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Plenary Presentations



Navigating global to local conservation challenges: a fascinating journey

Patty Balvanera

Achieving a positive biodiversity world by 2030 in ways that are globally diverse, equitable and inclusive entails a paramount challenge.
In this talk, | reflect on such challenge from two different aspects of my personal journey navigating global to local perspectives. The first
one is a global to local perspective gained through the global and values assessments of the Intergovernmental Platform on Biodiversity
and Ecosystem Services. We analyzed the direct and indirect drivers of biodiversity loss, tapping into the role of values and power
imbalances as the ultimate drivers. We explored how predominant world views and narratives have led to conservation approaches that
have been imposed into local conservation policies. We identified four values centered leverage points, as well as a set of justice-oriented
actions, to revert those trends. The second one is a local to global exploration as a women scientist from the global south. | reflect on
how diverse, equitable and inclusive my participation into such global processes has been. | assess the limitations of three conservation
initiatives in Mexico that have been considered positive for biodiversity and local communities. | speculate on what a conservation
biologist’s journey that addresses distributive, procedural and recognition justice could entail, and how such approach would contribute
towards operationalizing the Kunming-Montreal Biodiversity framework by 2030.

Biodiversity conservation in a warming world: integrating biodiversity and climate action
Yvonne Buckley

Climate is a critical determinant of the diversity and types of species of plants that can persist and human land use is the major driver of
biodiversity change and loss. We have shown that the effects of land use are in fact equivalent to a biome-level differences in climate in
terms of the life-forms of plants that occur and their abundance in ecosystems. We have developed models for how the traits of plants,
together with the climate context, determine plant life-history. Actions that are being taken and being proposed to mitigate and adapt to
climate change will drive land use change over the coming decades. Renewable energy installations, afforestation, reforestation, peatland
restoration, deployment of nature-based solutions and changes in agricultural systems and practises all have implications for biodiversity,
particularly as they could happen quickly and over large areas in the landscape. | will discuss the need to bring together an understanding
of how climate and land use jointly determine plant diversity and population functioning to better project biodiversity impacts of climate
change and the land use change resulting from climate mitigation and adaptation actions.

Co-opting Conservation: Biodiversity Economics & the Financialisation of Nature

Clive Spash

Conservation in its traditional mode of operation has been criticised on various grounds and not least by the attempt to create a new
conservation a decade ago that was spearheaded by The Nature Conservancy. In this presentation | revisit some of the counter
arguments to the presumed pragmatism of adopting mainstream orthodox economic concepts, values and policies that are employed to
align conservation with corporate interests. | then look at some of the recent developments in biodiversity economics (e.g. the Dasgupta
Review) and the moves to reduce biodiversity to a financial capital asset. Along the way | note problems with the policy instruments being
promoted (e.g. nature based solutions, bio-credits, biodiversity offsets) and the agenda of ‘green growth’. | highlight the larger social
economic context within which conservation is operating and the vested interests that are working to co-opt its traditional regulatory
approach and opposition to commensuration of values, monistic values, domination of Nature and denial of autonomous Nature.

Biatowieza calling: A look into conservation through the eyes of a forest
Nuria Selva

Biatowieza Forest, located at the Polish-Belarusian borderland, is the best-preserved lowland forest in Europe. Designated as a Natura
2000 site and a transboundary World Heritage Property, it holds unique and significant habitats for biodiversity conservation, including
those of threatened species, and supports ongoing ecological and biological processes shaping evolution of communities and
ecosystems. Biatowieza Forest has been fundamental for science and a benchmark for conservation, raising crucial conservation debates
during the last years. This plenary talk will highlight the role of Biatowieza Forest as a lighthouse in conservation science and will convey
crucial messages from the Biatowieza Forest perspective to the global conservation community. It will explore the importance of definitions
of ecological terms, and address major threats, such as forestry and fragmentation by roads and border barriers. Likely the longest
environmental campaign in Europe, the presentation will go delve into the history and successes in protecting Biatowieza Forest. These
achievements have been driven by robust scientific evidence and close collaboration among scientists, NGOs and civil society, and legal
protection from international conventions and nature conservation law.

Environmental DNA to understand multifaceted impacts on biodiversity

Francesco Ficetola

Environmental DNA (eDNA) is increasingly used to produce high-quality data on the distribution of organisms. | show how eDNA analysis
can greatly assist biodiversity conservation, including 1) the early detection of alien invasive species; 2) the detection of rare and secretive
organisms; 3) the identification of interspecific interactions; 4) the assessment of long-term trends and of the underlying drivers and 5)
the evaluation of impacts of climate change on communities. Furthermore, | highlight key issues and limitations that must be taken into
account to produce reliable eDNA data, and propose strategies that can be adopted to limit these issues. Finally, | discuss new avenues
in the use of eDNA for biodiversity analysis, including approaches that can enable an exhaustive assessment of entire communities, the
analysis of functional diversity, and the integration of eDNA-based biodiversity data into adaptive management strategies.
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101: Designing a future Trans-European Nature
Network (TEN-N) for a nature-positive Europe

Building a resilient and coherent Trans-European
Nature Network

Piero Visconti', Martin Jung', Nestor Fernandez? Henrique
Pereira?, Jutta Beher', Matea Osti', Miguel Fernandez?
‘International Institute For Applied System Analysis, Austria;
2German Centre for Integrative Biodiversity Research (iDIV)

The EU 2030 Biodiversity Strategy aims to put biodiversity on
the path to recovery by 2030, as a contribution to the European
Green Deal goal of preserving and restoring Europe's natural
capital and placing Europe in a leadership position in the Post-
2020 CBD Framework. A key component of the EU Biodiversity
Strategy is the development of a truly coherent Trans-European
Nature Network (TEN-N). The TEN-N is expected to bring
added coherence to the existing network of Natura 2000 sites
and other nationally designated protected areas, by addressing
gaps in the coverage of priority habitats and species. The TEN-
N should legally protect at least 30% of the land, including
inland waters, and 30% of the sea in the EU, of which at least
one third under strict protection, connected via adequately
managed Green and Blue Infrastructure. Here we present the
legal basis behind TEN-N, the status quo of the network in
terms of its comprehensiveness, adequacy, resilience and
effectiveness and the scientific and technical support that our
community should provide to the European Commission and
Member States to planning and implementing an effective TEN-
N.

A critical evaluation of current practices in
connectivity projects across Europe

Francisco Moreira', Filipe Dias', Jeremy Dertien?, Luis
Borda-de-Agua’, Miguel Porto', Silvia Carvalho', Ana Ceia-
Hasse', Carina Seliger’, Rafaela Schinegger®, Luca
Santini*, Luigi Maiorano*, Francesca Cosentino*, Andrea
Sacchi®, Néstor Férnandez?

'CIBIO-BIOPOLIS, Vairao, Portugal; ?German Centre for
Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig,
Leipzig, Germany; 3University of Natural Resources and Life
Sciences Vienna, Austria; “Department of Biology and
Biotechnologies “Charles Darwin”, Sapienza University, Rome,
Italy

The NaturaConnect project seeks to establish a methodological
framework and guidelines for mapping ecological corridors
across Europe. We conducted an online survey aimed at
practitioners involved in connectivity projects in Europe, and
organized a two-day online workshop focused on identifying
priorities for connectivity planning, exploring knowledge gaps
and identifying solutions. The survey was conducted from May
2023 to January 2024, during which we contacted 200
practitioners involved in 162 connectivity projects. The purpose
of the survey was to gather information about the projects they
were involved in, including the scope, the target users, and the
selected approaches. The online workshop spanned two half-
days and had a total of 75 participants, which were split in
groups in which they discussed the desired outcomes of
connectivity across scales, the areas that should be better
connected, corridor routes, and solutions for promoting
connectivity. In this presentation we discuss the outputs from
both the survey and the workshop, seek to clarify concepts and
make some recommendations regarding key issues such as
connectivity in protected area selection, functional connectivity
challenges for multiple species and sites with multiple habitats,
connectivity challenges for small-sized animals, and the
importance of freshwater corridors.

Beyond protected area boundaries: identifying
OECMs in Europe and its implications for
biodiversity conservation and management

George Kefalas', Stefanos Boutsios', Roxanne Suzette
Lorilla', Camino Liquete? loannis Vogiatzakis®, Alexandra
Demertzi*, Konstantina Apostolopoulou’, Dimitrios
Bormboudakis®, Evangelia G Drakou'

"Dept. of Geography, Harokopio University, El. Venizelou 70,
Kallithea 176 76, Attica, Greece; 2European Commission, Joint
Research Centre (JRC), Via Enrico Fermi 2749, 21027 Ispra,
Italy; Faculty of Pure and Applied Sciences, Open University
of Cyprus; “Dept. of Forest and Natural Environment,
Democritus University of Thrace, 10 km Drama — Mikrochori,
Drama 66100, Drama, Greece; Operational Unit BEYOND
Centre for Earth Observation Research and Satellite Remote
Sensing, IAASARS, National Observatory of Athens, 6
Karystou St., 11523, Athens, Greece

Within the EU, expanding or creating protected areas (PAs) has
served as the main strategy towards improving biodiversity.
Despite these efforts, biodiversity trends have not shown
significant improvement, highlighting the necessity for more
effective conservation measures. Considering the EU Green
Deal and the new Restoration Law it is essential to have robust
understanding of the critical to biodiversity areas. The
establishment of "Other Effective Area-Based Conservation
Measures" (OECMs) began as one of the measures that can
lead to effective in-situ conservation. This study aims to identify
areas of high biodiversity value which could support OECMs at
the European and National level. We followed the IUCN's
process to identify critical areas which could serve as
expansions of PAs and further support biodiversity protection
using existing management frameworks. We test the
methodology at two levels: i) the EU Member State level and ii)
the National level (Greece). Adapting the methodology at the
national level requires considering the national legislation for
nature management and we specifically outline these
implications. Finally, we showcase an application, by
pinpointing biodiversity significant areas, which spatially co-
occur with areas in which renewable energy infrastructures are
installed, emphasizing the importance of aligning green energy
transition strategies with biodiversity goals.

Private Land Conservation in Finland - challenges
and potentials

Khorloo Batpurev'?, Heini Kujala', Mar Cabeza', Steve
Sinclair?

"University of Helsinki, Finland; 2Arthur Rylah Institute for
Environmental Research, Victoria, Australia

The backbone of biodiversity conservation has been the
preservation of natural habitats with protected areas. Despite
decades of conservation efforts, only 12.5% of Earth’s surface
is currently protected. These areas alone cannot stop
biodiversity decline, and many countries, including Finland,
face notable socio-economic challenges in meeting
international targets, such as the proposed 30% protected area
coverage in the EU 2030 Biodiversity Strategy.

It is evident that Private Land Conservation (PLC), where
people are paid, offered access to markets, or given discounts
to encourage them to manage their land to benefit biodiversity,
will play a central role in the conservation efforts needed to
meet these targets. More broadly, PLC provides us with the
opportunity to halt the extinction crisis and mass habitat loss,
especially in the face of climate change. PLC is complex by
nature. The effectiveness of PLC programs is dependent on the
complex interactions between people’s willingness to
participate, program design and their impact on biodiversity.



This talk will give overview of the METSO program, the Finnish
government incentive based voluntary PLC scheme, discuss its
role in the EU's 2030 Biodiversity Strategy. | will discuss current
challenges and future potentials for similar programs across
Europe.

Opportunity cost estimates for spatial conservation
prioritisation across Europe

Douglas Spencer', Alexandra Marques', Clara Veerkamp®,
Martijn van der Marel', Peter Verburg? Anandi Sarita
Namasivayam?, Moreno Di Marco®, Martin Jung® Heini
Kujala®, Louise O'Connor®, Piero Visconti’, Aafke
Schipper'*®

'"PBL Netherlands Environmental Assessment Agency, P.O.
Box 30314, 2500 GH The Hague, The Netherlands.; 2Institute
for Environmental Studies, Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands.; *Department of Biology and
Biotechnologies, Sapienza University of Rome, Rome, ltaly.;
“Biodiversity and Natural Resources Program (BNR),
International Institute for Applied Systems Analysis (IIASA),
Laxenburg, Austria.; SFinnish Natural History Museum,
University of Helsinki, (Pohjoinen Rautatiekatu 13), P.O. Box
17, 00014, Helsinki, Finland.; ®Radboud University, Radboud
Institute for Biological and Environmental Sciences,
Department of Environmental Science, P.O. Box 9010, 6500
GL Nijmegen, The Netherlands.

Opportunity costs, the foregone economic benefits from
alternative activities or uses of a resource on a particular site,
represent one of multiple options to approximate costs of nature
conservation and can be used alongside biodiversity and
ecosystem services data in spatial conservation prioritisation
analyses. However, such cost data are not yet available across
Europe. We created a European opportunity cost layer for
productive (arable, pastoral and forestry) and urban lands at a
spatial resolution of 1 km2, using land, resource , and
residential rents. We mapped the opportunity costs of
productive lands based on (sub)national land and resource rent
data, which we allocated to the grid level based on gridded
agricultural and forestry production data combined with
country-specific commodity prices. We assigned residential

rents to urban areas across Europe using a linear regression
model relating area-standardised residential rents to population
density, based on empirical data from 42 European cities.
Across land types, urban land reflects the highest opportunity
costs followed by arable, pastoral and forestry land. Our
opportunity cost map can be used for European-specific spatial
conservation prioritisations aiming to find cost-effective novel
conservation sites.

Stress-testing protected areas against global
change

Virgilio Hermoso
ESTACION BIOLOGICA DE DONANA-CSIC, Spain

Efforts to preserve biodiversity, mostly in protected areas (PA),
are challenged by global change. To date, most of
assessments focus on changes in the distribution of some
species within PAs, missing other key ecological aspects, such
as ecosystem functions, genetic and trait diversity, mostly
related to climate change. For this reason, more integrated
assessments are needed.

Stress-tests, commonly used in the financial sector, are tools
that help evaluate the impact of interacting drivers of change
and plan action to minimize risks, in a standardized, and
transparent way. A stress-test to networks of PA could help
identify the vulnerability of the network to future impacts,
communicate the risks associated with those impacts.
Moreover, it could help plan proactively monitoring and
management to increase the resilience of PA networks to the
impacts of global change and, ultimately, the persistence of
biodiversity.

Here, | will present how existing efforts of scenario
development, biodiversity monitoring and biodiversity
indicators systems could be the foundation for a stress-test to
PA networks. The future implementation of these tests would
benefit from a coordinated supervision to ensure that
assessments are standardized, the results communicated
transparently and that adequate measures are planned
whenever needed, like in the financial analogue.



105: Can biological pest control support farmland
biodiversity while maintaining ecosystem services?

Optimising agri-environment schemes: from
general principles to biological pest control

Johan Edvard Ekroos', Henrik G Smith?

"University of Helsinki, Finland; 2Lund University, Sweden

Agri-environment schemes have been the main policy tool to
enhance farmland biodiversity within the Common Agricultural
Policy of the European Union. However, the efficacy of these
schemes has varied. One reason could be that the multiple
goals of agri-environment schemes are not considered, such
that it may be better to separately consider general
conservation goals and support of biodiversity-based
ecosystem services. We have shown that this may entail spatial
targeting of different interventions, related to their marginal
benefits and the spatial scales relevant for underlying
ecological mechanisms. However, applying these general
principles on biological pest control is complex and highly
context-dependent. Given the current policy push to
significantly reduce the use of pesticides in the EU, enhancing
biological pest control in structurally simple, productive
landscapes will become increasingly important. Improved
predictability of natural pest control, and a better understanding
of the role of increasing crop diversity can significantly
contribute to the success of this policy transition.

Floral resources and ground covers promote natural
enemies but not pest insects in apple orchards: A
global meta-analysis

Christine Judt'?, David Koranyi?, Johann G. Zaller', Petér
Batary?

