
  

https://doi.org/10.70322/ecoldivers.2025.10012 

Commentary 

Shades of Grey: A Continuum of Biodiversity Understanding from 
Dark to Bright Diversity 
Giovanni Bacaro * 

 Department of Life Sciences, University of Trieste, Via L. Giorgieri 10, 34127 Trieste, Italy 

* Corresponding author. E-mail: gbacaro@units.it (G.B.) 

Received: 13 July 2025; Accepted: 15 September 2025; Available online: 17 September 2025 

 

ABSTRACT: This commentary introduces a conceptual framework that reinterprets biodiversity assessment as a continuum, span-
ning from Dark diversity, representing the unobserved or uncolonized potential of species ecologically suited to a system, to Bright 
diversity, conceived as an aspirational, fully integrated upper bound of biodiversity knowledge. Bright diversity encompasses not 
only observed components and their intricate interactions, but also a profound understanding of the reasons for species' presence or 
absence, including the inferred insights from Dark diversity across taxonomic, functional, phylogenetic, and genetic facets. Situated 
in between is Grey diversity, which characterizes the predominant state of partial knowledge and inherent uncertainty in real-world 
ecological assessments as an epistemic gradient. By delineating this epistemological gradient, the framework offers a heuristic tool 
for ecologists and conservationists to critically evaluate the clarity, completeness, and uncertainty embedded in biodiversity data, 
and an operational basis for “epistemic cartography”, i.e., the spatial mapping of knowledge sufficiency and uncertainty. It facili-
tates the identification of knowledge gaps, guides research priorities, and informs conservation actions, especially under conditions 
of incomplete information, through a compact workflow and transparent indicators. This conceptual spectrum serves as both an 
epistemological reflection and a practical guide for advancing biodiversity science, while outlining a forward-looking agenda that 
leverages multi-faceted “bands of biodiversity knowledge” to support robust biodiversity planning. 
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1. Introduction 

Biodiversity is a foundational concept in ecology, encompassing the variability of life forms at genetic, species, 
and ecosystem levels [1]. Its pivotal role in ecosystem functioning and stability is increasingly recognized, with different 
diversity aspects offering complementary information vital for maintaining healthy ecosystems and their services [2]. 
However, despite decades of conceptual development and methodological refinement, achieving a complete and accu-
rate assessment of biodiversity remains a persistent and formidable challenge [3,4]. The inherent complexity of biolog-
ical systems makes their comprehensive measurement extraordinarily difficult. Biodiversity is not a static entity: it is a 
dynamic, multi-scalar phenomenon, influenced by intricate ecological processes, evolutionary histories, and constant 
interactions across diverse spatial and temporal scales [5,6]. Factors such as species rarity, cryptic diversity, specialized 
ecological niches, and the sheer vastness of unexplored habitats contribute to the elusive nature of a truly complete 
inventory [7]. Furthermore, while continuously improving, our observational tools, theoretical models, and sampling 
efforts possess intrinsic limitations. These constraints often lead to fragmented and incomplete understandings, making 
it difficult to grasp the full extent of life’s variability and underlying drivers [8]. Traditionally, much of our global 
biodiversity knowledge has focused predominantly on taxonomic diversity (e.g., species richness), often overlooking 
equally crucial aspects such as species’ evolutionary history and functional structure [9,10]. This single-dimensional 
focus can lead to significant biases and misinterpretations. For instance, two sites with identical species richness might 
differ dramatically in their functional diversity (the range of traits present) or phylogenetic diversity (the evolutionary 
relatedness of species), which are far better indicators of ecosystem resilience and functioning [11]. Ignoring these 
complementary facets means that our conservation strategies might inadvertently miss critical components of biodiver-
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sity that underpin ecosystem services, or misallocate resources to areas that appear rich in species but lack evolutionary 
distinctiveness or functional redundancy [12]. Accordingly, an explicitly multi-faceted knowledge architecture is re-
quired to prevent single-dimension biases and to reveal patterns relevant to ecosystem functioning and resilience.  

