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Abstract

Although central reference units in biology, taxa remain difficult to integrate coherently
across scientific and digital frameworks because they are repeatedly created, destroyed, or
redefined through taxonomic revisions. To address this problem, we develop a conceptual
and ontological analysis of taxonomic practice that distinguishes taxa from biological lin-
eages, phylogenetic clades, names, and individual taxonomic treatments. We show that
a taxon is a historically continuous object of knowledge instituted by a formal taxonomic
act, whose identity is carried by a taxonomic temporal string, whose changing content
is its taxonomic substance, and whose published interpretative history is its taxonomic
trajectory. This framework is constrained by empirical properties of taxonomic practice,
including persistence, historical continuity, irreversibility, revisability without destruction,
traceability, and variable operability through time. Within this model, splitting, lump-
ing, synonymy, and redefinition are interpreted as redistributions or reconfigurations of
taxonomic substance rather than the creation or destruction of taxon identities. The frame-
work also clarifies the articulation between taxonomy, phylogeny, and biological data by
separating stable reference objects from the hypotheses that inform them. Because taxa
originate only through unique code-compliant formal acts, they are intrinsically suitable for
persistent identifiers (PIDs), enabling unambiguous and interoperable digital integration of
systematic knowledge for biodiversity.

Keywords: taxonomy; taxon ontology; classification; temporal continuity; persistent
identifier; interoperability; digital infrastructure

1. Introduction

Across all the life sciences, systematics provides the general framework for describing,
organising and communicating about biological diversity, within which taxonomy consti-
tutes its foundational conceptual infrastructure. Drawing on phylogeny, which informs
the structuring of biological groups, taxonomy provides the reference units necessary for
the organisation, comparison, and transmission of knowledge about biological diversity.
Yet, in the era of digital infrastructures, taxonomy is confronted with a growing paradox:
while it is indispensable as a reference framework, it remains difficult to make operational
in contemporary information systems.

This paradox is mainly attributed to the presumed instability of taxa. Changes in
circumscription, synonymies, splits, mergers, and successive reinterpretations are invoked
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to support the idea that taxa are objects that are too dynamic, too dependent on biological
hypotheses and available data, to be persistently referenced. This perception has encour-
aged the development of frameworks based on potential taxa, or contextual instantiations
of the taxon, in which taxonomic entities are continuously reconstructed from data, to the
detriment of their conceptual stability.

But is this diagnosis well founded? What if the current operational difficulties of
taxonomy did not result from an intrinsic instability of taxa, but from an inadequate
conception of their ontological nature? The taxon is indeed still frequently confused with
its mere name, or treated either as a classical semantic concept defined by intension and
extension, or as a biological entity directly deduced from the evolution of individuals
into natural biological groups assumed to pre-exist their scientific recognition. This long-
standing confusion between genealogical individuals and phylogenetic entities has been
rigorously analysed by Zaragtieta (2011) [1], who showed that the notion of an identifiable
ancestral individual is both inaccessible and conceptually irrelevant in systematics, and
that only hierarchical taxa constitute coherent entities in phylogenetic reasoning. All these
assimilations rely on intellectual shortcuts, already identified and denounced in Bourgoin
et al. (2021) [2], which lead to ontologically truncated and epistemologically sterilizing
conceptions of the taxon.

Within these simplified frameworks, the taxon is implicitly reduced to a punctual
state of knowledge, i.e., to whatever is currently asserted about it at a given moment: its
extension (circumscription), its intension (diagnosis and rank), and its then-accepted name
and usages. Such a reduction obscures a fundamental and empirically observable property
of taxonomic systems: once a taxon has been formally established as a taxonomic unit, its
existence is never called into question, even when its biological interpretation, content,
circumscription, diagnosis, classificatory placement and accepted name undergo profound
revisions. Taxa persist through time as reference entities, independently of the successive
epistemological accesses and interpretations through which they are apprehended. This
persistence, although implicit in taxonomic practice and consistently observed in taxonomic
history, remains largely unformalised at the conceptual level.

We have recently shown (Bourgoin et al., 2021) [2] that the taxonomic triptych consti-
tutes the minimal operational framework that is indispensable, and practically sufficient,
for handling a taxon as a data object in digital environments: enabling unambiguous iden-
tification, comparison of usages, database structuring, and interoperability. The present
work completes its conceptual scope by making explicit the ontological foundation of
this object, and by formally distinguishing the persistent identity of the taxon from its
interpretative states.

In this article, we propose to requalify the taxon as a historically continuous entity of
knowledge, which we conceive as a taxonomic temporal string, and which we describe, in
taxonomic practice, as a taxonomic trajectory. A taxon is neither a fixed concept nor a direct
biological entity, but a scientific object whose identity unfolds through time, from its initial
act of formalisation to its successive revisions. Its definitions, circumscriptions, and usages
constitute interpretative states situated along this trajectory, without ever exhausting or
calling into question its existence. This reconceptualisation operates a decisive ontological
shift: the taxon ceases to be an unstable semantic object and becomes a historical object
of knowledge. As a direct consequence, the taxon acquires a fundamental property that
has until now been largely denied: it is intrinsically eligible for persistent identification by
persistent identifiers (PIDs). The attribution of a persistent identifier does not freeze the
taxon; it anchors its continuous existence, while leaving intact the interpretative dynamics
that characterizes taxonomic research.
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We show that this conception makes it possible to coherently resolve the difficulties
traditionally associated with splits, mergers, and synonymies, by interpreting them as
redistributions of knowledge among taxonomic trajectories, rather than as creations or
destructions of taxa. It also makes possible a rigorous articulation between taxonomy,
phylogeny, and information systems, by clearly distinguishing the stability of reference
objects from the variability of their interpretations.

The objective of this article is threefold. First, to clarify the ontological nature of the
taxon as a taxonomic temporal scientific entity from an explicitly operational and digital
perspective, without addressing the biological nature of species or providing a precise
technical implementation protocol. Second, to demonstrate that this clarification constitutes
the minimal conceptual foundation for the attribution of persistent identifiers to taxa. Third,
consequently, to enable the full and definitive integration of taxonomic, phylogenetic and
occurrence data within contemporary biodiversity information infrastructures, in line with
FAIR principles.

2. Results
2.1. Clarification of Taxonomic Objects

- Primary data in taxonomy. Specimens, their occurrences, their molecular sequences,
and more generally all biological data associated with them constitute the empirical
foundation of primary data in evolutionary biology. These are material or observa-
tional objects from which hypotheses are formulated about biological diversity, its
structures and its relationships. These data belong to a distinct descriptive and ana-
lytical register (primary data level). They support morphological, genetic, ecological
or phylogenetic hypotheses, but do not in themselves constitute units of classifica-
tion. Assimilating primary data (in particular specimens) to taxa amounts to shifting
taxonomic reasoning to a different analytical level: a specimen may serve as evi-
dence for a species hypothesis, but it is not, in itself, a species, nor, more generally, a
taxonomic object.

