 2008 and 2018. The results reveal twice as many species were
categorized as losers compared to winners and that mowing and fertilizing had the most
detrimental effects. The second study focused on 249 urban greenspaces across three
German cities, documenting 342 plant and 667 arthropod species. Again, the losers
outnumbered the winners in arthropods and in plants even more clearly. Yet, both studies
show that neutral species still predominate, and most species are generalists to human
pressure, but results may vary depending on the traits a specific species possesses. A further
comparison of the results with the protection and conservation status on the Red List shows
that many management practices affect the already most vulnerable species.

Together, the findings underline niche modeling as a robust tool for analyzing species-specific
responses to land-use and management practices, which can be used as a basis with the
Red List to develop targeted conservation strategies tailored to the ecological requirements
of vulnerable species.
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Arthropod diversity, abundance and biomass are unparalleled by any other animal group,
making their recent declines central to the global biodiversity crisis. Yet, we lack a
mechanistic understanding of the respective contributions of species richness, species
identity and abundance to overall biomass change, and how the environment filters these
processes. Synthesizing 11 years of data from a biodiversity experiment and from farmed
grasslands across a gradient of plant species richness and management intensity, we show
that arthropod biomass declines were predominantly (> 90%) linked to species richness
losses. Abundance declines among persisting species accounted for only 5-8% of lost
biomass. The role of species identity depended on the environment and diminished over
time: especially under high plant diversity and low land-use intensity, rare arthropod species
with below-average total biomass and above-average individual biomass contributed
disproportionately to species turnover—but only in early years. We conclude that arthropod
communities are currently homogenizing towards few common species of similar biomass,
likely reducing their adaptability to environmental change. At this point, every species counts,
making their conservation pivotal for maintaining ecosystem functioning. Increasing the
diversity and reducing the management intensity of grasslands may mitigate ongoing
community simplification and loss of arthropod diversity and functioning.
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Intensification of land use to increase crop production is often detrimental to biodiversity and
associated ecosystem services, thus threatening food security in the longer term. It is
questionable whether the crop production achieved by conventional high-intensity agriculture
could be approached by enhancing supporting and regulating ecosystem services (i.e.
ecological intensification). To disentangle how local and landscape-scale land use affects
arthropods (abundance, species richness, and functional diversity), ecosystem services
(pollination and natural pestcontrol) and yields, we re-analysed 37 datasets, including
community data of three groups of service providers: bees, ground beetles, and spiders in a
set of meta-analytical structural equation models. Local land-use intensification reduced the
abundance of all three arthropod groups. Spider species richness in the fields was the only
variable that was negatively affected by a higher percentage of arable land in the surrounding
landscape. A high abundance of bees improved crop pollination and increased crop yields. In
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the models for the two predator groups, crop yield was strongly determined by land use,
independent of pest control services provided by natural enemies. We suggest that the lack
of relationships between predator community structure and levels of pest control services is
due to the complexity of predator-prey interactions, which often involve multi-level
interactions and intraguild predation motifs that may dampen top-down control of pests.
Although many recent studies have highlighted the importance of incorporating functional
diversity, our trait-based approach did not reveal strong relationships with the variables
studied, which may be due to already highly simplified arthropod communities or a lack of
individual-level trait information for arthropods. Our results indicate that the potential for
ecological intensification varies between taxonomic groups and target ecosystem services. In
the context of current efforts to reduce land-use intensity, our study suggests a potential for
ecological intensification in crops where pollination benefits yield, but not for pest control. In
addition, different measures of ecological intensification may be required to support natural
enemies.
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Roadside verges and meadows can provide habitats and stepping stones for grassland
arthropods in urban and non-urban environments. However, arthropods are directly and
indirectly negatively affected by intensive mowing. Changing mowing techniques or strategies
could reduce displacement and mortality induced by mowing and thus support grassland
arthropod populations. However, recently developed “arthropod-friendly” mowing techniques,
scare devices, and string trimmers have been rarely studied. Besides the mowing technique
change, unmown refuges can play a vital role in urban green spaces to mitigate the negative
impacts of mowing.

Conducting two different field experiments on roadside verges and meadows, we compared
the direct influence of different mowers on arthropod densities. The first study on roadside
verges compares a conventional roadside flail mulcher, a roadside “eco mower”, and a string
trimmer. The second study on meadows compares a bar mower, an “eco mulcher”, and a
traditional flail mulcher, all techniques commonly used in urban areas. Additionally, for both
experiments, we sampled an unmown area directly adjacent to each mown area to study the
impact of refuges and the effect of a scare device mounted at the front of the “eco mower”.

Our results indicate a generally negative impact of all mowing techniques on arthropods.
Mower types on roadside verges showed no significant differences, while on the meadows,
the bar and eco mowers were less negative for arthropods than the conventional mulcher.
Arthropod densities in refuges remained unchanged from before mowing, indicating that
unmown refuges provided essential habitat during the mowing process.

Regardless of mower type, unmown refuges play a crucial role in mitigating the overall
negative effects of mowing on arthropods and can serve as habitats in hostile environments
such as roadside verges.
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Green Roofs (GRs) are theorized to mitigate the issue of limited green space in cities and
while their numbers are rapidly increasing, their effect on biodiversity conservation is not
clear. In particular, plant and insect community assembly on GRs has rarely been
investigated. To unravel relationships between GR vegetation, arthropod communities and
structural and environmental factors, we conducted a comprehensive monitoring during the
summer of 2023 across 75 GRs in the city of Ingolstadt, Germany. We sampled above and
belowground arthropods in 1 m2 plots at the center of each GR and tested factors related to
building, substrate, management and weather as predictor variables. GR age positively
influenced Acari and Nematocera, but had negative effects on Heteroptera. Older GRs
showed positive effects on Araneae abundance when plant biomass and plant diversity were
also high. Young GRs showed higher Coleoptera and Formicidae abundance when plant
diversity was high, this was less important when GRs were older. Height positively influenced
Auchenorryncha abundance but negatively influenced groups like Araneae, Nematocera and
Coleoptera. GR area negatively affected Acari, while it positively affected groups
Auchenorryncha, Brachycera and Nematocera. High soil depths had positive effects on
groups Auchenorryncha, Collembola, Aphids, and Coleoptera only when SOM was low. In
shallow soil depths, high SOM had positive effects on most of these groups. In GRs with
deeper soils, a high WHC was beneficial for Auchenorryncha, Collembola, Formicidae, and
Araneae, whereas, in low soil depths, it was the opposite. Temperature had negative effects
on total arthropod abundance. Management affected groups differently. Our study highlights
the role of site-specific, human management and environmental factors in shaping arthropod
communities on GRs. According to our results, GRs represent ecosystems in the urban
environment, able to support different types of arthropods. Our findings show the importance
of considering specific GR characteristics to favor certain arthropod groups when planning
and designing GRs.
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Pesticide use harms non-target organisms despite regulatory risk assessments prior to their
approval. These assessments typically follow a tiered structure, where more ecologically
relevant higher-tier studies override risk indications from lower-tier studies. Higher-tier studies
typically rely on point-null tests, where failure to detect significant negative pesticide effects is
interpreted as safety. However, this approach risks overlooking harmful effects in
underpowered studies. Honeybee field studies - the standard for pollinator risk assessment -
often lack sufficient power.

Therefore, the European Food Safety Authority (EFSA) proposed a shift from point-null tests
to equivalence tests. Under the new paradigm, a pesticide is classified as 'low risk' when the
reduction in honeybee colony size in the pesticide group relative to the control group is
significantly (alpha = 0.2) smaller than 10%. However, concerns have been raised that the
new guidance would make it too difficult to demonstrate a pesticide's safety. Hotopp et al.
proposed an alternative equivalence test that calculates treatment effects as the difference
between the pesticide group mean and the lower bound of the 90% confidence interval of the
control group.

Here, we evaluate EFSA's and Hotopp et al.'s equivalence tests through simulations based

on real honeybee field data. We compare the tests' ability to avoid false 'low risk'
classifications. We further analyze how accounting for initial colony strength, either as a
covariate or via optimized colony allocation using anticlustering randomization, can reduce

the required number of sites at different true effect sizes. Our results show that EFSA’s
equivalence test substantially better controls false 'low risk' classifications than Hotopp et

al.'s test and remains feasible with a manageable number of sites, particularly when initial
colony variation is accounted for. 86
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Climate change poses a significant threat to biodiversity and undermines the stability of
ecosystems worldwide. This occurs primarily through changes in local weather patterns, such
as shifts in temperature extremes, precipitation, and the frequency and intensity of extreme
events, which particularly affect poikilotherms like arthropods. Most research aiming to
predict the effects of local weather on arthropods is conducted at low spatial and taxonomic
resolution; however, understanding how local weather limits arthropod activity is essential for
accurately forecasting biodiversity responses to climate change. Such analyses require data
with high spatial and temporal resolution, which are rare and challenging to collect in
ecological field studies. To overcome this challenge, we deployed Al-based camera traps
equipped with object detection models on 27 grassland plots across three German
landscapes. These traps continuously recorded arthropod activity and were paired with high-
resolution weather data from climate stations located within five meters of each camera.
Because weather conditions tend to constrain rather than define arthropod activity, we
applied quantile regression to detect these limiting effects across multiple weather variables.
We tested the influence of temperature, precipitation, wind, photosynthetically active radiation
(PAR), soil moisture, humidity, and soil temperature on the hourly activity of total arthropods
and six orders: Arachnida, Diptera, Hymenoptera, Coleoptera, Hemiptera, and Orthoptera.
Our results revealed both general patterns and taxon-specific responses. For example, total
arthropod activity was strongly limited by temperature (optimum curve) and positively
influenced by humidity. Among other effects, PAR increased activity in Orthoptera and
Diptera, and humidity had a strong positive effect on Diptera and Hemiptera. Our findings
show that while changes in weather affect all arthropods, other environmental variables tend
to influence only a subset of taxa; moreover, the complex and taxon-specific nature of these
responses highlights the need for high-resolution data to accurately predict arthropod
responses to changes in local weather and climate change.
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Arthropods are key contributors to ecosystem functioning in Namibian agroecosystems.
Smallholder farmers depend on the ecosystem services provided by arthropods because
they cannot replace them with anthropogenic activities. Knowledge of arthropod biodiversity
or the effects of land use on arthropod communities in Namibia is very limited. This gap is of
concern as more than 70% of Namibia's human population is economically dependent on the
agricultural sector. Large areas of Namibia's semi-arid regions are used for livestock grazing.
Bush encroachment, mainly driven by a few shrub species (D. cinerea, S. mellifera and T.
sericea), is therefore a major threat to agricultural production and human livelihoods. We
determined the effects of these major encroacher species and different bush control
techniques on ground, foliage and aerial arthropods and their functional roles in replicated
plots on three farms in the Kalahari basin of Namibia during the dry and wet seasons. Both
the identity of the dominant encroacher species and the method chosen to control
encroachment (thinning: 50% or 100% and treatment: arboricide or cutting) had pronounced
effects on the taxonomic and functional composition of arthropod communities. Foliage-
dwelling arthropods contributed most to the observed community dissimilarity between plots
with different encroacher species, but also soil-dwelling taxa (e.g. woodlice) occurred
exclusively in plots dominated by S. mellifera. In the short term, the impact of bush cutting on
local arthropod communities and ecosystem functions was stronger compared to arboricide
treatment. In times of well-documented arthropod declines in several regions of the world, it
is crucial to understand how anthropogenic activities alter arthropod communities in
historically understudied regions. Considering only the economic dimension and ignoring the
environmental consequences due to lack of knowledge will repeat past mistakes and may
cause major problems in the future.
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Phenological diversity arises from life cycle constraints and alignment with seasonal abiotic
conditions, yet the mechanisms shaping phenological structure remain poorly understood.
We tested whether the physiological and developmental mechanisms that structure butterfly
assemblages across space also shape their seasonal assembly. To do so, we analysed
community-weighted means of body size and colour lightness from 477 assemblages evenly
distributed across Great Britain and the group’s flight season. Variation in both traits was
greater across the season than across space, stressing the primary contribution of phenology
in diversity variation. Assemblages had larger-bodied species in early and late season—
coinciding with low temperature and radiation—in line with Bergmann’s rule, but opposite to
the spatial trends found. This pattern was driven by species overwintering as adults. Ventral
wing colouration darkened in early and late season, consistent with seasonal thermal
melanism, and covaried with body size, suggesting thermoregulatory interaction between
both. Our findings contribute to understanding the mechanisms underlying insect phenology,
suggesting that both life cycle constrains and physiological alignment with seasonal
environment play key roles.
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Global climate change is accelerating the frequency and intensity of heat waves, posing
severe risks to ecosystems by disrupting species survival and interactions, and modifying
species ranges. Insects are highly sensitive to thermal extremes, showing species-specific
physiological breakdowns with cascading effects across community dynamics. Critical insect-
mediated ecosystem services, e.g., agricultural pest control, can deteriorate when heat-
impaired predators die or fail to capture herbivores. In this study, we tested how insect
predators responded to various heat wave regimes (prolonged duration, increased
temperature), derived from realistic meteorological data. In five ladybird species (Coccinella
septempunctata, Ceratomegilla undecimnotata, Harmonia axyridis, Hippodamia variegata
and Propylea quatuordecimpunctata), survival was monitored over 12 days and aphid
consumption was measured every 3 days. Ladybird survival did not differ between realistic
heat waves and control treatments represented by average summer temperatures. Extreme
heat waves (realistic heat wave +5°C) reduced the survival of all ladybird species except for
Hippodamia variegata. However, only the prolonged exposure to extreme heat waves (>6
days) significantly reduced survival in Coccinella septempunctata and Ceratomegilla
undecimnotata. Interestingly, the most vulnerable species to extreme heat waves were the
globally invasive ladybird Harmonia axyridis and the small-sized native Propylea
quatuordecimpunctata, reaching over 50% mortality in less than 2 days. Individuals of
Harmonia axyridis and Coccinella septempunctata exposed to the realistic heat wave showed
reduced aphid consumption throughout the heat wave duration. By integrating realistic
meteorological data with an interspecific approach, our study highlights species-specific
survival and predation patterns under heat waves, which can be crucial for future pest control
strategies in a warming world.
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Decomposition of necromass (e.g. carrion, leaf litter, deadwood) is a key ecosystem process
associated with arthropod and microbe decomposers. Considering that arthropods are
declining; a better understanding is needed how they affect decomposition. Moreover, since
forest ecosystems are changing rapidly due to climate-change related mortality, it is important
to understand how this affects decomposition and related decomposer communities of
involved taxa.

To quantify the effect of arthropods on decomposition as well as effects of canopy openness
on decomposition rates and decomposer communities, we exposed carrion, leaf litter and
deadwood with and without arthropod exclusion in paired closed-canopy and gap plots in
three climatically different regions in Germany and sampled arthropods, fungi and bacteria.
The effects of canopy openness and arthropods on decomposition rates differed clearly
between necromass types: Carrion was decomposed three times slower in the absence of
arthropods, while for deadwood, arthropods accelerated decomposition particularly in warmer
and drier forests. Communities of arthropods, fungi and bacteria differed between closed
forests and gaps and arthropod exclusion modified fungal and bacterial communities for all
types of necromass.

These findings suggest that arthropods play an important role for decomposition processes
and influence microbial decomposers, and that canopy openness is a major driver of
decomposers and decomposition. Increasing tree mortality and declining arthropod
populations could, thus, have far-reaching effects on decomposer biodiversity as well as on
carbon and nutrient cycling. Conservation measures should aim at maintaining open and
closed forest conditions and provision of necromass, particularly deadwood and carrion, to
maintain decomposer biodiversity and associated ecosystem functions.
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In a human-altered cultural landscape, many invertebrates have faced many challenges in
the form of pollution, invasive species, or ecological traps. The problem lies mainly in the fact
that for the assessment of quality, individuals use mechanisms that simply do not work in
human-altered environments. It is no different in freshwater habitats, where humans, through
their management, change a number of key elements affecting the survival and overall
fitness of freshwater invertebrates, including dragonflies. Fishponds, like many other human-
made habitats, often appear very attractive, but this does not reflect their “true” quality. In our
manipulative experiment, we compared the body size, fitness, immunity, and mortality rates
of dragonfly larvae (Sympetrum spp.) reared in ponds (n = 18) with different intensities of fish
farming management. The larvae were placed for 40 days in an enclosure covered with nylon
netting with a mesh size allowing prey to colonize the enclosures. After this time, the larvae
were collected, and their body size, immune parameters, and the amount of fats and proteins
were measured. Based on our results, it was evident that even if we eliminated the direct
effect of predation, the overall fitness of larvae (especially fat and protein reserves) was lower
in larvae placed in intensively managed ponds. This probably reflects mechanisms that are
not directly related to predation, but overall quality of the environment, causing long-term
deprivation, stress, and other non-lethal effects associated with intensive fish farming
management.

92



Session 2-15

Arthropod communities under global change

Bea Maas',?, Tara Hanf-Dressler’,*, Rym Nouioua', Manuela Villa
Villegas', Christian C. Voigt,*, Stefan Dullinger’

'"University of Vienna, Vienna, AT

2BOKU University, Vienna, AT

3Leibniz Institute for Zoo and Wildlife Research, Vienna, AT
4University of Potsdam, Potsdam, DE

Global declines of biodiversity and associated ecosystem services are tightly linked to land-
use intensification and climate change. Agroforestry systems, such as traditional
Mediterranean olive groves, can buffer these effects if managed to support key species and
ecological functions.

The ECO-OLIVES project investigated biodiversity-management-production relationships in
12 organically managed olive groves in Tuscany, Italy. The groves were selected to represent
high and low levels of surrounding semi-natural habitat cover, and we studied the effects of
local and landscape structure, predator presence, and systematic pruning over a three-year
period (2022—2024). We conducted bird point counts, bat acoustic monitoring, different
arthropod sampling methods, and harvest measurements, combined with predator exclusion
experiments and seasonal pruning treatments (Feb vs. Apr).

Our results show that surrounding SNH cover and local vegetation structure significantly
shaped biodiversity. Bird abundance and functional richness, as well as bat activity, were
higher in low-SNH groves (<30%), while high-SNH groves (>30%) supported more
insectivorous specialists and arthropod richness. Local shrub cover increased bird
abundance by 10%. Bird species richness, as well as arthropod and bat activity varied
seasonally.

Bird and bat exclusions led to increased pest infestation and reduced olive yields. February
pruning significantly enhanced both yield and fruit quality, while increasing beneficial
arthropods such as ants and spiders, and reducing pest taxa such as olive flies.

Our findings demonstrate that local vegetation structure, semi-natural habitat cover, and
targeted pruning jointly shape biodiversity patterns, pest control, and olive yield. These
results underline the importance of biodiversity-based management in Mediterranean
agroecosystems and contribute critical evidence toward integrating conservation and
ecosystem service delivery into sustainable land use development. 93
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Overwintering is one of the most energetically demanding periods an insect can go through.
Environmental conditions during this time, particularly under shifting climatic conditions, can
significantly affect not only survival but also post-winter physiological performance in insects.
In this study, we examine how variation in abiotic factors influences post-overwintering
survival and body mass changes in the harlequin ladybird (Harmonia axyridis), an invasive
species that undergoes a weak diapause followed by quiescence. Ladybirds were
overwintered at multiple field sites differing in altitude and microclimate, with data loggers
recording local temperature and relative humidity. Upon spring, we collected the beetles and
recorded the number of survivors. Surviving adults were then isolated without food and
provided only with water, and their longevity under starvation was monitored as a proxy for
remaining energy reserves. Our preliminary results indicate that microclimate, including
temperature and relative humidity, significantly influences both ecological and physiological
parameters. In particular, relative humidity appears to be a key predictor of post-
overwintering survival and changes in body mass, even more so than temperature. However,
winter worm spells seem to have a significant effect on ladybird long-term survival. Our
findings highlight the complex effects of abiotic stress on post-winter survival and may
improve predictions of invasive species persistence and range shifts under climate change.
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Little is known about what factors promote the evolution of female ornaments under sexual
selection. In the sand goby, Pomatoschistus minutus, a small marine fish, females are very
cryptic, except for a temporary ‘dark eye’ display, a highly conspicuous black pigmentation
near the eyes. Nest-building males show nuptial coloration and courtship to attract mates, but
no dark eyes. The function of this female trait remains unknown. We aimed to investigate
whether the adult sex ratio affects the occurrence, duration, or latency of dark eye displays in
female sand gobies. Two adult sex ratio treatments that reflect natural conditions (male bias:
3 females, 4 males; female bias: 3 females, 2 males) were used. We predicted more frequent
or longer displays under a female-biased adult sex ratio if its main function relates to
intrasexual competition. We found no significant effect of adult sex ratio on the occurrence,
duration, or latency of the display. However, relatively rounder females displayed for longer,
implying it may signal spawning intent. Consistently, spawning was more likely to happen in
replicates in which a dark eye display was observed. Furthermore, better quality nests were
associated with a higher frequency of dark eye displays, suggesting that nest quality affects
the display or that the display encourages more male investment in nest building. Dark-eyed
females also received more attention from males than non-displaying females. Together, our
results suggest the function of the display is related more to communication between the
sexes than to competition among females. However, further research is needed to explore to
what extent it is used by males in mate choice, affecting whether it should be called an
ornament.
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Honey bees are among the most important pollinators in natural and agricultural landscapes
but are increasingly under threat due to multiple factors, including habitat loss, fragmentation,
agricultural intensification, invasive species, and climate change. While much of our
understanding of honey bee biology, including their behavior and ecology, comes from the
Western honey bee (Apis mellifera), relatively little is known about other Apis species that
occur in Asia. The southern Indian state of Kerala is home to three native Asian honey bee
species: A. cerana, A. dorsata, and A. florea, along with the introduced A. mellifera. This
region offers a unique opportunity to compare these species across landscapes that differ in
the proportion of forests, plantations, and urban areas. Although foraging ecology of A.
mellifera has been widely studied, systematic comparisons of habitat use and foraging
distances among native Asian species and A. mellifera remain scarce. Given their shared
traits, such as high resource demands and efficient foraging via dance communication,
substantial overlap in habitat use is expected, particularly in human-modified landscapes with
reduced resource availability. In this study, we decode waggle dances across landscapes
with varying habitat compositions to investigate species-specific foraging distances and
habitat preferences. By comparing species-specific foraging strategies, we aim to understand
how land-use change shapes foraging strategies among different honey bee species in
tropical environments. Our findings will provide new insights into honey bee foraging ecology
and contribute to understanding pollinator responses to landscape modifications in a rapidly
changing world.
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Anthropogenic ecosystems can alter individual functions and ecological processes such as
resource use and species interactions. While variability of morphological traits involved in diet
and resource use has been observed between urban and non-urban populations of
pollinators, the consequences on the dietary and pollen-transport patterns remain poorly
understood. Here, we investigate the variability in the diet breadth of rural and urban
individuals of two bumblebee species and the consequences for nutrient intake and pollen
transport. We show that urban bumblebees exhibit a larger diet breadth than their rural
counterparts, driven by the enhanced floral diversity in cities. However, we found that the
nutrient intake remained similar across urban and rural ecosystems, indicating that
bumblebees' foraging strategies can be adapted in terms of diet breadth to maintain intake
and rations of critical nutrients. Finally, we found distinct pollen-transport patterns between
urban and rural individuals, with urban individuals being more dissimilar than rural ones in the
transported pollen both in the body and in the leg- baskets. Our findings highlight the
importance of considering complementary facets of species” diet and interactions when
assessing the effects of anthropogenic ecosystems.
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Understanding habitat use and requirements is essential for the conservation of endangered
species, such as the garden dormouse (Eliomys quercinus). Therefore, we radio-tracked
garden dormice (n = 39) in the Black Forest National Park (Germany) between 2019 and
2021, determined home range size by calculating autocorrelated kernel density estimates,
located resting sites during the day, and analyzed their resting behavior. Furthermore, we
investigated their crossing behavior across paths varying in width, in the degree of canopy
closure, and understory. Median home range size was 3.8 ha (Q25 = 2.3 ha, Q75 = 6.6 ha) in
adults and 1.9 ha in juveniles. Adult males increased their home range sizes during
reproduction. In September, shortly before hibernation, adults used smaller home ranges,
likely to save energy. During the day, garden dormice used nest boxes and natural nests
under the ground as resting sites. Ground holes were an important resource as they were
most frequently used by reproductive individuals and also at low ambient temperatures (0.1—
14.7 °C). In contrast, nest boxes were used only at higher ambient temperatures (> 5.9 °C).
Forest trails with tree cover and/or undergrowth were frequently crossed by adults, while 4 m
wide forest paths without tree cover or undergrowth were rarely crossed. The results of our
study show that the preservation of natural resting sites, the restoration of forest trails, or the
installation of crossing structures are important conservation measures for the garden
dormouse, facilitating migration and colonization of new habitats and reducing the risk to lose
genetic variability.
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Long-term studies on movement ecology are essential for understanding the life histories and
conservation needs of wildlife. Moreover, studies on the landscape use of a focal species can
provide reliable baseline data for mitigation measures. In a long-term study on a European
species of conservation concern, the Red Kite (Milvus milvus), we used telemetry data to
provide recommendations for sustainable wind energy utilization. Over a timespan of eight
years, we analysed >20 million transmitter-based data points of 37 adult Red Kites in Hesse,
Germany. We monitored their movement in relation to breeding sites, their vertical flight
patterns, and evaluated observation-based space use analyses, a standard method applied
in approval procedures for wind turbine construction. Our results show a a strong bond to the
nest site over the course of the entire breeding season of both sexes, with a main activity
radius of 1.5 km around the eyrie. Therefore, mitigation assessments to reduce collision risk
of the species should not only focus on the mere breeding phase of the Red Kite between
March and July, but should also consider the post-breeding phase until September.
Moreover, the altitudinal flight patterns during the breeding season showed that more than a
quarter of flight movements took place in the rotor area of currently operating wind turbines,
while this proportion would be lower at future turbines with higher hub heights. A critical
proportion of 90 % of all Red Kite flights could be protected from potential collision by
applying cut-in wind speeds of approximately 5.4 m/s. When comparing field observations
with telemetry data, we found that certain methods to analyse space use of Red Kites led to a
significant over- or underestimation of the actual movement patterns, which entails the risk of
misjudging uncritical wind power locations in the landscape. Our findings underscore the
value of long-term telemetry for informing adaptive conservation strategies.
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Animal movement is a key strategy for adapting to changing environments, enabling
individuals to track foraging resources or avoid environmental risks, with important
implications for survival and fitness. As extreme weather events intensify and human
activities increasingly alter landscapes, predicting species’ movement responses becomes
critical for conservation. Hidden Markov Models (HMMs) applied to GPS telemetry data offer
a powerful approach to infer unobservable behavioural states from observed movement,
helping to identify behaviours and areas of conservation importance. We applied HMMs to
hourly GPS data (2020-2023) of nomadic Mongolian gazelles (Procapra gutturosa), a
species with extensive movements across the steppe. The ability of these gazelles to travel
vast distances is central to their survival, yet is increasingly challenged by harsh weather and
expanding anthropogenic land use. We fitted separate HMMs for summer and winter, and
were able to reliably distinguish three behavioural states: encamped, area-restricted search
(foraging), and traveling. Our results revealed that during the snow-free season, NDVI (a
measure of vegetation greenness) most strongly influenced movement behaviours, while
snow cover was the dominant factor in winter. In summer, gazelles used areas with
intermediate NDVI values for foraging and higher values to rest at night (i.e., taller vegetation
that provides more cover). In winter, gazelles were more likely to become encamped (i.e.,
trapped) with increasing snow cover. Although the highly dynamic nature of these
environmental drivers and strong individual variability prevented us from identifying specific
key areas for each behaviour, our findings highlight the environmental factors most influential
to gazelle behaviour and provide valuable knowledge for future conservation efforts.
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Open wounds pose major infection and mortality risks in animals. To mitigate this threat,
different species have evolved distinct behavioural strategies. We compare two contrasting
forms of wound care: one dependent on the metapleural gland, and one independent of it. In
Megaponera analis, infected wounds are treated therapeutically with antimicrobial secretions
from the metapleural gland, reducing mortality by up to 90%. Chemical analyses revealed
over 121 compounds and 41 proteins in these secretions, around half with antimicrobial
properties. In contrast, Camponotus ants, lacking a metapleural gland, employ a strikingly
different strategy: workers amputate the infected limb by biting it off at the base. This
prophylactic behaviour halts infection and ensures survival. The phylogenetic distance and
ecological divergence between Megaponera (a group-hunting predator) and Camponotus (a
solitary generalist forager) suggest that wound care has evolved independently and may be
more widespread in ants than previously recognised. Our findings reveal a complex, plastic
system of social wound care that can distinguish between sterile and infected injuries and
adaptively deploy either therapeutic chemical treatments or prophylactic amputations. This
highlights the evolutionary flexibility of cooperative behaviours under pathogenic pressure
and the convergent emergence of functionally analogous solutions in response to a shared
threat.
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The positive impact of plant diversity on productivity has been widely reported, primarily
explained by two main effects: complementarity effects and selection effects. However, the
extent of these effects varies significantly, and the underlying causes remain insufficiently
understood. Through a meta-analysis of 452 global experiments, we find that productivity
increases on average by 15.2% from monocultures to species mixtures with an average
species richness of 2.6. The net biodiversity effects are more pronounced in grassland and
forest ecosystems but weaker in container, cropland, and aquatic systems. Among these
effects, complementarity contributes 65.6%, while selection accounts for 34.4%. Several
factors enhance complementarity effects, including greater phylogenetic diversity, the mixing
of nitrogen-fixing and non-nitrogen-fixing species, and increased functional diversity in leaf
nitrogen content. These findings highlight the roles of niche partitioning, biotic interactions,
and abiotic facilitation in driving complementarity. In contrast, stronger selection effects are
associated with higher species biomass inequality in their monocultures. Over time,
complementarity effects tend to strengthen, whereas selection effects weaken, though both
remain stable across different climatic conditions. These findings offer crucial insights into the
global variability of biodiversity impacts on productivity. They emphasize the need to consider
both complementarity and selection mechanisms in biodiversity conservation and ecological
restoration strategies.
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Herbivory is a key ecological process that influences plant community dynamics and
mediates interactions across trophic levels, playing a central role in shaping biodiversity and
ecosystem functioning. In forest ecosystems, complex vertical structures and diverse species
assemblages highlight the need to understand the drivers of herbivory to better predict
ecosystem responses. While biodiversity effects on ecosystem processes are well
documented, their variation across vertical forest layers, and via physiological and structural
attributes, remains unclear. In this study, we investigate invertebrate herbivory across canopy
and understory layers in a temperate beech forest. We assessed physiological and structural
diversity, herbivore identity, and microclimatic variation. Preliminary results reveal higher leaf
area loss in the canopy, potentially due to higher light and resource availability. Leaf area loss
across layers showed mixed relationships to herbivorous arthropod abundances, suggesting
different functional roles of herbivore taxa. Aboveground biomass and temperature were
negatively associated with herbivory, in contrast to canopy height heterogeneity, possibly due
to greater niche availability and lower predation pressure. Layer-specific analyses revealed
divergent drivers of herbivory: in the canopy, herbivory increased with plant area index,
canopy height heterogeneity, and temperature variability. This suggests that structurally
complex canopies may either support herbivore persistence or reduce predation. Conversely,
ground-layer herbivory declined with increasing biomass and plant area index but increased
with foliage height diversity. These contrasting patterns underscore the importance of
stratified assessments and highlights complex interactions between vegetation structure,
climate, and trophic dynamics. Ongoing work will integrate physiological stand attributes to
further disentangle the mechanisms driving herbivory patterns across forest layers.
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Zoochory is crucial for seed dispersal in tropical forests. Different primate species contribute
to varying degrees. Dung beetles attracted to mammal dung act as secondary seed
dispersers, relocating seeds from the dung to safer microclimates and potentially enhancing
germination rates. Our study focuses on the Ecuadorian Choco, presenting a tripartite
network involving primate dung, dung beetles, and seeds. We also quantify seed removal
within 32 sites of differing ages.