Indeed, integrating multiple diversity facets is an overarching and urgent issue for effective conservation [13]. 
Each facet offers unique insights, and relying on a single dimension risk underestimating critical patterns, obscuring 
vital determinants of biodiversity, and ultimately compromising conservation outcomes. Recent advancements, such as 
the development of synthetic indices that weight species richness by their functional and phylogenetic counterparts, 
demonstrate a significantly higher sensitivity in describing complex species diversity patterns and capturing broad-scale 
ecological gradients than species richness alone [14]. This synergistic evaluation can highlight hidden patterns and 
disclose the role of potential determinants that might otherwise remain underestimated, emphasizing the need for con-
servation programs to move beyond a focus on specific aspects of diversity. Despite the growing volume of biodiversity 
data, often made freely accessible through global information networks and facilities, inherent issues of data incom-
pleteness, spatial and temporal biases, and varying quality persist [15]. These knowledge shortfalls, if not properly 
addressed, severely limit the utility of biodiversity information for robust biogeographical research and informed con-
servation decision-making [16]. The challenge therefore lies not only in collecting more data, but also in developing 
frameworks that explicitly acknowledge and integrate the inevitable uncertainty inherent in our understanding of bio-
diversity. From this perspective, uncertainty is not peripheral but constitutive to biodiversity knowledge; it varies across 
space and time and can be diagnosed with explicit indicators and reported transparently. This motivates an epistemic 
cartography that maps knowledge sufficiency and uncertainty, rather than assuming homogeneous data quality across 
regions or taxa.  

This commentary aims to provide a novel conceptual framework for understanding biodiversity assessment. It 
envisions our ecological knowledge as a gradient, spanning from Dark diversity (the unobserved potential, reflecting 
species ecologically suited but currently undetected or uncolonized) to Bright diversity (comprehensive clarity, repre-
senting a fully observed and understood state). Situated between these two poles is Grey diversity, which captures the 
vast conceptual middle ground of partial knowledge and inherent uncertainty that characterizes most real-world eco-
logical assessments. By structuring our understanding this way, the framework serves as a heuristic tool for positioning 
ecological knowledge along a continuum of observability, certainty, and uncertainty. It encourages a critical reflection 
on the scope and limitations of biodiversity assessments and advocates for a more explicit engagement with uncertainty 
in biodiversity science. By reframing uncertainty not merely as a limitation to be dismissed, but as a core property of 
ecological inquiry, we can better study, manage, and, where possible, reduce it, thereby advancing ecological theory 
and practical conservation decision-making. Within this gradient, Bright diversity is conceived as an aspirational, fully 
integrated upper bound that explicitly includes observed components and ecologically compatible yet unobserved po-
tential (i.e., the domain of dark diversity) across taxonomic, functional, phylogenetic, and genetic facets; Grey diversity 
is framed as an epistemic gradient that captures degrees of knowledge sufficiency and uncertainty. Building on prior 
work on knowledge shortfalls and the mapping of ignorance, this synthesis unifies these strands into a single, opera-
tional continuum and introduces practical transparency layers (what is known, unknown, and uncertain) together with 
a compact workflow and indicators for decision support. Finally, it outlines a multi-faceted “bands of biodiversity 
knowledge” view that enables consistent reporting and benchmarking across regions and management contexts. This 
commentary’s contribution is thus threefold: it formalizes Bright diversity as an aspirational, integrative upper bound 
that explicitly merges observed and ecologically compatible (dark) components across taxonomic, functional, phyloge-
netic, genetic, and interactional facets; it reframes Grey diversity as an epistemic gradient equipped with measurable 
indicators and a Knowledge Completeness Index; and it operationalizes “epistemic cartography” to make knowledge 
sufficiency and ignorance spatially explicit for conservation decisions and ecosystem-service assessments. 

