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Abstract

The field of zoology is facing an unprecedented data crisis: vast amounts of conservation information remain
siloed, inaccessible, and incompatible, severely limiting the potential of advanced Al technologies. This paper
introduces a comprehensive conceptual framework for applying FAIR (Findable, Accessible, Interoperable,
and Reusable) data principles to overcome these limitations and enable truly effective Al-driven
conservation. Through a systematic review and framework development, we demonstrate how the
FAIRification of zoological data can dramatically enhance Al applications in species monitoring, threat
assessment, and conservation prioritization. Our research work presents a phased implementation strategy
with specific metrics for evaluating FAIR compliance in conservation contexts. Crucially, the framework
addresses contemporary challenges such as data biases, metadata inconsistencies, and interoperability
barriers while embedding fairness metrics to ensure equitable conservation outcomes. This study contributes
a practical roadmap to conservation informatics, enabling zoological researchers and practitioners to
maximize the value of existing data assets through the synergistic application of FAIR principles and Al. We
conclude that strategic adoption of robust FAIR data management is a critical prerequisite for realizing the
full potential of Al in addressing the global biodiversity crisis.
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1 Introduction:

The global biodiversity crisis is accelerating, with
projections estimating that approximately one
million species face extinction without substantial
intervention. Paradoxically, the field of zoology is
simultaneously undergoing a data revolution.
Unprecedented volumes of information—from
camera traps, acoustic sensors, satellite imagery,
and citizen science platforms—are being generated
daily. However, this wealth of data has not
translated into proportional conservation gains,
primarily due to significant data management
challenges that limit its utility for scientific
research and decision-making.

Acrtificial intelligence (Al) holds remarkable
promise for analyzing complex zoological datasets,
with proven successes in species identification,
population monitoring, and habitat modeling. Yet,
the efficacy of Al in conservation is severely
constrained by the poor findability, accessibility,
interoperability, and reusability (FAIRness) of most
zoological data. Conservation literature highlights
that Al applications frequently "perpetuate and
exacerbate existing inequalities” when trained on
biased or incomplete datasets. This critical
limitation underscores the need for standardized
data management practices that ensure zoological
data assets are truly Al-ready—formatted and
documented to facilitate seamless integration into
machine learning pipelines.

The FAIR principles, formally defined in 2016,
provide a robust framework for enhancing data
stewardship. While developed for general scientific
data management, their focus on machine-
actionability is uniquely relevant to Al models and
datasets across  various disciplines.  The
translational application of FAIR principles to
zoological conservation is a promising strategy to
overcome current data limitations and enable more
effective, ethical, and equitable Al applications.
This paper proposes a comprehensive framework
for applying FAIR data principles to unlock Al-
driven conservation in zoology. We argue that the
systematic FAIRification of zoological data is a
critical prerequisite for realizing the full potential
of Al technologies in addressing biodiversity loss.
By integrating insights from conservation science,
data management, and Al, our framework offers
practical guidance for enhancing the utility,
fairness, and impact of global conservation data
assets.

2 Literature Review:

2.1 The Current State of Conservation Data in
Zoology

Zoological conservation research yields
increasingly diverse and voluminous datasets,
including imagery, recordings, genomic sequences,
and tracking data. Despite this abundance,
significant challenges persist. Conservation data
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often suffers from inherent biases in spatial,
temporal, and taxonomic coverage, frequently
favoring well-studied "charismatic megafauna.”
These biases are compounded by inconsistent
metadata standards and fragmented storage across
isolated repositories, research networks, and
individual laboratories—creating pervasive "data
silos.”

This fragmentation is a major impediment for Al,
which demands large, integrated datasets for
effective training and validation. Studies suggest
that conservation biologists spend up to 80% of
their time on data cleaning and formatting, rather
than on analysis, dramatically reducing research
efficiency. Furthermore, the lack of standardized
metadata often renders datasets incomprehensible
to users beyond the original collectors, severely
limiting their potential for reuse in Al-driven
initiatives.

