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Abstract 
Digital scholarly publishing is most often perceived as a spider’s web full of incomprehensible 
acronyms, with links that are difficult to grasp. Yet persistent identifiers, registration agencies, 
metadata, dissemination platforms and re-use licences are all clearly defined and complementary 
concepts. This article provides a historical and technical overview of these concepts, to highlight their 
functions and how they interrelate. Particular attention is paid to the DOI, the Handle system, and the 
Crossref and DataCite agencies. It distinguishes between the roles of identifiers such as DOI, ORCID, 
ROR and ISSN; discovery services such as OpenAlex, Google Scholar and ResearchGate; open 
access policies; and Creative Commons licences. The FAIR principles, which provide a general 
framework for all these concepts, are outlined. The experience of Carnets botaniques, for which 314 
historical DOIs were transferred from DataCite to Crossref without modification, illustrates the 
possibilities and requirements of sustainable editorial management. Finally, a summary diagram 
presents the main stakeholders and their relationships. 
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Résumé 
L’édition scientifique numérique est le plus souvent vécue comme une toile d’araignée pleine 
d’acronymes incompréhensibles et dont les liens sont difficiles à appréhender. Les identifiants 
pérennes, agences d’enregistrement, métadonnées, plateformes de diffusion, licences de 
réutilisation, sont pourtant autant de concepts parfaitement définis et complémentaires. Cet article en 
propose une synthèse historique et technique, pour rappeler leurs fonctions et de leurs articulations. 
Une attention particulière est portée au DOI, au système Handle et aux agences Crossref et DataCite. 
Il distingue les rôles des identifiants comme DOI, ORCID, ROR et ISSN, des services de découverte 
comme OpenAlex, Google Scholar et ResearchGate, des politiques de libre accès et des licences 
Creative Commons. Les principes FAIR, qui offrent un cadre général à tous ces concepts, sont 
rappelés. L’expérience de Carnets botaniques, dont 314 DOI historiques ont été transférés de 
DataCite à Crossref sans modification, illustre les possibilités et les exigences d’une gestion éditoriale 
durable. Enfin, une figure de synthèse présente les principaux acteurs et leurs relations. 

1. Introduction: understanding the architecture of digital scholarly publishing 
Document identification has always sought to resolve a fundamental difficulty: identifying a publication 

unambiguously, regardless of its medium, where it is held, or how it is disseminated. 
In the print world, standardized numbers for serial publications and books helped stabilize bibliographic 

exchange. With the development of digital publishing, this issue took on a new dimension: a document's 
online address is not necessarily its identity. A page may be moved when a website is redesigned, a domain 
name may change, and a platform may disappear, whereas bibliographic references must remain intelligible 
and usable for several decades (Paskin, 2002; Klein et al., 2014). 

This distinction between identity and location is essential to the continuity of scholarly communication. It 
determines whether sources can be retrieved, published results verified, relationships between works 
traced, and older publications consulted. In particular, the studies by Klein et al. (2014) and Jones et al. 
(2016) highlighted a phenomenon known as "reference rot", which combines the disappearance of links with 
changes to the content to which they point. Persistent identifiers, foremost among them the DOI (Digital 
Object Identifier), help reduce this instability, although they alone guarantee neither document accessibility 
nor preservation. 

The long-term availability of scholarly information actually depends on a set of complementary 
mechanisms. Alongside publication identifiers (DOIs) are identifiers for authors (ORCID), institutions (ROR), 
and journals, as well as registration agencies, metadata transmitted through XML files, dissemination 
platforms, open-access policies, reuse licences, and digital-preservation mechanisms. Each has its own 
role, but their interaction determines whether publications can be found, cited, linked to other works, and 
reused. The FAIR principles (Findable, Accessible, Interoperable, Reusable) provide a framework for 
analysing these different dimensions. 

This article provides a historical, technical, and functional overview of this ecosystem, intended in 
particular for those responsible for independent scholarly journals. It examines how DOIs and the Handle 
System work, the role of the Crossref and DataCite agencies, the structuring of metadata and its relationship 
with discovery services, and the legal and technical conditions governing access to and reuse of 
publications. The experience of Carnets botaniques, the journal of the Société botanique d’Occitanie, serves 
as a common thread throughout the analysis. The unchanged re-registration with Crossref of its 314 
historical DOIs, which were initially managed by DataCite, provides a concrete illustration of the challenges 
involved in sustainable editorial management. 



Carnets botaniques, 324 : 1-23. 
 

 
 

Articles published in Carnets botaniques are licensed under CC BY-NC-SA and photographs under CC BY-NC-ND. 

 

 

3 

2. Definition, structure, and resolution of DOIs 
2.1. History 
The history of the DOI did not begin with today's journal platforms. It forms part of the discussions that 

have taken place since the 1990s on how to represent digital objects and identify them independently of 
their location. The foundational work was published by Kahn and Wilensky and revisited in their 2006 
publication, which describes objects equipped with identifiers that can be managed within a complex digital 
architecture. 

These discussions accompanied the development of the Handle System, on which the resolution 
mechanism used by DOIs relies. It provides the technical infrastructure underpinning the DOI in particular, 
and can also manage other persistent identifiers. These identifiers are resolved through specialized 
services: doi.org for DOIs and, for example, hdl.handle.net for generic Handle identifiers. In summary: 

• the Handle System is a distributed infrastructure for managing and resolving persistent identifiers, 
designed to separate the name of a digital object from its location on a server. A handle is a string 
registered in this system; DOIs are a standardized application of it, governed by the DOI Foundation; 

• the DOI resolver is an online service, available at https://doi.org, that retrieves the current location of 
a resource from its DOI. It uses the Handle System to associate the DOI with a URL and automatically 
redirects the user to that address, in a manner entirely transparent to them. 

 
The International DOI Foundation was established in 1997 to create a system shared by all stakeholders. 

