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Handbook for semantic annotations of DwC-A into
the Marine Science Backbone

This document and the accompanying spreadsheet titled “Mapping EML to Web of Data Ontologies”,
available via the link outline a set of guidelines for transforming EML (Ecological Metadata Language) and
Darwin Core Archive (DwC-A) into Semantic Web-based actionable digital objects. To achieve this, both
documents describe and provide mappings to relevant ontologies and vocabularies available in the Web of
Data.

1 Introduction

The increasing need for (semantic) interoperability and data integration in marine research and biodiversity
studies has led to an increased use in such sectors of semantic web standards for data representation and
exchange. However, there are still sets of data that use different languages and specifications where
semantics is not fully exploited.

Languages such as the Ecological Metadata Language (EML) [1] and de-facto standards like the Darwin Core
Archive (DwC-A) [2, 3] are widely used for documenting and sharing ecological and biodiversity data, but the
possibility to define a clear machine-readable semantics, to also enable advanced inferences, remain
complex and unnecessarily complicated by specific ad-hoc definitions (e.g., semantic annotations used in
EML as optional fields to be specified) that have been introduced in context where standards targeting
semantics are not directly used.

To overcome these limitations, this deliverable presents guidelines for the semantification of some
biodiversity data exchange standards, focusing on the systematic transformation of part of the EML 2.x
specifications and some DwC-A elements into Resource Description Framework (RDF) [4] based facts
modelled according to both well-established and domain known ontologies, chosen according to the type of
data to be represented. The core of this work is a concrete, element-by-element mapping of these standards
to RDF-based data models, ensuring that each term, attribute, and relationship being selected is formally
defined and linked to relevant ontologies and vocabularies. By doing so, we enable enhanced data discovery,
integration, and reasoning across distributed marine data repositories.

The guidelines provided here are designed to support data managers, researchers, and developers in
adopting semantic technologies, thereby fostering a more connected and interoperable marine data
ecosystem. This deliverable not only facilitates a possible successive phase for technical implementation of
RDF mappings but also promotes best practices for sustainable and FAIR (Findable, Accessible, Interoperable,
Reusable) data management in the marine domain.

This deliverable consists of this document and an accompanying spreadsheet (available via the link), which
is an integral part of the deliverable. The spreadsheet contains multiple tabs, each providing detailed
mappings for the main EML elements that have been identified.

The rest of this document is structured as follows. Section 2 provides an overview of the context and the
state of the art regarding reference standards for data and metadata. It also includes a description of recent
efforts to map EML to other existing standards in the Web of Data, such as DCAT-AP. Section 3 presents the
methodology proposed for the semantification of both EML and Darwin Core Archive (DwC-A). This section
outlines the approach taken to transform these standards into Semantic Web-compatible formats. Section 4
discusses the mappings that have been developed following the methodology described in Section 3. It
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explains how to use and navigate the spreadsheet to locate individual EML elements and their corresponding
mappings. Additionally, this section includes a list of the ontologies and controlled vocabularies from the
Semantic Web that are used in the proposed mappings, along with RDF-based examples of the transformed
data. Finally, Section 5 concludes the document by summarizing the key findings and providing potential
future directions for further development and refinement of the mappings.

2 State of the art and context

Defining and publishing biodiversity information requires the representation and exchange of both domain
data (e.g., species occurrences, traits, taxonomic classifications, ecological interactions) and rich metadata
describing that data (e.g., provenance, data quality, collection methods, temporal and spatial coverage).
Effective interoperability therefore depends on data models capable of integrating these complementary
layers in a consistent and machine-readable way.

Over time, a variety of models and ontologies have been developed to represent and exchange information
and scientific data related to biodiversity. The evolution of these frameworks is closely tied to the growth of
biodiversity informatics, the application of computational methods to biodiversity data, including taxonomy,
biogeography, and ecology.

At the core of biodiversity information systems are such sophisticated data models, which enable the
integration and organization of diverse biological knowledge. Systems and platforms like the World Register
of Marine Species (WoRMS), the Ocean Biodiversity Information System (OBIS), the Global Biodiversity
Information Facility (GBIF) and EMODnet Biology itself rely on them to comprehensively catalog and make
available biodiversity information, from taxa and their scientific names, to associated traits, ecological
interactions, geographic distributions, and other biological information drawn from multiple sources.

Crucially, this integration, sharing and reuse of heterogeneous biodiversity content is only possible through
the explicit representation of metadata as a parallel and structured layer alongside the domain data.

Metadata for datasets and (digital) resources serves as a descriptive layer, offering essential context,
structure, and attributes that extend beyond the raw data itself. This layer enables efficient discovery,
comprehension, interoperability, and management of resources; in essence, metadata are crucial for the
implementation of the findability and accessibility principles of FAIR.

In the case of datasets, metadata provides key details that help users and applications locate and evaluate
their relevance. It includes information about the dataset's thematic focus, associated keywords,
geographical and temporal coverage, as well as its origin and creation process. Such details are crucial for
enabling search and filtering within data catalogs and repositories. Additionally, metadata outlines usage
conditions, licensing terms, available formats, and citation practices, fostering responsible data access and
reuse. It also includes information on data quality, limitations, and versioning, empowering users to make
well-informed decisions about its suitability for their needs.

In the Semantic Web, as in the case of domain data, metadata is typically represented using consolidated
open standards like RDF, ensuring it is machine-readable and can be seamlessly integrated into the broader
Web of Data. This representation allows automated systems to interpret and process the descriptions
associated with datasets and (digital) resources, facilitating intelligent discovery, smooth data integration,
and effective knowledge exchange.

Several standards exist in the Semantic Web for this purpose. In Europe, DCAT [5], along with its use of
standards like Dublin Core [6] and Prov-O [7] and its applications profiles like DCAT-AP [8], GeoDCAT-AP [9],
is widely recognized as the reference web standard for dataset metadata in catalogs. While other initiatives
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exist in the context of Open Science, adopting a common and widely recognized metadata standard could
enhance the discoverability of various types of resources across different scenarios.

Owing to this context, in this section we discuss the relevant state of the art standards in the marine and
biodiversity domain for data and metadata, focusing on the key reference standards representing important
references for this work of semantification. We also introduce already existing initiatives for mapping these
standards to the above mentioned semantic web specifications where proper semantic languages are used
to express the meaning of data in human and machine-readable formats. For an extended version of the
state of the art on domain data models, interested readers can refer to the Deliverable D3.2 of the
MAREGRAPH project [10].

In general, when working with data and metadata in this domain, most practitioners and data managers rely
on established data schemas implemented in widely used information systems (e.g., OBIS system, the IPT
system provided by GBIF, and various national adaptations of these systems). The data schema is illustrated
in Figure 1.

r— |
I I Any Additional
: Taxg:;lmic Occ;;znce : m&tajljta
I I
I Darwin Core
I Archive
I I (ZIP)
I Measurement I
or Fact
I data I
EML metadata
| | (XML)
I
Semantic/Content Metadata I
I_ _ (Eteﬂ) thiDom_ain)_ _ _I General Descriptive Metadata

Figure 1. Data and metadata schema used when using reference domain standards

In this context, Darwin Core (DwC) and its corresponding Darwin Core Archive (DwC-A) packaging format
(briefly presented later in this document) represent the de facto adopted standards for structuring and
exchanging biodiversity data, providing a widely shared interoperability baseline across biodiversity
information systems.

As depicted in Figure 1, data and metadata coexist within a single compressed format, typically a ZIP file. In
this file, data related to taxonomic classifications, occurrences, events, and measurements or facts, all aligned
with the Darwin Core de facto standard, are combined with a set of descriptive metadata. These metadata
are usually represented in XML format with EML (Ecological Metadata Language) serving as the reference
language to describe datasets, software, protocols and literature citations. Additionally, this EML generic
descriptive metadata can be further enriched with other metadata useful for managing the overall data
format and for capturing other custom metadata as defined within technical information systems being used.

‘ European Marine
Observation and
Data Network
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Building on this widely adopted practice, the following analysis examines the reference standards and
systems to identify the key concepts, attributes, and relationships to be mapped to ontologies, controlled
vocabularies, and standard languages used in the Web of Data ecosystem.

2.1 The Ecological Metadata Language (EML)

The Ecological Metadata Language (EML) [1] is an XML-based metadata standard developed by the ecological
and environmental science communities to document datasets, ensuring their discoverability,
interpretability, and reuse. EML is maintained by the Ecological Metadata Language Working Group and is
widely adopted in biodiversity and ecological research infrastructures, such as DataONE and LTER (Long Term
Ecological Research) networks.

EML provides a hierarchical structure for describing datasets and resources, including modules for dataset-
level metadata (e.g., title, abstract, keywords), data tables, spatial and temporal coverage, taxonomic
information, and methods (sampling). It applies a modular design that allows for extensibility and
customization to specific domains.

In essence, EML is a robust language in documenting complex ecological datasets, supporting detailed
provenance tracking, and enabling interoperability among repositories. However, its XML schema can be
challenging to integrate with modern semantic web technologies, which favour RDF and linked data
principles.

When analysing its elements, it emerged a complex structure of nested XML modules each dealing with
different aspects of the metadata management process and, in some cases, referring to specific data types
defined in EML (for example, there is the definition of the data type TextType that aims to represent pieces
of text like sections, paragraphs, and so on). In addition, it has to be noticed that while EML mainly focuses
on generic descriptive metadata; that is, metadata describing set of data and their access conditions, in some
cases it includes modules that are meant to express the internal structure of the dataset, for instance in
terms of data tables, pixels in the case of images, rasters single descriptive elements, and so on.