"University of Natural Resources and Life Sciences Vienna
(BOKU), Department of Integrative Biology and Biodiversity
Research, Institute of Zoology, A-1180 Vienna, Austria;
%Lendllet” Landscape and Conservation Ecology, Institute of
Ecology and Botany, Centre for Ecological Research,
Alkotmany u. 2-4, 2163 Vacratot, Hungary; SForschungsinstitut
fur biologischen Landbau - FiBL Austria, Doblhoffgasse 7, 1010
Vienna, Austria

Agricultural intensification has led to a loss of biodiversity and
associated ecosystem services such as natural pest control.
Conservation biological control (CBC) addresses this problem
by providing alternative habitats and food sources for natural
enemies of pest species and/or through a general
extensification of the orchard management (e.g., reduced
agrochemical input, less disturbance). However, these
measures are rarely implemented by farmers due to the wide
range of options with inconsistent effects. We conducted
hierarchical meta-analyses to identify general patterns of local
CBC interventions in relation to (i) insect pest abundance, (ii)
natural enemy abundance, (iii) biological control, and (iv) fruit
quality in apple orchards. Across 54 studies, we found an
overall significant, positive effect of local interventions on
natural enemy abundance. Among our established intervention
categories - flower resources, ground covers, extensification -
ground covers promoted natural enemies the most, especially
predators. Furthermore, ground covers tended to reduce the
density of pest insect. Similarly, flowering components
promoted natural enemies, especially parasitoids, and showed
no negative effects on fruit quality. In contrast, extensification
of orchard management alone had no significant effect on the
abundance of natural enemies, but showed a tendency to
increase populations of pest insects and reduce fruit quality.

The role of birds and bats in the biological control of
grape pests

David Koranyi!, Sandor Zseb6k"2?, Andras Baldi!, Mattia
Brambilla®, Péter Batary'

"HUN-REN Centre For Ecological Research; 2ELTE Eotvos
Lorand University; *University of Milan

Agricultural intensification, with high agrochemical input and
landscape simplification, poses a major threat to wildlife. At the
same time, natural pest control can greatly contribute to
biodiversity conservation and agricultural production. In our
study, we examined the effects of birds and bats on grapevine
pests and their pest control service using experimental field
exclosures in 12 Hungarian vineyards, considering vineyard
management and deciduous forest proximity. We found that
insectivorous bird abundance and bat activity in spring were
positively affected by forest proximity, whereas grape eater bird
abundance and bat activity in summer showed an opposite
pattern. The abundance of canopy-dwelling arthropods
(herbivores and predators) was higher in organic vineyards
than in conventional ones, which resulted in higher leaf
herbivory and higher sentinel prey predation there. In addition,
grape plant exclusion positively affected leaf herbivory and fruit
damage, showing the biocontrol service of birds and bats.
Furthermore, leaf herbivory and fruit damage increased with
increasing abundance of leaf herbivores and moths,
respectively. Considering the functional relationships, moth
abundance decreased with higher bat activity in spring.
Ultimately, our results showcase that bats can reduce fruit
damage in vineyards by regulating grapevine moth populations,
especially at the beginning of the growing season.

Pesticide use, farming system and vegetation
management drive biodiversity and ecosystem
service provision in vineyards - insights of a meta-
analysis

Silvia Winter!, Léa Beaumelle?, Yang Chen'®'3, Maria
Comsa®, Stefan Méth', Sylvie Richart-Cervera?, Dumitrita
Dascalu®, Martin Entling®, Rafael Alcala Herrera*',
Christoph Hoffmann?®, Sebastian Kolb®, Daniela Popescu’,
Jo Marie Reiff®, Adrien Rusch? Mignon Sandor?, Pauline
Tolle?, Andreas Walzer', Daniel Paredes*"?

"University of Natural Resources and Life Sciences, Vienna,
Department of Crop Sciences, Institute of Plant Protection,
Gregor-Mendel-StraRe 33, 1180 Vienna, Austria; 2INRAE,
ISVV, Bordeaux Sciences Agro, UMR SAVE, F-33883
Villenave d’Ornon, France; *Research Station for Viticulture
and Enology, Gh. Baritiu 2, 515400 Blaj, Romania; “Department
of Environmental Protection, Estacion Experimental del Zaidin
(EEZ-CSIC), C/ Profesor Albareda 1, 18008 Granada, Spain;
5Julius Kiihn Institute, Federal Research Institute for Cultivated
Plants, Institute for Plant Protection in Fruit Crops and
Viticulture, Geilweilerhof, D-76833 Siebeldingen, Germany;
SUniversity of Kaiserslautern-Landau, iES Landau, Institute for
Environmental Sciences, Fortstrale 7, D-76829 Landau in der
Pfalz, Germany; SC Jidvei SRL, Research Department, 45
Garii Street, 517385 Jidvei Alba County, Romania; 8University
of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca,
Calea Manastur, 3-5, 400372 Cluj-Napoca, Romania; °CNRS,
Université Toulouse Ill Paul Sabatier, Toulouse, France;
"®University of Twente, Faculty of Geo-Information Science and
Earth Observation, Enschede, the Netherlands; '"Agronomy,
Maria de Maeztu Unit of Excellence (DAUCO), University of
Cordoba, Cordoba, Spain; 'University of Extremadura,
Department of Vegetal Biology, Ecology and Earth Sciences,
Badajoz, Spain; "University of Amsterdam, Human
Geography, Planning and International Development,
Amsterdam, the Netherlands

Local edaphoclimatic factors, viticultural practices, and
landscape composition significantly influence ecosystem



services and biodiversity within vineyards. Pest control by
natural enemies is a crucial ecosystem service in viticulture,
contributing to current pesticide reduction goals of the EU in
one of the most pesticide-dependent land use types.

We investigated the effects of different inter-row tillage
intensities, cover crop types, pesticide use and proportion of
semi-natural habitats on biodiversity and ecosystem services
within five European wine-growing regions. These field data
were combined with a global meta-analysis analysing the
effects of pesticide use, farming type, vegetation management
and landscape composition on biodiversity and ecosystem
service provision.

Natural pest control by predatory mites and other natural
enemies in vineyards benefited from reduced pesticide use and
spontaneous vegetation cover in the inter-rows. In organic
vineyards higher use of inorganic fungicides resulted in higher
toxicity loadings for predatory mites and other arthropods. The
global meta-analysis resulted in positive effects of vegetated
vineyard inter-rows and organic management with especially
large benefits for biodiversity and regulating ecosystem
services. In addition, biological control benefited from larger
proportions of semi-natural habitats and biodiversity from lower
proportions of agricultural land cover.

Can we predict biological pest control (and its
impacts) in agricultural landscapes?

Emily Poppenborg Martin

Justus Liebig University of Giessen, Germany

Managing agricultural landscapes to support biodiversity and
natural pest control could be a key avenue towards sustainable
and climate-resilient agriculture that works for farmers.
However, precisely how to manage these landscapes — and
how effective this will be - is unclear. | briefly review the results
of recent syntheses that show the importance of local and
landscape parameters for maintaining or enhancing arthropod
biodiversity and ecosystem services including pest control.
These include the amount of habitat and crops in farmed
landscapes, but also their compositional and configurational
heterogeneity, spatiotemporal patterns of crop rotations, and

neighbourhood effects. These studies show that these
parameters can act synergistically, and that separating species
according to dietary, dispersal and overwintering traits leads to
contrasting responses. Based on these results, | describe how
the development of archetypes formed from key combinations
of species’ traits can inform predictive models of natural pest
control potential anticipating the impacts of landscape- and
field-scale management, towards a workable ecological
intensification of agricultural production under global change.

Ecosystem multi-functionality across agricultural
landscapes: trade-offs or synergies among
ecosystem services?

Lorenzo Marini, Andree Cappelari
DAFNAE, University of Padova, Italy

Although most agricultural landscapes are principally managed
to maximize food provisioning, they can also provide a large
array of supporting and regulating ecosystem services.
Biological control, in particular, is one of the most studied
services and a large body of literature has investigated its local
and landscape drivers. However, we do not know yet whether
managing landscapes for improving biocontrol could also
generate other environmental co-benefits. Compared to crop-
dominated landscapes, heterogeneous landscapes are
expected to provide better biocontrol but also high delivery of
multiple services. Here, we empirically measured multiple
ecosystem services (plant and pollinator diversity, pest and
seed predation, and several below-ground services) in different
habitats across a landscape composition gradient and tested
for potential trade-offs and synergies between services. At the
local scale, relationships between services were complex and
often context-dependent. We found a positive correlation
between weed and pest predation in semi-natural habitats but
not within crops. High levels of weed and pest predation were
not associated with plant and pollinator diversity nor with the
delivery of other services. Synergies were generally rare.
Except for the expected positive association between plant and
pollinator diversity, we mostly observed idiosyncratic
relationships among services.



106: Non-lethal study methods in conservation biology

Why do we need to increase the prominence of non-
lethal methods in invertebrate conservation
research?

Gabor Lovei', Marco Ferrante?

'Aarhus University, Denmark; 2University of Gottingen,
Germany

In the current human-triggered biodiversity crisis, conservation
biology research has gained additional importance. The
research by conservation biologists generates public interest,
and conservation biology in general has come under increased
scrutiny. This extends to the use of public funds, the setting of
priorities, the efficiency and effectiveness of research but also
to the application of study methods. Against that changing set
of settings and expectations, conservation biologists need to re-
evaluate their methodological toolkit. This is also required in the
light of new findings about animal sentience, perception of pain,
and changing ethical awareness and attitudes. Entomological
research does not seem to be fully aware of these new
developments, and the use of destructive or harmful methods
are common. Invertebrate conservation research, if it does not
embrace non-lethal methods whenever possible, risks
alienating the public and thus undermining its own aims to
conserve vitally important components of global biodiversity.

The current and future use of non-lethal methods to
study arthropods.
Marco Ferrante'!, Gabor L Lovei?

'University of Géttingen, Germany, Germany; 2Aarhus
University, Denmark

Entomological research has traditionally relied on destructive
techniques which kills countless organisms, including beneficial
and non-target species. While ethical and effective monitoring
tools exist, they are rarely used by entomologists and do not
receive sufficient attention. Ethically acceptable entomological
research can be conducted in several ways: using techniques
that harm but do not kill the organism (e.g., mutilation), that
disrupt the activity of an organism but do not directly harm it
(e.g., live light traps), or that neither harm nor disturb the
organism (e.g., camera traps). The reuse of already dead
material (e.g., museum collections, bycatch) is also an indirect
way to decrease the kiling of arthropods. Automated
monitoring systems based on artificial intelligence are also
becoming increasingly popular and their usefulness is likely to
rapidly grow in the near future. Identifying species without
having a physical specimen available remains the biggest
challenge to overcome. However, even in cases where lethal
methods are irreplaceable, it is possible to reduce unnecessary
killing by carefully considering the necessary sample sizes and
maximising the use of bycatch. Lethal methods can also be
sidestepped if the research focuses on the effects resulting
from the activity of the species and the ecosystem services they
provide.

Radio telemetry as a tool for studying beetles’
movement

Jana Raziékova'? Zoltan Elek®*

"HUN-REN-ELTE-MTM Integrative Ecology Research Group,
Budapest, Hungary; ?Department of Systematic Zoology and
Ecology, EO6tvos Lorand University, Budapest, Hungary;
SDepartment of Biostatistics, University of Veterinary Medicine
Budapest, Budapest, Hungary; “HUN-REN-DE Anthropocene
Ecology Research Group, Debrecen, Hungary

Radio telemetry with very high-frequency transmitters is a
potential tool for investigating animal movement patterns,
widely applied to various vertebrates. However, its utilization in
large-bodied insect species is limited. Some beetles, with their
relatively large bodies, robust exoskeletons, and established

ecological backgrounds, stand out as a popular insect group for
radio-tracking. We reviewed the available literature on radio
telemetry in beetles with a focus on methodological strengths
and limitations in recording their movement as well as how this
method can assist in understanding various ecological aspects
of beetle life history. Despite the method's potential, only 13
beetle species across five families, predominantly in the
Western Palearctic region, have been tracked. Studies have
been primarily descriptive, focusing on trajectory parameters
and single-strategy movement behavior. Ecological aspects
have been accessed to a lesser extent, especially concerning
the effects of abiotic factors and habitat use. There are still
conceptual knowledge gaps: promising statistical approaches
for movement analyses can connect movement patterns with
specific habitat utilization but they are not yet used by
entomologists. Moreover, knowing the movement patterns of
many individuals and species can assist us in understanding
the composition and dynamics at the community level.

Widow spiders spin a history of climate effects on
abundance, foraging success, and reproductive
potential

Yael Lubin
Ben-Gurion University, Israel

Population declines have been recorded in many invertebrates
worldwide, but assessment often requires lethal sampling.
Nests of adult female desert widow spiders, Latrodectus
revivensis, are highly visible in the desert shrubland and
preserve a complete record of individual productivity that can
be monitored and compared over the years. During 1992-2000,
a yearly survey was conducted of L. revivensis nests in the
Negev highlands, Israel, in which abundance, foraging success
and reproductive output were assessed non-destructively. We
counted L. revivensis nests at the end of the reproductive
season and recorded the number of egg-sacs present in each.
A subset of nests was collected to analyze prey remains, and
egg-sacs were opened to count the contents (eggshells or
young). The abundance of L. revivensis declined sharply in
1994 and did not recover during the following years, yet neither
foraging success nor reproduction was affected. Causes for the
decline are discussed.

Non-invasive deep learning based technology to
predict the distribution of an invasive mosquito

Zoltan Barta', Laszl6 Zsolt Garamszegi*®, Miklés Ban',
Akos Gaspar*, Zoltan Soltész?, Kornélia Kurucz®®, Szilard
Szabd’, Attila Barta’

'"HUN-REN-DE Behavioural Ecology Research Group,
Department of Evolutionary Zoology, University of Debrecen,
Hungary; 2Centre for Ecological Research, Institute of Ecology
and Botany, Vacratét, Hungary; 3National Laboratory for Health
Security, Centre for Ecological Research, Budapest, Hungary;
“Hortobagy National Park Directorate, Debrecen, Hungary;
SFaculty of Sciences, Institute of Biology, University of Pécs,
Pécs, Hungary; ®National Laboratory of Virology, Szentagothai
Research Centre, University of Pécs, Pécs, Hungary;
"University of Debrecen, Debrecen, Hungary

Biodiversity is being lost at an unprecedented rate on Earth. As
a first step to more effectively combat this process we need
efficient methods to monitor biodiversity changes. Recent
methodological advance can provide powerful tools (e.g.
camera traps, digital acoustic recorders, satellite imagery,
social media records, citizen science) that can speed up the
collection of biological data. Apart from speed these tools also
provide non-invasive means to monitor biodiversity.
Nevertheless, the processing steps of the raw data served by
these tools are still painstakingly slow. A new computer
technology, deep learning based artificial intelligence, might,



however, help. In the first part of our talk we briefly oversee
recent technological advances in conservation biology,
highlight problems of processing their data, briefly describe
deep learning technology and show case studies of its use in
conservation biology. Then we report our preliminary results on
using deep learning to predict species distribution maps of an
invasive mosquito by satellite imagery.

Nature positive: the case of the Mediterranean monk
seal recovery in the Southern Adriatic and Northern
lonian Seas.

Sofia Bonicalza'? Emanuele Coppola’, Harriet Thatcher?
Elena Valsecchi®

'"Gruppo Foca Monaca APS, ltaly; 2University of Edinburgh;
SUniversity of Milan Bicocca

The Mediterranean monk seal (Monachus monachus) is
recovering both numbers and range, which is why it has been

recently reclassified from the IUCN Red List report as
Vulnerable instead of Endangered. Nevertheless, the species
distribution is still unclear in most of the Central and Western
Mediterranean Sea, where both species density and monitoring
efforts are very low. Based on environmental DNA monitoring
and verified sightings, we give insights into its presence in the
understudied regions of the Southern Adriatic and Norther
lonian Seas between ltaly, Albania and Greece. The study
period was from September to December 2022, which
corresponds to the monk seal peak of the reproduction period.
Results suggest a more constant and spread seal presence
than previously thought, which bodes well for the nature-
positive goal considering the seal's ecological role as a
predator. We identified seven “distinct signal clusters” and three
locations with a high probability of breeding activity that need to
be further investigated with other techniques. The study also
corroborates that eDNA can foresee or confirm seal sightings.
Overall, we highlight the need to monitor monk seal presence
in data-deficient areas and update its official distribution.