2.2 FAIR Principles and Machine-Actionable
Science

The FAIR principles were established in 2016 to
address the reality that scientific data frequently fail
to reach their full potential due to inadequate
stewardship. Unlike earlier approaches focused
primarily on human users, FAIR principles
emphasize machine-actionability: the capacity of
computational systems to find, access, interoperate,
and reuse data with minimal human intervention.
This emphasis is particularly crucial for Al

Recent initiatives, such as the Materials Data
Facility and the Neurodata Without Borders
project, demonstrate the transformative power of
establishing FAIR data standards across scientific
domains. These successes highlight the potential
for similar structural improvements in zoological
conservation, though conservation-specific
implementations remain nascent.

2.3 Al Applications in Zoology and Data Quality
Constraints

Artificial  intelligence, particularly  machine
learning and computer vision, has become a
powerful tool for addressing conservation
challenges at scale. Al applications include species
identification, vocalization analysis, and population
trend prediction. These tools promise to
dramatically increase the scale, speed, and accuracy
of conservation monitoring.

However, current Al applications in conservation
face major constraints related to data quality and
availability. As noted in the literature, Al models
trained on biased datasets may perform well in
specific contexts but "fail or even produce harmful
outcomes in others." For example, a species
identification model trained only on data from
temperate forests may perform poorly in tropical
ecosystems. These limitations underscore the
critical importance of representational fairness in
conservation Al—ensuring that models are trained
on data that accurately reflect the diversity of

applications. species and ecosystems they are intended to protect.
Table 1. Al Applications in Conservation Zoology and Data Requirements
Application Al Techniques Data Requirements Current Limitations
Area
Species Computer Vision, Deep Labeled image datasets with |Biased toward charismatic

Identification

Learning

taxonomic diversity

species; limited geographic
coverage

Population Time Series Analysis, Long-term, standardized Inconsistent data formats;
Monitoring Bayesian Models population counts temporal gaps

Habitat Ecological Niche Modeling, [Environmental variables, Spatial biases; resolution

Suitability Random Forests Species occurrence data mismatches

Modeling

Threat Anomaly Detection, Network |Poaching incidents, illegal  [Data sensitivity; reporting
Assessment Analysis trade records inconsistencies

Conservation

Optimization Algorithms,

Prioritization

Reinforcement Learning

Biodiversity metrics, threat

layers, cost data

Cross-disciplinary data

integration challenges

3 Research Work:
3.1 Conceptual Framework for FAIR Al-Driven
Conservation

effective Al-driven conservation in zoology. This
framework integrates four key components: data
sources, FAIR data principles, Al applications, and

We propose a comprehensive conceptual conservation impact, with fairness and equity
framework for applying FAIR principles to enable considerations embedded throughout.
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DATA SOURCES
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« Acoustic sensors
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- Citizen science
= Field observations

CONSERVATION IMPACT

= Protected area ' effectiveness
= Policy chanye

- Reduced Extinction
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Figure 1. Conceptual Framework for FAIR Al-Driven Conservation

The framework emphasizes creating Al-ready
datasets—data assets that are meticulously
structured and documented to facilitate machine
learning applications. This necessitates close,
structured collaboration between data stewards—
the professionals responsible for data quality and

(e.g., DOIs, minids) for all datasets.

o Establish standardized data repositories
with appropriate access controls.
o Develop automated data processing

pipelines to significantly reduce the
manual curation burden.

accessibility—and conservation researchers. Data e Phase 3: FAIRIfication and Integration
stewards are crucial for creating comprehensive o Systematically apply FAIR principles to
metadata, implementing standardized vocabularies, selected  datasets  using  specific
and ensuring compliance with FAIR principles compliance metrics (see Table 2).
across the entire data lifecycle. o Implement data harmonization
3.2 Phased Implementation Strategy procedures to enhance interoperability.
Implementing FAIR principles in conservation o Establish linkages between disparate
zoology requires a systematic, phased approach: datasets through common vocabularies
e Phase 1: Data Assessment and Prioritization and ontologies.
o Conduct a comprehensive audit of e Phase 4: Al Deployment and Validation
existing data assets. o Develop and train Al models using the
o ldentify and prioritize high-value datasets new FAIRIfied datasets.
for FAIRification based on conservation o Implement fairness metrics to evaluate
relevance and Al potential. and actively mitigate biases in Al
o Establish metadata standards using predictions.
existing ontologies like the Darwin Core o Establish continuous monitoring systems
for biodiversity data. to accurately assess conservation impact.
e Phase 2: Infrastructure Development
o Implement persistent identifier systems
Table 2. FAIR Implementation Metrics for Conservation Data
FAIR Principle | Implementation Metrics Conservation-Specific Examples
Findable Persistent identifiers assigned; Ric| Datasets registered with GBIF; Metadata include
metadata using controlle| taxonomic classifications; Camera trap data searchable b
vocabularies; Indexed in searchabl| species and location
resources
Accessible Standardized retrieval  protocoly Data downloadable via standardized APIs; Sensitive specie
Clear  access conditions  an{ locations protected while methodology remains accessiblg
authentication; Metadata remain| Metadata includes IUCN conservation status

