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Evolving ABOL (the Austrian Barcode of Life Initiative):
Reflections on a Decade of Coordinating a

National Biodiversity Initiative

Nikolaus U. Szucsich ®*, Michaela Sonnleitner ®!, Florian Ackerl?!,
Victoria Kargl!, Janine Heinzl!, Christoph Hérweg ©2, Elisabeth Haring ©1

The Austrian Barcode of Life (ABOL) initiative was founded in 2014 with the ultimate
aim of systematically documenting all animal, plant, and fungal species occurring in
Austria using DNA barcodes. From the beginning, the coordination of this nation-
wide initiative has been anchored at and spearheaded by the Natural History Museum
Vienna (NHMW). For more than a decade, it has built an inter-institutional network
that brings together biological collections, research institutions, authorities of protected
areas, professional societies, and community scientists. ABOL therefore covers not only
all aspects — from data infrastructure and basic research to applied research — but has
increasingly developed into a key player in socially relevant biodiversity documentation
and environmental monitoring in Austria.

This report takes stock of the organizational, infrastructural, and scientific development of
the initiative during the period from 2014 to 2025. In addition to the creation of reference
data for organisms from Austria, national and international networks were established,
applications of DNA barcoding were implemented, and participatory formats such as
the ABOL BioBlitzes were developed.

ABOL exemplifies a new form of a coordinated, integrative biodiversity research. It com-
bines taxonomic expertise with molecular biological methods, openly accessible digital
platforms, and societal participation. The outlook discusses the structural prerequisites
required for ABOL to contribute in the long term to the implementation of international
biodiversity goals. These include targets set by the EU Biodiversity Strategy for 2030. In
doing so, ABOL can help address the global challenge of biodiversity loss.

Szucsich NU, Sonnleitner M, Ackerl F, Kargl V, Heinzl J, Hérweg C, Haring E (2026)
Die Evolution von ABOL (Austrian Barcode of Life): Riickblick auf ein Jahrzehnt
der Koordination einer nationalen Biodiversititsinitiative

Die Initiative ,Austrian Barcode of Life“ (ABOL) wurde 2014 mit dem Ziel gegriindet,
alle in Osterreich vorkommenden Tier-, Pflanzen- und Pilzarten systematisch mithilfe
von DNA-Barcodes zu erfassen. Von Beginn an war die Koordination dieser landesweiten
Initiative am Naturhistorischen Museum Wien (NHMW) angesiedelt. Die Koordination
baute ein iiberinstitutionelles Netzwerk auf, das biologische Sammlungen, Forschungs-
einrichtungen, Schutzgebietsbehdrden, Fachgesellschaften und engagierte Biirgerwissen-
schaftler:innen zusammenbringt — dieses wird seit iiber einem Jahrzehnt gepflegt und
erweitert. ABOL deckt somit nicht nur alle Aspekte ab — von der Dateninfrastrukeur
und der Grundlagenforschung bis hin zur angewandten Forschung —, sondern hat sich
zunchmend zu einem wichtigen Akteur fiir die gesellschaftlich relevante Dokumentation
der Biodiversitit und das Umweltmonitoring in Osterreich entwickelt.

Dieser Beitrag zicht Bilanz iiber die organisatorische, infrastrukturelle und wissenschaft-
liche Entwicklung der Initiative im Zeitraum von 2014 bis 2025. Neben der Erstellung
von Referenzdaten fiir Organismen aus Osterreich wurden nationale und internationale
Netzwerke aufgebaut, Anwendungen des DNA-Barcodings implementiert und partizi-
pative Formate wie die ABOL-BioBlitze entwickelt.

ABOL ist ein Beispiel fiir eine neue Form koordinierter, integrativer Biodiversitits-
forschung. Es vereint taxonomische Expertise mit molekularbiologischen Methoden,
frei zuginglichen digitalen Plattformen und gesellschaftlicher Teilhabe. Der Ausblick
erortert die strukturellen Voraussetzungen, die ABOL benétigt, um langfristig bei der
Umsetzung internationaler Biodiversititsziele mitzuwirken. Dazu gehoren die Ziele der
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EU-Biodiversititsstrategic 2030. So kann ABOL dazu beitragen, die globale Heraus-
forderung des Biodiversititsverlusts zu bewiltigen.

Keywords: DNA barcoding, scientific collections, FAIR data, biodiversity, monitoring,
data infrastructure, species identification.
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Background and external framework conditions

The systematic recording and documentation of species is a core task of biodiversity research
— both in basic research and in applied fields such as nature conservation, environmental
monitoring, and policy advice. In this context, the correct identification of species is of
paramount importance. However, this expertise has become increasingly scarce in recent

decades (Cardoso et al. 2011; Engel et al. 2021; Hochkirch et al. 2022).

Biological diversity — namely the diversity of species, their genetic diversity, and the diver-
sity of habitats and biological communities — is severely threatened worldwide as well as in
Austria (IPBES 2019; Umweltbundesamt 2025). The main drivers include land-use change,
exploitation of natural resources, environmental pollution, invasive species, and climate
change. This decline leads to the impairment of ecosystem functions, thereby endangering
human health, economic systems, and quality of life (IPBES 2019). “Bending the curve”
of global biodiversity loss thus is one of the greatest challenges of the 21st century (Leclére
et al. 2020). Sound knowledge of biological diversity is a fundamental prerequisite for
quantifying biodiversity loss and for data-driven implementation of measures for effective
conservation efforts and sustainable use of natural resources.

Thus, an increasing demand for monitoring coincides with a decline in taxonomic exper-
tise. In addition, the large diversity of organism groups means that rarely local experts are
available for every taxonomic group. This clearly demonstrates the urgent need for new,
standardized, and scalable methods for species identification and for safeguarding taxonomic
experience for future generations. DNA barcoding can make a substantial contribution here
and is gaining increasing importance worldwide (see Box 1 for methodological details).

Against this background, the present report reviews the developments and milestones
achieved during more than a decade of operation by the Austrian Barcode of Life (ABOL)
initiative. Since its foundation in 2014, ABOL has played a central role in the DNA-based
identification and, more broadly, the scientific documentation of Austrian biodiversity,
and has been involved in establishing the DNA barcoding approach across a wide range
of applications. In addition to reviewing developmental steps and achieved milestones,
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Box 1: The principle of DNA barcoding and how to establish a reference database
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Fig. 1: Workflow of the generation of DNA barcode reference data. | Abb. 1: Arbeitsablauf zur
Generierung von DNA-Barcode-Referenzdaten.

DNA barcoding is an internationally standardized method for molecular genetic
species identification. It is based on specific, short DNA sequences (so-called DNA
barcodes) that allow species to be distinguished and identified, and which can
be PCR-amplified by fairly universal primers. A prerequisite is a reference data-
base holding DNA barcodes from morphologically accurately identified organisms
(animals, plants, or fungi). The identification of unidentified organisms is achieved
by comparing sequenced DNA fragments of their genome with corresponding DNA
barcodes stored in the reference database.

In animals, usually a fragment of the mitochondrial cytochrome c oxidase subunit I
(COI) gene is analysed (Hebert et al. 2003). In fungi, variable regions between
the nuclear rRNA genes are used as standard markers: ITS1 and ITS2 (“Internal
Transcribed Spacer” 1 and 2; Schoch et al. 2012). In plants, genes of the chloro-
plast genome such as rbcL (ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit), trnL-F (chloroplast region encompassing transfer RNAs L to F) or matK
(maturase K), as well as nuclear markers such as ITS1 or ITS2, are employed (e.g.
CBOL Plant Working Group 2009; Jones et al. 2021). For specific organism groups,
numerous additional gene regions have been proposed (e.g. Alam et al. 2024).

After sequencing the DNA fragments, sequence data along with object data (i.e. all
information tied directly to a voucher) and collection data is stored in a reference

database (Fig. 1).
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These genetic markers can be used for species identification even when organisms are
morphologically difficult to identify, for example when only fragments are available
(Zeale et al. 2011; Galimberti et al. 2013; Aylward et al. 2018; Esnaola et al. 2018;
Naaum et al. 2018; Reeves et al. 2018; Rytkonen et al. 2018; French et al. 2022)
or when dealing with difficult-to-identify developmental stages (Sonet et al. 2013).
DNA barcoding also enables the analysis of species composition in mixed samples
(DNA metabarcoding) and the detection of traces in the environment, such as in
water, soil or even in air samples (environmental DNA, eDNA). DNA barcoding
has therefore become a key technology for species identification in modern bio-
diversity research (Kress et al. 2015), since taxonomic knowledge is not necessary
for the process of species identification itself, but only for the generation of DNA
barcodes. A prerequisite for widespread application of DNA barcoding is a curated,
publicly accessible reference database with taxonomically validated DNA barcode
sequences. The international platform BOLD (Barcode of Life Data Systems; Rat-
nasingham & Hebert 2007; Ratnasingham et al. 2024) provides the infrastructure
for analysis, storage, quality control, and global accessibility of these data and follows
the core principles of FAIR data — findable, accessible, interoperable, and reusable
(Wilkinson et al. 2016).

the report examines how ABOL is structured, the role of the ABOL Coordination, and the
position ABOL may occupy in the future within the national and international context of
biodiversity research, nature conservation, and environmental policy.

The impetus for launching the ABOL initiative was not only a response to the above-men-
tioned requirements but also to international developments in this field. Originating in
Canada (CBG — Centre for Biodiversity Genomics, University of Guelph, Ontario), DNA
barcoding was already on the way of being established internationally (Hebert et al. 2003),
and several national DNA barcoding initiatives had already begun their activities (NorBOL
in Norway, InBio in Portugal, NBOL in the Netherlands, FinBOL in Finland, GBOL in
Germany, and SwissBOL in Switzerland). In Austria, individual researchers had already
generated DNA barcodes (e.g. Graf et al. 2008; Huemer et al. 2014a, b; Resch et al. 2014),
but a coordinated strategy was lacking. This gap was closed with the ABOL initiative, laying
the foundation for DNA-based surveys within modern biodiversity monitoring in Austria.