We evaluated predictors of seed dispersal, including exposure to dung beetles, presence of
ants, seed size, and forest age as fixed effects, with site as a random effect in a Generalized
Linear Mixed Model. Exposure to dung beetles (p < 0.0001), presence of ants (p < 0.0001),
and seed length (p < 0.0001) were important predictors; forest age was not significant (p =
0.0517).

We quantified morphospecies and seed mass from brown-headed spider monkey and
mantled howler monkey dung and dung balls from four dung beetle species. Howler monkey
dung had less seed mass than spider monkey dung. Four dung beetle species were
exclusive to howler dung and three to spider dung, indicating preference and possible
resource partitioning, though the network was not significantly specialized (H2’ = 0.049).

Dung beetle partitioning of mammal dung resources is supported by primate dung partitioning
and distinct volatile profiles. The dung beetle—seed network was slightly more specialized
due to seed size filtering (H2’ = 0.44). Using seed mass as a proxy for dispersal efficiency, we
found significant differences between monkey species. Examining seed mass to dung mass
ratio, dung balls from howler dung were 0.079 g/g, and spider monkey dung balls 0.26 g/g (t
=-3.82, df = 42.8, p <0.001). This suggests howler monkey dung provides a resource
advantage to dung beetles and that seeds within howler dung may face fewer negative
effects of conspecific proximity.
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Biodiversity change has elicited widespread concern over the consequences for functions
and services provided by ecosystems. Despite extensive evidence for a positive effect of
biodiversity on ecosystem functioning within a single trophic level, how this biodiversity effect
varies with multitrophic food web structure remains unresolved even though most
ecosystems contain two to six trophic levels. We investigate how food web complexity
modulates BEF relationships in nature by quantifying energy fluxes as proxies of two major
ecosystem functions—primary consumption and predation—in 319 highly-resolved, complex
food webs from marine, lake, stream, and soil ecosystems. Ecosystem functioning increased
consistently with taxon richness across all trophic levels and ecosystems, which arose from
greater vertical diversity (i.e., maximum trophic level) in more taxonomically diverse food
webs. Furthermore, consumer trophic dissimilarity (trophic complementarity) positively
influenced predation fluxes in all ecosystem types except soil. These findings highlight the
threat of trophic downgrading to critical ecosystem functions (e.g., biological control and
maintenance of ecosystem stability) provided by predators, which are typically most
vulnerable to anthropogenic disturbances. Our study demonstrates that the consequences of
biodiversity change are deeply entangled within the web of life, emphasizing the need to
conserve the trophic complexity underlying positive biodiversity-ecosystem function
relationships.
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Ecosystem processes and multifunctionality are impacted by global change through the
alteration of above-belowground multitrophic communities in terrestrial ecosystems. Global
change manifests in many ways, one of them being the decline of aboveground invertebrate
communities. Sharp invertebrate declines have been reported for German grasslands in
particular, with heretofore little information about the consequences for trophic interactions
and ecosystem functioning. With our study, we aim to investigate how aboveground
invertebrate declines are impacting various soil ecosystem processes. We established an
Ecotron experiment, titled Insect Armageddon, in which we experimentally reduced
aboveground invertebrate biomass in three levels: 0% reduced, 64% reduced, and 100%
reduced. A comprehensive set of approaches allowed us to assess belowground
decomposition and energy fluxes via the construction of soil food webs for estimating integral
ecosystem processes such as belowground herbivory and pest-control. We expect intact
aboveground invertebrate communities to support higher ecosystem functioning, and
decreased functioning for communities with simulated aboveground invertebrate decline. Our
first results show that reduced aboveground invertebrate biomass significantly decreases
belowground decomposition. Given the crucial importance of decomposition processes for
overall terrestrial ecosystem functioning, the present results highlight that a decline in
aboveground invertebrate communities may threaten element cycling and soil health.
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The Arctic tundra is a highly diverse ecosystem where different types of vegetation, including
mosses, lichens, grasses and shrubs, provide key functions that are relevant from the local to
the global scale. The tundra vegetation not only serves as a habitat and food resource for
wildlife, but is also involved in nutrient acquisition and cycling, in particular regarding
nitrogen. The vegetation cover regulates microclimate via albedo and evaporation, and may
exert a cooling effect on the soil, thus protecting permafrost carbon under a changing climate.

While these processes have been studied in detail for individual vegetation types, such as
non-vascular vegetation or shrubs, it is largely unclear how interactions between different
groups affect overall ecosystem functioning. More specifically, how will shifts in the functional
composition of one group alter the composition and functions of another group?
Understanding these interactions is crucial for improving projections on tundra biodiversity
and ecosystem services under climate change and associated stressors, such as forest
invasion.

Here, we present a process-based, eco-evolutionary modelling approach that explicitly
simulates different functionally diverse groups of tundra vegetation and their interactions. By
switching on and off the effects of one group on the functional composition of the other group,
we are able to quantify separately the impacts of biotic interactions between groups and of
abiotic environmental conditions on the community composition and associated ecosystem
functions at high latitudes.
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Litter decomposition by arthropods, microbes, and fungi is a key ecosystem process in
tropical forests, yet its response to disturbance and recovery remains poorly understood. We
investigated decomposition dynamics across a forest succession gradient in the Ecuadorian
lowland Choc6 (Esmeraldas) using a chronosequence of 32 plots, from active cacao
plantations and pastures (age 0), through secondary forests (1-38 years), to old-growth
forest. Aboveground (AG, 5 mm mesh) and belowground (BG, tea mesh) litterbags were
used to isolate arthropod- and microbe-driven decomposition, respectively. Each bag
contained standardized leaf litter from five common tree species and was collected at three
time points over 135 days. AG decomposition was modeled against forest age and
environmental factors including tree aboveground biomass, surface temperature, litter
biomass, elevation, and slope. BG decomposition was modeled using soil pH, C:N ratio, soil
moisture, soil temperature, and slope. We also tested the effects of disturbance and large
animal exclusion using four treatments: control (C), fenced (CF), perturbed (P), and
perturbed-fenced (PF). AG decomposition increased with forest age but followed a U-shaped
curve in plots recovering from cacao, with mid-successional declines and higher rates in old-
growth. Key drivers included surface temperature, elevation, and biomass. BG decomposition
was unaffected by forest age, declined with higher C:N, and peaked at intermediate soil
moisture. Large animal exclusion had no effect alone, but disturbance (P, PF) altered
decomposition. Notably, decomposition in P plots recovered over time, while PF plots
remained suppressed, highlighting the role of large fauna in facilitating recovery.
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Multiple facets of biodiversity interact with environmental change, shaping biodiversity—
ecosystem functioning (BEF) relationships and modulating ecosystem responses to stress.
Yet most BEF research focuses on guild-based facets of biodiversity, assuming that effects of
different guilds on ecosystem functioning are independent. This overlooks the potential of
cross-guild interactions — such as plant-microbe interactions — to impact ecosystem
functioning.

We addressed this gap in a 15-month mesocosm experiment manipulating plant diversity
(one, two, or six grassland species), soil biodiversity (via whole-soil inoculation), and drought.
Using 18S rBRNA metabarcoding, we quantified arbuscular mycorrhizal (AM) fungal diversity
and assessed eight ecosystem functions related to productivity, fertility, and water dynamics.
This enabled us to disentangle the roles of plant, AM fungal, and soil biodiversity in driving
ecosystem multifunctionality.

Plant diversity emerged as the strongest driver of ecosystem multifunctionality, followed by
soil biodiversity. AM fungal diversity independently enhanced multifunctionality, impacting five
of the eight measured functions and mediating up to 59% of plant- and soil-driven BEF
effects. Drought increased the importance of specific plant and AM fungal taxa in sustaining
ecosystem functions. However, all three facets of biodiversity showed trade-offs, with gains in
some functions occurring at the expense of others.

Our findings reveal complex, non-additive interactions among plant, AM fungal and soil
biodiversity. They challenge the notion of biodiversity as a universal enhancer of ecosystem
functioning, instead uncovering nuanced trade-offs across biodiversity facets. By
demonstrating the importance of cross-guild interactions within the BEF framework, we
highlight the potential of integrative BEF research to inform resilient and adaptive ecosystem
management strategies.
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Understanding the mechanisms driving forest biodiversity is challenging, especially in soil.
Deadwood input and gap formation are major disturbances from tree mortality, altering
ecological niches of forest organisms, but their individual and interactive effects on soil
animals remain unclear.

The trophic niche is a key dimension of animal ecology. Trophic diversity, defined as the area
organisms occupy in trophic niches, links resource processing to ecosystem functions.
Changes in trophic diversity can arise from shifts in species diversity or in the trophic niches
of individual species. While effects of disturbances on species diversity are well-documented,
their role in shaping trophic diversity of soil animal communities remains poorly understood.

Across three regions in Germany, we conducted a full-factorial experiment manipulating
deadwood addition and gap formation, examining trophic niches in Collembola using stable
isotopes ('3C, °N). Deadwood addition generally increased trophic levels (higher A™N), while
gap formation increased use of plant carbon (lower A'3C), especially in epedaphic and sexual
species. Deadwood also enhanced community trophic diversity, whereas gap formation
reduced it in euedaphic Collembola. Notably, these changes stemmed from trophic shifts
within species rather than species turnover.

Shifts due to deadwood addition likely resulted from increased habitat heterogeneity and
resource use, contributing to trophic differentiation. In contrast, gap formation promoted
understory plant growth, increasing plant-derived resource use. Reduced trophic diversity in
euedaphic Collembola suggests trophic homogenization, likely from uniform root
consumption. These findings highlight contrasting disturbance effects: deadwood enhances
habitat heterogeneity and trophic differentiation, while gap formation induces trophic
homogenization but biomass gains in euedaphic Collembola, reflecting ecological trade-offs.
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The recovery of ecosystem functioning is one of the main challenges of forest restoration
worldwide in recent years. While monoculture plantations are one of the most common
practices and effective in producing timber at the expense of biodiversity, natural
regeneration is gaining attention because of its effectiveness in restoring forests' diversity
and vital functionality. However, despite its importance, little is known about the association of
soil microbes with ecosystem functions during long-term forest development. Here, we aim to
understand how soil microbial diversity contributes to ecosystem development over time,
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especially under different forest restoration strategies.

This study focused on the long-term response of the ecosystem over a 50-year
chronosequence to two restoration methods in northern Japan: monoculture planting and
natural regeneration, using old-growth forests as a reference. Using DNA metabarcoding, we
analyzed two soil bacterial and fungal communities that are functionally vital but have
different environmental preferences and dispersal abilities. We explored ecosystem
multifunctionality by considering crucial ecosystem functions like nutrient cycling,
decomposition, and below-ground production during two types of forest succession.

In the plantation, the decline of soil fungal a-diversity with forest age was related to specific
functional development, such as decomposition rates. By contrast, microbial a-diversity
remained stable after natural regeneration, and compositional similarity with the old-growth
forest was associated with higher multifunctionality. Notably, while fungi contributed to
decomposition, bacteria were important for plant-available nitrogen cycling, suggesting their
complementary roles in ecosystem functioning. Overall, these results underscore the
importance of soil microbial diversity in promoting multifunctionality and highlight the benefits
of natural regeneration in long-term forest restoration.
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Climate change and anthropogenic activities are causing environmental damage, resulting
in biodiversity loss and decreasing ecosystem services. To improve living conditions for
both humans and other organisms, ecological restoration and Nature-based Solutions (NbS)
are particularly effective strategies, especially in areas that have been severely impacted,
such as urban or degraded ecosystems. To better forecast the impacts and future dynamics
of ecological restoration and NbS, it is essential to model the plants and animals within
these ecosystems effectively as either species, or Functional Groups (FGs) or Types (FTs).
While FGs have an adequate level of detail and coverage to retrieve meaningful modelling
results across a variety of ecosystems, they currently lack traits that are relevant in
estimating the ecological, thermal, or hydrogeological impacts on their surroundings,
especially in relation to other stakeholders within the ecosystem (i.e., humans, plants,
mammals, and birds).

Moreover, FGs are usually not readily linkable to the single species and to their

individual properties such as e.g., invasive potential, aesthetic characteristics, or
ecological relationships such as diet preference. In this study, we propose an adaptive
approach to represent ecosystems through a novel classification framework that retrieves
plant functional groups (PFGs) and animal functional groups (AFGs). First, we developed
globally applicable PFGs that integrate traits related to shading, pollution removal,

CO2 sequestration, enhancement of outdoor thermal comfort for humans, soil-

plant interactions, ecological networks, and pollinator requirements. Second, we construct
AFGs based on traits related to diet preferences, body mass range, and taxonomic
classification.

This innovative framework to represent ecosystems through PFGs and AFGs, facilitates

the estimation of a broad range of ecosystem services across various modelling and

abiotic factor configurations. The approach holds significant potential for guiding urban
planning, managing restoration efforts, and evaluating or optimising Nature-based Solutions
(NbS).
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Biodiversity can have positive effects on human health and wellbeing. But what is it about
biodiversity? Which pathways link biodiversity to wellbeing? How do perceptions of
biodiversity matter and are there differences via the visual and audio sense? And does
familiarity matter? Here, we present empirical and experimental research on linkages of
actual and perceived biodiversity with mental health and well-being in forests and urban
ecosystems. Finally, we discuss how spatial planning and landscape management or
behavioural interventions could help foster positive experiences.
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Oases of Diversity — Cemeteries as Structurally Rich Biotopes for Urban Biodiversity

Can and should urban cemeteries be rewilded - and how? As green spaces within densely
built environments, cemeteries are often perceived as valuable oases - not only for grieving
and remembrance, but also as places of recreation and nature experience: They provide
critical habitats for a variety of plants, animals and fungi.

Yet, cemeteries are under increasing pressure. Some are being closed, repurposed, built
over, or maintained in ways that may not support biodiversity. What kind of maintenance
supports ecological value? How should cemeteries evolve from a biological perspective?
Should they be managed as natural oases - or be left to fallow - or be build over? And what
other factors shape biodiversity in cemeteries - such as size, isolation, urban context, or
human presence?

This doctoral project aims to assess the existing biodiversity of urban cemeteries and identify
key parameters for enhancing it. It combines ecological field studies with citizen science
approaches to monitor various animal taxa, including mammals (bats and terrestrial species),
arthropods (beetles, bugs, spiders), and others. The ultimate goal is to highlight the
ecological potential of cemeteries and provide actionable recommendations for their
management. Promoting biodiversity in times of global biodiversity loss and climate change is
more urgent than ever. Enhancing structural diversity and preserving cemeteries as habitats
for animals, plants, and fungi is therefore essential for sustaining urban biodiversity.
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Microorganisms play a crucial role in soil organic carbon (SOC) cycling. Emerging paradigms
highlight that the continuous turnover of microbial life and death significantly contributes to
the long-term stabilization of persistent SOC, primarily through the transformation of plant-
derived carbon into microbial necromass that is bound to soil minerals. Key microbial traits,
such as microbial growth and carbon use efficiency (CUE), and microbial functioning, are
central to the formation of persistent SOC from microbial necromass. However, the
quantitative and mechanistic understanding of how these emergent microbial traits and
functions influence the microbial contributions to SOC storage remains unclear. By studying
these concepts within the Biodiversity Exploratories framework, here we provide a
comprehensive analysis of how land use and changes in above- and belowground
biodiversity affect microbial physiological traits and functional potentials, and their roles in
microbial-derived C in SOC storage in the topsoil (0-10 cm) of grassland and forest soils
across three distinct regions in Germany. Our preliminary results reveal distinct microbial
mechanisms underlying the general concepts of necromass contributions to SOC
persistence. In higher intensively managed grasslands, we observed higher microbial
biomass, growth rate, and CUE, potentially leading to more efficient necromass recycling,
which in turn results in lower microbial-derived carbon in SOC. In contrast, in forests, the
higher growth rate and CUE potentially promote necromass production and stabilization in
clay-rich soils, thereby enhancing microbial contributions to SOC. Furthermore, we aim to
disentangle the roles of environmental setting and different microbial communities as drivers
of key microbial traits and functions that influence the persistence of microbial-derived SOC,
which is shaped by land use intensity and biodiversity loss.

118



[ ]
Session 4-16
Biodiversity and ecosystem functioning across scales

Ludwig Lettenmaier’, Christian Ristok?, Johanna Hieber®, Jonas
Reinhard', Simone Cesarz?, Nico Eisenhauer?, Jorg Miiller’

’6kologische Station Universitit Wiirzburg Fabrikschleichach, Rauhenebrach, DE
2German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig, DE
3Universitét Innsbruck, Innsbruck, AT

Earthworms are crucial ecosystem engineers that enhance soil structure, decompose organic
matter, and support nutrient cycling, contributing to forest resilience under global change.
However, forests face increasing pressures from climate change, including canopy dieback
and shifts in browser populations. In temperate Europe, rising tree mortality creates canopy
gaps and alters understory light, while growing roe deer (Capreolus capreolus) populations
intensify browsing pressure. These factors influence tree regeneration and above—
belowground interactions, potentially impacting soil fauna like earthworms. To date, no study
has combined high replication with a full-factorial design to disentangle the interactive effects
of canopy gaps and browsing on earthworm communities. To address this, we conducted a
field experiment in a temperate forest in Germany. We artificially created canopy gaps and
installed 6x6x2 m deer exclosures (n = 21) alongside control plots in shady, dense forest
stands (n = 54). Our results show that earthworm abundance and biomass were significantly
higher in canopy gaps compared to shaded forest patches. While roe deer alone had a
limited effect, browsing in canopy gaps increased earthworm abundance, whereas browsing
in shaded areas reduced it.
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While most habitat types of German vegetation do not have suffered from species loss over
the last century, land use change and climate change have resulted in considerable species
turnover. We here ask whether taxonomic turnover has also resulted in functional shifts.
Using the ReSurveyGermany dataset of 7,738 (semi-)permanent vegetation plots that were
surveyed between 2 and 54 times from 1927 to 2020, we calculated the linear trends in
community-weighted means for 60 traits for all of the ca. 100 terrestrial EUNIS habitat types
in Germany and explored both the overarching and the habitat-specific patterns. Besides
including typical traits of the leaf and roots economics spectrum, we particularly included
traits on persistence, such as woodiness, clonality and resprouting capability. Our analyses
suggest a functional shift from fast growth and short life cycles to persistent and conservative
strategies for the majority of habitat types. Over all community types, species gained in cover
and became more frequent that were taller, less annual, more woody and more wind-
pollinated, had thicker and denser roots, and rooted deeper. These shifts mainly suggest an
effect of natural succession following the abandonment of traditional management in most
habitat types. However, not all habitat types followed the same trend. In wetlands, also the
proportion of helo- and hydromorhic species decreased, indicating decreasing water supply.
In wetlands and oceanic to subcontinental inland sand grasslands, proportions of species
with scleromorphic leaves increased, indicating drought effects, and thus, possibly reflecting
climate change. Their habitat types, such as heathlands, show trait shifts that indicate
eutrophication. Grasslands and wetlands suffer from losses of specialist and Red List
species. The insights gained from these functional shifts allows conclusions on potential
drivers that will help to develop habitat-specific conservation and restoration measures in
Germany.
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With the growing interest in insect declines, temporal trends in insect communities have been
increasingly studied in recent years. Several anthropogenic drivers, such as land-use or
climate change, have been identified as important drivers of observed changes in insect
communities in recent decades. However, many of these drivers have been affecting insect
communities for many decades or longer, but long continuous time series of insect
communities are lacking. Using 1.2 million species records, we reconstructed continuous
changes in the distributions of 811 saproxylic beetle and butterfly species in Switzerland
between 1930 and 2021, covering a period of major land-use and climate changes. From the
1930s to the 1950s, both groups declined. While saproxylic beetles stabilised and then
recovered, butterflies continued to decline until the 1980s and have not recovered since,
resulting in an average richness 15% lower today than in 1930. Declines have been greater
for specialist and cold-adapted species and during periods of increased agricultural
mechanisation. With climate warming, especially warm-adapted species have increased
since the 1980s. Our results show clear declines in insect distributions during the 20th
century, following widespread processes such as agricultural intensification. Recoveries in
recent decades due to climate warming benefit primarily warm-adapted species, but also
highlight improvements, for example in forest ecosystems.
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Bumblebee populations are declining globally, despite their critical role in maintaining
ecosystem functions such as the pollination of wild plants and crops. Alongside climate
change, intensive agricultural land use is a key driver of this decline. To better understand
trends in bumblebee populations within agricultural landscapes, comprehensive, long-term,
and large-scale data collection is essential. We established a nationwide, citizen science-
based monitoring program in agricultural landscapes across Germany (https://wildbienen.
thuenen.de/), employing a standardized sampling design based on non-lethal transect
surveys and expert-validated species identification.