The root module is the eml module (Figure 2) that is a wrapper container that allows for the inclusion of any
metadata content about ecological resources in a single EML document [11]. In EML, the definition of a
resource is aligned with the definition offered by Dublin Core Metadata Initiative [6], thus facilitating, in
specific cases, the alignment with the RDF-based version of Dublin Core widely used in the Semantic Web
community as a reference standard for generic descriptive metadata of (digital) resources.
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Figure 2. The root eml-module in EML

In general, dataset resources, literature (citation) resources, software resources, and protocol resources
(distributions) comprise the main list of information that may be described in EML, which is mainly designed
to express digital resources, although some types of non-digital resources may be captured too.

As described in the next section, EML plays a central role within the Darwin Core Archive (DwC-A) ecosystem,
where it is commonly adopted as the reference language for expressing dataset-level metadata.

2.2 Darwin Core, Darwin Core Archive (DwC-A) and related initiatives

Darwin Core has emerged as the widely adopted standard for representing and exchanging biodiversity data
[12, 14]. Originally developed as an extension of Dublin Core [6], it is maintained by the Taxonomic Databases
Working Group (TDWG) as part of its biodiversity information standards. The Darwin Core (DwC) framework
provides a comprehensive glossary of terms, primarily classes and properties, along with their definitions
and usage guidelines for describing taxa, their natural occurrences (as documented through observations,
specimens, or samples), and associated information.

DwC is extensively utilized in biodiversity informatics, serving as a cornerstone for data exchange across
diverse platforms, including biodiversity databases, research initiatives, and other projects. Figure 3 offers
an overview of the primary categories or classes of information that can be represented using Darwin Core.
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For a complete list of current Darwin Core terms and their descriptions, readers can refer to the online
guidelines®.

Dublin Core terms, institutions, collections, nature of data

Record-level Terms record

evidence of species in nature, observers, behavior,

QEsISTE associated media, references.
Event sampling protocols and methods, date, time, field notes
. . i ; Simple Darwin
Location geography, locality descriptions, spatial data Core (flat)
Identification linkage between Taxon and Occurrence
T scientific names, vernacular names, names usages, taxon

concepts, and the relationships between them

geologic time, chrono-stratigraphy, biostratigraphy,

GeologicalContext lithostratigraphy

explicit relationships between identified resources (e.g., one

FLEEIEC AL Bl organism to another, taxon to location, etc.)

Generic Darwin
Core (relational)

MeasurementOrFact | measurements, facts, characteristics, assertions, references

Figure 3. Main information represented in Darwin Core (source [12])

A detailed usage guide is also provided on how to represent Darwin Core in RDF [17]. However, the RDF
guidance makes it clear that the use of classes and properties follows only loosely defined semantics. In
principle, any Darwin Core class IRI may be used as a value of rdf:type, but the specification does not define
formal domain constraints for its properties. As a result, the association of properties with instances of the
classes described in the reference guide should be interpreted as recommendations rather than strict
requirements.

In this context, Darwin Core Archive (DwC-A) is a format for sharing biodiversity data, maintained by the
Biodiversity Information Standards (TDWG) organization [2, 3]. It is designed to facilitate the exchange of
species occurrence data and related metadata and is the de facto standard for platforms such as GBIF (Global
Biodiversity Information Facility), OBIS (Ocean Biodiversity Information System) and EMODnet Biology itself.

! https://dwc.tdwg.org/terms/
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Figure 4. General structure and content of a Darwin Core Archive (Source: https://manual.obis.org/data_format.html)

DwC-A is a star-schema data format that combines a core data file (e.g., species occurrences) with extension
files (e.g., measurements, identifications) and a metadata descriptor in XML. It uses Darwin Core terms to
ensure consistency and interoperability. Specifically, an archive consists of a set of text files, in standard
comma- or tab-separated format (CSV, TSV), with a simple descriptor file (called meta.xml) to inform others
how the files are organized.

In addition, datasets require proper documentation, which in a DwC-A is provided through a resource
metadata document. This document describes the dataset itself, including elements such as an abstract, the
agents responsible for authorship, publication and documentation, bibliographic and citation information,
collection methods, and other relevant contextual details. While DwC-A does not prescribe a specific
metadata format, the Ecological Metadata Language (EML) has emerged as a widely adopted reference
profile for describing dataset-level metadata. Consequently, DwC-A packages typically include an eml.xml file
in which metadata are encoded according to the EML specification, providing structured information about
the dataset's content, provenance, authorship, methods, and other contextual details. EML therefore
constitutes the descriptive metadata layer of DwWC-A, providing essential information on dataset provenance,
authorship, methods, licensing, access conditions, etc., while Darwin Core focuses on the representation of
biodiversity observations, occurrences, taxa, and related domain data. This complementary relationship has
contributed significantly to the widespread adoption of DwC-A as a standard mechanism for publishing and
exchanging biodiversity datasets.

DwC-A is widely used for publishing and sharing species (taxonomic) data, species-occurrence data and
sampling/event data, enabling global aggregation and analysis. While effective for tabular data exchange, its
integration with semantic web technologies requires explicit mapping to RDF and alignment with relevant
ontologies.

At the time of this writing, the Darwin Core Data Package Guide [13] had been officially approved as an
extension to the Darwin Core standard. This guide outlines how biodiversity data can be structured to define
the relationships between fields in data tables. By grounding these relationships in a shared Conceptual
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Model that moves beyond the limitations of the “star schema” (see Figure 4) used in existing Darwin Core
Archive (DwC-A), it enables the publication of complex datasets with consistent structures across different
data providers. In essence, it can serve as a foundation for developing software tools that simplify the process
for data providers to publish and validate their datasets.

2.3 GBIF metadata profile and guidelines

The Global Biodiversity Information Facility (GBIF) [15] is one of the most popular data infrastructures whose
aim is to provide anyone, anywhere, open access to data about all types of biodiversity data on Earth, and
therefore includes data from the three reams, terrestrial, freshwater and marine.

Through GBIF infrastructure it is possible to publish datasets compliant with widely accepted biodiversity
data standards including Darwin Core and EML. At the time of this writing, GBIF strongly relies on the Darwin
Core standard and the DwC-A format as the primary mechanisms for publishing, exchanging, and integrating
biodiversity data. In particular, DwC-A represents the preferred publication format within the GBIF network,
providing a standardized package that combines biodiversity records expressed through Darwin Core terms
with the corresponding metadata describing the dataset.

To publish datasets, GBIF offers a system named Integrated Publishing Toolkit (IPT) [16] that is an open-
source software that can be used to create and manage distributed data repositories that share biodiversity
data into the GBIF network? The IPT enables data providers to map source data to Darwin Core terms,
generate compliant Darwin Core Archives, and make them available through the GBIF network. The tool is
therefore tailored to the production and maintenance of DwC-A datasets and has become the de facto
publication platform for biodiversity data providers, including those within the OBIS network and EMODnet
Biology.

The IPT user manual [16] offers an insight about how to create and document datasets for publication in
GBIF. The manual includes a set of practical guides, including the guidelines for the GBIF metadata profile
[18]. This profile is based on the EML and defines how dataset-level metadata should be captured and
represented for publication. The IPT includes a built-in metadata editor that allows practitioners to create,
validate, and maintain metadata records, ultimately producing an EML document that conforms to the XML-
based EML specification. Consequently, the combination of Darwin Core/DwC-A for domain data and EML
for descriptive metadata constitutes the core publication model adopted throughout the GBIF ecosystem.

Focusing on the metadata profile, the metadata can be divided into the following 12 macro-categories:

e Basic metadata (dataset/resource)
e Geographic Coverage

e Taxonomic Coverage

e Temporal Coverage

e Keywords

® Associated Parties

® Project Data

e Sampling Methods

e (Citations

e Collection Data

2 https://www.gbif.org/ipt
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e Physical Data
e Additional Metadata

For each category the guide lists the expected EML elements to be managed by the IPT metadata editor. For
instance, for dataset (and resource, since a dataset is a specific type of resource), the guide indicates that
there must be the alternative identifier, the title, the abstract, the url, the language, the creator, the
responsible party and so on, each of which defined in specific EML modules in XML.

From a discussion with the partners involved in WP5 of EMODnet Biology it emerged that in the practice,
people managing these types of datasets rely only on tools like IPT, since they guide the metadata production
with a step-by-step approach capable of producing, at the end of the process, in an automatic way, XML files
perfectly compliant with the EML specifications.

2.4 Existing EML semantification approaches

In light of the scenarios and standards discussed earlier, professionals and researchers working with
biodiversity data are increasingly recognizing the importance of adopting the FAIR principles and Semantic
Web standards when publishing their data. These standards are inherently designed to represent data
semantics in a machine-readable format, enabling seamless integration of data from diverse and
heterogeneous sources across the Web, in alignment with the interoperability principle of FAIR.

To advance this goal, recent efforts have emerged focusing on developing mapping solutions between EML
and established European Semantic Web standards, such as DCAT-AP, mentioned earlier. These mapping
initiatives represent an important contribution to the current state of the art and serve as a reference for the
work presented in this deliverable. The following subsections provide an overview of these efforts.

2.4.1 EML to DCAT-AP mapping

The EML to DCAT-AP mapping offers a structured approach for transforming EML metadata into DCAT-AP,
the European profile of the Data Catalogue Vocabulary (DCAT). This profile is widely used by the European
data catalog data.europa.eu and other open data platforms. The mapping primarily focuses on generic
descriptive metadata, such as dataset titles, creators, licenses, and distributions, aligning EML elements with
the corresponding DCAT-AP classes and properties.