108: Sustaining forest ecosystems: exploring ecological
connectivity for biodiversity

Seed dispersal networks in regenerating forest
fragments in Brazil

Marijke van Kuijk, Robert Timmers

Utrecht University, Netherlands, The

Despite theoretical recognition of the importance of plant-
frugivore interactions for successful forest regeneration, there
are surprisingly few empirical studies of the role of these
networks in forest restoration. Across the world, old-growth
forests are rapidly disappearing while at the same time forest
recovery is increasing secondary forests, which may have the
potential to mitigate loss of biodiversity. Using the Atlantic
Forests of Brazil as a case study, we quantify the extent to
which landscape connectivity affects restoration outcomes in
terms of functional plant-frugivore relationships in forest
fragments. We studied interactions between frugivores, seeds
and fruits in 12 fragments of varying age and connectivity using
camera traps on the ground and in the tree canopies, and focal
observations. We found that fragment age did not affect seed
dispersal networks while forest cover, and thus fragment
connectivity, was highly correlated to several network metrics.
With increasing forest cover the networks’ stability and
complexity significantly increased. This has implications for
restoration efforts since natural regeneration alone might not
lead to plant-frugivore interactions recovering, especially not in
isolated fragments. More attention should be paid to connecting
forest fragments in order to restore seed dispersal processes
and thus forest functions.

Does fragmentation support plant invasions?

Marcin K. Dyderski
Institute of Dendrology,Polish Academy of Sciences, Poland

Ecosystems fragmentation is one of biggest threats for
populations and ecosystems functioning. Due to settlements
development, connectivity between natural vegetation patches
decreases, and proportion of edge zone increases. Edge zones
characterize by different resources availability and allow for
entering of species with different ecological requirements. That
way we may expect that fragmentation will make ecosystems
more vulnerable to invasion of alien plant species, providing
more source populations at the edges of natural vegetation
patches. Especially, linear open structures (e.g. roads),
connecting invaded and non-invaded sites, might increase risks
of invasion. On the other hand, invasion requires constant
supply of alien species propagules, therefore cutting their
migration routes can limit their spread. As biological invasions
are strongly context dependent here | propose conceptual
framework for assessment whether fragmentation and
connectivity can favor or inhibit plants invasions. Expected
effects of fragmentation on invasion rate can depend on
species traits, introduction history, and recipient communities.
Moreover, assessment of potential fragmentation effects
requires also predictions of habitat suitability under changing
climate, which can modify future spread of assessed species.
In this talk | propose conceptual framework for future studies
and examples of facilitation and inhibition of plant invasions
related to habitat fragmentation.

It’'s in the matrix — a less fragmented landscape
promotes both presence and abundance of
conservation relevant species.

Malin _Undin, Anita Atrena, Fredrik Carlsson, Mattias
Edman, Bengt Gunnar Jonsson, Jennie Sandstrom
Mid Sweden University, Sweden

Forestry and land-use change are leading causes of habitat
loss, degradation, and fragmentation worldwide, and in boreal
forest. To become biodiversity positive by 2030, extensive
change is needed to current forest management policy. In such
policy, landscape perspectives are often missing. Thus, we
conducted a systematic review asking: To what extent does
surrounding landscape explain stand-level occurrence of
conservation-relevant species in fragmented boreal and hemi-
boreal forest? We screened 17 587 abstracts, and identified
172 relevant studies relating stand level presence, abundance,
species richness, and/or composition of conservation relevant
species to landscape fragmentation. Conservation relevant was
defined as threatened, red listed, rare, or area sensitive; old
growth forest or dead wood dependent; an indicator, keystone,
umbrella, or flagship species. Our meta-analyses showed that
both presence and abundance was significantly higher in less
fragmented landscapes. Particularly, when fragmentation was
measured as distance to surrounding habitat for presence, and
as habitat amount for abundance. This suggests that, to
promote viability of conservation relevant species, policy must
ensure a high enough amount of habitat within a short enough
distance. These results emphasize the negative effects of the
practice of clearfeling and associated landscape
transformation that has been the norm for the last century.

Mammal-informed restoration: LDA insights in
Sarawak's oil palm landscapes

Rebekah Puttick
Newcastle University, United Kingdom

Tropical forests face severe degradation, impacting
biodiversity, climate, and society. To address this, we advocate
restoring these ecosystems. But how do we prioritize limited
restoration resources? And how can we effectively market
restoration interventions to landowners and decision makers?
Our approach uses linear discriminant analysis (LDA)
modelling and centres on mammals as connectivity indicators
to inform the spatial prioritization of restoration efforts.

Using camera traps and LDA, we spatially predict the
distribution of key large-bodied disperse mammal species
within a highly fragmented oil palm/forest landscape in
Sarawak, Malaysian Borneo. This study provides vital baseline
data to inform the restoration process, helping us understand
how species are responding to these disturbances and
assessing the potential for natural regeneration within the study
site. Furthermore, these insights provide critical information for
stakeholders on where to focus active restoration efforts to
improve landscape connectivity, whilst bridging key knowledge
gaps on how mammals respond to oil palm, human
disturbance, and landcover.

Crucially, by identifying areas where natural regeneration may
be plausible, we provide an appealing restoration pathway to
landowners with limited resources for forest restoration,
minimizing the need for costly or inappropriate interventions
such as tree planting or intensive management.



110: Supporting national and global Red List
assessments via the sRedList platform

Introducing the sRedList platform for rapid and
effective global biodiversity monitoring

Luca Santini', Victor Cazalis?, Moreno Di Marco'
'Biology and Biotechnologies "Charles Darwin", Sapienza
University, Rome, Italy; 2German Centre for Integrative
Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig D-
04103, Germany

The extinction risk of species is globally monitored by the IUCN
Red List (RL). Despite the goal to update extinction risk
assessments at least every 10 years, over 21,000 assessments
(~18% of the total) are considered outdated. The resources
needed to keep assessments up to date present a clear
sustainability challenge, and without a strategy to streamline
the assessment process, the RL risks becoming unviable.

By bringing together RL practitioners and ecological modellers
in a series of international workshops, we have designed and
developed the sRedList platform, a user-friendly web-interface
that guides assessors through a step-by-step procedure to
assess species’ extinction risk. The platform returns all key
parameters for RL assessment together with suggested RL
categories its uncertainty.

Facilitating and streamlining the assessment procedure, the
platform can reduce costs and time required to perform
assessments, therefore improving our capacity to track global
trends in the conservation status for multiple taxa. By
eliminating technical barriers that prevent assessors from using
certain data and analyses, the platform will also reduce
taxonomic inconsistencies and the number of Data Deficient
species. Overall, the sRedList platform has the potential to
underpin the viability of the RL in the future.

Time-series of terrestrial, freshwater, and intertidal
habitats to support species status assessments
and monitoring

Ruben Remelgado, Talita Amado, Carsten Meyer
iDiv (Germany Centre for Integrative Biodiversity Research),
Germany

Reliable data on different habitats’ extents and their changes
are a much-needed resource for assessing species’
conservation-status under different [IUCN Red List criteria,
especially by supporting estimations of species’ area of habitat
(AOH). We will present GIobES — global time-series for 58
terrestrial, freshwater, and intertidal ecosystem types
conforming to the Red List’s habitat classification scheme. To
achieve this thematic detail, but also sufficient mapping
accuracy and consistency for reliable AOH and AOH-change
estimations, we integrated quality-assured information derived
from >40 satellite-based and in-situ datasets (covering land
cover, land use, hydrology, climate, soil, coastal and stream
topography, etc.). Comprehensive validation against millions of
reference records show high overall accuracies and improved
habitat representations in species’ ranges compared to existing
products. The modular GlobES modelling framework is flexible
regarding specific input layers, allowing for continued
improvements, e.g., as unbiased time-series become available
for more land-cover/use classes. The first version of the time-
series will soon be published (open-access/FAIR). We will
showcase how GIlobES data can support improved AOH
mapping, and, when integrated with different types of species-
level information and covariates in sophisticated models, also
support approximations of areas of occupancy for large species
groups.

Integrating hunting pressure models into IUCN
assessments for improved Area of Habitat maps

and population size estimates of tropical
vertebrates

lago Ferreiro Arias', Luca Santini?, Ana Benitez L6pez®
"Estacién Bioldgica de Dofiana (EBD-CSIC), Spain; 2Sapienza
University of Rome, Italy; *Museo Nacional de Ciencias
Naturales (MNCN-CSIC), Spain

Hunting-induced defaunation poses an important challenge for
biodiversity monitoring in tropical ecosystems, since it goes
undetected by conventional remote sensing methods used for
tracking deforestation. This information gap introduces biases
in global conservation assessments of vertebrate species,
potentially overestimating their distribution based solely on
forest extent. To address this gap, we conducted a pantropical
evaluation of hunting impacts on tropical bird and mammal
abundance. We modelled hunting impacts using an extensive
database of abundance estimates, predictors of hunting
pressure, and biological traits that render species sensitive to
hunting, while accounting for spatial and phylogenetic
autocorrelation. We found that body mass, distance to hunter’s
access points and travel time to urban markets were the most
important predictors of hunting-induced declines of bird and
mammal abundance. Then, we used our models to identify
hotspots of defaunation at the pantropical scale for targeted
conservation interventions. Lastly, we showcase how
integrating our models in the sRedList platform will enhance
Area of Habitat (AOH) maps by excluding suitable areas that
are unlikely to be occupied. Additionally, it will enhance the
application of IUCN criteria C and D by adjusting population
size estimates based on predicted densities.

A standardized approach to estimate generation
length for amphibians and squamates

Giordano Mancini', Luca Santini’, Victor Cazalis?, Sofia
Silvestri', Shai Meiri*#, Uri Roll®, Daniel Pincheira-
Donoso®, Francesco Gentile Ficetola’, Moreno Di Marco’
"Department of Biology and Biotechnologies “Charles Darwin”,
Sapienza University of Rome, Rome, Italy; 2Conservation
Analyst for Research Application, France; *School of Zoology,
Tel Aviv University, Tel Aviv, Israel; “The Steinhardt Museum
of Natural History, Tel Aviv University, Tel Aviv, Israel; SMitrani
Department of Desert Ecology, The Jacob Blaustein Institutes
for Desert Research, Ben Gurion University, Midreshet Ben
Gurion, Israel; ®MacroBiodiversity Lab, School of Biological
Sciences, Queen's University Belfast, Belfast, UK;
"Department of Environmental Science and Policy, Universita
degli Studi di Milano, Milano, Italy

Generation length is defined as the average age of parents of
the individuals in the population, and is a key parameter to
assess species’ extinction risk using IUCN Red List criteria.
Generation length is needed to define a universally comparable
time horizon (either past or future) across different taxa over
which species’ decline is measured. Yet, the information on
generation length is still largely missing, and even among
terrestrial vertebrates, which are fully assessed in the Red List,
generation length is comprehensively available only for birds
and mammals. This lack of knowledge inevitably affects the
applicability of Red List criteria. Here, we used Generalized
Additive Models to predict the generation lengths for
squamates and amphibians based on a set of available data
such as morphological traits, reproductive traits, phylogeny and
climate. We found generation length increased with the size of
the species and decreased with warmer climate for both
groups, with snakes and Asiatic salamanders having the
longest generation length on average. Our predictions can be
used in future Red List assessments, expanding the applicable
Red List criteria to assess past as well as future projected
declines due to climate change.



Big machines for little bugs: automation of species
extinction risk assessments in hyperdiverse taxa

Vasco Veiga Branco'?, Luis Correia?, Pedro Cardoso'?
Laboratory for Integrative Biodiversity Research (LIBRe),
Finnish Museum of Natural History Luomus, University of
Helsinki; 2LASIGE and Departamento de Informatica,
Faculdade de Ciéncias, Universidade de Lisboa; 3Centre for
Ecology, Evolution and Environmental Changes (cE3c),
Department of Animal Biology & CHANGE - Global Change
and Sustainability Institute, University of Lisbon

Despite notable successful efforts in conservation policies,
there is a clear global trend of declining biodiversity. Part of this
is due to the crippling lack of information and man-power
available to conservationists, straining efforts for all but the
most popular (mostly vertebrate) species. This is reflected in
the lack of extinction risk assessments for the neglected
majority. To overcome data and analytical limitations, major
current efforts are being made using big data and machine
learning. Here we present project Asterisk, which attempts to
automate much of the process of data collection and analysis
to reach preliminary extinction risk assessments for
invertebrates. The workflow is composed of multiple
interrelated projects, including a global threat GIS database,
automated extraction of location data from unstructured text,
and extinction risk prediction using minimal data on species
distributions and the threats facing them. The full workflow is
made openly available through multiple online tools and R
packages in constant development and update. Our goal is to
multiply the pace of extinction risk assessments for the millions
of species still lacking them and this way provide the necessary

tools for the better conservation and management of
biodiversity across the world.

Extinction risk predictions for the world’s flowering
plants to support their conservation

Steven Bachman, Matilda Brown, Tarciso Leao, Eimear
Nic Lughadha, Barnaby Walker

Royal Botanic Gardens, Kew, United Kingdom

The flowering plants (Angiosperms) are a large clade of
~330,000 species. Despite global and regional efforts over
recent decades, the extinction risk of most (~70%) of these
species remains unknown. We address this shortfall in
knowledge by using the World Checklist of Vascular Plants to
generate the first comprehensive set of predictions for all
angiosperms (flowering plants).

We used Bayesian Additive Regression Trees (BART) to
predict the extinction risk of all angiosperms using predictors
relating to range size, human footprint, climate, and
evolutionary history and applied a novel approach to estimate
uncertainty of individual species level predictions.

From our model predictions we estimate 45.1% of angiosperm
species are potentially threatened with a lower bound of 44.5%
and upper bound of 45.7%.

Our species-level predictions, with associated uncertainty
estimates, do not replace full Red List assessments, but can be
used to prioritise predicted threatened species for full Red List
assessment and fast-track predicted non-threatened species
for Least Concern assessments. Our predictions and
uncertainty estimates can also guide fieldwork, inform
systematic conservation planning and support global plant
conservation efforts and targets.



113: Towards an European camera trap network for
standardized monitoring of wildlife: where we are,

what it is needed

Camera trapping in Europe: current status and
future perspectives

Francesco Rovero’, Fabiola lannarilli?

'Department of Biology, University of Florence, ltaly;
2Department of Animal Behavior, Max Planck Institute of
Animal Behavior, Germany

The development of transnational biodiversity monitoring is
recognized as a key working area by the EU’s 2030 Biodiversity
Strategy, and camera trapping is often the tool of choice for
terrestrial mammals. However, despite the widespread use of
camera trapping across the continent, efforts to build a
European network of standardized camera trapping are still
scant. We will first review the multi-faceted complexities
associated with building such a network, spanning from those
that relate to financial and institutional arrangements to the
methodological ones, which include monitoring aims, targets,
metrics, data management and sharing routines. We will then
introduce the objectives and contributions of the symposium
and provide examples of current transnational efforts and
collaborations at both global and European levels. Among the
promising European projects is Snapshot Europe, the first
standardized and coordinated initiative to monitor mammal
communities at the European scale. Every year since 2021,
volunteer researchers have collected camera-trap data on
more than 35 species at 1000+ locations spread across 22+
countries. This talk will set the context towards identifying
potential ways forward in terms of how existing and new
collaborations can be leveraged to achieve harmonized
monitoring across the continent.

SCANDCAM: challenges and lesson learned from
12 years of lynx and wildlife monitoring in
Scandinavia

John Odden’, Neri H. Thorsen', John DC. Linnell?, Tim R.
Hofmeester®

"Norwegian Institute for Nature Research, Norway; 2Inland
Norway University of Applied Sciences, Norway; *Swedish
University of Agricultural Sciences, Sweden

Monitoring of lynx Lynx lynx populations in Scandinavia is
based around unreplicated minimum counts of family groups,
i.e. adult females with dependent kittens. The number of family
groups is estimated every year based on confirmed
observations of family groups. Traditionally, observations have
been tracks from family groups in snow and dead kittens. After
experiencing milder winters and decreasing snow cover, a
large-scale network of camera traps has been used to increase
number of observations (Scandcam). As well as contributing to
lynx monitoring we are also exploring ways to utilize the bycatch
data on other species to achieve a broader ecosystem
monitoring. The last few years the project has also been a
central part of monitoring wild boars in Norway. In addition,
observations of other species are being used in research on
other species.

We will present the design and use of the Scandcam network
of camera traps and discuss challenges and lesson-learned
from over 12 years work.