In the context of electronic scholarly publishing, the aim was to provide an identifier that did not depend on 
the syntax of publishers' URLs. Crossref was therefore the first cooperative organization for scholarly 
publishers, established in 2000 with a focus on scholarly-article references. DataCite was launched in 2009 
with a slightly different scope, aimed at promoting the identification of research data and other scholarly 
objects. Finally, ISO 26324, published in 2012 and revised in 2022, formalized the framework of the DOI 
system (Paskin, 2002; DOI Foundation, s.d.-a). 

These various initiatives established the present architecture; they were not a succession of technologies 
replacing one another: 

• the Handle System provides a technical infrastructure; 
• the DOI adds a normative framework, assignment rules, and institutional responsibilities; 
• registration agencies offer metadata schemas and services tailored to their communities. 

 
2.2. The DOI: an identifier, not a storage address 
A DOI consists of two parts separated by a forward slash: in the example 10.34971/XWV8-PH95, the 

string "10.34971" is the DOI prefix and "XWV8-PH95" is its suffix. The prefix identifies an allocation space 
managed within the DOI system, generally that of the journal. It describes neither the scientific discipline 
nor necessarily the publisher's current identity. The suffix is chosen according to the rules of the registration 
organization and the depositing entity. 

Its form should not be interpreted as a universal bibliographic code: some suffixes are opaque and others 
incorporate editorial elements, but the stability of the identifier matters more than its readability (DOI 
Foundation, s.d.-a). 

When a reader enters "https://doi.org/10.34971/XWV8-PH95", their web browser contacts a resolution 
service, or resolver. The resolver uses the information associated with the DOI to redirect the browser to a 
destination URL. This operation is invisible to the reader and normally leads to a descriptive page for the 
article, which may not provide its full text, depending on the publisher's policy. It may contain an abstract, 
the list of authors, or citation information only. 

 
The document is therefore not stored on doi.org. The destination URL and the bibliographic metadata 

are two related but distinct sets of information. This distinction is essential for understanding maintenance. 
If a journal changes domain or reorganizes its pages, it must update the destinations of the relevant DOIs. 
New identifiers do not need to be created. Conversely, assigning a new DOI every time a page is moved 
would contradict the very principle of persistence. Readers and bibliographic systems must be able to use 
the same identifying string over time. 
 

https://doi.org/
https://doi.org/10.34971/XWV8-PH95
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2.3. DOI persistence depends on active maintenance 
As discussed above, DOI continuity is central to the system. Three levels can be distinguished: 1) 

identifier persistence means that the DOI string remains associated with the same intellectual resource; 2) 
resolution continuity means that the service points to a valid destination; and 3) document preservation 
requires the content itself to be preserved and accessible under satisfactory conditions. The three objectives 
reinforce one another, but none alone guarantees DOI persistence (Klein et al., 2014; Jones et al., 2016). 

The stability of the landing page therefore deserves particular attention from the publisher. Redirection 
to a journal's home page, a 404 error, or an isolated file lacking bibliographic context only partially fulfils the 
promise of persistent identification. 

Good editorial practice therefore consists in maintaining a dedicated page for each article, displaying the 
DOI and essential metadata on it, and preserving access to published versions as far as possible. Long-
term digital preservation, which may be entrusted to specialized archiving services (see Section 11.4), is a 
complementary responsibility. All these concepts are summarized in Figure 1. 

 
Figure 1. Resolving a DOI: from the identifier to the article page, 
the example of Carnets botaniques. P. Coulot, CC-BY-NC-ND. 

 
3. Governance of the DOI system and diversity of registration agencies 

The institutional architecture is sometimes misunderstood because users generally see only a link 
beginning with doi.org. The DOI Foundation provides the system's governance and standardization 
framework. Registration agencies such as Crossref and DataCite operate services for assigning and 
maintaining identifiers and disseminating metadata under policies applicable to their communities. 

Members or depositors supply agencies with information about the objects they publish and must keep 
it up to date (DOI Foundation, s.d.-c; Hendricks et al., 2020). 

This division of roles explains why a DOI does not belong to a publishing platform. A publisher may 
decide to change host or technical service provider, or even registration agency, while retaining the DOI 
associated with each article. Its obligations do not disappear, however: an entity must remain responsible 
for the registration, metadata, and destination of the DOI. The governance of persistence thus relies on 
human and organizational commitments, not simply on a property of the computer protocol. 

 
Identifiers other than DOIs are also involved in this ecosystem. The two most important are ORCID, 

which identifies researchers, and ROR, for organizations and institutions. DOIs can also be assigned to 
datasets, software, and other scholarly objects. Explicit relationships among these identifiers form a 
distributed knowledge infrastructure, sometimes described as a "persistent identifier graph" or "PID Graph" 
(Meadows et al., 2019; Cousijn et al., 2021). 
 

3.1. A federation of agencies 
The DOI system is based on a federation of Registration Agencies (RAs), whose common governance 

framework is administered by the DOI Foundation. Each agency allocates prefixes, registers identifiers, and 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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enables the metadata required for their resolution to be declared and updated. Agencies may, however, 
adopt different business models, descriptive schemas, and specialized services (DOI Foundation, s.d.-c). 

Membership in this federation therefore does not imply a single bibliographic database. DOI resolution 
should not be confused with the ability to consult its metadata through an agency. A DOI registered with 
DataCite can be resolved by doi.org without appearing as a native record in Crossref's bibliographic API. 
Conversely, the identifier itself does not necessarily reveal the agency currently responsible for its 
registration. This distinction is critical when a corpus is transferred from one agency to another (see Section 
6). 
 

3.2. Diverse fields and communities 
Crossref and DataCite are the two most visible agencies in academia. However, the official agency list 

shows that DOIs exist in a wide range of sectors: multilingual publishing, national research resources, 
documents from European institutions, audiovisual works, construction products, and talent identification. 
The DOI is therefore a cross-disciplinary technical framework, not a format reserved for scholarly articles 
(DOI Foundation, s.d.-b). Table 1 illustrates this diversity; the DOI Foundation's up-to-date official directory 
should be consulted to identify the agencies recognized at any given date. 
 

Table 1. Overview of DOI registration agencies and their fields of activity (as at 13 October 2026). 
P. Coulot, CC-BY-NC-ND. 