ABOL was launched as an open, inter-institutional initiative that now connects stakeholders
from research institutions, biological collections, protected areas, authorities, professional
societies, and community scientists (a term proposed as an alternative for the more widely
used term “citizen scientists”; see discussion in Christian et al. 2024). The breadth of the
network necessitates coverage of all aspects of DNA barcoding, from data infrastructure
and taxonomic basic research to applied biodiversity monitoring and ecological research.
The aim is to integrate the DNA barcoding approach into the existing biodiversity research
landscape. Monitoring approaches using DNA barcoding and DNA metabarcoding (i.e.
the simultaneous identification of many species within the same sample via DNA sequence
comparison) are consistently understood as complementary to existing approaches, greatly
expanding our capacity for species identification without replacing traditional approaches
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(Hajibabaei et al. 2007; Kress et al. 2015; Martins et al. 2025). A prerequisite for the
application of DNA barcoding and its integration into monitoring activities is a reference
database which is as complete as possible, and which contains accurate information linking
taxonomy and DNA barcodes of voucher specimens that have been accurately identified
based on morphological characteristics by experts (see Box).

The period covered by this report spans the years 2014 to 2025. The focus lies on the
scientific and organizational achievements of the ABOL, its strategic development, and
its increasing societal relevance. Particular attention is paid to the role of the ABOL Co-
ordination, which functions as a central structure for governance, quality assurance, and
networking at both national and international levels.

Short history and organizational structure of the ABOL initiative

ABOL is a decentralized initiative distributed across Austria, with a central coordination
unit located at the Natural History Museum Vienna (NHMW). While “ABOL” or “ABOL
initiative” refers to the entire network, the “ABOL Coordination” — as the organizational
unit — is a third-party funded project which employs a team of approximately 2.5 full-time
equivalents that maintains network contacts, organizes it, and drives its future development.

Pilot phase

Preparatory work leading up to the ABOL pilot phase began already in 2010, carried out
by staff members of the NHMW (Elisabeth Haring and Helmut Sattmann). An initial
group of interested individuals formed during the Biodiversity Day held at the NHMW on
October 21, 2010 under the title “Land der Vielfalt — zukunfisreich?” (translates to: Land of
Diversity — rich in future?). In the following years, a project was jointly developed together
with representatives of various Austrian institutions (Zimmermann et al. 2013). Thanks
to funding from the Ministry of Science, a three-year ABOL pilot phase was launched in
2014 (Tab. 1, hteps://www.abol.ac.at/en/about-us/#history-how-it-started). The aim of this
pilot phase was to establish methods and workflows in four groups of organisms (butterflies,
molluscs, vertebrates, and parasitic worms) and to generate corresponding reference DNA
barcodes. The four pilot projects were carried out at the following institutions: Tyrolean
State Museums (butterflies; lead: Peter Huemer), NHMW (molluscs; lead: Anita Eschner,
Luise Kruckenhauser), University of Graz (vertebrates; lead: Stephan Koblmiiller), and
the University of Veterinary Medicine Vienna (lead of the overall pilot phase; parasitic
worms; lead: Anja Joachim). Already within the pilot phase, the ABOL Coordination was
established at the NHMW. It was responsible for coordinating the pilot projects, network
building, communication, public outreach, and the conceptual development of the overall
project. The ABOL Coordination was supported by a steering committee consisting of nine
persons from different institutions. Even during the pilot phase, DNA barcodes of Austrian
organisms were generated in additional associated projects that were not funded through
the ABOL pilot. Partly conceived as small DNA barcoding projects, partly embedded in
larger research projects, these projects provided valuable data for ABOLs long-term goal
— a reference database for Austrian animals, plants and fungi. From its very beginning the
ABOL initiative agrees upon a workflow on generating DNA barcode references, where the
tissue from which DNA is extracted stems from reliably identified specimens, vouchered in
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a scientific collection. An ABOL database was set up already at the very beginning of the
initiative, which was intended as a working tool to support partners in data compilation
and quality control as well as in the data uploading process to BOLD. The Barcode of Life
Data System BOLD was ultimately chosen as the international platform where all final-
ised DNA barcodes are made available, allowing for applied DNA barcoding and DNA

metabarcoding studies.

During the pilot phase the number of species from Austria covered in BOLD increased
by almost an order of magnitude from 505 (as of July 16, 2014) to 4,241 species (as of
August 29, 2017).

Main phase

For the transition from the pilot phase to a comprehensive main phase of ABOL, a project
design was developed according to which DNA barcodes of at least 80% of all animal, plant,
and fungal species occurring in Austria were to be generated within ten years, structured into
ten taxonomic clusters (corresponding to different organism groups; Haring et al. 2015).
Since a large number of the species are very rare, sometimes only recorded once in Austria,
a coverage of 80% of the species was assessed as a realistic aim for a ten-years phase, based
on an original estimate of 70,000 species for the fauna, flora and funga of Austria (Geiser
1998; Rabitsch & Essl 2009; Krisai-Greilhuber 2015). This goal was to be achieved with
a total funding volume of approximately EUR 25 million over ten years. After accounting
for institutional in-kind contributions amounting to EUR 9 million, a remaining funding
requirement of approximately EUR 16 million was identified. As for this concept no global
funding could be secured, an alternative approach had to be developed in which funding

Tab 1: Overview of the ABOL phases, * BMBWEF — Federal Ministry of Education, Science and Re-
search; ** BMFWF — Federal Ministry of Women, Science and Research; *** University of Veterinary
Medicine Vienna | Tab. 1: Uberblick iiber die ABOL-Phasen, * BMBWF — Bundesministerium fiir
Bildung, Wissenschaft und Forschung; ** BMFWF — Bundesministerium fiir Frauen, Wissenschaft
und Forschung; *** Veterinirmedizinische Universitit Wien

Name Duration  Funding Budget in EUR  Funded project

Pilot phase 2014-2017 BMBWEF* 499,668.33 4 pilot projects (VetMed***,
NHMW, University of Graz,
Tyrolean State Museums),

ABOL Coordination NHMW)

Main phase 1  2017-2021 BMBWF 621,200 ABOL Coordination
project NHMW)
Main phase 2 2021-2024 BMBWF; 555,750 ABOL Coordination
Universities of. 70,000 project (NHMW)
Vienna, Graz
and BOKU
Univ.
Main phase 3 2024-2027 BMFWF** 798,180 ABOL Coordination

ongoing project NHMW)
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focused on the ABOL Coordination alone. Data generation was not covered, but third-party
funding had to be separately acquired by partner institutions, supported by the ABOL Co-
ordination team. Due to the necessity to build up the reference database by a conglomerate
of various projects (Haring et al. 2017), the initial time plan of ten years became unrealistic.

Financial structure of the main phase of ABOL

The main phase of ABOL started in November 2017, with funding for the ABOL Coordi-
nation provided by the Ministry of Science (former BMBWE, currently BMFWF; Tab. 1).
After the first three-year period (ABOL I: 2017-2020), funding for the ABOL Coordination
was subsequently extended twice, each time for a further three years. In the second phase
(ABOLII: 2021~ 2023), additional funding contributions to the ABOL Coordination were
provided by the University of Vienna (one year), the University of Graz (three years), and
BOKU University (three years). The third ABOL phase (ABOL III: 2024-2027) is currently
ongoing, again funded by the Ministry of Science.

As a conglomerate of projects serving the achievement of shared objectives, the ABOL
initiative is financed through a diversified portfolio of funding sources acquired by the
ABOL Coordination and/or its partners. While the ABOL Coordination is financed by the
Federal Ministry of Science, various other funding schemes are used in projects of the
ABOL initiatives, both for the generation of DNA barcodes as well as for applied DNA
barcoding. For these projects money was acquired from federal funding schemes, such as
higher education structural funds (HRSM; BMBWE now BMFWF), the Biodiversity Fund
(BMK, now BMLUK), the Austrian Science Fund (FWF), the Austrian Research Promo-
tion Agency (FFG), as well as international schemes and EU funding programmes (WTZ,

EUR 29,811,641
73%
EUR 8,779,309
21%
W ABOL Coordination W National projects International projects

Fig. 2: Graphical representation of the leverage effect of the ABOL Coordination in the period 2014 to
2025. Not shown in Fig.2 are the budgets of ABOL-associated projects from the pilot phase as well
as in-kind contributions within projects. | Abb.2: Grafische Darstellung des Hebeleffekts der ABOL-
Koordination im Zeitraum von 2014 bis 2025. Nicht in Abb. 2 dargestellt sind die Budgets der Assozi-
ierten ABOL-Projekte aus der Pilotphase sowie die Inkind-Leistungen innerhalb der Projekte.
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OecAD, Horizon Europe) and EU programmes with regional co-financing (LE 14-20, etc.)
(see Tab. 1 and Fig.2). A substantial — although not explicitly quantified — contribution
is provided by the in-kind efforts of project partners, who contribute significant in-kind
resources both to the establishment of methods and to the generation of DNA barcodes.
The ABOL Coordination is often involved in projects as a partner but also independently
acquires third-party funding.

The costs of the ABOL Coordination across all phases (Fig. 2, blue) are low (6%) compared
to the total funding volumes of ABOL projects that were acquired with the support of
the coordination unit (Fig. 2, dark red), as well as compared to international projects in
whose development ABOL was involved or which were supported by the coordination
unit (Fig. 2, light red).

Developing reference data for Austrian biodiversity

Although the generation of reference data was no longer the exclusive common goal, since
the majority of the funding acquired by ABOL could be obtained for applied DNA bar-
coding projects, it remained one of the central pillars of the initiative.