Here, we present data from the first five years of the program (2021-2025), encompassing
more than 100 monitoring sites across the country. Although 41 bumblebee species are
documented in Germany, our data reveal a strong dominance of just three species or species
groups, which together account for approximately 75% of all observations. We also recorded
the presence of species listed as threatened or critically endangered on the national Red List,
indicating that agricultural landscapes can still serve as habitat for rare and declining species.
Furthermore, we analyzed the phenology and floral resource use of bumblebees. Despite
interannual variability, phenological patterns between years were remarkably consistent, and
bumblebees utilized a broad spectrum of floral resources, spanning over 80 plant genera. We
identify plant genera of particular importance throughout the year and discuss their relevance
for pollinator-friendly agricultural practices. Over the long term, this monitoring effort provides
a robust baseline to detect shifts in bumblebee populations in response to land-use intensity
and climate change. By integrating land-use data, the program also offers a framework for
evaluating potential mitigation strategies and their effectiveness.
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Birds are among those taxa for which we know most about long-term population change, and
about potential drivers of change. This is due to coordinated monitoring schemes that involve
a large number of volunteers. In Germany, population trends from standardized, plot-based
and replicated schemes that cover over 100 species are available since 1990.

However, standardized breeding bird surveys had been conducted much earlier, since the
1920s, with an upsurge in the 1960s. Most of the data from these surveys is scattered across
local publications and the grey literature, or unpublished. So far, little synthesis on population
trends has been attempted.

Tracking population trends back as far as possible is important, because i) fundamental
drivers of population change such as agricultural intensification and changes in forest
management have occurred already long before 1990, ii) there are few data available
informing debate about population baselines for restoration and conservation policies, iii) the
first generation of quantitatively working ornithologists is now retiring, suggesting potential
loss of data.

We have set up an initiative to synthesize standardized historical bird surveys across
Germany. We also developed a platform to motivate birdwatchers to conduct resurveys at
historical plots in a citizen science approach (www.dda-web.de/monitoring/historische-daten).

In our talk, we present an overview of the available data and first results on population
change in birds since the 1950s. Recurring patterns suggest that agricultural intensification
has led to a strong decline in farmland bird species since the 1960s, likely even exceeding
that observed since the 1990s. In contrast, many forest birds and shrub breeders were likely
stable or increased in abundance over the past 70 years, mirroring a strong increase in wood
volume across Germany.
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There is growing evidence that the ranges of many species change in response to
environmental change. How different global change drivers contribute to colonisation and
local extinction across species is, however, poorly understood. Here, we use dynamic
occupancy models that simulate simple metapopulation dynamics to assess changes in
occupancy of 159 bird species across the conterminous USA over 25 years (1995-2019). We
then attribute these changes to climate and land-use changes. We focus on US breeding
birds as the North American Breeding Bird Survey provides a comparatively extensive data
set on species occurrences across space and time. In the dynamic occupancy models, we
relate site-level colonisation and extinction to climate and land use variables using a
Bayesian approach. Simulated occupancy dynamics are evaluated using a spatial and
temporal block cross-validation. Finally, we quantify the relative contribution of climate and
land use change to the simulated occupancy dynamics based on counterfactual scenarios
with detrended climate and constant land use at the levels of 1995, the first year of our
observation time series. Our statistical framework allows robust attribution of multiple global
change drivers on transient bird occupancy dynamics. This can provide valuable information
for species management under environmental change and represents an important step
towards operationalising detection and attribution in biodiversity science.
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The ongoing impact of climate change on biodiversity will increase in the near future. Global
trends have been widely studied, but there is still limited knowledge on the landscape-scale
level effects. The present study investigates representative climate niches in the study region
around the city of Bonn at the transition of the atlantic to a continental climate, with local
differences in precipitation and temperature also due to topography. The present study aims
at modelling climate change impact on biodiversity of four climatically distinct municipalities
within the study region to investigate whether changes follow parallel or diverging trends. We
identify European climate analogues (based on a sigma dissimilarity metric, reference period
1981-2010) to infer potential future vegetation for the study region based on climate
projections for the high emission scenario SSP5-8.5 (2071-2100).

The climate analogues of the municipalities extend over large distances from the Upper
Rhine Valley in Germany to Nouvelle-Aquitaine in southwestern France.

The majority of plant species currently found in the study region are also reported from the
climate analogues. Shared species predominantly show moderate or no clear temperature
preference. Species complement and land use show broad overlap between both study
region and climate analogues, yet natural vegetation differs sharply. The study region (across
the four sites) is currently characterised by beech and mixed beech forests. Conversely, the
climate analogues of municipalities at higher elevations are dominated by oak-hornbeam
forest, while those at lower elevations are dominated by submediterranean downy oak
forests.

This study highlights the magnitude of potential biodiversity change at a landscape level and
the divergent development of climate niches in closely adjacent regions, indicating the need
for fine-grained models for developing strategies for conservation and climate adaptation.
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Climate change is reshaping biodiversity, triggering species to shift their ranges in search of
suitable thermal conditions. These shifts are driving thermophilization—a directional
replacement of cold-adapted species by warmth-demanding ones. However, community
responses often lag behind climate warming, a pattern hypothetically associated with slow-
growing and long-lived life-history strategies, dispersal limitation, and microclimatic buffering.
Mountain systems, with their sharp climatic gradients and diverse plant communities, offer
ideal settings to examine context-dependent changes. We reassessed vegetation plots in
Mount Rainier National Park (US), originally surveyed in the 1970s, to evaluate how
overstory communities have changed over four decades of global warming. Using
hierarchical joint species distribution models (HMSC), we quantified overstory species’
responses to warming, snowpack reduction, and moisture change, and tested how these
were shaped by elevation and species traits (thermal niche, seed mass). Species’ responses
were highly variable and contingent on elevation and thermal niche. Overall effects were
weak, but warm-adapted species declined in occurrence at lower elevations while benefiting
at higher elevations. These patterns suggest that the thermal niche influences how sensitivity
to warming changes along the elevational gradient. Our findings highlight the importance of
integrating environmental context and species traits to better predict community reassembly
under climate change.
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In the context of modern climate change, understanding spatiotemporal patterns of land
cover change is increasingly important. Although modern satellite-based land cover datasets
provide detailed spatial information about contemporary landscapes, they only cover the last
few decades and are therefore inadequate for investigating vegetation dynamics over
millennial timescales. In contrast, fossil pollen records offer a unique insight into the history of
vegetation over extended timescales. However, the compositional nature of pollen data,
coupled with their coarse and uneven spatial distribution, limits their direct integration with
modern land cover products.

To address these issues, we have reconstructed the distribution of major land cover classes
across the Northern Hemisphere over the past 20,000 years using the fossil pollen dataset
LegacyPollen 2.0 and modern relationships of pollen and land cover. We then spatially
downscaled these reconstructions to a resolution of ~ 300x300 m using the spatial
distribution of modern climatic variables, the relationships between landcover classes and
climate, and an assignment algorithm. To address spatial gaps where no pollen records exist,
we use a deep learning model, trained on observed patterns, to extend coverage across
unsampled regions.

The resulting dataset provides a continuous, high-resolution view of terrestrial land cover
change throughout the Holocene and the late glacial period. We present the dataset
alongside initial validation results to demonstrate their utility for ecological analyses. This
dataset offers a novel resource for exploring the interactions between vegetation, climate,
and human activity over long timescales, supporting fundamental research and conservation
planning.
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Species interactions shape biodiversity patterns and regulate critical ecosystem processes,
yet their responses to changing climatic conditions remain poorly understood. While studies
across different climatic zones have suggested stronger predation and herbivory in tropical
regions compared to higher latitudes, a comprehensive understanding of how species
interactions influence broader biodiversity patterns and community dynamics across global
climate gradients remains limited.

Here, we conducted a global field experiment across 53 forest sites spanning broad
temperature and precipitation gradients to investigate how climate influences interactions
between wood-decomposing fungi and insects. By manipulating insect access to deadwood
and comparing fungal diversity between treatments with and without insects, we show that
insects significantly altered fungal community composition and diversity. Fungal alpha
diversity decreased with increasing temperature regardless of insect presence, but increased
with precipitation, with a stronger positive effect observed when insects were present. For
beta diversity, temperature alone had no significant effect; however, precipitation increased
community differences between treatments, and this effect was temperature dependent: beta
diversity between treatments decreased with precipitation at low temperatures, but increased
with precipitation at high temperatures.

These results demonstrate that insects play a key role in shaping fungal diversity and
community composition at a global scale, with climatic conditions modulating these
interactions. Our study highlights the importance of incorporating biotic interactions and their
climate dependencies into models predicting deadwood decomposition and carbon cycling
under future climate scenarios.
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Global warming forces species to move their distributional ranges poleward or uphill to track
their climatic niches, potentially favoring species with certain life history traits. Thereby
disadvantaged species are experiencing higher pressure to adapt to warming temperatures
by other means, possibly triggering changes in physical properties like body size or color
lightness. Yet, few studies have observed inter- and intraspecific trait changes over time in a
common study setting. Here, in 2019, we repeated a butterfly monitoring from 2009 on 33
grassland sites along five elevational transects in the National Park Berchtesgaden
(Germany). We collected several life history traits (body size, color lightness, dispersal ability,
voltinism) of each observed butterfly species from literature and used them to monitor
changes in community traits along the elevational gradient and over time. For the genus
Erebia, which turned out to be especially under pressure by rising temperatures in the Alps,
we further measured the wingspan and color lightness of each individual in each year to also
consider intraspecific trait changes along elevation and over time.
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Within the TERENO (Terrestrial Environmental Observatories, https://www.tereno.net)
network, we are conducting a monitoring program focusing on wild bees and birds since 2009
at the Harz/Central Germany Lowland Observatory run by UFZ. While “normal” years are
informing us about the baseline of population variation from year to year, years with extreme
weather events can be taken as a proxy for expected impacts of climate change. The years
2018-2020 and 2022 were taken as examples for extreme weather events, as they were
characterized by severe droughts and high temperatures. This opened the opportunity to
investigate the hypothesized impacts on bee and bird populations by comparing the situation
of 2009-2017 (baseline before extreme events) with the years 2018-23 (response after
extreme events). We expected that population stability, species traits and environment play a
role in the reaction of populations to extreme events, with birds being more affected than
bees due to the higher trophic level.

Our results supported theoretical expectations, e.g. a higher negative impact of dry and hot
years on less stable populations, larger and cold adapted species, and long-distance
migratory birds. We also found evidence that woody elements and rich flower resources
could buffer the impacts of heat waves at least in wild bees, likely by providing more suitable
microclimatic conditions and increasing population resistance. Our results thus show options
for land use-based mitigation which should aim at increasing (i) overall population stability;
and (ii) the amount of woody features such as hedgerows and mass flowering crops locally to
buffer negative effects of heat and drought waves.
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Cold waves crossing the Amazon rainforest are an extraordinary phenomenon likely to
become more frequent under climate change. While the negative impact of cold waves on
agriculture and human health has been shown, the impact on natural rainforest ecosystems
remains poorly understood. We recorded an extensive cold wave in June 2023 in
Amazonian—Andean forests and investigated its impact on lowland animal communities
(insects and wild mammals). For this, we analyzed the biomass and abundance before,
during and after the cold wave, and compare environmental temperatures to experimentally
measured thermal tolerances of insects. We found strong reductions in activity abundance,
biomass and/or diversity of all animal groups under the cold wave. However, mammal activity
and the biomass of most insects recovered over the next season, but dung beetle biomass
remained low. In accordance with this finding, tropical lowland animals showed thermal
tolerance limits below the lowest environmental temperatures measured during the cold
wave. However, a quarter of all insects showed very small thermal safety margins (0.62 °C)
with respect to the recorded minimum temperature of 10.5 °C, suggesting that an increased
intensity of cold waves in the future could imperil cold-sensitive taxa of Amazonian animal
communities.
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Climate change is a major threat to biodiversity, elevating extinction risks and causing global
redistribution of species. Early identification of the most vulnerable species is urgently
needed to apply conservation measures with sufficient warning time. The IUCN Red List
provides guidelines for assessing species at risk from climate change, relying on species
distribution models (SDMs) and spatially explicit population models (SEPMs). Yet, it has
never been systematically tested how well these guidelines work for species not only
undergoing range declines but also range shifts. In this study, we used a simulation approach
to investigate the ability of the Red List criteria to detect climate change risks for species with
different life history traits and climate vulnerability. For this, we used SEPMs to simulate
virtual species (varying in four traits: niche position, niche breadth, growth rate and dispersal
distance) under climate change and fitted different SDM algorithms to the data. Among all
traits tested, the niche position proved most important for the accuracy of the Red List
assessment. Specifically, SDM-based Red List assessments underestimated extinction risk
of warm-adapted, range-shifting species because dispersal limitations prevented colonisation
of newly available habitats. In contrast, for cold-adapted, range-contracting species, SDM
predictions accurately approximated expected range loss and related extinction risk. Red
Listing based on SEPM-based extinction probability, rather than SEPM-based abundance
predictions, provided delayed warning for all species. Based on our findings, we provide
tentative recommendations for updating the IUCN Red List guidelines for assessing
extinction risk imposed by climate change.
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Ecosystems are under constant pressure by global change. Abiotic and biotic components
being altered by drivers like land use or climate change can lead to the loss of ecosystem
functions and services crucial for either the ecosystem or humans. Fauna fulfills many of
these functions like herbivory, predation, pollination or decomposition. Hereby, aboveground
and belowground fauna often complement or interact with each other. For example,
pollination is limited to aboveground fauna while decomposition is mainly achieved by
belowground fauna like arthropods, microbes, or earthworms. However, it has been shown
that they can be differently affected by global-change drivers and thereby show various
responses. This underlines the importance of simultaneously studying both aboveground and
belowground fauna to evaluate the impacts of global change on ecosystems and humans.
Most published studies focus either on aboveground or only belowground fauna. To evaluate
the availability of studies and potential knowledge gaps investigating the impact of global
change on aboveground and belowground fauna in terrestrial ecosystems, we conducted a
systematic map literature assessment. We searched the Web of Science for studies fitting
our criteria which were that the impact of at least one global change stressor on above- and
belowground fauna (animals, microbes and fungi) was empirically investigated. Of the 4000
studies screened only about 100 studies fit our inclusion criteria. These articles were then
screened for information on study period, geographical location, investigated taxa, ecosystem
types, global change stressors and conducted methods. Our analysis provides an overdue
summary of what we know and where we urgently need to close existing knowledge gaps to
comprehensively understand global-change impacts on terrestrial ecosystems.
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The way in which we use our land has significant impacts on biodiversity and consequently
human wellbeing. The transformation of natural habitats into agricultural areas or settlement
changes the species inventory and therefore the provision of ecosystem services such as
pest control, pollination and decomposition. At the same time, land use impacts on
biodiversity and ecosystem services may be reduced or enhanced by climate change (and
vice versa). However, biodiversity responses to single or interactive global change drivers
may vary, showing contrasting patterns or different sensitivities depending on the climate
variable or taxonomic group considered. The climate research project LandKlif investigates
the biodiversity of plants, animals and microbes along independent climate and land use
gradients in Bavaria, Germany. Our research covers 179 study sites across contrasting local
and regional terrestrial land-use types that differ fundamentally in the level of anthropogenic
impact, which allows us to investigate how the effect of climate on biodiversity is modulated
by land use. Here, we will present the synthesis of the variety of biodiversity data assessed
within the project and identify trade-offs and synergies across taxa. This knowledge is
fundamental for developing strategies to climate change mitigation and adaptation as well as
biodiversity conservation.
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Climate and land-use change are among the leading causes of insect decline, but we still
know relatively little about how their combined effects influence insect communities across
trophic levels and spatial scales. In this study, we explored how temperature and land use
interact to shape insect communities—from flowering plants and cavity-nesting bees to
predatory wasps, their natural enemies, and associated parasitism rates. We used trap nests
in a large-scale, space-for-time design across 60 regions in Bavaria differing in mean annual
temperature and dominated by semi-natural, agricultural, or urban landscapes. Within
regions, a total of 179 plots were established in forest, grassland, cropland, and settlement
habitats, and local temperatures were recorded with thermologgers. This design allowed us
to compare insect community patterns across gradients of climate and land-use intensity at
both local and landscape scales.

Bee richness and abundance increased with warmer daytime temperatures and overall
warmer climates, but only in low-intensity habitats. High night-time temperatures, in contrast,
had negative effects on bee communities. Species at higher trophic levels were less sensitive
to local temperature extremes, both during the day and at night, and showed consistent
benefits from warmer climates. Parasitism rates were lowest in local arable habitats but
remained stable across habitat types within semi-natural regions, suggesting that enough
semi-natural habitats at landscape scales help mitigate local disturbances. Our findings
reveal that night-time temperatures, though largely overlooked, can significantly affect diurnal
insects, and suggest that rising temperatures can intensify the impacts of land use on
pollinators.
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Uncertainties in carbon storage estimates for disturbance-prone dryland ecosystems hinder
accurate assessments of their contribution to the global carbon budget. This study examines
the effects of land-use change on carbon storage in an African savanna landscape, focusing
on two major land-use change pathways: agricultural intensification and wildlife conservation,
both of which alter disturbance regimes. By adapting tree inventory and soil sampling
methods for dryland conditions, we quantified aboveground and belowground carbon in
woody vegetation (AGC and BGC) and soil organic carbon (SOC) across these pathways in
two vegetation types (scrub savanna and woodland savanna). We used Generalized Additive
Mixed Models to assess the effects of multiple environmental drivers on AGC and whole-
ecosystem carbon storage (C,_ )
vulnerability of carbon reservoirs to disturbance, depending on land-use change pathway and

. Our findings revealed a pronounced variation in the

vegetation type. In scrub savanna vegetation, shrub AGC emerged as the most vulnerable
carbon reservoir, declining on average by 56% along the conservation pathway and 90%
along the intensification pathway compared to low-disturbance sites. In woodland savanna,
tree AGC was most affected, decreasing on average by 95% along the intensification
pathway. Unexpectedly, SOC stocks were often higher at greater disturbance levels,
particularly under agricultural intensification, likely due to the preferential conversion of
naturally carbon-richer soils for agriculture and the redistribution of AGC to SOC through
megaherbivore browsing. Strong unimodal relationships between disturbance agents, such
suggest that
intermediate disturbance levels can enhance ecosystem-level carbon storage in disturbance-

as megaherbivore browsing and woodcutting, and both AGC and C,_
prone dryland ecosystems. These findings underline the importance of locally tailored

management strategies—such as in carbon certification schemes—that reconcile disturbance
regimes in drylands with carbon sequestration goals. Moreover, potential trade-offs between

land-use objectives and carbon storage goals must be considered.
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Coral reefs are important and valuable marine ecosystems that protect underwater life and
coastal areas and contribute to tourist attraction and food security. However, coral reefs are
currently under threat and are declining worldwide due to different environmental and
anthropogenic stresses such as increased water temperature due to climate change,
destructive fishing practices, and coastal development. Current coral reef surveillance and
inspection strategies are laborious and time-consuming which delays coral conservation and
restoration strategies.

This study used remote sensing to support the identification of coral reefs and bleaching
events to develop a Web-based GIS tool that would allow for real-time monitoring of coral
reef bleaching events in the Dar es Salaam coast islands. The data used in this research
were Sentinel-2 images, sea surface temperature, and ground truthing used to train a
Random Forest machine learning algorithm. The algorithm was coupled with Remote
Sensing and Geographic Information System (GIS) techniques to develop a Web-Based GIS
tool and optimized by incorporation of Remote Sensing data to include the benthic habitats
classification and bleaching detection.

Random Forest (RF) algorithm was employed to classify the benthic features, the overall
accuracy of this classifier is 97.24%, 89%, 85.71%, and 87.5% for the years 2019, 2020,
2021, and 2022 respectively. Analysis of the extent of benthic cover from 2019 to 2022
revealed variations in the areas occupied by corals, sand, seagrass, and water. Coral
bleaching levels were assessed for each year, with sea surface temperature data used to
identify bleaching hotspots, represented by different color classes.

The results obtained were visualized on a web application named “ReefWatch: Coral Bleach
Monitor” implemented with Python and the most recent web frameworks and Google Cloud.
This application enables the near real-time visualization and communication of coral
bleaching events, facilitating proactive and targeted interventions, informed decision-making,
and the resilience of coral reef ecosystems.
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Climate influences the distribution of species, productivity of ecosystems, large-scale
biodiversity patterns and is, thus, central to ecology. Ecologists have been using climate data
for more than 200 years, starting with the pioneering work of Wladimir Petrovich Képpen and
Alexander von Humboldt. Since the 1950s, climate data has greatly expanded in size, quality,
and availability, a trend that is continuously accelerating. For ecologists, however, this also
meant an increasing complexity of the landscape of climate data available to them.
Discouraged by jargon, the plethora of climate products that look similar to outsiders, and the
lack of effective communication has created a gap between the highly sophisticated climate
products and their uptake from the ecological community. Many ecologists are unaware of
the kind of climate products available today, how they are derived, and which one is best
suited for their goals.

In this talk, I will outline how to shorten these gaps and facilitate the communication between
the two communities of climate scientists and ecologists by developing a guide to climate
products for ecologists. This guide has three main goals: 1) Overview the climate products
available today and explain concisely how they are derived, making ecologists familiar with
the necessary jargon. 2) Group ecological questions into categories that require specific
climate products. And 3) Provide recommendations for ecologists for choosing the products
that best fit their goal. Moreover, | will illustrate how choosing different products can influence
ecological inference and provide guidelines for validating climate data. Finally, | will conclude
with recommendations to shorten the gap in communication between climatologists and
ecologists, laying down an agenda to facilitate this.
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Understanding phenology changes is important because it influences specific dynamics, like
species interaction, but also drives essential ecosystem functions, like carbon uptake. Space-
for-time substitution method (SFTS) could help to analyze phenological changes easily.
SFTS predicts phenology under future temperature conditions based on spatial temperature
gradient, assuming space-time equivalence.

We assessed this assumption and climate change’s impact by comparing the phenological
responses to an increase in temperature on a temporal and spatial gradient. We use mean
annual temperature data from the Era5-Land product and flowering phenology data from 23
herbaceous species from the PEP725 database. To assess climate change’s influence, we
divided our data into the periods 1950-1985 (early decades) and 1986-2022 (recent decades)
and selected the species with observations in all years. We ran linear mixed effect models
and compared the slopes as an indicator of the phenology response to increasing
temperature, using t-test and Jensen-Shannon distance.

We found that flowering responses to temperature are significantly different on the spatial
and temporal gradients; however, the response shares 65% similarity, showing mostly
negative relationships. Responses were species-specific; some species show high similarity
between both gradients, while others show divergent patterns or with different magnitudes.
Recent decades showed more consistent (72% similarity) and steeper negative phenological
responses than early decades (65%). We conclude that, in a climate change context,
flowering phenology is responding strongly to temperature, masking the influence of other
factors in determining the flowering time. The implementation of SFTS in phenology leads to
a correct response direction to the increase in temperature, but it would most probably be
underestimated. We recommend being cautious when drawing general conclusions when
using SFTS.

141



Session 6-16

Climate change effects on biodiversity

Lisa Hiilsmann', Florian Hartig?

'"University of Bayreuth, Bayreuth, DE
2University of Regensburg, Regensburg, DE

Capturing the dynamics and trends of slow ecosystems such as forests is challenging
because the processes of interest often occur over much longer time scales than those
recorded in typical monitoring programs. Therefore, true dynamics are sometimes
approximated by comparing young and old (or small and large) individuals, an approach that
we introduce here as ‘ontogeny-for-time’ substitution. This is in analogy to the common
‘space-for-time’ substitution, where spatial variability is used to quantify temporal effects such
as climate warming. The comparison of individuals of different ages is another approximation
of long-term dynamics in ecology. For example, the ratio of small to large individuals in static
data is used as a proxy for population growth rates, or the geographic distribution of young
and old individuals of a species is used to infer range shifts in response to climate change.
However, such approximations ignore that young trees are not simply small adults, and that
demographic strategies and environmental filtering vary with ontogeny. Furthermore,
replacing true time series or repeated measures with age-structured data poses statistical
challenges. The presentation will explore the challenges and opportunities of using
'ontogeny-for-time' substitution and how its risks can be assessed and minimized.
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Genetic adaptation and range shifts are the two primary options for species survival under
climate change but habitat fragmentation hinders dispersal and gene flow. This also applies
for many protected habitat types which often harbour high numbers of threatened species.

In this study, we modelled habitat connectivity for two protected habitat types under
consideration of projected climate change. We used a two-step modelling approach
focussing on calcareous grasslands and limestone beech forests in south-western Germany.
First, we identified climate analogues for current locations of both habitat types representing
future suitable habitat. Second, we assessed the connectivity between current and future
suitable habitats using models based on electrical circuit theory incorporating land use, soll
type and climate data. Analyses were conducted under two climate scenarios (RCP4.5 and
RCP8.5) and for two time periods (2041-2061 and 2061-2080).

