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Abstract

Herbarium digitization is a strategic process that transforms physical collections into accessible,
standardized, and interoperable digital format, thereby improving their preservation, accessibility, and
scientific value. The paper emphasizes that successful digitization requires long-term planning, including
clear objectives, workflows, resource allocation, quality control, and sustainable data management. It
proposes organizing digitization through three complementary teams (i.e., Digitization, Archiving, and
Implementation) and frames their roles through the DIPA? concept, which covers data, imaging, publishing,

archiving, and application.
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Herbarium digitization has become an
essential direction in the modernization
of natural history collections. Its primary
aims are to improve access to collection-
and collectors-based information, support
the long-term preservation of collection
knowledge, and increase the scientific,
educational, and social value of herbaria.
By converting physical specimens and
their associated data into digital resources,
institutions can reduce barriers to access,
facilitate collection management, and enable
broader participation in biodiversity research.
The digital transformation of herbaria and
the growing interoperability of collection
data have facilitated the development of a so-
called metaherbarium, defined by accessible,
standardized, and interconnected data
resources (Davis, 2023).
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The prospects of herbarium digitization
extend far beyond the creation of digital copies.
Digitized collections can serve as a foundation
for taxonomic, ecological, biogeographical,
conservation, and historical studies, while also
supporting education, public outreach, and
international data exchange (Heberling et al.,
2019; Paton et al., 2020, 2025). In this sense,
digitization should be understood not as an
end in itself, but as a strategic process, which
transforms herbarium collections into active
and interoperable research infrastructure
(Davis, 2023). The long-term profit of
digitization therefore depends not only on the
efficiency of data capture, but also on how well
digitized materials are preserved, published,
integrated, and applied in future work.

Before initiating any herbarium
digitization project, it is essential to define
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not only technical parameters but also the
overall strategy that will guide the entire
digitization lifecycle. Digitization is not
simply the mechanical conversion of physical
specimens into digital format. It is a long-
term commitment that requires combination
of infrastructure, workflows, quality control,
and sustainable data management (Nieva de la
Hidalga, 2020; Borsch et al., 2020; Dillen et al.,
2024). Therefore, strategic planning should
address several interconnected aspects: the
objectives of digitization, overall digitization
scope, prioritization within the collection,
data standards, resource allocation, and the
intended long-term use of the derived digital
materials.

In large or distributed collections, strategic
planning becomes even more critical (e.g.,
Thiers et al., 2016; Dillen et al., 2024). A formal
digitization plan should define clear timelines,
resource requirements, responsibilities, and
expected outcomes for each stage of the
process. It should also specify how digitized
assets will be stored, curated, and made
accessible both for internal use and public.
Without such planning, digitization efforts
risk becoming fragmented, unsustainable, or
underutilized.

A practical approach is to structure
digitization activities around three
complementary  teams  with  distinct

responsibilities. The Digitization Team focuses
on capturing data and producing digital
surrogates, ensuring standardized acquisition
and metadata capture. The Archiving Team
ensures long-term preservation, integrity,
and security of digital assets, including
backups and preservation formats. The
Implementation Team works to maximize
the value of digitized materials through data
integration, publication, research, education,
and secondary dissemination. Such division of
labor helps to ensure both efficiency and long-
term sustainability.

The roles and tasks of these teams can be
effectively conceptualized using the DIPA?
concept (Novikov, 2025; Novikov & Nachychko,
2025a), which distinguishes five functional
layers of work with digitized collections:

* D - Data (database creation, as well
as data mobilization, structuring, and
management);

e I - Image (imaging
structuring, and managment);

capturing,
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P - Publishing (making data publicly

available);

* Ar - Archiving (long-term preservation
and storage);

* Ap - Application (use of data in research,

education, policy, etc.).

Depending on institutional priorities,
available resources, and strategic goals,
different combinations of these layers can
be implemented. The digitization pathway
chosen, e.g., Object-to-Data (OD), Object-to-
Image (OI), Object-to-Image-to-Data (OID),
or Object-to-Data-to-Image (ODI), strongly
influences the downstream workflows and
resource requirements (Nelson et al., 2015;
Novikov & Nachychko, 2025b). These four
digitization models define how physical
specimens are transformed into digital assets
and what type of information is prioritized at
each stage.

As summarized in Table 1, the DIPA?
framework yields 32 distinct scenarios
depending on the chosen digitization model
and the subsequent actions taken with the
digitized materials. These scenarios illustrate
the full spectrum of possible strategies,
ranging from simple data capture without
long-term storage or dissemination, to fully
integrated workflows involving publication,
archiving, and advanced application.

A key principle illustrated by these
scenarios is that intended use should guide
the digitization strategy. If long-term
archiving is not planned, producing archival-
quality images may be unnecessary. If public
dissemination is not anticipated, strict
adherence to international data standards
may be deprioritized at least at the initial
stages of the digitization process. However,
digitization projects often evolve over time,
and what may appear unnecessary at the
outset may later become critical. Therefore,
institutions are encouraged to adopt a future-
oriented approach and design workflows that
enable scalability, interoperability, and reuse.
In practical terms, this means aiming for more
comprehensive scenarios such as IDPArAp or
DIPArAp, which combine data mobilization,
imaging, publication, archiving, and their
active or prospective application.

Ultimately, a well-designed digitization
strategy enhances not only access and
preservation but also scientific collaboration,
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data integration, and the long-term impact
of collections. Planning digitization with
flexibility and future use in mind ensures that
digital assets remain valuable and sustainable
over time.
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Table 1. DIPA? framework distinct scenarios.
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KopoTke 3ayBa)keHHS 040 BN6OPY cTpaTerii oundpyBaHHA repbapito

AHppin HoBikoB

JepxaBHuin Npupogo3HaBunin Mmyser HAH YkpaiHw, Byn. TeaTpanbHa, 18, JlbsiB, 79008, YkpaiHa;
novikoffav@gmail.com

OundpyBaHHS repbapiis - Lie cTpaTeriyHmnii npouec, K1l nepeTBoproe Gi3nyHi KonekLii B onepabenbHU,
CTaHAAPTU30BaHN Ta CyMiCHUI L poBui GopmaT, TM CaMUM MOKPALLYH UM iX 36epexeHHs, OCTYMHICTb
Ta HayKOBY LiHHICTb. Y CTaTTi Haro/foWYyeTbCs, WO ycniHe oundpyBaHHA BMMArae JOBroCTPOKOBOMO
NAaHyBaHHSA, BKAKOYAKO4M UiTki Uini, pobodi npouecyn, po3nogin pecypciB, KOHTPOAb SIKOCTI Ta cTane
YyNpaBAiHHA JaHVUMW. Y Hili NPOMNOHYETLCA OpraHisyBaTy ouMdpyBaHHS Yepes TpY B3aEMOAOMNOBHHOOUI
KoMaHAW (a came, ouMdpyBaHHS, apXxiByBaHHA Ta BNPOBaXeHHS) Ta BU3HAYaE iXHi poni 3a JOMOMOroro
KoHuenuii DIPA?, sika OXONKE AaHi, Biyanizauito, Nybikawito, apXiByBaHHS Ta 3aCTOCYBaHHS.

Kntouosi cnosa: oundpyBaHHS repbapito, cTpaterisa ounppyBaHHs, LMPPOBNIA 3pa3ok, koHLenuis DIPA?, aaHi npo biopisHoOMaHITTA,
YNpasBiHHA KoNeKLi€
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