


















































DNAqualMG Consortium Agreement

UNIVERSITY COLLEGE DUBLIN
Signature(s)
Name(s)
Title(s)

Date

18/28


















DNAqualMG Consortium Agreement, version 1, 08 January 2024

AARHUS UNIVERSITY
Signatur

Name(s)

Title(s) Professor, Head of Department

Date:

24128






DNAqualMG Consortium Agreement

BOTANIC GARDEN AND BOTANICAL
MUSEUM, Freie Universitdt Berlin

Signatur

Name(s)
Title(s) Dr.

Date 28.02.2024

26/28






DNAqualMG Consortium Agreement

Attachment 1: Proposal

28/28



DNAqualMG: Innovating transnational aquatic biodiversity monitoring using
high-throughput DNA tools and automated image recognition
(Proposal submitted to the ‘BiodivMon’ call: Biodiversa2022-738)

A. Detailed description of the research area and research plan and approach to stakeholder
engagement and expected societal and/or policy impact

1. Main research questions and explanation of the planned research novelty

Comprehensive and reliable data are essential to understand biodiversity status and drivers, predict trends,
and guide management and restoration in the context of European and international regulations, such as the
European Green Deal (EGD), the Nature Restoration Law (NRL), Biodiversity Strategy and the Post-2020
Global Biodiversity Framework?. The framework aims at achieving the UN Convention on Biological Diversity
(CBD) vision of “living in harmony with nature by 2050”. These action plans are central in the UN Decade on
Ecosystem Restoration and aim to put Europe’s biodiversity on a path of recovery by 2030. Maintaining
species diversity and ecosystem functioning while considering also the intraspecific genetic diversity of
organisms is recognized as crucial in biodiversity conservation? and emphasized in the main goals of the
Post-2020 Global Biodiversity Framework. All these international directives or strategies depend on reliable
monitoring data. However, many monitoring approaches implemented so far are insufficient in terms of spatial
and temporal resolution to accurately infer biodiversity trends®. Therefore, harmonized monitoring schemes
and networks are needed to produce the data required for effective transnational biodiversity monitoring. The
by far most extensive biodiversity assessment programme worldwide is implemented under the European
Water Framework Directive (2000/60/EG, WFD); here, freshwater data for ecological quality monitoring are
generated through a network of institutions (environmental agencies, research institutes, consultants) in all
27 member states*. Benthic macroinvertebrates (BMI) and benthic diatoms (DIA) are among the organism
groups (Biological Quality Elements; BQES) to be monitored for assessing the ecological quality. Although
these biomonitoring data are intercalibrated at the level of status classes and thus comparable across
countries®, they are not interoperable in terms of taxonomy as they differ in spatial, temporal and, taxonomic
‘school’ used for identification, and most importantly, taxonomic resolution. Status classes and associated
ecological quality ratios (EQRS) — as reported to the EU — aggregate original taxonomic information and are
thus unsuitable for systematic biodiversity monitoring. In other words, the WFD monitoring data that are
compiled with tremendous effort do not live up to their full potential. Currently WFD biomonitoring data
are only used to assess surface water status, but they could be used for many other purposes, e.g.
biodiversity monitoring and be integrated to serve multiple EU legislatives and global biodiversity strategies.
Currently, new biodiversity assessment tools are emerging that boost information content — in particular
taxonomic resolution — and are able to support upscaling of spatial-temporal coverage by automating
individual steps in biodiversity sampling and assessment workflows®’. For aquatic bioassessment and
monitoring, two approaches hold particular strengths: molecular®® and automated image-based
methods!%1,