For both habitat types, we identified analogue climates being located in the Western
Carpathians, the Swiss Jura, in parts of the Alps and in within southwest Germany itself. The
similarity between current and modelled analogue climates decreased substantially under the
more pessimistic climate change scenario. Connectivity between current and future suitable
habitats was low for both habitat types, illustrating the high level of habitat fragmentation in
Europe.

The presented approach showed promising results for identifying priority pathways for
species dispersal and gene-flow, providing a valuable tool for conservation planning under
climate change.
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Climate warming is driving significant ecological transitions in high-latitude ecosystems, with
northern treeline dynamics representing a critical frontier for understanding climate-
vegetation feedbacks. As boreal forests potentially advance into tundra regions, concerns
arise regarding biodiversity loss, permafrost degradation, and positive climate feedback loops
through altered surface albedo. However, considerable uncertainty remains regarding the
speed, extent, and controlling mechanisms of these treeline shifts. Our research employs
LAVESI (Larix Vegetation Simulator), an individual-based spatially explicit model, to
investigate complex drivers of northern treeline dynamics across typical latitudinal gradients.
We parameterized the model using extensive field data from northern boreal forest
ecosystems and from genetic information derived from microsatellite and GBS analysis.

Simulation results reveal that treelines exhibit significant time lags in response to climate
warming, with slow migration rates. Long-term simulations through 3000 CE demonstrate that
even with temperature cooling, forest expansion exhibits an "overshooting" effect, with strong
tundra area extent reductions depending on emission scenarios. Our findings highlight the
critical roles of seed dispersal limitations, genetic adaptation to extreme winter conditions,
and the presence of refugia populations in determining migration potential. Density-
dependent interactions between trees shift from facilitative to competitive with increasing
stand density, creating non-linear responses to warming.

The integration of genetic information with individual-based modeling reveals that local
adaptation and genetic legacy may constrain migration rates below those predicted by
climate envelopes alone. This combined approach can help reduce uncertainty in projections
of high-latitude vegetation dynamics and provides critical insights for conservation planning in
threatened tundra ecosystems. Our results emphasize the need for ambitious climate
mitigation strategies to preserve arctic biodiversity while accounting for the complex interplay
between migration lags and genetic constraints in forest ecosystem responses.
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Global biodiversity loss is one of the main challenges of the 21st century. Farmland birds are
among the most rapidly declining species, with their loss leading to reduced ecosystem
services and negative consequences for humans. Agricultural intensification has been a key
contributor to this decline, largely propelled by the Common Agricultural Policy (CAP), the
primary mechanism through which Europe influences farming practices. Today's CAP
recognizes the importance and value of biodiversity and attempts to shift towards more
ecosystem and biodiversity friendly practices. However, the effectiveness of CAP measures
is not consistently evidenced and little is known about potential trade-offs between CAP
measures across species.

In this study, we focused on farmland birds as biodiversity indicator species and investigated
the effectiveness of different CAP measures related to good agricultural and environmental
conditions and Eco-schemes.

To quantify the potential effect of land cover and land use practices on bird occurrence, we
applied a nested SDM approach to account for different environmental drivers acting at
different spatial scales and to avoid niche truncation. At the coarse European scale, we
trained SDMs on climate data, and at the finer German scale, we trained SDMs on land use,
soil moisture, mowing intensity, and topographic data. The resulting models allow assessing
preference and avoidance of different land uses. Additionally, we implemented a set of CAP
scenarios to evaluate the effect of different CAP measures on the habitat suitability of various
farmland birds and potential trade-offs between species and measures. The results can
support decision making of farmers and policy and guide more targeted implementation of
region-specific or species-specific agri-environment measures.
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Extensive livestock grazing is an established approach to preserve open landscapes, such as
semi-natural grasslands, and associated biodiversity. However, grazing by large herbivores
comes along with a conservation conflict, as nests of ground-nesting birds are threatened by
trampling, which can lead to high percentages of nest failure. Consequently, temporary
fences are required to foster the breeding success of bird species nesting within pastures.
Installing such fences is labour-intensive and therefore a challenge in the agricultural
practice. The rising technology of virtual fencing (which is not yet approved in the EU) could
facilitate such bird protection efforts. Virtual fences are drawn on a digital map via a mobile
device and communicated to a GPS-collar on the grazing animal. When the animal
approaches the fence line, the collar emits audio cues, and an electric cue if the animal does
not draw back. We tested whether virtual fencing is effective in reducing trampling damage
by grazing cattle in a national park at the Baltic coast in 2024. Over a period of 33 days, 19
heifers were grazed on a 19-ha pasture. The pasture was classified into four vegetation
types. Per vegetation type, we placed one small (100 m?) and one large (300 m?) virtually
fenced exclosure. We deployed artificial nests in the exclosures and in equally sized
reference plots. Nests were checked for damage five times during the grazing period,
resulting in a total of 912 nest inspections. Virtual fencing reduced the trampling damage by
77%, with 14 and 62 destroyed nests in exclosures and reference plots, respectively. The
percentage of destroyed nests was independent of exclosure size and vegetation type. We
conclude that virtual fencing can effectively reduce bird nest losses caused by cattle
trampling under extensive grazing. Consequently, virtual fencing could facilitate both the
conservation of open habitats and bird protection should the technology become available for
use in the farming and conservation practice.
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Flower strips (FS) are known to enhance pollination services and support natural pest
control, yet their impact in sugar beet fields remains underexplored. We conducted a large-
scale field experiment to assess the effects of three FS mixtures—perennial FS, autumn-
sown annual FS, and spring-sown annual FS—on aphid populations in sugar beet fields. Our
study focused on Myzus persicae, the primary vector of virus yellows disease, and Aphis
fabae, the most abundant aphid in sugar beets.

Our findings revealed species-specific responses to FS composition. The abundance of M.
persicae was slightly higher near autumn-sown annual FS compared to perennial FS, while
A. fabae tended to be less abundant near autumn-sown annual FS. We hypothesized that
while the pattern in A. fabae could be explained by predation, the pattern in M. persicae
might result from a spillover effect of certain plant species within the FS. To investigate this,
we conducted a greenhouse choice experiment, testing M. persicae preferences among 12
plant species found in the FS mixtures. Aphids were released in the center of four plant
species, including a sugar beet control, to assess their host preference.

The results demonstrated that M. persicae exhibited clear plant-specific preferences, which
aligned with the field observations. All plants from the autumn-sown annual FS were similarly
attractive to M. persicae as the control plant sugar beet. In the perennial FS, Vicia sativa and
Trifolium pratense were significantly less attractive than Achillea millefolium and sugar beet.
These findings suggest that FS composition is crucial for targeted pest control. In sugar beet
cultivation, FS should incorporate plant species that deter M. persicae, while also effectively
reducing A. fabae populations. A combined approach integrating both perennial and annual
FS species may offer an optimal strategy for enhancing conservation biocontrol of aphids in
sugar beet fields.
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Protected areas are considered the most efficient way of conserving biodiversity and
therefore form the basis for most conservation strategies. However, resources for the
management of protected areas are often limited, which can lead to shortcomings in
management efficiency. For example, more and more case studies demonstrate how data
gaps in protected areas can lead to suboptimal on-site management. In the wilderness area
Kénigsbricker Heide long-term monitoring was started in the year 2000 including various
taxa, habitats and environmental parameters. We use this data to highlight general difficulties
of long-term monitoring in protected areas and discuss potential improvements for future
approaches.
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Climate-smart rewilding integrates dynamic, process-based ecological restoration with
carbon sequestration to mitigate climate change. However, little is known about suitable
locations for climate-smart rewilding in Europe due to a lack of continental-scale spatial
assessments. Moreover, the indirect effects of large-scale rewilding on food provision, carbon
sequestration, and biodiversity mediated through redistributions in the land system remain
widely underexplored. Based on a multicriteria mapping approach that integrates indicators
from ecological, carbon and societal dimensions, we identify suitable locations for climate-
smart rewilding in Europe. We then aim to identify a portion of land with high rewilding
potential that can be used for rewilding without compromising food production, carbon
storage, and biodiversity across Europe. We utilize the agent-based model CRAFTY-EU, a
spatially-explicit representation of the European land system which also provides estimates
of various ecosystem services (e.g., food, carbon, habitat provision). We iteratively remove
an increasing portion of land from production in CRAFTY-EU and analyze trade-offs in
ecosystem service provision. Our results show that high rewilding potential is
heterogeneously distributed across Europe, with hotspots primarily located in mountainous
regions such as the Alps, parts of Scandinavia, the Iberian Peninsula, and Eastern Europe.
Preliminary results from CRAFTY-EU simulations show that rewilding land areas with a high
potential lead to a gain of biodiversity and carbon sequestration services in these areas.
However, these are partially compensated by unintended losses due to redistributions of the
remaining land resources to ensure food production in Europe. Our findings highlight that by
carefully considering trade-offs to avoid unintended impacts on food production and other
ecosystem services, climate-smart rewilding can boost biodiversity and carbon storage in
Europe.
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River restoration aims to improve water retention in the landscape and the ecological value of
water bodies around the globe. In Europe, most restoration projects focus on small streams,
yet their ecological benefits are poorly documented. Effects on aquatic biota are often limited,
as unrestored sections hinder colonization, and short restoration stretches have little impact
on water quality. We therefore investigated how small stream restoration affects terrestrial
biota - in particular plants, insects, and birds - as these groups provide important ecosystem
services and have a high conservation value. We surveyed 55 restored and adjacent non-
restored small stream sections in Hesse, Germany, using vegetation and bird surveys
alongside malaise traps with DNA metabarcoding for insect identification. Restoration
increased plant species richness, the abundance of moisture-associated plant species and
the heterogeneity on a landscape level. Plant species richness strongly varied with
restoration age: it was highest in young restorations, declined until year 16, and then
increased again. The plant moisture index was significantly related to the channel depth. Bird
diversity and abundance also increased with restoration, mainly driven by the coverage of
woody plants. Next, we will analyze insect community responses to restoration and
synthesize all three tropic levels to gain a broader understanding of how small stream
restoration supports biodiversity.
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Approximately 61% of global extinctions since the 1500s have occurred on islands. Invasive
cats and rats in particular have caused numerous extinctions resulting in overall biodiversity
loss. Loss of species or sudden population abundance changes can alter ecosystem function
and at times trigger unexpected and unwanted ecological repercussions. This is more
pronounced on islands. Island eradications with aerially applied toxic bait remains the most
effective long-term strategy for conservation of native and endemic island species.

Globally, eradication studies have mainly focused on native bird recovery, while reptiles, often
endemic and ecologically important, are underrepresented in such research. On the
Galapagos Islands, reptiles like lava lizards play vital ecosystem roles. Lava lizards are
primary seed dispersers, while lizards and geckos are key prey species for both endemic and
introduced predators across the Archipelago. Their population changes can thus significantly
influence food web dynamics. In 2023, Floreana Island in the Galapagos underwent an
attempted large-scale toxic rodent and feral cat eradication to restore the island’s
ecosystems and facilitate the reintroduction of 12 locally extinct species. Before the toxic
eradication, invasive mammals likely suppressed populations of small reptiles, affecting their
distribution, abundance, and behavior. Thus, the eradication of these introduced predators is
expected to greatly influence the lizard population on Floreana Island. In this study we
investigate the abundance response of Floreana lava lizards (Microlophus grayii) and geckos
(Phyllodactylus baurii, P. reissii) to the reduction of their invasive predators. We use a Before-
After, Control-Impact (BACI) design and hypothesized that the use of toxin (eradication)
would lead to increases in the population of both lizard species as well as in increase in
juvenile abundance.

We used generalized linear mixed models (GLMM) to test whether lizard and juvenile
abundances were higher in areas treated with toxic bait (post-eradication -

reduced introduced predators). With these models we also included certain environmental
predictors to identify other factors influencing lizard abundance. In this talk, | will present the
preliminary results from this study. 152
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Invasive rats threaten island biodiversity, disrupting ecosystems and endangering native
species. While rat eradication has succeeded on many islands, tropical islands present
unigue management challenges. Strict regulations and financial constraints on some tropical
islands further limit proven eradication methods, complicating rodent management. This
study addresses these challenges by demonstrating a real-time active adaptive management
(RAM) approach, providing a cautious, cost-efficient, scientifically grounded, and adaptive
pathway to eradication while adhering to strict environmental regulations. We implemented
RAM on a Brazilian island at USD 3,300 per hectare, integrating rodenticide (brodifacoum)
application, population monitoring, and iterative management adjustments. This approach
eradicated a rat overpopulation within five months and presented rapid population recovery
signs for the endemic Noronha elaenia (Elaenia ridleyana), Noronha skink ( Trachylepis
atlantica), and the threatened masked booby (Sula dactylatra). Despite logistical constraints,
RAM proved effective and cost-efficient, marking its first application in a biological system.
Our findings highlight the value of innovation, interdisciplinary collaboration, and adaptive
decision-making when the application of best-practice methods is constrained.
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Vertebrate and arthropod predators both contribute to pest control in agroecosystems, often
complementing each other by targeting different pest types and sizes. However, vertebrates
may also reduce arthropod predator effectiveness through intraguild predation, weakening
overall pest suppression. Despite their importance, the combined effects of these predators
on tree vitality in fruit orchards remain poorly understood. We conducted manipulative
experiments in organic pear orchards to assess the impact of birds, bats, and arthropod
predators on pest abundance and tree vitality (leaf biomass, damage, chlorophyll content,
photosynthetic activity, and fruit yield). Vertebrate predators were excluded using mesh
cages, while arthropod predators were supported through habitat enrichment with cardboard
bands on trunks and branches. Control trees received no treatment. Control trees hosted the
highest abundance of sap-sucking herbivores, the lowest number of spiders, and showed the
weakest vitality parameters. In contrast, trees with vertebrate exclusion and spider
enhancement had the fewest herbivores, most spiders, and strongest tree vitality. Structural
equation model identified spiders as the primary agents reducing herbivory, likely through
non-consumptive effects. Ants, conversely, were associated with increased herbivore
presence. Our findings show that insectivorous vertebrates disrupted pest control by
suppressing spider mesopredators, whereas increased habitat heterogeneity reduced such
intraguild predation. These results highlight the importance of spiders in maintaining tree
vitality and improving productivity in pear orchards. Enhancing habitat complexity by placing
cardboard bands on tree trunks and branches offers a practical, low-cost method to support
spider activity, minimize intraguild predation, and strengthen overall ecosystem functioning.
The study was supported by the Specific University Research Fund MENDELU (Reg. No.
IGA24-FFWT-TP-006).

155



Session 8-02

Designing agricultural systems for sustainable insect pest management

Jennifer B. Thompson'?, Thomas F. Déring?, Sonoko Dorothea
Bellingrath-Kimura'?, Kathrin Grahmann', Michael Glemnitz', Moritz
Reckling'*

'Leibniz-Zentrum fiir Agrarlandschaftsforschung (ZALF), Miincheberg, DE
2Humboldt-Universitat zu Berlin, Berlin, DE

3Universitdt Bonn, Bonn, DE

‘Swedish University of Agricultural Sciences (SLU), Uppsala, SE

Crop diversification is an increasingly recognized management strategy to support
biodiversity and ecosystem services, like pest and disease control, in agricultural systems.
However, a significant obstacle to its adoption is the potential trade-off between ecosystem
services and optimizing yields. We used a two year, on-farm study in Eastern Germany to
test how different spatial arrangements of soy (Glycine max L.) and winter wheat ( Triticum
aestivum L.) can affect pest abundance, aphid predation, and natural enemy biodiversity as
well as yields. We compared conventional sole cropping to three types of spatially diversified
cropping systems: relay intercropping, wide strip cropping, and patch cropping. Strip cropping
generally supported some of the highest levels of carabid abundance both years and spider
abundance in 2022 without any yield penalties. While the relay system failed due to
insufficient precipitation, strip cropping produced similar or higher yields than sole cropping
(124 % and 96 % of the sole wheat yield and 96 % and 109 % of sole soy yield in 2022 and
2023, respectively). Strip cropping supported significantly more carabid beetles compared to
sole cropped soy both years and sole cropped wheat in 2022. We found significantly different
carabid community composition between wheat strips and patches and the corresponding
soy strips and patches. There were no differences in aphid abundance between systems.
Nevertheless, we found 51 % and 36 % higher aphid predation rates in wheat strips
compared to wheat patches in 2022 and 2023. Our results provide initial insights into the
potential of strip cropping to support both natural enemies and yields while also being an
approachable diversification strategy for farmers.
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Natural enemies, such as ground-dwelling predators, are considered important for natural
pest control in crops because many of them consume insect pests and are almost ubiquitous
in crop fields. However, insect pests vary widely in size and toughness, so questions arise as
to whether all insect pests are equally well controlled by a given natural enemy community,
which taxa contribute to the removal of which prey type, and which role prey and natural
enemy traits play in this.

We used prey cards of six different prey types (Sitobion avenae aphid, Lucilia maggot,
Calliphora pupa, small and large ___ larvae, and wax moth larva) covering a wide range of
prey length and toughness. In 12 cereal fields, one prey card per type was placed around a
pitfall trap in four positions per field. A total of four prey cards of each type were equipped
with cameras. Removal rates were calculated from all prey cards and camera data were
manually screened for attack and removal events.

Initial results show that removal by invertebrates varied by prey type, with soft prey (aphids)
being almost completely removed within 24 h, hard prey (pupae) being barely removed, and
medium-hard prey being removed at intermediate levels, with a tendency for removal to
decrease with increasing prey length. Aphids attracted the most diverse set of removers,
while all prey types except pupae were attacked by carabids, largely independent of their
own size and bite force. This suggests that a given ground-dwelling predator community - as
currently observed in conventional cereal fields - is likely to have variable success in
controlling pests with different traits, with small soft pests being relatively well predated and
particularly hard pests being poorly predated.
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It has long been recognized that conserving diverse communities of natural enemies in
agricultural systems can enhance pest suppression. However, empirical evidence linking
natural enemy diversity to biocontrol efficiency remains inconsistent. Natural enemies’
diversity may strengthen prey suppression directly through complementary interactions
between predatory species, in concordance with functional diversity (FD). Another
contributing factor may be the presence and activity of particularly efficient predators in the
community (i.e., identity effect). To differentiate between the roles of these two mechanisms
driving pest suppression efficiency, we conducted a controlled mesocosm experiment with
artificially made assemblages of predatory arthropod species. A total of 80 cages containing
wheat plants infested with cereal aphids (Rhopalosiphum padi) were each assigned to one of
the following treatments: assemblages of 3 predatory species with either high or low FD,
single predatory species, or no predators (control). The effect of the overall interactions
between predatory species was quantitatively evaluated for high and low FD assemblages.
Results showed no significant impact of FD on aphid suppression, and the directional effect
of predator interactions in high FD assemblages suggested interference among predators
rather than complementarity. Furthermore, the presence of the seven-spotted lady beetle
(Coccinella septempunctata), the most efficient predator, dominated the efficiency of the
whole assembly. These results suggest the importance of predator identity within a natural
enemy assembly over functional diversity in determining pest control efficiency. This may
explain the discrepancies between previous studies and emphasize the need to consider
both overall diversity and species identity in conservation biological control.
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Winterraps (Brassica napus) ist eine wichtige Kulturpflanze in Deutschland, die jedoch haufig
von Schadinsekten wie dem Rapserdfloh (Psylliodes chrysocephala) und dem Schwarzen
Kohltriebrussler (Ceutorhynchus picitarsis Gyll) befallen wird. Diese Schadinsekten kénnen
erhebliche Ertragsverluste verursachen, da sie in verschiedenen Wachstumsphasen des
Rapses aktiv werden und verschiedene Pflanzenteile schadigen. Prognosemodelle und
Entscheidungshilfesysteme (EHS) spielen eine wichtige Rolle bei der Optimierung von
PflanzenschutzmaBnahmen und der Vorhersage des richtigen Zeitpunkts fir deren
Anwendung. Im EntoProg-Projekt wird ein EHS zur Uberwachung und Bekémpfung von
Schéadlingen im Winterraps entwickelt.

Die Landschaftsstruktur hat einen erheblichen Einfluss auf das Erstauftreten und die
Verbreitung von Schéadlingen. Verschiedene Studien zeigen, dass angrenzende
Landschaftselemente wie Hecken, Walder und Brachen den Schadinsekten Unterschlupf
bieten und deren Uberwinterung sowie das friihe Auftreten im néchsten Jahr beeinflussen
kénnen. Diese Landschaftselemente férdern das frihe Einwandern der Schadlinge in die
Rapsbesténde und kénnen auch die Verbreitung der Schéadlinge in Ubergangszonen
zwischen verschiedenen Habitaten begulnstigen.

Im Rahmen des EntoProg-Projekts wird untersucht, wie Landschaftsmerkmale das
Erstauftreten von Schadlingen im Winterraps beeinflussen. Durch mehrjahrige Fallenféange in
Rapsfeldern aus sieben Bundeslandern werden GIS-gestitzte Landschaftsdaten verwendet,
um das Risiko eines friihen Schadlingsauftretens standortspezifisch zu bewerten. Diese
Daten werden in das EHS integriert, um eine gezielte und effizientere Bekampfung der
Schadinsekten zu ermdglichen, was zu einer Optimierung der PflanzenschutzmaBnahmen
fuhrt
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The ongoing decline of vertebrate and invertebrate species across Europe is strongly linked
to habitat loss, landscape fragmentation, disruption of ecological corridors, urban expansion,
and the intensification of land use. Conventional agriculture —especially large-scale
monocultures—has contributed significantly to these pressures. In contrast, conservation-
oriented agronomic practices have demonstrated the potential to sustain biodiversity even
within intensively cultivated areas lacking extensive semi-natural habitats. Our research
centers on ground beetles (Carabidae: Coleoptera), a widespread and ecologically significant
arthropod family, well-established as bioindicators of agroecosystem health. We investigated
carabid communities in wheat fields under contrasting soil management regimes —
conservation versus conventional—to evaluate the biodiversity benefits of reduced-
disturbance practices. In addition to species richness, we analyzed key morphological traits
linked to environmental filtering and functional diversity across trophic levels. To explore
carabids' potential responses to climate change, live specimens were also evaluated under
controlled environmental conditions, focusing on their adaptive capacity and resilience to
elevated temperatures. These findings provide valuable insights into how agronomic
practices can shape both ecological function and climate resilience in agroecosystems. Our
results contribute to the broader effort to reconcile biodiversity conservation with effective
pest management. By illustrating how conservation soil practices can support carabid
populations—natural enemies of many crop pests—we underscore the potential of designing
pest-suppressive agricultural landscapes that reduce dependency on chemical inputs.
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Climate change will increasingly affect biodiversity and the resilience of the ecosystem
services they provide. As ectothermic organisms, the activity of insects is strongly influenced
by climate and weather, affecting their ability to provide ecosystem services. One example of
this is the effect of changing temperatures and humidity patterns on the activity of ground-
dwelling predators and the predation of insect pests in agricultural systems. To study this, we
collected temperature and humidity data alongside data on the activity of ground dwelling
predators and predation of sentinel prey in cereal fields in four European countries with
different climates: Italy, Austria, Germany and Sweden. Using this data, we hope to learn
more about the climatic drivers of predator activity and predation, as well as local adaptation
of ubiquitous species and predator communities under different climates. We aim to
understand how to best manage agricultural systems to support resilient biological pest
control under future climate change scenarios.
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The establishment of flower strips or fields (here “flower areas”) is a widely adopted agri-
environment-climate measure in Europe, aimed at providing essential habitats and food
resources for many ecosystem service providers, including important pest control agents

- ground-active predators, such as Carabidae, Araneae, Coccinellidae and Staphylinidae.
Despite increasing calls to tailor flower areas for these predators, comprehensive evidence
on how to optimize their design remains limited.

To quantify the impact of flower areas and their characteristics on the abundance and species
richness of ground-active predators, we conducted a meta-analysis across Europe. After
screening 2712 articles, 36 studies met the inclusion criteria and were incorporated into our
analysis. Moreover, we examined how the overall effects varied in terms of different
reference habitats (i.e. semi-natural habitats and crop fields), regions (i.e. Central and
Northern Europe and the Mediterranean), and flower area characteristics (i.e. shape, age,
and sown plant species richness).

Flower areas significantly increased the species richness (Hedges’ g = 0.65, p < 0.01) of
ground-active predators but not their abundance (Hedges’ g = 0.21, p = 0.12). The impact on
abundance varied by region, with the greatest positive effects in the Mediterranean. The
benefit on species richness was stronger when compared to crop fields than to semi-natural
habitats. Shape was the key characteristic driving the effectiveness of flower areas, with
flower strips demonstrating effect sizes 0.69 units higher than flower fields in promoting the
abundance of ground-active predators, and 0.86 units higher in enhancing their species
richness.

These results provide evidence in support of the use of flower areas for the conservation of
ground-active predators and offer practical insights into flower area design and agri-
environmental policy.
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Wildflower strips are widely used measures to support biodiversity and ecosystem services,
including pest control, in ecological intensification schemes. However, their effectiveness in
reducing pest abundance and supporting natural enemies is highly variable. Here, we studied
the effect of wildflower strips on egg abundance and predation rates of cereal leaf beetles
(CLB) across four sampling periods spanning the phenology of cereal crops. Using sentinel
cards, we quantified predation by piercing-sucking, chewing and unknown predators, while
CLB eggs were also sampled directly from cereal plants. We analyzed the influence of
wildflower strip presence, distance to the field margin (12 or 36 m), and sampling period on
CLB egg predation, accounting for different predator guilds, and CLB egg abundance. CLB
predation was mainly attributed to unknown predators (i.e., missing eggs), followed by
piercing-sucking predators, which were more active in late May, while chewing predators
were more important in early May. Predation rates were higher in wildflower strips compared
to control sites, especially in late June, and tended to be lower far from field margins. CLB
egg abundance peaked in early and mid- May and, contrary to our expectations, was
positively related to predation rates. The positive association between egg abundance and
predation suggests that resource concentration effects are important drivers of CLB control,
especially in sites without wildflower strips. Our results underscore the importance of
incorporating spatial and temporal dynamics of both pests and predators into conservation
biological control strategies which can help enhance the benefits of wildflower strips for pest
suppression.
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Enhancing natural pest control through landscape management is a key goal for sustainable
agriculture. In this study, we investigated how landscape diversity and the share of perennial
flower fields in agricultural landscapes influence aphid predation, aphid abundance, and
predator populations in conventional winter wheat in central Germany. We sampled 27
landscapes (1km2) along two independent gradients of landscape diversity and flower field
shares (ranging from 0% to 13.5%) one year before flower field establishment (2022) and in
the first vegetation period after flower field establishment (2023). We quantified aphid
predation in two wheat fields per landscape using over 2,000 artificial aphid cards placed at
both the vegetation and ground levels. Vegetation-dwelling predators and aphids were
assessed through visual surveys of wheat plants, while ground-dwelling predators were
sampled using pitfall traps.