 
 

3.3. Chronological overview 
Work on the persistent identification of digital objects predates the announcement of the DOI in 1997. 

Crossref was launched in 2000, notably to facilitate links between publications, while DataCite emerged in 
2009 in the context of research-data citation and recognition. The adoption and subsequent revision of ISO 
26324 placed the system within an international standardization framework. Figure 2 presents these 
milestones. 
 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr


 

The architecture of digital scholarly publishing: persistent identifiers, metadata, 
dissemination platforms, open access, and the FAIR principles. The case of Carnets 

botaniques 
Coulot P., 2026 

 
 

 

6 
 

Articles published in Carnets botaniques are licensed under CC BY-NC-SA and photographs under CC BY-NC-ND. 

 
Figure 2. Major milestones in the history of the DOI. P. Coulot, CC-BY-NC-ND. 

 
3.4. How should a scholarly journal choose its registration agency? 
Although economic criteria may play a part, since agencies do not charge the same fees for their 

services, the choice of where to deposit DOIs should primarily address the publisher's documentary and 
technical needs. For an independent scholarly journal, the main criteria are the nature of the publications to 
be identified, the metadata accepted and therefore shared, the ease of depositing and updating records, 
the management of bibliographic references, and, secondarily, the arrangements for technical and 
administrative support. 

The functions of the various parties should also be distinguished. The registration agency manages DOIs 
within the international system, whereas the publishing platform hosts and disseminates publications. A 
technical service provider may prepare or transmit metadata on the publisher's behalf without itself being a 
registration agency. Similarly, search engines and bibliographic databases use identifiers and records 
without necessarily participating in their assignment. 

It is important to recognize that agencies have different historical orientations and services, while offering 
comparable DOI quality and persistence. Crossref and DataCite, which are especially relevant to 
publications and scholarly data, are examined in Section 5. 
 
4. Metadata: from identification to interoperability 

The presence of a DOI in an article is only the visible part of a broader documentary system. At 
registration, the publisher deposits an XML file containing a set of structured metadata prepared according 
to specifications supplied by the selected agency (for example, Crossref version 5.5.0 at the time of writing). 
These metadata enable third-party services to discover, cite, link, and analyse the publication. They are 
used by catalogues, search engines, bibliographic tools, and other services. The system's collective value 
therefore depends as much on record quality as on identifier stability (Hendricks et al., 2020; Cousijn et al., 
2021). 

The technical validity of a deposit must be distinguished from the documentary quality of its content. An 
XML file may comply with the specifications and thus be accepted without error while omitting useful 
information or containing inaccurate values. Structural validation checks formatting rules, but must be 
supplemented by editorial verification of the accuracy of names, titles, dates, relationships, and references. 
Comparisons of bibliographic databases show that metadata completeness varies considerably among 
platforms and fields examined (Delgado-Quirós & Ortega, 2024). 

 
4.1. A priority: describing publications correctly 
The visibility and sharing of a publication deposited with an agency unquestionably depend on the quality 

of the information submitted through the XML file. A compliant file may contain only the mandatory fields. 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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Ideally, the information should not be limited to identification (DOI, title, authors, journal, ISSN, publication 
date), location (landing-page URL), and editorial structure (volume, issue, pages, or article number); where 
the schema permits, it should also include additional information such as affiliations, funding, licences, 
abstracts, or relationships with other objects. 

From a technical standpoint, exchange formats require particular discipline. An XML deposit contains 
elements organized according to a grammar established by each agency: tag order, attributes, reserved 
characters, and permitted values can determine whether the file is accepted. An unescaped ampersand, 
which is then read as part of the code, an inconsistent date, or an improperly closed tag may be enough to 
block a deposit. 

The Crossref and DataCite schemas are not identical; a transfer therefore requires a different XML file 
to be created, rather than simply copying a file (Crossref, 2026; DataCite Metadata Working Group, 2026). 

Checking author names is another challenge. Typographic variants, initials, and homonyms can 
complicate the attribution of works. Linking names to personal identifiers, such as ORCID iDs for 
researchers, facilitates matching. The same applies to institutional affiliations and relationships among 
articles, datasets, or successive versions. However, it is better to leave an optional field empty than to assign 
uncertain information to it. 

 
4.2. Bibliographic references and open citations 
A list of bibliographic references deposited with Crossref can be used to establish links between citing 

and cited publications. Matching services seek to identify the documents mentioned from their bibliographic 
information and, where possible, associate a DOI with them. A reference may sometimes be registered 
correctly without a DOI match being established. 

 
Open citations are bibliographic relationships between publications that are made freely available as 

structured, reusable data. Their availability facilitates navigation through scholarly corpora, bibliographic 
analysis, and the development of discovery tools (Shotton, 2013). Their automated use nevertheless 
depends on reference quality: incorrect DOIs, incomplete information, or ambiguous bibliographic data may 
lead to missing or erroneous matches (Cioffi et al., 2022). 

This distinction is particularly important for botanical journals, whose bibliographies frequently include 
older publications, regional floras, monographs, or non-digitized documents, most of which have no DOI. 
The absence of an automatic match is therefore not in itself evidence of a bibliographic error. The priority 
remains to preserve accurate, intelligible references, whether or not they are linked to a DOI. 

 
The Biodiversity Heritage Library (BHL) plays a special role in this context. This international digital library 

provides access to a vast corpus of historical biodiversity literature, including works on botany, taxonomy, 
and systematics. It offers stable links to documents and their pages, as well as metadata that other 
information systems can use. It also actively contributes to the retrospective assignment of DOIs to some 
older publications, helping to integrate them into contemporary networks of bibliographic references and 
citations (Biodiversity Heritage Library, s.d.). 

In all cases, it is strongly recommended that bibliographic references be included in the XML metadata 
files deposited with DOI registration agencies whenever their deposit schemas allow it, whether or not those 
references are automatically associated with a DOI. 

 
4.3. The FAIR principles: definition and scope 
The FAIR principles (Findable, Accessible, Interoperable, Reusable) were proposed by Wilkinson et al. 

in 2016. Their aim was to establish common objectives for the various digital tools used in scientific research. 
Compliance is intended to enable both humans and computer systems to find, access, interrelate, and reuse 
digital scholarly resources (Dacos, 2019). Initially developed for research-data management, they also apply 
to scholarly publications and their metadata. 