- Taxa and the taxonomic triplet. Taxa belong to a register distinct from that of primary
data: that of formalised units of knowledge. A taxon is neither a raw empirical object
nor a simple linguistic label reduced to its name. It exists as an operational scientific
object only when it is formalised according to a minimal operable structure (Bourgoin
et al., 2019) [3], defined later as the taxonomic triplet (Bourgoin et al., 2021) [2]:

(1) an extension, defining the content of the taxon (subordinate taxa, specimens,
and their associated biological characteristics) as documented by primary data;

(2) an intension, corresponding to the set of characters, relations or criteria allow-
ing its diagnosis and its insertion into a classificatory hierarchy.

©)) a name established in accordance with applicable nomenclatural conventions
and codes, constituting the only formally regulated component;

This triplet does not define a fixed essence, but a formal structure that makes the taxon
manipulable as a scientific object. It therefore becomes essential to clearly distinguish:
(1) the taxon as a formalised entity, (2) particular taxonomic usages (taxonomic usages,
secundum), and (3) the supposed biological entity that these usages seek to apprehend.
Confusion between these levels constitutes one of the major sources of conceptual instability
in taxonomy.

- Taxonomy and operational classification. Extension, intension and name define
the object and the scope of taxonomy, which takes charge of grouping, structuring
and naming taxa. A taxon’s extension corresponds to the set of entities it groups,
together with the associated evidential record by which those entities are documented:

https://doi.org/10.3390/d18040205


https://doi.org/10.3390/d18040205

Diversity 2026, 18, 205

40f24

specimens, occurrences, and character observations (morphological, molecular, etho-
logical, ecological. Its intension selects from this record the characters interpreted
as informative for diagnosis and placement, thereby linking the taxon to a parent
taxon. In this sense, intension grounds classification and hierarchy: assigning a parent
taxon is an act of classification, and fitting that link into a coherent system yields an
explicit hierarchy. Naming then provides the handle by which the taxon is addressed
and communicated.

Taxonomy thus translates biological diversity into communicable, cumulative and
comparable units of knowledge. The resulting classification is not a passive representa-
tion of the natural world, but an operational tool (operational classification), intended
to structure information, facilitate scientific communication and allow the accumulation
of knowledge.

A recurrent confusion lies in the abusive aggregation of identification and description,
two conceptually distinct operations. Identification links an empirical object to a previously
described taxon, whereas description contributes to defining, refining or revising that taxon
within a hierarchical classification. Assimilating these two levels leads to attributing to data
or to acts of identification a classificatory role that they cannot assume, and fuels faulty
intellectual shortcuts (Bourgoin et al., 2021) [2].

Taxonomic classification moreover has its own constraints: minimal stability, inter-
nal coherence, readability and transmissibility. These constraints cannot be reduced to
evolutionary relationships alone; they result from a methodological compromise between
biological information, historical inheritance and operational efficiency. Classification is
thus a product of taxonomy, not an automatic by-product of other disciplines; it is not a
given framework, but the cumulative product of successive intensions.

- Phylogeny as a distinct register. Phylogeny, for its part, constitutes a distinct register
of knowledge, focused on the hypothetical reconstruction of evolutionary relation-
ships among clades. It relies on its own methods and aims to produce explanatory
hypotheses about the history of life, generally in the form of dichotomous tree-like
structures. Today, it represents a major source of information for taxonomy, but it is
neither conceptually nor functionally equivalent to taxonomic classification.

A phylogenetic reconstruction does not in itself constitute an operational taxonomic
classification, but a phylogenetic hypothesis expressed in classificatory form. It proposes
a phylogenetic classification based on evolutionary relationships among lineages, but it
does not in itself determine the rank of groups, their names, or the stability of their usage.
Assimilating phylogeny and classification amounts to superimposing two distinct registers
and imposing on taxonomy constraints that do not pertain to its purpose.

Contemporary taxonomic conflicts largely emerge from the confusion between primary
data, taxa, classification and phylogeny. Clarifying the nature of the objects being handled
and the domain of validity of each register constitutes an indispensable prerequisite for
any coherent reflection on the stability, dynamics and operability of taxa.

2.2. The Taxon: Neither a Concept nor a Biological Entity

- The taxon cannot be reduced to a concept. In a classical sense derived from logic and
analytic philosophy, a concept relies on stable definitions of intension and extension
to ensure its identification and use. This definition assumes that a concept can be
grasped at a given moment through a set of determining properties and a clearly
circumscribed domain of application.

The taxon does not satisfy these conditions. Its intension and extension are neither
fixed, nor closed, nor cumulatively stabilized at a given moment. They evolve through
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revisions, changes in diagnosis, adjustments of circumscription and successive biologi-
cal interpretations. A taxon therefore cannot be defined by a “complete” extension and
intension without being immediately contradicted by its own historical dynamics.

Reducing the taxon to a single classical logical concept, defined synchronically by
intension and extension, amounts to applying to it an inadequate framework, which artifi-
cially freezes what in fact pertains to a cumulative and historical process. This reduction
mechanically leads to considering the taxon as unstable, incomplete or provisional, since it
does not meet the criteria of stability expected of a logical concept. The taxon is not a “bad
concept”; it is not a concept in the logical sense of the term.

- The taxon cannot be assimilated to a biological entity. Taxa are often treated as if they
were pre-existing natural lineages that taxonomy merely discovers, names, and reflects.
This assimilation is problematic not because biological groups lack reality, but because
taxonomic existence cannot be reduced to biological continuity alone. Biological
entities are embedded in evolutionary processes whose continuity, by itself, does not
provide taxonomic boundaries, names, or classificatory status. By contrast, a taxon
comes into being through a formal act of recognition, is named in accordance with
applicable nomenclatural conventions and codes, and persists as a unit of reference
independently of ongoing biological transformations and reinterpretations.

This distinction becomes especially clear in cases of rank change. Such changes must be
interpreted at the level of the taxonomic object, not at the level of the underlying biological
referent or of phylogeny alone. As already shown [2], taxonomic intension is inseparable
from classificatory contextualisation: the defining properties of a taxon depend not only on
its content, but also on its position within a classificatory framework. Rank is therefore not
treated as a secondary or dispensable classificatory label, but as a constitutive dimension of
the taxon itself, inseparable from its formal recognition and classificatory contextualisation.
A taxon recognized at one rank is therefore not strictly the same taxonomic object as
a taxon recognized at another rank, even when strong continuity remains in biological
content, nomenclatural history, or usage. Thus, a subspecies and a species may retain
important continuities while still constituting distinct taxon-level reference objects; the
same logic applies to the elevation of any supraspecific taxon to a higher rank. What may
remain continuous through such changes is not necessarily the taxon itself, but elements
of its content, usage, or nomenclatural history. Changing rank modifies not only the
nomenclatural expression of the taxon, but also its intensional definition.