2. Colors of Diversity: An Epistemological Gradient 

In this commentary, biodiversity knowledge is framed along an epistemological gradient by leveraging three dis-
tinct “colors” of diversity: Dark, Bright, and Grey. While the concept of Dark diversity is well-established and formal-
ized within ecological literature [17,18], its existence inherently points to the need for a more comprehensive under-
standing of the full spectrum of biodiversity knowledge. Consequently, it appears a natural progression to define the 
conceptual extremes to which Dark diversity compares and the nuanced space that lies between them. In this logical 
progression, Bright and Grey diversity are explored, synthesizing existing ideas into a coherent continuum. This frame-
work provides an alternative lens for contextualizing current biodiversity measures and knowledge, from the unobserved 
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potential to comprehensive understanding. It offers a practical approach for guiding future assessment strategies, par-
ticularly through methods akin to established mapping systems used in many scientific disciplines. 

2.1. Dark Diversity: The Unseen Potential 

The concept of Dark diversity is well-established in ecological theory, clearly defined as the assemblage of species 
that are ecologically compatible with a community but remain currently unrecorded or uncolonized due to biogeograph-
ical, historical, or biotic constraints [18]. Initially formalized by Pärtel et al. [17], this concept critically reframes ab-
sence not as an ecological void but as significant latent potential. Paradoxically, inferring dark diversity often demands 
a sophisticated understanding of a site’s ecological compatibility, environmental filters, and biogeographical history. 
Dark diversity thus shifts the focus from solely observed assemblages to potential ones, prompting a rethinking of 
community completeness, ecosystem resilience, and restoration capabilities [19]. It represents the minimum potential 
of diversity in a given site, pointing to what could exist under suitable conditions, thereby setting a crucial baseline for 
ecological assessment that extends beyond mere observation [20]. Dark diversity is derived from the regional species 
pool, filtered through abiotic conditions and biotic interactions [14]. Its identification requires comparative and model-
based methods (e.g., Beals smoothing, co-occurrence models, or habitat suitability frameworks) [20–23], often relying 
on species–environment relationships inferred from broader datasets. While inherently uncertain in its precise compo-
sition, understanding dark diversity holds significant value in ecological restoration (identifying candidates for species 
reintroduction), biogeographic theory, and predictive ecology [21]. Dark diversity can be impacted by natural processes 
such as dispersal limitations [24,25] and competitive exclusion [26], or anthropogenic effects like species invasion [27] 
or landscape fragmentation [28]. In conservation contexts, it has been used to prioritize sites or species for conservation 
[29,30] and reveal species responses to climate change [21]. 

The concept of dark diversity aligns with Whittaker’s classic alpha–beta–gamma diversity framework [31]. While 
alpha diversity represents the number of species at a site and gamma diversity comprises all species in the surrounding 
region, dark diversity is taxon-oriented, considering the suitability of each absent species for a study site. Aggregating 
alpha and dark diversity constitutes the site-specific species pool, which includes only those species from the region 
suitable for a given site based on its ecological conditions. 

2.2. Bright Diversity: Comprehensive Clarity 

At the opposite end of this knowledge spectrum is “Bright diversity”: an idealized and aspirational state represent-
ing the maximum achievable knowledge of biodiversity within a system. In this conceptual realm, biodiversity in a 
given area is comprehensively assessed across its multiple dimensions (e.g., taxonomic, functional, phylogenetic, and 
genetic) and over relevant temporal scales. Crucially, this understanding extends beyond the merely observed. It incor-
porates and integrates the potential diversity of species that are ecologically compatible with the system but currently 
absent, unseen, or extint (i.e., dark diversity). This means that Bright diversity encompasses not just what is present, 
but also what could be present, thereby providing a complete informational landscape of a site’s biodiversity potential. 
These diverse facets, including species’ roles, interactions (e.g., within complex food webs), and the dynamics of these 
relationships across scales, are integratively measured and profoundly understood. Bright diversity serves as an ideal 
benchmark where the clarity, completeness, and depth of biodiversity data enable precise ecological modeling, robust 
predictions of ecosystem functioning and stability, and highly informed conservation planning. It defines the upper limit 
of the conceptual framework, representing the ultimate, albeit largely utopian, goal of comprehensive biodiversity un-
derstanding. Achieving this level of knowledge would necessitate an exhaustive, multi-temporal assessment, extending 
to a detailed comprehension of biotic interactions, trophic links, and all other definable elements of diversity, including 
the full extent of a site's latent potential. 