This approach holds value for organizations aiming to publish EML-documented datasets in compliance with
European open data standards. By adopting this mapping, biodiversity datasets can gain visibility and
accessibility in broader data catalogs that extend beyond the specific domain of biodiversity, thereby
fostering cross-domain interoperability and enhancing data reuse.

The EML to DCAT-AP mapping is available in a GitLab repository hosted by the GAIA Data project, a
distributed data and services infrastructure dedicated to the observation, modeling, and understanding of
the Earth system, biodiversity, and the environment. The repository can be accessed at:

https://gitlab.in2p3.fr/gaia-data/wp3-services/vocabulaires/dataterra ap/mappings/em!| dcatap

In this repository, the mapping is presented as a Markdown table, which systematically links the key DCAT-
AP classes such as CatalogRecord, Dataset, Distribution, DataService, and supporting classes like Location,
Agent, PeriodOfTime, and LinguisticSystem etc., to their corresponding EML elements. For each field in these
classes, the table specifies the EML element that should be used for the mapping. Additionally, the repository
includes RDF data examples to illustrate how the mapping can be applied in practice.
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Although a valuable approach, the mapping is limited to generic descriptive metadata of DCAT-AP and does
not cover other important elements in EML like the coverage module (taxonomic, temporal and spatial
coverage).

24.2 EML1toISO 19139 to GeoDCAT-AP mapping

When describing biodiversity datasets, geographic elements are quite prominent and taking them into
account becomes of utmost importance. In the Semantic Web community there exists the GeoDCAT-AP
extension of DCAT-AP that has become a European standard, aligned with INSPIRE metadata when
documenting geospatial datasets.

In EML there exist geospatial elements; therefore, mapping EML to GeoDCAT-AP can be an added value. All
the attempts in this direction suggest that a possible workflow is to first map EML to the ISO 19139, a
standard for specifying geographic metadata, and then from this mapping to GeoDCAT-AP based on DCAT
and the ISO standard too. In essence, the workflow that most people plan to implement when dealing with
this type of mapping is to leverage the 1ISO 19139 as an intermediate step, thus providing a robust structure
for geographic metadata.

A first work into this direction was conducted by GBIF itself, which provides a mapping solution of some EML
elements to the ISO 19139 as XSLT transformations. This work is publicly available in the following Github
repository:

https://github.com/gbif/eml-profile/blob/master/eml2is019139.xsl

Once this mapping is executed, a successive mapping to GeoDCAT is possible, thus enabling semantic
representation and integration with geospatial data infrastructures. In the Galaxy for Ecology; that is, a web
platform to get, process, analyse and visualise ecological data, the mapping of EML to 1SO19139 and to
GeoDCAT-AP can be found (https://ecology.usegalaxy.eu/published/history?id=c3c8c52ce0da447a)
although no documentation is available to understand how the workflow works and the rationale behind the

mapping.

2.4.3 Discussion

While the above mappings provide valuable foundations for semantifying EML and DwC-A, several challenges
remain:

e Domain-Specific Extensions: Neither DCAT-AP nor GeoDCAT fully address the specialised needs of
marine and biodiversity data, such as taxonomic hierarchies or environmental sampling protocols.

e Automation and Tooling: The process of transforming and validating mappings is often manual or
semi-automated, calling for more robust tools and workflows to support large-scale adoption.

In general, significant progress in mapping EML and DwC-A to semantic web standards, with notable efforts
in aligning with DCAT-AP and GeoDCAT, have been made and can be taken into account. However, there
remains a clear opportunity to extend these mappings to better express a broader set of EML elements,
support domain-specific requirements, particularly in the marine and biodiversity sectors. The development
of more comprehensive, automated, and semantically rich transformations will be key to unlocking the full
potential of these standards in a linked data context.

Nevertheless, although DCAT-AP and GeoDCAT do not provide direct support for certain types of metadata,
it is important to consider current community practices in marine biodiversity data publishing. Although EML
provides dedicated elements for documenting sampling methodologies, data processing workflows, and
other dataset-level metadata, recommended practice within major marine biodiversity information systems
such as the Ocean Biodiversity Information System (OBIS), with direct implications for EMODnet data
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workflows, is to capture much of this information within the Darwin Core Archive itself3. This is typically
achieved by exploiting the extended MeasurementOrFact (eMoF) extension, which enables sampling
protocols, methodological details, and other sampling-related facts to be associated directly with
occurrences, events, or samples. Consequently, semantic mapping efforts should take into account not only
the information available in EML, but also the practical distribution of metadata across EML and DwC-A as
adopted by operational biodiversity data infrastructures. This alignment also enables the reuse of existing
work on semantic modelling and mapping of Darwin Core Archive (DwC-A) domain content, such as that
developed within the MAREGRAPH project (as discussed later in this document), as well as existing domain-
specific extensions and modelling efforts such as the Humboldt Extension® to Darwin Core.

3 The semantification methodology

The semantification of Ecological Metadata Language (EML) and Darwin Core Archive (DwC-A) standards into
RDF and other Semantic Web technologies requires a structured approach to ensure interoperability,
reusability, and alignment with existing ontologies and vocabularies.

To this end, this deliverable proposes a methodology that outlines the key steps to be undertaken to achieve
this transformation, balancing the use of established standards with the need to address domain-specific
requirements.

The methodology consists of five main steps, although the last step has not currently been applied, that are
described in the following subsequent sections. Figure 5 depicts an overview of the steps.

Mapping Content Propose new
metadata to semantic
domain elementsin
ontologies RDF/OWL

Generic Descriptive Identification of relevant Mapping Descriptive Metadata
Metadata vs Semantic Web to (Geo)DCAT-AP and

Content metadata Ontologies/Vocabularies supporting ontologies

Figure 5. Steps of the proposed methodology

In general, the methodology provides an actionable pathway for the semantification of the two reference
standards considered in the project; namely, EML and DwC-A standards, balancing the use of established
standards with the flexibility to address domain-specific requirements. The goal is to enable the creation of
interoperable, semantically rich datasets that support advanced data integration and reasoning in the marine
and biodiversity domains.

Therefore, the semantification workflow enriches both the dataset metadata (through EML-to-RDF
transformation), and DwC biodiversity records (through mappings to domain ontologies and controlled
vocabularies). This process converts the archive from a syntactic data package into a semantically explicit
resource where entities, attributes, and relationships are formally defined and machine interpretable.

We thus introduce a workflow and conceptual framework for transforming a traditional Darwin Core Archive
(DwC-A) into a semantically enriched, machine-interpretable resource that can be integrated into knowledge
graphs and linked-data infrastructures. The approach combines biodiversity data standards, metadata
standards, and domain ontologies to improve interoperability, discoverability, and FAIRness (Findable,
Accessible, Interoperable, Reusable) of biodiversity and ecological datasets.

3 https://manual.obis.org/eml.html#tsampling-methods
4 https://eco.tdwg.org/terms/
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The semantification process is grounded in the identification and reuse of existing semantic resources and
community standards, which provide formally defined concepts and relationships that can be used to enrich
DwC data and metadata with explicit semantics.

A central element of the approach is the conversion of EML metadata into RDF. In a nutshell, this
transformation is based on: (i) mapping EML concepts to DCAT-AP and GeoDCAT-AP profiles, where possible;
(ii) extending the mappings where necessary for metadata elements not covered by DCAT,and (iii) reusing
existing ontologies, vocabularies, datasets, and controlled terminology wherever possible. The result is
metadata that can be represented as linked data and integrated into semantic web environments.

The ultimate objective is the creation of a Semantified DwC-A, where Darwin Core records, EML metadata,
domain ontologies, controlled vocabularies, and RDF representations are integrated into a coherent,
machine-readable knowledge graph, enabling richer querying, automated reasoning, cross-domain
integration, and improved interoperability between biodiversity, ecological, and environmental information
systems.

3.1 Separation of generic descriptive metadata from content-specific metadata

The first step of the methodology involves distinguishing the different types of data, in particular
distinguishing between generic descriptive metadata (e.g., dataset title, creator, publication date) and
content/semantic specific metadata (e.g., species rankings, taxonomic information of species, distribution of
species, occurrences of species). This separation is crucial for applying appropriate semantic models to each
category of data to be dealt with:

® Generic descriptive metadata: typically do not involve contents of datasets: they are used to
implement the findability principle of FAIR since they allow users to discover datasets of a specific
domain, usually published and organised in a form of a catalogue, along with all the conditions for
the possible both re-use and access;

e Content/semantic specific metadata: typically regards the content of the datasets of a specific
domain. In our case, we mean for example species-related information that requires specialised
ontologies and vocabularies to capture the actual meaning of the data.

The following phases of the methodology take into account the above distinction when approaching the
proposed mapping.

It has to be noticed that since the EML specifications are very complex XML nested modules, from the very
beginning of the methodology a decision has been taken about the extensibility of the proposed mapping,
also taking into account the timing for delivery of this document. From the assessment of the various nested
XML modules, it was clear that some EML defined data types and other fields would have not been
considered in the mapping for the following reasons:

e Intrinsically there is no mapping to the Semantic Web/RDF world for specific fields (e.g., paragraph
of texts, annotations used to insert in EML URIs elements)

e In RDF/OWL, there are no ontologies describing a raster with the very detailed fields of EML. In
addition, some geographical fields used in EML are represented in RDF models with very simple data
type properties. In other words, some EML fields are captured with only one unique property in RDF,
without the need to find a specific RDF property per each EML fields;

e Since an implementation of the entire RDF creation pipeline is out of the scope of this deliverable,
we decided to map the likely most used metadata, included in existing tools like GBIF IPT tool (e.g.,
the macro-category metadata included in the GBIF metadata profile guide). This is because it is likely
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that in practice, the metadata files produced contain all those metadata rather than the entire EML
specifications. Once an RDF creation automatic pipeline is defined and the mapping technically
tested, it may be worth re-considering this policy possibly including other EML elements that have
not been considered in the proposed mapping discussed in Section 4.