We collected 8274 carabids, 6596 spiders and recorded 4370 aphids and 610 vegetation-
dwelling predators. Landscape diversity significantly enhanced aphid predation rates,
particularly at the vegetation level, while predator abundance showed no consistent
response. However, carabid abundance was negatively correlated with aphid abundance.
The presence of flower fields had little effect on predator populations or predation rates, likely
due to their recent establishment.

Our results suggest that promoting landscape diversity can enhance ecosystem services
such as natural pest control but also highlight the context-dependence of predator-prey
interactions in natural pest control. Newly established flower fields do not seem to be
effective in enhancing natural pest control, even when available in large proportions of the
landscape. Moreover, our results illustrate that arthropod abundance, or diversity, does not
always translate into enhanced pest control services, especially under conventional
management.
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Agricultural intensification has led to landscape homogenization, reducing arthropod
populations and ecosystem services. Reintroducing structural elements like agroforestry
systems could support local arthropod communities by providing shelter, alternative habitats
such as hibernation sites, and resources, while generating additional income for farmers.
Flower strips support arthropod communities, but research on the combined effects with
agroforestry strips remains limited. We investigated how the presence of agroforestry strips
alone or in combination with flower strips affects both the emerging and the vegetation-
dwelling arthropod communities (Aphididae, Coleoptera, Dermaptera, Heteroptera,
Formicidae) in cereal farming systems on two organic and two conventional farms in
Brandenburg, Germany. As a proxy for ecosystem services, the presence of attacks on
dummy caterpillars and seed removal of Viola arvensis (service) and Secale

cereale (disservice) were recorded. Effects of the agroforestry strips on arthropod
communities in cereal systems were partly dependent on sampling date, farming system and
the presence of flower strips. While overall arthropod emergence was highest in cereal fields
with only adjacent agroforestry strips, it was significantly lower in cereal fields with adjacent
agroforestry and flower strips. Seed removal of V. arvensis was highest in agroforestry strips
before harvest, but higher in flower strips after harvest. Before harvest, the attack rate was
highest in the reference cereal fields, but after harvest, it shifted to the cereal field in the
agroforestry systems without adjacent flower strips. In both cases, beetles were the main
contributors to the attacks. Our results suggest that the presence of agroforestry strips has
pronounced effects on arthropod communities and ecosystem services in cereal systems, but
that the effects depend on the presence of flower strips, the sampling date and the local
farming system.
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Insectivorous animals, such as birds and bats, play a vital role in biological pest control and
enhancing productivity in cacao production. However, these insectivores may also consume
predatory arthropods, a phenomenon known as intra-guild predation, which has rarely been
evaluated in tropical agricultural areas. Predatory arthropod species are also likely pest
control agents, yet their contribution to this ecosystem service remains unquantified. Our
previous research in cacao agroforests in Peru showed that predatory taxa make up
approximately 33% of arthropod morphospecies identified on cacao trees, making them key
elements in food webs within these agroecosystems. We also found that birds suppress the
activity of predatory arthropods, which was ca. 15% lower in the presence of birds

(30.12 + 4.11%) than within bird exclosures (45.29 + 5.97%). We discuss how these diversity
patterns vary in different geographical regions and potential consequences for ecosystem
service provision.

Our upcoming project, TheCacaoWeb, will explore the diet of key predatory arthropods in
cacao agroforests of Céte d’lvoire —the world’s largest cacao producer— by combining
metabarcoding analyses, observational surveys and experiments. We aim to assess how
different shade tree species and landscape characteristics impact the diversity and dietary
composition of predatory arthropods, and to quantify their role in biological pest control and
crop yield. By integrating these findings with research on the dietary composition of birds in
our study region, we will construct a first comprehensive overview of food webs in cacao
agroforests, and analyze potential impacts of intra-guild predation. Our results will provide
robust evidence of the importance of predatory arthropods for biological pest control in
tropical agroforestry, and identify management strategies to enhance them in the field.
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Conventional agricultural intensification threatens biodiversity and ecosystem health.
Ecological intensification offers a sustainable alternative by enhancing natural processes in
agricultural landscapes, particularly pollination and biocontrol. This study investigates the
potential of ecological intensification in macadamia (Macadamia integrifolia) orchards in
Levubu, South Africa, focusing on the roles of animal pollinators, predatory birds, and bats in
improving crop yield and quality. Using exclusion experiments and visual pollinator and bird
surveys, and acoustic bat recordings in ten intensively managed orchards, we assessed the
effects of these ecosystem services on nut set and insect damage, alongside orchard spatial
design, agronomic practices, and natural habitat cover. Insect pollination increased initial and
final nut set by up to 525%. Natural habitat cover and orchard tree rows oriented
perpendicular to adjacent habitats enhanced pollination success, while agronomic practices
(irrigation, managed honeybees) showed little effect. Predator exclusion revealed that bats
and birds together reduced insect damage by up to 43%, improving nut quality. Bat
abundance consistently reduced insect damage while the effect of bird abundance varied
with species assemblages. Pollinators and predators complementary support both yield and
quality. Our findings highlight the importance of conserving natural habitats and implementing
smart orchard designs for sustainable, high-quality macadamia production.
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Habitat fragmentation is one of the major threats to European ecosystems. It often leads to
decreased patch area and increased isolation of populations. Both processes are expected to
result in genetic impoverishment and reduced resilience to environmental changes in
populations inhabiting fragmented landscapes. In particular, semi-natural grasslands, which
represent one of the most species-rich habitats in Europe, are suffering from human-induced
habitat fragmentation caused by intensification or abandonment of management. Grassland
plant species that depend on external vectors for pollen and seed dispersal and rely on a
specific mating system for successful reproduction are most sensitive. In our study, we
investigate the population genetics of the heterostylous, self-incompatible and insect-
pollinated grassland plant Primula veris using GBS to identify single nucleotide
polymorphisms (SNPs). Samples were collected in five European countries spanning most of
the species’ distribution range. In each country, samples were taken from contrasting
landscapes of fragmented vs. connected semi-natural grasslands creating a gradient of
grassland fragmentation sites on a European scale. We expect to find reduced genetic
diversity in populations inhabiting fragmented landscapes compared to those in connected
ones. Genetic differentiation will be more pronounced among fragmented populations with
the effect becoming stronger towards the margin of the species’ distribution range.
Furthermore, we expect a decline in potential mating partners in fragmented populations,
possibly leading to an overall decrease in population size and further reduction in genetic
diversity. Our study will provide valuable knowledge to the consequences of ongoing habitat
fragmentation. It will contribute to develop and reassess management strategies to restore
fragmented habitats, to maintain connected ones, and to preserve resilient populations.
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Physoplexis comosa (Campanulaceae) is endemic to the Southeastern Limestone Alps and
the Bergamasque Alps where it occurs from 300 to 2,800 m altitude. The chasmophytic
species inhabits calcareous rocks, rock faces and crevices in early stages of succession.
One of the major potential threats is global warming and the associated changes and shifts in
habitats, as well as the degradation of ecosystems. Until now, patterns in distribution of
genetic diversity, genetic structure and how these are related to life history traits, in particular
seed traits, have not been investigated in detail. We detected that private allelic richness was
elevated in populations along the southern margin of the species’ distribution range,
reflecting recurrent isolation into multiple long-term stable refugia. We found extensive
ongoing gene flow between neighbouring populations, reflecting a classic stepping stone
model, by applying Mantel tests based on geographic and genetic distance. The
STRUCTURE analysis revealed two genetic clusters separating populations in the Eastern
and a Western part of the species’ range. In addition, we found considerable differences in
seed mass between populations. Using GLMs, this differences could be best explained by
membership in a specific genetic cluster and by distance from refugia, rather than by
differences in genetic diversity (Pi) and relative private allele richness between populations,
as originally expected. Further parameters reflecting fitness of populations are currently being
tested in germination experiments investigating possible adaptations to specific conditions
(e.g. altitude).
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Loss of genetic diversity poses significant threats to bumble bee populations, compromising
their resilience and adaptability. Monitoring genetic diversity is essential to understand and
mitigate these risks. A key indicator of genetic diversity is the effective population size, which,
if necessary, can be assessed in the absence of comprehensive genetic data due to recent
advancements. However, a basic requirement and major challenge remains the delimitation
of populations of species with a wide dispersion range such as bumble bees.

We investigated factors contributing to genetic structuring among bumble bee populations, to
identify gene flow barriers that disconnect populations. Our findings indicate that rare species
and clearly isolated populations often exhibit pronounced genetic structuring, a phenomenon
that can be captured with isolation-by-distance and/or -resistance approaches. More
widespread species maintain connectivity through larger stepping-stone populations,
however isolation-by-environment approaches provide insights into less obvious factors
inhibiting gene flow. Overall, findings suggest that when the extension of unsuitable habitats
for colony establishment exceeds the dispersal capabilities of bumble bees, populations
become isolated, leading to the development of genetic structuring over time.

We have followed up this literature review by employing an agent-based model that depicts
dispersal capabilities of bumble bees by modelling behavioural patterns such as trajectories,
during mating season. This effort aims to create a tool capable of delimiting populations by
modelling the potential gene flow (or lack thereof) between colonies. Ultimately, our research
seeks to find pragmatic strategies to enhance the understanding of overall gene flow
dynamics and genetic diversity in bumble bee populations even in the absence of area-wide,
costly and labour-intensive genetic data.
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Hordeum murinum is a grass species native to Europe, the Mediterranean, and Western
Asia. It grows in disturbed habitats and spreads in response to climate change. In 2023, in
collaboration with 50 local researchers, we scored traits of H. murinum in the wild across
Europe and northern Africa, in total 238 populations. We also collected seeds. In 2024, to test
for heritable differentiation among populations, we sown the wild-collected seeds and grew
the plants in two types of soil in two common gardens differing in climate.

We further found significant differentiation among populations in nearly all measured traits. All
traits were also affected by treatment, and in most traits we found significant treatment x
population interaction, which indicates population differentiation in phenotypic plasticity.
However, the magnitude of the heritable versus plastic reaction differed between traits. For
example, flowering time was predominantly heritable, with population identity explaining 82%
of the variation, while treatment and interaction effects accounted for 0.5% and 4%,
respectively. In contrast, biomass was highly plastic, with treatment explaining 71% of the
variation, while population identity explained only 11%. The population differentiation in
plasticity in biomass was similar to flowering time, with interaction explaining 4% of the
variability. Trait clines along environmental gradients were similar in situ and in common
garden: For example, plants were larger and flowered later in more humid and colder areas
in situ. Accordingly, plants from colder and more humid areas grew larger and flowered later
in common gardens.
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Dead wood is a key component of forest ecosystems for nutrient cycling, carbon storage, and
biodiversity. Here, we aimed to assess the role of tree diversity, which can influence
saproxylic insect communities both directly and indirectly, via deadwood provision to effects
on structural heterogeneity, microclimate, and biotic interactions. We investigated this at the
BEF-China platform in Jiangxi Province, south-eastern China, which consists of two sites
hosting an experimentally manipulated species richness gradient ranging from 1 to 24 tree
species.

In each of 300 plots, insects were sampled from five deadwood pieces and from the
surrounding environment (tree trunks, soil cores, and ground subplots). Structural equation
models showed that ant communities were overall positively influenced by the surrounding
insect pool, which in turn correlated with tree species richness, but also indirectly through
deadwood itself, and environmental factors such as canopy cover. In contrast, termites
showed no clear predictors. This suggests that, at a general level, species presence may not
respond directly to deadwood availability or tree richness. However, deadwood positively
correlated with saproxylic diversity, indicating that greater resource availability can promote
community evenness and support less dominant or more specialized species. Network
analyses supported this filtering role of deadwood, as saproxylic communities within
deadwood were sparser and less nested than those in the surrounding environment. Ants
emerged as the dominant group and exhibited more connected and structured networks,

whereas termites occurred more randomly and beetles were rare.
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Dead wood decomposition plays an important role in nutrient cycling of forest ecosystems.
Once dead wood has fallen on the forest floor, different taxa slow down or contribute to
decomposition processes. Understanding the assembly mechanisms and potential
interactions between dead wood dwelling organisms and their contribution to dead wood
decomposition becomes of increasing importance as dead wood represents an important
carbon stock, especially in tropical forests. In this study, we investigated the interactions of
dead wood inhabiting ants, termites and beetles along a regeneration gradient ranging from
agricultural land, to recovering pastures and cacao plantations aging between 1 and 38
years, to old-growth forest in the Ecuadorian Chocd rain forest. For this, we placed dead
wood baits from five different tree species (Sapanillo, Cacao, Fernan Sanchez, Guaba and
Mascarei) on 62 plots along the forest recovery gradient and transferred them into
emergence chambers after six months. We collected and identified all emerging insects to
species level using DNA barcoding. A network analysis from the resulting dead wood
communities showed a generally low specialization towards a wood type but interaction
networks of saproxylic insects with wood types were more specialized in agricultural land
than in regenerating and old growth forests. Co-occurrence analysis of the genera inhabiting
single wood pieces has shown that most species communities (95.4 %) co-occur randomly in
dead wood pieces, while 3.8 % were positively and less than 1 % negatively associated. In
this context we compare our results with the assembly mechanisms of communities in other
strata such as leaf litter, forest floor and tree trunks that have previously shown strong effects
of the regeneration gradient on species richness and community composition of ants but not
of termites.
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Decomposition of necromass, the dead biomass of plants and animals, is a key ecosystem
process influenced by climate, necromass type, decomposers, and local environmental
factors. However, it remains unclear how decomposition patterns vary among different
necromass types. We examined how elevation (as a macroclimatic factor) and local
conditions (microclimate, vegetation, soil) affect decomposition rates and the role of
invertebrates across five necromass types: carrion, dung, leaves, beech wood, and spruce
wood. Along a 600—-2000 m gradient in the German Alps, we used treatments that either
included or excluded invertebrates. Invertebrate effects varied: they enhanced decomposition
of carrion and spruce wood, slowed it for dung and leaves, and had no effect on beech wood.
Decomposition generally declined with elevation, significantly so for carrion and beech wood.
Local conditions, especially tree cover and microclimatic buffering, reduced decomposition of
carrion, leaves, and beech, but increased it for dung and spruce. Soil pH was particularly
important for carrion and beech. Invertebrate influence on carrion declined with elevation.
These results show that decomposition drivers differ among necromass types, with local
conditions often playing a stronger role than elevation. Both necromass traits and site-
specific factors are essential for understanding decomposition processes.
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It is more important than ever that our forests be managed with multifunctionality in mind, so
that we not only focus on timber production but also on forest biodiversity, supporting carbon
and nutrient cycles, and other key forest qualities and processes. The process of
decomposition in forests is relevant to the carbon and nutrient cycles and the chief
decomposers in temperate forests are fungi. In terms of forest structure, fungi are influenced
greatly by resource availability and microclimate. In a broad-leaved German forest, and as
part of the larger BETA-FOR project, we assessed the effects of enhanced deadwood
availability and canopy cover (open vs. closed) on microbial fungal diversity (alpha and beta)
of two host tree species (Fagus sylvatica and Pinus sylvestris) as well as decomposition
rates. In terms of alpha and beta diversity, we found significant effects of deadwood
availability and canopy cover on the microbial fungal communities. We further found that
deadwood availability affected deadwood decomposition of the microbial communities’ host
wood. The largest effect on alpha diversity was due to the host tree species of the microbial
fungal communities. Our results indicate that forest management initiatives focused on
enhancing deadwood availability and altering canopy cover would indeed have important
influences of the microbial fungal communities and related forest functions and processes,
such as decomposition.
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Deadwood decomposition is a protracted process that can take decades, depending on wood
properties, environmental factors and the decomposing communities. Data, analyzing the
entire succession of decomposition in experimental setups, are scarce and often based on
chronosequence approaches. However, time-series analyses by repeated sampling of the
same deadwood logs provide a valuable opportunity to explore temporal successional
dynamics of microbial diversity patterns and decomposition processes, allowing for more
controlled conditions and greater accuracy. In this study, we investigated fungal and bacterial
communities using amplicon sequencing at five distinct time points over 11 years of
decomposition of 13 broadleaved and conifer tree species. We aimed to test three
hypotheses: (a) species richness increases, (b) beta diversity decreases, and (c) host
specialization decreases due to the reduction of plant secondary metabolites and increasing
niches availability over time. Using this comprehensive dataset comprising fungal and
bacterial community data for ~ 1800 deadwood samples, we followed the successional
patterns of diversity throughout decomposition. Our results revealed contrasting temporal
trends between fungal and bacterial communities, providing new insights into the complex
dynamics of decomposer communities and their functional roles in the degradation of
deadwood. These findings contribute to a better understanding of the ecological processes
shaping biodiversity during long-term decomposition.
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Decreasing numbers of species and community turnover are common patterns along
elevational gradients, usually attributed to harsher macroclimatic conditions and increased
environmental filtering. Forests can buffer these climatic extremes with their microclimate,
potentially facilitating the persistence of species at otherwise limiting elevations. Moreover,
both the quantity and heterogeneity of resources change with elevation, jointly influencing
community assembly and diversity patterns. We investigated whether and how these three
variables interact in shaping the diversity and community composition of wood-inhabiting
fungi, utilizing eDNA metabarcoding data of fungal OTUs. Sampling took place in 2021 from
natural deadwood objects in 150 forest plots in Berchtesgaden National Park in southern
Germany along an elevation gradient from 600 to 1700 m asl. The plots are evenly
distributed among five forest successional stages from gap to terminal phase, representing
varying microclimatic buffering. Fungal alpha diversity was positively affected by deadwood
diversity and microclimatic buffering. Elevation had no effect on fungal alpha diversity and
also did not interact with microclimate and deadwood diversity. In contrast, community
composition was mainly shaped by elevation and differences in deadwood composition, with
both composition and buffering interacting significantly with elevation. The response of wood-
inhabiting fungal alpha diversity underscores its close association with structural features
typical of old-growth forests, while variation in community composition reflects a complex
interplay between environmental conditions and resource characteristics. As mountain forests
face increasing disturbance pressures under climate change, fungal community restructuring
may occur, with potential consequences for ecosystem functions such as carbon
sequestration.

179



Session 10-07

Ecological communities in forests: deadwood and decomposition

Leah Vogelfinger', Wolfgang Weisser?, Martin Gossner®,?, Jéeréme
Moriniere®, Daniel Rieker!, Peter Schall°, Christian Ammer', Sebastian
Seibold'’

'Forest Zoology, Technical University of Dresden, Tharandt, DE

2Terrestrial Ecology Research Group, Department of Ecology and Ecosystem Management,
School of Life Sciences Weihenstephan, Technical University of Munich, Freising, DE
3Forest Entomology, Swiss Federal Institute for Forest, Snow and Landscape Research WSL,
Birmensdorf, CH

‘Institute of Terrestrial Ecosystems, Department of Environmental Systems Science, ETH
Ziirich, Ziirich, CH

5AIM Advanced Identification Methods, Leipzig, DE

¢Silviculture and Forest Ecology of the Temperate Zones, University of Gottingen, Géttingen,
DE

Deadwood is a key habitat for forest invertebrates, but our knowledge about how many
invertebrates use deadwood and which factors — from the deadwood object to the forest
stand — affect their diversity and community patterns is strongly biased towards beetles. With
a metabarcoding approach, we analysed invertebrates sampled with closed emergence traps
from logs of 13 different deadwood tree species in nine forest stands with varying conifer
share. Sampling was conducted over eight years of decay — from the second year onwards
in two-year intervals. Across all years, we found more than 4000 unique invertebrate Barcode
Index Numbers (BINs), which can be used as proxy for species, excluding those of beetles
and true bugs. Diversity and species composition of 14 out of 15 taxa (Diptera, Hymnoptera,
Lepidoptera, Psocodea, Thysanoptera, Collembola, Araneae, Acari, Opiliones, Chilopoda,
Diplopoda, Isopoda, Nematoda, Annelida, Mollusca) were most strongly driven by time after
tree death. Tree species identity had an effect for alpha diversity patterns of few groups, but
none for community composition of any taxa. Furthermore, conifer share at the forest stand
scale affected ground-dwelling taxa and spatial distance between stands affected weak
dispersers with very specific habitat requirements. Our results highlight the importance of
diverse deadwood habitats for saproxylic biodiversity even beyond beetles. Deadwood at
various decay stages providing high diversity of habitats and food resources has the
strongest impact on invertebrate communities.
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Ecologists typically deal with complex datasets. Finding patterns in these datasets requires
appropriate statistical analysis. This is not an easy task when we can choose from many
different packages or functions readily available in software such as R. Without a deeper
understanding of what these packages do—and how this matches the hypotheses to be
tested using the data at hand—it is easy to make inappropriate choices. | assembled a list of
seven issues in statistical analysis that | believe are most relevant to ecologists. The first
relates to features of dependent variables and potential needs for transformations or
generalized linear models. The second issue concerns explanatory terms, when they should
be coded as continuous variables or multi-level factors, and how to form contrasts. Third,
difficulties often occur when data are hierarchically structured and appropriate random effects
must be fitted. Fourth, inappropriate hypothesis tests may result when complex analyses are
summarized in tables of estimates rather than analysis of variance tables. The fifth issue
relates to selecting explanatory terms from multiple covariates and comparing their
contributions to variation in a dependent variable. The sixth issue arises from analyzing
subsets of complex datasets separately or analyzing derived data such as differences or
slopes. The seventh issue concerns the inappropriate use of random forest, general additive,
or structural equation models to test hypotheses. Many issues can be resolved by deeper
understanding of base functions such as Im() in R, before moving on to special-purpose
packages and functions.
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Modeling ecological data is becoming a complex endeavor. While researchers now have
great flexibility in model structure to address diverse data challenges, relatively few tools
exist for diagnosing model fit and verifying distributional assumptions. For example,
dispersion problems in fitted count data are more common in ecology than a review of the
current literature might suggest, since many authors fail to check or report the dispersion of
their data. When fitting Generalized Linear Mixed-Effects Models (GLMMs) with counts or
proportion data, dispersion problems may arise from (1) greater or lesser variability than
expected by the distribution (over- or underdispersion), (2) variability that increase/decreases
with a specific predictor (heteroscedasticity), or (3) excess of zeros relative to model
expectations (zero inflation). Our main goal is to support ecologists in detecting and solving
dispersion problems in GLMMs, by: (i) reviewing the main causes and consequences of
dispersion problems in ecological data analysis, (ii) comparing the available diagnostic tools
and their typical patterns, and (iii) evaluating alternative modeling approaches to address
these problems. We illustrate our discussion with examples using common R packages for
GLMMs, such as Ime4 and gimmTMB, and demonstrate diagnostic methods with the
DHARMa package. We focus on using simulation-based residual approaches for GLMMs’
diagnostics as they operate independently of residual degrees of freedom and can assess
assumptions across all levels of the model hierarchy. With this presentation, we aim to
promote better model evaluation practices by making dispersion diagnostics more accessible
and interpretable, encouraging more robust and transparent modeling practices in ecology.
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Key Biodiversity Areas (KBAs) are sites that contribute significantly to the global persistence
of biodiversity. Distinct genetic diversity has been introduced as one of the metrics to
estimate whether a site holds a threshold proportion of a species’ global genetic diversity
during the KBA identification process. However, genetic data has so far not been used due to
the lack of thoroughly tested methods and guidance, although its relevance is becoming
increasingly clear. We tested the applicability of Analyses of Molecular Variance (AMOVA),
allelic overlap, the diversity index Simpson's |, average taxonomic distinctness (AvTD, D+),
and effective population size (Ne), calculated with the two different programs Speed-Ne and
NeEstimator, for identification of KBAs. We conclude that D+, a measure that has originally
been developed to measure taxonomic distinctness of biotic communities, performs best in
the context of KBA identification as it encompasses both genetic distinctiveness and diversity.
As the calculation of D+ is new in the context of genetic analyses, we provide a simple tool to
facilitate calculation of this metric.

184



Session 11-04

Ecological theory, modelling and stafistical analyses

Vitezslav Moudry’

'Department of Spatial Sciences, Faculty of Environmental Sciences, Czech University of Life
Sciences Prague, Kamycka 129, Praha — Suchdol, 165 00, CZ

Species—environment relationships are often studied using species occurrences and
environmental predictors of varying quality. While data quality clearly affects the credibility of
modeled relationships, the interaction between errors in species occurrence data and
environmental predictors has not been adequately addressed. Here, | investigate whether
these errors act cumulatively or whether one has a dominant effect on environmental niche
models (ENMSs). To test this, | use species occurrence data affected by positional error and
six canopy height models (CHMs) representing environmental predictors with different levels
of error. In addition, | evaluate whether using a predicted but current global CHM performs
better than using an outdated model derived from airborne laser scanning (ALS) data. | used
the virtual species approach, complemented by real data on black grouse.

| show that both erroneous predictors and positional errors in species occurrence data
decrease model performance, but whether they act cumulatively depends on the magnitude
of each. If both errors are relatively small, they act cumulatively. However, when one of the
errors becomes large, it masks the effect of the other. Consequently, the use of predicted
CHMs in ENMs allows for the inclusion of records with reasonable positional errors (here up
to three times the resolution used), and vice versa, when positional errors are large, the
choice of CHM becomes less important. Note, however, that ENMs based on decade-old ALS
data outperformed all predicted CHMs, except for the Canopy Height Map for Europe, which
performed equally well in ENMs of black grouse. This highlights that ALS data should be
preferred, even if outdated.