In the long-term, DNA barcodes of all Austrian organisms shall be publicly available via the

international data platform BOLD. All references generated during the various phases of
ABOL thus are made publicly available, except when still under processing by the authors

Public BOLD records for Austria Species with public DNA barcodes from Austria

= Records until 07/2014 = Records from 07/2014 to 02/2026 = Species until 07/2014 = Species from 07/2014 to 02/2026

Fig.3: Pic chart of published BOLD records  Fig.4: Pie chart of species with DNA bar-
for Austria. Only 16% (07/2014: 10,181 re-  codes published in BOLD for Austria. Only 4%
cords) of currently published records (02/2026:  (07/2014: 505 species) of the currently covered
64,301 records) were present before the start  species (02/2026: 11,589 species) were present be-
of the ABOL pilot phase. | Abb.3: Tortendia-  fore the start of the ABOL pilot phase. | Abb. 4:
gramm der verdffentlichten BOLD-Datensitze  Tortendiagramm der in BOLD fiir Osterreich ver-
fiir Osterreich. Nur 16 % (07/2014: 10.181 Da-  &ffentlichten Arten mit DNA-Barcodes. Nur 4 %
tensitze) der aktuell veréffentlichten Datensidtze ~ (07/2014: 505 Arten) der aktuell erfassten Arten
(02/2026: 64.301 Datensitze) waren vor Beginn ~ (02/2026: 11.589 Arten) waren vor Beginn der
der ABOL-Pilotphase vorhanden. ABOL-Pilotphase vorhanden.
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Increase of the number of BOLD records for Austria

80000
72,552

70000
63,242

60000 58,313
50000
40000 36,851
30000 25 969
21,766
20000 16,276
13,401
10,134
10000 6,332
3,075 I
o M

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Fig.5: Annual total numbers of records with sequences from Austrian organisms in BOLD during the
period 2015 to 2025 (public and unpublished; only records included with a minimum sequence length
of 300 base pairs) (data provided by the BOLD administrative team). | Abb. 5: Jihrliche Gesamtzahl
der Datensitze mit Sequenzen 6sterreichischer Organismen in BOLD im Zeitraum von 2015 bis 2025
(6ffentlich und unveréffentlicht; nur Datensitze mit einer Mindestsequenzlinge von 300 Basenpaaren
wurden beriicksichtigt) (Daten bereitgestellt vom BOLD-Team).

who generated the data. The ABOL coordination always supports partners making DNA
barcodes public. With March 10, 2026, 64.301 records from Austrian organisms were
publicly available in BOLD (Fig. 3). 84% of the latter were generated during the various
phases of the ABOL Coordination.

Regarding species numbers, 96% of species with publicly available DNA barcodes in BOLD
were added to the reference database during the various phases of ABOL (Fig. 4).

Overall, 70,000 records with sequences were generated and submitted to BOLD over the
course of the ABOL project (Fig. 5).

Adapting the goals of ABOL

Austria’s funding landscape offers limited opportunities for projects focusing on the gen-
eration of reference data, but it does provide funding schemes for applied aspects of DNA
barcoding. This limitation was a major reason for the expansion of the objectives of the
ABOL initiative. Initially, there was a strong focus on completion, curation and validation
of the reference database and on building and maintaining a network of partners. Over the
course of the main phase of ABOL, the objectives were increasingly expanded to include the
promotion of biodiversity research in general (with a particular emphasis on DNA barcoding
approaches). This went hand in hand with a stronger emphasis on applied aspects of DNA
barcoding, the expansion of the network to include stakeholders, and on bridging science,
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society, and policy. These developments were further reinforced by the growing societal
relevance of biodiversity research in the face of global challenges.

ABOL-RefDat, a project funded by the Biodiversititstfonds (BMK) and running from Janu-
ary 1, 2024, to October 31, 2025, is one of the first ABOL projects dedicated exclusively to
the generation of DNA barcodes. This allows for a thought experiment to assess whether the
initial plan to achieve DNA barcodes of 80% of all animals, plant and fungi of Austria within
a ten-year period was realistic. Within the project, 5,724 DNA barcodes were generated for
2,773 species from Austria. If the total of national funding acquired by ABOL (given in
Fig. 2) would have been used to generate DNA barcodes, the goal of recording 80% of Austri-
ans biodiversity could have already been achieved. This highlights the importance of continu-
ous funding to ensure smooth and effective progress in building a complete reference library.

The advantage of the current priorities and objectives of the ABOL initiative is the inte-
gration of data and knowledge in the multidimensional space of the biodiversity research
landscape. This integration is a core task of the ABOL Coordination.

The significance of a coordinated ABOL initiative
in the multidimensional biodiversity research space

and the tasks of the ABOL Coordination

In the following, the significance of a coordinated ABOL initiative is described along two
interdependent axes: one axis ranging from scientific infrastructures through basic research
and applied research to societal relevance, and a geographical axis ranging from regional
to national and international aspects. While the implementation of individual projects is
a shared responsibility of all partners of the ABOL initiative, the integration of the DNA
barcoding approach along these axes is among the central tasks of the ABOL Coordination.

Some of these tasks, such as ensuring the efficient generation of DNA barcodes, were em-
bedded in the concept of the ABOL initiative from the outset, whereas others evolved in
response to the initiative’s history and to changing framework conditions. This applies in
particular to the acquisition of projects through various funding schemes. Data generation
within many larger and smaller independently funded projects not only poses greater chal-
lenges for coordination and harmonization (compared to a single comprehensive funding
scheme as originally planned) but also led to a shift toward applied projects (Fig. 2).

Transdisciplinary dimension and societal integration:
from data infrastructure through basic research to applied research
and societal relevance

The ABOL initiative encompasses all aspects be they infrastructural, scientific, or societal.

To coordinate this breadth, the ABOL Coordination itself is structured into three strongly
interconnected areas. The e-Infrastructure management is responsible for tasks related to
data infrastructure aspects. It ensures compliance with quality standards and coordinates
data flows from sub-projects to the ABOL database and from there to BOLD, as well as

metadata flows to other Austrian and international biodiversity platforms. The overall
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taxonomic coordination serves as the interface to taxonomic experts and is responsible
for all matters related to the generation of DNA barcodes. It prevents undesirable dupli-
cation of efforts and helps to close gaps. By integrating molecular genetic approaches into
taxonomic research, it acts as an indispensable interface between data-producing partners
and scientific collections. The overall taxonomic coordination requires strong national
networking and high communication skills. It coordinates information flows both among
taxonomic experts and from ABOL to the public. The ABOL management is responsible
for the applied aspects of DNA barcoding and their societal relevance. It coordinates the
communication between regional, national, European and international initiatives and
networks (iBOL, iBOL Europe, DiSSCo, eLTER, EOSC, etc.) and represents ABOL
externally (stakeholders, media). The ABOL management provides ABOL partners with a
common voice and coordinates information flows between partner institutions, between
ABOL and international partners, and toward stakeholders.

As the DNA barcoding approach is generally dependent on a reference database that serves as
the basis for DNA-based identification, it inherently has a strong research dara infrastructure
component. In the original development plan of the ABOL initiative, drafted during the
pilot phase, the data infrastructure aspect — with the primary goal of building the reference
database — was strongly emphasized. Due to the ultimately implemented funding model,
consisting of core funding only for the ABOL Coordination and the acquisition of third-party
funding for data and application projects, the shared objectives of the initiative expanded
towards more applied aspects. This development was reinforced by the biodiversity crisis
coming more into the geopolitical focus. The ABOL long-term objectives thus also include
the general promotion of biodiversity research and monitoring, as well as support for the
transformation toward a nature-positive society.

As a result, the objectives of the ABOL initiative now span the full dimension from data
infrastructure through basic research and applied research to societal relevance.

Infrastructure aspects of ABOL

One of the main objectives of the ABOL initiative is to achieve a high coverage of DNA
barcodes for organisms occurring in Austria, thus contributing to the international initiative
iBOL and its data portal BOLD. By the end of 2025, DNA barcodes for approximately
one third of the roughly 75,000 animal, plant, and fungal species occurring in Austria were
available in BOLD - note that during the course of ABOL the estimated number of spe-
cies increased from originally 70.000 to 75.000, based on new publications (Geiser 2018;
Schratt-Ehrendorfer et al. 2022; Krisai-Greilhuber 2015). However, part of the data in
BOLD is not yet publicly accessible, for example because it is still under embargo pending
publication. The ABOL Coordination continuously strives to increase the proportion of
publicly accessible data and provides partners with support in data management.

DNA barcoding is a collection-oriented scientific approach. DNA barcodes from relia-
bly identified organisms serve as reference sequences for species identification. Voucher
specimens of these reference organisms are deposited in scientific collections, ensuring the
traceability of the identifications and their anchoring in physical objects. The digital storage
of metadata of reference organisms, ideally complemented by digitized specimens, creates
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an interface with the national scientific data infrastructure project OSCA (Open Scientific
Collections Austria, https://osca.science/en/; Korth et al. 2025).

The ABOL Coordination is committed to the highest quality standards and ensures that data
of the highest possible quality are made available for research and application. Accordingly,
the ABOL mission statement formulates the following quality standards: DNA barcoding
sequences are generated from taxonomically (a priori) identified organisms. Reference organ-
isms originate either from publicly accessible scientific collections or, if freshly collected, are
deposited in such collections. Where available, remaining DNA is stored in a DNA/tissue
bank. DNA barcodes are uploaded together with the associated metadata (i.e. data that
describes characteristics of other data — e.g. the name of the person which performed the
morphological species identification) to the international database BOLD. All steps in the
DNA barcoding workflow — from collection and documentation through sampling, DNA
analysis, data evaluation, and data submission — are carried out in strict compliance with the
highest (laboratory) standards and controls. All data, whether DNA barcodes or application
data, are made publicly available whenever possible in accordance with the FAIR principles.

The ABOL Coordination regularly offers workshops for partners and other interested parties,
like e.g. participants of the ABOL BioBlitzes and managers of protected areas, on the use of
Specify (ABOL database) and BOLD as well as on topics related to data collection, quality as-
surance, and biodiversity informatics. These activities contribute to broad knowledge transfer
within the community and strengthen capacity building in modern biodiversity research. Be-
tween 2017 and 2025 in total 18 workshops have taken place with more than 150 participants.

The ABOL website also provides a platform for showcasing the diverse projects of the ABOL
initiative and thus supports the dissemination obligations of many partners. Through this
visibility and active communication, the website functions as a central element of multi-
dimensional integration into the larger context — from national monitoring programs and
international research infrastructures to global biodiversity strategies.

The Austrian research funding landscape offers limited opportunities for submitting pure-
ly data infrastructure projects. Likewise, European funding programs for research infra-
structures mostly do not allow for data generation. Nevertheless, several projects with a
predominantly infrastructural character have been implemented. Through these activities,
the ABOL initiative has contributed at a technical level to the establishment and expansion
of IT infrastructure and laboratory capacities at several universities. For example, between
2017 and 2021, a major infrastructure project for establishing DNA barcoding pipelines
at universities was carried out under the HRSM project (Hochschulraumstrukturmittel;
hteps://www.abol.ac.at/en/project/hrsm-project/), funded with EUR 1 million by the Min-
istry of Science. This collaborative project involved the ABOL Coordination NHMW) and

five Austrian universities (lead: University of Graz).