These principles are based on four complementary requirements: 
• the findability of resources (F); 
• their accessibility under clearly defined conditions (A); 
• their interoperability with other information systems (I); 
• and the conditions enabling their reuse (R). 
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In detail, they comprise fifteen sub-principles (Figure 3), which specify, among other matters, the role of 
DOIs, the impact of rich metadata, the use of standardized protocols, the description of rights, and 
documentation of resource provenance. 

 
Compliance with the FAIR principles does not mean that a resource will necessarily be validated, 

particularly when it is deposited with a digital agency. Likewise, a resource subject to access restrictions 
may satisfy certain FAIR requirements without being open access. Conversely, making a document 
available free of charge guarantees neither its interoperability nor its reusability. 

In general, the application of these principles must take the object concerned into account: the full text 
of an article, its associated data, and its bibliographic record may have different levels of compliance. 
 

 
Figure 3. The FAIR principles: the fifteen sub-principles. P. Coulot, CC-BY-NC-ND. 

 
4.4. The main identifiers available for implementing the FAIR principles 
Implementing the FAIR principles in digital scholarly publishing relies on the interaction of several 

mechanisms. Persistent identifiers play a crucial role, but do not satisfy all the principles on their own. They 
must be associated with sufficiently rich metadata, explicit access arrangements, and documentation that 
makes it possible to understand, link, and reuse resources. 
 

The DOI is clearly central to the findability of publications, assigning them a unique and persistent 
identifier that can be incorporated into metadata and used in different information systems. ORCID and ROR 
identifiers complement it by facilitating the identification of researchers and their affiliated organizations, 
respectively. When this information is correctly entered in structured fields, it can establish relationships 
among publications, authors, institutions, and research data. This approach is consistent with work on 
persistent-identifier graphs, or PID Graphs (Cousijn et al., 2021). 
 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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The ISSN (International Standard Serial Number) is a standardized international identifier for serial 
publications, including scholarly journals, newspapers, bulletins, and editorial series. Governed by ISO 
3297:2022, it consists of eight characters in two groups of four separated by a hyphen. The final character 
is a check digit. Unlike an article DOI, an ISSN identifies a serial publication as a whole, in relation to its title 
and publication medium (Bibliothèque nationale de France, s.d.). 

A journal published in several media, especially print and electronic formats, generally has a separate 
ISSN for each medium; these are linked by a linking ISSN (ISSN-L). 

The system is governed by the ISSN Network, coordinated by the ISSN International Centre in Paris. It 
administers the international register and coordinates the national centres responsible for assigning 
identifiers. In France, this task is entrusted to ISSN France at the Bibliothèque nationale de France (BnF). 

Assignment of an ISSN to a journal is not mandatory and therefore constitutes neither authorization to 
publish nor certification of its scientific quality (Centre international de l’ISSN, s.d.). Nevertheless, the ISSN 
is essential metadata in DOI deposits, notably because it links identified articles to the journal that publishes 
them. Thus, for Carnets botaniques (ISSN 2727-6287), the ISSN identifies the journal, while the DOIs 
registered with Crossref identify its individual articles. These identifiers are complementary within the 
organization of scholarly information. 
 

Application programming interfaces (APIs) facilitate the automated exchange and use of information, 
provided that the information is accurate, sufficiently complete, and expressed according to shared 
conventions. 

 
Creative Commons licences help clarify reuse rights, without by themselves guaranteeing the 

documentary quality, provenance, or interoperability of resources. Finally, repositories and archiving 
systems can strengthen the accessibility and preservation of publications, subject to their respective 
policies. 
 

As explained above, no single mechanism can satisfy all the FAIR principles. Their implementation 
results from the complementarity of identifiers, metadata, access protocols, licences, and preservation 
mechanisms. Table 2 presents the main contributions of these mechanisms and the limitations that should 
be recognized. 

Table 2. Contributions and limitations of the main digital scholarly publishing mechanisms 
in relation to the FAIR principles. P. Coulot, CC-BY-NC-ND. 
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5. DataCite and Crossref: roles and complementarities 
Crossref and DataCite are the two main registration agencies within the DOI system. Their historical 

approaches to organizing and using metadata are not identical. Crossref has focused on identifying 
scholarly publications and bibliographic relationships among articles, establishing links between citing and 
cited articles. DataCite initially developed the widespread identification and citation of research data before 
extending its services to a range of other research outputs. Both approaches thus help build a network of 
interconnected scholarly information, but use different documentary models and services. 

The resource categories handled by the two agencies may nevertheless overlap, and the services they 
offer continue to evolve (Hendricks et al., 2020; DataCite Metadata Working Group, 2026). 

This complementarity may lead the same institution or scientific community to use several registration 
channels: journal articles may be identified by DOIs registered with Crossref, while their associated datasets 
may fall under DataCite. Table 3 summarizes the main differences between Crossref and DataCite, their 
fields of application, and their shared responsibilities. 

Table 3. Comparison of the DataCite and Crossref DOI registration agencies: 
fields of application, metadata, communities, and responsibilities. P. Coulot, CC-BY-NC-ND. 

 

6. Migrating DOIs without changing the identifiers 
Migration between registration agencies is unusual for a small journal, but follows a simple logic: 

preserving the identity of objects while transferring responsibility for managing them. It does not involve 
republishing the articles, assigning them new identifiers, or changing their scientific publication dates. 
Crossref and DataCite documentation provides mechanisms for transferring a prefix between agencies, 
subject to the necessary procedures and agreements (Crossref, 2022; DataCite, 2026). The migration 
comprises four complementary phases: 

1. an administrative phase (agreements and association of the prefix); 
2. a documentary phase (inventory, conversion, and record checking); 
3. a technical phase (deposit and analysis of diagnostics); 
4. a public-verification phase (DOI resolution and consultation of records). 
 
6.1. Prefix transfer and re-registration of records 
Transferring a prefix does not make complete records immediately available through the new agency. 