3.2 Identification of relevant Semantic Web ontologies/vocabularies

The second step of the methodology involves identifying relevant ontologies and vocabularies from the Web
of Data to effectively describe both generic descriptive metadata and content-specific metadata.

The main decision that has been taken in this phase can be summarised as follows. We adopt DCAT-AP [8], a
European standard for representing general dataset metadata in catalogs (as detailed in the next phase of
the methodology) for generic descriptive metadata, DCAT-AP builds on widely recognized vocabularies such
as Dublin Core [6] for core metadata and PROV-O [7] for capturing detailed data provenance information.

For content-specific metadata, we mainly build upon the outcomes of the MAREGRAPH project® (further
discussed in the fourth phase of the methodology), which has established best practices for representing
marine data using semantic web standards such as OWL and RDF, also taking into account the state of the
art on already existing ontologies for the field.

3.3 Mapping generic descriptive metadata to (Geo)DCAT-AP and supporting ontologies

To ensure alighment with European data infrastructures, as earlier cited we propose to map the descriptive
metadata that can be identified in EML (as discussed in Section 4) to DCAT(-AP) (Data Catalogue Vocabulary
Application Profile), the standard adopted by the European data catalogue data.europa.eu.

This step involves:

e |dentifying elements in EML that can be mapped one-to-one with elements in DCAT-AP or GeoDCAT-
AP, the extension that deals with geospatial datasets compliant with the INSPIRE European Directive.

e |dentifying elements in EML that can be mapped in more than one element of the DCAT-AP, if any.

In this phase all the supporting ontologies used in DCAT and GeoDCAT-AP can be also used depending on the
EML field being considered. Examples of supporting ontologies include FOAF, SKOS, PROV, SPDX ontologies.

3.4 Mapping content/semantic metadata to domain ontologies

EML is flexible enough to also incorporate XML modules and fields that describe the content of the data
beyond the standard descriptive metadata for datasets or (digital) resources. This possibility allows for a
more comprehensive and nuanced description of datasets, also accommodating domain-specific
requirements and maintaining descriptive metadata and content/semantic metadata tight together.

Similarly, in the context of Darwin Core Archive (DwC-A), other than the section that includes EML metadata
for generic description of (digital) resources, there is a dedicated part related to domain-specific data. This
part is designed to capture specialised information of the biodiversity domain using the Darwin Core
Conceptual Model. For example, it includes detailed data about species, such as taxonomic classifications,
occurrence records, events, and other domain-specific attributes. This structure ensures that both general

5 https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/projects-

details/43152860/101100771
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metadata and specialised biodiversity data are systematically organised in one unique file, making the
dataset useful for a wide range of applications.

To semantify these types of content metadata, general-purpose ontologies such as DCAT or SKOS or similar
are no longer sufficient. These ontologies are intentionally designed to avoid delving into the specific content
of datasets. For instance, DCAT primarily serves as a model for documenting the core descriptive information
of datasets within catalogs, focusing on metadata such as titles, creators, and distributions. It does not
address the detailed, domain-specific data contained within the datasets themselves. As a result, more
specialised ontologies or domain-specific vocabularies are required to capture and represent the semantic
richness of the content metadata.

In the light of these considerations, the methodology proposes to leverage the work that has been conducted
in the context of the MAREGRAPH project®, coordinated by VLIZ and ended in 2025. In the project, a network
of ontologies to model data coming from reference databases of the WoRMS system and the biodiversity
database behind EurOBIS (the OBIS European node) has been produced and published in an open github
repository’.

The ontologies are also already semantically aligned with external, well-established ontologies of the domain
(e.g., DwC, ENVO, etc.) and provide a robust framework for representing marine and biodiversity data.
Therefore, by using these ontologies, we maintain both the precision required for marine data and the
interoperability needed for broader data sharing and reuse.

As in the previous phase, also for content metadata, the mapping proposes how to represent in RDF all those
elements that in EML pertain to taxonomic, temporal and spatial coverage, and sampling activities. To this
end, the MAREGRAPH ontologies named marine observation and taxon name are used, together with the
MAREGRAPH foundational ontology named top-level, which imports the famous upper ontology DOLCE
ultra-light adding then further general concepts and properties useful to represent data that can be found in
reference databases of the domain.

3.5 Propose new semantic elements in RDF/OWL

The final phase of the methodology has not yet been applied to any of the EML fields within the selected
EML modules (see Section 4 about the modules). However, during the mapping, specific cases arose where
extending the current state of the art about ontologies specifically targeting content metadata, became an
important opportunity. To address this, we propose including this methodological step for consideration in
future extensions of the work presented in this deliverable. This forward-looking approach ensures that the
methodology remains adaptable and can accommodate potential advancements or refinements in
subsequent iterations.

The motivations for this phase reside in the fact that, after an assessment of the reference standards, there
might be EML elements that cannot be fully mapped with a clear semantics. To clarify this point, we make
the example of the proposed mapping of some fields that are connected to domain specific concepts with
very general properties like dct:relation or dul:associatedWith (sampling field in the eml-methods module)
that is mapped to marine-observation:Sampling with the property dul:associatedWith - see the mapping
spreadsheet “Mapping EML to Web of Data Ontologies”). These properties do not convey a specific clear
semantics; they are general linking properties. However, the EML elements considered express in some cases
a clear semantics, which is not however currently defined in the selected domain Web of Data ontologies. At

6 https://www.maregraph.eu/
7 https://github.com/MareGraph-EU/assets
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the time being, general properties can be used in the mapping, but this opens to possible future refinements
of it with new semantic elements to be created.

This latter activity can be achieved through one or more of the following approaches:

® Propose extension to existing ontologies: where appropriate, extensions to relevant ontologies can
be proposed to introduce new terms, ensuring backward compatibility and alignment with
community practices. These extensions can be implemented in different ways: (i) defining new
ontological modules to represent additional elements. These modules can be developed within the
EMODnet Biology context, with URIs defined in the EMODnet Biology ecosystem and linked to
existing ontologies (some comments in the proposed mapping already suggest this direction); (ii)
requesting the inclusion of new elements in existing ontologies, using the URIs of established
semantic assets.

® Expanding the range of selected Semantic Web ontologies: To cover elements that cannot be mapped
using the identified reference ontologies for metadata and content metadata, additional ontologies
can be considered. Examples include schema.org and its extensions, such as bioschema.org. These
models are not currently used in the proposed mapping described in Section 4 for two key reasons:
(i) Schema.org is a highly self-contained data model where even primitive types are redefined to
maintain full control over semantics. This may limit its interoperability when used alongside other
ontologies; (ii) recent European Commission communications® emphasize the importance of
technical sovereignty. Since schema.org is defined and maintained by a private American company
for its own business purposes, its use may raise concerns in this context. Despite these
considerations, schema.org remains widely used on the Web for annotating web pages with
metadata that describe their content. When metadata is used by Google search engine, it can
improve the ranking and visibility of web pages. Therefore, schema.org could serve as a possible
alternative to DCAT-AP in cases where certain EML or DwC-A elements cannot be mapped using
European adopted standards.

4 The proposed mapping

The mapping proposed in this deliverable is provided in a separate spreadsheet entitled “Mapping EML to
Web of Data Ontologies”, which should be considered an integral part of this deliverable and is available via
the link.

4.1 Structure of the Mapping Spreadsheet

The spreadsheet is organised into multiple tabs. The first tab serves as a guide to the overall structure of the
spreadsheet, categorising the remaining tabs into three groups: (i) generic descriptive metadata, (ii)
metadata that is independent of the biodiversity domain, and (iii) domain-specific metadata. It also provides
a brief description of the content and purpose of each tab.

The remaining tabs correspond to the EML modules selected as candidates for the mapping, following the
methodology described in the previous section of this deliverable. In particular, the selection is aligned with
the metadata currently managed by widely adopted biodiversity information systems such as GBIF. The tabs
are organised as follows.

8 https://digital-strategy.ec.europa.eu/en/policies/eu-tech-sovereignty
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For generic descriptive metadata:

eml-eml: this is the metadata container that can be viewed as a Catalog or CatalogRecord of DCAT.
This is part of the so-called Basic Metadata macro category mentioned in the GBIF metadata profile
guide [18];

eml-entity: this is the module to deal with generic metadata of entities (like the concept of Entity
defined in the DOLCE Ultra Light foundational ontology). Again, this is part of the so-called Basic
Metadata macro category mentioned in the GBIF metadata profile guide [18];

eml-resource: this is the module for the metadata for generic resources (like the concept of Resource
in DCAT). This is part of the so-called Dataset (resource) and Keyword macro categories mentioned
in the GBIF metadata profile guide [18];

eml-dataset: this is the module with the metadata regarding the datasets (like the concept of Dataset
in DCAT). This is part of the so-called Dataset (resource) macro category mentioned in the GBIF
metadata profile guide [18];

eml-responsibleparty: this is the module with the metadata regarding people and organisations,
playing different roles on the (digital) resources. This is part of the so-called Associated Parties macro
category in the GBIF metadata profile guide [18];

eml-physical: this is the module with the metadata regarding the physical distribution of datasets,
being online and offline (like the concepts of Distribution and DataService of DCAT). This is part of
the so-called Physical Data macro category in the GBIF metadata profile guide [18].