The relationship between biological entities and taxa is therefore always mediated
by hypotheses, interpretative choices, and classificatory conventions. Recognizing this
mediation does not deny the existence of natural evolutionary groups, but acknowledges
that taxonomy operates at a distinct level, where such groups are stabilized, named, and
rendered operational as reference units. Everyday taxonomic practice often conflates
continuity of the biological referent, continuity of nomenclatural history, and the identity of
the taxon as a formally recognized object of knowledge. Yet assimilating the taxon directly
to a biological entity amounts to denying this mediation and to conflating biological
continuity with taxonomic identity. Such assimilations have been shown, within a cladistic
framework, to generate logical inconsistencies, including infinite regress and systematic
paraphyly [1]. This distinction is not only conceptually necessary, but also practically
decisive if taxonomy is to enter the digital world as a fully interoperable data domain: the
biological and informational registers must be explicitly separated if taxonomic data are to
interact coherently with other knowledge corpora, whether within biodiversity science or
in domains beyond biology, such as spatial planning, conservation policy, or environmental
regulation [4,5].
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- Historical continuity and irreversibility of the taxon. Unlike concepts and biological
entities, taxa exhibit a distinctive property: irreversible historical continuity. Once
validly established, a taxon definitively enters the taxonomic corpus. It may be
reinterpreted, renamed, displaced, placed in synonymy or subdivided, but its past
existence is never annulled.

This irreversibility is an empirical fact of taxonomic practice, although it has rarely
been formalised conceptually. No mechanism exists to retroactively “erase” a taxon from
the history of taxonomy. Even when a taxon is regarded as invalid, erroneous or redundant,
it remains a referenced entity, cited and integrated into subsequent taxonomic reasoning,
and may be resurrected.

This persistence radically distinguishes the taxon from logical concepts, which can be
abandoned, and from biological entities, which can disappear. These considerations lead to
a first, straightforward conclusion: the taxon cannot be understood either as a semantic
concept or as a biological entity, but as a historical scientific object.

The taxon thus ceases to be an unstable semantic object (e.g., a reference entity)
dependent on provisional definitions, and becomes, ontologically, a unit of knowledge
endowed with its own continuity, independent of its successive interpretative states. As
such, it must necessarily be recognized as bearing the following fundamental properties, as
they are mobilized in taxonomic practice:

1.  Identity persistence. Once formalised by a valid taxonomic act, a taxon retains its
identity throughout scientific time through successive revisions of its content, usage,
and interpretation. This persistence does not apply, however, when a subsequent
taxonomic act institutes a distinct taxonomic object, notably through a change of rank.

2.  Historical continuity. A taxon is embedded in a cumulative history that begins with
its act of formalisation and extends through all subsequent reinterpretations, without
being recreated at each revision.

3.  Irreversibility. No mechanism exists to retroactively erase a taxon from the history of
taxonomy: even when judged inadequate or redundant, it remains a referenced entity
that can be mobilized in later reasoning.

4.  Revisability without destruction. The extension and intension of a taxon (the latter
including its classificatory position) may be profoundly revised without calling into
question its existence as a taxonomic object. A change of rank, by contrast, constitutes
a distinct taxonomic act resulting in the institution of a new taxon, while the original
taxon persists.

5. Persistence across biological reinterpretation. The biological hypotheses (morpholog-
ical, genetic, ecological, phylogenetic) used to support, interpret, or place a taxon may
be revised, replaced, or abandoned, without the taxon ceasing to exist as a taxonomic
reference object.

6. Traceability and operability. The uses, redefinitions and transformations of a taxon,
as well as its time-specific operability, are intrinsically traceable through scientific time,
as they can be dated, attributed to authors, and linked to a single reference object.

Taken together, these properties are incompatible with any strictly synchronic concep-
tion of the taxon. They require it to be conceived not as a punctual state of knowledge, but
as a scientific object embedded in time.

2.3. The Taxon as a Temporal Trajectory: Ontological Reconstruction

Zaragiieta (2011) [1] established that taxa persist as hierarchical entities independently
of ancestral individuals; the present framework extends this result by explicitly requalifying
this persistence as a temporal property, carried by a historically continuous reference entity.
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Before developing this ontological reconstruction, it is therefore necessary to clarify the
distinct registers involved and the meaning of the key terms used throughout this paper.

- Biological lineage (BE-lineage): a lineage is a non-formal grouping of biological
entities identified within a phylogenetic framework as forming, in a first analytical
approximation, a coherent evolutionary unit. Its content remains provisional and
potentially revisable, as neither its monophyly nor its exact limits are assumed to
be definitively established. Paraphyly is explicitly tolerated at this stage, whereas
polyphyly is excluded by definition. A biological lineage has no taxonomic status, no
rank, and no nomenclatural standing; it used to organize and track hypotheses, and
to guide subsequent taxonomic decisions. In some recent taxonomic revisions, such
BE-lineages have been explicitly recognised to document evolutionary structure while
deliberately postponing formal taxonomic acts, as a methodological choice aimed at
disentangling biological inference from taxonomic formalisation [6-9].

- Clade: a clade is a phylogenetic construct corresponding to a set of biological entities
inferred, on the basis of explicit characters and models, to descend from a common
ancestor within a reconstructed phylogeny. A clade is defined by its position in a
phylogenetic hypothesis (i.e., a node and its descendants), not by a name, a rank, or
a taxonomic act. As such, a clade is hypothesis-dependent, model-dependent, and
revisable; it has no intrinsic nomenclatural or taxonomic status and does not, by itself,
constitute a taxon.

- Taxon: a taxon is a formally instituted taxonomic reference object, established through
an explicit taxonomic act that assigns a name, a rank, and a position within a classifi-
cation. Such founding acts are defined by the relevant nomenclatural codes (ICZN,
ICN, ICNP), whose procedural differences govern the code-compliant formalisation
of taxa and the standing of their names, but operate upstream of the persistent taxon
identity considered here.

A taxon does not correspond directly to a biological lineage or to a phylogenetic
construct; rather, it constitutes a historically continuous reference entity through which
biological lineages and phylogenetic hypotheses are interpreted, stabilised, and communi-
cated. Once instituted, a taxon persists as an object of reference independently of changes
in its taxonomic substance (e.g., circumscription, diagnosis, accepted name, and associated
taxonomic information) and independently of shifts in phylogenetic interpretation.

