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Abstract. Biodiversity knowledge shortfalls remain a central challenge in biodiversity science, limiting our 
ability to understand biodiversity patterns, assess environmental change, and inform conservation decisions. 
This editorial introduces the special issue “Biodiversity Knowledge Shortfalls: Understanding, Quantifying, 
and Bridging Gaps” published in the journal Biodiversity Informatics. The special issue brings together rep-
resentative articles on how biodiversity informatics can help reduce knowledge gaps in species distributions, 
ecological interactions, community diversity, functional traits, and data accessibility and interoperability. Col-
lectively, these articles demonstrate that bridging biodiversity knowledge shortfalls requires more than the 
accumulation of additional data. Progress in understanding biodiversity patterns depends on interoperable data 
infrastructures, robust analytical methods, innovative technologies, effective data mobilization strategies, and 
sustained collaboration among researchers, institutions, biological collections, and citizen scientists.
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Editorial
The special issue Biodiversity Knowledge Shortfalls: 

Understanding, Quantifying, and Bridging Gaps was con-
ceived to stimulate discussion on one of the most per-
sistent challenges facing biodiversity science: the uneven 
distribution of knowledge about life on Earth. Although 
unprecedented volumes of biodiversity data have become 
available through global digitization efforts and data-shar-
ing initiatives (Heberling et al., 2021; Steinke et al., 2025; 
Wilkinson et  al., 2016), substantial gaps remain across 
the taxonomic, geographic, ecological, evolutionary, and 
functional dimensions of biodiversity knowledge (Hor-
tal et al., 2015; Pertierra et al., 2025; Sayol et al., 2026). 
These shortfalls in biodiversity knowledge continue to 
limit our ability to understand biodiversity patterns and 
processes, assess the impacts of environmental change and 
the responses of species and ecosystems to those changes, 

and implement conservation strategies informed by the 
best available scientific evidence (Meyer et al., 2016; Nori 
et  al., 2023). Although these knowledge shortfalls have 
traditionally been treated as distinct dimensions of biodi-
versity knowledge, many are closely interconnected, and 
progress in reducing one often contributes to narrowing 
others. Consequently, addressing biodiversity knowledge 
gaps  requires complementary advances in biodiversity 
informatics, data mobilization, analytical methods, and 
biological collections.

The contributions assembled in this first installment 
illustrate the diversity of methodological approaches 
currently being developed to understand, quantify, 
and ultimately reduce biodiversity knowledge gaps. 
Collectively, articles in this collection highlight how 
advances in biodiversity informatics, data mobilization, 
analytical methodologies, and emerging technologies are 
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helping transform fragmented information into actionable 
knowledge for research, conservation, and decision-
making through increasingly interoperable biodiversity 
data infrastructures (Hardisty et al., 2013; Wilkinson et al., 
2016).

One group of contributions focuses on digital infra-
structures and analytical tools designed to improve the 
accessibility, interoperability, and usability of biodiversi-
ty information. These methodological articles include the 
Biodiversity Observatory System (BiOS; Roldán et  al., 
2026), ArctosR (Williams et  al., 2026), and approaches 
connecting biological collections with digitized historical 
records and artificial intelligence-derived trait information 
(Bakış, 2026; Weeks et al., 2026). Together, these articles 
show how biodiversity informatics can transform increas-
ingly diverse and scattered  data into integrated and acces-
sible knowledge systems.

For instance, BiOS (Roldán et  al., 2026) addresses 
the lack of interoperability among biodiversity databases 
through an open-source FAIR-oriented framework that  
integrates taxonomic, distributional, genetic, ecological, 
conservation, and legislative information within a modu-
lar infrastructure linked by a shared taxonomic backbone.  
Similarly, ArctosR (Williams et al., 2026) expands the an-
alytical potential of the classic Arctos platform (Cicero et 
al., 2024) by enabling reproducible programmatic access 
to occurrence records, specimen traits, tissue samples, and 
host-parasite and host-pathogen associations.. The novel 
data-integration tools presented in this special issue are 
expected to  facilitate the integration and reuse of hetero-
geneous biodiversity information across ecological, evo-
lutionary, conservation, and related research.