The journal must inventory the relevant DOIs, prepare the metadata in the required format according to the 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr


Carnets botaniques, 324 : 1-23. 
 

 
 

Articles published in Carnets botaniques are licensed under CC BY-NC-SA and photographs under CC BY-NC-ND. 

 

 

11 

specifications, and make the deposits under the agreed procedure. Retaining the DOI string is the 
operation's defining constraint. 

Metadata conversion requires correspondences between fields to be addressed. The same bibliographic 
concept may be represented by different elements in different schemas; some fields may be mandatory in 
one and optional in the other. Cited references, when available, require additional attention. Checks must 
cover, in particular, DOI uniqueness, correct association of titles and authors, dates, URLs, and the absence 
of missing records. 

 
6.2. Preparation, checks, and risks 
A cautious method begins by compiling an inventory of historical records and DOIs. A correspondence 

table is then created between each article, its identifier, its URL, and its deposit status. 
After the test XML file has been generated, an internal compliance check precedes an initial trial on a 

small number of DOIs; for non-specialists, this check can readily be performed with the aid of AI. The test 
result is examined before the complete batch is produced. This approach reduces the risk of discovering, 
after a bulk deposit, an error repeated across all records. 

Once the test XML file is submitted, the agency automatically returns a diagnostic from its file-testing tool 
(the "Crossref XML spacer" in the case of Crossref). It must be read carefully. A success message indicates 
that the record has been accepted; it does not necessarily mean that all bibliographic references have been 
matched, that every optional field is populated, or that the landing pages are accessible. Likewise, a 
documentary warning is not always equivalent to rejection. Validation failures, warnings, citation-matching 
information, and checks performed through public interfaces must be distinguished. 

Finally, migration does not end when the last file is submitted. It is advisable to retain processing reports, 
test a representative sample of old and recent DOIs, verify that the records are present in the new agency's 
services, and document the deposit procedure for future articles. 
 
7. Case study: migration of the DOIs of Carnets botaniques 

Carnets botaniques, the journal published by the Société botanique d’Occitanie (SBOcc), provides an 
instructive case because the DOI migration involved an entire retrospective corpus, without renumbering 
articles or changing identifiers. The historical prefix 10.34971 was retained. The objective was to bring the 
future management of the journal's DOIs into the Crossref environment while maintaining the continuity of 
references already present in publications, catalogues, and bibliographies. 
 

7.1. Context and objectives 
The journal's historical corpus comprised 314 articles published between 2020 and 2026. The records 

had initially been registered in the DataCite ecosystem with support from Inist-CNRS. The primary objective 
was to retain all existing DOIs, so as not to disrupt citations already in circulation. A second objective was 
to transfer the bibliographic metadata to the format required by Crossref, notably enriching it with the cited 
references. 

The scope of the operation was clearly defined: the 314 historical articles were treated as a corpus to be 
re-registered, while new articles could follow the Crossref procedure directly. A distinction between 
retrospective and current data was also necessary for administrative and financial monitoring. Of the 314 
historical articles, 171 records were from 2020-2023 and 143 from 2024-2026. 
 

7.2. Preparation and deposits 
Technical preparation was undertaken by the webmaster of the Société botanique d’Occitanie. It required 

the creation of an XML file compliant with the Crossref 5.5.0 deposit schema, the recovery of article 
metadata, and the inclusion of their bibliographic references. Bringing the file into compliance after resolving 
anomalies detected by internal checks was a major part of the preparation phase. In practical terms, 
because the journal lacked sufficient in-house computing expertise, these checks were carried out with the 
aid of AI. 

Once the structure of the test file had been validated, a first article, No. 313, was re-registered separately 
with Crossref without changing its DOI (10.34971/XWV8-PH95). After this step was validated by the 
Crossref spacer, the remaining 313 historical articles were deposited as a batch. The complete XML file, 
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approximately 3.57 MB in size, also contained 9,671 bibliographic references. The batch identifier was 
sbocc-historical-313-20261009 and the Crossref submission number was 1771950540. Crossref's 
processing report confirmed acceptance of all 313 records in the main batch, without warnings or failures. 
This result demonstrates the successful deposit of the metadata, but does not certify that every bibliographic 
reference was matched. 

Crossref support promptly confirmed the operational completion of the procedure to re-register the 314 
historical DOIs of Carnets botaniques. It also announced that a credit of USD 168.65 would be applied to 
the invoice for the migration fees, corresponding to 143 registrations billed at USD 1 and 171 registrations 
billed at USD 0.15. This credit offset the cost of re-registration. Crossref further confirmed that the Société 
botanique d’Occitanie could now use its DOI prefix 10.34971 to register new articles or older articles without 
a DOI. This confirmation marked the operational completion of the migration (Table 4). 

Table 4. Quantitative summary of the migration of the 314 historical DOIs of Carnets botaniques 
from DataCite to Crossref. P. Coulot, CC-BY-NC-ND. 

 
 
7.3. Verification and significance of the result 
The journal then spot-checked the presence of articles in Crossref and the retention of their DOIs; 

approximately twenty articles were checked in total. This confirmed that the historical identifiers had been 
retained. The technical success of the re-registration is therefore supported by two complementary 
elements: Crossref's deposit-acceptance report and the Société botanique d’Occitanie's checks of publicly 
accessible records. 

Coordination between the two registration agencies was also monitored with Inist-CNRS through the PID 
OPIDoR service. The service quickly informed SBOcc that DataCite International had received confirmation 
from Crossref and was to carry out the necessary operations concerning the former registered DOIs. This 
information confirms the agencies' excellent coordination. 

The result has practical implications for other journals: it shows that a historical corpus can change 
registration agency without losing its identifiers, provided that the metadata are prepared, the relevant 
contacts are coordinated, and the migration is checked. 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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8. From DOIs to scholarly visibility platforms: researcher networks, indexing, and 
metadata reuse 
 

8.1. Different functions behind an apparent similarity 
Registering a DOI does more than provide a stable link to an article. It also creates an anchor for the 

circulation of bibliographic data between separate infrastructures. Organizations that register DOIs must 
therefore be distinguished from services that use them to find, display, link, or share publications. This 
distinction clarifies Crossref's role in the contemporary documentary architecture (Hendricks et al., 2020; 
Meadows et al., 2019). 

