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Abstract

Biodiversity data are essential for understanding ecosystems, species biology, and envi-
ronmental change. FishBase is one of the most widely used information systems for fish
species, providing rich data on taxonomy, morphology, ecology, and distribution. How-
ever, its relational structure limits interoperability with open and linked scientific data.
This paper presents SemantyFish, a semantic knowledge graph derived from FishBase,
enabling integration, reuse, complex queries, and cross-domain exploration across biodi-
versity and fisheries-oriented information systems, while aligning with FAIR data princi-
ples. A key contribution is an ontology-driven evolution framework that keeps the
knowledge graph synchronized with the evolving FishBase database through schema
mappings between the original relational schema and a unified ontology. To support ac-
cess and reuse, SemantyFish is exposed through a RESTful API that allows humans and
machines to query, browse, and retrieve resources. Overall, the proposed approach en-
hances the interoperability and scientific value of large-scale biodiversity databases.

Keywords: FishBase; knowledge graphs; biodiversity information systems; marine biodi-
versity; semantic data integration; FAIR data principles

1. Introduction

Biodiversity data are fundamental for understanding ecosystem functioning, species
biology, and the impacts of environmental change. As global efforts intensify to monitor
biodiversity and support sustainable resource management, the availability of reliable,
high-quality, and interoperable data resources has become increasingly important. Over
the last decades, several large biodiversity information systems have emerged. Among
them, FishBase is one of the most widely used resources for marine and freshwater fishes,
providing curated information on taxonomy, life history, ecology, distribution, and hu-
man uses. It aggregates expert-validated data for tens of thousands of species and is con-
tinuously updated as new knowledge becomes available. FishBase is also widely used in
fisheries research, marine resource monitoring, and sustainability-oriented data
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workflows, making its interoperability particularly important for ICT applications in the
broader agriculture, food, and environment. Despite its scientific value and global adop-
tion, it is primarily implemented as a relational database designed for human browsing.
This structure constrains its integration with other biodiversity and environmental data
infrastructures, such as Global Biodiversity Information Facility (GBIF) [1], the Ocean Bi-
odiversity Information System (OBIS) [2], and the Global Record of Stocks and Fisheries
(GRSF) [3], and limits its use in machine-driven workflows supporting biodiversity mon-
itoring, fisheries management, sustainability assessment and large-scale ecological anal-
yses.

Semantic Web technologies [4] provide a foundation for addressing these limitations
by representing data in machine-interpretable form using ontologies and standardized
vocabularies. This enables the construction of knowledge graphs that support semantic
interoperability, data linking, and complex queries across heterogeneous sources. Trans-
forming FishBase into a semantic knowledge graph allows its biological content to be con-
nected with complementary datasets, such as habitat descriptions, environmental obser-
vations, or food and nutrition information, while aligning the resource with the FAIR data
principles [5].

This paper presents SemantyFish [6], an ontology-based framework for converting
FishBase into a knowledge graph that supports both construction and long-term evolu-
tion. A top-level ontology for the marine domain provides the unifying conceptual foun-
dation for modeling species, traits, habitats, and related information. Schema mappings
between the relational sources and the ontology enable systematic construction and re-
generation of the knowledge graph as the underlying database evolves. To facilitate access
and reuse, the resulting knowledge graph is exposed through a RESTful API for both hu-
man and machine clients.

The main contributions of this work are: (a) an ontology-driven approach for trans-
forming a large biodiversity database into a semantic knowledge graph, (b) a schema-
mapping framework that ensures semantic consistency and interoperability, (c) an evolu-
tion mechanism that keeps the knowledge graph synchronized with a continuously
changing source, and (d) an API layer that supports standardized access and integration
with external biodiversity, fisheries, and environmental information systems.

2. Background and Related Work

Large-scale biodiversity information systems play a central role in documenting spe-
cies, their distributions, and their biological and ecological characteristics. Major global
infrastructures such as GBIF [1] and OBIS [2] aggregate and disseminate occurrence data
from multiple providers, supporting research and conservation. Alongside these,
FishBase [7] is a widely used resource for marine and freshwater fishes, offering curated
information on taxonomy, ecology, distribution, and human uses. However, as a rela-
tional database designed primarily for human-oriented access, it has limited interopera-
bility with other biodiversity and environmental data infrastructures.

Semantic Web technologies and ontologies enable data to be expressed in a machine-
interpretable and semantically explicit form, supporting interoperability and integration
across heterogeneous sources. In life sciences, initiatives such as the OBO foundry [8], and
domain ontologies for taxonomy, anatomy and ecology have demonstrated the value of
formal semantics for data integration. In the biodiversity domain, several efforts have ex-
plored publishing datasets as Linked Open Data [9], including semantic layers for GBIF
and OBIS, as well as the use of Wikidata as a collaboratively curated biodiversity
knowledge graph [10].