By generating DNA barcodes connected to new voucher specimens, ABOL has also contrib-
uted to the expansion of scientific collections at partner museums. In the project ABOL-
RefDat, funded by the Biodiversity Fund (BMK, later BMLUK), 5,724 novel DNA barcodes
were generated for 5,509 individuals (of 2,773 Austrian species) (https://www.abol.ac.at/
en/project/abol-refdat-2/). The project was acquired and coordinated by the ABOL
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Coordination. In addition to data production, a key objective was the involvement of var-
ious institutions and experts.

However, the reference data in BOLD do not represent the only data infrastructure com-
ponent of ABOL. ABOL also aims to make all data generated through DNA barcoding
applications in Austria available for reuse. With the involvement of a university-based ABOL
consortium, the project ATTV-Biodat (https://www.abol.ac.at/en/project/ativ-biodat-2/) is
currently underway, aiming to establish a trans-university infrastructure for linking national
and international biodiversity databases.

Aspects of basic research

Promoting taxonomic research in Austria is among the main objectives of the ABOL initia-
tive. A central task of the ABOL Coordination is the integration of DNA-based methods into
taxonomy. This integrative taxonomic approach, which combines taxonomic classification
based on phenotypic (i.e. morphological or behavioral traits) and genotypic (i.e. DNA
barcodes) characteristics, increases the direct relevance of taxonomic research for applied
biodiversity research, making ABOL an important hub for biodiversity research and docu-
mentation in Austria (e.g. Kirichenko et al. 2015; Reier et al. 2019; Schiffer et al. 2019 a,
b). The long-term goal of the ABOL initiative is a complete inventory of all animal, plant,
and fungal species in Austria. The ABOL Coordination’s task is to make the generation of the
required DNA barcodes as efficient as possible and to minimize duplication among partner
institutions. This agenda aligns closely with the research focus of museums and scientific
collections in general. By generating DNA barcodes, important information connected to
physical reference organisms is made accessible to society; accordingly, the establishment
of the reference database also falls within the scope of digitization initatives of scientific
collections that follow the extended specimen concept (Webster 2017).

DNA barcoding has great potential for detecting cryptic diversity (e.g. Huemer et al. 2014b;
Eschner et al. 2015; Schiffer et al. 2019a, b; Reier et al. 2020b). One highlight was the
discovery of a fish species previously unknown from Austria in the upper Mur River. The
emerald gudgeon (Romanogobio skywalkeri) was newly described (Friedrich et al. 2018),
and its distribution and population structure are currently being investigated in a dedicated
project (https://www.abol.ac.at/project/smaragdgressling-2/).

Genetic data form the basis for numerous scientific studies, for example in taxonomy,
phylogenetics, population genetics, or ecology. Thus, they constitute perfect showcases for
reuse of collection data.

Aspects of applied research

The DNA barcodes in the reference database form the basis for numerous applications.
Once established and intercalibrated with traditional approaches, DNA barcoding offers a
cost- and time-efficient complementary method for species identification of animals, plants,
and fungi in many fields. Thus, the ABOL Coordination integrates not only taxonomic re-
search with molecular genetic research, but also with systematic and conservation-relevant
research.
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Fig. 6: Number of scientific publications in the context of ABOL per year. | Abb.6: Anzahl der Ver-
offentlichungen im Kontext von ABOL pro Jahr.

In addition to high-quality reference data, the establishment and application of DNA
barcoding approaches — particularly in the analysis of mixed samples (metabarcoding) and
environmental samples (¢eDNA metabarcoding) — serve to establish DNA barcoding as a
complementary species identification approach.

Like other initiatives at the European and global level, ABOL promotes the establishment
of genetic methods in biodiversity monitoring and applied research. This includes projects
on the use of DNA barcoding to detect pathogens causing swimmer’s itch in water bodies
(Reier et al. 2020a; Helmer et al. 2021, 2023), as well as the identification of dragonflies
using DNA from exuviae (Sittenthaler et al. 2023a, b).

The BioPlanbar project aimed to integrate DNA barcoding and metabarcoding into the
preparation of environmental impact assessments (Koblmiiller et al. 2019).

Thanks to close cooperation between the ABOL Coordination and stakeholders, applications
are continuously adapted to stakeholder needs. In the GeMonA+ project, a genetic module
is being developed in cooperation with LTER-Austria as a contribution to a holistically
coordinated biodiversity monitoring system in Austria.

The scientific achievements of ABOL in both basic and applied research are most clearly

reflected in the number of scientific publications generated during the various phases of
the ABOL initiative (Fig. 6).

Aspects of outreach and societal value
Outreach into society is one of the defining strengths of ABOL. It distinguishes the initiative

from many purely scientific projects and helps to foster a culture of shared responsibility
for biodiversity.
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The ABOL Coordination acts as a central interface — a unifying element that holds together
the multidimensional construct of the ABOL initiative — and makes it visible through
public outreach activities (lectures, workshops, newsletters, social media activities, and its
own website). The goal is to present complex topics such as genetic species identification in
an accessible way and to highlight their benefits for society, conservation, and policy. This
strengthens the acceptance of molecular genetic methods within the biodiversity discourse
and integrates scientific knowledge into society. Since 2020, ABOL has jointly organized
conferences with the Biodiversity Hub; these were held as multi-day biodiversity conferences
in 2023 and 2025 under the title Days of Biodiversity, together with other organizers. These
events featured a highly diverse program that brought together players from biodiversity
research and practice, decision-makers from politics and administration, NGOs, interested
citizens, and the media.

In addition, the ABOL BioBlitzes (Sonnleitner et al. 2022) promote the participation
of community scientists in the generation of scientific knowledge. Initiated by the ABOL
Coordination in 2019, altogether 37 BioBlitzes have been performed (Tab. 2). They involve

Tab 2: Overview of the ABOL BioBlitzes between 2019 and 2025. | Tab. 2: Uberblick iiber die ABOL-
BioBlitze zwischen 2019 und 2025.

ABOL-BioBlitz Year Location

Test BioBlitz (“Probeblitz”) 2019  Tattendorf, Lower Austria

GEO Day of Nature, 2019 Diversity in shores and slopes at Millstitter See,
Biosphere Reserve Nockberge Carinthia

Day of Biodiversity Upper Austria 2019 Grein — around Miihlberghof, Upper Austria

Day of Biodiversity, 2019  Pressbaum, Lower Austria
Biosphere Reserve Wienerwald

Day of Biodiversity Vienna 2019 BOKU university area,
KnédelhiittenstraSe, 1140 Vienna

Day of Biodiversity Tyrol 2019  Brandenberg valley,
municipality Brandenberg, Tyrol

Day of Biodiversity National Park 2019 Gdssnitz valley, Carinthia

Hohe Tauern

Day of Biodiversity, 2020 Pétzleinsdorfer Schlosspark,
Biosphere Reserve Wienerwald Geymiillergasse , 1180 Vienna
GEO Day of Nature, 2020  Around Grundlalm, Carinthia

Biosphere Reserve Nockberge
Day of Biodiversity National Park 2020  Umbal valley, East Tyrol

Hohe Tauern

Day of Biodiversity Tyrol 2020 Municipality Géssen, Tyrol
Day of Biodiversity Vienna 2021 Donauinsel, 1220 Vienna
Day of Biodiversity, 2021  Eichgraben, Lower Austria

Biosphere Reserve Wienerwald
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ABOL-BioBlitz Year Location

GEO Day of Nature, 2021  Zunderwand near Kaning, Radenthein, Carinthia

Biosphere Reserve Nockberge

Day of Biodiversity Tyrol 2021  Municipality Pfunds, Tiroler Oberland, Tyrol

Day of Biodiversity 2021  Municipality Muhr in the Lungau, Salzburg

National Park Hohe Tauern

Day of Biodiversity, 2022  Ottakring, 1160 Vienna

Biosphere Reserve Wienerwald

Insect Camp 2022  Leiser Mountains, Lower Austria

Day of Biodiversity Tyrol 2022 Ehrwalder Becken, Tyrol

GEO Day of Nature, 2022  St. Lorenzen ob Reichenau, Carinthia

Biosphere Reserve Nockberge

Day of Biodiversity National Park 2022 Malta valley, Carinthia

Hohe Tauern

Day of Biodiversity Vienna 2023  Garden plot — OBB Landwirtschaft BBL —
Region Ost Zweigverein Kagran, 1210 Vienna

Day of Biodiversity, Biosphere 2023  Klosterneuburg, Lower Austria

Reserve Wienerwald

Insect Camp 2023  Nature Park Weibach near Lofer, Salzburg

GEO Day of Nature, Biosphere 2023  between Peitlernock and Birenaunock in Innerkrems,

Reserve Nockberge Carinthia

Day of Biodiversity Tyrol 2023  Leutasch, Tyrol

Day of Biodiversity National Park 2023  Defreggen valley, East Tyrol

Hohe Tauern

Day of Biodiversity, Biosphere 2024  Liesing, 1230 Vienna

Reserve Wienerwald

GEO Day Carinthia 2024  Geo park Karawanken, Carinthia

GEO Day of Nature, Biosphere 2024  around lake Windebensee (at the Nockalm road),

Reserve Nockberge Carinthia

Insect Camp 2024  Nature Park Karwendel, Tyrol

Day of Biodiversity National Park 2024  Habachtal, Salzburg

Hohe Tauern

Day of Biodiversity Vienna 2025  Area Breitenlee, 1220 Vienna

Day of Biodiversity, Biosphere 2025 Baden near Vienna, Lower Austria

Reserve Wienerwald

Insect Camp 2025 Nature Park Hohe Wand, Lower Austria

Day of Biodiversity National Park 2025  Gradental (Schobergruppe) in the National Park

Hohe Tauern municipality Groffkirchheim, Carinthia

GEO Day Carinthia 2025  Mittagskogel, Karawanken, Carinthia
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community scientists with high biodiversity expertise collecting samples that contribute
to building the reference database. Beyond integrating new partners into the ABOL in-
itiative, the ABOL BioBlitzes also serve science communication, public outreach, and
eatly-career support by enabling the validation of morphological identifications through
DNA barcoding. In workshops offered by the ABOL Coordination, taxonomic experts can
learn how to process their DNA barcoding data and thus contribute to the curation of the
DNA reference database. The ABOL BioBlitzes are also listed on the national citizen science
platform “Osterreich forscht.”