Finally, | stress that these results should not be used to justify the use of inaccurate data;
minimizing error must remain the primary objective. However, knowing the nature of errors
helps to balance their impact and ultimately allows for larger sample sizes.
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Invasive alien species (IAS) threaten biodiversity, ecosystems, and human well-being
globally. These threats may increase due to new species introductions and synergies with
global change drivers like climate and land-use changes. Thus, effective IAS management
requires accurate projections of future invasion risks. Previous attempts to model the level of
plant invasion (i.e., the number of IAS) across Europe relied on stacking projections from
single-species distribution models (SDMs). Our study projects the level of plant invasion in
eight broad habitat types across Europe under current and future climates using joint species
distribution models (jSDMs) fitted on data for 481 species from GBIF, EASIN, and eLTER.
jSDMs enable the simultaneous modelling of multiple species, taking into account co-
occurrence patterns among species that are not solely attributable to environmental factors.
This approach helps to estimate how environmental drivers influence species distributions
and improves predictions of the overall species assemblage. Models were fitted using the
Hmsc R package and its Python extension Hmsc-HPC, with computations performed on the
LUMI HPC system via TensorFlow. For each of these models, we generated projections of
habitat suitability for individual species and the aggregate level of invasion under both
present-day and multiple future climate scenarios. We anticipate that the outcomes from our
models will assist scientists and decision-makers in optimising resource allocation and
prioritising IAS management strategies, in line with the EU IAS Regulation (1143/2014). The
modelling workflow is adaptable and freely accessible online, allowing for regular updates
with new data to provide up-to-date insights into plant invasion risks throughout Europe.
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Species distribution models (SDMs) analyse the relationships between species occurrences
and environmental predictors. Their efficacy largely depends on the selection of ecologically
relevant predictors, with remote sensing (RS) data being one of the most commonly used
sources. The usability of multispectral predictors is influenced by temporal changes in
vegetation and environmental conditions. However, the impact of seasonality is often
overlooked, despite its potential to affect model accuracy. This study aims to assess the
influence of seasonality in RS predictors on SDM performance for bird species.

The study was conducted for the area of the Czech Republic, using presence-absence data
from the Breeding Bird Survey (2018—2021) covering 147 survey squares and 104 bird
species. We used Sentinel-2 satellite imagery to derive monthly and full-season composites
of vegetation indices and reflectance bands from March to September (hereafter "periods").
Bioclimatic variables, topography, and vegetation structure were also included. SDMs were
constructed using Lasso-regularized logistic regression and model performance was
assessed through AUC (Area Under the ROC Curve) and R2. Linear mixed-effects models
were employed to evaluate model performance, temporal prediction stability, and predictor
importance stability across all species.

Our results show that model performance depends on the period from which the predictors
were derived. This dependence varies significantly among species and is partially associated
with habitat preferences and prevalence, with forest species exhibiting greater stability.
Differences in model performance across periods aligned with shifts in predictor importance
causing different RS predictors to become significant with seasonal changes.

In conclusion, seasonal changes in vegetation, as reflected in the temporal variability of RS
predictors, significantly affect SDM performance and predictor selection. Although species’
ecological characteristics played a role, the effects remained species-dependent, making it
difficult to develop universal recommendations. Still, accounting for seasonal variations in RS
predictors could enhance model accuracy for many species.
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Species distribution models (SDMs) are widely used to understand and predict how species
respond to changes in their environment. Hence, it is critical to understand how SDMs are
influenced by methodological aspects and choices. The choice of spatial resolution is an
understudied subject, especially for freshwater fish SDMs. Here, we aimed to analyse how
the choice of spatial resolution affects the predictive accuracy, predictor variable importance
and spatial predictions of large-scale SDMs of 49 freshwater fish species occurring in
Europe. To that end, we fitted SDMs based on point occurrence records of the species
combined with environmental predictor variables aggregated at five spatial resolutions as
represented by nested hydrological basins (level 8 to 12 in the HydroSHEDS database).
Following an ensemble modelling approach, we employed nine modelling techniques to
establish the SDMs at each of the resolutions, using temperature, topography, water flow,
land use, human population, and dam density as predictor variables. We analysed the
differences in predictive performance by testing the models on a geographically independent
subset of the data. Predictive performance and variable importance were highly similar
across the resolutions, with a median TSS between 0.37 and 0.39, and temperature and
topography variables being the most important. In contrast, predicted range size decreased
towards higher resolutions, while the difference between predicted and observed range size
increased. Overall, our results indicate that the choice of spatial resolution has a small effect
on the performance and predictor importance of continental freshwater fish SDMs, while
significantly influencing predicted range size.

188



Session 11-08

Ecological theory, modelling and stafistical analyses

Maximilian Pichler!, Yannek Kéaber?

"Theoretical Ecology, University of Regensburg, Regensburg, DE
2Biometry & Environmental System Analysis, University of Freiburg, Freiburg, DE

Predicting forest dynamics under climate change is challenging and requires models capable
of extrapolating into novel environmental conditions. Complex process-based forest models
are often used for this purpose, but they typically incorporate many assumptions, making
them difficult to constrain with data. In response to these limitations, data-driven approaches
such as Artificial Intelligence (Al), particularly deep learning, have gained attention for their
superior predictive performance. Yet deep learning models, while excellent at capturing
complex patterns, tend to extrapolate poorly, making them unsuitable for modeling forest
dynamics under changing environmental conditions. However, hybrid modeling, which
integrates flexible data-driven deep learning models within process-based models, promises
the best of both worlds: mechanistic understanding and the flexibility of DL. Here we present
Forest Informed Neural Networks (FINN), a novel hybrid approach implemented in torch for R
that seamlessly integrates deep neural networks within dynamic vegetation models.
Uncertain process submodels (e.g. growth, mortality, regeneration) can be replaced in FINN
by transformer models (known from large language models), which can be trained together
with the full model via automatic differentiation. We show that FINN achieves high accuracy
without any prior parameterization, trained purely on data. Furthermore, we show that tools
from explainable Al can be used to understand what the DL submodules have learned, and
that these patterns can serve as the basis for new hypotheses about the true processes. By
combining mechanistic understanding with the flexibility of Al, FINN provides a robust,
scalable framework for inferring and predicting forest dynamics.

189



Session 11-09

Ecological theory, modelling and stafistical analyses

Werner Rammer’, Eric Guerin®, Patrick Marais?, Adrien Peytavie’,
Konrad Kapp?, Eric Galin®, Rupert Seidl', James Gain?

"Technical University of Munich, Freising, DE
2Department of Computer Science, University of Cape Town, Cape Town, ZA
3LIRIS, University Lyon 1, Lyon, FR

Simulation outputs from Forest Landscape Models are complex, and tools for their visual
analysis and effective communication are often limited. In this paper, we present EcoViz, a
novel, open-source visualization platform designed to complement existing forest models by
providing advanced 3D visualization capabilities. EcoViz facilitates the exploration of
simulation results through two primary modes: symbolic rendering, designed for analytical
tasks, such as pattern recognition and model evaluation, and photorealistic rendering,
leveraging physically-based rendering (Mitsuba 3) and a custom library of European 3D tree
models for communication purposes.

The platform imports data in a typical model output format (e.g., spatially explicit individual
tree or cohort data) and employs a temporally coherent sampling technique to visualize
individual trees derived from cell-based density maps. Key features include: interactive side-
by-side comparison of different simulation scenarios or time points, with synchronized
navigation (viewpoint, timeline, transects), a mini-map overview, timeline controls with linked
ecological metric graphs, and transect analysis tools. Developed using C++/Qt/OpenGL,
EcoViz is cross-platform.

The practical application of EcoViz is demonstrated by visualizing simulations of
Berchtesgaden National Park under baseline and climate change scenarios exported from
the iLand forest landscape model. This case study showcases the utility of EcoViz for
comparative scenario analysis across spatial scales and how it aids model evaluation
through visual inspection. While symbolic views support detailed analysis, the photorealistic
output offers a compelling tool for science communication with diverse audiences, including
scientific peers, forest managers, and the public.
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Models are valuable tools to better understand biodiversity trajectories amid land-use
change. However, to ensure their reliability, it is essential to know how much uncertainty (e.g.
arising from variable data sources and parameterization methods) they contain.

Here, we present an uncertainty analysis of the well-established Habitat Quality model from
the INVEST® suite. We applied this model to a case study of land-use transformation from
tropical rainforest to oil palm and rubber plantations in Indonesia. The model uses habitat
quality as a proxy for biodiversity and accounts for negative influences of different land-use
types, resulting in varying habitat degradation over space. In this spatially explicit model,
landscape configuration is one of the key determinants of habitat quality and, ultimately,
biodiversity. We evaluated how different parameterization methods affect biodiversity through
space and time and under various landscape compositions and configurations.

We demonstrate three parameterization methods for the Habitat Quality model, based on
basic-research knowledge, expert knowledge, and remote sensing, and discuss their
variability in model outputs. We show that parameterizations based on basic-research
knowledge and expert knowledge have a similar effect on modelled biodiversity, whereas
remote-sensing-based parameterization differ. More specifically, we show that modelled
biodiversity based on remote-sensing reacts more sensitive to changes in landscape
structure. Our results quantify how different parameterization methods influence biodiversity
outcomes in a popular biodiversity model, improving our understanding of uncertainties in
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Urban biodiversity contributes to the physical and mental health of city dwellers. Thus, urban
planners aim to conserve animals in cities. However, the resources available for urban
animals have a patchy distribution and are separated by impassable barriers like buildings,
which can prevent them from establishing themselves. Connectivity models are increasingly
applied to city landscapes to identify potential corridors and determine locations for stepping
stones that improve access to resources. However, the often-used patch-based landscape
graphs assume that animals have complete knowledge of the landscape and follow a single
optimal path because they model relatively few nodes and paths. Here, we propose the use
of cell-based landscape graphs where each patch is divided into comparable pixels that form
nodes of the landscape graph. Cell-based landscape graphs assume some knowledge of the
surrounding landscape and allow for the choice between redundant paths. We test whether a
patch-based or a cell-based landscape graph can better predict the occurrence of movement
simulated with an individual-based model that has been successfully used before to compare
the predictions of connectivity models. We further compare the capability of both modelling
approaches to explain the observed movement of common blackbirds (Turdus merula) in the
city of Munich. In the simulation and the empirical test, the cell-based landscape graph
predicted the occurrence of movement better than the conventional patch-based landscape
graph. The cell-based approach for node definition could improve the accuracy and
applicability of connectivity models in urban planning by considering multiple possible
pathways and integrating animals’ knowledge of their environment.
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The environmental impacts of modern agriculture are of grave concern. Although policies
such as the European Common Agricultural Policy (CAP) attempt to mitigate these impacts,
the decline of farmland plant and animal species continues at an alarming rate.

A major challenge in designing effective agricultural policies is that these must take multiple
economic, social, and ecological aims into consideration. To evaluate potential outcomes of
alternative policy scenarios, simulation models can be useful. However, while economic
models are frequently used for such evaluations, this is less true of biodiversity models. One
problem is that few existing agro-ecological models explicitly simulate agricultural
management practices and the spatio-temporal landscape dynamics these generate.

We present Persefone.jl, a new process-based model that simulates agricultural landscapes
as social-ecological systems, with interacting submodels of farm management, crop growth,
and animal populations. First, we discuss on a conceptual level how modelling management
and crop growth allows us to study temporal and spatial landscape processes, and their
impact on the abundance and distribution of farmland animal species. Second, we present
the results of our crop model calibration, demonstrating how public data and process-based
models can be combined to estimate regionally-specific crop yields and phenologies. Third,
we show how our model can be used to evaluate the biodiversity impacts of policy, taking as
example the recent derogation of fallow-land regulations in the CAP.

We close with an outlook on future work with Persefone.jl. By making the software as
accessible and adaptable as possible, we hope to establish it as a useful tool for basic and
applied research on agricultural systems and species.
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The use of nitrogen (N) in agriculture supports high yields but contributes to environmental
damage and health issues. Yet, there exists limited knowledge on the impact of policy
interventions targeting changes in farmers' N management on environmental nitrogen
pollution across temporal and spatial scale. We developed the ecological-economic model
~NAg — Sustainable Nitrogen Management in Agriculture” where we calculate economically
optimal N fertilizer rates under different policy scenarios and for varying site-specific
conditions in Germany. Yield response to N input is based on an emulator of the dynamic
global vegetation, hydrology and crop model LPJmL. Policy-induced N surplus reductions are
processed further with the water quality model mQM. With this model setup, we explore the
trade-offs of nitrogen related policies between food security, environmental damage, and the
economic well-being of farmers.

First results show that both land productivity and subsidy design shape farmers’ responses
under voluntary subsidy schemes for reducing N surplus. Uniform, strict N input limits lead to
higher yield losses and economic disparities. In contrast, moderate limits achieve similar N
reductions with broader participation and less economic impact. Spatially targeted subsidies
can further improve cost-effectiveness and fairness by aligning incentives with local
conditions.

These different policy designs also affect nitrate concentrations in groundwaters through the
spatial distribution of N surplus across Germany. Together with legacy effects of past N inputs
this can influence the evaluation of policy impacts, which we investigate by processing N
surplus with mQM in Rhine and Elbe catchments until 2030.

Overall, using computational models can allow for a comprehensive evaluation of policy
impacts and provide valuable insights into the effectiveness and fairness of different nitrogen
policies in the context of German agriculture.
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Intraspecific trait variation (ITV) can be important for population performance in a variable
and changing environment because individuals with different traits have different fitness
responses. Furthermore, there are three mechanisms via which individuals can interact with
their environment to potentially improve fitness: niche conformance, niche construction, and
niche choice (NC?). These processes become increasingly important in the presence of
environmental change, but there is still no mathematical modelling framework that would
unite the effects of ITV and the NC® mechanisms.

In this talk, we show a general model incorporating ITV and two of the NC® mechanisms
(niche conformance and construction, NC?) to investigate how they affect populations in a
changing and variable environment via non-linear averaging. We quantify the effects of NC2
and ITV on average individual fitness using an analytical Taylor approximation and a
sampling approach.

Our method allows us to answer the question of what would have happened if individuals in
the study system did not have ITV or did not perform NC2 mechanisms. The answer to this
qguestion depends on the curvature of the fitness function and can be estimated via the Taylor
approximation.

We illustrate the method with a modelling example and a case study based on empirical data.
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Population instabilities —such as those driven by strong predator-prey interactions— are
often viewed as threats to species persistence, as they can cause oscillations in the species'
abundances that repeatedly push them to low densities, increasing their risk of extinction due
to random fluctuations. However, unlike these more familiar temporal instabilities, spatial
instabilities can actually promote species persistence and enhance biodiversity. As the term
suggests, spatial instabilities arise in spatially extended ecosystems and generate
heterogeneity in the distribution of resources and species, even under uniform environmental
conditions. This emergent heterogeneity, also referred to as self-organised pattern formation,
supports species coexistence through several mechanisms, including intensified source-sink
dynamics, reduced stabilising selection, eco-evolutionary feedbacks, and relative non-
linearity.

Using models of trophic metacommunities, we show that spatial instabilities can be studied
with the same mathematical methods as temporal instabilities. These spatial dynamics give
rise to either static differences or asynchronous, large-amplitude oscillations in species’
abundances across habitat patches. As a result, they help maintain high levels of functional
diversity at the local scale, far beyond what would be expected in isolated communities,
where stabilising selection typically reduces diversity. Notably, even competitively inferior
species can persist when spatial heterogeneity is generated dynamically, either by exploiting
favourable conditions in specific patches or by adopting dispersal strategies tuned to
fluctuating spatial patterns. These examples demonstrate how spatial instabilities interact
with ecological and evolutionary processes to foster species persistence and biodiversity —
insights that are especially relevant in the context of habitat fragmentation and declining
landscape connectivity driven by human activities.
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Anthropogenic changes reduced the area of Central-Asian riparian forests (tugai), also
involving dieback of Populus pruinosa, one of tugai’s constituting tree species. In a tugai
forest at the Zarafshon River, eastern Uzbekistan, we investigated the role of environmental
factors in P. pruinosa dieback by comparing one healthy and one proximate declining stand.
We measured the widths of tree-rings of the past 25 years (1999 —2023), analyzed their
carbon isotope ratios (013C; 2004—2023), determined physical and chemical soil variables,
and retrieved data on groundwater depths and SPEI (Standardised Precipitation
Evapotranspiration Index).

Across the entire 25-year period of the investigation, the radial growth did not differ between
the trees of the healthy and the declining stand, but the growth of the declining stand’s trees
exhibited a decreasing trend, and in the last six years (2018 —2023), during and after two
exceptionally dry years (2018 and 2019), the radial increment of the declining stand’s trees
was significantly smaller. Correlations between radial growth, 813C and SPEI that were
indicative of drought stress were only found in the declining stand’s trees but not in those of
the healthy stand. The soil of the declining stand exhibited a higher clay content in the subsoil
(> 30—60 cm), higher salt concentrations in the uppermost soil layer (0—10 cm) and in the
subsoil, and a lower field capacity across the entire soil profile (0—60 cm). There was no
groundwater decline during the study period. We conclude that unfavorable soil conditions
have predisposed the trees of the declining stand to dieback, which has been triggered by
exceptionally dry years. Our study may contribute to develop further research schemes for
analyzing interrelationships between hydrological, edaphic, ecophysiological and
meteorological factors in dieback processes of Central-Asian riparian forests, especially in
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The impacts of climate change on forest ecosystems, particularly drought stress, present
significant challenges to the survival and productivity of tree species across Europe. Thereby,
the balance between hydraulic safety and efficiency is central for determining how tree
species maintain water transport capacity during drought stress.

Here, we present major hydraulic traits, including hydraulic safety and efficiency, leaf-to-
sapwood area ratio and wood density, for 25 coniferous and 38 diffuse-porous tree species.
All trees were similar-aged and grown at the same experimental site in Central Europe, the
ARBOfun research platform, which was established between 2012 and 2014.

We observed marked differences in xylem safety and efficiency according to species’ habitat
preference. While we could not confirm a general hydraulic safety-efficiency trade-off, our
data provide evidence for a strong cross-species trade-off in diffuse-porous trees after
excluding riparian species. The results will be discussed with respect to species’ habitat
preference.

Within the scope of a broader phenotyping study, we aim to gather data on additional
functional traits to construct one of the most extensive datasets of plant hydraulic traits for
temperate tree species measured with consistent protocols in order to identify common axes
of variation in species-level drought response traits.
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Plants can respond to light-competition cues with sets of plastic responses that provide either
shade avoidance or tolerance and were suggested to match these strategies to the
competition scenarios they experience. However, little is known about the effect of plants'
evolutionary history on their ability to shift between these strategies. We performed a
common-garden experiment that examined shade avoidance and tolerance responses of the
annual plant Hymenocarpos circinnatus to a variety of simulated light-competition scenarios,
including different heights and densities of surrounding vegetation. These responses were
compared across plants originating from six populations along a climatic gradient; from a
semi-arid region, where light competition is relatively weak and homogenous, to a mesic-
Mediterranean region, where light competition is stronger and more heterogenous. We found
little evidence for divergence along the climatic gradient in the responses of H. circinnatus to
light competition, which might reflect low costs of plasticity in these traits. Interestingly
however, regardless of their evolutionary history, H. circinnatus were more responsive to
cues of neighbor density rather than height in both shade tolerance and avoidance traits.
These results suggest that procumbent plants such as H. circinnatus might respond more to
lateral competition cues than vertical ones, thus highlighting the need to incorporate the two
types of cues when studying plastic responses of plants to competition.
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To investigate how microclimatic factors affect drought-induced mortality, we studied four tree
species (Abies alba, Fagus sylvatica, Pseudotsuga menziesii and Quercus robur) under
controlled greenhouse conditions. Seedlings were exposed to lethal drought under full
radiation or shaded conditions. Gas exchange and predawn water potential (lJJpre sawn) WErE
monitored, with mortality defined at the Wpredawn corresponding to 88% loss of hydraulic
conductivity. Additionally, morphological traits such as stem height, total leaf area and root:
shoot ratio were assessed. We used a Cox proportional hazards model with time-varying
covariates (soil moisture, VPD (vapor pressure deficit), light condition) and the measured
plant traits to assess species-specific seedling mortality risk under drought and light intensity.

Seedlings generally survived longer in the shade due to more favorable soil moisture and
microclimate. Higher transpiration rates - driven by greater evaporative demand, plant size,
and leaf area -likely explain the increased vulnerability under light. Mortality followed a
species-specific pattern in the light (Q. robur - F. sylvatica - P. menziesii), whereas shaded
seedlings exhibited more uniform mortality. A. alba showed the highest drought resistance,
likely due to smaller leaf area and greater water storage capacity. When predawn water
potential (W __,....) was related to VPD-hours, treatment differences became less pronounced.
Overall, species-specific traits, such as total leaf area, emerged as key factors in drought
resistance. These findings highlight the need to adapt forest management -through thinning
and species selection- to enhance resilience under changing climate conditions.
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At an experimental site (Kranzberg Forest, Bavaria) visual observations of bud break in
spring and autumnal senescence have been made over a period of 25 years in a mixed stand
consisting of Fagus sylvatica and Picea abies. Onset and the course of bud break has been
monitored individually at always the same group of around 50 adult trees of both species as
well as senescence of beech. During the period of observation two long-term experiments
have been conducted at the site, a free-air ozone fumigation experiment between 2000 and
2008 (SFB 607) and an ongoing drought stress experiment starting in 2014 (KROOF),
however using different sub-plots for the different treatments. This way the reaction of the two
species to the experimental treatments could be studied as well as the recovery from it. Air
pollution (elevated ozone concentrations) as well as drought changed the timing of the
phenological stages but within range of early and late performers each individual kept its
position stressing the genetic component of phenology in addition to the environmental
factors.
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Salt stress in urban environments is primarily caused by the application of deicing salts
during winter, which accumulate in the pits of roadside trees. Certain urban tree species,
such as Carpinus betulus, exhibit high sensitivity to elevated soil NaCl concentrations. Salt
uptake through the roots disrupts key physiological processes, including photosynthesis and
transpiration, leading to delayed bud break and premature leaf senescence, often as early as
late summer. This results in a shortened growing season, is compromising key ecological
functions of urban trees, such as their capacity to lower local temperature and ability to
improve air quality.

This study investigates the response of Carpinus betulus, a widely planted urban tree species
in Vienna, Austria, to a salt stress treatment of 50mM NaCl. We hypothesize that chlorophyll
and carotenoid concentrations in the cortex and xylem, both at the base of the stem and the
apical end, fluctuate during the seasonal transition from winter to summer. These pigments
and Fv/Fm are expected to increase until full leaf development and subsequently decline due
to shading. Moreover, below-ground salt stress may reduce corticular and leaf chlorophyll
content and lower C sequestration, thereby interfering with metabolic functions. Preliminary
results indicate a pronounced sensitivity to salt exposure, as evidenced by a significant delay
in bud break. Understanding these physiological responses is crucial for assessing the long-
term impact of salt stress on urban tree health and ecosystem services.
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Hydraulic failure and carbon starvation are two key interrelated mechanisms explaining
drought-induced tree mortality. Hydraulic failure occurs when xylem hydraulic conductance is
lost. Plants’ ability to resist hydraulic failure is commonly assessed by determining the xylem
water potential at which 12%, 50%, and 88% of hydraulic conductance is lost (P,,, P, and
Pg respectively). These thresholds can vary within the plant which is referred to as
vulnerability segmentation (VS). This posits that more temporary, distal parts of the plant (leaf
and fine roots) are more vulnerable to embolism than permanent parts of the plant (stem and
coarse root). However, embolism resistance is often assessed by measuring at one location

which can result in under- or overestimation of a species drought resistance.

In this study, we used the optical vulnerability method to explore xylem VS in four parts
(leaves, stems, fine and coarse roots) in saplings of eight temperate tree species by
determining P12, P50, and P88, as well as the time to reach these thresholds (T,,, T,,, and
T, respectively). Additionally, we measured minimum conductance (g, ) in all four parts. We
hypothesized that isohydric species show greater VS than anisohydric species, and that the
time to reach critical xylem water potential thresholds does not depend on isohydry, but

rather on g

min”

We found significant VS in six of the eight studied species, however, we did not find
anyconsistent pattern of VS along the expected gradient (i.e., thin root < leaf < stem < thick
root). Further, the degree of VS was highly species-specific and not related to species
isohydryness. Moreover, the time to reach critical xylem water potential thresholds was not
related to species isohydry either, but likely to species desiccation tolerance.