available even if data is restricted

Interoperable Use of formal knowledg
representations; Qualified reference

to other metadata; Standardized dat

Use of Darwin Core taxonomy standards; Links to relate
genomic data; Camera trap data in a standardized formg
(e.g., Camera Trap Metadata Standard)

standards

formats

Reusable Accurate data provenancd Complete history of data processing steps; Clear usag
Community-developed licensing rights for conservation applications; Compliance wit
Domain-relevant communit] IUCN data standards
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3.3 Addressing Implementation Challenges and

Barriers

The successful implementation of FAIR principles

in conservation zoology must systematically

address several significant challenges:

e Technical Challenges: The fragmented nature
of conservation data systems and formats is a
major technical barrier. This can be mitigated
through the development and adoption of
conservation-specific data standards that build
on existing frameworks like the Darwin Core.
Furthermore, community-driven development
of specialized vocabularies that capture
conservation-specific concepts (e.g., threat
status, protection levels) is necessary to
enhance interoperability.

e Resource Limitations: Transforming legacy
conservation data into FAIR formats requires a
substantial investment of time and resources.
While many conservation organizations operate
with limited funding, evidence from other
domains shows that the long-term benefits of
FAIR  implementation—through  improved
research  efficiency and collaboration—
outweigh the initial costs. Strategic, prioritized
FAIRification of high-value datasets can
maximize return on investment.

e Cultural and Institutional Barriers: Cultural
resistance to data sharing persists in
conservation biology, where data is often
viewed as a proprietary asset. This, alongside
legitimate concerns about data misuse
(especially for threatened species), creates
barriers to accessibility. These challenges
require both cultural shifts within the
community and the development of
sophisticated access control mechanisms that
balance openness with protection needs.
Implementing graduated access systems that
provide metadata to all users while restricting
sensitive data elements can address these
concerns while maintaining FAIR compliance.

4 Conclusion:

This paper has presented a comprehensive
conceptual framework for leveraging FAIR data
principles to enable effective  Al-driven
conservation in zoology. Our analysis demonstrates
that the systematic application of FAIR principles
addresses  critical  limitations in  current
conservation data management while creating the
essential foundation for more robust, ethical, and
equitable Al applications. The framework
integrates data management best practices with
conservation-specific requirements, providing a
practical roadmap for enhancing the value and
impact of zoological data assets globally.

The FAIRification of conservation data offers
transformative potential for addressing the global
biodiversity crisis. By making data Findable,
Accessible, Interoperable, and Reusable, we unlock
new opportunities for Al-driven insights and
maximize the return on investment in data
collection efforts. Moreover, the integration of
fairness metrics throughout the Al lifecycle helps
ensure that conservation outcomes are both
ecologically effective and socially equitable.
Significant  challenges  remain, particularly
regarding resource constraints, technical barriers,
and cultural resistance. Addressing these will
require coordinated effort across the conservation
community, including the development of
specialized infrastructure, standardized protocols,
and incentive structures that reward excellent data
stewardship.

As the biodiversity crisis intensifies, strategic
investment in FAIR data management is not merely
a technical enhancement; it is an ethical imperative
for conservation science. By embracing the
principles outlined in this framework, the
zoological community can dramatically enhance
the value of existing data while building a more
collaborative, effective, and equitable foundation
for  conservation  decision-making in  the
Anthropocene.
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