In this framework, objects inferred in phylogenetic analyses are treated as clades, not
as taxa. Throughout, we use taxon strictly in this restricted sense as a historical object
of knowledge.

- New definitions. In our framework, a taxon is treated as a historically continuous
object of knowledge. Its persistent identity is a taxonomic temporal string; its chang-
ing content through scientific time is its taxonomic substance; and the documented
sequence of taxonomic treatments through which this content is expressed constitutes
its taxonomic trajectory. The taxon is no longer a punctual state of knowledge, but
becomes a scientific object whose identity unfolds through scientific time from its
initial act of formalisation.

This approach imposes a strict conceptual distinction between the identity of the taxon
and the body of knowledge associated with it over time. We propose the following definitions:

Definition 1. (Taxonomic temporal string). A taxonomic temporal string is an ontological
reference object: a historically continuous object of knowledge, endowed with a formal origin (the
founding act of taxon formalisation) and a persistent identity. It underpins the taxon independently
of the variability of its successive interpretations.
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Definition 2. (Taxonomic substance). It is the corpus of taxonomic information associated with a
taxonomic temporal string. It includes extension-level evidence (specimens, occurrences, and obser-
vational record), intension-level content (descriptive and diagnostic statements for delimitation and
placement, including rank and classificatory position), and name-level, code-governed information
(accepted namels], synonymic relations, and other relevant nomenclatural acts and statuses).

Definition 3.
attributed sequence of all published taxonomic treatments associated with a given taxonomic temporal

(Taxonomic trajectory). The taxonomic trajectory is the ordered, dated, and

string through scientific time.

Definition 4. (Taxon). A taxon is a historically continuous object of knowledge that comes into
being through its formal establishment and persists through scientific time. As an ontological
reference object, it is a taxonomic temporal string; its changing content is documented as taxonomic
substance, and its interpretative history is documented as a taxonomic trajectory. Figure 1 provides
a graphical summary of these definitions.

PID,
Name N
[rank | Taxonomic temporal string
\ 4 >
PID,
Name N Taxonomic substance
rank Minimal operability evolving operabili
v @ cumulative knowledge retained @ ( & op )
B — e ) —
Splitting Taxonomic traitements Merging Taxonomic T. ‘
A A A A A acts ax.onomlc'
C \V4 \Y Y N ot trajectory
Tax. nov. Comb. nov. Syn. nov. Tax. rev. omencl atur:
\ acts

Scientific time

Figure 1. Graphical summary of the new ontological model of the taxon. (A), the taxonomic temporal
string (identity) persists through time. (B), the taxonomic substance is cumulatively retained as
a historical record (grey), while its time-specific operability varies through time (blue). (C), the
taxonomic trajectory corresponds to the dated sequence of published taxonomic treatments. Dotted
circles indicate time intervals in which the temporal string persists but the associated substance has
minimal operability, while remaining reactivatable by later treatments.

As a historical record, the taxonomic substance is cumulative: it is enriched by succes-
sive treatments and retains superseded, conflicting, or refuted states as part of the traceable
record. Its organisation is nonetheless revisable: components can be reconfigured, and
operative content may be redistributed between strings in splitting or merging, without
affecting the existence or identity of the temporal string(s) involved. At any given time,
taxonomic substance exhibits a level of operability (Figure 1B), i.e., the degree to which
it supports effective and workable taxonomic communication. Likewise, successive treat-
ments along a trajectory may be mutually inconsistent or coexist as alternative usages
without implying any split in the underlying temporal string.

Accordingly, taxon stability does not lie in the fixity of substance, but in the continuity
of the temporal string that carries identity. Taxonomic dynamics concern the redistribution
and reinterpretation of knowledge, not the creation or destruction of taxonomic objects
themselves. Confusing string and substance amounts to identifying the taxon with one
of its interpretative states, and artificially produces ontological instability; conversely,
recognising their dissociation makes it possible to understand how a taxon can be stable in
identity yet dynamic in content.
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- Suprafamilial taxa and nomenclatural regulation. The framework proposed here
applies to all formally instituted taxa, independently of rank. The degree of nomenclat-
ural regulation of taxa varies across Codes. In botanical nomenclature [10], names are
regulated at all ranks, including suprafamilial ones, whereas in zoology [11] regulation
formally stops at the superfamily level, and higher ranks rely on usage and convention.
In prokaryotic nomenclature, fixed lists further constrain taxon availability [12]. These
differences affect the normative conditions of taxon institution, but not the ontological
status of taxa as historically continuous reference objects within taxonomic practice.
Their taxonomic temporal string originates at the act of formal recognition, even when
this act is not governed by the same degree of nomenclatural constraint as species- or
lower familial-rank taxa in zoology.

Nomenclatural Codes thus do not create the ontological persistence of taxa, but
provide standardized and socially enforced mechanisms for instituting it. Where Codes
apply, they delimit the conditions under which a taxon can be formally instituted in
accordance with the applicable Code and the correctly formed name under which it is
recognized, but not the empirical or classificatory grounds on which it is established; where
they do not, the persistence of the taxon still results from the same empirical properties of
taxonomic practice: public institution, traceability, cumulative use and irreversibility. In
zoology, suprafamilial taxa therefore fully participate in the fabric of taxonomic temporal
strings, even when their formal anchoring relies on convention rather than codified rules.

2.4. The Taxonomic Space as a Fabric of Taxonomic Temporal Strings

A direct consequence of this distinction is a profound reconfiguration of taxonomic
space. It should no longer be conceived as an indefinite set of potential taxa instantiated
at each new state of knowledge, but as a structured fabric of distinct taxonomic temporal
strings, each corresponding to a formally established and historically continuous taxon.

Within this framework, taxonomic space becomes conceptually finite and address-
able. The number of strings corresponds to the number of taxa formally instituted under
the rules of nomenclatural codes, while taxonomic dynamics are expressed through the
transformation, redistribution and interrelation of their respective substances. Taxonomic
revisions do not add new reference objects at each step; they modify the distribution of
knowledge along already existing strings or, in the specific case of splitting, give rise to a
newly formalised string.

This structuring radically transforms the operability of taxonomy. Instead of manipu-
lating a multitude of unstable objects dependent on local states of knowledge, taxonomic
systems can then rely on an explicit and stable set of reference objects (taxonomic temporal
strings) to which dynamic properties are attached. Taxonomic complexity is not eliminated,
but displaced: it no longer concerns the identity of objects, but the traceable and cumulative
management of their states.

Thus understood, taxonomy ceases to be a conceptually open and operationally fragile
space. It becomes a domain structured around persistent objects that are clearly identifiable,
manipulable and interoperable—conditions necessary for its coherent integration into
contemporary digital infrastructures.