Knowledge graphs enable rich querying and cross-domain exploration by linking
species data with habitats, environmental conditions, and scientific literature. However,
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existing approaches typically provide static or loosely coupled semantic views of under-
lying databases, offering limited support for maintaining consistency as data evolve. In
contrast, this work introduces an ontology-based knowledge graph designed for continu-
ous synchronization with a dynamic source through schema-mapping-driven transfor-
mation, ensuring semantic interoperability and long-term sustainability in line with the
FAIR data principles.

3. Methodology

This section outlines the methodological steps for constructing the knowledge graph,
focusing on the conceptual approach, the schema mappings and evolution framework.
Figure 1 shows the main steps and the evolution framework.
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Figure 1. Methodology for constructing and maintaining the SemantyFish Knowledge Graph

3.1. Conceptual Approach

The conceptual design of the knowledge graph was driven by a systematic analysis
of the FishBase relational schema to uncover the underlying domain semantics rather than
its table structures. This analysis identified core conceptual entities such as taxonomic
units, life-history traits, habitat descriptors, geographic distributions, and bibliographic
references, together with their relationships. These elements form an implicit conceptual
model in the original database, which is not explicitly represented in a way that supports
interoperability or reuse beyond the FishBase environment.

To make this conceptual model explicit and reusable, an ontology-driven approach
was adopted. MarineTLO [11], a top-level ontology for the marine domain, was selected
as the semantic backbone of the knowledge graph, as it offers a coherent framework for
representing organisms, habitats, ecological characteristics, observations, and provenance
information in a unified and machine-interpretable form. Moreover, MarineTLO comple-
ments biodiversity exchange standards by providing a formal semantic layer for integra-
tion and reasoning.

FishBase-specific concepts and attributes were then aligned to this ontology through
controlled extensions that capture domain-specific notions such as growth parameters,
stock details, and distributional descriptors. This process resulted in a unified conceptual
model that was used as the foundation for the definition of the schema mappings and the
transformation workflow that is described below.

3.2. Schema Mappings

The alignment between the FishBase relational schema and the ontology-based con-
ceptual model was realized through explicit schema mappings that define how source
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data are transformed into instances of ontology classes and properties. Instead of relying
on ad-hoc scripts or procedural transformations, the mappings are specified in a declara-
tive manner that captures the intended semantics of the data independently of any partic-
ular implementation.

For this purpose, the X3ML framework [12] was used. X3ML provides a mapping
language for defining schema mappings between heterogeneous data sources and ontol-
ogies in a structured and human-readable manner. It enables ontology experts and do-
main specialists to collaboratively specify how source schema entities correspond to on-
tology classes and properties, ensuring both technical and domain knowledge are pre-
served during the transformation. In addition, X3ML incorporates a transformation en-
gine that applies the defined mappings to the source data to generate the knowledge
graph. By separating mapping definition from the transformation logic, the framework
supports systematic and repeatable generation of the knowledge graph, which is essential
for the evolution framework described next.

3.3. Evolution Framework

FishBase is a continuously evolving database, with new species, traits, references,
and corrections being regularly introduced by domain experts. In such a setting, a one-off
semantic transformation would quickly become outdated, undermining the reliability and
usefulness of the resulting knowledge graph. To address this issue, we implemented an
evolution framework that treats the knowledge graph as a derived representation that can
be systematically regenerated from the authoritative relational source. The regeneration
process can be executed periodically or triggered by updates in the source database, ena-
bling near real-time synchronization depending on operational requirements. Moreover,
the framework supports partial reconstruction by selectively re-transforming selected
FishBase tables. The corresponding resources are organized into separate named graphs,
enabling efficient incremental updates without regenerating the entire knowledge graph.

The framework is based on the schema mappings defined in X3ML, which serve as a
stable semantic contract between the FishBase schema and the extended MarineTLO on-
tology. Since the structure of the FishBase relational database is highly stable and changes
only rarely, these mappings can be reapplied whenever the data are updated to generate
a new version of the knowledge graph without requiring manual re-engineering. By de-
coupling the conceptual model from the transformation process, and anchoring the con-
struction of the knowledge graph in declarative mappings, the framework supports both
content and structural evolution. Updates to either the source schema or the ontology can
be accommodated by revising the schema mappings, and re-executing the framework,
enabling controlled, repeatable, and transparent synchronization between the two repre-
sentations.

4. Knowledge Graph Implementation and Access

The ontology-based mappings and transformation workflow described above were
applied to the FishBase database to generate a semantic knowledge graph that represents
various biodiversity resources in a unified, machine-interpretable form. The resulting
knowledge graph integrates heterogeneous FishBase tables into a coherent semantic struc-
ture, enabling consistent identification of entities and explicit representation of their rela-
tionships. Table 1 provides some statistics about the size and the contents of the
knowledge graph so far’, as well as the overall time that is required for constructing it.
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Figure 2 shows marine species in the Mediterranean Sea that occur in brackish habi-
tats deeper than 50 m, are commercially important and have at least one Greek common
name. Results include the scientific name, Greek common name, depth, areas, and danger
indicator. In the relational schema, answering this requires multiple joins, whereas the
knowledge graph enables a declarative query over a unified conceptual model.