Camera-trapping protocols and the potential for
large-scale and long-term monitoring programmes
llaria Greco', Marco Salvatori*2, Francesco Rovero'

'Department of Biology, University of Florence, Italy; 2MUSE —
Museo delle Scienze, Italy

Camera trapping has unmatched capability to standardize
mammalian monitoring across multiple areas. An important
sampling option relates to the placement of camera traps on
trails and forestry roads versus random. While the latter
potentially provides for estimating density and studying activity
patterns under minimum anthropogenic disturbance, the former
is more suitable to monitor both human presence and a
relatively larger pool of wildlife species, given the preference of
many species to move along trails and roads. We deployed
systematic sampling on trails and forestry roads to study the
effect of humans’ outdoor recreation as a potential source of
disturbance on wildlife. We targeted four protected areas in Italy
and found that the mammalian meta-community consistently
increased nocturnality in response to human passage, with
effects mediated by species body mass. In one of the study
areas, we monitored over 7 years and estimated occupancy
trends both at community- and single-species level: mammals’
occurrence increased over the years in spite of increasing
human frequentation, although species tended to temporally
avoid humans. The protocol we adopted appears suitable to
monitor wildlife populations and communities, and assess their
vulnerability to anthropogenic threats, with promising results for
broader replication at national and trans-boundary scales.

Combining camera-trap data sets across large
spatial scales: challenges and solutions

Rahel Sollmann
Leibniz Institute for Zoo and Wildlife Research, Germany

Combining camera-trap datasets holds promises for large-
scale wildlife monitoring, but also comes with challenges. Here,
| provide an overview of common challenges in programs that
rely on combining data from multiple surveys, and how some of
them can be addressed.

First, full standardization of sampling is rarely possible, causing
variation across datasets in the spatial extent and resolution of
data. Different camera models and setup strategies further
affect the data collected. Many of these issues can be
addressed by hierarchical models, which can account for the
nested data structure, variation in sampling-related parameters,
and differences in camera spacing.

Second, focusing on large-scale spatially representative
sampling, these programs risk ignoring representative sampling
at the local scale, where sampling may be biased towards more
easily accessible areas. This may have implications for
inference on wildlife communities and requires careful
interpretation of results.

Finally, for data analysis large-scale programs frequently use
an occupancy framework, as it allows accounting for imperfect
species detection. Estimates of occupancy from point-based
sampling in continuous habitat, however, are affected by
population density and movement behavior and may not be
readily comparable across surveys. This issue has received
little attention from the camera-trap and statistical modeling
communities.

Camtrap DP: enabling local-to-global scale data
interoperability among camera trapping data
producers and users

Jakub Witold Bubnicki'?, Peter Desmet®

"Mammal Research Institute, Polish Academy of Sciences,
Biatowieza, Poland; ?Open Science Conservation Fund,
Biatowieza, Poland; ®Research Institute for Nature and Forest
(INBO), Brussels, Belgium




Camera trapping has revolutionized wildlife ecology and
conservation by automating data acquisition and generating
massive amounts of camera trap data worldwide. However, the
management and exchange of this data remain limited,
hindering its full potential. To address this, a new data
exchange format called Camera Trap Data Package (Camtrap
DP) has been developed. Camtrap DP is based on a simple yet
flexible data model, allowing users to easily exchange,
harmonize, and archive camera trap data at various scales. It
supports different camera deployment designs, classification
techniques, and analytical use cases, ranging from compiling
species occurrence data to distribution, occupancy, activity
modeling, and density estimation. The format builds upon
existing standards and is developed openly, collaboratively,
and with version control from the start. Camtrap DP aims to
enable large-scale data interoperability among camera trapping
data producers and users, facilitating integration with other
biodiversity data sources like GBIF. It also promotes the
development of standardized data processing pipelines and the
application of Al methods for automatic image recognition and
data analysis. By harmonizing camera trap data from large-
scale distributed networks, Camtrap DP harnesses the
collective power of researchers and conservationists for more
effective wildlife monitoring and conservation efforts.

Triggering a change: perspectives for collaborative
science, conservation and policy based on camera
trapping

Francesca Cagnacci

Fondazione Edmund Mach, Italy

Camera trapping biodiversity monitoring is advanced and
broadly deployed worldwide, from a sheer diversity of entities,
including research institutions, protected areas, wildlife offices,
hunters, and citizens, and for a moltitude of reasons, from base
research, to nature enjoyment. Often, camera trapping happens
in the context of collective data collection or collaborative
initiatives. This huge interest and wealth of data poses a lot of
opportunities and some challenges. The recent advances in
data standardisation protocols offer the technical possibility to
archive camera trapping data in standard way and to
communicate outputs between streams of data. Yet, this
technical possibility is not paralleled by the emergence of a
common 'space' where the different entities and projects are
able to easily 'find' themselves, identifying their common
purposes or specific objectives, and optimise both data
collection and sharing of outputs. As a consequence, ability of
camera trapping excercises to direct policy has been so far
limited. | discuss these points and possible avenues ahead.



114: Biodiversity loss and zoonotic disease risk:
Exploring One Health linkages and synergies in

conservation

Environmental aspects of zoonotic disease
emergence: opportunities and risks for biodiversity
conservation

Moreno Di Marco, Andrea Tonelli, Lara Marcolin, Hubert
Cheung

Dept of Biologies and Biotechnologies Charles Darwin,
Sapienza University of Rome, Italy

Environmental change determines biodiversity loss and alters
the natural dynamics of pathogen transmission within
ecosystems, posing challenges to human and ecosystem
health. About half of human infectious diseases which emerged
in recent decades originated from wildlife, and many were
triggered by the same pressures that determined rapid
biodiversity loss (land-use change, wildlife trade, forest loss
and degradation). The One Health approach has been
promoted in response to this dual crisis, as a conceptual
framework that recognizes the interconnected and
interdependent nature of human, animal, and environmental
health. These linkages are also recognised in the Kunming-
Montreal Global Biodiversity Framework, under Target 11
“restore, maintain and enhance [...] ecosystem functions and
services, such as [...] reduction of disease risk”. Yet, despite
increased interest in One Health science and policy,
biodiversity-related aspects of zoonotic disease risk remain
poorly integrated into epidemic preparedness plans.
Conservation science can play an important role in facilitating
this integration. This talk will introduce several of the topics
discussed during the symposium such as the role of ecological
modelling in zoonotic preparedness plans, the impact of
biodiversity loss on ecosystem function, the role of ecosystem
integrity, and the analysis of social factors associated with
wildlife consumption.

Comparison of three approaches to wildlife
vaccination and working with farmers to tackle a
major livestock disease in the UK

Henry Michael James Grub'?3, Caroline Howe', Rosie
Woodroffe?

'Centre for Environmental Policy, Imperial College London;
2Institute of Zoology, Zoological Society of London; 3Grantham
Institute, Imperial College London

Bovine tuberculosis (bTB) is a major disease affecting
livestock, especially cattle, across Europe, but prominently in
the UK and Ireland. The European badger (Meles meles) is a
known wildlife host of this disease, and transmission occurs
between badgers and cattle and vice versa. Recently, badger
vaccination has been used to reduce disease incidence, and
protect landscape biodiversity as an alternative to badger
culling. Badger vaccination schemes require the permission
and buy-in of farmers, and this research compares the
approaches of schemes in England. We show that famers’
different motivations have an effect on how they are likely to
view the success of schemes, and how they want schemes to
be carried out. We show that the role of conservation groups to
help carry out vaccination can be complex, with farmers either
preferring this approach, or actively shying away from i,
depending on contextual factors. Scheme monitoring is also of
crucial importance: monitoring badger bTB is resource-
intensive, but we show farmers are unlikely to be satisfied with
schemes without conclusive empirical evidence the scheme is
working. This research draws several important conclusions for
how conservation can work with farming communities to
undertake mutually beneficial action that preserves farm
biodiversity.

Identifying global hotspots of mammal-borne
viruses of high public health priority

Andrea Tonelli', Marcus Blagrove?, Maya Wardeh?,
Moreno Di Marco'

'Sapienza University of Rome, Italy; 2University of Liverpool,
UK

Zoonotic outbreaks in recent decades have highlighted viruses
as a group of pathogens with remarkable epidemic and
pandemic potential. Among these, mammal-borne viral
zoonoses have been recognised as a major threath for public
health and targeted by surveillance strategies for zoonotic risk
prevention. Still, the full spectrum of reservoir hosts of many
viruses of primary public health concern remains severely
underestimated. Here, we implemented a trait-based predictive
pipeline to predict currently unknown wild mammals that may
serve as reservoirs of high-risk viral zoonoses that require
priority research attention according to the World Health
Organisation (WHO)'s blueprint of infectious diseases. Using
trait similarity and phylogenetic proximity with known virus-
seropositive or virological-positive reservoir species, we
predicted unrecognised viral reservoirs and mapped their
geographical distribution to identify neglected hotspots of
mammal-associated viral hazard at the global scale. We show
that the overall diversity of viral reservoirs is currently
underestimated in mammals, with direct implications for the
establishment of critical control points for spillover prevention
at the human-wildlife interface. We anticipate that our results
will support the identification of shared targets between
biodiversity conservation and zoonotic spillover prevention
under a One Health approach.

An ecological approach to the assessment of
zoonotic risk exposure

Elena Catucci, Andrea Tonelli, Lara Marcolin, Moreno Di
Marco

Sapienza University of Rome, Italy

The One Health approach accounts for the inextricable
connection between environmental and human health.
However, human-induced environmental change can severely
alter this critical connection, leading to undesired outcomes,
such as increased risk of zoonotic disease emergence. Such
emergence is influenced by several processes which occur at
different scales and levels, making it highly challenging to
determine . As a matter of fact, the ecological dynamics relating
environmental changes, especially the human-induces ones, to
the zoonotic risk remain unexplored. Therefore, we align spatial
information on anthropogenic factors influencing natural
ecosystems with environmental correlates of spillover risk, to
draw a standardized framework for modeling human exposure
to zoonotic disease emergence. We combine multiple drivers
of human exposure to zoonotic viral spillover through machine
learning approaches, which allow to account for non-linear and
non-intuitive relationships between the predictive variables and
the response one. Our framework could represent a useful
approach for analyzing, and potentially mitigating, the risk from
emerging zoonotic diseases. Moreover, when coupled with the
data on the costs for zoonotic disease monitoring, our
outcomes could help decision-makers defining effective
monitoring strategies and management actions.



Testing associations between West Nile Virus
circulation in Culex mosquitoes and avian
biodiversity in Emilia-Romagna, Italy

Yiran Wang', Mattia Calzolari?, Giampiero Calvi®, Giovanni
Marini4, llaria Dorigatti’

"MRC Centre for Global Infectious Disease Analysis, School
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Bianchi, 9-25124 Brescia, Italy; *Studio Pteryx, Basiano, Italy;
“Epilab-Joint Research Unit, Fondazione Edmund Mach-
Fondazione Bruno Kessler Joint Research Unit, Trento, Italy

Background:

West Nile Virus (WNV) is a zoonotic arbovirus that is
maintained in a transmission circle between Culex mosquitoes
and birds, and occasionally spills over into the human host.
Current knowledge of the link between WNV circulation and
avian biodiversity has been inconsistent, with dilution effects
(negative correlations) and amplification effects (positive
correlations) observed in different parts of the world. However,
this relationship remains largely unexplored in European
countries including regions with high WNV circulation, such as
Emilia-Romagna in Italy.

Method:

We explored the statistical association between WNV
circulation from mosquito surveillance data collected in Emilia-
Romagna (Italy) from 2013 to 2018 and observed avian
biodiversity data collected in the region during the study period
as part of the MITO 2000 project. Regression models were
employed to test the association between multiple measures of
WNV circulation and of avian biodiversity, including
presence/absence and relative species abundance in
combination with climate and environmental data.

Significance:

This study has the potential to unveil local effects of avian
biodiversity on WNV transmission, which can inform
surveillance programmes as well as policies integrating
biodiversity protection into public health planning for WNV
prevention in Emilia-Romagna and beyond.

Prototypical epidemiological modelling of Disease
X infections spreading along different
environmental pathways

Renato Casagrandi'?, Lorenzo Mari'?, Davide Bogani'
'Department of Electronics, Information and Bioengineering,
Politecnico di Milano, Italy; 2National Biodiversity Future
Center

One side of preparing to the probability, rather than the
possibility, of a next pandemic caused by a still unknown
"Disease X" is to pre-allocate funds for vaccines or design
pandemic treaties, as recently discussed at the World
Economic Forum. Another side consists in projecting plausible
scenarios of disease transmission, based on (i) information
about pathogens' emergence risk, and (ii) the combined
modelling of credible local-scale dynamics with data-driven,
large-scale diffusion mechanisms. Here we first identify a
taxonomy of prototypical epidemiological models that could
promisingly describe infections of Disease X, which is expected
to come out of the WHO Blueprint list of priority diseases. This
includes zoonotic viruses spilled over from animals but then
circulating mainly in humans (e.g. SARS), carried by vectors
(e.g. Zika), or co-circulating in humans and animals (e.g. RVF).
Depending upon their major environmental transmission
pathways, we then discuss the relevant modelling approaches
to anticipate possible geographies of pandemic spread, as
potentially emerging from the diversified connectivity networks
between communities (e.g. air flights vs cars vs cargos). We
finally discuss the advantages of building an intermediate-
complexity framework to hierarchically model the spread of
"Disease X" at different spatiotemporal scales.

Improving wildlife trade governance and reducing
spillover risk go hand-in-hand

Hubert Cheung
Sapienza University of Rome, Italy; The University of Tokyo,
Japan; Northern Arizona University, USA

The COVID-19 pandemic placed the linkages between wildlife
trade and human health in the global spotlight. Its human toll
and socioeconomic costs have been devastating, and its
impacts will stretch into the future. Various factors associated
with wildlife trade can influence the chain of events that align to
result in zoonotic spillover. The pandemic has prompted urgent
policy and regulatory action to reduce the risks of future
spillover events and pandemics. Strengthening the regulatory
measures for wildlife trade has been central to policy response
discussions; measures like sweeping bans on wildlife trade and
banning specific species for human consumption have been
proposed and discussed. However, it is important to recognize
that wildlife trade is diverse, complex, and important for the
livelihoods and sociocultural identity of people and communities
around the world. Established governance principles should
guide policy-making aimed at reducing the risk of future
spillover events and pandemics stemming from the wildlife
trade. This will help ensure that solutions are equitable,
responsive, robust, and effective. Incorporating these principles
will support the development of context specific, culturally
sensitive, and inclusive responses that recognize the
complexity of disease emergence and of the socio-ecological
systems in which wildlife trade occurs.

Exploring the link between habitat richness and
tick-borne encephalitis risk in Europe.

Valentina Tagliapietra'?, Francesca Dagostin"2, Giovanni
Marini'?, Giulia Ferrari'?, Marco Cervellini**, William
Wint®, Neil Alexander®, Maria Grazia Zuccali®, Silvia
Molinaro®, Nahuel Fiorito?, Timothee Dub®, Duccio
Rocchini*®, Annapaola Rizzoli'?

'Fondazione Edmund Mach, Italy; 2NBFC, National
Biodiversity Future Center, Palermo, Italy; *BIOME Lab,
Department of Biological, Geological and Environmental
Sciences, Alma Mater Studiorum University of Bologna,
Bologna, Italy; “School of Biosciences and Veterinary
Medicine, Plant Diversity and Ecosystems Management Unit,
University of Camerino, Italy; SEnvironmental Research Group
Oxford Ltd, c/o Dept Biology, Oxford, United Kingdom;
8Azienda Provinciale Servizi Sanitari, Trento, Italy; “Unita
Locale Socio Sanitaria Dolomiti, Belluno, Italy; 8Department of
Health Security, Finnish Institute for Health and Welfare,
Helsinki, Finland; °Department of Spatial Sciences, Faculty of
Environmental Sciences, Czech University of Life , Czech
Republic

Background: The transmission of Tick-borne encephalitis (TBE)
virus, a severe human neurological infection (TBE), is governed
by complex interactions between ticks and hosts, closely
related with habitat features. No efforts have yet been made to
explore the relationship between biodiversity and TBE risk,
probably due to the scarcity of large-scale hosts density data.
Here, we considered habitat richness as a proxy for biodiversity
to explore its connection with TBE risk in Europe.