2.5. Epistemological Autonomy of Taxonomy as a Science of Taxa

The reconceptualisation of the taxon as a historically continuous unit of knowledge
entails a direct epistemological consequence: taxonomy can no longer be understood either
as a simple descriptive auxiliary reduced to the inventory of groups of organisms, or as a
technical by-product of the mechanical application of phylogenetic results. It constitutes
an autonomous scientific discipline, defined by its own object, the taxon, and by the
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specific operations it implements to formalise them, relate them and ensure their continuity
through time.

A different conception, however, widely disseminated, has contributed to obscure
this status. It is based on a continuous and atomistic reading of classification, in which
higher clades, species, populations, UTO, to even individuals, are conceived as units of
a single continuum, simply nested at different scales. In this perspective, the biological
relationships reconstructed by tokogeny and phylogeny are assumed to extend directly
into taxonomic hierarchy, as if a single ontological continuum linked organisms, clades
and taxa.

This reading relies on a doubly erroneous conceptual shift, partly originating from a
simplified interpretation of Hennig’s foundational figure [13]. His figure in fact allows a
double reading. At a first level, it represents tokogenetic relationships between individuals,
relating to biological transmission and material continuity. At a second level, the phylo-
genetic “Y” is superimposed on these individual relationships to reconstruct historical
relationships between lineages. These two levels nevertheless belong to distinct registers:
phylogeny does not extend tokogeny; it abstracts from it and conceptually superimposes
itself upon it. Above all, neither tokogeny nor phylogeny produces taxa in themselves. The
biological entities they describe are not taxonomic units. They have neither names, nor
ranks, nor operative status as cumulative reference objects. They belong to the biological
register, not to the taxonomic register.

A double confusion thus arises: on the one hand, from the erroneous assumption of an
ontological continuity between tokogeny and phylogeny, although they belong to distinct
and independent levels of reading; on the other hand, from the mistaken assimilation of
reconstructed biological entities to taxa. Such an assimilation erases the register break
between biology and taxonomy and reduces the latter to a simple classificatory projection
of phylogenetic results, at the cost of losing the taxonomic status of units, including rank as
a constitutive dimension of the taxon. The necessity of distinguishing tokogenetic, phy-
logenetic and taxonomic registers has been clearly established in cladistic theory, notably
by Zaragiieta (2011) [1], who showed that phylogenetic reconstruction does not, by itself,
produce taxonomic entities.

The framework proposed here clarifies this conceptual rupture by recognizing the
constitution of a taxon as a distinct scientific act and the taxon itself as a named, hierarchized,
historically constituted and persistent unit of knowledge, distinct both from biological
individuals and from the punctual hypotheses mobilized to interpret them (Figure 2).
Tokogeny and phylogeny provide indispensable biological hypotheses on the structure and
history of life, but they do not, by themselves, result in taxa. Phylogeny informs taxonomy;,
but does not replace it. Recognizing, maintaining, subdividing or relating taxa relies on a
specifically taxonomic reasoning, irreducible to automated phylogenetic inference. These
registers must therefore remain explicitly distinct: a name may be available or unavailable
under the Code; a biological or phylogenetic entity may be inferred or supported as a
hypothesis; a taxonomic object may be operative or non-operative within an information
system; and a taxon or its name may be accepted or not accepted in taxonomic practice.

Thus understood, taxonomy is a cumulative and operative science, whose purpose
is the construction and management of a stable reference space for all life sciences. The
persistence of its reference objects through scientific time does not contradict the revisability
of their interpretations, but rather constitutes the condition for cumulative knowledge.
Recognizing its epistemological autonomy is not an ideological stance, but the necessary
consequence of a rigorous definition of its object, its practices and its role as a common
foundation of biological sciences.
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Figure 2. Conceptual separation and articulation of biological, phylogenetic and taxonomic registers.
Tokogeny describes the relationships between unitary biological entities (a, b, c: individuals, colonies,
...) through evolutionary time; phylogeny reconstructs hypotheses of relationships among clades (A,
B, C) within the same temporal framework. At the biological level, open and filled circles represent
different character states of the unitary entities (respectively relatively plesiomorphic and relatively
apomorphic states) (modified from Hennig, 1966 [13]). Taxonomy operates in scientific (taxonomic)
time, instituting taxa as historically continuous reference objects through formal acts and associated
identifiers (PIDs). The articulation of aligned cognitive discontinuities across three distinct registers
underpins systematic reasoning without implying ontological continuity.

2.6. Toward an Operational Shift of Taxonomy in the Digital World: Taxa as Intrinsically
PID-Able Objects

Taxonomy constitutes the common conceptual foundation of all life sciences. Every
biological datum is ultimately attached to taxa, which serve as reference units to name,
compare, organize and discuss biological diversity.

Paradoxically, this central discipline remains today structurally poorly integrated into
contemporary digital infrastructures. Although taxa are omnipresent in scientific usage,
they lack a stable and explicit referential anchor. Taxonomy thus evolves in a form of digital
limbo, fragmented among names, contextual or local taxonomic concepts, competing usages
and heterogeneous interpretations, without a clearly identified and persistent reference
object, and within classificatory frameworks that are difficult to compare. Taxonomic revi-
sions, although constitutive of the discipline, then appear as ruptures rather than as stages
in a structured accumulation of knowledge. Taxonomy therefore struggles to fully fulfil its
role as a cumulative and transversal reference system for the other biological sciences.

This situation does not result only from a technical or institutional failure, but from
a shared conceptual lock, which affects even the major international biodiversity infras-
tructures. The Global Biodiversity Information Facility (GBIF) efficiently collects and links
occurrences, but remains dependent on external taxonomies and pragmatic backbones due
to the absence of taxa as persistent reference objects. The Catalogue of Life (COL) aims to
establish a global reference list, but is constrained to reduce taxa to sets of stabilized names,
limiting the integration of competing classifications from external Global Species Databases
(GSDs), which it cannot manage simultaneously. ZooBank, finally, occupies a central posi-
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tion as a nomenclatural registry, but remains focused on names and acts, precisely because
the taxonomic object itself has never been formally defined as a persistent entity.

These limitations are in fact convergent manifestations of a single blind spot: the
absence of a taxon explicitly defined as a historically continuous unit of knowledge, distinct
from names, usages and biological interpretations.

The digital fragility of taxonomy thus does not result from an intrinsic instability of
taxa, but from a persistent confusion about the very nature of the taxonomic object, too often
assimilated to its punctual definitions, variable circumscriptions or local usages. In the absence
of a clear ontological definition of the taxon as a historically continuous unit of knowledge,
any attempt at coherent digital anchoring necessarily remains artificial. The problem faced by
taxonomy is therefore not technical in nature; it is fundamentally conceptual.