The ABOL Coordination communicates the goals of the initiative to policymakers. It main-
tains contacts with stakeholders such as ministries, authorities, and the Environment Agency
Austria (Umweltbundesamt), and is engaged in committees and organizations. Members
of the ABOL Coordination (Nikolaus Szucsich and Elisabeth Haring) represent the ABOL
Coordination on various scientific advisory boards and bodies, such as the Austrian Biodiver-
sity Council and the Austrian Academy of Sciences’ Commission for Biodiversity in Austria
(“Biodiversity Austria, Biodiv-A”), where they are also involved in IPBES-related matters.
The biodiversity community, which was already brought together during the ABOL pilot
phase, formed the basis for the establishment of the Austrian Biodiversity Council (hteps://
www.biodiversityaustria.at/biodiversitaetsrat/), which was thus able to build on an existing
network.

The transdisciplinary character of the ABOL initiative is also reflected in the ABOL network
itself. From the outset of the ABOL pilot phase, numerous institutions and individuals
expressed interest in participating in ABOL. This partner network grew substantially over
subsequent phases and now includes staff from many institutions — including all Austrian
universities active in biological research, federal and regional museums, biosphere reserves,
national parks, nature conservation departments, NGOs — as well as numerous individuals
(hteps://www.abol.ac.at/en/about-us/#cooperation-partners).

Within the network, partners assume very different roles and functions. Only some are
involved in generating DNA barcodes, usually within the framework of third-party fund-
ed projects. Others contribute to methodological development, applied projects, or act
as stakeholders (e.g. representatives of protected areas) who are integrated into projects.
The ABOL Coordination has organized workshops to convey DNA barcoding expertise
and knowledge of the BOLD reference database to stakeholders. The ABOL conferences
organized by the ABOL Coordination (from 2020 onward replaced by ABOLs participation
in the Days of Biodiversity) also served as platforms for the exchange of knowledge and
experience.

Particularly noteworthy is the establishment of a successful consortium consisting of the
ABOL Coordination and university staff from several Austrian universities. This consortium
has already completed a major infrastructure project for establishing DNA barcoding pipe-
lines at universities (HRSM project) and is currently conducting further projects (notably
GeMonA+ and ATIV-Biodat).
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Geographical dimension:
from regional and national to European and global aspects

The ABOL initiative is closely linked to European and international biodiversity research
infrastructures. A central element of this networking is the systematic integration of DNA
barcodes generated in Austria into the international data portal BOLD.

The ABOL Coordination is closely connected to European and international biodiversity
research infrastructures. International networking is indispensable to ensure the comparabil-
ity of biodiversity indices when addressing global challenges. ABOL coordinator Nikolaus
Szucsich has been a member of the iBOL Science Committee since 2015 (hteps://ibol.
org/about/science-committee/) and represents the ABOL initiative within the European
subsidiary organization iBOL Europe.

Via OSCA (Open Scientific Collections Austria) (Korth et al. 2025), ABOL is linked to
DiSSCo (Distributed System of Scientific Collections), a European initiative that promotes
the digitization and networking of scientific collections at the European level.

Knowledge transfer also takes place across national borders, for example within the frame-
work of an OeAD project in Zambia, in which two DNA barcoding workshops were held
for staff and students at the University of Zambia in Lusaka (lead: University of Graz;
https://www.abol.ac.at/project/sambia/).

The global Horizon Europe project LIFEPLAN (https://www.helsinki.fi/en/projects/lifeplan)
is an iIBOL project that investigates the impact of human land use (especially settlement)
on biodiversity. At more than 200 twin sites — each comprising a pair of one near-natural
and one urban location — biodiversity is surveyed using Malaise traps, spore traps, soil
samples, camera traps, and microphones. ABOL partners are involved with three twin
sites in LIFEPLAN. The use of state-of-the-art approaches (ranging from metabarcoding
to artificial intelligence; Hardwick et al. 2023) and analytical methods will contribute to
advancing our understanding of global biodiversity.

'The ABOL Coordination likewise represented ABOL in the EU COST Action DNAqua-Net
(Leese et al. 2016). The aim of this EU COST Action was to establish an interdisciplinary
research network focusing on the development of gold standards for novel biodiversity-rele-
vant indices using DNA-based approaches for the ecological assessment of European waters
(Elbrecht et al. 2017; Pawlowski et al. 2021; Blancher et al. 2022). In addition to a gap
analysis (Weigand et al. 2019) and the development of standardized approaches (Meissner
et al. 2021), DNAqua-Net provided a learning platform for the next generation of Euro-
pean researchers, preparing them for new technologies. Together with water management
authorities, policymakers, and other stakeholders, the group developed a concept for the
routine application of DNA-based tools within legally binding assessment frameworks.

The ABOL Coordination team

Since the start of the project, an interdisciplinary team has been built up that covers the three
areas of the ABOL Coordination (see also 3.1.). The ABOL Coordination currently consists
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of the following team members (in total 2.5 FTE): Nikolaus Szucsich has the leading role as
the ABOL Manager; Michaela Sonnleitner, Janine Heinzl and Victoria Kargl are responsible
for overall taxonomic coordination and act as ABOL BioBlitz coordinators. Florian Ackerl
works as e-infrastructure manager. Former members encompass Denise Grau and Oliver
Macek (as former e-infrastructure managers) and Christoph Leeb and Sabine Schoder (in
taxonomic coordination).

Institutional embedding: The anchoring of the ABOL Coordination at the Natural History
Museum Vienna is based on the fact that DNA barcoding is inherently a collection-based
approach to DNA-based species identification. The aim is to consistently maintain the link
between the DNA barcode and the collection object (reference individual). This traceability
enables transparency and quality control. Currently Elisabeth Haring and Christoph Hor-
weg are the project leaders of the ABOL Coordination. Former project leaders encompass
Helmut Sattmann and Christian Briuchler.

The ABOL Coordination is supported and accompanied by the Scientific Advisory Board
established in 2017. The composition and development of the coordination team and the
Scientific Advisory Board are available on the ABOL website (https://www.abol.ac.at/en/
about-us/).

Challenges, outlook, and vision

The network as key asset

By integrating various individuals and institutions, as well as different research fields and
stakeholders, the ABOL Coordination ensures the creation of synergies, the pooling of
resources, and continuous knowledge transfer between science, society, administration,
and political decision-makers. Over the past decade, the ABOL initiative has evolved from
a funded project into a central platform for biodiversity research in Austria. Its network
function is not a “by-product” but rather the backbone of the initiative, initiated and con-

tinuously developed by the ABOL Coordination.

United by the common goal of promoting biodiversity research, the coordinated ABOL
initiative brings together universities, research institutions, museums, and other collec-
tions. This allows expertise from classical taxonomy, molecular biology, bioinformatics, and
applied ecology to be combined. Without this platform, many collaborations would not
have come about, and one of the future tasks of ABOL will therefore be to continuously
strengthen and promote these connections. The benefits of the ABOL network are evident
in numerous project-level collaborations — both small and large — often spanning institu-
tions and disciplines and/or involving community scientists, thereby facilitating substantial
knowledge exchange and transfer.

The ABOL network also has an outward impact: through participation in European pro-
jects e.g. DNAqua-Net (Leese et al. 2016) or TETTRIs (Magee 2025), and data flows
into international platforms (BOLD, GBIF). ABOL is embedded in global biodiversity
initiatives. This enhances the international visibility of Austrian biodiversity initiatives and
strengthens their integration into global networks and international forums. ABOL also
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fulfils a networking function through its involvement in advisory bodies (e.g. the Austrian
Biodiversity Council; the Austrian Academy of Sciences’ Commission for Biodiversity in
Austria — “Biodiversity Austria (Biodiv-A)”) and through its links with various relevant
national platforms (e.g. the Austrian Biodiversity Atlas, GBIF Austria, ZOBODAT).

Over more than a decade, the ABOL Coordination has evolved as a servant of many masters:
regarding involved institutions, it covered scopes from basic research to various applications
of species identification, geographical perspectives from regional to global scales, and con-
nected with stakeholders, politics, and society.

To maintain these bridging functions, it would be most appropriate to strive for a jointly
financed consolidation. Associating the ABOL Coordination with a single institution would
risk restricting its activities to institutional agendas. One way to mitigate such risks would
be to integrate the ABOL Coordination into a national biodiversity centre, as proposed by
the Biodiversity Council of Austria.

The maintenance of such a network is time-consuming and resource-intensive and requires
secure coordination to ensure continuous communication, alignment, and strategic de-
velopment. This coordination work enables the networking of experts across institutions,
disciplines, and regions, thereby creating the framework for cooperative research and the
shared use of resources.

The ABOL Coordination as a long-term infrastructure

The ABOL Coordination provides its partners with comprehensive support in data processing
and quality control and assists with data preparation for international platforms such as
BOLD. Continuing this way in the future, the ABOL Coordination delivers central services
that are in high demand within the community and clearly position the initiative as a na-
tional research infrastructure. Running a working database based on Specify (Mengarelli et al.
2025) enables a linkage of taxonomy, DNA sequences, metadata, and scientific collections,
creating an integrated data environment that functions both as an internal tool for the ABOL
Coordination and as an interface for partners preparing data for upload to BOLD. Thus, the
ABOL Coordination can maintain its role in quality assurance by giving structured feedback
to taxonomic experts, thus fostering the continuous improvement of the reference data.

Yet, while some of the services provided by the ABOL Coordination are readily measurable,
reducing its role to a purely infrastructural function would neither adequately reflect the
scope of its activities nor meet the needs of the community. One of the major roles of the
ABOL Coordination is the internal and external communication of the ABOL initiative.

Driving innovation in biodiversity research through ABOL

Since its establishment, ABOL has significantly advanced biodiversity research in Austria
by combining coordinated research activities with strong efforts in mobilization, network-
ing, and community building. Research projects have been central to this development,
providing both scientific outputs and the framework for collaboration among museums,
universities, regional initiatives, and taxonomic societies. For the further development of
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DNA-based biodiversity research in Austria, continuing and expanding these collaborative
structures will remain essential.