While achieving a truly complete state of Bright diversity is arguably an unreachable aspiration for most ecosys-
tems, given their inherent complexity and the amount of data required, its pursuit provides a clear directional goal for 
biodiversity science. As an example, progress towards Bright diversity involves a multi-pronged and integrated ap-
proach, involving, among others: 

(1) Multidimensional Integration: This goes beyond simply compiling species lists. It entails actively bridging diverse 
datasets, for instance, linking detailed species occurrence records with comprehensive trait databases to understand 
functional roles, or integrating genetic data to unravel cryptic diversity and population connectivity [32]. It also 
critically involves incorporating the inferred components of dark diversity, derived from ecological niche models 
or co-occurrence patterns, to build a complete picture of a site’s potential biodiversity [17].  
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(2) Deep Ecological Characterization: Beyond mere biodiversity components, a Bright diversity assessment demands 
a profound understanding of the intricate organismal interactions that define an ecosystem. This includes mapping 
complex food web structures, identifying key predator-prey relationships, mutualisms, and competitive dynamics 
[33]. For instance, knowing the full network of plant-pollinator interactions in a meadow or the cascading effects 
of top predator reintroduction in a wilderness area is crucial for this level of understanding. This also extends to 
evaluating the equilibrium and stability of the ecosystem, understanding how resilient it is to disturbances and how 
quickly it can recover, often reflected in the redundancy of functional traits or the robustness of interaction net-
works [34]. 

(3) Methodological Rigor and Technological Advancement: Progress towards Bright diversity relies on combining 
extensive field observations with cutting-edge technologies and analytical methods. This includes sophisticated 
remote sensing for mapping habitat structure and productivity across vast scales [35–37], advanced molecular data 
analysis (e.g., environmental DNA for detecting elusive species or assessing microbial diversity) [38], and complex 
ecosystem modeling that can simulate ecological processes and predict responses to environmental change [39]. 
When applied across appropriate temporal scales, from short-term monitoring to long-term ecological research, 
these methods offer increasingly granular and comprehensive data. 

(4) Interdisciplinary Synthesis: Realizing Bright diversity necessitates merging ecological data with broader biogeo-
graphic, socio-environmental, and management perspectives. This involves understanding the historical human 
impacts on biodiversity [40], the influence of land-use change [41], and the socio-economic drivers affecting con-
servation efforts [42]. It means integrating data on ecosystem services [43], functional ecosystem processes (e.g., 
primary productivity, nutrient cycling) [44], and measures of ecosystem stability [45] to gauge the overall health 
and functionality of the system. 

In practical terms, progress towards Bright diversity is evidenced by decision-relevant outputs: AI-assisted detec-
tion and identification pipelines (e.g., camera-trap image analysis and automated plant recognition) that broaden taxo-
nomic coverage and quantify classification uncertainty; big-data integration from citizen science and remote sensing 
that increases spatial and temporal resolution while correcting sampling bias; and explicit linkages to ecosystem-service ap-
praisals (carbon storage, pollination, water-flow regulation) in which knowledge sufficiency is reported alongside service 
estimates and used to guide no-regret actions and precautionary rules where uncertainty is high. 

The “Bright diversity” concept, thus, suggests not only that the components of biodiversity are known but also that 
their roles, interactions, and dynamics across scales are comprehensively understood. While constrained by significant 
logistic, epistemic, and financial barriers, Bright diversity assessments remain essential for guiding systematic conser-
vation planning, developing robust monitoring frameworks, and informing natural capital accounting. Even if never 
fully achieved, the pursuit of Bright diversity provides a clear directional goal for biodiversity science, pushing the 
boundaries of what is known and understood. 