• ResearchGate and Academia.edu are researcher-profile networks or platforms: they allow users to 
showcase works, compile a publication list, and, under certain conditions, share files. 

• Google Scholar and Semantic Scholar are scholarly discovery and indexing services. 
• OpenAlex builds an open graph of works, authors, institutions, and bibliographic relationships. 
• HAL and Zenodo are repository and dissemination infrastructures. 
• Zotero is reference-management software. 
• The Biodiversity Heritage Library (BHL) is a heritage digital library specializing in biodiversity 

literature, combining digitization, access to historical publications, document identification, and 
discovery services. 

 
These services are not interchangeable, and none should be confused with Crossref or a DOI registration 

agency. Table 5 presents their principal functions, without excluding the possibility that each service offers 
other tools. The presence of a publication on a platform, its discoverability in a search engine, the availability 
of its full text, and the quality of its record are four distinct properties. 

Table 5. Main platforms for the dissemination, discovery, and bibliographic management of scholarly publications: 
functions and relationships with DOI identifiers. P. Coulot, CC-BY-NC-ND. 

 
 

8.2. Crossref's role in the circulation of records 
As noted above, the publisher sends Crossref a structured set of metadata associated with the DOI: title, 

authors, source, dates, links, and, where available, abstracts, additional identifiers, and cited references. 
Crossref makes this information available through search services and, above all, its REST API. Third 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr


 

The architecture of digital scholarly publishing: persistent identifiers, metadata, 
dissemination platforms, open access, and the FAIR principles. The case of Carnets 

botaniques 
Coulot P., 2026 

 
 

 

14 
 

Articles published in Carnets botaniques are licensed under CC BY-NC-SA and photographs under CC BY-NC-ND. 

parties can then consult or enrich it, or compare it with other datasets. Deposited metadata do not, however, 
ensure immediate indexing or uniform coverage by all services (Hendricks et al., 2020; Crossref, 2020). The 
time taken by each party to retrieve these data naturally varies, but in practice we found it to be very short, 
on the order of a few days (for example, between Crossref and ResearchGate). 

A simplified chain is: publication by the journal → metadata deposit with Crossref → exposure of those 
metadata through the REST API → possible reuse by third-party services → discovery by the reader. In 
reality, there are many pathways: harvesting of the journal website, metadata embedded in HTML pages, 
institutional feeds, author input, and aggregated databases also play a part. It would therefore be inaccurate 
to portray ResearchGate or Google Scholar as simple Crossref interfaces. 
 

8.3. ResearchGate: visibility, identification, and documentary ambiguities 
ResearchGate is particularly instructive because it combines researcher profiles, bibliographic records, 

and possible text sharing. A correctly registered DOI can help resolve ambiguity about a publication, retrieve 
it, and link it to its version of record. However, the existence of a Crossref DOI guarantees neither the 
creation of a ResearchGate record nor the accuracy of an existing one. The platform's precise collection 
and updating mechanisms should not be inferred solely from the existence of a Crossref API. 

 
A published article, its accepted manuscript, a preprint, and an associated dataset must also be 

distinguished. Different versions of the same work may legitimately have different DOIs, provided that their 
nature and relationships are correctly documented. Conversely, uncoordinated deposits may generate 
duplicate records or misleading links. The existence of several DOIs associated with the same work is 
therefore not necessarily an error: they must be interpreted in light of the version identified, the provenance 
of the registration, and the relationships declared among the objects (NISO, 2026). 
 

8.4. DOIs, access to full text, and dissemination rights 
The presence of a record in a scholarly network does not mean that the full text is freely available. 

Likewise, a resolved DOI may lead to an information page, an open resource, or content subject to access 
conditions. File-deposit arrangements on third-party platforms must be assessed in light of the rights of the 
author and publisher and the applicable licences. A DOI is an instrument for identification and linking, not a 
dissemination licence or a guarantee of archiving. 
 

8.5. Practical consequences for Carnets botaniques 
The migration of the 314 historical DOIs of Carnets botaniques to Crossref now enables its records to 

be exposed in an environment widely used by bibliographic services. The 9,671 references transmitted with 
the historical batch also constitute a database that may improve documentary relationships between the 
journal's articles and the references they cite. 

In parallel with this migration, Carnets botaniques now has a dedicated page on ResearchGate 
(https://www.researchgate.net/journal/Carnets-botaniques-2727-6287). It identifies the journal and its 
editor-in-chief, whose role has now been confirmed by the platform. This page gives Carnets botaniques an 
additional point of visibility within the scientific community. This was not the case when DataCite was the 
registration agency. 

It would nevertheless be premature to conclude that the visibility of articles on ResearchGate, Google 
Scholar, or OpenAlex will automatically increase: any such effect must be documented empirically, platform 
by platform. As an example, however, the journal's ResearchGate page shows in real time the number of 
researchers who have consulted at least one journal article during the current year; regular monitoring of 
this figure will provide a rapid indication of any increase in the visibility of Carnets botaniques resulting from 
the migration. 

To go further, a reproducible protocol could select a sample of articles from several years, record for 
each its DOI, its presence, and the quality of its record on Crossref, OpenAlex, Google Scholar, and 
ResearchGate, and then repeat the observation after a defined period. 
 

https://www.researchgate.net/journal/Carnets-botaniques-2727-6287
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9. DOIs, copyright, open access, and reuse licences 
9.1. Clearly distinguishing these concepts 
Identifying a scholarly publication says nothing about how it can be accessed or the rights attached to 

its reuse. Those matters depend on the journal's own choices. The DOI determines neither the conditions 
under which the publication can be consulted nor the permitted uses of its content. Likewise, making an 
article available free of charge does not automatically mean that it can be freely reproduced, adapted, or 
redistributed. 