From a scientific perspective, several areas will require particular attention. A major challenge
remains the identification and documentation of cryptic diversity, which continues to reveal
previously overlooked species and evolutionary lineages and the hidden diversity, especially
in megadiverse groups of organisms. In addition, further standardization of laboratory pro-
tocols, data generation, and reference libraries will be crucial to ensure comparability and
long-term usability of DNA barcode data. Finally, the application of DNA-based methods
in biodiversity monitoring is rapidly gaining importance. Strengthening the integration of
DNA barcoding and metabarcoding approaches into ecological monitoring and conservation
practice will be a key task for the coming years.

Through its coordinated network and reference data generation, ABOL provides an essential
foundation for these developments and will continue to play a central role in advancing
biodiversity research and evidence-based conservation in Austria.

The future of ABOL along the dimension

from data infrastructure to societal outreach

The global biodiversity crisis represents a major societal challenge that requires coordinated
scientific responses. This challenge must be addressed not only at the international level
but also within Austria. Effectively tackling biodiversity loss requires a coordinated research
agenda, in which multiple institutions and disciplines collaborate toward shared objectives.

Given the complexity of biodiversity research — spanning taxonomy, ecology, molecular biol-
ogy, environmental monitoring, data management, and policy-relevant applications — coordi-
nation is essential to ensure coherence, avoid duplication of efforts, and maximise the societal
impact of research activities. A coordinated framework can facilitate the integration of exper-
tise across institutions and promote the development of shared infrastructures and standards.

With more than a decade of experience in connecting research institutions, infrastructures,
and application-oriented stakeholders, the ABOL Coordination is well positioned to assume
a central role in such a framework. It contributes to addressing societal challenges on several
interconnected levels, i.e. the data infrastructural level, the level of research, as well as the
level of networks, by linking biodiversity research with societal and political decision-making.

Overcoming the societal challenges needs a strong base in data infrastructures, committed to
the FAIR data principles. By ensuring a close linkage between data, databases, and scientific
collections, the ABOL Coordination will continue to contribute to a dynamic global data
infrastructure network. At the same time, it itself functions as an infrastructure.

Intensified and increased efforts of biodiversity research are necessary to allow for evi-
dence-based solutions. Thanks to the ABOL Coordination the initiative has successfully
established itself as a key structure within Austrian biodiversity research. Future progress will
need a balanced combination of research infrastructure development connecting scientific
collections as well as national and international platforms and data networks, to achieve
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long-term frameworks for data generation, storage, and accessibility. Ideally this is imple-
mented through partnerships among key institutions such as the Universities, the Natural
History Museums, regional biodiversity hubs, and the numerous scientific societies and
associations that often harbor rare biodiversity expertise. At the same time, scientific progress
will rely on extended research funding (e.g. FWE EU programs) specifically dedicated to
establishing the data infrastructure needed.

More than ever, overcoming scientific challenges demands for effective collaboration through
well-functioning networks of scientists, nature conservation practitioners, authorities and
policymakers, to finally foster a broader societal transformation toward a more sustainable
and nature-compatible society. Here, the network of ABOL partners is a strong pillar for
Austria, well integrated into the international context.

Crucial to the future viability of the initiative is the establishment of a permanently secured,
professionally operating, and strategically embedded coordination structure. Only under
these conditions can ABOL further expand its role as a national platform for biodiversity
research, provide stable infrastructure for data, expertise, and knowledge transfer, and make
substantial contributions to the implementation of national and international commitments
in the fields of nature conservation and biodiversity monitoring. At a time when framework
conditions are changing at all levels and demands on biodiversity research continue to grow,
an initiative can only be successful in the long term if coordination functions are performed
reliably and continuously.

ABOL stands at a decisive point in its development, facing the challenge of securing its
activities over the long term while strategically expanding its scope to a broader initiative
that supports biodiversity research in general. In particular, this necessitates sustainable
funding of the central coordination unit and the integration of its activities into national
and international biodiversity monitoring programs (Basille et al. 2024). With the ABOL
Coordination forming the organizational backbone of ABOL, the initiative can remain
functional as a decentralized network.

References
Alam M, Abbas K, Usmani N, Raza MT, Bhat MR, Mustafa M, Husain A (2024) A comprehensive

review on DNA barcoding for species identification across diverse taxa. Munis Entomology & Zo-

ology, 19(2), 1057-1072

Aylward ML, Sullivan AP, Perry GH, Johnson SE, Louis EE (2018) An environmental DNA sampling
method for aye-ayes from their feeding traces. Ecology and Evolution 8, 9229-9240 (https://doi.
org/10.1002/ece3.4341)

Basille M, Body G, Brotons L, Gaigr J, Tarantini SO, Pulieri M, Rodi¢ P, del Pozo MS, Winkler R, the
participants of the Paris workshop and Biodiversa+ partners involved in sub-task 2.1.1. (2024) Concept
note on a methodological approach to define priorities for monitoring biodiversity. Biodiversa+ report

1-32 (https://doi.org/10.5281/zenodo.13934670)

Blancher P, Lefrangois E, Rimet F, Vasselon V, Argillier C, Arle J, Beja P, Boets P, Boughaba J, Chauvin
C, Deacon M, Duncan W, Ejdung G, Erba S, Ferrari B, Fischer H, Hinfling B, Haldin M, Hering
D, ... Bouchez A (2022) A strategy for successful integration of DNA-based methods in aquatic
monitoring. Metabarcoding and Metagenomics 6, €85652 (https://doi.org/10.3897/mbmg.6.85652)


https://doi.org/10.1002/ece3.4341
https://doi.org/10.1002/ece3.4341
https://doi.org/10.5281/zenodo.13934670
https://doi.org/10.3897/mbmg.6.85652

Evolving ABOL (the Austrian Barcode of Life Initiative) 67

Cardoso P, Erwin TL, Borges PA, New TR (2011) The seven impediments in invertebrate conservation
and how to overcome them. Biological Conservation 144(11), 2647-2655 (https://doi.org/10.1016/j.
biocon.2011.07.024)

CBOL Plant Working Group (2009) A DNA barcode for land plants. Proceedings of the National
Academy of Sciences 106(31), 1279412797 (https://doi.org/10.1073/pnas.0905845106)

Christian C, Gwilliam IIT GF, von Konrat M, Ahn J, Bailey C, Dodinval D, Ellwood ER, Golembiewski
K, Higgins LM, Jones C, Martinez V, Ordenana MA, Pauly GB (2024) Embracing inclusivity:
the case against the term ‘citizen science’. Research Ideas and Outcomes 10, €137412 (https://doi.
0rg/10.3897/ri0.10.e137412)

Elbrecht V, Vamos EE, Meissner K, Aroviita J, Leese F (2017) Assessing strengths and weaknesses of
DNA metabarcoding-based macroinvertebrate identification for routine stream monitoring. Methods

in Ecology and Evolution 8(10), 1265-1275 (http://dx.doi.org/10.1111/2041-210X.12789)

Engel M, Cerfaco L, Daniel G, Dellapé P, Lobl I, Marinov M, Reis R, Young M, Dubois A, Agarwal
I, Lehmann AP, Alvarado M, Alvarez N, Andreone E Araujo-Vieira K, Ascher J, Baéta D, Baldo D,
Bandeira S, Kusamba C (2021) The taxonomic impediment: a shortage of taxonomists, not the lack
of technical approaches. Zoological Journal of the Linnean Society 193(2), 381-387 (https://doi.
org/10.1093/zoolinnean/zlab072)

Eschner A, Kruckenhauser L, Duda M (2015) DNA-Barcoding Mollusken — Verborgene Diversitit.
Acta ZooBot Austria 152, 179-181

Esnaola A, Arrizabalaga-Escudero A, Gonzélez-Esteban J, Elosegi A, Aihartza ] (2018) Determining
diet from faeces: Selection of metabarcoding primers for the insectivore Pyrenean desman (Galemys
pyrenaicus). PLoS ONE 13(12), ¢0208986 (https://doi.org/10.1371/journal.pone.0208986)

French I, Wainwright BJ (2022) DNA barcoding identifies endangered sharks in pet food sold in Singa-
pore. Frontiers in Marine Science 9, 836941 (https://doi.org/10.3389/fmars.2022.836941)

Friedrich T, Wiesner C, Zangl L, Daill D, Freyhof J, Koblmiiller S (2018) Romanagobio skywalkeri, a
new gudgeon (Teleostei: Gobionidae) from the upper Mur River, Austria. Zootaxa 4403(2), 336-350
(https://doi.org/10.11646/z00taxa.4403.2.6)

Galimberti A, De Mattia F, Losa A, Bruni I, Federici S, Casiraghi M, Martellos S, Labra M (2013) DNA
barcoding as a new tool for food traceability. Food Research International 50(1), 55—63 (http://dx.doi.
org/10.1016/j.foodres.2012.09.036)

Geiser E (1998) Wie viele Tierarten leben in Osterreich? Erfassung, Hochrechnung und Abschitzung.
Verhandlungen der Zoologisch-Botanischen Gesellschaft in Osterreich 135, 81-93

Geiser E (2018) How many animal species are there in Austria? Update after 20 years. Acta ZooBot
Austria 155(2), 1-18

Gostel MR, Kress W] (2022) The Expanding Role of DNA Barcodes: Indispensable Tools for Ecology,
Evolution, and Conservation. Diversity 14, 213 (https://doi.org/10.3390/d14030213)

Graf W, Stradner D, Weiss S (2008) A new Siphonoperla species from the Eastern Alps (Plecoptera:
Chloroperlidae), with comments on the genus. Zootaxa 1891, 31-38 (https://doi.org/10.5281/
zenodo.184333)

Hajibabaei M, Singer GAC, Hebert PDN, Hickey DA (2007) DNA barcoding: how it complements
taxonomy, molecular phylogenetics and population genetics. Trends in Genetics 23(4), 167-172
(http://dx.doi.org/10.1016/j.tig.2007.02.001)

Hardwick B, Kerdraon D, Rogers HMK, Raharinjanahary D, Rajoelison ET, Mononen T, Lehikoinen B,
Banelyte G, Farrell A, Fisher BL, Roslin T, Ovaskainen O (2024) LIFEPLAN: A worldwide biodiversity
sampling design. PLoS ONE 19(12), €0313353 (https://doi.org/10.1371/journal.pone.0313353)