2.3. Grey Diversity: The Domain of Partial Knowledge 

In between the unseen potential of Dark diversity and the comprehensive clarity of Bright diversity falls the vast 
conceptual middle ground termed Grey diversity. This critical zone represents the reality of most real-world ecological 
assessments: the diversity that can be observed and quantified, but only partially and often with considerable uncertainty. 
Grey diversity captures the fragmented understanding that arises from inherent data limitations, methodological con-
straints, and incomplete theoretical integration. The crucial bridge connects the theoretical minimum to the aspirational 
maximum of biodiversity knowledge. While Zinchenko et al. [46] formalized Grey Diversity as species observed with 
low habitat suitability, a broader and more comprehensive interpretation is proposed here. In this framework, Grey 
Diversity is precisely that epistemological gradient extending from the inability to detect or observe certain diversity 
components (approaching Dark Diversity) to complete, integrated knowledge (approaching Bright Diversity). It is the 
domain of partial knowledge: species that are known but poorly understood, habitats that are sampled but inadequately 
characterized, and ecological interactions that are recognized but not fully quantified. This zone of uncertainty signifies 
where knowledge is fragmented, incomplete, or primarily inferred rather than directly observed, and crucially, where 
the absence of comprehensive data should never be mistaken for an absence of diversity. This expanded view of Grey 
diversity allows for effectively mapping and contextualizing biodiversity information across landscapes. 
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3. Grey Diversity as Spatial Epistemology: Operationalizing Uncertainty 

The concept of Grey Diversity represents the pervasive state of partial knowledge in biodiversity assessment, 
bridging the unseen potential of Dark Diversity with the comprehensive clarity of Bright Diversity. This critical middle 
ground, where information is fragmented, incomplete, or inferred rather than directly observed, constitutes the primary 
domain for practical ecological inquiry and conservation action [15]. To effectively navigate this complex informational 
landscape, it is essential to operationalize Grey Diversity, transforming its inherent uncertainties into actionable insights. 
In practical terms, operationalization entails making the status of knowledge itself measurable and comparable across 
space and taxa, so that uncertainty becomes a mapped attribute rather than an implicit assumption.  

A powerful analogy for understanding Grey Diversity in an operational context can be found in the domain of 
remote sensing, particularly in the interpretation of digital numbers (DNs) recorded by satellite sensors. A DN is not a 
direct measurement of a biophysical variable but a relative value reflecting electromagnetic energy [47]. The transfor-
mation of these raw values into actionable information (e.g., Normalized Difference Vegetation Index (NDVI), land 
cover classification) requires sophisticated modeling, calibration, and ground truthing [48]. Similarly, in biodiversity 
science, raw species records, functional traits, and phylogenetic data are often akin to DNs: they are raw, relative, and 
context-dependent. For instance, a region with few but exceptionally well-studied taxa may possess a higher epistemic 
resolution than one with many recorded species but scarce ecological or contextual data. Thus, Grey Diversity, much 
like DNs, represents a potentiality, or, in other words, a space for transformation, interpretation, and inference, enabling 
the mapping of knowledge and its limitations. Extending the analogy, just as radiometric/atmospheric corrections and 
field validations convert DNs into biophysically meaningful products, Grey Diversity requires explicit preprocessing 
of biodiversity evidence, e.g., quality metadata, calibration against independent data, and transparent modelling choices, 
to yield interpretable knowledge layers. Accordingly, a synthetic Knowledge Completeness Index can summarize the 
sufficiency of evidence for each cell or site, while preserving the underlying components for scrutiny and replication.  

