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Employing “Webby” FAIR Digital Objects to Support Large-Scale 
Ecosystem Monitoring and Mitigation of Biodiversity Loss in the 
Anthropocene 

Anthropogenic influences on the environment are increasing and intensifying, impacting cli-
mate, ecosystems as well as their complex interplay [1]. Comprehensive long-term environ-
mental monitoring across multiple geographic locations is therefore more important than ever 
to support policy, science, and decision-making with a scientifically sound data basis for miti-
gation strategies against biodiversity loss, caused i.e. by increased and agricultural use, inva-
sive alien species, and habitat destruction such as wide ranging deforestation [2]. 

Thus, biodiversity loss in the anthropocene highlights the importance of the development 
and expansion of large-scale prediction capabilities as well as the requirement of comprehen-
sive pooling of available biodiversity data, which is envisioned in thematic European data 
space projects such as the Destination Earth Data Lake (DEDL [3]) and Green Deal Data 
Space projects such as Biodiversity Meets Data (https://bmd-project.eu). 

In this talk, we present the integration of both human crowd-sourced and machine learning 
based curation and enrichment of biomonitoring data in Senckenberg’s WildLIVE Portal (Fig-
ure 1). WildLIVE enables the mobilization of data leveraging on the FAIR Digital Object (FDO 
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[4]) approach providing self-contained, machine actionable data units (analogous to IP data-
grams) to implement machine-to-machine communication for the exchange of structured data 
within the aforementioned federated data spaces. 

 

Figure 1. Data flow in the WildLIVE platform (https://wildlive.senckenberg.de). (a.) A machine learning 
service provides automatic high-throughput annotations as baseline. (b) These annotations are sub-
ject to review and refinement by citizen scientists (Human-in-the-Loop, HILT). (c.) Revised annotated 
data are subsequently compiled into new training data. (d.)The data model based on RO-Crate and 

FAIR Signposting provides the operational semantics of how to process  data and capture contextual 
information (provenance) from both human and machine-based operations.  

The service builds upon a technology stack based extensively on common web technolo-
gies involving RO-Crate (lightweight packaging of research outputs along with metadata [5]), 
Bioschemas (structured metadata [6]) and FAIR Signposting (web linking of digital objects [7]) 
combined with the digital object middleware Cordra (https://www.cordra.org). Combining these 
technologies facilitates the implementation of “webby” FDOs [8] that bind relevant information 
(e.g. metadata of sensors, geolocation and links to content stream) from an observing process 
together with operational semantics to provide clients with compatible information needed to 
operate on these data, in particular to perform machine learning-based object location and 
adjacent species classification [9]. 

To describe the semantics of fundamental concepts and relations used in WildLIVE in a 
FAIR-compliant way (use[ing] a formal, accessible, shared, and broadly applicable language 
for knowledge representation, https://www.go-fair.org/fair-principles/i1-metadata-use-formal-
accessible-shared-broadly-applicable-language-knowledge-representation), we designed the 
WildLife Monitoring Ontology (WLMO, https://wildlive.senckenberg.de/wlmo), an ontology 
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modeled using the W3C Web Ontology Language (OWL, https://www.w3.org/TR/owl-ref). Be-
sides introducing new terms for example to represent a series of observations that were trig-
gered by the same event (wlmo:CaptureEvent) or the setup of one or several joint monitoring 
sensors (wlmo:StationSetup), WLMO imports and reuses terms from existing domain ontolo-
gies like the Web Annotation Ontology (OA, https://www.w3.org/ns/oa) and the Semantic Sen-
sor Network Ontology (SSN [10], https://www.w3.org/TR/vocab-ssn). 

The talk will be closing with a preview on WildLIVE’s upcoming project phase AI4WildLIVE 
where we will improve and upscale the service’s predictive and AI capabilities within the Ger-
man Federal Ministry of Education and Research’s framework "Artificial Intelligence Methods 
as a Tool for Biodiversity Research“ (https://www.feda.bio/en/projects/biodivki). 
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