- The PID as a referential anchor and operator of interoperability. A persistent identifier
(PID) is a unique, stable and resolvable digital identifier designed to unambiguously
reference an object of knowledge through time. Unlike a local identifier, a name
or a simple web address, a PID is designed to remain valid independently of the
technical, institutional or organisational evolutions of the systems that implement it.
In contemporary scientific infrastructures, PIDs play a fundamental role by making
objects of knowledge explicitly identifiable, enabling stable reference to them, linking
them together and integrating them into distributed information graphs.

For a publication, a DOI does not refer the scientific content of an article, nor its value,
nor its interpretation; it simply allows the same article to be persistently referenced despite
changes in its context, uses or metadata. By functional analogy with the DOI, a PID does
not replace the object; it makes its persistent existence operable. It does not encode the
content of the object it references, does not guarantee its scientific validity, completeness
or conceptual stability. It does not arbitrate between competing interpretations, does not
resolve controversies and does not confer any ontological or biological truth. A PID does
not freeze an object; it anchors it.

This distinction is central for taxonomy. The apparent failure of the “PID-isation” of
taxa does not result from an inadequacy of PIDs, but from a persistent confusion between
the object to be identified and its interpretative states. As long as the taxonomic object is
not clearly defined as a reference entity distinct from its punctual definitions, no persistent
identifier can correctly fulfil its role. The PID does not encode knowledge; it renders its
persistence operable.

- Taxa are PID-able. When defined as a historically continuous knowledge entity, a
taxon intrinsically satisfies all the properties required for persistent identification:

1. ithas a unique identity, acquired at the moment of its formal establishment and
independent of its punctual definitions;

2. it exhibits temporal persistence, a necessary condition for any durable reference;

3. itisindependent of its interpretative states, since its descriptions, diagnoses and
circumscriptions may evolve without affecting the object itself;

4. it is historically traceable, its usages and transformations being datable, at-
tributable and cumulative;

5. it is referentiable and mobilisable as a transversal anchoring point for data,
classifications and biological reasoning;

6. finally, it retains referential stability despite revisions, a sine qua non condition
for any persistent identification.

It therefore becomes clear that the properties required for the attribution of a persistent
identifier are not imposed externally on taxonomy: they are already constitutive of the
taxon, provided that it is correctly defined. This leads to a simple but decisive conclusion:
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it is not the PID that confers stability on the taxon; it is the recognition of the taxon as a
historically continuous knowledge entity that makes the PID possible and operable. The
PID exploits the stability of the taxon; it does not transform its nature, but renders its
intrinsic properties fully operational within digital infrastructures.

- Practical implementation of taxonomic PIDs. The attribution of a persistent identifier
to a taxon is based on a simple principle: a PID is associated with an object as soon
as that object acquires a public, irreversible and referentiable scientific existence. In
the case of taxa, this event corresponds to the valid act of taxonomic formalisation, in
which an initial circumscription (a content) and a classificatory intension (a definition
placing it within a classification) and a name are simultaneously assigned; this act
renders the taxon public and its existence irreversible as a unit of knowledge. This
founding act constitutes the origin of the taxonomic trajectory of the taxon and marks
the initial point of the taxonomic temporal string that carries its identity.

The taxonomic PID is assigned only once, at this founding moment. It persists through
any subsequent revision of the taxon, regardless of changes in name, modifications of
circumscription, or particular biological interpretations. These events correspond to succes-
sive interpretative states of the taxon that evolve, not to the creation of new objects.

Accordingly, the PID is neither versioned nor replaced, ensuring a clear separation
between:

e the existence of the taxon, anchored by the PID at the moment of its establishment;

e the evolution of its taxonomic substance, documented through successive taxonomic
treatments that are unambiguously attached to it, each dated, attributed and contextu-
alised, and associated with their own secondary identifiers.

The role of the nomenclatural Code is central in this framework. By strictly framing
the act of naming, it transforms a taxonomic proposal into a public and shared object
that cannot be retrospectively erased from scientific history. The Code does not define
the biological truth of a taxon; it makes its objectivation possible by instituting it as a
taxonomic unit. Persistent identifiers (PIDs) operate at this same level. They do not create
taxa nor define their trajectories, but mark their formal origin and make their intrinsic
persistent existence operational. A taxonomic PID anchors the identity of the taxon as a
reference object, not the biological hypotheses or classificatory relations associated with
it. Consequently, relations such as splitting or merging belong to taxonomic substance
and documented interpretative history, not to taxonomic identity itself. What persists is
therefore not biological truth, but the instituted existence of the taxon as a historically
constituted reference object.

In practice, implementing taxonomic PIDs therefore requires only a minimal and
explicit workflow. A registry records each taxon at the moment of its valid formal establish-
ment and assigns it a unique persistent identifier. The PID identifies the taxon as a persistent
object, while all taxonomic treatments are attached to it as versioned interpretative states.
No PID is created for names, diagnoses or circumscriptions taken in isolation. This min-
imal architecture is sufficient to ensure stability, traceability and interoperability. This
simple separation between a persistent taxonomic object and its evolving interpretations is
sufficient to make taxonomic PIDs immediately operational.

- Taxa, PIDs and taxonomic activities. Recognising the taxon as a historically continu-
ous knowledge entity makes it possible to reread the whole set of classical taxonomic
activities while deeply clarifying the meaning of taxonomic practice. These everyday
operations of the taxonomist (describing, revising, naming, synonymising, splitting or
merging) do not act on the existence of taxa, but on their taxonomic substance, that is,
on the body of knowledge historically associated with a given entity.
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Table 1 synthesises the correspondence between traditional nomenclatural and tax-
onomic acts and their ontological interpretation within the taxonomic temporal string
framework. It explicitly identifies which operations institute distinct taxon-level reference
objects, which reorganize the substance of existing ones, and which affect only names or
usages without ontological consequences for taxon identity.

Table 1. Correspondence between traditional taxonomic terms and acts and their ontological inter-
pretation. Within taxonomy, nomenclatural acts and name-status designations operate on names
and their code-governed standing, whereas taxonomic acts operate on taxa by creating new taxon
identities (taxonomic temporal strings) to which PIDs can be attached or by modifying, redistributing,
and relating their taxonomic substance. In this framework, each taxon is a historically continuous
object of knowledge (a taxonomic temporal string); its changing content through scientific time is its
taxonomic substance, and the ordered record of published treatments that instantiate this content
constitutes its taxonomic trajectory. Persistent identifiers (PIDs) attach to taxa (i.e., to taxonomic
temporal strings) once a taxon has been formally established under a nomenclatural code; they
do not identify names as such, nor individual treatments, but the taxonomic object instituted by
the code-compliant founding act. Subsequent nomenclatural changes and interpretative revisions
correspond to events or states along a trajectory, affecting substance and/or relations among strings.
Some terms correspond to single actions with effects at both nomenclatural and taxonomic levels.