Adopting this expanded definition of Grey Diversity allows for the conceptual and practical development of epis-
temic cartographies [49]. These are spatial representations that visualize not only the extent of our biodiversity 
knowledge but also its intensity, reliability, and the distribution of remaining uncertainties across landscapes. Such 
cartographies can incorporate several complementary dimensions of ecological information, each contributing to a more 
nuanced understanding of knowledge gaps. Key diagnostic indicators include sampling coverage, the temporal “vintage” 
of records, spatial bias diagnostics (e.g., distances to sampling nodes or accessibility proxies), taxonomic/identification 
uncertainty, and model-based uncertainty; together, these indicators define positions along the Grey-diversity gradient 
and can be reported as standalone layers and as part of the Knowledge Completeness Index. In parallel, transparency 
layers that explicitly label what is known, unknown, and uncertain make the evidentiary basis auditable for management 
purposes. At present, AI and machine learning, together with globally available datasets spanning multiple facets of 
biodiversity, contribute substantially at three complementary levels: (i) data intake (de-duplication, taxonomic recon-
ciliation, automated quality flags); (ii) inference (ensemble models with calibrated probabilistic outputs and explicit 
uncertainty quantification); and (iii) bias correction (effort-aware sampling models and synthetic-data augmentation), 
each of which feeds the Knowledge Completeness Index and enhances the reliability of epistemic cartography. 

The development of these epistemic maps of Grey Diversity must systematically account for the inherent uncer-
tainties in biodiversity data, which fundamentally stem from nature’s complexity and dynamics. Just as measuring any 
complex phenomenon with absolute precision is impossible [50], every biodiversity measure carries an associated, often 
unknown, measurement error [51,52]. Therefore, mapping biodiversity distributions necessitates quantifying and visu-
alizing this uncertainty [15]. These key sources of uncertainty include the inherent complexity of species distributions, 
where biodiversity patterns are outcomes of dynamic ecological, evolutionary, and historical processes varying across 
scales [53], such as population dynamics, environmental adaptations, dispersal capacity, and landscape complexity [54–
56]. While challenging to quantify directly, models attempting to capture these complexities inherently produce uncer-
tainty that can be effectively mapped [57]. Crucially, uncertainty should be propagated through the entire inferential 
chain—from data acquisition to modelling and prioritization—so that decision outputs carry explicit ranges and sensi-
tivity to modelling choices. Another significant source of uncertainty stems from the quality of available data: biodi-
versity information, particularly from natural history collections and global networks, often exhibits patchy distributions, 
incompleteness, and spatial or temporal biases [58–61]. These biases manifest as inaccuracies, such as incorrect taxo-
nomic identifications or incomplete labeling, which can lead to erroneous distribution predictions [62]. Spatial biases 
are also common, as survey efforts have historically concentrated in easily accessible areas, politically stable regions, 
or near research centers, resulting in high inventory completeness in some locales but severe under-sampling elsewhere 
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[16,59,63,64], often creating a “distance-decay” of knowledge from well-sampled regions [63,65]. Furthermore, tem-
poral biases from older specimens may misrepresent current distributions due to recent landscape, land cover, or climate 
changes [66]. Finally, limitations of the measurement system itself contribute to uncertainty: field surveys and taxonomic 
identifications, despite their critical role, are subject to biases influenced by data collectors’ preconceived views or experience 
[52,67]. To mitigate these issues, a structured audit and quality-weighting of data sources is required prior to modelling or 
prioritization, integrating multiple streams of evidence (occurrence records, traits, phylogeny, remote-sensing proxies, tar-
geted surveys, citizen-science repositories, and eDNA datasets) while documenting assumptions and reliability.  