A distinction must therefore be made between the dissemination and funding models associated with 
"open access" and the licences governing the reuse of publications. For example, the "Diamond Open 
Access" model applies to a publication available free of charge to readers and with no publication fees for 
authors. A CC BY-NC-SA licence, meanwhile, defines the legal conditions for reusing the content, 
irrespective of its funding model. 

This section describes the principal routes to open access (9.2), Creative Commons licences (9.3), and 
methods for declaring licence information in Crossref metadata (9.4). 
 

9.2. The main routes to scholarly open access 
As noted above, open access means making scholarly publications available online without a financial 

barrier for the reader. Several routes are traditionally distinguished (Table 6): 
• the Gold route is publication made directly accessible on the journal website, with or without Article 

Processing Charges (APCs) payable by authors; 
• the Green route is based on depositing an authorized version of the article in an open institutional or 

disciplinary repository, possibly after an embargo period; 
• the Diamond model, sometimes called Platinum, refers to open-access journals that charge neither 

readers nor authors, generally but not always supported by public institutions or learned societies. 
 

These categories are not mutually exclusive: a Diamond journal also follows the Gold route in the sense 
that it is disseminated immediately by the publisher. These dissemination arrangements say nothing about 
reuse licences; restrictions imposed by some licences may limit compliance with the most demanding 
definitions of open access. 

Carnets botaniques therefore follows the Diamond Open Access model, with no publication fees for 
authors and free access for readers. Articles are distributed under a CC BY-NC-SA 4.0 licence, which 
permits non-commercial reuse subject to attribution and the sharing of adaptations under the same terms 
(see Section 9.3). 
 

Table 6. The main routes to scholarly open access: dissemination arrangements,  
publication fees, and characteristics. P. Coulot, CC-BY-NC-ND. 

 
 

9.3. Creative Commons licences: a range of permissions 
Creative Commons (CC) licences are international standards through which a rights holder may grant 

certain permissions to the public in advance, subject to defined conditions. They do not replace copyright, 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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but rely on it. They were introduced in 2001 under the impetus of Lawrence Lessig, a professor of law at 
Stanford University (Lessing, 2004). 

In practical terms, a journal publisher independently selects the licence appropriate to its dissemination 
policy and states it on its publications, without any further procedure. 

A CC licence combines several conditions: BY requires attribution; SA requires adaptations to be shared 
under the same or a compatible licence; NC limits commercial uses; and ND prohibits the public sharing of 
adaptations, while allowing them to be made privately, subject to the licence's other conditions. 

These combinations produce six main licences (Table 7). CC0 follows a different logic: it is intended to 
waive rights to the extent permitted by law and, failing that, to grant very broad permissions (Creative 
Commons, s.d.). 

Compatibility with demanding definitions of open access should not be inferred from the CC acronym 
alone: the NC and ND clauses restrict certain uses. For research articles, CC BY is often preferred when 
the objective is to allow broad reuse with attribution; the specific choice nevertheless depends on editorial 
policy and the rights actually held by the authors or publisher (BOAI, 2002; Creative Commons, s.d.). 
 

Table 7. Comparison of the six Creative Commons licences and the CC0 instrument: 
reuse possibilities and main restrictions. P. Coulot, CC-BY-NC-ND. 

 
 
9.4. Licence information in Crossref metadata 
Crossref allows licence information to be declared using access and licence metadata, including 

license_ref elements containing the URL of the applicable terms. The declaration does not in itself constitute 
legal validation of the licence. Services that reuse the metadata can use this information to indicate rights 
and access conditions, although it is not necessarily taken up automatically (Crossref, 2024). 

For an independent journal, good practice is to display the licence explicitly and consistently on each 
article page and, if possible, in the PDF, and then to include an accurate licence URL in the deposited 
metadata. As noted above, the licence must not be inferred from the fact that the site is free to access. In 
the case of Carnets botaniques, the rights policy actually applicable to the articles was established before 
this information was entered in Crossref. 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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Figure 4. The architecture of digital scholarly publishing: stakeholders, persistent identifiers, metadata, 

discovery and dissemination platforms, reuse rights, resource preservation, and the FAIR principles. 
P. Coulot, CC-BY-NC-ND. 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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10. The documentary architecture: an overview 
Figure 4 brings together on a single page the stakeholders discussed in this article: identifiers for people 

(ORCID), organizations (ROR), journals (ISSN), and scholarly objects (DOI); agencies that register DOIs; 
platforms that make works visible; and legal entities governing their reuse. It also presents the main routes 
to open access: Gold, Green, and Diamond. 

The flows represented by arrows are not mandatory transfers: Google Scholar, ResearchGate, 
OpenAlex, and Zotero have different collection mechanisms and may combine several sources. Crossref 
does not "publish" articles on their behalf, and Creative Commons does not "issue" DOIs. Reading the 
architecture in layers helps clarify the contribution of each mechanism without confusing their respective 
functions. 

11. Practical recommendations for independent journals 
The experience of Carnets botaniques enables us to offer several recommendations for independent 

scholarly journals operated by small organizations without substantial administrative structures. Integrating 
the architecture of digital publishing is generally experienced as a complex obstacle course, marked by 
concepts and acronyms that are not always self-explanatory. Only rigour and a progressive methodology 
allow these operations to be carried out with confidence. These recommendations concern both newly 
established journals and those seeking to modernize an existing infrastructure or change DOI registration 
agency. 
 

11.1. Establishing a digital publishing infrastructure 
Creating a digital scholarly journal begins with publishing files on a website, but does not end there. It 

also involves defining an editorial identity, establishing clear publication procedures, and maintaining an 
infrastructure that enables articles to be identified, cited, and consulted over the long term. 

A chronological approach can be followed, from defining the editorial project through to maintaining 
publications. In sequence, it includes obtaining an ISSN; choosing a DOI registration agency and structuring 
metadata according to its specifications; defining the legal conditions of dissemination by selecting licences; 
and, where appropriate, implementing mechanisms that support content preservation. Table 8 sets out the 
main stages in this process. 