Molecular biodiversity assessment: Molecular methods have some obvious advantages for biodiversity
assessments over traditional methods of taxa identification. In particular, the identification relies on DNA
molecules. Thus, the process of identification is successful even if only parts of organisms are available or if
the collected life stage has characters that do not allow for morphological identification. The sequence of a
characteristic fragment (“DNA barcode” marker) is compared against sequences obtained from taxonomically
determined specimens as references. Through this reference database comparison, the taxonomic name of
the species, or at least of the genus, is retrieved. Moreover, even undescribed or morphologically
nondistinctive species can be detected and formally assigned based on their unique genetic sequences'?.
This is important as many organismal groups consist of so-called “dark taxa”, i.e. species-rich groups of great
ecological importance, like many oligochaete worms, small insects like chironomids and several microalgae,
for which many species are not described yet or identification with a morphological traits is extremely
challenging®®**. Another key aspect is that sample processing can also be faster, cheaper and automated
using environmental specimen samples or environmental DNA (eDNA) samples collected from
environments®®. Furthermore, samples, DNA extracts and sequences can be made available through
biobanks or data repositories, thereby contributing to FAIR principles, open science and open data. The key
aspect of DNA barcoding, however, is assigning sequences to species names. This identification lives up to
its full potential if reference databases are complete. For Europe, the completeness of reference databases
such as the Barcode of Life Datasystems?® differs among taxonomic groups, but for freshwater invertebrates
and fish species data availability is high (~60% and >95%)’. EU-funded initiatives are working towards the
completion of reference databases, in particular through the Bioscan-Europe initiative. With complete
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reference sequence (“barcode”) databases, identification to species level using DNA-sequences is more
precise and objective than with traditional identification methods.

Different molecular biodiversity assessment methods exist. DNA metabarcoding is the most popular
approach to determine species compaosition based on specimen or biofilm samples, or environmental DNA
(eDNA) sampled from water or sediment. The approach has reached a level of scientific and technical
maturity that already provides a backbone for breakthrough advances towards a more holistic understanding
of biodiversity changes!®!°®. Successful automation of the molecular analysis workflow has already been
demonstrated in a number of case studies'®>%. The increasing availability of platforms for storing, accessing
and analysing data opens new opportunities for biodiversity monitoring6-21.22,

Like other methods, DNA-based assessments also come with restrictions, in particular the lack of
abundance/biomass quantification?. Thus, where quantitative data are needed, DNA metabarcoding must
be complemented efficiently to unlock the full potential for biodiversity monitoring. While several challenges
remain®242% technology readiness levels of DNA metabarcoding are quite advanced and implementation has
already started in national and international monitoring standards (e.g. CEN/TC230/WG28). The most
important gap hindering implementation into regulatory monitoring frameworks is the lack of transnationally
standardized approaches, quality assurance and quality control (QA/QC). Through an exponential increase
in studies world-wide there is a continuous diversification of the approaches used for metabarcoding®. To
compile the existing evidence and derive best-practice recommendations as part of formal standards thus is
of critical importance for biodiversity monitoring®.

Image-based biodiversity bioassessment: Although image-based taxa recognition methods are
conceptually close to “traditional” manual taxa recognition, their development lag behind that of molecular
approaches. Recent advances in deep learning are now making image-based biomonitoring realistic.
Nevertheless, the technological and algorithmic components for high throughput, partially automated image
based taxonomic assessment are still only available for certain organism groups, such as selected
invertebrate taxa and mounted diatoms. Progress has been made both for aquatic macroinvertebrates and
for diatoms, reaching the technology readiness level allowing for broader application. A key benefit of image-
based approaches are their low running costs and rapid data acquisition. Accumulating evidence
demonstrates that imaging-based methods can complement molecular approaches, particularly by providing
reliable estimates of taxon-specific sizes, size structure and biomass and for diatoms biovolumes?”:?¢, Also,
image data hold a particular added value for transnational biodiversity monitoring: image data do not underlie
restrictions imposed by the Nagoya protocol or CITES regulations, and can be internationally transferred. As
some monitoring agencies store and archive samples taken for monitoring purposes, these are potentially
reusable for follow-up analyses. Thus, samples already routinely collected for WFD purposes could not only
be used/re-used in fundamental biodiversity and ecological research, but also for biodiversity monitoring on
a wide geographic scale. The key challenges to such implementation are mostly technical, like automation
of the processes of imaging, counting, and sorting to speed up the analyses of macroinvertebrate samples?®,
but also conceptual, like dealing with high species richness, e.g. for diatoms, and infrastructure-related, like
issues with data management.

Through the integration of two innovative monitoring technologies, DNAqualMG will explore novel
options and propose concepts for transnational biodiversity monitoring. The focus will be on 150
freshwater samples of benthic macroinvertebrates and diatoms routinely collected as part of the European
transnational water quality monitoring as part of the WFD. Through the objectives proposed, DNAqualMG
will advance the current state of biodiversity monitoring by proposing automation, integration of workflow and
transnational harmonisation of approaches. Scientifically, DNAqualMG will link biomonitoring (ecological
status classes) and biodiversity monitoring data using high-resolution taxonomic information and quantitative
(image-based) data to assess how status classes reflect the biodiversity state holistically.