Methods: We applied binomial regression to model the
relationship between the habitat richness index (HRI) and the
distribution of TBE cases across Europe. We validated our
findings at local scale using municipality data collected in
Trento and Belluno provinces, in northern Italy.

Findings: Our results showed a significant parabolic effect of
HRI on the presence of human TBE cases in Europe, and a
significant negative effect on the local presence of TBE in
northern ltaly. At both spatial scales, TBE risk decreases in
areas with higher values of HRI.



Interpretation: Our findings suggest that in highly diverse
habitats TBE risk decreases, and that biodiversity loss could
enhance disease risk for both humans and wildlife.

Ecosystem integrity and the risk of emerging
zoonotic diseases
Lara Marcolin, Andrea Tonelli, Moreno Di Marco

Department of Biology and Biotechnologies “Charles Darwin”,
Sapienza University of Rome, Rome, Italy

Anthropogenic  pressures have increasingly disrupted
ecosystems’ integrity worldwide, jeopardizing their capacity to
provide essential contributions to human well-being. Recently,
the role of natural ecosystems in reducing disease emergence
risk has gained prominence in decision-making processes, as
a growing body of scientific evidence indicates that human-
driven pressure, such as habitat destruction and deforestation,
can trigger the emergence of zoonotic infectious diseases.
However, the intricate relationship between biodiversity and
emerging infectious diseases (EIDs) remains only partially
understood. Here, we analyse the relationship between EIDs of
wildlife origin (zoonoses) and various facets of ecological
integrity. We found EID risk was strongly predicted by integrity
metrics such as human footprint and ecoregion intactness, in
addition to well-known risk correlates such as tropical rainforest
density and mammal species richness. EID events were more
likely to occur in areas with intermediate levels of compositional
and structural integrity, underscoring the risk posed by human
encroachment into pristine, undisturbed lands. This study
highlights the need to identify novel indicators and targets that
can effectively address EID risk alongside other pressing global
challenges in sustainable development, ultimately informing
strategies for preserving both human and environmental health.

Tick bite risk and mammal and bird specices
diveristy; disease ecology in a host species poor
area of Europe

Riona Walsh'?, Mike Gormally', Caitriona Carlin’,
Christopher Williams?

"University of Galway; ?Atlantic Technological University,
Sligo; 3Liverpool John Moores University

Lyme borreliosis (LB) is a zoonotic disease caused by bacteria
of the Borrelia burgorferi sl. complex. This pathogen is vectored
by ticks, with Ixodes ricinus being the main vector in Europe.
LB is endemic in many regions throughout the world, and is the
most prevalent vector-borne disease affecting humans in
Europe.

The disease is transmitted to humans via parasitism by an
infected tick. Tick abundance in an area is an important
predictor of tick bite risk. However, ticks also parasitise a wide
range of other mammalian, avian, and reptilian hosts, and
previous studies throughout the United States and Europe have
identified varying relationships between vertebrate host species
richness, tick abundance, and LB risk. These varying
relationships can be explained by variability in the pathogen,
vector, and vertebrate host species between LB endemic
regions, resulting in differing disease ecology between regions.

The current study presents data collected over three years, in
tick habitats in Ireland, answering questions on the relationship
between vertebrate host species richness and tick bite risk to
humans in a host-species poor region of the European LB
disease ecosystem. The findings from this study can inform a
One Health approach to LB risk and vertebrate biodiversity
conservation.



119: Birds and renewables: from movement data to
management and conservation actions

How can movement ecology help assess and
prevent impacts of renewables?

Jodo Paulo Silva, Ana Teresa Marques
BIOPOLIS-CIBIO / Universidade do Porto, Portugal

Careful planning for renewable infrastructure is necessary to
mitigate significant impacts on animal wildlife, especially when
focusing on preventing mortality, habitat loss, and barrier
effects. Importantly, evaluating the cumulative effects arising
from multiple projects, including powerlines and renewables, is
crucial for assessing the overall impacts comprehensively.

Previous methods addressing ecological aspects relevant for
impact assessment, such as animal mortality risk and habitat
loss, faced limitations including inadequate temporal and
spatial resolution and susceptibility to successive bias arising
from correction factors. With the advent of the technological
revolution, movement ecology has emerged as a critically
important field in science. The increased affordability of
technology has facilitated the acquisition of larger datasets,
more representative of populations, thereby enhancing our
understanding of animal ecology and behaviour.

With this presentation, we will explore how movement ecology
has been applied to address pressing issues regarding energy
projects. We will demonstrate its use in enhancing the
understanding of the effects of these infrastructures, such as
estimating mortality caused by collisions with power lines and
the avoidance behavior next to wind turbines. Additionally, we
will highlight its role in supporting mitigation efforts, including
the development of high-resolution collision risk maps to predict
areas with high hazard risk.

From animal GPS-tracking to predictive maps:
Guiding spatial planning for renewable
infrastructures

Ana Teresa Marques', Francesco Valerio', Tiago Crispim-
Mendes?, Jodo Gameiro', Ricardo Pita?, Sérgio Godinho3,
Maria Jesus Palacios*, Angel Sanchez*, Joao Paulo Silva'
'CIBIO/ BIOPOLIS University of Porto, Portugal; MED &
CHANGE, University of Evora, Portugal; *EaRSLab, University
of Evora, Portugal; “Direccion General de Sostenibilidad,
Junta de Extremadura, Spain

The strategic spatial planning of new renewable energy
infrastructures is crucial to prevent potential impacts on wildlife.
Best practice usually recommends the development of
systematic conservation planning to prevent the establishment
of new industries in ecologically significant areas, and to
support governments’ licensing frameworks. However, this
becomes especially challenging when dealing with species
whose home ranges shift seasonally and are not entirely
confined within specific boundaries.

Data from animal GPS-tracking studies have high spatial and
temporal resolution, providing detailed information about
species occurrence throughout the annual cycle. Such data,
when integrated with high spatiotemporal resolution
environmental data from remote sensing, have the potential for
accurately predict species distribution across seasons.

In this presentation, we will showcase the use of high-resolution
animal GPS-tracking data and remote sensing environmental
data to identify priority areas for species with marked seasonal
shifts in their ecological requirements. We use steppe birds in
the Iberian Peninsula as an example, as their distribution
greatly overlaps with areas of high potential for renewable
energy, especially in relation to solar farms. Mapping the fine-
scale habitat suitability of steppe birds across their seasonal
phenology, provides a crucial tool for mitigating potential
conflicts between renewable energy development and wildlife
conservation.

Predicting and mapping hotspots of bird collision
risk with energy infrastruture across Europe and
Northern Africa

Aldina M A Franco’, Jethro G Gauld', Phil W Atkinson?,
Joao Paulo Silva®

"University of East Anglia; British Trust for Ornithology;
3Cibio, University of Porto

Bird mortality through collision or electrocution is expected to
rise in the next few decades due to an increasing need for
energy infrastructure associated with the transition to
renewable energy sources. Hence, the identification of collision
high-vulnerability areas and associated mitigation and
avoidance strategies is urgently needed to minimize the
impacts of a zero-carbon energy society. We use GPS location
data from species susceptible to collision within Europe and
North Africa to identify where birds are most at risk of colliding
with existing energy infrastructure and to determine which
environmental variables affect bird flight height and collision
risk. The environmental variables used included land use,
weather and uplift. Vulnerability to collision was obtained by
overlaying model outputs with density of wind turbines and
transmission power lines. Sensitive areas were concentrated
within important migratory corridors and along coastlines but
there were high sensitivity areas scattered across Europe and
Northern Africa. We map vulnerability hotspots where building
new energy infrastructure should be avoided and where
mitigation with existing infrastructure should be prioritised to
reduce collision risks.

Tracking the skies: Quantifying the spatio-temporal
dynamics of vulture survival in Europe

Andrea Santangeli, Ana Sanz-Aguilar, Giacomo Tavecchia
IMEDEA-CSIC-UIB, Spain

Understanding the extent of animal mortality, the where and
when mortality occurs, is paramount to implement effective
conservation actions and secure the persistence of animal
populations. Unfortunately, so far our understanding of animal
survival (the inverse of mortality) is very limited, even for well-
studied species such as vultures. We integrate individual high-
resolution GPS tracking data with detailed life-history
information to quantify the survival of three European vultures
(Griffon, Cinereous and Bearded vulture) across the entire
Europe. The study included >1400 vulture individuals across
the three species. The survival model accounted for the GPS
tag failure and allowed to estimate survival separately for
juvenile, immature and adult birds. Adult and immature annual
survival for the three species were high (> 0.93 and > 0.90,
respectively) and consistent across species and populations
(e.g., from West and East Europe, or the Middle East). Survival
of juveniles was also relatively high (generally > 0.85) but with
high variation across species and populations, being lowest for
griffon vultures in Western Europe. Collectively, these findings
are indicative of healthy European vulture populations (of the
three species studied), and highlight the positive impact of
recent decades intensive conservation efforts.

Characterising the impacts of renewable energy on
animal movement

Eneko Arrondo’, Juan Manuel Pérez Garcia?, Guillermo
Fandos®



'Universidad de Granada, Spain; 2Universidad Miguel
Hernandez. Elche, Spain; 3Universidad Complutense de
Madrid, Spain

Installing renewable energies necessary for the energy
transition will inevitably lead to the almost immediate
emergence of anthropic structures (e.g. wind turbines, solar
panels, dams, etc.) worldwide. The development of these
structures has a straightforward impact on wildlife, which is the
subject of countless studies. However, their secondary effects
on more general natural processes, such as animal movement,
are rarely analysed, even though movement plays a central role
in evolutionary biology, ecology, and conservation. Therefore, if
the massive installation of renewable energies becomes a

barrier to animal movement, it may trigger unpredictable
ecological effects from individuals to ecosystems. We have
conducted a quantitative review on the impacts of renewable
energies on animal movement to summarise and synthesise the
current knowledge explicitly. Specifically, we have analysed the
effects of different technologies (e.g. solar, wind, hydro-etc) in
the determinants of animal movement (How, why, when and
where the movement occurs), whether it affects movement at
different scales, and whether any biases persist in terms of
regions, taxonomic group and renewable energy type. Here, we
show some preliminary results based on the data obtained for
birds, discuss some of their conservation implications, and
highlight the need for information where it could be improved.



120: Laying the groundwork for fungal conservation

Ivestigating the fungal community of the very old.
Can ancient Kelos act as life boats for those thougt
to be lost?

Fredrik Carlsson', Bengt Gunnar Jonsson', Anders
Dahlberg?, Mattias Edman’

"Mid Sweden University, Sweden; 2Swedish Uninversity of
Agricultural Sciences Uppsala, Sweden

In this study we are investigating old standing dead pines also
called Kelos. These trees has a unique chemichal profile and
can remain standing several hundred years after death. Within
residies a fungal community of which, so far little is known.
These substrates has been colonized sequencially anually
since time of death and we hypothesise that mycelial
constituents can still be found originating from these
colonizations. Combining dendrochronolgy and NG-
sequencing we will be able to tie fungal community structure to
substrate age. Will these really old substrates contain species
now scarse or even lost in the post industrial landscape? Is it
possible that Kelos are a sanctuary from which rare species
may yet emerge. On ECCB we will present the first dataset in
this new research project.

When all else fails: reintroduction to conserve red-
listed fungi

Joette Crosier
University of Helsinki / Natural Resources Institute Finland,
Finland

In the face of mass extinction, wood-decay fungi is one group
of species under serious threat. Since the normal ways
(protection of forest areas and leaving dead wood in managed
forests) do not seem to help all of these critical species alone,
we need complementary methods to save them. Inoculation
and translocation of native fungi is still a rare, but very
interesting approach to develop as a method for the
conservation of threatened fungi, especially in areas where
other methods do not seem to be efficient enough.

Thus, my research investigates novel approaches to the
cultivation and reintroduction of rare and endangered fungi both
in laboratory phases and on logs, ex situ. The lack of
established methods is one reason why fungi are greatly
underrepresented in conservation, despite being key
organisms in a healthy ecosystem. In this talk | will discuss
various tested cultivation techniques and the process of
inoculating threatened fungi on dead pines, spruces, aspens,
and willows in eight forest areas in Finland and Sweden. | will
further provide context around the appropriateness of choosing
such an approach.

Mapping and protecting the world’s mycorrhizal
fungi: a hidden link between biodiversity protection
and carbon drawdown

Bethan Manley', Michael Van Nuland', Adriana Corrales’,
Justin Stewart'?, Toby Kiers'?

"Society for the Protection of Underground Networks (SPUN),
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Section Ecology & Evolution, Vrije Universiteit Amsterdam,
Amsterdam, the Netherlands

SPUN is a scientific research organization that maps
mycorrhizal fungal communities and advocates for their
protection. Mycorrhizal networks regulate the Earth’s climate
and ecosystems, yet they are not considered in current
conservation and climate agendas. SPUN aims to change this
by working with local communities and global researchers to
create open-source maps of the planet’s fungal networks. We
use large datasets and machine learning models to predict
where there are hotspots of mycorrhizal diversity, and where
they are most at risk. We aim to track the responses of
mycorrhizal communities to climate change, and understand
their contributions to biodiversity and ecosystem functions so
that mycorrhizal fungi can be considered in restoration and
conservation decisions.

Fungi in gardens: enhancing ecological corridors
and public awareness

Lorin von Longo-Liebenstein

Mushroom Agent, Finland

Gardens are an important way for many people to connect with
nature even though modern gardens often are mostly far from
a natural habitat.

In the UK an estimated 27 million people enjoy gardening as a
hobby and a garden report found that 87% of adults with a
garden want to attract more wildlife into their garden.

In the USA alone there are an estimated 16-20 million hectares
of lawn . Maintaining those yards consumes nearly 11 ftrillion
liters of water, 2,6 million kilograms of pesticides and 11 billion
liters of gasoline annually. In rural communities in the global
north, gardens are often the only green corridors between
fragmented natural spaces, making gardens an important
landscape for wildlife. Fungi play a major role in the health of a
garden and its biodiversity but traditionally, fungi have often only
been seen as a pest and issue for gardeners. An increased
interest for fungi in the mainstream and a better understanding
of the public about biodiversity offers a chance to invite fungi
into gardens. This presentation will give an overview on the best
ways to implement fungi into gardens and to increase the
overall biodiversity and resilience of gardens.



121: The use of online digital data to advance invasion

science

Do we pay enough attention to costly invasive alien
species?
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Invasive alien species (IAS) are an important driver of
biodiversity loss worldwide. Their widespread detrimental
ecological impacts contribute to important economic impacts,
associated with damage and management costs. Despite this,
the general public is less aware of biological invasions
compared to other drivers of global change. Public perceptions
of IAS may be linked to how much they are incorporated into
the conservation discourse. Here, we utilized a conservation
culturomics approach to analyze human-nature interactions
manifested in large digital databases, improving our
understanding of IAS salience and highlighting avenues for
conservation communication and decision-making regarding
IAS. We investigated the relationships between costs incurred
by tetrapod IAS (mammals, birds, reptiles, and amphibians) in
Europe and their internet salience. We hypothesized that IAS
with higher costs would have higher salience, suggesting that
conservation communication about |AS costs has been
effective in raising popular interest. To test this, we used the
InvaCost database to extract IAS management and damage
costs, and quantified their salience using Google Health
internet search volumes and Wikipedia visitation rates in each
of the countries where they occur. This method has much
promise in contributing toward our understanding of how
conservation communication may influence issue salience and
subsequent policies.

Where is Wally? The search for the invasive plant
Cortaderia selloana on citizen-science and social
media images!
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Artificial intelligence techniques, and specifically deep learning,
have advanced and empowered the content analysis of digital
data, opening promising opportunities for detecting, mapping,
and monitoring invasive alien species. In this study, we tested

the ability of openly available classification and object detection
models (i.e., convolutional neural networks: CNNs) to identify
and map the invasive plant Cortaderia selloana (pampas grass)
in mainland Portugal. CNNs were trained over citizen science
images and then applied to social media content (from Flickr,
X/Twitter, Instagram, and Facebook), allowing to classify or
detect the species in over 77% of situations. Images where the
species was correctly identified were mapped, using their
georeferenced coordinates and time stamp (whenever
available), showing previously unreported occurrences of
Cortaderia selloana, and a tendency for the species expansion
from 2019 to 2021. This study shows great potential from deep
learning models, citizen science and social media data for the
early detection, mapping, and monitoring of invasive plants,
and, by extension, for supporting follow-up management
options.