Our findings contribute to the understanding of xylem embolism resistance in different parts
of the plant which is crucial for understanding species-specific drought resistance strategy.
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Leaf gas exchange within tree crowns is highly heterogeneous in space and time. Due to the
large effort in labour and instrumentation to measure parameters related to leaf gas
exchange, important information on spatio-temporal dynamics of photosynthetic efficiency,
photosynthesis, and its isotopic carbon discrimination in mature forest trees is largely
missing. Especially the combination of leaf level gas exchange with chlorophyll fluorescence
(ChIF) measurements is a promising tool to unravel the mechanistic functioning underlying
processes and dynamics of photosynthesis under changing environmental conditions. It
provides missing information on photosynthetic regulation and energy partitioning, e.g., by
investigating the rate of electron transport between the photosystems to net CO2 assimilation
(ETR/Anet). In this study, we continuously measured gas exchange, 813C in sun and shade
leaves (n = 5 per species), ChlF (sun leaves, n = 3 per species) and ecosystem carbon
exchange in the mature Fagus sylvatica and Pseudotsuga menziesii ECOSENSE forest with
an automated measurement system, including a novel leaf cuvette for broadleaved trees. In
several campaigns, emissions of biogenic volatile organic compound (BVOC) were measured
in both species. Measured parameters showed distinct seasonal patterns with large, sub-
daily spatio-temporal dynamics, illustrating the need for high-resolution measurements. On
warm and sunny days, sun leaves of both species had higher net assimilation and BVOC
emission rates, however this difference vanished under colder, but sunny conditions, and was
accompanied by a decrease of maximum and effective quantum use efficiency. Especially for
F. sylvatica, cold stress effects were detected at daily air temperatures <15°C, which led to a
cold-induced increase in non-photochemical quenching. These results illustrate the
importance of a combined measuring approach to better understand spatio-temporal
dynamics of carbon exchange in mature forests.
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Starch is the ubiquitous carbon reserve in trees that is stored decentralized in sapwood
parenchyma of branches, stems and roots. As a transitory carbon pool between
photosynthesis and carbon sinks (growth, respiration,...), tissue concentrations of starch are
assumed to mirror carbon source-sink-relations, with concentrations positively correlating
with the net balance between gross primary productivity and the sum of all carbon sink
activities of a tree. In my presentation, | will review if starch concentrations in branch
sapwood of mature trees are suitable indicators for the annual carbon balance and
climatically induced changes of the trees’ carbon source-sink activities.

| focus on evidence form mature trees of common European broadleaved species that have
been extensively investigated at the Swiss Canopy Crane Il facility since 2018. Despite very
different climatic conditions in terms of temperature and water availability across the
observation years, we found surprisingly small variations of starch concentrations in terminal
branches at the end of the growing season across years. This is in stark contrast to leaf gas-
exchange and growth that both declined significantly in years with extended drought periods.
Further, among all investigated species, deviations from the species-specific average starch
concentrations in some years were not consistently correlated with climatic anomalies (e.g.,
exceptionally dry seasons were not uniformly associated with decreased branch starch
concentrations). Very low starch concentrations found at extreme drought stress are likely
associated with loss of hydraulic conductance in the xylem and the associated dieback of
wood parenchyma cells. Overall, these findings suggest that starch formation in branch
sapwood possesses a high priority, and the fast refilling of starch reserves in wood
parenchyma of younger branches after spring bud break occurs largely independent of the
concurrent total tree carbon relations.
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Root exudation is an important part in the nutrient acquisition of plants. Plants thereby
release carbon into the soil, stressing its importance for carbon cycling. Nonetheless, data on
root exudation in temperate forests and especially its composition and temporal dynamics are
scarce. We investigated four temperate forests differing in forest floor (FF) thickness and
temperature in different seasons (late spring and late summer) to examine if exudation
differed between the FF and the Ah horizon.

In this study, root exudates of Fagus sylvatica (FS), Picea abies (PA) and Acer
pseudoplatanus (AP) were sampled using an in-situ cuvette-based approach. Cleaned roots
were incubated in a cuvette filled with glass beads and a nutrient solution for 24h. Exuded
compounds were analysed by gas chromatography-mass spectrometry. Further, root, branch
wood, branch bark and leaf samples were taken from the same trees and analysed using
isotope ratio mass spectrometry to determine the carbon and nitrogen concentration and their
isotopic signature.

All species showed a higher rate of exudation in late spring compared to late summer. While
PA exuded more in the Ah across all sites, AP exuded more in the Ah only on sites with a thin
FF. In FS, exudation was independent on soil depths. The composition of exchangeable
cations in the soil influenced the exudation of various compound groups in FS and PA in
different ways depending on species and element. We also found a tissue-dependent
positive and negative relation between [N] and root exudates in AP and PA, respectively.
Further, the 513C ratio, the enrichment of which is an indicator for water use efficiency and
drought stress, was related to root exudation in AP and PA, with enriched values in roots of
PA and depleted values in bark and wood of AP going along with higher exudation.

We observed species-specific patterns and reactions to site conditions, which advocates for
more detailed research on exudation in forest trees.
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Climate change poses challenges to forest ecosystems, particularly in temperate Europe,
where dieback affects both native broadleafs and range-expanding conifers. Adaptive
silvicultural strategies include introducing non-native conifers like the fast-growing, drought-
tolerant Douglas fir and mixtures with European beech. While mixtures may enhance forest
functioning through increased functional diversity, their impacts on nitrogen (N) cycling are
largely unknown.

Here, we show elevated nitrate concentrations in soil solution under Douglas fir, indicating a
high risk of nitrate leaching, particularly on loamy soils. However, admixture with beech
reduced nitrate levels, mitigating nutrient loss and groundwater degradation. The effect is
strongly modulated by site (soil texture), emphasizing the environmental dependency of such
functional traits. With isotopically labeled tracers, we then show that mature Douglas fir trees
in-situ predominantly absorbed nitrate from topsoil, indicating that a reduced nitrate uptake
from deeper soil contributed to nitrate leaching. Species mixing effects on uptake were
limited but suggested a niche complementarity and an increased root functional diversity in
the mixed stand. Further, by using sap flow measurements and a doubly-labelled tracer (2H
and '®N) in a novel method, we demonstrate that the uptake of water and nitrogen in mature
trees is an asynchronous process and present how it is modified by species and site.

The functional traits driving nitrogen cycling in mixed stands of Douglas fir and beech are
determined by tree species identity and modulated by species mixing and site conditions.
Pure Douglas fir may have adverse effects on the N cycle, which underscores the potential of
mixed-species stands with beech to enhance nutrient retention and sustainability of the
stand. Insights into tree functional traits driving nitrogen cycling can support the development
of climate-resilient strategies for forestry in the temperate zone.
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Ecology is the science of interactions: organisms among each other, their interactions with
soils and climate. What is the climate that matters? Which errors are to be avoided? | will
start by recalling important macroclimatic metrics of temperature, those that are useful and
those that are best avoided. Among the latter, annual means (MAT) and means of minima are
ecological no-goes, and | will explain why. Similarly, relative humidity is an unsuitable metric.
Examples will illustrate, why macroclimatic metrics often lack ecological meaning, calling for
microclimatic approaches. Important criteria for selecting adequate microclimatic metrics are
their functions, the biological targets, the temporal resolution and available tools. Since
almost all biological responses to temperature are non-linear, arithmetic means are best
avoided and replaced by frequency distributions. When extremes come into play (frost, heat,
drought), thresholds matter, and such decisive singularities require absolute minima or
maxima (not reported by popular data bases), with means of such events entirely
meaningless. Sensor placement is a most delicate issue, with a few cm distance, periodic
insolation or variation in plant cover, potentially creating differences in temperature readings
that would otherwise correspond to 1000 m in elevation or 2000 km in latitude, if these
readings were from standard weather stations. Ecology curricula should offer such basic
training.
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Forest management practices in Central Europe created highly homogeneous forests with
closed canopies and similar aged trees. Consequently, species communities in managed
forests probably became similar, suggesting biotic homogenisation, and the loss of distinct
species communities spread across beech forests. This means that species composition is
mostly the same in managed forests, independent of their relative geographical position to
each other.

| compared the differences in species composition over a geographical distance gradient
(distance decay relationship) within managed forest stands and forest stands which received
various management interventions to increase their structural heterogeneity. Distance decay
relationships are optimal metrics to measure how species communities become different
along a physical distance gradient if areas closely located to each other will have more
similar species composition than areas further away from each other. However, it is expected
that in homogeneous habitats, this relationship weakens, and all areas will have similar
species compositions. Our study confirmed this idea - when looking at arthropods,
communities became more diverse between locations of structurally altered forest stands
than between locations of managed stands. However, responses were not uniform for all
arthropod taxa. Spider communities became more heterogeneous between locations of
altered stands than between control stands, whereas beetle communities along a
geographical distance gradient did not respond to the forest structure alterations.

Our results indicate that the relationship between arthropod community similarity and spatial
distance in managed beech forests is driven by management interventions and consequently
structural complexity of the forest stand, but patterns depend on studied taxa. Forest
management that increases structurally heterogeneity, will likely result in diverse arthropod
communities along a geographical distance gradient.
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Forest management in central European production forests has shaped forests towards
homogenous closed canopy forests leading to a loss of biodiversity and ecosystem
multifunctionality. Conservation targeted programs aim at reintroducing structural
heterogeneity; however, it is not well understood if species diversity and ecological functions
generally profit from more heterogeneity in forest structure.

By breaking down organic matter, decomposition processes and their associated invertebrate
communities are an integral part of nutrient and carbon cycling. Through their tunnelling
behaviour dung beetle and burying beetle species play an important role in forest
ecosystems, not only through the removal of animal derived necromass, but also by
improving soil aeration and fertilisation.

As part of the BETA-FOR research unit we assessed community compositions of
coprophagous and necrophagous beetles as well as decomposition rates of carcasses and
dung in spring and summer on 234 study patches in 11 paired forests landscapes across a
climatic gradient in Germany. In each landscape, forest districts were either managed to
conserve a homogenous closed canopy or to create a heterogeneous forest structure with
forest patches varying in canopy coverage and dead wood availability.

We did not find a higher species diversity of dung beetles or necrophagous beetles in forests
managed for higher structural complexity. Instead, local diversity of both groups was lower on
study patches with open forest canopies. Additionally, dung beetle biomass and dung
removal decreased with increasing temperature along the climate gradient. This
demonstrates that some important forest communities might not benefit from increased
structural heterogeneity in forest stands. Higher temperatures, especially in combination with
open forest canopies negatively impacted dung beetle communities, showing that under
future climate warming the central European dung beetle fauna might face increased
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Douglas-fir (Pseudotsuga menziesii) is increasingly planted across Europe due to its
economic value and climate-change resilience, yet its ecological effects on native forest
biodiversity remain debated. Current knowledge about its influence on moth communities,
important indicators of forest ecosystem health, is particularly limited. We assessed how
Douglas-fir influences moth communities compared to native broadleaf (European beech)
and conifer (silver fir) forests in the Spessart region (Bayern), Germany. Using light traps, we
sampled moths (biomass, abundance, richness, and community composition) across 63
forest plots (pure beech, beech—silver fir, beech—Douglas-fir). Structural (LiDAR-derived
canopy gaps, canopy height model variability), compositional (beech proportion), and
landscape variables (oak presence, forest amount, road density) were also included in our
analysis. Douglas-fir-beech plots supported significantly higher macro-moth abundance than
silver fir-beech mixtures, with pure beech showing intermediate values. Higher beech
proportion at plot level and greater forest amount at landscape level positively influenced
moth abundance. While 78 species (37.3%) occurred across all forest types, Douglas-fir
mixtures contained the highest number of exclusive species (53.2%). Community
composition analysis (NMDS) showed no clear separation between forest types, with
broadleaf forest proportion at landscape level being the strongest predictor of community
structure. However, indicator species analysis revealed specific associations between certain
moth species and forest types. Our results suggest that Douglas-fir, when mixed with native
species, can support diverse moth communities. Forest management practices might
consider implementing mixed stands rather than monocultures, maintaining structural
complexity, and preserving sufficient proportions of native tree species to balance timber
production and biodiversity conservation in European forests.
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Soil microorganisms are key drivers of carbon stocks and nutrient cycling in forest
ecosystems. Tree species composition significantly alters soil microbial community structure
and thereby the functioning of microbial communities. In Central Europe, Douglas-fir
(Pseudotsuga menziesii) and Silver-fir (Abies alba) are considered promising conifer species
to mitigate damage of forests of drought sensitive Norway spruce (Picea abies) by
establishing mixed forests of these conifers and European beech (Fagus sylvatica). However,
consequences of planting beech - conifer mixed forests with native Silver-fir and non-native
Douglas-fir on biodiversity and ecosystem functioning is limited and this also applies to sail
microorganisms. Here, we analyzed soil microbial biomass and community composition to
varying proportions of Douglas-fir and Silver-fir in beech — conifer mixed forests using
substrate-induced respiration (SIR) and phospholipid fatty acid (PLFA) profiling. Soil

[SS1] microbial biomass and community composition strongly depended on conifer species
and proportions. In Douglas-fir - beech mixed forests, increasing conifer proportion was
associated by decreased soil microbial basal respiration, microbial biomass and microbial
specific respiration, likely due to increased limitation of nitrogen as reflected by higher litter
C/N ratio. By contrast, in Silver-fir - beech forests, increasing conifer proportion increased
microbial activity and biomass. The ratio of cyclopropyl PLFAs to their monoenoic precursors
(cy/pre ratio) as microbial stress indicator also pointed to intensified nutrient stress with
increasing Douglas-fir but not with increasing Silver-fir proportion. Microbial community
composition was also strongly affected by conifers species. Gram-negative bacteria
(associated with labile carbon resources and high pH) were favored in European beech
forests, while Gram-positive bacteria (associated with recalcitrant litter and high C/N ratio)
were favored in Douglas-fir — beech mixed forests. Overall, the results stress the critical role
of tree species identity and their proportion in shaping soil microbial community structure and
functions. In particular, plantation of Douglas-fir — beech mixed forests may detrimentally
affect the functioning of microbial communities, but this may be mitigated in plantations with
low Douglas-fir proportion.
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The Western Himalayan Region(WHR) is a distinct mountain landscape where forest fires
are key in shaping forest succession, ecosystem services, and socio-cultural practices. In
particular, the middle elevations(1,000-2,000 metres) are marked by high fire incidences and
intense human-nature interactions. Forest regeneration is a key indicator of forest resilience,
which is impacted by management practices, forest fires, human disturbances, and inherent
biophysical settings. However, the combined influence of these factors on post-fire forest
regeneration is relatively under-explored in the WHR.

Therefore, this study explores patterns and factors influencing post-fire tree regeneration
across diverse ownership types, forest composition and fire histories in the Indian state of
Uttarakhand, which lies in the WHR and is characterised by frequent man-made forest fires
and a multi-ownership forest landscape. We conducted a tree and regeneration survey and
assessed disturbances and biophysical site characteristics across 70 forest plots between
March and November 2024. These plots were distributed across eight socio-ecological strata,
categorised by ownership(reserve and community forests), forest composition(mixed and
pine forests) and fire history(recently burnt and old fire forests).

Preliminary analysis indicated that the abundance of regenerating individuals and species
richness were higher in forest stands with mixed forest composition and older fire histories.
Further, inferential and multivariate statistics will be applied to understand the diversity,
structure, and drivers of regeneration. The final results will be available by June 2025. In
conclusion, the results would offer insights into the pattern of post-disturbance recovery and
resilience of the Western Himalayan forests amidst recurrent forest fires, uncertain climatic
future and changing human-forest relationships.
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Forest disturbances play a major role in shaping the structure and growth of forests. Under
ongoing climate change disturbance rates will very likely increase in the future. However, our
quantitative understanding of how forests recover following diverse types of disturbances
remains scarce, which limits our ability to project the long-term impacts of disturbances on
ecosystem services and biodiversity.

Here, our objective was to quantify recovery trajectories of forest structure after disturbances
in Europe. Specifically, we aimed (i) to identify differences in recovery trajectories between
major biomes in Europe and (ii) contrast differences in recovery between major disturbance
agents.

We analysed 125 aerial lidar scans (ALS) covering an area of 5541 km? across 15 countries,
spanning the whole latitudinal range of Europe from boreal forests in north Fennoscandia to
Mediterranean forests in southern Europe. Disturbed areas were identified using Landsat
data, as recorded in the European Forest Disturbance Atlas. In total we analysed recovery for
31,034 disturbance patches covering 19,265 ha. We calculated complementary structural
and recovery metrics that describe a full spectrum of post-disturbance forest recovery
archetypes in Europe. Furthermore, we fitted a physiologically founded mathematical growth
model to recovery trajectories, allowing us to compare post-disturbance development in a
standardized way across different times since disturbance and forest types. First results
indicate that, on average, human-induced disturbances result in more homogenized recovery
trajectories across biomes compared to those following natural disturbance events.

Our study uses high resolution 3D remote sensing data to track forest recovery after
disturbance, identifying areas where post-disturbance regeneration is delayed or failing. The
findings help prioritize areas for restoration, adapt management to regional recovery
dynamics, and improve predictions of forest responses under changing disturbance regimes.
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Forest ecosystems are increasingly affected by climate change and disturbance activity, yet
the outcomes of forest dynamics under these pressures remain uncertain. Traditional
approaches often view forest change through resilience or regime shifts, a dichotomy that
can obscure nuanced ecological transformations. Regime shifts occur when vegetation
structure and composition are profoundly altered, leading to distinct ecosystem states. To
better capture these dynamics, forest reorganization can be characterized along two
dimensions: structure (e.g., tree number, size, and spatial arrangement) and composition
(e.g., tree species identity and diversity). However, critical gaps remain in understanding the
extent and prevalence of forest reorganization and the conditions driving structural or
compositional changes. Here we synthesize knowledge of post-disturbance forest
reorganization, focusing on disturbances as agents of change. We assess (i) the prevalence
of structural and compositional changes following disturbance, and (ii) the frequency of
specific reorganization patterns, including self-replacement, relay succession, novelty, and
regeneration failure. A systematic review of studies examining post-disturbance forest
structure and/or composition reveals structural changes dominate the literature (41%),
followed by studies addressing both structure and composition (35%), and compositional
changes (24%). Most studies, however, examine short-term effects (<10 years). Distinct
patterns emerge across biomes: self-replacement dominates globally, except in boreal
forests, where regeneration failure prevails. Novel ecosystems are most frequent in
temperate forests, while relay succession occurs in temperate broadleaf, mixed, and boreal
forests. The accelerating wave of global forest disturbances presents unique opportunities to
advance research on forest reorganization, critical for informing ecosystem management
under changing climates.
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The EU has a net zero greenhouse gas emission target by 2050, and part of the Green Deal
is to protect at least 30% of the EU's terrestrial area, including all primary and old growth
forests. These forests play an important role in nature conservation, and there is a growing
discussion about proforestation —i.e. the rewilding of managed forests— as a climate
mitigation strategy. However, climate change will most likely lead to trajectories away from
the originally protected forest structure, raising questions whether original conservation goals
can still be met and the implications for proforestation.

The aim of our study, which is part of the EU project WILDCARD, is to address these
knowledge gaps and to analyse the impact of climate change on strict forest reserves. We
make use of the large and unique forest plot network EuFoRIa (European Forest Reserves
Initiative). We will use these long-term forest inventory data to initialise and validate the forest
model ForClim. Then we will simulate the development of the strict forest reserves under
varying climate change scenarios until the end of the 21st century and beyond. We will
assess the prediction uncertainty in our simulations and estimate how forest structure and
composition will change under climate change.

Our simulations indicate that climate change leads to contrasting changes along the wide
environmental gradient spanned by the EuFoRIla data. Forest reserves in warm-dry sites
show substantial reductions in stand basal area, whereas cold-wet forests tend to benefit
from climate change. Our results also suggest that climate change has the potential to
significantly change the species composition of the reserves, depending on the severity of
future climate change. We will discuss the implications for the forest reserve policy of the EU
and for proforestation in general.
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Seedling recruitment is a crucial step during plant regeneration, shaping the assembly of
plant communities, forest regeneration and the recolonization of disturbed habitats. The
recruitment of seedlings can be limited by both biotic filters such as seed dispersal and litter
accumulation as well as by abiotic filters such as water or light. We conducted a one-year
survey of natural seedling recruitment of woody plants in natural forests and silvopastures in
a tropical dry forest in Southern Ecuador to identify limiting factors of seedling recruitment.
Specifically, we assessed, 1) how seedling diversity changes between elevations and habitat
types, and 2) how biotic and abiotic filters shape seedling abundance. Preliminary results
show that seedling diversity is more than twice as high in forests compared to silvopastures,
but it does not change between elevations. We will further test how seed rain, litter depth, soil
temperature and moisture, as well as canopy closure jointly shape seedling abundance. Our
study contributes to a mechanistic understanding of the limiting factors of seedling
recruitment in tropical dry forests. The findings will help to predict seedling recruitment in
these forests that are highly threatened and strongly modified by human activities.
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Regeneration is a key process that determines the future of forest ecosystems for decades to
centuries. Two broad spatio-temporal patterns of tree regeneration can be distinguished in
temperate forest landscapes, i.e., continuous regeneration (where canopy openings and tree
regeneration happen in small gaps that are frequent and ubiquitous across the landscape)
and discontinuous regeneration (where tree regeneration happens following discrete pulses
of high-severity disturbance). Climate change substantially alters tree mortality patterns, and
disturbance pulses are increasing in many parts of the world. As a consequence, also the
patterns of tree regeneration could change.

Our objective was to analyze patterns and drivers of tree regeneration across temperate
mountain forest landscapes with widely differing disturbance regimes. We sampled tree
regeneration in a total of 227 plots (681 regeneration transects) across Grand Teton National
Park (USA, representing a strongly disturbance-driven system), Berchtesgaden National Park
(Germany, a system with both disturbance-related and gap-type canopy openings) and
Shiretoko National Park (Japan, a system driven solely by small canopy gaps).
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We will investigate how regeneration density and diversity (alpha, beta, and gamma) vary
depending on the dominance of continuous and/or discontinuous regeneration processes.
Furthermore, we aim to identify whether consistent drivers—such as light availability and
deadwood presence —shape regeneration patterns across different systems.

Synthesis: By comparing forest regeneration across ecologically diverse landscapes, we
seek to understand general processes and potential shifts under changing disturbance
regimes. This may provide insights into how forest composition and structure could respond
to ongoing environmental change.
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Floodplain forests are biodiversity hotspots and provide key ecosystem services. However,
their dynamics have been profoundly altered by river regulation, land-use change, and
climate impacts. Along River Isar (S Germany), decades of hydrological modification and
forest management have created a transformed system that is best described as ‘novel
floodplain forests’. Since its designation as a forest reserve in 2020, this area offers a rare
opportunity to investigate natural regeneration under heavily altered but unmanaged
conditions.

We assessed tree regeneration across 122 stratified permanent plots to understand the
trajectories and drivers of forest regeneration. We focused on abiotic factors (forest light,
moisture, structure) and biotic interactions (understory competition, coarse woody debris).
Our objectives were (i) to establish a baseline for regeneration dynamics and (ii) to identify
key site-specific controls on species-specific regeneration success.

Preliminary results reveal distinct species-specific patterns. Fraxinus excelsior
predomianantly regenerated under heterospecific canopies, whereas Alnus incana showed
strong site fidelity, appearing even in the absence of nearby mature trees. Acer
pseudoplatanus occurred across both conspecific and heterospecific stands, particulary in
lower height classes. Contrary to expectations, overall light availability seems not to influence
regeneration, though species-specific responses varied across height classes. Regeneration
density was negatively correlated with ground cover (herbs, shrubs, and coarse woody
debris), with interspecific differences. Notably, abundance of F. excelsior declined with height,
while A. pseudoplatanus increased, indicating diverging recruitment trajectories.

These findings provide new insights into regeneration in novel floodplain forests and offer a
basis for more nuanced conservation and restoration strategies under changing climatic and
hydrological conditions.
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Natural tree regeneration is influenced by local environmental conditions, forest structural
attributes, and game management practices. Forest management directly influence
establishment conditions. In contrast, game management indirectly impacts regeneration by
moderating browsing pressure on young seedlings.

Understanding these variables and their interactions is crucial for developing effective forest
management strategies. Specifically, forest management interventions typically produce
gradual, cumulative effects, whereas game management strategies often yield immediate
ecological responses.

We aim to disentangle the combined effects of coordinated management between foresters
and hunters on natural tree regeneration. We analyzed both direct and indirect influences of
game management, forest management, local environmental conditions on natural tree
regeneration to identify management scenarios with high probabilities of success.

We evaluated natural tree regeneration diversity, assessing both species richness and
abundance in young, middle age and old seedling in 868 plots across all Austria . We used
Bayesian Networks to examine the direct effects of 12 predictors grouped into forest
management, environmental conditions, and game management categories. Following the
Bayesian network fitting, we conducted sensitivity analyses for each predictor. Finally, we
assessed scenarios aimed at intensified forest and game management to determine their
probabilities of enhancing natural tree regeneration.

Our results revealed that environmental conditions, forest management, and game
management exhibit varying impacts on species richness across different developmental
stages. Seedling abundance captured a greater proportion of ecological variation compared
to species richness alone. Moreover, we found a progressive increase in explanatory strength
from young through middle-aged to old seedling classes.
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Due to potential ecological advantages, continuous cover forestry (CCF) is increasingly
considered an alternative to conventional rotation forestry (RF). This study, based on the Pilis
Forestry Systems Experiment in Hungary, compares the ecological impacts of five
silvicultural treatments—clear-cutting, retention tree groups, partial cuts, gap-cutting, and
control—in a replicated block design in an oak-dominated forest. Understory vegetation, soil
moisture, and relative diffuse light were monitored in 20 circular plots from the 2_, to 8, year
post-intervention using fine-scale grid sampling. Clear-cuts showed the most pronounced
vegetation turnover, initially the highest diversity, abundance, and compositional
heterogeneity, which later declined. Gaps maintained comparable diversity and
heterogeneity, but greater compositional stability over time. Retention and partial cuts caused
moderate or minimal changes. The heterogeneity of light and soil moisture varied: gaps
showed high initial soil moisture heterogeneity, while clear-cuts were most variable in light.
By year 8, the highest mean number of sessile oak saplings appeared in preparation cuts,
followed by gaps. Overall, gap-cutting combined high understory diversity and regeneration
potential with pronounced micro-environmental heterogeneity and temporal stability,
highlighting its potential as a resilient silvicultural approach under changing environmental
conditions.