2. Scientific objectives, main research questions in relation to the theme call

The scientific objective of DNAqualMG is to explore the individual and combined potential of molecular and

image-based approaches to advance biodiversity monitoring. A focus will be on European rivers under

different stressor impacts (agricultural/urban land-use vs. natural land-cover) as well as restoration

afterstressor release (reservoir/dam removal). The three research questions (RQ1-3) addressed are:

= RQL: What changes in macroinvertebrate and diatom biodiversity, i.e. losses and gains other than the
WFD indicator taxa, occur with change in WFD ecological status?

= RQ2: Do restorations that raise the WFD status class to good or high also represent an equivalent
recovery of lost biodiversity?

= RQ3: Can molecular and image-based methods be used to support biodiversity monitoring and help
identify novel biodiversity indicators?
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Fig. 1: Overview of DNAqualMG’s tasks and deliverables related to the six work packages (WPs). Stakeholder engagement is key
to all WPs and will be coordinated primarily through WP1.

DNAqualMG aligns well with the Biodiversa+ BiodivMon call as it integrates novel methods and concepts,
i.e molecular and image-based taxa recognition, into existing European freshwater biomonitoring (WFD).
This generates high-resolution, quantitative and comparable biodiversity data. The project addresses
primarily Theme 1 of the Biodiversa call (Innovation & harmonisation of methods/tools for collection &
management of biodiversity monitoring data, 50%), on aspects of methodological advancements,
harmonisation and international standardisation. Through ten transnational use cases, DNAqualMG explicitly
addresses Theme 2 (Addressing knowledge gaps on biodiversity status, dynamics, and trends to reverse
biodiversity loss, 30%) by correlating biomonitoring (i.e. ecological status class change) with high-resolution
biodiversity data for two aquatic key groups. Finally, Theme 3 (Making use of available biodiversity monitoring
data, 20%) is addressed through the link to existing transnational infrastructures, i.e. through a compilation
of storing processes of WFD samples and suggestions for routines to enable their broad usage, and re-use
of collected samples or data for WFD assessment. Here, DNAqualMG will consult, involve and collaborate
with regional, national, European and global stakeholders to make sure the developments find entry into
legislative bio(diversity) monitoring. Beyond that, solutions proposed go beyond the European WFD
biomonitoring context (Biodiversity Strategy, NRL, Marine Strategy Framework Directive, MSFD) and can be
adapted to invertebrate and algal samples from other ecosystems. Eventually, DNAqualMG will pave the
way for a much more extensive use of monitoring data that are collected for the WFD and will be made
suitable for biodiversity monitoring.


















agreements (CBD/GBF) and EU legislation (WFD, NRL). Results will be summarized alongside findings of
WPs 2-4 to provide action points, a time schedule and cost estimates in a roadmap on where and how the
novel methods can be implemented to address the goals of key international stakeholders/policies. These
include ECOSTAT (to initiate formal compliance check), the EU Knowledge Centre for Biodiversity (facilitates
implementation of the EU Biodiversity Strategy), members of EuropaBON (identifies user and policy needs
for biodiversity monitoring), DG Environment (environmental policy development and implementation), GBIF
(international biodiversity network and data infrastructure) the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES, interface between science and policy on biodiversity), UNEP's
World Conservation Monitoring Centre, Biodiversity Indicators Partnership (BIP, interface of biodiversity
science, policy, and practice) as well as transnational bodies such as ICPER (International Commission for
the Protection of the Elbe River), ICPDR (International Commission for the Protection of the Danube River),
and ICPO (International Commission for the Protection of the Odra River against Pollution). In terms of
monitoring the EBVs will be included in the discussions on the roadmap. Feedback from Task 6.1 will help
inform where the roadmap may need to be tailored to the needs of the stakeholders in the various partner
countries.

= Milestones: M6.2a. International stakeholder workshop (M30). M6.2b. Dissemination of the roadmap at
an JRC / ECOSTAT meeting (M36).

= Deliverables: D6.2. Publication of the roadmap to implementation for the new biodiversity tools and their
integration in existing WFD monitoring including guidance on best practices (M36).