Human dimensions of biological invasions: novel
research opportunities

Ivan Jaric'?, Ana Novoa®, Pavel Pipek®*, Petr Pysek®*
"Universite Paris-Saclay, CNRS, AgroParisTech, Ecologie
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Invasive alien species negatively impact ecosystems,
biodiversity, human societies, and economies. To prevent
future invasions, it is crucial to understand both the ecological
and the human and social factors determining whether a
species is picked up, transported and introduced beyond their
native range. However, we often have no or little information on
key human and social factors. Here, we present a conceptual
framework exploring how alien species introductions are
shaped by a combination of ecological, and human and social
factors, and highlight the potential of the emerging fields of
conservation culturomics and iEcology for disentangling their
relative importance. We argue that quantifying and assessing
the relative importance of the human and social dimensions of
alien species introductions can substantially improve our
understanding of the invasion process.

Secondary Data: an untapped Treasure for Invasion
Biology
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Understanding patterns and drivers of ecological and biological
phenomena at different scales, such as biological invasions,
increasingly depends on collecting comprehensive data and
making the best use of existing data. The proposed talk will
address the concept of secondary data, which refers to
additional information that is unintentionally captured in species
records, especially in multimedia citizen science reports.
Secondary data can provide ecologically relevant information
that improves our understanding of interactions between native
and alien organisms and their impact on biodiversity dynamics.
We present the possibilities offered by secondary data,
describe their main types and sources and give an overview of
selected case studies in invasion biology. Finally, challenges to
the wider use of secondary data, including biases, licensing
issues, and a lack of awareness of this data source due to a
lack of common language, are also discussed, along with
possible solutions to overcome these barriers.

Time series of societal attention and perception
during the invasion process based on recent
introductions in the Iberian Peninsula

Rubén Rabaneda Bueno', lvan Jaric? Pavel Pipek®, Ana
Novoa3, Maria Loreto Castillo®, Petr Py$ek?®, Valerio
Sbragaglia®, Allan T. Souza®, César Capinha¥, Gabriel H.O.
Caetano?, Shawan Chowdhury’, Josh A. Firthé, Hanno
Seebens?®, Bronwen Hunter'®

"Biology Centre of the Czech Academy of Sciences, Czech
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Social networks can provide relevant information about the
process of biological invasion, as users can share information
about the invading species in real time, and societal
perceptions of the invading species can provide valuable
information about the risks of invasion, such as the likelihood of
intentional introduction or potential management support or
opposition. The use of historical data in time series analyses
could be very helpful in predicting and providing early warning
of an impending invasion. Here we use digital data to explore
possible relationships between the societal interest that species
elicit at different stages of invasion and the outcome of the
invasion process. We also explore the identification of specific
traits or keywords that characterise different levels of invasion
risk and different invasion scenarios, and hypothesise that
references to the species vary according to invasion stage. We
observed a greater correspondence between the event of first
discovery at a site and public interest raised prior to this event,
with peaks indicating that awareness increases when the
species is in the early stages of its invasion process. This study
shows that culturomics data can be used to some extent to
predict the risk of a species invading a new habitat.

Spatial-temporal patterns of public attention to
invasive alien species across an invasion front: a
case study from the Mediterranean Sea

Lara Fazzari', Reut Vardi?, lvan Jaric®, Ricardo Correia*,
Valerio Sbragaglia'

"Institute of Marine Sciences, Spain; 2Tel Aviv University,
Israel; *Université Paris-Saclay, France; “University of Turku,
Finland

Biological invasions are considered one of the major threats to
biodiversity, having ecological as well as socio-economic
effects, frequently with negative impacts. To achieve effective
conservation measures, understanding societal interest in
invasive alien species is crucial since greater public attention
can help mobilise conservation efforts, investments and
success. One of the main challenges in monitoring societal
interest is developing near-real-time indicators to cover large-
scale spatial-temporal dynamics of public attention. The digital
revolution has opened up new opportunities to alien species
research and management. Here, we focus on the lionfish
(Pterois miles) in the Mediterranean Sea and investigate
spatial-temporal patterns of public interest in the species along
its invasion gradient by using Google search volumes as a
proxy for societal attention. Our study revealed that 1) public
attention is higher in countries that have already experienced
lionfish invasion compared to ones in which the species has yet
to arrived; and 2) temporal patterns of societal attention do not
seem to be fully related to the year of arrival of lionfish in a given
country. While the first results confirm a clear, spatial pattern in
public attention, further research is needed to investigate
drivers of temporal trends.



123: Digital data for biodiversity conservation:
Opportunities, challenges and applications

Investigating online wildlife trade using machine
learning

Enrico Di Minin

University of Helsinki, Finland

Online wildlife trade poses increasing threats to the
conservation of thousands of species globally. However,
attempts to quantify online wildlife trade have often focused on
a few platforms and taxonomic groups. Here, | will explain how
novel methods for automated data collection and filtering can
be used to investigate online wildlife trade across digital
platforms and taxonomic groups. Specifically, | will focus on
explaining how these methods are being used to monitor the
online trade in species at high risk of extinction globally. | will
also explain how these methods can be used to monitor the
trade in species of conservation concern on a more regional
scale. Meanwhile, | will describe how these studies can be
conducted in full respect of data privacy and data protection
concerns according to the European Union General Data
Protection Regulation. | will conclude by highlighting what are
the main challenges that we are still facing to make progress
towards better investigating online wildlife trade and what are
the ways forward for research on the topics.

The inroads of machine learning in Conservation
Science

Ritwik Kulkarni', Enrico Di Minin'?2

"University of Helsinki, United Kingdom; 2School of Life
Sciences, University of KwaZulu-Natal

Machine Learning methods are rapidly advancing and finding
applications across diverse fields including conservation
science. Here we discuss machine learning methods used to
investigate the online digital environment in the context of
threatened species and wildlife trade. Global biodiversity faces
a significant threat from unsustainable wildlife trade, which has
found a new venue in digital marketplaces and social media.
With vast amount of digital content, there is a growing demand
for automated techniques. First, we present an end-to-end
pipeline begins from searching and downloading news articles
about species listed in Appendix | of CITES and proceeds with
implementing natural language processing and machine
learning methods to filter and classify the data. News articles
are studied with information extracted using a named entity
recognition and analysed for details related to price and
quantities. Next, we developed machine vision models based
on Deep Neural Networks with the aim to automatically identify
images of exotic pet animals for sale. We trained 24 neural-net
models spanning a combination of five different architectures,
three training methods and two dataset types. Further, we
developed object recognition models which can help identify
specific target products like elephant ivory and pangolin scales,
in an image and highlight them.

What makes a bird charismatic?

Gabriel Henrique de Oliveira Caetano’, Diogo Verissimo?,
Andrea Soriano®, Ana Sofia Vaz?, Enrico Di Minin®, Valerio
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Birds are one of the most charismatic groups of animals, and
the bird watching community being one of the most engaged
and expansive groups of amateur nature hobbyists. Birds are
also relevant for the larger public, being present in a variety of

cultural expressions such as songs, visual arts, films, myths,
and religions. Previous studies have investigated which
characteristics make birds more attractive, but were mostly
focused on surveys among amateur bird watchers, which have
specific interest that may not be transferable to the larger
public. The emerging field of conservation culturomics (the
study of human-nature interactions using digital data) provides
us tools to investigate this issue at a larger scale, using data on
the online behavior of a massive number of internet users all
over the world. In particular, data on the use of Wikipedia, the
largest online encyclopedia in the world, can shed light on the
interests of people trying to learn more about bird species, in
almost any language. In this study, we use Wikipedia
pageviews to uncover which morphological, behavioral or
ecological traits are associated with bird species that generate
greater online engagement. This information can be useful for
conservation marketing and educational outreach.

Enhancing Visitor Engagement and Conservation
Management through Al Analysis of Social Media
Images — an example from birding sites in Israel
Victor China"?, Enav Vidan'?, Yoram Yom-Tov?, Uri Rull?
Jacob Blaustein Center for Scientific Cooperation, The Jacob
Blaustein Institutes for Desert Research, Ben-Gurion
University of the Negev, Midreshet Ben-Gurion, 8499000,
Israel; 2Mitrani Department of Desert Ecology, The Jacob
Blaustein Institutes for Desert Research, Ben-Gurion
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of Zoology, Tel-Aviv University, Tel-Aviv 6997801, Israel.

The great accumulation of online data together with advanced
Artificial Intelligence (Al) tools, holds much promise for
conservation management and policy through conservation
culturomics. For  example, understanding peoples’
engagements and preferences in nature and protected areas
can be greatly aided analyzing social media produced while
visiting such sites. Such insights can consequently guide efforts
to increase sites' public appeal for visitors and improve their
management for both people and nature. Here, we analyzed
over 1000 sample images from Instagram that were posted at
six dedicated birding sites in Israel. We aimed to identify both
manually and with Al, key features of each image, their main
attractors, and expressions of visitors' emotions. We analyzed
images with automated image classification, object detection,
image-to-text analysis, and sentiment analysis. Overall, we
found that automated image classification and identification
tools can be very useful to identify broad features of both
images and sites. Al tools also enabled us to identify attractors
and sentiments of people across and within different sites. We
further highlighted unique features of manual versus automated
image analysis. These results can provide managers and
policymakers with efficient tools to enable grounded
conservation policy and management decisions regarding
nature sites visitation.

ClimateMedia: Understanding climate change
phenomena and impacts from digital technology
and social media

Ana Sofia Cardoso'?3, Catarina Da Silva"??, Alipio
Jorge*5, Jodo Santos®, Ana Sofia Vaz’

'CIBIO, Centro de Investigagdo em Biodiversidade e
Recursos Genéticos, InBIO Laboratério Associado, Campus
de Vairdo, Universidade do Porto, 4485-661 Vairao, Portugal;
’Departamento de Biologia, Faculdade de Ciéncias,
Universidade do Porto, 4099-002 Porto, Portugal; *BIOPOLIS
Program in Genomics, Biodiversity and Land Planning, CIBIO,
Campus de Vairao, 4485-661 Vairao, Portugal;



“Departamento de Ciéncia de Computadores, Faculdade de
Ciéncias, Universidade do Porto, 4099-002 Porto, Portugal;
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Climate change is amongst the most striking environmental
challenges of modern times, producing major socio-ecological
impacts with economic and conservation repercussions. More
dynamic, automated, and social-oriented observatory systems
are needed to tackle climate change and consider adequate
mitigation and adaptation responses. Social media data has
emerged as an opportunity to get insights on which climate
phenomena and impacts people perceive of highest relevance
and concern. Concurrently, the information shared by social
media users may not always align with that from scientific facts,
bringing many challenges to climate change policy and
decision-making. Here we present ClimateMedia, a project that
aims to: understand the extent to which climate change
phenomena are reported by social media users; explore how
those users perceive its climatic impacts; evaluate how
divergent/congruent such reports and perceptions are to the
scientific evidence. The project adopts recent advances in
artificial intelligence algorithms, namely from Natural Language
Processing, to explore textual content about climate change
from social media data and the scientific literature. Outputs
from ClimateMedia aim to help practitioners to establish
appropriate political goals, enhance conservation efforts and
foster biodiversity preservation. Ultimately, ClimateMedia
serves as a proof-of-concept determining the feasibility of a
future development of a social observatory system.

MEDigital: A digital observatory of public attention
and recreational fishing of Mediterranean marine
fishes

Valerio Sbragaglia', Reut Vardi?, Ricardo Correia®, lvan
Jaric?, Uri Roll®

"Institute of Marine Sciences, Spain; 2Tel-Aviv University,
Israel & Oxford Universtiy, UK; *University of Turku, Finland;
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The Mediterranean Sea is a global marine biodiversity hotspot
facing a biodiversity crisis. Tackling this crisis effectively and
efficiently is hampered by a lack of necessary ecological and
social information to guide decision-makers. To fill this gap, we
developed a digital observatory with two main objectives - public
attention towards and recreational fishing of Mediterranean
fishes. First, understanding public attention is key to mobilise
political interest, and consequently increase conservation
efforts and success. Second, social and ecological aspects of
recreational fishing are not well understood due to difficulty in
obtaining reliable and comprehensive data. Catches of
recreational fishers have a huge, underexplored potential to
monitor marine ecosystems. MEDigital integrates two emerging
research approaches (conservation culturomics and iEcology)
to provide an unprecedented volume of data for Mediterranean
fishes. First, we quantified Google search volumes (i.e., a proxy
of public attention) in each Mediterranean country for 770 fishes
from 2013 to 2023. Second, we assembled a machine learning
workflow to automatically extract information about recreational
fishing from YouTube. MEDigital will contribute to
characterizing social-ecological aspects of the Mediterranean
biodiversity crisis in near real-time with special focus on societal
attention to species and recreational fishing.



124: Drivers of native plant diversity in urban

environments

Plant responses to urban gradients: extinction,
plasticity or adaptation?

Alejandro Sotillo, Laurent Hardion, Etienne Chanez, Kenji
Fujiki, Audrey Muratet
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Université de Strasbourg, France

Biodiversity-oriented urban management and planning require
information on the drivers of wildlife composition and
ecosystem function within cities. Urban landscapes impose
environmental gradients along which species may be filtered
away, or respond by showing adaptive variation in functional
trait values. Such trait variation may be due to phenotypic
plasticity, or a consequence of microevolution leading to local
adaptation. We investigated three possible plant responses to
urban environmental gradients: extinction, plasticity and
adaptation. We assessed whether three individual functional
traits, two population performance traits, as well as species
frequency, responded to gradients in mowing frequency, soil
fertility and structure, temperature, and compactness of the
built-up matrix, among four herbaceous plant species in the city
of Strasbourg. Using a common garden experiment, we tested
whether the observed trait variation was hereditary. Each
species displayed a different set of the 3 expected responses.
Urban management and planning therefore impact on the
evolutionary capabilities of plants in cities. In the case of
management this was highlighted by the detected trends in
species’ traits and frequency in response to mowing. The
consequences of urban planning were evidenced by
compactness of the built-up matrix most often eliciting plastic
and adaptive responses.

Genetic connectivity of the spontaneous flora in
Paris : what can we learn from wood avens (Geum
urbanum)?

Alexis Dambry'?, Christine Barreau?, Régis Crisnaire?,
Sophie Nadot', Thierry Robert'

"Université Paris-Saclay, CNRS, AgroParisTech, Ecologie
Systématique Evolution, Gif-sur-Yvette, France; 2Jardin
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Through the Biodiversity Plan, Paris aims to enhance the city's
natural environment. The Labbé law (2017) prohibiting
phytosanitary products in public spaces and the adoption of
sustainable practices in green areas foster the growth of
spontaneous flora in Paris. The city's ecological connectivity is
improved with "Les Chemins de la nature," a network of
ecological reservoirs and corridors, facilitating seed dispersal
and promoting genetic connectivity within species.

To evaluate the effectiveness of these policies, we focus on the
genetic diversity and the population genetic structure of Geum
urbanum (wood avens), a common autogamous and
epizoochorous species in Paris. Analyzing the polymorphism of
10 microsatellite loci across 650 individuals from 30 stations,
we consider the following hypotheses:

1. The high urban density limits gene flow, increasing genetic
differentiation between populations while restricting intra-
population genetic diversity.

2. Dispersal relies mainly on humans and domestic animals,
fostering extensive gene flow across Paris and enhancing
within-population genetic diversity with weak or no population
genetic structure.

3. Ecological connectivity restoration limits dispersal primarily
by spatial distance, resulting in an isolation by distance genetic
pattern.