For metadata describing data independent of the specific biodiversity domain:

eml-citation: this is the module with the metadata used to represent complex literature references
linked to the (digital) resources, including datasets. This is part of the so-called Citations macro
category in the GBIF metadata profile guide [18];

eml-project: this is the module with the metadata used to express data about projects connected
with the (digital) resources being documented, including datasets. This is part of the so-called Project
Data macro category in the GBIF metadata profile guide [18].

For content specific metadata:

eml-coverage: this is the module with the metadata used to represent domain specific data about
temporal, spatial and taxonomic classification coverage of the (digital) resources. This is part of the
so-called Geographic Coverage, Taxonomic Coverage, and Temporal Coverage macro categories in
the GBIF metadata profile guide [18];

eml-methods: this is the module with the metadata used to represent domain specific data about
sampling activities in events that can be found in the (digital) resources being documented. This is
part of the so-called Sampling Methods macro category in the GBIF metadata profile guide [18].

The proposed mapping is inspired by the Simple Standard for Sharing Ontological Mappings (SSSOM). SSSOM
provides a standardised format for representing and sharing mappings between ontological resources,
enabling researchers and developers to more easily connect, exchange, and reuse heterogeneous datasets
[19, 20]. However, SSSOM is primarily intended for mappings between resources that are already
represented using Semantic Web technologies.

As the mapping presented in this work involves languages and metadata models that are not natively
expressed using Semantic Web standards, we adopt only those elements of the SSSOM specification that are
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applicable to our use case. In particular, we borrow selected concepts and structural elements from the
SSSOM format while adapting them to accommodate mappings between non-semantic representations.

Specifically, each tab of the spreadsheet is divided into the following columns:

The EML source element of an EML module (e.g., alternative identifier of eml-entity module)

The Mapping Type. This element comes from the SSSOM approach. It captures the expressivity of
the mapping, meaning how much the mapping is semantically strong. The possible values of this
specific column are taken from the SKOS W3C standard ontology and are:

O exactMatch: the semantics of the two elements in the mapping is fully aligned, meaning that
the two elements can be considered equivalent;

0 closeMatch: the semantics of the two elements in the mapping is not exactly the same, but
it can be considered close to be equivalent;

o relatedMatch: the semantics of the two elements in the mapping is neither equivalent nor
close to be the same, but somehow the two elements can be related with one another.

The Ontologies elements. This column identifies the element(s) from existing Web of Data ontologies,
preferably standard or widely adopted de facto standards, to which the corresponding EML source
element is mapped.

The Example in RDF. This column is populated only when the proposed mapping is more complex
than a simple one-to-one correspondence with the ontology element(s) listed in the previous
column. It provides illustrative RDF examples showing how the mapping can be materialised. Its
purpose is to help users understand mappings that require multiple RDF classes and/or properties
for their implementation.

The Mapping Confidence. This column expresses the confidence assigned to the proposed mapping
as a value between 0 and 1. It is closely related to the Mapping Type: an exact match is assigned a
confidence of 1, whereas less precise mappings may receive lower values. Confidence values below
0.5 indicate that the proposed mapping is considered weak by its authors. This concept is adopted
from the SSSOM approach described above.

The Cardinality constraints in EML. This column indicates whether the corresponding EML element
is mandatory or optional. Consequently, mappings for mandatory EML elements should always be
represented in the resulting RDF. In addition, the eml/-dataset tab also reports the cardinality
constraints defined by DCAT-AP, allowing users to determine whether the corresponding DCAT-AP
elements are mandatory in the generated RDF.

The Comment. This column provides additional information that explains the rationale behind the
proposed mapping, highlights implementation considerations, or clarifies cases where the mapping
may not be immediately evident.

4.2 Relevant ontologies/vocabularies from the Web of Data used in the mapping

This section presents the Web of Data ontologies and vocabularies selected during the second phase of the
methodology described in Section 3. These ontologies provide the semantic terms used to map the EML
elements to RDF representations.

Table 1 lists each ontology or vocabulary together with a brief description of its purpose, the prefix adopted
throughout the mapping spreadsheet, and its namespace IRI, which should be used when implementing the

mapping.

Page 19 ‘.@y %gl?nMEt

Observation and
Data Network



CINEA/EMFAF/2022/3.5.2/512.895681
Handbook for semantic annotations of DwC-A into the Marine Science Backbone [D5.1.2]

Table 1. List of ontologies from the Web of Data used in the mapping

\ET\ [ DCAT — Data CATalog

DTRG0 i M A W3C web standard ontology for describing datasets in catalogs

WETQ S ELLA M http://www.w3.org/ns/dcat#

Dublin Core Terms

LYY 3d03M A standard for representing general metadata of documents and resources

http://purl.org/dc/terms/

ADMS — Asset Description Metadata Schema

A vocabulary for describing semantic assets (or just 'Assets'), defined as highly reusable
DIl i metadata (e.g. XML schemata, generic data models) and reference data (e.g. code lists,
taxonomies, dictionaries, vocabularies).

VETGES LA http://www.w3.0org/ns/adms#

FOAF- Friend Of A Friend

A de-facto standard ontology that describes persons, their activities and their relations to
other people and objects.

Description

@ foaf

VET LA http://xmlins.com/foaf/0.1/

SKOS — Simple Knowledge Organisation System

A W3C web standard ontology that provides a model for expressing the basic structure and
DI eiM content of concept schemes such as thesauri, classification schemes, subject heading lists,
taxonomies, folksonomies, and other similar types of controlled vocabulary

Prefix ECH

VETEH LA http://www.w3.0rg/2004/02/skos/core#

SSN — Semantic Sensor Network Ontology

LYo} A W3C web standard ontology about sensors and their observations and results.

ssn

VETG LN M http://www.w3.0org/ns/ssn/
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Org Ontology

A W3C web standard ontology about organisations.
org

http://www.w3.0org/ns/org#

DUL — Dolce Ultra Light Ontology

A foundational ontology based on DOLCE.
dul

http://www.ontologydesignpatterns.org/ont/dul/DUL.owl#

Fabio - FRBR-aligned Bibliographic Ontology

An ontology, of the SPAR ontologies framework, for recording and publishing on the Semantic
Web descriptions of entities that are published or potentially publishable, and that contain or
are referred to by bibliographic references, or entities used to define such bibliographic
references.

fabio
http://purl.org/spar/fabio/

CITO - Citation Typing Ontology

An ontology that enables characterization of the nature or type of citations, both factually
and rhetorically.

cito

http://purl.org/spar/cito/

PRISM — Basic Metadata Specification

A specification used by Fabio to express some metadata regarding documents, journals.
prism

http://prismstandard.org/namespaces/basic/2.0/

FRBR - Functional Requirements for Bibliographic Record

A general model, proposed by the International Federation of Library Association (IFLA), for
describing documents and their evolution. It works for both physical and digital resources.

frbr
http://purl.org/spar/frbr/

EMODnet
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Marine Observation Ontology

An ontology of the MAREGRAPH project that describes marine observations (species
occurrences), measurements and events.

mo

https://eurobis.org/ns/marine-observation/

Taxon Name Ontology

An ontology of the MAREGRAPH project that describes the taxonomic information about
species. It expressed the data as included in the WoRMS information system.

taxon-name

https://aphia.org/ns/taxon-name/

Top Level Ontology

A foundational ontology importing DUL defined in the MAREGRAPH project.
top-level

https://aphia.org/ns/top-level/

Marine Regions Ontology

The ontology that defines marine regions and in general GeoObjects.
mr

http://marineregions.org/ns/ontology#

vCARD

A W3C ontology that is used to describe People, Organisations and their contacts.
vcard

http://www.w3.0rg/2006/vcard/ns#

Core Location Vocabulary

A W3C and Semic lightweight vocabulary used in Europe for the description of Spatial Objects,
Locations and Addresses.

locn

http://www.w3.org/ns/locn#

Content-in-RDF Ontology

A W3C ontology for representing various types of digital content on the web. Used in
GeoDCAT-AP to represent character encoding.

EMODnet
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Observation and
Data Network



CINEA/EMFAF/2022/3.5.2/512.895681
Handbook for semantic annotations of DwC-A into the Marine Science Backbone [D5.1.2]

VETG LN http://www.w3.0rg/2011/content#

\ETH [ EURIO -EUropean Research Information Ontology

DIEXYC(G1)do[iM An ontology from EU Cordis for publishing research projects’ data.

\ETHEI S EILN M http://data.europa.eu/s66#

SPDX - The System Package Data Exchange

DI {iM An open standard designed to represent systems containing software components.
DV spdx

VETGEH LA http://spdx.org/rdf/terms#

PROV-O — The Provenance Ontology

A W3C web standard ontology that provides the foundation to implement provenance
DI {0[iM applications in different domains that can represent, exchange, and integrate provenance
information generated in different systems and under different contexts.

GV prov

VETEH LA http://www.w3.0org/ns/provi

BIRO - The Bibliographic Reference Ontology

An ontology meant to define bibliographic records, bibliographic references, and their
compilation into bibliographic collections and bibliographic lists, respectively.

Description

'@ biro

VETGEH LA M http://purl.org/spar/biro/

4.3 Relevant controlled vocabularies from the Web of Data used in the mapping

In addition to the ontologies presented before, this section presents the controlled vocabularies used in the
mapping. Controlled vocabularies consist of sets of concepts identified by preferred labels and codes, and
are typically modelled using the SKOS ontology.

The use of specific controlled vocabularies is mandatory in DCAT-AP. Consequently, their correct
identification and usage must be taken into account when mapping DCAT-AP properties within this work.

Table 2 provides an overview of each controlled vocabulary, including its name, a brief description of its
purpose, and the namespace IRI to be used in the implementation of the mapping.