 
Although presented here in a particular order, these stages do not constitute a rigid sequence of 

operations. Except for obtaining the ISSN, which appears to be priority No. 1, some phases can be 
conducted simultaneously, for example choosing an agency, compiling the XML file, and selecting CC 
licences. Their implementation will naturally depend on the publishing organization's human, technical, and 
financial resources. A journal may also rely on sponsor organizations, known as Sponsoring Organizations 
or Crossref Sponsors, to register its DOIs. The largest in France include OpenEdition and Métopes, although 
there are many others. Major organizations worldwide include PKP, which develops Open Journal Systems 
(OJS), SciELO (Scientific Electronic Library Online), and Lyrasis. Depending on their status, they offer free 
or paid services. 

 
Particular attention must be paid to metadata quality from the first publications onward. The DOI, author 

identification through ORCID, organization identification through ROR where an identifier exists, inclusion 
of the ISSN, structured bibliographic references, and explicit indication of reuse licences all facilitate record 
interoperability and their use by documentary services. 

 
11.2. Preparing and securing a DOI transfer between registration agencies 
Transferring DOIs between registration agencies is a relatively exceptional operation. It must be 

prepared rigorously to ensure that historical identifiers are retained. The experience of Carnets botaniques 
shows that such a migration can be carried out without changing existing DOIs. 

For the practical implementation of this operation, see Section 7. 
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Table 8. Recommended process for integrating an independent scholarly journal 
into the digital publishing architecture. P. Coulot, CC-BY-NC-ND. 

 
 
11.3. Ensuring the visibility and long-term availability of publications 
Assigning DOIs alone guarantees neither the visibility nor the preservation of publications. A journal must 

ensure the stability of landing pages, update its metadata, and periodically verify the presence and accuracy 
of its records in the principal discovery services. Explicitly defining reuse licences also contributes to 
interoperability and the application of the FAIR principles. 

Long-term content availability also requires regular backups and, where possible, appropriate archiving 
systems. These operations must form part of a sustainable document-maintenance policy proportionate to 
the publishing organization's resources. 

 
11.4. Website hosting security and long-term preservation of publications 
The long-term preservation of scholarly publications is a major concern. Nothing would be more 

damaging to a journal than to establish all the procedures described above only to lose its visibility because 
its data were not preserved for technical reasons. Articles must remain physically preserved, intact, and 
accessible over time. Four levels of protection should be distinguished: 

a) the security of the IT hosting environment; 
b) data backup and restoration; 
c) continuity of dissemination; 
d) long-term digital archiving. 
 
a) The first requirement concerns the reliability of the infrastructure hosting the journal website. Using 

a specialist provider such as OVHcloud, as Carnets botaniques does, or an institutional infrastructure with 
appropriate safeguards can limit certain risks: hardware failures, service interruptions, and cyberattacks. 
Although this is not an absolute guarantee against such problems, declining to use these structures and 
choosing to host the website independently would expose the journal to major and irreversible risks. 

 
b) Regular backups are also essential. Ideally, they should include article PDFs, illustrations, databases, 

metadata, editorial files, and the components required to rebuild the website. Several copies should be kept, 

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.fr
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at least one of them on a medium separate from the main server. Restoration tests must also be conducted. 
The respective roles of the host, webmaster, and publisher must be precisely defined in a procedure. 

 
c) Website availability is another major objective. Temporary interruptions are acceptable, but several 

rare events must be anticipated: the permanent closure of the journal, the cessation of the publisher's 
activities, and infrastructure obsolescence. They must not result in the journal becoming permanently 
unavailable. 
 

d) Long-term preservation is not an obligation, but provides important security, especially as data 
volumes grow. It requires systems specifically designed to preserve scholarly resources over several 
decades. Four deserve particular attention: 

• The LOCKSS (Lots of Copies Keep Stuff Safe) Program, created by Stanford University, is an 
organization of several institutions that maintain multiple copies of the same digital content. Periodic 
comparison of these copies makes it possible to detect and correct certain file alterations (LOCKSS 
Program, s.d.). 

• CLOCKSS (Controlled LOCKSS) uses LOCKSS technology but extends it internationally across 
libraries and scholarly publishers. Content is preserved within this extensive network and is not publicly 
accessible. Its aims include guaranteeing access to scholarly resources even when their publisher is no 
longer able to disseminate them (CLOCKSS, s.d.). 

• Portico is a digital-preservation service developed by ITHAKA, the non-profit organization that also 
manages the JSTOR digital library. It provides shared infrastructure for preserving electronic publications 
and monitors their integrity and long-term technical viability (Portico, s.d.). 

• The PKP Preservation Network (PKP PN), developed by the Public Knowledge Project, is another 
option, particularly well suited to small independent scholarly journals. Based on LOCKSS technology, the 
network provides distributed preservation of content published using the open-source Open Journal 
Systems software (see Section 11.1). Its chief advantage is that the service is free for journals using OJS. 
It is therefore a particularly attractive solution for journals with limited financial resources (Public Knowledge 
Project, s.d.). 

 
The main characteristics of these systems are compared in Table 9. 

Table 9. Comparison of the main digital-preservation systems for 
scholarly publications. P. Coulot, CC-BY-NC-ND. 
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12. Conclusion 
The architecture of digital scholarly publishing is based on the interaction of mechanisms with distinct 

functions: 
• persistent identifiers make it possible to recognize objects, people, and organizations; 
• registration agencies maintain DOI records; 
• structured metadata support discovery and exchange; 
• platforms make works findable or accessible according to their own rules; 
• licences specify the conditions for reuse; 
• finally, archiving strategies address preservation. 
The FAIR principles provide a cross-cutting analytical framework, but no single tool is sufficient to satisfy 

them. 
For independent journals, the challenge is not limited to owning a prefix. It consists in establishing a 

sustainable chain of responsibilities, from describing articles through maintaining links and preserving 
content. The migration of Carnets botaniques illustrates the possibility of fully preserving historical identifiers 
while changing their registration framework. It also reminds us that a successful operation depends on 
precise documentary and technical work that is often largely invisible to the end reader. 

Statement on the use of artificial intelligence 
The figures and tables presented in this article were produced with the assistance of ChatGPT (OpenAI), 
under the supervision of the author, who defined their content and retains full scientific responsibility for 
them. 
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