Floristic diversity and richness in different types of
urban habitats in Serbia

Milan Glisi¢', Ksenija Jakovljevi¢?, Dmitar Lakusié?,
Jasmina Sinzar-Sekuli¢?, Snezana Vukoji¢i¢?, Slobodan
Jovanovié?
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This study aimed to investigate the floristic features of urban
habitats in 24 cities in Serbia. Seven 1-ha plots were selected
in every city and each selected plot represents a different
habitat type. In each plot, spontaneously growing vascular plant
species were recorded to determine species composition,
species richness and diversity, taxonomic, horological, and
ecological structure, indicator values, and presence of alien
species. A total of 647 taxa were recorded in the study area, of
which 172 were alien species. The taxonomic spectrum of
urban flora in Serbia is dominated by representatives of the
families Asteraceae and Poaceae, while the range of the
spectrum is dominated by Eurasian and Adventive areal types.
The flora of urban habitats in Serbia is hemicryptyphite-
therophytic, moderately thermophilic, moderately heliophilic,
mesophilic to moderately xerophilic, neutrophilic to moderately
calciphilic, moderately nitrophilic, and moderately continental.
The habitat types studied are characterized by significantly
different floristic features. Differences between floras of cities
are less pronounced and mostly consistent with the climate and
geographical affiliation of the city, indicating that local features
have the greatest influence on the flora of urban habitats in
Serbia, while the influence of climatic parameters and the
degree of urbanization is much less pronounced.

Urban spontaneous vegetation composition
shaped by drivers at local and landscape scale
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Urbanization and agricultural intensification effects can be well
studied in small settlements within contrasting landscape
settings. In our study, we carried out botanical surveys in 64
villages around 16 cities in the Carpathian Basin in 2022. We
sampled the spontaneous vegetation of village centres and
edges embedded in semi-natural vs. agricultural landscapes,
located close to vs. far from cities. We found 455 plant species,
including ten protected and 128 alien species in 1152
coenological quadrats (1m2). We found that landscape
composition and within-village position were the most important
factors shaping spontaneous vegetation. The richness of
grassland species, and the relative cover of natives was higher,



whereas alien cover was lower in villages in semi-natural than
in agricultural landscapes. Edges had a higher richness of
grassland related species but also a higher richness of short-
lived species and aliens than the centres. From the
conservation viewpoint, the vegetation was the most favourable
in village edges within semi-natural landscapes as they hold a
high native and perennial herb richness, and the highest cover
of species characteristic to broadleaved forests. We found the
lowest plant biodiversity in villages surrounded by agricultural
land and in village centres, where greening measures would be
the most important.

Native plant diversity in urban community gardens:
opportunities and challenges

Monika Egerer’, Felix Conitz', Ulrike Sturm?
'"Technische Universitat Miinchen; 2Museum fiir Naturkunde
Berlin

In the dynamic social-ecological context of urban gardens, plant
communities consist of a diverse mix of species ranging from
ornamentals to food crops, wild varieties, and natives. Yet, the
degree to which urban gardens can support native plants
across a local management and a landscape urbanization
gradient remains unclear. Thus, challenges in native plant
conservation are understudied and opportunities are
underutilized. We conducted plant surveys in 31 urban
community gardens in Berlin and Munich, Germany. We
examined the diversity of native species present, which species
may be of conservation concern, and how local and landscape-
scale urbanization may predict such occurrences. We also
investigated the relationship between cultivated and native
plant species. We discovered a diversity of plant species
including native endangered species, regardless of
urbanization context. This implies that all community gardens,
irrespective of their urban environments, can foster plant
diversity alongside food production. Yet, at the local garden-
scale, there remains opportunity to enhance plant habitats in

gardens. In this talk, we discuss which species were found,
underscoring the unique nature of community gardens as urban
ecosystems of diverse flora. As the urban agriculture
movement thrives, botanical investigations provide insight into
how gardens can harmonize plant conservation and food
production.

Flowering meadows in the city — how to increase
vascular plant biodiversity in urban grasslands?
Pasi Pouta, Jussi Lampinen, Johan Kotze

University of Helsinki, Finland

Grassland biodiversity is endangered in Europe. Urban areas
can provide opportunities for the conservation of grasslands as
they provide considerable amounts of open habitats with
underexplored biodiversity potential. We are asking: how to
increase plant biodiversity in urban grasslands?

While urban grasslands can be highly species-rich and host
rare grassland species, they can also be limited by processes
such as eutrophication and fragmentation. It is still poorly
understood how different kinds of grasslands contribute to
biodiversity conservation in the highly variable mosaic of open
habitats in cities. Even though cities have attempted to create
more biodiverse habitats, e.g., by reducing management
intensity in lawns, or by establishing new grasslands by sowing
seed mixtures, we need to better understand the outcomes of
these actions.

We sampled vegetation from 200 urban grasslands in the
Helsinki capital region, Finland. We explore how plants with
different traits assemble into communities as a function of local
and landscape-scale factors, producing communities with
varying levels of biodiversity and trait compositions. The results
help us understand the relative roles of different kinds of urban
grasslands, environmental conditions, and biodiversity actions
for conserving grassland biodiversity.



125: Advancing biodiversity monitoring for achieving
Europe's Sustainable Development Goals: a visionary

approach

EBVs to support policy and management in Europe
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Integrative Biodiversity Research (iDiv), Germany

For three decades, the nature directives in Europe have
required countries to report regularly on the status of different
aspects of biodiversity, particularly those related to the species
and the habitats in the directives. However, no systematic effort
to design an biodiversity monitoring system had been carried
out until recently. EuropaBON was a research project tasked
with the challenging of designing a framework for an European
biodiversity observation system. It identifies a set of 70
variables to monitor multiple dimensions of biodiversity that are
feasible and policy relevant. Here we present how these
variables match existing regulatory reporting requirements and
upcoming requirements such as the nature restoration law. We
also examine how these variables go beyond existing
monitoring requirements to strengthen our understanding of
biodiversity change ands it drivers.

Bottlenecks in European biodiversity information
flows

Alejandra Moran-Ordéiez'2%¢, Sara Fraixedas?, Sergi
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We assessed the capability of existing monitoring programs
and data flows in Europe to produce a set of Essential
Biodiversity Variables (EBVs) across the terrestrial, freshwater,
and marine realms. We proposed a novel framework to analyze
data flows' bottlenecks based on 16 criteria related to diverse
aspects linked to data collection and sampling, modelling,
interoperability and IT infrastructure and data integration. The
main bottlenecks in the current European biodiversity
monitoring data flows mainly relate to data integration
problems. These include lack of long-term funding, limited data
flow automation, and insufficient use of modelling to quantify
and map EBVs at large scales. We also found various data
collection bottlenecks that hinder the production of EBVs for
certain taxonomic groups such as zooplankton in freshwater
systems, lichens or terrestrial arthropods. Moreover, we found
that monitoring data in European marine waters are fragmented
and primarily integrated at the regional level, with biodiversity
from Southern and Eastern European waters being scarcely
represented in continental databases. We discuss how these
bottlenecks affect the ability to generate a broad set of EBV
indicators that can be used to track the state of the European
environment in a harmonized and holistic manner in the long
term.

Assessing monitoring gaps towards the production
of Essential Biodiversity Variables in Europe
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Identifying gaps in current biodiversity monitoring capacity in
Europe is crucial for successfully implementing and supporting
a European Biodiversity Observation Network. We leveraged
monitoring data from Europe to evaluate the capability for
producing field-based Essential Biodiversity Variables (EBVs)
as defined by EuropaBON. We covered 44 EBVs
corresponding to the six generic EBV classes defined by the
GEO BON network, across the freshwater, marine, and
terrestrial realms. We found that monitoring across Europe is
taxonomically biased and does not cover all regions. Moreover,
sampling density and frequency are usually insufficient for the
production of the EBVs at the desired spatial and temporal
resolutions, there is a lack of long-term time-series data, and
raw data needed to produce the EBVs is hardly accessible. As
a consequence, monitoring data is lacking for many taxa. Our
work provides the most comprehensive continental-scale
assessment of ongoing monitoring capacities in relation to user
and policy needs, providing guidance for the identification of
important new areas and target taxa for monitoring in Europe.

Toward an optimal biodiversity monitoring network
for Europe: a comparative analysis of sampling
designs for robust monitoring

Martina Marei Viti'?, Jose Valdez"?2, Henrique Miguel
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As the impacts of global change continue to unfold, a pressing
need arises for a coordinated biodiversity monitoring effort
across Europe. An important research question is how to best
design a spatial sampling scheme to monitor several essential
biodiversity variables and changes resulting from diverse global
change drivers. This research focuses on testing the
effectiveness of four distinct sampling designs to provide a
representative assessment of both species occupancy trends
and habitat extent. The evaluation leverages data sourced from
Nature directives and citizen science, aiming to assess the
performance of these sampling designs. Additionally, the study
examines the capacity of the sampling designs to detect
changes in land use types, climate change speed, nitrogen
deposition intensity, and the effectiveness of the protected
areas network. To enhance practical implementation, the
proximity to existing monitoring sites is considered. Preliminary
results suggest that, depending on the dataset under
consideration, grid-based sampling consistently outperforms
random design. However, the success of stratified sampling is
found to be influenced by the specific type of stratification
applied. This research sets the stage for the development of a
comprehensive and adaptive monitoring framework capable of
addressing the dynamic challenges posed by global change to
Europe's biodiversity.

Connecting stakeholders for biodiversity: a
european network

Christian Langer'?, Jessica Junker'?, Ivelina Geogieva®,
lan McCallum®*, Henrique M Pereira’??
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The Europa Biodiversity Observation Network (EuropaBON)
includes one of the largest and most influential biodiversity
communities in Europe. The aim of this impressive network of
stakeholders is to co-design a seamless European biodiversity
and ecosystem monitoring system that integrates existing
biodiversity data and fills remaining data gaps. Network
members are included in each step of designing the system
from identifying user and policy needs, assessing existing
European monitoring schemes and identifying data gaps, to
defining Essential Biodiversity Variables (EBVs) to be
monitored by the system, and demonstrating in a set of
showcases how workflows tailored to various EU policies, can
be implemented. We therefore developed the EuropaBON
dashboard that allows users to map and interact with data and
displays of Europe's biodiversity community, its key actors and
their connections. It offers high-level information in one view
that can be used to identify occupational sectors (e.g.,
academia, private industry), realm (e.g., marine, freshwater), or
geographic regions (e.g., eastern Europe, southern Europe)
with the most connections and pinpoint the central actors within
the network.

Conservation of Mediterranean marine benthic
biodiversity through innovative, integrative, and
standardized methods

Federica Costantini'?, Marco Abbiati>®, Marina Antonia
Colangelo'?, Barbara Mikac®, Francesco Mugnai',
Alessandro Piazza'

'Department of Biological, Geological and Environemntal
Science, University of Bologna, Italy; 2Consorzio Nazionale
Interuniversitario Per Le Scienze Del Mare, Roma, Italy;
3Department of Cultural Heritage, University of Bologna, Italy

Maintaining marine healthy ecosystems is crucial for sustaining
life on Earth and promoting human well-being. Unfortunately,
biodiversity is declining, because of human-induced stressors
like coastal sprawl, overexploitation of resources, non-
indigenous species (NIS) spread, and pollution. Monitoring
marine biodiversity changes through space and time is
fundamental to defining and enrolling suitable actions for habitat
conservation and preservation. This is particularly needed in
those areas that are very rich in species compared to their low
surface extension and characterized by strong human
pressures, such as the Mediterranean Sea. Subtidal rocky
benthic habitats exhibit a complex structural architecture and
harbor a multitude of small, often unknown organisms.
Autonomous Reef Monitoring Structures (ARMS) have been
developed as standardized sampling tools to study hard-bottom
marine communities, enabling replicable and comparable data
collection across various locations and times. Here, we present
how ARMS are used to 1) evaluate alpha, beta, and
intraspecific diversity along the Mediterranean Sea and 2)
survey and monitor NIS in harbor environments. By combining
traditional morphological taxonomy with modern techniques like
DNA-sequencing (DNA barcoding and metabarcoding) and
image analysis, we show that ARMS are powerful standardized
tools to assess and follow spatial and temporal changes in
Mediterranean hard-bottom marine communities.
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Diversity of bacterial communities of cryoconite
holes in different geographical areas of the world
Roberto Ambrosini', Arianna Crosta’, Francesca Pittino?,

Isabella Gandolfi2, Valeria Tatabgalo?, Andrea Franzetti?,
Roberto Sergio Azzoni', Gentile Francesco Ficetola'

"University of Milan, Italy; 2University of Milano-Bicocca, Italy

Glaciers are shrinking at an alarming rate. As techniques and
knowledge improved, it was discovered they host a variety of
cold-adapted taxa. Intrinsically fragmented and isolated,
mountain glaciers are thought to host high biodiversity,
especially in cryoconite holes, still poorly known as isolation
prevents investigations. Small mountain glaciers have shorter
response times to climatic oscillations and a higher probability
of disappearance. This suggests studying high-altitude
biodiversity before glaciers are lost due to climate change.

We collected 502 cryoconite samples from cryoconite holes on
19 glaciers in the Alps, Andes, Karakoram, Mount Kenya,
Patagonia, Sierra Nevada, and Svalbard. The bacterial
community composition was studied by sequencing the
hypervariable regions V5-V6 of the 16S rRNA gene. Diversity
within communities was analysed through ecological indexes,
while biogeography was analysed using cluster and
redundancy analysis.

All bacterial communities presented a low evenness (Gini Index
> 0.95) and samples from the same glacier clustered together
with few exceptions. Glaciers close to one another also tended
to cluster together.

Our results are the first assessment of the global diversity of
bacterial communities in cryoconite holes on mountain glaciers
and the first evidence of a biogeographical pattern at the global
level.

Smaller, wind-dispersed, less tropical? winning
plant species and traits in the Andes after glacial
retreat

Fabien Anthelme', Jorge Luis Ceballos?, Lucie Dubois
Aubecq’, Rosa Isela Meneses®, Gwendolyn Peyre?*,
Antoine Rabatel®, Alvaro Soruco®, Anais Zimmer'
"French Institute of Research for Development, France;
2IDEAM, Colombia; *Herbario Nacional, Bolivia; *Universidad
de Los Andes, Colombia; SUniversité de Grenoble Alpes,
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The acceleration of global warming is leading to ever-larger
areas of land becoming exposed as glaciers retreat. In the
tropical Andes, these novel ecosystems are being closely
scrutinised by scientists and stakeholders as they modify the
availability of ecosystem services such as water resources,
natural hazards, carbon sequestration and cultural services.
The trajectory of these novel ecosystems will depend largely on
their capacity to be colonised by vegetation. Based on the study
of seven post-glacial chronosequences in South America, we
present here some elements of these trajectories. Over a
period of 150 years after glacial retreat in Bolivia and Peru,
plant succession is strongly constrained by the access of
propagules to proglacial margins, wind-dispersed seeds being
the most likely to colonise the area. Nurse plants are absent or
insufficiently mature to accelerate succession, even though
they have a vital role to play in this type of ecosystem. In
Colombia, alpine plants are both from tropical and temperate
origins but plants of tropical origin and shape have great
difficulty in establishing themselves and plants of temperate
origin, smaller, are the winners in the novel ecosystems. We
discuss how these new plant assemblages could affect tropical
alpine ecosystem services.

Proglacial plant functional diversity along a snow
cover gradient from tropical to temperate alpine
communities

Lucie Bivaud', Anais Zimmer?, Guillaume Papuga’, Tristan
Charles-Dominique?, Fabien Anthelme?
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Research for Development, France; *CNRS, France

Global warming leads to a worldwide glacier shrinking, which
results in new proglacial plant communities’ establishment. The
general patterns of primary succession following glacier retreat
are relatively well understood. However, the effect of snow
cover variation and the reduction in its protective effects against
frost damage to plants have not yet been studied. We
characterized proglacial snow cover duration along an
equatorial to temperate latitudinal gradient to infer how snow
cover duration influences proglacial plants functional diversity.
We used 150 data loggers buried in 13 post-glacial
chronosequences (tropical Andes, European Alps and
Pyrenees) to monitor soil temperatures (1 ~ 3 years) and detect
snow presence. We profiled at each site plant taxonomy and
community-weighted functional traits (LDMC, SLA, Growth
form, etc.). The results confirm that annual snow cover was
almost absent at equatorial latitudes and remained very short
in tropical regions, whereas it lasted up to 10 months in
temperate regions. We found a higher proportion of facilitating
life form diversity in tropical plant communities, and we
hypothesized that facilitation processes are more pronounced
where snow cover duration is shorter. Accordingly, in an
accelerated warming context, interactions between plants in
tropical alpine ecosystems could be of a more facilitating type.

Understanding successional dynamics of soil
communities after glacier retreat, a multi-taxa and
global approach.

