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Description of the context:

The goal of DarCo was to improve our knowledge about life in subterranean ecosystems across Europe and
to help protect it. Our long-term objective was to include these ecosystems in the European Union (EU)
Biodiversity Strategy for 2030, a general plan by the EU to expand the percentage of protected areas up to
30% by 2030. To achieve this, we focused on five main goals: 1) Assemble the hitherto most extensive data
on distribution and traits for major animal groups inhabiting European subterranean ecosystems. 2) Map how
well underground species and habitats are currently protected by Europe’s network of protected areas
(Natura 2000). 3) Understand how subterranean biodiversity is responding to different human impacts. 4)
Develop a scientifically driven plan to expand the coverage of subterranean biodiversity within European
protected areas. 5) Raise awareness about underground ecosystems and push for stronger legislation to
safeguard them. Together, these objectives aligned closely with the scope of Biodiversa+ 2021-2022
BiodivProtect call to improve the protection, effective management, and equitable governance of biodiversity
across Europe, ultimately delivering bold conservation outcomes. Because we were focused on subterranean
biodiversity beyond political borders, DarCo was essentially transnational in its scientific scope, but also in
terms of societal impacts and through the maintenance of Europe- wide ecosystem services associated with
subterranean ecosystems and their biodiversity. To maximize societal impacts, we devised a work package
fully dedicated to information dissemination and stakeholder engagement, with the hope to create a legacy
beyond the project duration.

Description of the main activities

We brought together a team of leading scientists from across Europe to study subterranean ecosystems and
commonly develop strategies for their protection. Our work focused on understanding these unique
environments and the animals and plants that live there, such as crustaceans, spiders, insects, wormes,
vertebrates, and mosses. To start with, we gathered data from existing studies and, working with an
international network of experts, we collect information about the habitats of these animals, what their
characteristics are, and what environmental conditions they depend on. Using this data, we developed
computer models to predict how subterranean species might respond to human activities, like land
development or climate change. These predictions helped us map underground life in Europe for the very
first time. By comparing these maps with information about human impacts and protected areas, we
developed a plan to better safeguard underground biodiversity. This plan aimed to fill gaps in the current
system of protected areas in the European Union. We also wanted to spread awareness about the importance
of subterranean ecosystems. This was achieved through target dissemination and engagement activities,
including seminars, interviews, social media activities, and publications intended for the general public. We
also worked with governments and organizations to ensure subterranean ecosystems are included in national
and international policies. All data we collected were made publicly available through an online database
called the Subterranean Biodiversity Platform. This platform serves as a central hub for researchers,
policymakers, and conservationists, helping them work together to protect subterranean life. Making the data
open will also allow future generations to build on our knowledge and track the success of today’s
conservation efforts.

Description of the main results

The main result of DarCo was generating openly accessible data and scientific evidence to support the
inclusion of subterranean systems in European conservation plans and biodiversity goals. Foremost, we
assembled continental-scale distribution and trait data for various subterranean taxa in Europe, including
spiders, beetles, bats, and diverse crustacean groups. Some of these databases are already published in an
open-access format, such as those for Asellidae (https://doi.org/10.1111/1755-0998.13882) and Copepoda
(http://dx.doi.org/10.1111/geb.13953), making them ready for analysis and re-use for other purposes. The
remaining datasets are currently being finalized. Furthermore, to provide useful background information



supporting subterranean conservation, we developed synthesis publications and analyses focused on the
main threats to subterranean ecosystems and the effectiveness of protection measures in safeguarding
subterranean biodiversity. These include a global assessment of the multifaceted effects of climate change
on subterranean ecosystems (https://doi.org/10.1016/j.0neear.2023.09.001) and an expert-based
assessment of subterranean ecosystem threats and conservation measures, based on an online survey
targeting key  academics and stakeholders ~ working in  subterranean conservation
(https://doi.org/10.1016/j.biocon.2023.110136). Using spiders as a test case, we also developed key
modeling pipelines to map species' responses to various anthropogenic threats and create prioritization plans
for expanding the coverage of protected areas in Europe. These plans incorporate species-relevant threats
into the calculations to better protect subterranean biodiversity. Once fully tested, these analyses will be
extended to multiple taxa. Scientific results are complemented by initiatives aimed at expanding awareness
of subterranean ecosystems and increasing legislative coverage for subterranean biodiversity. For instance,
we established collaborations with representatives of the European Environmental Bureau to bring critical
points about subterranean conservation to the attention of EU legislators. Additionally, we have consolidated
policy-relevant actions central to DarCo in a series of position papers, including a recent letter in Science
(https://doi.org/10.1126/science.ads8140), which highlights a key gap in groundwater-relevant legislation
currently under discussion by the EU. Finally, at national and local scales, each DarCo partner has built specific
connections with local stakeholders, speleological groups, national park authorities, and other natural
resource managers, based on various targets and needs.

Conclusions and recommendations

DarCo’s main contribution to society is to transform how subterranean biodiversity is perceived by the
public and target stakeholders. These "out-of-sight, out-of- mind" ecosystems are largely overlooked in the
global public discourse and legislation, despite the critical benefits they provide. As part of DarCo, we
established key connections and collaborations with international policymakers and advisors, creating a
concrete opportunity to advocate for legislative changes that better protect subterranean resources. Indeed,
the project has been highly successful in attracting international attention, including from influential EU
policymakers and advisors. Notable achievements include a close collaboration with the European
Environmental Bureau on revising the EU Water Directive and a formal invitation by the EU Common
Implementation Strategy Working Group on Groundwater to provide consultation on groundwater ecological
research and conservation. In parallel with these high-level goals, we have established important connections
at national and regional levels with speleological groups, national park authorities, water managers, and other
stakeholders involved in managing subterranean resources at more localized scales. These efforts are already
contributing to improving the local management of subterranean resources, particularly groundwater.
Furthermore, these collaborations are helping to collect and centralize data and knowledge on subterranean
biodiversity available to local stakeholders but not usable more broadly. Indeed, a key outcome of DarCo will
be the collation of diverse data sources on subterranean biodiversity—especially species-level information—
into a central repository, the Subterranean Biodiversity Platform. Lead experts in the consortium started to
merge databases of individual taxonomic groups from different European countries. By the end of the project,
all data generated by DarCo were made open and reusable, ensuring that information on subterranean
biodiversity is broadly available to society in the long term. This will empower future generations to build on
the knowledge accumulated about subterranean biodiversity and monitor the long-term effectiveness of
today's protection measures.
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