Interpretation Within the

Taxonomic Acting Ontological Taxonomic Temporal Strin
Designation or Act Domains Effect on the Taxon P 8
Framework
Creation of a new temporal string
through a valid
Taxon novum Taxon identity New string taxonomic act; attribution of a new
/substance (+PID) PID;
founding treatment as original
trajectory event
Taxonomic revision New instantiation or reactivation of
Taxon identity Existing string (PID the taxonomic
(stat. nov./rev.) . .
/substance retained) substance of an existing temporal
(no rank change) . )
string; PID retained
Taxonomic revision (stat Creation of a distinct taxon-level
' Taxon identity New string reference object through recognition at
nov./rev.) . .
. /substance (+PID) a different rank; new temporal string
(with change of rank) - ! .
and new PID; original string persists.
Lo Taxon identity Existing string (PID TempOI."al string anc? PID Ye.lhd;
Taxon inquirendum . taxonomic substance insufficiently
/substance retained)
resolved
Taxon Taxon identity Existing string (PID Temporal string and PID valid;
incertae sedis /substance retained) classificatory position undetermined

Creation of a new temporal string and

- Taxon identity New string + PID for the
Splitting . : D .
/substance original retained segregated taxon; original string and
PID persist.
Redistribution of taxonomic substance
Merging Taxon identity Substance among
(resulting from lumping) /substance redistribution existing temporal strings; strings and

PID retained
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Table 1. Cont.

Interpretation Within the

Taxonomic Acting Ontological Taxonomic Temporal Strin
Designation or Act Domains Effect on the Taxon P 8
Framework
Nomenclatural act establishing a
priority or usage
. relation between names attached to
Synonymy Nomenclature Name relation across - L
. distinct temporal strings; may
(syn. nov.) and taxonomy strings . ;
accompany a reinterpretation and
redistribution of taxonomic substance;
PIDs retained
Nomenclatural conflict involving
Nomenclature Name conflict across lde.nt.l cal names .
Homonymy . attached to distinct temporal strings;
and taxonomy strings . _—
ontologically distinct taxa; PIDs
retained
Original name designation when a
. Nomenclature . taxon is formally
Basionym (founding act) New string (+PID) established; temporal string and PID
fixed at this act.
Temporal string and PID unchanged;
may accompany a
Combinatio Nomenclature Existing string (PID reinterpretation or reactivation of the
nova (subsequent act) retained) taxonomic
substance; Trajectory event:
nomenclatural update
Available name with uncertain
application;
Nomen Nomenclature Existing string (PID  temporal string and PID remain valid.
dubium (status) retained) Trajectory state:
uncertain application; substance
indeterminate.
Nomenclatural ambiguity without
Nomen Nomenclature Existing string (PID ontological
ambiguum (status) retained) consequence; temporal string and PID
unchanged
Absence of a valid founding act;
Nomen Nomenclature No string ne1ther temporal string .
nor PID exists. Name associated with
nudum (status) (no PID) . e
another secondary name identifier
without taxonomic status
Nomen Nomenclature Existing string (PID Deactivation of an I.mHSEd hame; taxon
. . retained;
oblitum (status) retained)

temporal string and PID unchanged

Within this framework, the attribution of a persistent identifier naturally integrates
into the life cycle of the taxon. The PID is attached to the taxonomic temporal string at
the founding act and remains invariant throughout all subsequent treatments. It allows

usages, revisions, classifications and associated data to be unambiguously linked to the

same taxon, or to different taxa, while fully respecting the intrinsic dynamics of taxonomic
knowledge. The resulting dynamics of these operations (string persistence versus substance
redistribution) are summarised in Figure 3.
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Figure 3. The taxon as a temporal string and the dynamics of taxonomic substance. Taxa are
represented as taxonomic temporal strings, that is, persistent taxon-level reference objects evolving
through scientific time, while taxonomic substance changes in content and operability. Splitting
(segregation) partitions taxonomic substance and institutes a new taxon (Tax. nov.): a new temporal
string (taxon M) is created and receives a new PID, whereas the original string (taxon N) persists with
modified operative substance. Merging (lumping) reorganizes, consolidates, or transfers components
of taxonomic substance among already existing temporal strings (e.g., N and X), without suppressing
their historical continuity. Nomenclatural acts modify name usage and code-governed status without
altering taxon identity: a new combination (Comb. nov.) changes the accepted name while the taxon
string retains the same PID, and synonymy (Syn. nov.) may accompany transfers or reinterpretations
of substance but does not suppress temporal strings or their PIDs. Later redefinition (Tax. rev.)
reshapes the substance of an existing string without recreating the taxon or assigning a new PID. Re-
ranking (Stat. nov.) institutes a distinct taxon-level reference object at a different rank: a new temporal
string (M) is created with a new PID and a rank-appropriate name, while the original taxon M
persists historically. What may remain continuous through such a change is not necessarily the taxon
itself, but the underlying biological referent, parts of its taxonomic substance, or its nomenclatural
trajectory. Dotted circles mark periods in which the taxonomic temporal string persists with minimal
operability while remaining reactivatable through subsequent taxonomic treatments.

In conclusion, the PID is not a technical solution artificially applied to a taxonomic
problem. It is the formal, explicit and operational recognition of what the taxon has always
been: a historically constituted knowledge entity, persistent in its identity and dynamic in
its content, now fully integrated into the digital world.

3. Discussion
3.1. Taxa as Reference Objects

In many contemporary practices, taxonomy remains affected by a persistent confusion
between distinct registers: that of primary biological data (characters, sequences, occur-
rences, specimens) and the biological entities they allow to infer, and that of integrated,
cumulative and historically constituted units of knowledge, namely taxa. This confusion
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rests on a faulty assimilation of the taxon to a biological entity, implicitly treated as the
endpoint of a continuous ontological chain:

population — lineage — clade — taxon
In contrast, the present framework explicitly recognises a register break:
population — lineage // clade (as a phylogenetic inference) // taxon

Biological information derived from morphological, molecular or etho-ecological anal-
yses belong to the biological register and allows biological entities, such as BE-lineages,
to be studied and characterised. By contrast, phylogenetic analyses operate in a distinct
explanatory register and produce hypothesis-dependent constructs, aimed at recognizing
clades and their evolutionary relationships. Both kinds of constructs may inform taxo-
nomic decisions and contribute to taxonomic substance, but neither BE-lineages nor clades
are taxa.