4, Added value of the project (describe how the project will build on previous work)

This project builds to a large extent on conceptual and practical advances that the European COST Action
DNAqua-Net (CA15219) has initiated. The aim of DNAgua-Net was to nucleate researchers and practitioners
developing DNA-based methods for bioassessment of aquatic ecosystems in Europe and beyond.? It was
successful in bringing experts together and even launching a Working Group within CEN on the topic (CEN
TC 230/WG 28 “eDNA and DNA methods”). However, to advance routine implementation of molecular
methods at the European scale still requires coordinated action at many ends. Three central Horizon Europe
projects deal with general method advancements (BGE — Bioscan Europe), metadata standards (BiCIKL)
and setup of reference libraries for DNA/eDNA data (eDNAgua-Plan). DNAqualMG embraces advances
made by these transnational EU projects but focuses on the habitat and the legislative context, for which the
application of molecular methods in routine monitoring is most advanced, namely freshwater habitats and the
Water Framework Directive). DNAqualMG builds strongly on the progress of DNAgua-Net and several
national and transnational pilots initiated by DNAqua-Net and consortium members (e.g. Freshbar, GeDNA,
dbDNA, EnvMetaGen, HYDROGen, SCANDNAnet, SYnAQUA). It aims to overcome well documented
limitations of DNA-based methods with respect to quantification and to provide robust solutions for DNA-
metabarcoding to become truly quantitative. The key innovation of DNAqualMG is to leverage the strengths
(quantitative, speed, cost-effectiveness, retention of virtual copies) that image-based methods have shown
to offer by members of the team?’2°3° to complement the strengths of DNA metabarcoding (taxonomic
resolution, speed, costs). Consortium partner’s experiences with the organisation of international proficiency
testing, development of national QA/QC and the definition of precursors of minimum criteria for method
standardisation as well as formulation of co-produced national strategy documents will be important
experiences to build on'®3° and to extend standardisation beyond onto the ISO level to maximize project work
impact and alignment with international activities.

5.  Transnational added value of the project and of collaboration

Transnational biodiversity monitoring schemes and comparable methodology are essential to the successful
implementation and impact evaluation of the Global Biodiversity Framework, the European Green Deal and
the EU 2030 Biodiversity Strategy. The EC has launched several initiatives, such as the Biodiversa+
partnership and the flagship project EuropaBON, to design a European-wide biodiversity monitoring program
to single out effective holistic solutions for drivers such as urbanisation, agriculture and infrastructure that
improve large scale resilience to a broad range of perturbations on biodiversity. These initiatives have been
mapped and strongly rely on innovative monitoring methods which need to be co-developed, harmonized,
tested and implemented across European countries. With this call, Biodiversa+ explicitly addresses this need,
and through the transnational DNAqualMG consortium we will explicitly address this for the combination of
novel DNA and image-based biodiversity monitoring methods. DNAqualMG is rooted in and builds on
previous and on-going transnational efforts to develop scientific and technical innovations that can be — by
inclusion of selected stakeholders — standardized but still respect the needs of countries with different socio-
economic and environmental contexts. Our project leverages already ongoing ecological monitoring under
the WFD to minimize costs and to maximize transnationally comparable biodiversity data.
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Complementarity of the expertise in the consortium: DNAqualMG requires expertise in five fields to
reach the impact needed.

1. Traditional freshwater bioassessment and biodiversity monitoring: Partners from BOKU, BIOPOLIS,
INRAE, MU, SYKE, SLU, UCD, UDE Hering, UniLodz and AU have decade-long experience with
freshwater biodiversity assessment as well as proficiency testing, standardisation and intercalibration of
methods. They were also responsible for developing approaches for the national bioassessment under
the WFD and are involved in related transnational networks.

2. DNA-based method development: Partners from BGBM, BIOPOLIS, CUAS, INRAE, SLU, SYKE, UDE,
UniLodz have leading expertise in the development of DNA-based methods from BMI and DIA biodiversity
assessments using DNA and eDNA metabarcoding. They are members of international networks such as
international Barcode of Life, Bioscan Europe, etc.

3. Algorithms for image-based biodiversity assessments: Partners from AU, JYU, UDE and UNFSM are
leading experts in the development of high-throughput algorithmic aspects (especially deep-learning
approaches) required to reliably classify organisms into the respective taxonomic groups and to quantify
phenotypic and functional traits such as body-size, volume and shape.

4. Engineering: Partners from AU; JYU, SYKE, and UDE Beszteri are developing technical solutions for
image-based bioassessment. From AU the current BIODISCOVER machine is produced. UDE developed
the slide scanner approach for diatom assessment.