Haring E, Sattmann H, Szucsich NU (2015) ABOL als Biodiversititsnetzwerk — Struktur und Ziele
taxonspezifischer Cluster. Acta ZooBot Austria 152, 149-156


https://doi.org/10.1016/j.biocon.2011.07.024
https://doi.org/10.1016/j.biocon.2011.07.024
https://doi.org/10.1073/pnas.0905845106
https://doi.org/10.3897/rio.10.e137412
https://doi.org/10.3897/rio.10.e137412
http://dx.doi.org/10.1111/2041-210X.12789
https://doi.org/10.1093/zoolinnean/zlab072
https://doi.org/10.1093/zoolinnean/zlab072
https://doi.org/10.1371/journal.pone.0208986
https://doi.org/10.3389/fmars.2022.836941
https://doi.org/10.11646/zootaxa.4403.2.6
http://dx.doi.org/10.1016/j.foodres.2012.09.036
http://dx.doi.org/10.1016/j.foodres.2012.09.036
https://doi.org/10.3390/d14030213
https://doi.org/10.5281/zenodo.184333
https://doi.org/10.5281/zenodo.184333
http://dx.doi.org/10.1016/j.tig.2007.02.001
https://doi.org/10.1371/journal.pone.0313353

68 Szucsich NU et al.

Haring E, Szucsich NU, Sattmann H (2017) ABOL und die Zukunft — ABOL and the future. Acta
ZooBot Austria 154, 181-184

Hebert PDN, Cywinska A, Ball SL, deWaard JR (2003) Biological identifications through DNA bar-
codes. Proceedings of the Royal Society of London. Series B: Biological Sciences 270(1512), 313321
(https://doi.org/10.1098/rspb.2002.2218)

Helmer N, Blatterer H, Hérweg C, Reier S, Sattmann H, Schindelar J, Szucsich NU, Haring E (2021)
First record of Trichobilharzia physellae (Talbot, 1936) in Europe, a possible causative agent of cercarial
dermatitis. Pathogens 10(11), 1473 (https://doi.org/doi:10.3390/pathogens10111473)

Helmer N, Hérweg C, Sattmann H, Reier S, Szucsich NU, Bulantovd J, Haring E (2023) DNA bar-
coding of Trichobilharzia (Trematoda: Schistosomatidae) species and their detection in eDNA water
samples. Diversity 15(1), 104 (https://doi.org/doi:10.3390/d15010104)

Hochkirch A, Casino A, Penev L, Allen D, Tilley L, Georgiev T, Gospodinov K, Barov B, Nieto A,
Criado M, Calix M, Braud Y, Buzzetti E Chobanov D, Odé B, Presa J-J, Asensio B, Willemse L,
Zuna-Kratky T (2022) European Redlist of insect taxonomists. Publication Office of the European
Union, Luxembourg 32 pp. (https://doi.org/10.2779/364246)

Huemer B, Karsholt O, Mutanen M (2014a) DNA barcoding as a screening tool for cryptic diversity:
an example from Caryocolum, with description of a new species (Lepidoptera, Gelechiidae). ZooKeys

404, 91-111 (https://doi.org/10.3897/z00keys.404.7234)

Huemer B, Mutanen M, Sefc KM, Hebert PDN (2014b) Testing DNA barcode performance in 1000
species of European Lepidoptera: large geographic distances have small genetic impacts. PLoS ONE
9(12), €115774 (http://dx.doi.org/10.1371%2Fjournal.pone.0115774)

IPBES (2019) Global Assessment Report on Biodiversity and Ecosystem Services. Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services. Brondizio ES, Settele J, Diaz S, Ngo
HT (eds). IPBES secretariat, Bonn, Germany 1082 pp. (https://doi.org/10.5281/zenodo.3831673)

Jones L, Twyford AD, Ford CR, Rich TCG, Davies H, Forrest LL, Hart ML, McHafhie H, Brown MR,
Hollingsworth PM, de Vere N (2021) Barcode UK: A complete DNA barcoding resource for the
flowering plants and conifers of the United Kingdom. Molecular Ecology Resources 21(6), 20502062
(hteps://doi.org/10.1111/1755-0998.13388)

Kirichenko N, Huemer P, Deutsch H, Triberti P, Rougerie R, Lopez-Vaamonde C (2015) Integrative
taxonomy reveals a new species of Callisto (Lepidoptera, Gracillariidae) in the Alps. ZooKeys 473,
157-176 (http://dx.doi.org/10.3897/zookeys.473.8543)

Koblmiiller S, Paill W, Holzinger WE (2019) BIO-PLANBAR: Assessing biodiversity in construction
project planning by means of DNA barcoding. Acta ZooBot Austria 156, 258—-259

Korth E Rainer H, Bara C-D, Begic N, Bses N, Bilovitz P, Briuchler C, Di Franco D, Durmaz A,
Eberwein RK, Engelberger S, Festi D, Friebe JG, Gétzl M, Groffman D, Herburger A, Kaufmann
P, Kwitt S, Kustatscher E, ... Vohland K (2025) Open Scientific Collections Austria (OSCA) — from
concept to workflows. Natural History Collections and Museomics 2, 1-21 (https://doi.org/10.3897/
nhcm.2.169440)

Kress WJ, Garcia-Robledo C, Uriarte M, Erickson DL (2015) DNA barcodes for ecology, evolu-
tion, and conservation. Trends in Ecology & Evolution, 30(1), 25-35 (https://doi.org/10.1016/j.
tree.2014.10.008)

Krisai-Greilhuber [ (2015) Stand der Biodiversititserfassung bei Pilzen in Osterreich und das ABOL-Pro-
jekt. Acta ZooBot Austria 152, 189-194

Leclére D, Obersteiner M, Barrett M, Butchart SHM, Chaudhary A, De Palma A, DeClerck FAJ, Di
Marco M, Doelman JC, Diirauer M, Freeman R, Harfoot M, Hasegawa T, Hellweg S, Hilbers JP,
Hill SLL, Humpenéder E Jennings N, Krisztin T, ... Young L (2020) Bending the curve of terrestrial
biodiversity needs an integrated strategy. Nature 585(7826), 551-556 (https://doi.org/10.1038/
$41586-020-2705-y)


https://doi.org/10.1098/rspb.2002.2218
https://doi.org/doi
https://doi.org/doi
https://doi.org/10.2779/364246
https://doi.org/10.3897/zookeys.404.7234
http://dx.doi.org/10.1371%2Fjournal.pone.0115774
https://doi.org/10.5281/zenodo.3831673
https://doi.org/10.1111/1755-0998.13388
http://dx.doi.org/10.3897/zookeys.473.8543
https://doi.org/10.3897/nhcm.2.169440
https://doi.org/10.3897/nhcm.2.169440
https://doi.org/10.1016/j.tree.2014.10.008
https://doi.org/10.1016/j.tree.2014.10.008
https://doi.org/10.1038/s41586-020-2705-y
https://doi.org/10.1038/s41586-020-2705-y

Evolving ABOL (the Austrian Barcode of Life Initiative) 69

Leese E Altermatt E, Bouchez A, Ekrem T, Hering D, Meissner K, Mergen B, Pawlowski ], Piggott J,
Rimet F, Steinke D, Taberlet B, Weigand A, Abarenkov K, Beja B, Bervoets L, Bjérnsdéttir S, Boets P,
Boggero A, ... Zimmermann J. (2016) DNAqua-Net: Developing new genetic tools for bioassessment
and monitoring of aquatic ecosystems in Europe. Research Ideas and Outcomes 2, 11321 (https://
doi.org/10.3897/ri0.2.e11321)

Magee M (2025) Name it to Save It: how the TETTRIs project is transforming taxonomy in Europe,
pp- 32-35. Available at https://www.europeandissemination.eu/article/name-it-to-save-it-how-the-
tettris-project-is-transforming-taxonomy-in-europe/24195 (accessed: 16-02-2026)

Martins VCC, Nunes GL, Oliveira RRM, Gastauer M, Oliveira G, Vasconcelos S (2025) DNA me-
tabarcoding as a complementary approach to traditional surveys for monitoring the plant diversity
in the Amazon canga. Environmental DNA 7(4), €70155 (https://doi.org/10.1002/edn3.70155)

Meissner K, Aroviita ], Baattrup-Pedersen A, Buchner D, Ekrem T, Friberg N, Johnson R, Leese F, Ma-
janeva M, Olafsson J, Schartau A, Elbrecht V (2021) Metabarcoding for use in Nordic routine aquatic
biomonitoring — a validation study. Nordic Council of Ministers, Copenhagen 101 pp. (https://doi.
org/10.6027/temanord2020-538)

Mengarelli S, Cruz M, Ordéfiez-Garza N, Weeks BC, Speer KA (2025) A Specify database model
and Darwin Core metadata schema for the extended specimen. Bioscience, biaf105 (https://doi.

org/10.1093/biosci/biaf105)

Naaum AM, Shehata, HR, Chen S, Li ], Tabujara, N, Awmack D, Lutze-Wallace C, Hanner R (2018)
Complementary molecular methods detect undeclared species in sausage products at retail markets in

Canada. Food Control 84, 339-344 (https://doi.org/10.1016/j.foodcont.2017.07.040)

Pawlowski J, Bruce K, Panksep K, Aguirre FI, Amalfitano S, Apothéloz-Perret-Gentil L, Baussant T,
Bouchez A, Carugati L, Cermakova K, Cordier T, Corinaldesi C, Costa FO, Danovaro R, Dell’Anno A,
Duarte S, Eisendle U, Ferrari BJD, Frontalini F, ... Fazi S (2021) Environmental DNA metabarcoding
for benthic monitoring: A review of sediment sampling and DNA extraction methods. Science of the
Total Environment 818, 151783 (https://doi.org/10.1016/j.scitotenv.2021.151783)

Rabitsch W, Essl F (eds) (2009) Endemiten — Kostbarkeiten in Osterreichs Planzen- und Tierwelt. Natur-
wissenschaftlicher Verein fiir Kirnten und Umweltbundesamt GmbH, Klagenfurt und Wien 924 pp.