Table 2. List of suggested controlled vocabularies for some elements of the mapping
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File type

LYo 3d[os M List of data formats

VETG LN http://publications.europa.eu/resource/authority/file-type

\ETyEM Licence

DIEXYW(G1)do)M List of open and closed licences

\ETHE LN http://publications.europa.eu/resource/authority/licence

Access Right

DY d 03 List of possible access rights to resources

VET LN http://publications.europa.eu/resource/authority/access-right

Frequency

DYWL} List of possible frequency of updates of the dataset

\ETG L[N http://publications.europa.eu/resource/authority/frequency

4.4 Mapping example in RDF with real data

This section presents various pieces of an XML file about EML generated using the IPT system for a dataset
of EMODnet Biology/EurOBIS. For each presented piece of the XML, the related RDF mapping (serialised in
RDF/Turtle) is illustrated, created on the basis of the mapping mentioned above.

Catalog Record mapping. In this following XML excerpt, the root eml-eml| module is defined that contains a
dataset.

<eml:eml xmlns:eml="https://eml.ecoinformatics.org/eml-2.2.0"
xmlns:dc="http://purl.org/dc/terms/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="https://eml.ecoinformatics.org/eml-2.2.0
https://rs.gbif.org/schema/eml-gbif-profile/1.3/eml.xsd"
packageId="https://ipt.vliz.be/eurobis/resource?id=phyto black sea 1974
1975/v1.0" system="http://gbif.org" scope="system"
xml:lang="en">
<dataset>

<alternateIdentifier>https://ipt.vliz.be/eurobis/resource?r=phyto black
sea 1974 1975</alternateldentifier>

<title xml:lang="en">Phytoplankton samples collected near Sochi,
Black Sea, in 1974-1975</title>
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The corresponding RDF obtained by applying the proposed mapping is the following:

<https://ipt.vliz.be/eurobis/catalog-
record/phyto black sea 1974 1975/v1.0> a dcat:CatalogRecord ;

dcat:dataset
<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975>

Dataset mapping. We then take into account the following piece of the dataset module of the EML XML file
where fields like alternative identifiers, keywords, creators, language and so on are materialise. Please note
that, for the sake of readability we do not report the entire dataset module here, but we break it down in
several parts to concentrate on specific types of mappings of its elements.

<dataset>
<alternateldentifier>https://ipt.vliz.be/eurobis/resource?r=phyto black
sea 1974 1975</alternateldentifier>
<title xml:lang="en">Phytoplankton samples collected near Sochi,
Black Sea, in 1974-1975</title>
<creator>
<individualName>
<givenName>Oleksandra</givenName>
<surName>Sergeyeva</surName>
</individualName>
<organizationName>National Academy of Sciences of Ukraine;
Institute of Biology of the Southern Seas</organizationName>
<address>
<country>UA</country>
</address>

<electronicMailAddress>director@ibss.iuf.net</electronicMailAddress>
</creator>
<creator>
<individualName>
<givenName>Lyudmila</givenName>
<surName>Galkovskaya</surName>
</individualName>
<organizationName>National Academy of Sciences of Ukraine;
Institute of Biology of the Southern Seas</organizationName>
<address>
<country>UA</country>
</address>

<electronicMailAddress>director@ibss.iuf.net</electronicMailAddress>
</creator>
<pubDate>
2025-03-20
</pubDate>
<language>en</language>
<abstract>
<para>Phytoplankton data collected by the IBSS staff near
Sochi (Mamaika. Matsesta. Sochi river's mouth), Black Sea, during three
surveys in 1974 and 1975. Samples were taken in the area of deep sea
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outfall of Sochi. This dataset contains abundance data (individuals per
liter) and biomass (mg/m®) for phytoplankton taxa. Also size records are
given for some of them. No additional metadata is available.</para>
</abstract>
<keywordSet>
<keyword>Digitization</keyword>
<keywordThesaurus>CSA Technology Research Database Master
Thesaurus</keywordThesaurus>

</keywordSet>
<keywordSet>
<keyword>Occurrence</keyword>
<keywordThesaurus>GBIF Dataset Type Vocabulary:

http://rs.gbif.org/vocabulary/gbif/dataset type 2015-07-
10.xml</keywordThesaurus>

</keywordSet>
<keywordSet>
<keyword>Observation</keyword>
<keywordThesaurus>GBIF Dataset Subtype Vocabulary:

http://rs.gbif.org/vocabulary/gbif/dataset subtype.xml</keywordThesaurus
>
</keywordSet>
<additionalInfo>
<para>This dataset was rescued through data archaeology
activities in the framework of the EMODnet Biology data grants.</para>
</additionalInfo>
<intellectualRights>
<para>This work is licensed under a <ulink
url="http://creativecommons.org/licenses/by/4.0/legalcode"><citetitle>Cr
eative Commons Attribution (CC-BY) 4.0 License</citetitle></ulink>.</para>
</intellectualRights>

The corresponding RDF excerpt looks like as follows: Please note that we use both properties dct:description
and dct:abstract to map the abstract EML fields since the description of a dataset is mandatory in DCAT-AP
and in real EML example we use here does not include any other fields mappable on the description. This
RDF excerpt also shows the use of EU controlled vocabularies that are required by the DCAT-AP
specifications.

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a
dcat:Dataset ;

adms:identifier
<https://ipt.vliz.be/eurobis/identifier/phyto black sea 1974 1975> ;

dct:title "Phytoplankton samples collected near Sochi, Black Sea, in
1974-1975"@en ;

dct:description "Phytoplankton data collected by the IBSS staff near
Sochi (Mamaika. Matsesta. Sochi river's mouth), Black Sea, during three
surveys in 1974 and 1975. Samples were taken in the area of deep sea
outfall of Sochi. This dataset contains abundance data (individuals per
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liter) and biomass (mg/m®) for phytoplankton taxa. Also size records are
given for some of them. No additional metadata is available."@en ;

dct:abstract "Phytoplankton data collected by the IBSS staff near
Sochi (Mamaika. Matsesta. Sochi river's mouth), Black Sea, during three
surveys in 1974 and 1975. Samples were taken in the area of deep sea
outfall of Sochi. This dataset contains abundance data (individuals per
liter) and biomass (mg/m®) for phytoplankton taxa. Also size records are
given for some of them. No additional metadata is available."@en ;

dct:issued "2025-03-20"""xsd:date ;
dcat:keyword "Digitization"@en , "Occurrence"@en , "Observation"@en ;

dct:language
<https://publications.europa.eu/resource/authority/language/ENG> ;

skos:note "This dataset was rescued through data archaeology
activities in the framework of the EMODnet Biology data grants"@en ;

dct:accessRight
<http://publications.europa.eu/resource/authority/access-right/PUBLIC> ;

dct:license
<http://publications.europa.eu/resource/authority/licence/CC BY 4 0> ;

dct:creator
<https://ipt.vliz.be/eurobis/creator/0S UA phyto black sea 1974 1975>,
<https://ipt.vliz.be/eurobis/creator/LG UA phyto black sea 1974 1975> ;

<https://ipt.vliz.be/eurobis/identifier/phyto black sea 1974 1975> a
adms:Identifier ;

skos:notation
"https://ipt.vliz.be/eurobis/resource?r=phyto black sea 1974 1975"

<https://ipt.vliz.be/eurobis/creator/0S UA phyto black sea 1974 1975> a
foaf:Agent, dct:Agent, foaf:Person ;

foaf:givenName "Oleksandra" ;

foaf:familyName "Sergeyeva" ;

org:memberOf <https://ipt.vliz.be/eurobis/organization/NASU> ;
locn:address <https://ipt.vliz.be/eurobis/address/UA> ;

foaf:mbox <mailto:director@ibss.iuf.net>

<https://ipt.vliz.be/eurobis/creator/LG UA phyto black sea 1974 1975> a
foaf:Agent, dct:Agent, foaf:Person ;

foaf:givenName "Lyudmila"
foaf:familyName "Galkovskaya" ;

org:memberOf <https://ipt.vliz.be/eurobis/organization/NASU> ;

Page 27 ‘.@y %gl?nMEt

Observation and
Data Network



CINEA/EMFAF/2022/3.5.2/512.895681
Handbook for semantic annotations of DwC-A into the Marine Science Backbone [D5.1.2]

locn:address <https://ipt.vliz.be/eurocbis/address/UA> ;

foaf:mbox <mailto:director@ibss.iuf.net>

<https://ipt.vliz.be/eurobis/organization/NASU> a foaf:Agent,
foaf:0rganization , org:0Organization ;

foaf:name "National Academy of Sciences of Ukraine; Institute of
Biology of the Southern Seas"

skos:preflabel "National Academy of Sciences of Ukraine; Institute of
Biology of the Southern Seas"

<https://ipt.vliz.be/eurobis/address/UA> a locn:Address ;

locn:adminUnitLevell "UA"

Metadata provider mapping. The following piece of the dataset module of the EML XML file illustrates the
metadataProvider information.