5. Science-Policy dialogue: Partners from BOKU, BIOPOLIS, MU, UCD, UDE Leese & Hering, SYKE have
long and successful experience in stakeholder engagement and approaches to bridge the science
application gap, i.e. guide implementation of novel methods into implementation. With such a
knowledgeable and experienced consortium, DNAqualMG will ensure maximal scientific, policy and
societal impact and put the EU into a pioneering position in biodiversity monitoring.

6. Approach to stakeholder engagement and expected societal and/or policy impact

Early key transnational stakeholder engagement is vital to agree on common approaches to modify current,
or develop new, minimum requirements for DNA and image-based biodiversity monitoring of freshwaters
using samples collected within the context of the WFD framework. If no such early agreements are jointly
reached, member states will separately develop a range of national approaches that will require painstaking
intercalibration such as was the case with results from method approaches for water quality status
assessment under the WFD. Due to the sensitivity of both genetic and image-based methods, separately
developed national requirements will result in transnationally incompatible data and fail to single out effective
holistic solutions that improve large scale resilience to a broad range of perturbations on biodiversity and
genetic diversity. Thus, the expected policy impact of DNAqualMG is to provide technical and conceptual
pathways to the implementation of two novel biodiversity monitoring methods within the existing WFD policy
context. Through wide stakeholder involvement project innovations can be adopted in practice also to service
other legislative contexts, irrespective of the current idiosyncrasies of national WFD monitoring programs.
To do this, DNAqualMG makes stakeholder engagement a key task in all WPs. The stakeholder identification
(WP1 & 2) will be done together with the proposed members of the Stakeholder Advisory Board in M3 in an
online-meeting. Specific tasks of stakeholder engagement are then subject to the different WPs and WP
leads will follow specific pathways of engagement. E.g. WP2 will consult relevant actors about their
experiences with traditional and novel monitoring approaches and will involve national stakeholders to co-
develop technical innovations and solutions for sampling and storing of samples. WP2 will collaborate with
them to actually perform sampling (M5) and collect feedback on the practicability of the approaches. WP4
will consult stakeholders that are relevant for DNA-based data acquisition and analysis. Thus, the proposed
pre-cursors will be sent out for review and to collect feedback from SMEs/service providers (M18). Especially
WP6, where pathways of integration of the novel monitoring methods into existing bioassessment routines
are developed, the involvement of transnational key-stakeholders from national environmental agencies,
European and global environmental institutions (DG environment, EEA, JRC ECOSTAT, GEOBON, UNEP)
is key. WP6 will co-develop a questionnaire to identify the conceptual and practical roadblocks together with
them (T6.1). To develop solutions, a workshop will be held to make sure the roadmap of implementation,
which is the practical final result of DNAqualMG, is based on co-identified pathways. A list of identified
stakeholders who already agreed to engage and collaborate with DNAqualMG is presented in Table 1 (non-
exhaustive list due to space restrictions).

Societal impact: The impacts of DNAqualMG for society are manifold. Two key aspects are:

1. Knowledge on biodiversity loss and change: DNAqualMG will generate a mechanism to generate
biodiversity data in unprecedented depths through high taxonomic resolution and holistic assessment
(DNA) and quantitative features (Imaging). This is essential to better understand where and how
biodiversity changes and to devise effective management actions for sustainable development and the
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B. Communication and outreach plan

Target audience of DNAqualMG: i) National and international environmental agencies, national ministries,
environmental policy and decision makers, government departments, and national and international
environmental agencies and organisations (e.g. DG Environment, KCBD, EEA, ECOSTAT, JCR, HELCOM,
IPBES, international Env. Agencies, Conservation Agencies); ii) Environmental and planning professionals
in industry, local governments and administrations, water utilities, agriculture, biodiversity conservation,
recreation and tourism bodies; iii) Academic researchers.

Outputs of DNAqualMG and relevance: DNAqualMG will deliver novel monitoring methods to be
implemented as part of regulatory WFD assessment to be scaled up to harmonised European biodiversity
monitoring with novel methods. It will provide practical and scalable solutions for sampling, storing and
analysing through DNA and automated image-recognition methods. These methods are key to derive
biodiversity trends for different groups and make informed environmental decisions possible. Outputs will in
particular be i) stakeholder reports, ii) scientific publications, iii) software or analysis scripts, iv) guidance
documents (precursors to international standards) as well as a variety of easily understandable information
pieces (e.g. blog features, podcasts, flyers, social media contributions) to involve the general public.