Ratnasingham S, Hebert PDN (2007) BOLD: The Barcode of Life Data System (www.barcodinglife.
org). Molecular Ecology Notes 7(3), 355-364 (https://doi.org/10.1111/j.1471-8286.2007.01678.x)

Ratnasingham S, Wei C, Chan D, Agda J, Agda J, Ballesteros-Mejia L, Boutou HA, EI Bastami ZM,
Ma E, Manjunath R, Rea D, Ho C, Telfer A, McKeowan J, Rahulan M, Steinke C, Dorsheimer ],
Milton M, Hebert PDN (2024) BOLD v4: A centralized bioinformatics platform for DNA-based
biodiversity data. DNA Barcoding: Methods and Protocols. R. DeSalle. Springer US, New York pp.
403-441 (https://doi.org/10.1007/978-1-0716-3581-0_26)

Reeves LE, Gillett-Kaufman JL, Kawahara AY, Kaufman PE (2018) Barcoding blood meals: New verte-
brate-specific primer sets for assigning taxonomic identities to host DNA from mosquito blood meals.

PLOS Neglected Tropical Diseases 12(8), €0006767. (https://doi.org/10.1371/journal.pntd.0006767)

Reier S, Sattmann H, Schwaha T, Harl J, Konecny R, Haring E (2019) An integrative taxonomic
approach to reveal the status of the genus Pomphorhynchus Monticelli, 1905 (Acanthocephala: Pom-
phorhynchidae) in Austria. International Journal for Parasitology: Parasites and Wildlife 8, 145155
(hteps://doi.org/10.1016/j.ijppaw.2019.01.009)

Reier S, Haring E, Billinger F, Blatterer H, Duda M, Gorofsky C, Grasser H-B, Heinisch W, Hoérweg C,
Kruckenhauser L, Szucsich NU, Wanka A, Sattmann H (2020a) First confirmed record of Trichobilhar-
zia franki Miiller & Kimmig, 1994, from Radix auricularia (Linnaeus, 1758) for Austria. Parasitology
Research 119, 41354141 (https://doi.org/10.1007/s00436-020-06938-3)

Reier S, Sattmann H, Schwaha T, Fuehrer H-P, Haring E (2020b) Unraveling the hidden biodiversity —
The establishment of DNA barcodes of fish-parasitizing Acanthocephala Koehlreuther, 1771 in view

of taxonomic misidentifications, intraspecific variability and possible cryptic species. Parasitology
147(13), 1499-1508 (https://doi.org/10.1017/5S0031182020001316)


https://doi.org/10.3897/rio.2.e11321
https://doi.org/10.3897/rio.2.e11321
https://www.europeandissemination.eu/article/name-it-to-save-it-how-the-tettris-project-is-transforming-taxonomy-in-europe/24195
https://www.europeandissemination.eu/article/name-it-to-save-it-how-the-tettris-project-is-transforming-taxonomy-in-europe/24195
https://doi.org/10.1002/edn3.70155
https://doi.org/10.6027/temanord2020-538
https://doi.org/10.6027/temanord2020-538
https://doi.org/10.1093/biosci/biaf105
https://doi.org/10.1093/biosci/biaf105
https://doi.org/10.1016/j.foodcont.2017.07.040
https://doi.org/10.1016/j.scitotenv.2021.151783
http://www.barcodinglife.org
http://www.barcodinglife.org
https://doi.org/10.1111/j.1471-8286.2007.01678.x
https://doi.org/10.1007/978-1-0716-3581-0_26
https://doi.org/10.1371/journal.pntd.0006767
https://doi.org/10.1016/j.ijppaw.2019.01.009
https://doi.org/10.1007/s00436-020-06938-3
https://doi.org/10.1017/S0031182020001316

70 Szucsich NU et al.

Resch MC, Shrubovych J, Bartel D, Szucsich NU, Timelthaler G, Bu Y, Walzl M, Pass G (2014)
Where taxonomy based on subtle morphological differences is perfectly mirrored by huge ge-
netic distances: DNA Barcoding in Protura (Hexapoda). PLoS ONE 9(3), €90653 (http://dx.doi.
org/10.1371%2Fjournal.pone.0090653)

Rytkénen S, Vesterinen EJ, Westerduin C, Leviikangas T, Vatka E, Mutanen M, Vilimiki P, Hukkanen
M, Suokas M, Orell M (2018) From feces to data: A metabarcoding method for analyzing consumed
and available prey in a bird-insect food web. Ecology and Evolution 9(1), 631-639 (https://doi.
org/10.1002/ece3.4787)

Schiiffer S, Kerschbaumer M, Koblmiiller S. (2019a) Multiple new species: Cryptic diversity in the wide-
spread mite species Cymbaeremaeus cymba (Oribatida, Cymbaeremacidae). Molecular Phylogenetics
and Evolution 135, 185-192 (https://doi.org/10.1016/j.ympev.2019.03.008)

Schiffer S, Kerschbaumer M, Koblmiiller S (2019b) Corrigendum to “Multiple new species: Cryptic
diversity in the widespread mite species Gymbaeremaeus cymba (Oribatida, Cymbaeremaeidae)” [Mol.
Phylogent. Evol. 135 (2019) 185-192]. Molecular Phylogenetics and Evolution 139, 106548 (https://
doi.org/10.1016/j.ympev.2019.106548)

Schoch CL, Keith A, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque CA, Chen W, and Fungal
Barcoding Consortium (2012) Nuclear ribosomal internal transcribed spacer (ITS) region as a uni-
versal DNA barcode marker for Fungi. Proceedings of the National Academy of Sciences 109(16),
6241-6246 (https://doi.org/10.1073/pnas.1117018109)

Schratt-Ehrendorfer L, Niklfeld H, Schréck C, Stohr O (2022) Rote Liste der Farn- und Bliitenpflanzen
Osterreichs. Dritte, vollig neu bearbeitete Auflage. Stapfia 0114, 1-357

Sittenthaler M, Fischer I, Chovanec A, Koblmiiller S, Macek O, Sattmann H, Szucsich N, Zangl L,
Haring E (2023a) DNA barcoding of exuviae for species identification of Central European damsel-
flies and dragonflies (Insecta: Odonata). Journal of Insect Conservation 27, 435450 (https://doi.
org/10.1 007/s10841-023-00467-x)

Sittenthaler M, Fischer I, Chovanec A, Koblmiiller S, Macek O, Sattmann H, Szucsich N, Zangl L,
Haring E (2023b) Correction: DNA barcoding of exuviae for species identification of Central European
damselflies and dragonflies (Insecta: Odonata). Journal of Insect Conservation 27, 451-453 (https://
doi.org/ 10.1007/5s10841-023-00476-w)

Sonet G, Jordaens K, Braet Y, Bourguignon L, Dupont E, Backeljau T, De Meyer M, Desmyter S
(2013) Utility of GenBank and the Barcode of Life Data Systems (BOLD) for the identification
of forensically important Diptera from Belgium and France. ZooKeys 365, 307-328 (https://doi.
org/10.3897/z00keys.365.6027)

Sonnleitner M, Schoder S, Macek O, Leeb C, Briuchler C, Haring E, Détterl S, Eckelt A, Fauster R,
Glatzhofer E, Graf W, Gros P, Heimburg H, Heiss E, Hinterstoisser W, Kirchweger S, Koblmiiller
S, Komposch C, Link A, ... Szucsich NU (2022) Beitrag der ABOL-BioBlitze zur dsterreichischen
Biodiversitits-Erfassung: DNA-Barcodes aus 2019 und 2020. Acta ZooBot Austria 158, 81-95

Umweltbundesamt (2025) 14. Umweltkontrollbericht. Umweltsituation in Osterreich. Umweltbun-
desamt, Wien.

Webster MS (Ed) (2017) The Extended Specimen: Emerging Frontiers in Collections-Based Ornitho-
logical Research. CRC Press., Boca Raton 252 pp. (https://doi.org/10.1201/9781315120454)

Weigand H, Beermann AJ, Ciampor E Costa FO, Csabai Z, Duarte S, Geiger MF, Grabowski M,
Rimet F, Rulik B, Strand M, Szucsich N, Weigand AM, Willassen E, Wyler SA, Bouchez A, Borja A,
Ciamporové-Zat’oviéové Z, Ferreira S, ... Ekrem T (2019) DNA barcode reference libraries for the
monitoring of aquatic biota in Europe: Gap-analysis and recommendations for future work. Science
of the Total Environment 678, 499—-524 (https://doi.org/10.1016/j.scitotenv.2019.04.247)


http://dx.doi.org/10.1371%2Fjournal.pone.0090653
http://dx.doi.org/10.1371%2Fjournal.pone.0090653
https://doi.org/10.1002/ece3.4787
https://doi.org/10.1002/ece3.4787
https://doi.org/10.1016/j.ympev.2019.03.008
https://doi.org/10.1016/j.ympev.2019.106548
https://doi.org/10.1016/j.ympev.2019.106548
https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1007/s10841-023-00467-x
https://doi.org/10.1007/s10841-023-00467-x
https://doi.org/10.1007/s10841-023-00476-w
https://doi.org/10.1007/s10841-023-00476-w
https://doi.org/10.3897/zookeys.365.6027
https://doi.org/10.3897/zookeys.365.6027
https://doi.org/10.1201/9781315120454
https://doi.org/10.1016/j.scitotenv.2019.04.247

Evolving ABOL (the Austrian Barcode of Life Initiative) 71

Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, Baak A, Blomberg N, Boiten,
J-W, da Silva Santos LB, Bourne PE, Bouwman J, Brookes AJ, Clark T, Crosas M, Dillo I, Dumon
O, Edmunds S, Evelo CT, Finkers R, ... Mons B (2016) The FAIR Guiding Principles for scientific
data management and stewardship. Scientific Data 3, 160018 (https://doi.org/10.1038/sdata.2016.18)

Zeale MRK, Butlin RK, Barker GLA, Lees DC, Jones G (2011) Taxon-specific PCR for DNA bar-
coding arthropod prey in bat faeces. Molecular Ecology Resources 11(2), 236-244 (http://dx.doi.
org/10.1111/j.1755-0998.2010.02920.x)

Zimmermann D, Sattmann H, Haring E (2013) DNA-Barcoding — von iBOL zu ABOL. Entomologica
Austriaca 20, 207-213


https://doi.org/10.1038/sdata.2016.18
http://dx.doi.org/10.1111/j.1755-0998.2010.02920.x
http://dx.doi.org/10.1111/j.1755-0998.2010.02920.x