Isabel Cantera’, Alessia Guerrieri?, Alexis Carteron?,
Simone Giachello’, Silvio Marta*, Francesco Ficetola’
"Universita degli Studi di Milano, Italy; 2Argaly, Batiment
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Succession, a cornerstone in ecology, remains incompletely
understood. Succession is a complex phenomenon influenced
by interacting and continuously changing factors operating at
different temporal and spatial scales, each one having
successional consequences. The lack of consideration for
specific contexts and the properties of targeted taxa hampers a
comprehensive understanding of successional trajectories and
their prediction.

To assesses various successional trajectories on a wide
geographical scale and integrating several taxonomic groups,
we used environmental DNA to efficiently obtain standardized
inventories of soil communities colonizing forelands after
glacier retreat. Soil samples were collected along
chronosequences (representing 1-419 years of succession) in
46 forelands around the world.

Taxonomic richness increased over succession, showing a
consistent pattern among taxa and across regions, but rates
varied among groups. Moreover, the local climate modulated
successional rates, with colonization starting earlier in
forelands with milder summer temperatures. The changes in



the community composition of microbes contrasted with other
taxa. For plants, springtails, insects and earthworms,
dissimilarity and the importance of taxa addition decreased with
time while replacement became more important on late
communities.

In general, we observed heterogeneous but predictable
patterns. Our study highlights the importance of multi-taxa and
global studies in defining generalized features of succession.

Greenland plant diversity patterns and pollination
networks in a changing Arctic
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Understanding biodiversity and ecosystem processes in the
Arctic is of key importance for mitigating against rapid
environmental and climate change. Greenland is currently
experiencing increases in temperature and precipitation, along
with greater climatic and environmental variability. This causes
changes within plant communities including, vegetation shifts,
shrub expansion, and earlier and shorter flowering seasons that
lead to complex responses within Arctic terrestrial ecosystems.
Our research focuses on plant diversity and plant-pollinator
interactions. We aim to:

1. Quantify Greenlandic floral diversity patterns using
museomics and metadata from herbarium specimens, along
with corresponding key environmental drivers.

2. Investigate the effect of habitat and latitude on plant-
pollinator networks using pollen DNA metabarcoding.

3. Model how both floral diversity and pollinator ecosystem
processes may alter with future environmental changes.

Greenland's strong climatic gradients and vegetation zones,
combined with the excellent coverage of climate data and
extensive herbarium collections, make the island an important
study system for understanding current and future changes in
the Arctic environment. The outcomes of this research will help
to predict the consequences of future environmental change to
Arctic terrestrial ecosystems, and support public awareness,
conservation efforts and policy development to protect Arctic
biodiversity.

Protecting high-alpine alluvial zones released by
melting glaciers as a consequence of global
warming

Gilles Hauser', Raphaél Arlettaz', Alejandra Moran
Ordoiez’?

"Institute of Ecology and Evolution, Conservation Biology
Division, University of Bern, Switzerland; 2Institute of Earth
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Melting glaciers are emblematic symbols of the accelerated
warming of alpine ecosystems. Climate change scenarios
forecast their disappearance from central Europe by 2100. This
dramatic melt will however open new spaces for species,
ultimately leading to the formation of new alpine habitats.
Among them, of special interest and conservation value are
high-alpine alluvial zones as they host unique — but little known
and studied — biodiversity values. However, these alluvial zones
and their biodiversity are also at risk for new infrastructure

development like damming for hydropower production or
sediment exploitation. With the aim to provide spatially explicit
recommendations to the authorities, policy-makers, and
organizations as a scientific basis for decision-making, we are
starting a project that will (1) identify where these high-alpine
alluvial habitats are and will appear across Switzerland, (2)
evaluate their actual and future biodiversity value using
bioindicator species, (3) identify where conflicts with
infrastructure development are likely to arise and how to
evaluate potential trade-offs with biodiversity conservation.
Combining geomorphology and biodiversity through spatially
explicit modeling, this project aims for a ranking of the Swiss
proglacial alluvial areas based on their conservation value and
potential vulnerability to infrastructure development over two
global warming horizons: 2050 and 2100.

Loss of nature contributions to people following
glacier retreat.

Nora Khelidj', Simone Balestra?, Gianalberto Losapio™?
"Institute of Earth Surface Dynamics, Faculty of Geosciences
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Plant species provide both positive and negative contributions
to people’s quality of life (NCP). With climate change, we
observe shifts in plant communities, which ultimately leads to a
shift in NCP distribution. However, the future distribution of
NCP has been poorly studied, especially in the context of
glacier retreats, one of the most striking signs of climate
change. With the retreat of glaciers, new lands (glacier
forelands) are open for colonisation by plants and other living
organisms. In our study, we are assessing the current
distribution of plants species and thus, their NCP along 4 Italian
glacier forelands. We then predict the future (100 years)
distribution of plant species along the same forelands. We
finally compare the future and current distribution of NCP along
the glacier. Our findings suggest that we are facing a loss in
species diversity in the future, and thus, a loss of NCP diversity.
In addition, fewer species are supporting each remaining NCP,
which can make them even more vulnerable to climate change.
Even though mountain ecosystems are remote areas,
geographically far from densely populated areas, they greatly
contribute to people's quality of life and need to be protected.

Glacier retreat triggers chain reactions across
ecological scales: time for conservation actions

Gianalberto Losapio'?
"University of Lausanne, Switzerland; 2University of Milan,
Italy

The retreat of glaciers worldwide is followed by the loss of
plants and insects from local communities. Changes in
community composition cause changes in plant-animal
interactions. However, the impact of glacier retreat on plant—
animal networks remains poorly understood. Here, we
analysed how glacier retreat directly influences plant—pollinator
networks and indirectly through biodiversity change. We
observed sharp changes in the diversity of plant and pollinator
communities. Plant facilitation enhanced biodiversity in recently
ice-free terrains, whereas shrub encroachment decreased
species persistence in late stages. We also observed an
increase in the frequency of species interactions following
glacier retreat, but an ultimate decrease with glacier extinction.
Our results indicate that cascading effects of glacier retreat on
mountain ecosystems erode ecosystem services, including
pollination and food production from pioneer, threatened
species. Urgent conservation actions and management
strategies are required for mitigating socio-ecological impacts
of glacier extinction. Specifically, | propose that sustainable
ungulate grazing may limit shrub encroachment while
maximizing  people—nature co-benefits by supporting
biodiversity and increasing ecosystem services and health for
sustainable food production and human welfare.



Recent 5-years plant colonization in proglacial
forelands has been faster than expected in two
Gran Paradiso National Park study sites (Italian
Alps)
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Plant colonization in glacier forelands has been studied for
decades, mainly with the chronosequence approach (Pickett
1989) and less frequently by revisiting permanent plots (Fickert
and Gruninger 2018). However, the latter approach can provide
more reliable information on vegetation dynamics and climate
change effects.

By revisiing permanent plots in two proglacial
chronosequences in the Gran Paradiso National Park,
spanning 5 to 165 years from deglaciation (Mainetti et al. 2021),
this study aims to scrutinize how quickly vegetation colonization
is occurring in present years. Thirty-six vegetation plots were
surveyed in 2016-2017 and revisited in 2021-2022.

The speed of colonization was computed as the ratio between
the increments in vegetation cover and species richness
recorded in the last five years on permanent plots and those
observed along the chronosequence.

Results showed that vegetation cover and species richness
increased up to 17-19 and 14-21 times faster in recent years
than predicted by the chronosequence, respectively.

Such rapid dynamics are likely related to climatic changes, e.g.
higher summer temperatures and longer growing season, that
favor the colonization from species of lower elevations. Further
revisiting of such permanent plots in alpine proglacial forelands
is necessary to better understand and strengthen these
findings.

Glacier fleas (Collembola) of European Alps:
insights on taxonomy, ecology and biogeography
for the conservation of micro-endemic species

Barbara Valle'?
"University of Siena, Italy; 2NBFC, National Biodiversity Future
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Springtails are edaphic arthropods particularly linked to glacial
habitat and to cold biomes in general; they are the only group,
among Alpine arthropods, including cryophilic ice-dwelling
species, i.e. adapted to survive only in direct contact to the
glacial ice: the so called “glacier fleas”. Their evolutionary
history is strictly linked to the glacial history, and they represent
an important portion of biodiversity at risk of disappearing with
the ongoing climate change and subsequent glacier
disappearance. Despite their relevance, springtail diversity and
distribution in the European Alps have been few considered
until now and, due to the lack of information, their diversity is
underestimated hindering conservation efforts. Thank to four
years of sampling on European Alp glaciers, the first
comprehensive description of ice-dwelling springtails of
European Alps through integrative taxonomy approach was
presented, in order to give a first overview also of phylogeny,
ecology and potentiality as biogeographic indicators of ice-
dwelling cryophilic springtails. In addition to the two already
known species, four other species new for science were
described, two of them micro-endemic. Their current
distribution suggests the presence of past refugia that should
be considered the hub of future conservation project of glacial
biodiversity.

Andean camelids as engineers of post-glacial
ecosystems: a regional strategy for adaptation to
glacier retreat.
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By 2100, 49 to 83% of the world's mountain glaciers will
disappear, opening vast areas for novel ecosystems to
develop. These novel proglacial ecosystems lie at the head of
watersheds and produce the key services (water, carbon-
storage, biodiversity) needed by local people and nature. In the
Tropical Andes, accelerated glacial retreat leads to
environmental degradation aggravated by high levels of poverty
that further harms people and ecosystems. Here, we propose
an approach on a human scale to respond to global issues. We
study whether rewilding Andean camelids (llama, vicufa,
alpaca) to deglaciating pastures and downstream bofedales
(peatlands) can accelerate the formation of novel proglacial
ecosystems and related services. Through the study of two
experimental systems: (1) a camelid exclusion system
conducted since 2014 in the Cordillera Real, Bolivia; and (2) a
camelid inclusion system at the Uruashraju glacier foreland,
Peru, set up in 2019; and (3) an observational approach carried
out in two additional valleys (Bolivia-Peru), we show that
camelids contribute to the maintenance of the bofedales and
facilitate the formation of novel proglacial ecosystems. Our
study provides scientific support that native Andean camelids
rewilding may favor adaptation to glacier retreat and inform
conservation and management strategies in post-glacial
landscapes.

Glaciers and postglacial ecosystems : common
goods to protect in the Anthropocene.
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The scientific community has made enormous progress in
quantifying and anticipating the evolution of the Earth’s glacier
volume, but a worldwide detailed analysis of the future evolution
of glacierized areas and the associated ecological
consequences has not yet been carried out. Thanks to detailed
glacier evolution modeling, we analyzed the evolution of the 210
000 glaciers on our planet (excluding the Antarctic and
Greenland ice sheets) as well as the future ice-free topography
and air temperatures that will appear and prevail in deglaciated
areas until 2100. Depending on the greenhouse gas emission
scenarios, the world’s glaciers area of 665 000 km2 in 2020 is
projected to decrease by 22 + 8 to 49 + 15% until 2100. As a
result, areas that become ice-free between 2020 and 2100 will
cover from 149,000 + 55,000 to 339,000 + 99,000 km2 and
consist of terrestrial areas (78%) and submarine (14%) as well
as terrestrial (8%) overdeepenings. This will lead to the
emergence of large terrestrial (rocks and sediments,
grasslands, forests, etc.), marine (fjords, lagoons, coastlines)
and freshwater (lakes, wetlands, rivers) ecosystems
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Long-term direct and indirect effects of wind
energy development on birds
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Wind energy contributes to the reduction of greenhouse gas
emissions, but the development of wind-power plants has
negative effects on biodiversity. Here, | present two case
studies assessing the direct (wind-power plant) and indirect
(powerlines) impacts of wind energy development on birds and
the effectiveness of mitigation measures. Long-term monitoring
of the population of white-tailed eagles (Haliaeetus albicilla) on
Smgila island (Norway) after the construction of a large wind-
power plant revealed no effect on the number of active
territories and nests, and the reproductive output over 1998—
2023 despite changing the spatial distribution of territories after
construction. Black blades were used as mitigation measure,
which reduced mortality by 70%. In the last carcass search
period (2020-2023), 23 casualties were found, none by black
rotor blades. Despite this mitigation measures, DNA monitoring
of all territories revealed a decline in adult survival of resident
individuals with proximity to the wind-power plant. Regarding
mitigation of the impact of powerlines on birds, we assessed
the effectiveness of flight diverters on individual's flight
behaviour using a dedicated 3D avian radar. We found strong
responses to the diverters both in the use of the airspace and
flight behaviour when comparing marked and unmarked section
of powerlines.

Collision risk mapping and validation with long-
term mortality data reveal current and future wind
energy development impact on sensitive species
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The demand for renewable energy has driven the expansion of
wind farms worldwide. To mitigate their impact on flying
species, a spatially explicit assessment of collision risk in
vulnerable species is needed to guide management actions
and prioritise areas for development. We used GPS data from
127 adult and 50 juvenile griffon vultures, a species prone to
turbine collisions in peninsular Spain (2014-2022), to evaluate
factors influencing vulnerability and exposure and predict
collision risk. We validate the observed collision risk with
recorded long-term mortality data (1999-2022) at regional and
wind farm scales and evaluate the estimated impact of current
and future turbines. Our results showed that food availability
increases vulnerability and exposure, whilst distance to nesting
areas and the conspecific presence decreased vulnerability
and exposure in vultures. Our maps revealed that between 10-
19% of the Spanish peninsular area had a high collision risk.
Importantly, the number of turbine casualties was positively
related to collision risk at the regional and wind farm scale and
~18 of the breeding population lies within high collision risk
areas. Moreover, areas with the highest collision risk have the
highest number of turbines and largely overlap with areas
suitable for developing new wind farms.

Impacts of wind power farms on biodiversity:
interspecific and spatial variation in collision
mortality for European birds and bats.

Adrienne Etard, Piero Visconti
IIASA, Austria

In line with Europe’s decarbonization goals, the number and the
capacity of wind-power farms in Europe is projected to increase
in coming decades. However, wind farms pose risks to
biodiversity: flying animals can fatally collide with wind-farm
infrastructure and bats can experience deadly barotrauma
when flying close to turbines. To inform the deployment of wind
farms at the European scale and minimize the risk to wildlife,
we aim to assess collision mortality across European birds and
bats. We use a compilation of recorded collisions for birds and
bats from published papers which we combine with data on
species traits, wind farm and landscape characteristics, and we
investigate associations between collision mortality and these
variables. We then use our models’ outcomes to create
species-specific and functional group specific collision-mortality
maps for European birds and bats, with the aim of informing
spatial deployment of wind-power projects and possible
mitigation measures.

Mapping rapid renewable energy development in
the Mediterranean: challenges and potential
solutions
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Wind energy development is increasing steadily in the whole
Mediterranean and zonation is needed to ensure its
compatibility with biodiversity protection. We highlighted
criticalities and challenges connected with mapping wind
energy development in Sardinia, an island hosting many
protected habitats and species, including birds and bats which
are negatively affected by wind turbines.

Existing official data from 2020 reported 963 turbines. However,
when validated with 2023 aerial pictures, a total of 1,079
turbines emerged (+12.0%). Absent a webgis we had to map
741 wind turbines manually, from individual projects available
from the website of the Ministry of the Environment. Some
projects were impossible to map, as they did not contain any
coordinate or their maps had an unsuitable resolution.

Overall data about existing wind farms became obsolete in a
timespan of 3 years and information about ongoing projects is
scarcely accessible. Therefore zonation policies based on
these data will be flawed. There is urgent need for updated,
validated and FAIR data about wind energy development in
Europe. Freely available satellite imagery is fundamental to
update wind turbine maps and algorithms for object
identfication are a promising tool for this taks.

Marine renewable energy: more evidence required
Giulia Costa-Domingo, Adele Dixon, Grace Chandler,
Rowana Walton, Aime Rankin, Sebastian Dunnett, Stacey
Baggaley
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We present a comprehensive analysis of sixty-nine studies
examining how offshore wind energy affects marine migrating



species. Our results show that, in contrast to hopeful
predictions, there are numerous adverse effects during the
building of fixed offshore wind infrastructure and its operation.
The most common problems were behavioural ones, such as
avoidance and changed swimming patterns, as well as
acoustical ones that affected voice patterns.

The evidence base is significantly bia