The study was supported by the Interreg VI-A Hungary-Slovakia Programme (HUSK/
2302/1.2/168).
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Understanding forest dynamics in the face of global change is one of the most pressing
issues in ecology research. The extent to which tree community composition and tree
diversity are undergoing shifts in tropical forests remains largely unknown. This knowledge
gap is particularly pronounced in Afrotropical forests. We analyzed relationships between
forest overstory and understory composition of tree species in Budongo, an East African
rainforest, to assess the potential for change in tree species composition and diversity. We
utilized a community-level forest inventory dataset covering 40.3 ha on tree overstory-
understory relationships. We contrasted taxonomic diversity by developing two ratios linking
overstory and understory richness and diversity. Our findings revealed a strong decoupling
between the forest overstory and the understory, i.e. the regeneration layer. Taxonomic
diversity, at alpha and gamma levels, was lower in the tree regeneration layer compared to
the overstory layer. Species composition differed between these layers, with only a subset of
overstory tree species found in the regeneration layer. Some dominant species in the
overstory were poorly represented as seedlings in the regeneration layer. Our findings
suggest a decline in tree diversity and a temporal species turnover. We hypothesize that the
reported decline in fruit and seed production of overstory trees limits recruitment of some
dominant trees in Budongo Forest and will eventually lead to fundamental forest change. By
analyzing tree overstory-understory relationships, our study provides early indications of
potential forest change, that could be counteracted by forest management. We recommend
applying a similar approach in other tropical forests lacking long-term data to determine
whether the observed pattern is a global phenomenon.
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Land use intensification and climate change have led to alarming declines in the biomass and
diversity of central European aboveground arthropods. Although the key ecosystem services
provided by the soil fauna are increasingly recognized, the temporal stability of dominant
belowground microarthropods such as springtails (Collembola) remains poorly understood.
We analyzed 240 soil cores collected at three-year intervals (2008—2020) from 48 forest sites
representing a management gradient spanning from unmanaged beech forests to managed
age-class beech forests and conifer plantations in northern, central and southern Germany.
We collected 18,617 Collembola, identified them to 101 species, and quantified changes in
diversity, stability, synchrony and community composition in response to forest management
and climate.

Linear mixed-effects models revealed that species richness varied significantly between
regions and was closely linked to interannual variation in spring precipitation, with strong
declines during dry years in northern sites with sandy soils. Stability was similar across forest
types but was lowest in northern sites, coinciding with significantly higher population
synchrony, suggesting more uniform species responses to environmental variation. In
contrast to the well-documented biodiversity-stability relationships for aboveground taxa, we
found no positive correlation between species richness and stability, due to strong dominance
of a few highly abundant species driving overall community dynamics. However, communities
in coniferous forests differed from those in beech forests and showed higher compositional
variation over the years.

Our results show that Collembola community stability is primarily driven by climate rather
than forest management and may be decoupled from local species richness due to strong
dominance structures. This highlights that the temporal dynamics of soil arthropods may be
fundamentally different from those of aboveground arthropods.
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The restoration of degraded tropical forests is a global priority to halt terrestrial biodiversity
loss. However, the complexity and hyperdiversity of tropical forests challenge the
quantification of their recovery status. Unlike temperate forests, where tree-related
microhabitats (TreMs) have been established as a surrogate for habitat diversity, TreMs have
received little attention in the tropics. Here, we investigated the recovery of TreM profiles
along a chronosequence of forest recovery ranging from active cacao plantations and
pastures to abandoned agricultural land (2 to 38 years), and old-growth forests in the
Ecuadorian lowland Choco forest. Our analysis accounted for sample incompleteness and
different abundance weightings using Hill numbers. Based on 57 TreM types, we identified an
overall increase in diversity over time. Former pastures, exhibited a steeper and more
continuous shift of TreM diversity and composition as forests age, due to remnant trees which
retain TreMs, compared to Cacao plantations. Diversity, community composition and
numerous indicator TreM types (buttressroots, semi-open trunk rot-hole, insect galleries,
broken stiltroot, heavy resinosis, chimney trunk base rot-hole, and dead lianas) show that
old-growth forests maintain distinct TreM profiles. Using multiple regression in distance
matrices we identified tree species richness and light availability as the main drivers of TreM
composition. Our TreM results call for a strategy of protecting old-growth forests with their
unique and diverse TreM profiles and of favouring agricultural sites with remnant trees for
restoration due to faster achievements in habitat diversity.
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Enhancing the structural complexity of forests has been identified as a key management
technique to increase biodiversity, support multifunctionality and strengthen the resilience
towards disturbances. In the context of the interdisciplinary research project BETA-FOR,
experimental silvicultural treatments with increased variety of light structures (distributed and
aggregated cuttings) and deadwood features (no deadwood, downed and standing
structures, habitat trees) have been implemented in central European broad-leaved forests.
For continuous, cost-effective, and across-scale monitoring of forest structure, remote
sensing offers complementary perspectives to local measurements. In the present study,
multi-source remote sensing analyses comprising in-situ (mobile and terrestrial laser
scanning) and spaceborne data (Sentinel-1, Sentinel-2, GEDI) were conducted to investigate
enhanced forest structural complexity in BETA-FOR treatments. We found strong correlations
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among in-situ and spaceborne data on structural complexity after carrying out different
analyses (bi- and multi-variate correlations, unsupervised clustering). In addition, multi-taxa
biodiversity data was considered for analysis to study forest structure-biodiversity
relationships. Linear correlations of taxonomic diversity of birds, gastropods, hoverflies,
insects, and tree species to spaceborne indicators of forest structure amount to greater than
0.4. Our findings demonstrate the great potential of multi-source remote sensing to monitor
forest structure and biodiversity along different gradients (light conditions, deadwood
structures) of enhanced structural complexity. We identified several indicators of forest
structural complexity from spaceborne remote sensing that accurately bridge in-situ remote
sensing measurements, and hold moderate correlations to multi-taxa diversity data.
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The loss of forest biodiversity due to structural homogenization is a major concern in
intensively managed landscapes. While the value of local heterogeneity is well known,
experimental evidence on how increasing structural variation at the landscape scale affects
insect communities remains scarce. In a large-scale field experiment across 11 temperate
forest sites in Germany, we tested whether enhancing structural beta complexity (ESBC)—
through interventions such as modifying deadwood and canopy cover—can increase hoverfly
(Diptera: Syrphidae) diversity.

We compared hoverfly communities in 234 forest patches (50 x 50 m) within 22 forest
districts, half of which received ESBC treatments. Using standardized sampling across three
seasonal sessions and a meta-analytic framework accounting for sample completeness, we
assessed changes in taxonomic, functional, and phylogenetic a-, B-, and y-diversity.

Forests with higher structural complexity consistently supported greater diversity across all
metrics, particularly taxonomic richness. Effects were strongest for rare species, suggesting
that ESBC counteracts biotic homogenization by maintaining species turnover.

Our study provides experimental evidence that forest management enhancing structural beta
heterogeneity can effectively promote insect diversity at the landscape scale, offering a
practical approach to counteract biodiversity loss in temperate production forests.
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European forests have historically been structurally homogenized due to timber-oriented
management. However, increasing climate-driven disturbances, such as drought-induced
tree mortality, but also forest management may promote structural heterogeneity by creating
canopy gaps and deadwood. We stablished a forest experiment across 11 landscapes
dominated by European beech (Fagus sylvatica) in Germany. In each landscape, one forest
district was experimentally manipulated to enhance structural beta complexity (ESBC) among
50 x 50 m patches by varying canopy openness and deadwood presence. A second,
unmanipulated district served as a homogeneous control. Insects were sampled from all 234
forest patches using Malaise traps in 2022 and 2023. Species identification was performed
via metabarcoding, and a unified phylogeny was constructed for all ~25k insect operational
taxonomic units (OTUs). We assessed the effects of heterogeneous (ESBC) versus
homogeneous forest structure on insect taxonomic and phylogenetic alpha-, beta-, and
gamma-diversity using a novel meta-analytic framework that accounts for sample
completeness and analyzes diversity across Hill numbers. Preliminary results suggest higher
insect diversity in structurally heterogeneous forests, highlighting the potential of forest
heterogenization—through both management and natural disturbances—to support
biodiversity.
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Management and disturbance fundamentally alter forest structure and ecosystem functioning,
yet their impacts on the invisible ecological dimension of scent (volatile organic compounds,
VOCs) remains largely unstudied. In this study, we investigate how changes in forest
structure in managed temperate beech forests influence scentscapes, potentially affecting
ecosystem processes in previously overlooked ways. As part of the DFG-funded BETA-FOR
project, we collected VOCs across 234 forest patches with treatments manipulating light and
deadwood in a gradual way. We calculated a patch-level structural multifunctionality index
using the Hill-Chao framework, combining various structural metrics, and analyzed its
relationship to VOCs. Our analyses reveal patterns where forest structure correlates with
patch VOCs and shows spatial associations with herb-layer composition and treatments. This
approach offers new insights into forest ecosystem processes and biodiversity, with the
potential to inform future forest management strategies that take these invisible ecosystem
dimension into consideration.
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Tree species diversity of forests contributes to their consistent provision of ecosystem
services. Hence, with future forests presumably being subjected to increased climatic and
biotic stressors, tree species diversity is a crucial forest management target. The key to
predicting and managing diversity of future forests is the current tree regeneration. Natural
regeneration is usually initiated by opening the canopy of mature stands. However, even
though the enhanced light availability universally promotes understory plant growth in forests,
tree sapling diversity is not necessarily increased: single tree species can become dominant,
selective browsing by large herbivores can homogenize the community, or herbs and shrubs
can out-compete the trees. Depending on the complex interactions of many biotic and abiotic
factors, the individual fate of regenerating communities is challenging to predict.

However, so far species diversity of natural regeneration has always been measured as a
species richness at local scales. We propose that, independent of the local context, a
management approach that produces a heterogeneous mosaic of different light availabilities
will increase the -, and consequently y-diversity of natural regeneration on larger spatial
scales, potentially leading to increased tree species diversity in future forest landscapes.

In a manipulative experiment in broad-leaved forests throughout Germany, we created 11
pairs of forest districts, each pairing a homogeneous control district with a structurally
heterogeneous forest district comprising canopy gaps, thinned patches and closed canopies.
The study sites vary strongly in terms of site conditions, stand structure, tree species
composition, management regimes and browser communities. Using a meta analysis
approach, we can show that there are general positive effects of the experimental
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Metacommunity theory has expanded our conceptual understanding of how spatial dynamics
and local interactions influence the structure and diversity of species communities. Different
assembly archetypes, reflecting different roles of species differences, habitat differences, and
dispersal have been described, but we lack empirical studies specifically in terrestrial habitats
testing which archetype is most important. In a replicated design (BETA-FOR) we
experimentally enhanced structural between-patch heterogeneity in homogeneous production
forests and developed a statistical framework controlling for sample incompleteness to detect
different metacommunity processes. Metaanalyses on >100K individuals of >1.3K beetle
species showed an increase of ~60 species in heterogenized forests at y-level promoted by
an increase in a-diversity supporting the mass-effect archetype and an increase of B-diversity
by ~10% supporting species-sorting. Additionally, we tested (-deviations from null-models
generated by random neutral processes. Results suggest that metacommunities in
homogenous forests are dominated by patch-dynamics, while those in heterogeneous forests
by mass-effect and species-sorting.
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Tree canopies create understory microclimatic conditions by buffering extreme fluctuations of
macroclimate temperatures as recorded at weather stations. Despite growing interest in
temperature buffering, assessing buffering capacities over longer temporal scales (e.g., more
than 20 years) is unstudied, resulting in gaps of understanding if and how buffering capacities
change with forest tree characteristics in time. Our study aimed to detect temporal changes in
temperature offsets—defined as the difference between micro- and macroclimate
temperatures—across six European biomes and to explore their relationships with tree
characteristics over time. Specifically, we used the ICP Level |l database which provides over
two decades (1996—2020) in-situ daily forest microclimate temperature data across Europe.
We observed a general trend of increasing summer maximum offsets over time, while winter
minimum offsets showed no significant temporal change. At the biome level, summer
maximum offsets increased over time in the Mediterranean and Continental biomes but
decreased in the Atlantic, Boreal, and Pannonian biomes, with little change observed in the
Alpine biome. Winter minimum offsets showed slight increases across all biomes except the
Boreal, though the magnitudes were relatively small. Among the four most dominant forest
types, summer maximum offsets decreased over time in Quercus petraea and Pinus
sylvestris forests but increased in Fagus sylvatica and Picea abies forests. In contrast, winter
minimum offsets slightly increased over time in all four dominant forest types. Among the
macroclimate variables (temperature and precipitation) and forest characteristic variables
(tree cover, community-weighted mean traits, and diversity), both macroclimate temperature
and community-level traits —specifically leaf dry matter content and specific leaf area—
affected summer maximum offsets. For winter minimum offsets, microclimate conditions were
of principal importance. The effects of these factors on offsets did not vary with year. Our
findings reinforce that macroclimate temperature remains the primary driver of both maximum
and minimum buffering, but selecting tree species based on functional traits may mitigate
future declines in forest microclimate buffering capacity.
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Over the past few decades, anthropogenic climate change has exerted substantial pressure
on forest ecosystems, primarily through increased frequency and intensity of biotic and
abiotic disturbances, such as insect outbreaks and wildfires. At the same time, a global rise in
background tree mortality has been documented, likely caused by more frequent and
prolonged droughts in combination with elevated temperatures. However, distinguishing
background mortality from disturbance-induced mortality remains a critical challenge for
understanding the observed rise in tree mortality rates worldwide. This task is complicated by
the confounding influence of forest management, which typically aims to reduce background
mortality. Notably, recent studies based on data from European old-growth forests have not
detected a consistent increase in mortality over time.

In this study, we draw on a pan-European dataset from long-term monitoring of unmanaged
forests to investigate patterns of background mortality across eight major European forest
types. The dataset comprises approximately 1.5 million individual tree records from plots
covering a total area of 853.7 hectares. We estimate background mortality rates, assess
temporal trends, and explore the relationship between species-specific habitat suitability and
mortality probability.

Mortality rates increased in spruce- and oak-dominated forests, whereas beech-dominated
forests showed a significant decline in recent years. We identified three patterns in the
relationship between habitat suitability and mortality probability: increasing, decreasing, or no
clear effect of habitat suitability on tree mortality. This suggests no consistent response
across species to habitat suitability. Overall, contrary to previous findings, our results indicate
no consistent increase in background mortality in recent years.
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Drought poses a growing threat to forest ecosystems, reducing tree performance and
impairing key ecological functions. Temperate forests are particularly vulnerable. Between
2018 and 2022, Germany experienced severe droughts, leading to large-scale forest
damage: bark beetle outbreaks and dieback in Norway spruce, defoliation and mortality in
beech, and even growth decline in drought-tolerant species such as Douglas fir. These
impacts highlight the need for adaptive forest management strategies that enhance
resilience. Mixed forests, especially those combining broadleaved and coniferous species
with complementary traits, are increasingly promoted as a solution. A promising combination
for Central Europe is European beech and Douglas fir, which may offer an alternative to
drought-sensitive spruce stands. However, their ecological performance and stability remain
insufficiently studied. Within the framework of the RTG 2300 EnriCo, we investigated
ecosystem functioning across five forest types in Lower Saxony: pure beech, pure spruce,
pure Douglas fir, and their mixtures. We evaluated indicators of tree growth (measured with
high-resolution dendrometers), and stand-level water retention (relative extractable water)
and nutrient cycling (litter production, nitrate leaching and soil microbial biomass) from 2018
to 2022, a time period including several drought-affected years, to test whether mixed stands
offer greater performance and stability under climate stress. Overall, for all forest types tree
growth and ecosystem processes significantly declined in dry years; in particular during the
severe drought of 2022, the impacts were similar in pure and mixed forests. These effects
were only partially mediated by site conditions. Our findings aim to inform forest management
strategies for resilient, multifunctional forests in the face of increasing pressure from climate
change.
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As forests face increasing pressure from climate change and growing water limitation,
understanding how tree species access and use water has become crucial for predicting
ecosystem resilience and guiding sustainable forest management. In this context, mixed-
species forests are considered a key strategy to foster resilient and multifunctional forest
ecosystems. However, tree-water relations as determined by species-specific functional traits
and their interaction with neighboring trees, site conditions, and water availability remain
poorly understood. Connecting above- and belowground traits and processes, we
investigated root water uptake depth, daily stem rehydration, sap flow and growth dynamics,
comparing pure and mixed stands of European beech, Norway spruce, and Douglas fir —
three major tree species in Central Europe. Our study demonstrates that tree-water relations
are driven by an interaction of species identity, tree neighborhood, site conditions, and
drought, with trait-based results offering a clearer mechanistic understanding of species-
specific drought resistance. In summary, mixtures of European beech and Douglas fir emerge
as a promising option to complement European forest management strategies.
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Temperate forests face increasing drought risk, with longer and more frequent drought events
further limiting water resources in already dry regions. A climate-adaptive management
strategy is to remodel forests towards greater structural complexity. Three-dimensional forest
attributes are known to shape a distinct microclimate near the ground. However, a
comprehensive understanding of the structural drivers behind vapor pressure deficit (VPD)
buffering under drought remains limited. Can (a combination of) specific traits mitigate the
increase in VPD caused by hot and dry macroclimatic conditions?

To answer this question, we established 40 plots in a managed, conifer-dominated forest in
Brandenburg, a region considered to be one of the driest in Germany. Plot selection was
based around a structural gradient, ranging from single layered pure Scots pine (Pinus
sylvestris) stands to multilayered mixed stands (pine with various hardwood species). Forest
structural traits were quantified using hemispherical photography and mobile laser scanning.
Microclimatic conditions - temperature, humidity, and soil moisture — were monitored over two
vegetation periods.

We found that mixed stands effectively reduced subcanopy VPD during dry periods without
accelerating topsoil moisture loss compared to pure pine stands. Understory vegetation -
acting as a protective near-ground layer — was shown to buffer against high VPD exposure in
sparse stands. At a finer structural level, VPD reduction during dry periods was best
explained not by any single complexity metric, but by a combination of specific structural
metrics capturing vertical stratification and horizontal arrangement in 3D space. These
structural attributes partially offset the effects of hot and dry macroclimatic conditions. Based
on these insights, we propose a conceptual model outlining how structural traits can be
strategically enhanced through forest management to improve drought resilience.
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For more than two decades, the ash dieback disease has been responsible for a significant
decline in the number of living and healthy trees of European ash (Fraxineus excelsior L.)
across its entire distribution range. Many studies focus on the origin of the disease as well as
on potentially more resistant ash genotypes. However, there are conflicting views about the
impact on the forest ecosystem — in particular on the potential changes in the herb layer
vegetation of ash-rich forests.

We hypothesized that altered conditions in light and nutrient availability, along with
disturbance and structural changes, will significantly affect the herb layer and initiate a long-
term transformation of ecosystem functioning in formerly ash-rich forest stands. As part of the
FraDiv project, we used a monitoring approach involving 114 study plots across different
forest types all over Schleswig-Holstein. Vegetation surveys, conducted in 2019 and 2023,
and repeated measurements of abiotic factors such as light and soil conditions, form the
basis of our analysis. In addition, we assessed the infection symptoms of ash trees on the
plots.

First results show an advanced and non-linear dieback of ash trees, which is more
pronounced on drier and phosphorus-poor soils. Around 34% of mature ash trees died within
five years. These dynamics induce changes in the light availability in the forest stands.
NMDS analyses show the consequences for the understory vegetation: indicator species of
ash-rich forests are declining, and floristic distinctions between forest types are diminishing.
The regression of both rare and widespread, shade-tolerant, and poorly dispersing species
suggest that ecosystem degradation extends beyond species loss to functional decline. We
conclude that structural and functional characteristics of ash-rich forests are being lost, with
transitions underway towards less diverse, more homogenised forest types with reduced
ecological resilience.
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In recent decades, European spruce forests have experienced extensive bark beetle
outbreaks, primarily involving Ips typographus. These outbreaks, often combined with other
natural disturbances, have led to widespread tree mortality with far-reaching economic and
ecological consequences for some regions. To mitigate further infestations, forest managers
employ various strategies, including debarking, bark scratching, and complete removal of
affected trees. However, such interventions can affect other forest-dwelling organisms. As
part of the BeetleTrees project, we assess the impacts of these management strategies on
forest bird assemblages. Our study was conducted in bark beetle-affected areas of the
Bavarian Forest National Park (Germany) and the Sumava National Park (Czech Republic).
We deployed autonomous sound recorders across plots subjected to six different treatments:
(1) salvage logging, (2) debarking, (3) scratching, (4) creation of high stumps, (5) no
intervention, and (6) undisturbed spruce forest. Bird activity was acoustically monitored from
April to June. Here, | present preliminary findings from this acoustic monitoring and discuss
the potential implications for forest conservation management.
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Forest ecosystems are more and more impacted by increasingly frequent weather extremes
due to climate change, such as drought or heavy rain events. This makes forests more
vulnerable to further impacts such as consumption by insects. Ecosystems naturally consist
of self-regulating components that balance the system and thus keep it in equilibrium. If self-
regulation is disturbed or significantly reduced, the system can become unbalanced and less
resilient. In this context predators take on a regulating function. Insectivorous bird species are
essential parts in forest ecosystems. Their abundance is negatively impacted by the intensity
of forest management, but what effect a reduced predator abundance has on the ecosystem
is unclear.

In this study, we aim to analyse the potential of insectivorous songbirds as a natural pest
control by regulating herbivorous arthropods and thereby place their ecosystem function. We
measured breeding phenology, lepidoptera larvae biomass and diversity, leaf damage and
tree growth in areas with artificially increased bird abundance (experimental plot) and
unmodified bird abundance (control plot) in two forest areas. The Results show a high
overlap between breeding phenology and abundance of lepidoptera larvae, a reduced
biomass of lepidoptera larvae in experimental plots and a higher leaf damage in control plots.
Arthropod diversity tended to be higher in experimental plots. Trees in the experimental area
have shown relatively higher growth rates than trees in the control area since the nest boxes
were installed.

The results indicate a stabilising function of insectivorous songbirds along the trophic
cascade in forest ecosystems by regulating herbivorous lepidoptera.
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Calcareous grasslands arise from a unique heritage of traditional land use in European
cultural landscapes and are one of the continent’s most species-rich habitat types. However,
they are nowadays often threatened, mainly by abandonment of traditional practices. In the
InterRest project, we investigate biodiversity, species interactions, and ecosystem functions
in calcareous grasslands across Germany, Spain, and Estonia, along a local management
gradient from abandonment to active conservation and across contrasting landscape
contexts. Moreover, we analyse the social contexts of conservation management and
restoration programs based on interviews with key stakeholders in the three study regions.

First results show that local management and the landscape-scale availability of calcareous
grasslands were important drivers of pollinator species richness and predation functions.
Agri-environment schemes in the surrounding landscapes enhanced in some cases bee
species richness and pollen richness collected by bumblebees, but decreased predation
functions by birds and arthropods. In our integrated analysis of socio-economic and
ecological factors, we identified five key challenges for the successful management of semi-
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natural grasslands: (1) profitability, (2) competition for space, (3) policy fit and interplay, (4)
climate change and (5) changing rural societies.

The preliminary findings show that local and landscape management drive biodiversity,
species interactions and ecosystem functions although effects often differ between countries.
Our social science analysis illustrates the need to widen the angle on grassland conservation
from a narrow technical-administrative view to also include contextual social-ecological
factors, which determine whether effective site- and landscape-level management strategies
can be applied successfully. We discuss leverage points derived from good-practice-
examples for future pathways to achieve more successful conservation outcomes.

247



Session 16-02

Grasslands: conservation, management, restoration

Sylvia Helena Annuth', Sophie Reinermann?3, Thomas Koellner'

'"University of Bayreuth, Bayreuth, DE
2University of Wiirzburg, Wiirzburg, DE
3German Aerospace Center (DLR), Oberpfaffenhofen, DE

Grasslands are multifunctional components of Bavarian landscapes, and their management
requires balancing trade-offs between different ecosystem services, such as fodder
production, habitat provision, and biodiversity conservation. One ecologically important
aspect of grassland management is the mowing regime, including the timing of cutting
events. The timing of cuts in neighboring fields affects the extent of habitat disruption;
therefore, identifying homogeneously managed grassland areas is important. To maintain
agricultural productivity while supporting biodiversity, agri-environmental schemes (AES) aim
to encourage environmentally friendly farming practices.

This study combines remote sensing data with AES monitoring data to examine spatial
autocorrelation in mowing events across Bavarian grasslands from 2018 to 2020.
Additionally, we explore the spatiotemporal autocorrelation between enrollment in mowing-
related AES and the timing of the first cut. The results reveal areas with statistically significant
clustering of first cut dates across Bavaria and regions where AES-enrolled fields are
specifically clustered in space and time.

These findings suggest that AES may contribute to management and habitat homogeneity,
potentially reducing landscape multifunctionality. The results may inform biodiversity advisors
and farmers in making management decisions and aid in the application and design of AES
in Bavarian grasslands.
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Insect diversity is declining globally, driven largely by habitat loss and agricultural
intensification. Landscapes with low biodiversity offer fewer ecosystem functions and are less
resilient to climate extremes. Grasslands can serve as biodiversity hotspots within agricultural
areas, but not all are species-rich or multifunctional. Management practices strongly influence
grassland species composition, including insect biodiversity, as well as ecosystem
functioning. However, it remains poorly understood how specific management practices and
use intensity levels affect diverse insect taxa on broad scales. Here, we analyze the effects of
grassland management and landscape structure on arthropod diversity in Bavaria, Germany.
Most German grasslands are regularly mown, with mowing times varying across parcels. To
capture this, we used a high-resolution mowing dataset derived from satellite time series. We
also included a hedgerow map for Bavaria, generated from orthophotos using deep learning.
This data was linked to a large arthropod dataset (~12,000 BIN species across 450 families),
sampled throughout Bavaria. The spatial data were intersected with the point data by
calculating spatial statistics (e.g. mean, variance) for hexagons (200 m edge length)
surrounding the points. Using Generalized Linear Mixed Effects Models (GLMMs), we
analyze the influence of variables related to grassland mowing dynamics as well as
landscape features on insect diversity. First results show that the mean mowing frequency
has a significant negative influence on the arthropod diversity over all orders. Further
analyses focus on the contribution of e.g. early mowing, variance in mowing dynamics or
hedges for overall arthropod diversity and various subgroups such as flying or red list insects.
With this analysis, we aim to expand our understanding of how grassland management and
landscape structure influence insect diversity across a broad range of grasslands.
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