<metadataProvider>
<organizationName>Flanders Marine Institute (VLIZ)</organizationName>
<address>

<country>BE</country>

</address>
<electronicMailAddress>infoQvliz.be</electronicMailAddress>
<onlineUrl>https://www.vliz.be</onlineUrl>

</metadataProvider>

The resulting mapping in RDF is the following:

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a
dcat:Dataset ;

prov:qualifiedAttribution <https://ipt.vliz.be/eurobis/attribution-
maintainer/phyto black sea 1974 1975> ;

<https://ipt.vliz.be/eurobis/attribution-
maintainer/phyto black sea 1974 1975> a prov:Attribution ;

prov:agent <https://ipt.vliz.be/eurobis/agent/VLIZ> ;

dcat:hadRole <https://ipt.vliz.be/eurobis/role/maintainer>

<https://ipt.vliz.be/eurobis/agent/VLIZ> a prov:Agent, foaf:Agent,
dct:Agent , foaf:0rganization , org:0rganization ;
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skos:preflabel "Flanders Marine Institute (VLIZ)" ;

foaf:name "Flanders Marine Institute (VLIZ)" ;

locn:address <https://ipt.vliz.be/eurocbis/address/BE> ;

foaf:mbox <mailto:infolvliz.be> ;

vcard:hasURL "https://www.vliz.be"”"xsd:anyURI
<https://ipt.vliz.be/eurobis/address/BE> a locn:Address ;

locn:adminUnitLevell "BE"

<https://ipt.vliz.be/eurobis/role/maintainer> a dcat:Role, skos:Concept

4

skos:preflabel "maintainer"

Maintenance mapping. The following piece of EML XML file represents the maintenance information.

<maintenance>
<description>
<para></para>
</description>

<maintenanceUpdateFrequency>unkown</maintenanceUpdateFrequency>
</maintenance>

The resulting RDF is the following:

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a
dcat:Dataset ;

dul:associatedWith
<https://ipt.vliz.be/eurobis/maintenance/phyto black sea 1974 1975>;

<https://ipt.vliz.be/eurobis/maintenance/phyto black sea 1974 1975> a
prov:Activity ;

dct:accrualPeriodicity
<http://publications.europa.eu/resource/authority/frequency/UNKNOWN>

Contact mapping. The following piece of EML XML file represents the contact information for the dataset.

<contact>
<individualName>
<givenName>Oleksandra</givenName>
<surName>Sergeyeva</surName>
</individualName>
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<organizationName>National Academy of Sciences of Ukraine;
Institute of Biology of the Southern Seas</organizationName>
<address>
<country>UA</country>
</address>

<electronicMailAddress>director@ibss.iuf.net</electronicMailAddress>
</contact>
</dataset>

The resulting RDF is the following:

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a
dcat:Dataset ;

dcat:contactPoint
<https://ipt.vliz.be/eurobis/creator/0S UA phyto black sea 1974 1975> ;

<https://ipt.vliz.be/eurobis/creator/0S UA phyto black sea 1974 1975> a
foaf:Agent, dct:Agent, foaf:Person , vcard:Individual ;

foaf:givenName "Oleksandra" ;

foaf:familyName "Sergeyeva" ;

org:memberOf <https://ipt.vliz.be/eurobis/organization/NASU> ;
locn:address <https://ipt.vliz.be/eurobis/address/UA> ;

foaf:mbox <mailto:director@ibss.iuf.net>

<https://ipt.vliz.be/eurobis/organization/NASU> a foaf:Agent,
foaf:0rganization , org:0rganization ;

foaf:name "National Academy of Sciences of Ukraine; Institute of
Biology of the Southern Seas" ;

skos:preflabel "National Academy of Sciences of Ukraine; Institute of
Biology of the Southern Seas"

<https://ipt.vliz.be/eurobis/address/UA> a locn:Address ;

locn:adminUnitLevell "UA"

Citation mapping. In the piece of EML XML file reported below, the citation is used as a simple string. The
complexity of the eml-citation module is not represented here. To this end the resulting RDF mapping (see
below) is done using the simpler form through the use of Dublin Core.

<additionalMetadata>
<metadata>
<gbif>
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<dateStamp>2025-03-20T01:34:11.000+01:00</dateStamp>

<hierarchylLevel>dataset</hierarchyLevel>

<citation>Phytoplankton samples collected near Sochi,
Black Sea, in 1974-1975. 1Institute of Biology of the Southern Seas of the
National Academy of Sciences of Ukraine.</citation>

The resulting RDF is as follows. As previously said, due to the nature of the citation reported in the XML file,
the mapping applied is the simplest among all the mapping solutions proposed. It uses the
bibliographicCitation of the Dublin Core standard data model.

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a
dcat:Dataset ;

dct:bibliographiCitation "Phytoplankton samples collected near Sochi,
Black Sea, in 1974-1975. 1Institute of Biology of the Southern Seas of
the National Academy of Sciences of Ukraine" ;

Physical data mapping. This piece of EML XML file represents the physical data of the dataset and the way
in which all its parts are distributed.

<physical>
<objectName>Online dataset</objectName>
<characterEncoding>UTF-8</characterEncoding>
<dataFormat>
<externallyDefinedFormat>
<formatName>HTML</formatName>
</externallyDefinedFormat>
</dataFormat>
<distribution>
<online>
<url
function="download">https://emodnet.ec.europa.eu/geonetwork/srv/eng/cata
log.search#/metadata/6d617269-6e65-696e-666f-000000004390</url>
</online>
</distribution>
</physical>
<physical>
<objectName>Online dataset</objectName>
<characterEncoding>UTF-8</characterEncoding>
<dataFormat>
<externallyDefinedFormat>
<formatName>HTML</formatName>
</externallyDefinedFormat>
</dataFormat>
<distribution>
<online>
<url
function="download">https://www.eurobis.org/toolbox/en/download/occurren
ce/dataset/4390</url>
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</online>
</distribution>
</physical>
<physical>
<objectName>IPT</objectName>
<characterEncoding>UTF-8</characterEncoding>
<dataFormat>
<externallyDefinedFormat>
<formatName>HTML</formatName>
</externallyDefinedFormat>
</dataFormat>
<distribution>
<online>
<url
function="download">http://ipt.vliz.be/eurobis/resource?r=phyto black se
a 1974 1975</url>
</online>
</distribution>
</physical>
<physical>
<objectName>Archived file</objectName>
<characterEncoding>UTF-8</characterEncoding>
<dataFormat>
<externallyDefinedFormat>
<formatName>HTML</formatName>
</externallyDefinedFormat>
</dataFormat>
<distribution>
<online>
<url
function="download">http://mda.vliz.be/mda/directlink.php?fid=VLIZ 00000
105 1365085274</url>
</online>
</distribution>
</physical>
<physical>
<objectName>Online dataset</objectName>
<characterEncoding>UTF-8</characterEncoding>
<dataFormat>
<externallyDefinedFormat>
<formatName>HTML</formatName>
</externallyDefinedFormat>
</dataFormat>
<distribution>
<online>
<url
function="download">https://obis.org/dataset/b908eedb-3845-4819-a754-
£06997cd935e</url>
</online>
</distribution>
</physical>
<physical>
<objectName>Metadata</objectName>
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<characterEncoding>UTF-8</characterEncoding>
<dataFormat>
<externallyDefinedFormat>
<formatName>HTML</formatName>
</externallyDefinedFormat>

</dataFormat>
<distribution>
<online>
<url
function="download">https://www.eurobis.org/imis?dasid=4390</url>
</online>
</distribution>
</physical>
</gbif>
</metadata>

</additionalMetadata>
</eml:eml>

The resulting RDF file is reported as follows. Please note that the property dcat:accessURL must be specified
in DCAT-AP. When there is no distinction with the download URL, the two properties can be materialised
with the same value.

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a
dcat:Dataset ;

dcat:distribution
<https://ipt.vliz.be/eurobis/distribution/OS UA phyto black sea 1974 197
5 html 6d617269-6e65-696e-666£-000000004390> ,

<https://ipt.vliz.be/eurobis/distribution/OS UA phyto black sea 1974 197
5 html 4390> ,

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html> ,

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html VLIZ 00000105 1365085274> ,

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html b908eedb-3845-4819-a754-£06997cd935e> ,

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html dasid 4390>

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html 6d617269-6e65-696e-666£-000000004390> a dcat:Distribution ;
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dct:title "Online dataset"@Ren ;
cnt:characterEncoding "UTF-8" ;

dct:format <https://publications.europa.eu/resource/authority/file-
type/HTML> ;

dcat:accessURL
<https://emodnet.ec.europa.eu/geonetwork/srv/eng/catalog.search#/metadat
a/6d617269-6e65-696e-666f-000000004390> ;

dcat:downloadURL
<https://emodnet.ec.europa.eu/geonetwork/srv/eng/catalog.search#/metadat
a/6d617269-6e65-696e-666£-000000004390>

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html 4390> a dcat:Distribution ;

dct:title "Online dataset"@en ;
cnt:characterEncoding "UTF-8" ;

dct:format <https://publications.europa.eu/resource/authority/file-
type/HTML> ;

dcat:accessURL
<https://www.eurobis.org/toolbox/en/download/occurrence/dataset/4390> ;

dcat:downloadURL
<https://www.eurobis.org/toolbox/en/download/occurrence/dataset/4390>

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html> a dcat:Distribution ;

dect:title "IPT"QRen ;
cnt:characterEncoding "UTF-8" ;

dct:format <https://publications.europa.eu/resource/authority/file-
type/HTML> ;

dcat:accessURL
<http://ipt.vliz.be/eurobis/resource?r=phyto black sea 1974 1975> ;

dcat:downloadURL
<http://ipt.vliz.be/eurobis/resource?r=phyto black sea 1974 1975>

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html VLIZ 00000105 1365085274> a dcat:Distribution ;

dct:title "Archived file"QRen ;
cnt:characterEncoding "UTF-8" ;

dct:format <https://publications.europa.eu/resource/authority/file-
type/HTML> ;

dcat:accessURL
<http://mda.vliz.be/mda/directlink.php?fid=VLIZ 00000105 1365085274> ;
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dcat:downloadURL
<http://mda.vliz.be/mda/directlink.php?fid=VLIZ 00000105 1365085274>

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html b908eedb-3845-4819-a754-£06997cd935e> a dcat:Distribution ;

dct:title "Online dataset"@en ;
cnt:characterEncoding "UTF-8"

dct:format <https://publications.europa.eu/resource/authority/file-
type/HTML> ;

dcat:accessURL <https://obis.org/dataset/b908eedb-3845-4819-a754-
£f06997¢cd935e> ;

dcat:downloadURL <https://obis.org/dataset/b908eedb-3845-4819-a754-
£f06997cd935e>

<https://ipt.vliz.be/eurobis/distribution/0S UA phyto black sea 1974 197
5 html dasid 4390> a dcat:Distribution ;

dct:title "Metadata"@en ;
cnt:characterEncoding "UTF-8" ;

dct:format <https://publications.europa.eu/resource/authority/file-
type/HTML> ;

dcat:accessURL <https://www.eurobis.org/imis?dasid=4390> ;

dcat:downloadURL <https://www.eurobis.org/imis?dasid=4390>

Coverage mapping. The coverage mapping includes three types of coverage: the geographic coverage, the
temporal coverage and the taxonomic coverage. Below, we report the excerpts of the EML XML file for each
of them in order.