How and when will communication take place: The dissemination, exploitation and impact management
of the project will be coordinated in WP1 and start at the project start (M1). Principles and practises
established in the Biodiversa+ Stakeholder Engagement Handbook will be applied throughout.

On-site communication: DNAgqualMG will use more targeted forms of communication to engage differentially
with its specific target groups. Workshops and other face-to-face interactions with substantive stakeholders
in WP4 will be a key to engaging local stakeholders and communities. There will also be workshops with
instrumental environmental decision-makers and planners. A Stakeholder Advisory Board will be established
(M3) to fine-tune the work programme and ensure that the produced results will meet the needs of end-users.
Members of the project team have close links with the agencies described above and selected
representatives have already provisionally agreed to join the Stakeholder Advisory Board. The Stakeholder
Advisory Board will meet the project team annually in conjunction with Plenary Assemblies. Its members will
receive regular updates and invitations to input throughout the project and will be asked to facilitate
dissemination to their wider networks.

Online formats: From the outset, DNAgqualMG will also use all appropriate means of online communication
to inform, consult, involve project partners and relevant stakeholders as well as to collaborate on the subjects.
For example, to co-develop updated sampling and preservation methods, DNAqualMG WP2 will perform two
workshops with the national monitoring experts. One prior to sampling, and one after one independent
monitoring cycle using the proposed draft methodology. To keep stakeholders informed, besides email-based
communication and updates, DNAqualMG will build and maintain a website (M3), with key information about
the project, participatory activities, feature articles, and network information (responsible: UDE Leese). The
website will host current and archived infographics, e-newsletters, and podcasts, as well as online
handbooks, toolkits, and project updates and deliverables. The consortium will maintain social media feeds,
including — as appropriate for different target audiences — Linkedin, Twitter/Mastodon, Instagram and for
training videos also YouTube. Visibility of data and outputs will also be maximised through engaging with
platforms such as the Freshwater Information Platform (FIP), where we can use all its dissemination outlets,
e.g. the widely read Freshwater Blog or the (meta)data publishing unit (see Section E, which also includes
approaches to data protection and timelines for open access).

Communication of relevant project outputs will take place in a variety of appropriate forms throughout the
project lifetime: dedicated e-newsletters (all) and policy postcards (policymakers), through open access

12







The steering group will meet every month for a 1-2h online meeting to update the consortium about progress,

risks (delays etc.) and identify and implement remediation measures. UDE Leese is also in charge of finalising

the Data Management Plan (DMP) and the Consortium Agreement (CA) with input from all partners. Through

WP1 also support for the organisation of national workshops in the countries of partners without funding is

provided (UDE Leese).

Task 1.1 (UDE, AU): Organisation of project meetings. Kick-off meeting (M3), mid-term meeting (M18) and

final meeting (M36) will be organized by WP1.

= Milestones: M1.1la-c. Three consortium meetings held (M3, M18, M36).

Task 1.2 (UDE): Develop a data management plan (DMP) that lists all aspects along the data generation

and publication life cycle.

= Milestones: M1.2a. Data Management Plan established and operational (M6). M1.2b-d. updated versions
(M12, M24, M36).

Task 1.3 (UDE, UCD, SYKE, BOKU): Identify and involve stakeholders engaged in traditional and DNA-

based monitoring of freshwaters identified and involvement/collaboration within DNAqualMG. This will be

done in collaboration with stakeholder members from the Advisory Board (Fig. 1). In the project initiation

phase, WP1 will perform a stakeholder mapping approach in collaboration with collaborative EU projects

(eDNAgua-Plan, BIOSCAN-Europe, MERLIN) to maximize synergies among projects and identify relevant

actors for EU biodiversity monitoring.

= Milestone: M1.3. Table with relevant stakeholders complemented and contacts established (M6).

Task 1.4 (UDE): Communicate project progress to academic and applied target audiences. Especially

communicating the project findings in a non-technical fashion through a website, reports and social media.

= Milestone: M1.4. Website, Linkedin account, Twitter/Mastodon/Instagram social media accounts setup
(M3) and updated after each of the Milestones and Deliverables of WP2-6 is delivered.

D. Interconnection to national and transnational research projects and programmes

Pls of DNAqualMG collaborate with stakeholders in many national, European and truly international projects
dealing with biodiversity monitoring using novel methods. We will list the most important projects here and
explain planned connections and collaborations with these projects and research programs.