Table 1. Size and content statistics of the Knowledge Graph

Type Size Type Size

RDF triples 20.7 million Synonym instances 244,412
Distinct resources 5.7 million Stock instances 36,629
Species instances 36,175 Country instances 307
Genera instances 11,838 FAO areas instances 26
Family instances 665 Ecosystem instances 36,363
Common name instances 386,456 Species dimensions 143,382
Ontology classes used 61 Ontology properties used 65
Transformation time ~22 minutes KG construction time ~ 3 minutes

SPARQL | HTMLS table

species_scientific. name common_name_in_greek depth med_ area dangerous_species_indicator

"Huso huso” "MoupoUva” "18@" “Mediterranean Sea” “harmless”

"Huso huso™ "ZItoupiovi” “180" “Mediterranean Sea" “harmless™

"Huso huso™ "Axunholeg” "188" “"Mediterranean Sea” "harmless”

"Dasyatis pastinaca” "Ayprodapo” “28@" “"Northeast Atlantic and Mediterranean Sea"” “venomous"

“Dasyatis pastinaca” “MoUvrprla” 200" “Northeast Atlantic and Mediterranean Sea” “venomous”

“Dasyatis pastinaca” “Batotpuydva”™ "20@" “Northeast Atlantic and Mediterranean Sea” “venomous”

"Dasyatis pastinaca” “MoUTpopa” “28@" “Northeast Atlantic and Mediterranean Sea” “venomous”

"Dasyatis pastinaca”™ "Tpuyova™ "20@" “Northeast Atlantic and Mediterranean Sea"™ “venomous™

"Dasyatis pastinaca” "NarAwpatag” "28@" “Northeast Atlantic and Mediterranean Sea” “"venomous™

"Dasyatis pastinaca” "Moltpoupa” "20@" “Northeast Atlantic and Mediterranean Sea” “venomous”

"Dasyatis pastinaca” "Ipuparoa” 200" “"Northeast Atlantic and Mediterranean Sea” “venomous"

Figure 2. Results of a complex (SPARQL) query that combines multiple entities

In addition to internal integration, the knowledge graph supports interoperability
with external biodiversity infrastructures through explicit linking of its entities to publicly
available knowledge bases. Species and taxonomic entities are linked, where possible, to
corresponding identifiers in external sources, such GRSF. These links enable the enrich-
ment of FishBase entities with complementary information (e.g., stock and fisheries de-
tails) and allow seamless navigation across distributed biodiversity knowledge graphs.

To make the knowledge graph accessible and reusable, a RESTful API was imple-
mented as an access layer on top of the knowledge graph. The API provides endpoints for
searching, browsing, and retrieving resources such as species, taxonomy, synonyms, eco-
systems, and stocks, supporting both human users and external systems. It abstracts the
underlying semantic technologies and enables interaction through a standard web mech-
anism, returning results in JSON format.

This access layer supports queries that combine multiple criteria across entities, ena-
bling use cases that are difficult to support with the original relational system. External
applications can integrate the API to combine FishBase data with other biodiversity re-
sources, facilitating interoperability. The SemantyFish API is accessible at https://de-
mos.isl.ics.forth.gr/semantyfish-api/, while Figure 3 shows indicative screenshots.
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dangerous_species_indicator poisonous to eat
Body ;

Figure 3. Screenshot of the SemantyFish API (left: search for species using specific criteria, right:

show details of a particular fish species?).

5. Conclusion

This paper presented SemantyFish, a semantic knowledge graph derived from
FishBase using ontology-driven modeling and Semantic Web technologies. By relying on
a marine top-level ontology and declarative schema mappings, SemantyFish provides a
machine-interpretable, interoperable, and FAIR-compliant representation that supports
advanced querying and cross-domain integration. A central contribution is the evolution
framework, which enables systematic reconstruction and synchronization of the
knowledge graph as FishBase evolves, ensuring long-term consistency and sustainability.
Through the SemantyFish API, external applications can access and integrate FishBase
data in a standardized way, combining them with other biodiversity, fisheries, and envi-
ronmental resources.

Regarding limitations, the current version covers only part of the FishBase schema,
while additional entities and relationships are progressively incorporated. Although the
conceptual model, ontology alignments, and schema mappings have been reviewed by
domain and ontology experts, a formal semantic quality assessment is still needed. Future
work will focus on extending coverage, increasing interlinking with external knowledge
bases, evaluating semantic quality through expert validation, consistency checks, and en-
richment through scientific literature and additional biodiversity sources.
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Abbreviations

The following abbreviations are used in this manuscript:

API Application Programming Interface

FAIR Findable Accessible Interoperable Reusable
KG Knowledge Graph

GBIF Global Biodiversity Information Facility
GRSF Global Record of Stocks and Fisheries

OBIS Ocean Biodiversity Information System
OBO Open Biological and Biomedical Ontologies
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