Geographic coverage.

<coverage>
<geographicCoverage>
<geographicDescription>EurOBIS calculated BBOX &gt;
station Bounding Box</geographicDescription>
<boundingCoordinates>

<westBoundingCoordinate>39.59</westBoundingCoordinate>
<eastBoundingCoordinate>39.79</eastBoundingCoordinate>
<northBoundingCoordinate>43.62</northBoundingCoordinate>
<southBoundingCoordinate>43.5</southBoundingCoordinate>
</boundingCoordinates>

</geographicCoverage>
<geographicCoverage>
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<geographicDescription>MED, Black Sea &gt; station
Mamaika, Matsesta</geographicDescription>
<boundingCoordinates>
<westBoundingCoordinate>-
180</westBoundingCoordinate>
<eastBoundingCoordinate>180</eastBoundingCoordinate>

<northBoundingCoordinate>90</northBoundingCoordinate>
<southBoundingCoordinate>-
90</southBoundingCoordinate>
</boundingCoordinates>
</geographicCoverage>

The resulting RDF is as follows.

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 197> a
dcat:Dataset ;

#also using directly dct:spatial is possible

dct:coverage <https://ipt.vliz.be/eurobis/geographic-
coverage/phyto black sea 1974 197 3959 3979 4362 435> ,

<https://ipt.vliz.be/eurobis/geographic-
coverage/phyto black sea 1974 197 180 180 90 90>;

<https://ipt.vliz.be/eurobis/geographic-
coverage/phyto black sea 1974 197 3959 3979 4362 435> a dct:Location,
mr : MRGeoObject ;

mr:hasGeometry
<https://ipt.vliz.be/eurobis/geometry/phyto black sea 1974 197 3959 3979
4362 435>

<https://ipt.vliz.be/eurobis/geometry/phyto black sea 1974 197 3959 3979
4362 435> a sf:Polygon ;

gsp:asWKT "<http://www.opengis.net/def/crs/0OGC/1.3/CRS84>
POLYGON ( (39.59 43.5, 39.79 43.5, 39.79 43.62, 39.59 43.62, 39.59
43.5))"""gsp:wktLiteral

<https://ipt.vliz.be/eurobis/geographic-
coverage/phyto black sea 1974 1975 180 180 90 90> a dct:Location ,
mr :MRGeoObject ;

mr:hasGeometry
<https://ipt.vliz.be/eurobis/geometry/phyto black sea 1974 1975 180 180
90 90>
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<https://ipt.vliz.be/eurobis/geometry/phyto black sea 1974 1975 180 180
90 90> a sf:Polygon ;

gsp:asWKT "<http://www.opengis.net/def/crs/0OGC/1.3/CRS84> POLYGON ( (-
180 -90, 180 -90, 180 90, -180 90, -180 -90))"""gsp:wktLiteral

Temporal coverage.

<temporalCoverage>
<rangeOfDates>
<beginDate>
<calendarDate>1974-07-16</calendarDate>
</beginDate>
<endDate>
<calendarDate>1975-06-16</calendarDate>
</endDate>
</rangeOfDates>
</temporalCoverage>

The resulting RDF is as follows.

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a
dcat:Dataset ;

#also using directly dct:temporal is possible

dct:coverage <https://ipt.vliz.be/eurobis/temporal-
coverage/phyto black sea 1974 1975 (1974-07-16)-(1975-06-16)> ;

<https://ipt.vliz.be/eurobis/temporal-
coverage/phyto black sea 1974 1975 (1974-07-16)-(1975-06-16)> a
dct:PeriodOfTime , top-level:TemporalEntity ;

dcat:startDate "1974-07-16"""xsd:date ;
dcat:endDate "1975-06-16"""xsd:date

TaxonomicCoverage. The following is the taxonomic coverage part of the EML XML file
<taxonomicCoverage>

<generalTaxonomicCoverage>urn:lsid:marinespecies.org:taxname:801</genera
1TaxonomicCoverage>
<taxonomicClassification>
<taxonRankName>phylum (division)</taxonRankName>
<taxonRankValue>Chlorophyta</taxonRankValue>
</taxonomicClassification>
</taxonomicCoverage>
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<taxonomicCoverage>

<generalTaxonomicCoverage>urn:lsid:marinespecies.org:taxname:369190</gen
eralTaxonomicCoverage>
<taxonomicClassification>
<taxonRankName>phylum</taxonRankName>
<taxonRankValue>Haptophyta</taxonRankValue>
</taxonomicClassification>
</taxonomicCoverage>

<taxonomicCoverage>

<generalTaxonomicCoverage>urn:lsid:marinespecies.org:taxname:450030</gen
eralTaxonomicCoverage>
<taxonomicClassification>
<taxonRankName>phylum</taxonRankName>
<taxonRankValue>Myzozoa</taxonRankValue>
</taxonomicClassification>
</taxonomicCoverage>

<taxonomicCoverage>

<generalTaxonomicCoverage>urn:lsid:marinespecies.org:taxname:345465</gen
eralTaxonomicCoverage>
<taxonomicClassification>
<taxonRankName>phylum</taxonRankName>
<taxonRankValue>Ochrophyta</taxonRankvValue>
</taxonomicClassification>
</taxonomicCoverage>
</coverage>

The resulting RDF file is provided below. As can be observed, the mapping is quite straightforward in relation
to the proposed mapping in the spreadsheet. This simplicity arises because the spreadsheet demonstrates
how all the fields of the taxonomic coverage EML module can be successfully mapped to RDF using the
MAREGRAPH ontologies.

However, taxonomic classifications from systems like WoRMS are already available in RDF format. Therefore,
in the example below, we include the URIs of the taxon names that have already been semantified by VLIZ.
This also highlights the power of semantification: there is no need to redefine the mapping for all fields. By
leveraging the URIs that are already available, we can enable data integration and obtain the same
information as that included in the EML XML file mentioned above.

<https://ipt.vliz.be/eurobis/dataset/phyto black sea 1974 1975> a

dcat:Dataset ;

dct:subject <https://aphia.org/id/taxname/801> ,
<https://aphia.org/id/taxname/369190> ,
<https://aphia.org/id/taxname/450030> ,
<https://aphia.org/id/taxname/345465>
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5 Conclusions and future work

This deliverable has proposed a methodology for the semantification of widely used standards in the
biodiversity domain. The methodology has been developed through an analysis of the current state of the
art and existing standards, including Darwin Core (DwC), Darwin Core Archive (DwC-A), and the Ecological
Metadata Language (EML), as well as a review of preliminary mapping efforts conducted by various
organisations and research groups towards Semantic Web standards (i.e., RDF).

The analysis led to the identification of the following key contributions:

e Astructured mapping methodology that clearly distinguishes between generic descriptive metadata,
used to document general information about datasets, and content-specific metadata, which is more
closely related to dataset content and its underlying semantics (e.g., taxonomic classifications).

® A comprehensive cross-standard mapping approach, starting from biodiversity standards such as
EML and DwC-A and extending towards a broader set of Web of Data ontologies. These include not
only widely adopted standards such as DCAT and GeoDCAT-AP, but also de facto Semantic Web
standards and emerging domain ontologies, including those developed in European research
initiatives such as MAREGRAPH?.

An additional consideration concerns the use of general-purpose vocabularies such as Schema.org. Although
Schema.org is widely adopted in web data publication contexts, it was not included in this mapping exercise.
This choice is motivated by the fact that Schema.org requires the use of its own tightly coupled type
hierarchy, which can be difficult to align consistently with the more fine-grained and domain-specific
modelling required in this work. As a result, integrating Schema.org would have introduced additional
complexity and potential constraints in the representation of biodiversity metadata. Nevertheless, the
potential use of Schema.org can be considered as a relevant direction for future work, particularly in contexts
where interoperability with general web publication practices is required.

Based on these results, several directions for future work can be identified.

First, the domain-specific ontologies referenced in this work could be further aligned with other emerging
vocabularies, such as the SeaDataNet ontology [21] and the CSR ontology [22], which are currently being
explored in the context of WP5 of EMODnet Biology. Such alignment would further enrich the mapping
framework and improve the integration of heterogeneous datasets from multiple sources.

Second, the structured nature of the proposed mapping, formalised in the accompanying spreadsheet, opens
the possibility of developing an automated knowledge graph generation pipeline. Such a pipeline could
operationalise the mapping over real datasets, enabling the direct materialisation of RDF representations, as
illustrated in Section 4.4.

° https://www.maregraph.eu/
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