DNA and image-based project interconnection: In Germany, the Federal Environment Agency funds
currently two projects for the advancement of DNA methods as part of Water Quality assessment: GeDNA
and dbDNA. Pls Leese/Hering/Zimmermann are partners of GeDNA, Leese/Hering/Schmidt-Kloiber of
dbDNA. Through GeDNA, experiences with good-practice protocols (and protocols failures) have been
collected, which puts us at a stage where already from the start of DNAqualMG we have a proposition of
advanced methodology for T2.1-T2.3. dbDNA (2022-2025) will extend the reference databases for taxonomic
assignment and develop a pilot for DNA-based ecological status class assessment on the German analysis
platform “Gewaesser-bewertung-berechnung”). In Austria, Austrian Research Promotion Agency (FFG) is
funding the project BioMONITec (Svara/Jungmeier), focusing on the implementation of novel technologies
and approaches in regular monitoring of biodiversity. Approaches include metabarcoding of freshwater bulk
samples and eDNA, as well as provision of support with these approaches to stakeholders. Further imagin
projects that we will link to are TIMED (Finland, Raitoharju), FinBIF FIRI (Finland, Meissner), AIAQUAMI
(Serbia, MiloSevic). At international level, members of DNAqualMG are involved and plan collaborations with
several key projects or networs, e.g. HEU Project MAMBO on novel image-based methods, BioScan-Europe
(Biodiversity Genomics Europe, UniLodz and BIOPOLIS PIs in the project), international Barcode of Life
project, the iTrackDNA project (Canada, UDE Leese on advisory board), as well as the eDNAguaPlan project
that was recently granted that will develop eDNA library infrastructures for aquatic biodiversity monitoring
(SYKE, BIOPOLIS, UDE, INRAE PIs).

International projects on biodiversity monitoring general: In addition to the discipline-focused networks
on image and DNA-baesd methods, DNAqualMG will collaborate with key projects and networks EuropaBON
is a key network for biodiversity monitoring in Europe; the last year of EuropaBON falls into the first funding
year of DNAqualMG (BIOPOLIS is PI). EuropaBON is also partner of Biodiversa+. Contacts to GEOBON
also exist and will be intensified; especial with FWBON (freshwater). Partner Schmidt-Kloiber (BOKU) is
regional coordinator of FWBON, which will guarantee the uptake, also regarding the IUCN GLOSAM
(standardisation sampling protocols internationally). Similar direct ways of uptake can be made with the
Alliance for Freshwater Life where partner Schmidt-Kloiber (BOKU) is steering group member. Outcomes of
DNAqualMG will be disseminated through cooperation with the Freshwater Information Platform (FIP), of
which Schmidt-Kloiber/Hering are founding members.
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E. Time schedule and working program

The Gantt chart below illustrates the general time schedule of DNAqualMG. We list in particular the specific tasks, milestones and deliverables for each work
package (different colours). As a potential starting date we see the 1st January of 2024.

Year 1 (Dec 23 - Nov. 24) Year 2 (Dec 24 - Nov 25) Year 3 (Dec 25 - Nov 26)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

WP1: Management, stakeholder involvement, outreach

1.1 Organisation of project meetings Miia Mib MLk
1.2 Data Management Plan (DMP) M12a M12b M1z2c en
1.3 Stakeholder identification M13

1.4 Project communication M1a

WP2: Sampling, standardisation

2.1 Review on existing methods M2 M2.b M2.1c

M2.2b

2.2 Sampling campaign M2.2a —

2.3 Recommendations M23a M2.3b D2.3alb

WP3: Image-based biodiversity assessments

3.1 BMI specimen sorting M3.1 D31
3.2 BMI specimen scanning (BIODISCOVER XL) M32a M3.2b D32

3.3 BMI specimen collection and sampling M33 D33
3.4 BMI deep learning algorithm M3.4a M3.4b D3.4a D3.4b

3.5 BMI Biomass estimation . 035

M3.5b
M3.6
D3.6

3.7 DIA DL model training and application M37a

3.6 DIA intercalibration exercise

M3.7b
D3.7

3.8 BMI & DIA image data archival and publication D38
WP4: Molecular biodiversity assessments

4.1 Marker/primers proposition M4l a1

4.2 Infrastructure guideline M4.2a M4.2b D42

4.3 Laboratory ring test M43 D43

4.4 Quality control criteria M44 Da.4

WP5: Integration of data streams from biodiversity assessment

5.1 New approaches in ecological status assessment M5 D51
5.2 Testing the novel BMI indicators M52a M52b D52
5.3 Technical combination of approaches M53a M53b D53