Beyond improving access to biodiversity repositories, 
other contributions exemplify how biodiversity informat-
ics can unlock information that remains underused within 
biological collections. For example, Weeks et al. (2026) 
present a specimen-centered workflow to digitize field 
notebooks and connect their information on distributions, 
ecological interactions, phenology, taxonomy, and col-
lecting history with natural history collections. Similarly, 
Bakış (2026) revisits the Raunkiæran shortfall from a bio-
diversity informatics perspective by  proposing a frame-
work that integrates biological collections, image-based 
phenomics, and artificial intelligence to generate quanti-
tative trait data while preserving provenance, uncertainty, 
and intraspecific variation. In doing so, these contributions 
provide a roadmap for transforming digitized collections 
into dynamic sources of functional biodiversity knowl-
edge. The digitalization articles in this special issue show 
how existing collections and their associated documenta-
tion can become dynamic sources of biodiversity knowl-
edge.

A second group of articles focuses on the generation, 
curation, and mobilization of biodiversity data, show-
ing that both data quality practices and emerging infor-
mation sources strongly influence biodiversity inference 
and our ability to address existing knowledge shortfalls. 
For instance, Ronquillo et al. (2026) examine how occur-
rence data curation affects estimates of plant bioclimatic 
niches, emphasizing the importance of transparent and 
context-dependent curation protocols when addressing 
both the Wallacean shortfall, defined as the lack of knowl-
edge of species distributions (Lomolino, 2004), and the 
Hutchinsonian shortfall, defined as the lack of knowledge 
about species’ tolerances to abiotic conditions (Hortal et 
al., 2015). From a complementary perspective, Shepherd 
and Perrie (2026) illustrate how observation-based plat-
forms such as iNaturalist function as sources of occur-
rence data and also as valuable tools for guiding specimen 
acquisition, linking community-generated observations 
with collection development to reduce Wallacean short-
falls while strengthening the long-term scientific value of 
biological collections.

A third group of articles examines gaps in species 
distributions, ecological interactions, and community 
diversity, providing approaches to identify missing 
information, quantify uncertainty, and guide future 
sampling. For instance, from an analytical perspective 
Barbosa (2026) proposes spatially adaptive calibration-
area delimitation strategies to reduce uncertainty arising 
from uneven geographic sampling in species distribution 
modelling. At a broader ecological scale, Villa and 
Dáttilo (2026) examine the Eltonian shortfall in plant-
hummingbird interaction networks across the Americas, 
revealing substantial geographic, environmental, and 
taxonomic biases and a large proportion of undocumented 
species interactions. Benites et al. (2026) focus on the 
Linnean shortfall by applying DNA metabarcoding to 
uncover the hidden diversity of leaf-litter arthropod 
communities in Mexican tropical dry forests. Their findings 
are a key example of the use of molecular approaches to 
reveal extensive undocumented biodiversity and generate 
essential baseline information for future ecological and 
conservation studies. In a final example, BioDyn (Herrador 
et  al., 2026) provides a framework for exploring the 
spatiotemporal structure of species occurrences, enabling 
users to evaluate sampling effort, identify distributional 
biases, explore seasonal dynamics, including migratory 
systems and temporal variation, and detect environmental 
information gaps prior to formal modelling. Together, 
these contributions explain how complementary analytical 
and molecular approaches can reveal where biodiversity 
knowledge remains incomplete and help prioritize future 
research and data-collection efforts.
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This collection of articles offer a broader concep-
tual reflection on the relationship between biodiversity 
knowledge and conservation practice. Drawing on exam-
ples from Mexico, Soberón (2026) argues that although 
advances in biodiversity informatics and the growing 
availability of digital biodiversity data have substantially 
reduced several knowledge shortfalls, information alone 
is insufficient to achieve effective conservation outcomes. 
Instead, successful conservation requires the integration of 
scientific understanding, stakeholder participation, gover-
nance processes, and negotiation among actors operating 
across multiple social and spatial scales.

Collectively, articles in this special issue show that 
bridging biodiversity knowledge shortfalls requires more 
than the accumulation of additional data. Progress in our 
knowledge of biodiversity will depend on the development 
of interoperable infrastructures, robust analytical meth-
ods, innovative technologies, effective data mobilization 
strategies, and stronger collaboration among researchers, 
institutions, biological collections, and citizen scientists. 
By bringing together these complementary perspectives, 
this special issue highlights both the complexity of bio-
diversity knowledge gaps and the growing array of tools 
available to address them. We hope that the contributions 
presented here are the contemporary advances in biodi-
versity informatics and could stimulate further discussion, 
foster new collaborations, and inspire continued efforts to 
make biodiversity knowledge more complete, accessible, 
and actionable for science, conservation, and policy.
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