Collectively, these tools enrich traditional biodiversity mapping by introducing a critical and often overlooked 
dimension: the sufficiency and quality of underlying data. By doing so, they support more informed and cautious con-
servation planning, which acknowledges not only what is empirically known but also what remains hypothetical, un-
certain, or entirely unexplored. In this light, Grey Diversity emerges as a strategic and epistemological framework for 
guiding research priorities, optimizing biodiversity monitoring, and identifying locations where protective actions are 
urgently needed, even in the absence of complete data. In these areas where undetected potential may conceal richness, 
conservation efforts may yield the greatest returns. Operationally, this translates into a coherent flow that begins by 
defining objectives and governance constraints and proceeds through the auditing and weighting of data, the computa-
tion of epistemic indicators and the derivation of an epistemic cartography, before integrating these layers with observed 
diversity, expectations about dark diversity, pressures and risks, and ecosystem-service stocks and flows, ultimately 
supporting deliberation with uncertainty-aware outputs that are periodically updated as new evidence accrues. At each 
step, confidence intervals and data provenance are recorded, enabling ecosystem-service models to weight inputs by 
knowledge sufficiency and to flag areas where precautionary rules or additional monitoring are warranted.  

4. Towards a Full Spectrum of Biodiversity Knowledge Colors 

The “Shades of Grey” framework presented in this commentary offers an alternative lens through which to view 
biodiversity assessment, defining a continuum from the unobserved potential of Dark diversity to the comprehensive 
understanding of Bright diversity, with Grey diversity embodying the pervasive state of partial knowledge that charac-
terizes most real-world ecological data [68]. This epistemological approach provides a powerful heuristic tool for eval-
uating the clarity, completeness, and uncertainty inherent in biodiversity information, thereby supporting more strategic 
research and conservation actions. Beyond a heuristic, it also serves as an operational scaffold for making knowledge 
itself observable: uncertainty can be rendered explicit, located, and compared through transparent indicators and spatial 
layers, so that decisions are informed not only by what is known but also by how well it is known. However, further 
research is essential to deepen the understanding of this framework and its future direction. This includes a more rigor-
ous definition of the specific elements and metrics that contribute to assessing and evaluating each of the “colors” of 
diversity across various contexts. Developing standardized methods for quantifying the boundaries and transitions 
within the Dark-Grey-Bright spectrum will be crucial for its practical application.  

Further extending the remote sensing analogy previously defined, the current epistemological approach outlined 
here provides a ‘panchromatic’ view of biodiversity knowledge [69]. This generalized perspective spans different di-
mensions, indicating where our understanding is limited or robust. However, much like a panchromatic image provides 
high spatial detail across a single, broad spectral range but no distinct spectral (color) differentiation [70], this initial 
framework offers a foundational, albeit unified, perspective. The true usefulness of this framework will emerge when 
we can define distinct “bands of biodiversity knowledge”, analogous to the multispectral bands in remote sensing. For 
instance, one could develop separate measures of knowledge for phylogenetic diversity, functional diversity, ecosystem 
diversity, or genetic diversity. Once these individual knowledge layers are precisely defined and quantifiable, it will be 
possible to combine these various “bands” to create an entire spectrum of knowledge colors for biodiversity.  

Operationalizing multispectral view of biodiversity knowledge has immediate consequences for applied conserva-
tion and impact assessment: in Environmental Impact Assessments and biodiversity offsetting, for example, mapping 
Grey diversity can help in avoiding the false equivalence between “absence of evidence” and “evidence of absence”, 
strengthens baselines under the mitigation hierarchy and No Net Loss/Net Gain policies, and prioritizes monitoring or 
restoration where knowledge is most incomplete and dark diversity suggests latent potential [71]. In this sense, distinct 
bands of biodiversity knowledge, rather than generic “bands of diversity”, can be combined to create a spectrum of 
biodiversity-knowledge colors that makes the evidentiary basis auditable and comparable across regions. This advanced 
approach would yield a truly multidimensional understanding, revealing not just the overall “shade of grey” for a given 
area, but the specific “colors” that define the depth and type of our knowledge across the myriad facets of life. In 
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conclusion, policy and management should be accompanied by maps of knowledge alongside maps of biodiversity; 
Grey diversity should therefore be recognized not as a flaw but as the natural substrate of decision-making under partial 
information; and progress toward Bright diversity can be tracked with measurable markers—such as facet coverage, 
interaction knowledge, and temporal depth—underpinned by transparent reporting and periodic updates as new evi-
dence accrues. 
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