5.4 Assessment of approaches M54 D54

WP6: Roadmap of implementation

6.1 Identfy solutions for implementation M6.1a M6 M6.1c M6.1d D6.1

M6.2b
D6.2

6.2 Prepare and perform stakeholder workshop M6.2a
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F. Proposed Data Management Approach

Data production: DNAqualMG will produce four major types of data, of which three originate
from a biological sample, i.e., tissue and DNA (1-3) and one type from computational
processing (4): 1) digital sequence data through DNA metabarcoding, 2) digital image data, 3)
descriptive metadata (sampling event, location, primers, indexed, sequencing platform (and
engine)) and 4) code and scripts. The raw digital sequence data will be computationally
processed and produce two consecutive sub-data-types a) sequence clustering to i)
operational taxonomic units (OTUs) or ii) amplicon sequencing variants (ASVs) and b)
taxonomic information tables for the clustered sub-data types (a). In addition, this
computational process generates code and scripts. The analysis of digital image data (2) will
produce a) taxonomic information tables and b) codes. Metadata will be acquired during
sample acquisition and used for ecological data analysis. DNAqualMG will acquire biological
data compliant with the national and international (Nagoya, CITES) legislation and transfer the
biological samples according to Nagoya protocol requirements (national PIC procedures). After
project completion, the biological samples will be provided for long-term storage within the
GGBN (Global Genomics Biodiversity Network) repositories.

Data_infrastructure and security: DNAqualMG will draw on UDE’s central Research Data
management and server facilities, such as the established object storage system (central
backup) and in-house infrastructure (in-house backup solution). Additional physical data
storage can be purchased for 100 Euros per TB per year.

FAIR principles: Findability of the above-mentioned datasets will be achieved by publishing
all occurrence data on international platforms like the FIP and GBIF using persistent identifiers
(DOI for ecological data, Project numbers from ENA) as well as publishing scientific articles
(with accompanying datasets). A statement will indicate how to access the datasets in each
article, either through a link in the data availability section, a DOI link to open access archives,
or via supplementary materials. Accessibility of the datasets and metadata will be achieved
by ensuring the public availability of both scientific articles and datasets. Scientific articles will
be uploaded to publicly open pre-publication platforms such as bioRxiv prior to submission to
peer-reviewed journals (with an update of versions along the review process), and the final
version of the article will be deposited in national and open archives. WP1 will ensure that all
research outputs are linked to the project's website. Digital sequence data will be uploaded to
ENA using metadata formats suggested by international consortia (BioScan ERGA, GSC).
Protocols used will be shared openly via protocols.io (including DOI). For interoperability, we
will use the BIOME format proposed by GCS, and supply requested metadata. No biodiversity-
specific broadly accepted standard repository exists for large-scale imaging data. Among
generic repositories, Zenodo is, to our knowledge, the most suitable candidate for the archival
and publication of imaging data to be acquired in DNAqualMG. Zenodo accepts data set sizes
that apply to image datasets and has been successfully used by WP3 participants.
Developments in related projects will be followed to identify possible emerging new
alternatives. Imaging data sets will be published with accompanying metadata and in standard
formats (specimen image collections and/or large-scale virtual slides in the COCO format). In
parallel, the diatom image data will also be made available through the BIIGLE 2.0 image
annotation platform. All units will be explicitly detailed in an accompanying description of the
datasets. Finally, reusability will be secured via a) detailed documentation of data generation
including code/scripts e.g., scripts (electronical labjournal eLabFTW) for data processing, b)
metadata and c) by depositing datasets in standard and open formats, mostly .txt or .csv files,
and uploading outputs to GBIF/FIP. Additionally, the documentation will be concertedly
published with the datasets in public archives.

Data responsibility and data management: Leese, as the Pl and Schmidt-Kloiber, will ensure
the development, implementation, and update of the data management plan (DMP) with the
support of UDE’s data stewards. As the main PI, UDE will define terms of use in the Consortium
Agreement and — if needed — an IP agreement. UDE will ensure that all published papers
indicate a link toward this common archive for accessing datasets and scripts. These datasets
will be accessible only to all members of the project before publication, and they will be publicly
available after publication over the long term through international platforms (see Findability).
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