Such a confusion is exemplified in Pyle et al. (2021) [14,15], who conceptualise the
taxon primarily through its names in line with the long-recognized limitations of names
as identifiers in biological informatics [16], and an inferred circumscription aggregating
biological data such as occurrences, characters, or population-level evolutionary lineages
(e.g., [14] Figure 2). Within this framework, Taxonomic Name Usages (TNUs) are treated
as competing representations of an underlying biological object. However, this approach
overlooks two fundamental dimensions of the taxon. First, it neglects its intensional
dimension, namely that a taxon is explicitly established to occupy a defined position within
a hierarchical classification at a given rank. This is a constitutive feature of taxonomic
practice rather than a secondary attribute: fully characterising a taxon requires recognition
of the complete taxonomic triplet [2]. Second, and more crucially, it fails to account for the
taxon as a historically continuous scientific object, whose identity persists through time by
virtue of its “perdurant” nature.

The taxon belongs to another ontological order. It is a formalised unit of knowledge,
constructed from this information but distinct from what it describes. This integrative
construction results from an explicit taxonomic act, which assigns the taxon its own identity
and historical continuity. The taxon is not produced by biological continuity; it is instituted
as an object of knowledge on the basis of it.

In particular, the apparent “hinge” at the species-group level is not ontological but
nomenclatural and classificatory: the obligation to refer a species to a genus in its name
reflects a formal naming constraint, while also forcing the taxon to be placed in a classifi-
cation. It therefore does not confer any privileged ontological status on the species level
itself. Recognising that species-taxa are not themself biological entities, but taxonomic
representations of biological diversity, does not amount to denying the ontological reality
of these species as biological entities. Rather, it rests on a necessary distinction between bio-
logical processes and the taxonomic register through which they are formalised, stabilised
and rendered communicable. Species may well exist as real biological entities, according
to various theoretical frameworks [17-19], ...), however, the species-taxon constitutes
a formally instituted reference object, operating within a distinct register of knowledge.
Maintaining this distinction is not a theoretical luxury, but a prerequisite for conceptual
clarity, cumulative reasoning and operational consistency in taxonomic practice.

By clearly distinguishing the temporal trajectory of the taxon from the continuous
dynamics of the biological entities it encompasses, the taxonomic temporal string model
makes it possible to fully integrate contemporary approaches without assigning them
excessive ontological status. It thus avoids dissolving taxonomy into a continuum of
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potential taxa, while preserving the richness and precision of the biological information on
which it relies.

By disentangling biological continuity from taxonomic identity, this framework makes
it possible to accommodate indefinitely expanding biological datasets without forcing
taxonomic objects themselves to become provisional or unstable. Biological information
can thus accumulate, diversify and even conflict, while remaining anchored to taxonomic
entities that persist as stable reference points over time. This distinction becomes particularly
consequential when taxonomic knowledge is translated into large-scale digital infrastructures.

Without this explicit separation of registers and the recognition of taxonomy as an
autonomous domain producing its own reference objects, biological diversity cannot be
coherently integrated into digital infrastructures. Biological continuity, by itself, does not
yield addressable, persistent and interoperable objects; only formally instituted taxa fulfil
this role. In the absence of such explicit anchoring, taxa remain digitally floating entities,
trapped in a digital limbo, instantiated only locally through their names or contextual
usages, and continuously recreated across datasets and workflows, the potential taxa
described by Berendsohn (1995) [20]. By contrast, conceiving taxa as historically continuous
reference objects makes it possible to delimit a finite, stable and technically achievable
referential space (on the order of a few tens of millions of formally established taxa across
all ranks), compatible with the requirements of persistent identification and large-scale
interoperability. This shift directly conditions the possibility of integrating taxonomy into
the contemporary digital ecosystem.

3.2. From Synchronic Concepts to Perduring Taxa

The framework developed here extends earlier logical and semiotic accounts of taxo-
nomic reference by explicitly introducing a temporal dimension. Classical treatments of
concepts and signs, from the Port-Royal logic [21] to the structural linguistics of de Saus-
sure (1916) [22], rely on a fundamentally synchronic view, in which names, intensions and
extensions (signifiers and signifieds) are analysed at a given moment, forming the minimal
triplet required for the formal description of a taxon [2]. While essential for understanding
the taxon as an object of knowledge, this framework remains insufficient to account for the
cumulative and historically structured nature of taxonomic practice.

The conception of taxa developed here therefore relies on a perdurantist view of
identity over time, as articulated in four-dimensionalist accounts of persistence [23,24].
Rather than enduring entities wholly present at each moment, taxa are understood as
temporally extended reference objects, composed of successive temporal parts [24] cor-
responding to distinct taxonomic acts, usages and circumscriptions. Accordingly, taxon
identity is not grounded in an invariant essence, but in the continuity of a historically
documented trajectory.

This perdurantist interpretation does not commit to any metaphysical claim about
biological entities themselves, but constitutes an operational stance on taxonomic reference
objects. It provides an ontological grounding for the notion of taxonomic temporal strings
and clarifies how taxa can remain identifiable despite changes in interpretation or scope,
while allowing persistent identifiers to anchor their temporal continuity within cumulative
digital infrastructures.

Beyond its internal coherence for taxonomic reasoning, this clarification of taxon per-
sistence also has consequences for domains that rely on taxonomic stability as a normative
reference. In particular, it helps to address the perceived instability that often hampers
the integration of taxa into conservation and regulatory frameworks, such as the IUCN
Red List or legal instruments for species protection [5,25]. By treating taxa as historically
persistent reference objects, independent of changes in their biological interpretation, and
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building on earlier clarifications regarding the non-individual nature of taxa as biological
entities [1], this new conception of the taxon as a historically persistent reference object
provides a stable point of reference that can be traced through time. When applied to such
reference objects, persistent identifiers do not fix biological meaning but render this continu-
ity operational [2,26]. This approach directly responds to concerns frequently raised under
the label of “taxonomic anarchy”, by showing that taxonomic changes do not undermine
the durability, traceability, or reliability of scientific references used in conservation policy
and legal frameworks.

3.3. PID-Able Taxa for Integration into the Contemporary Digital World

Contemporary digital infrastructures rely on a simple and non-negotiable principle:
in order to be integrated, connected and made interoperable, information must be attached
to explicitly identified, persistent and referable objects. Publications, datasets, specimens,
sequences or authors now meet this requirement through persistent identifiers, which
ensure referential continuity independently of technical or conceptual changes. Operational
guidelines for the use of persistent identifiers in taxonomic publishing have been widely
proposed [27,28], yet they remain largely focused on editorial artefacts rather than on
taxa themselves.

Taxonomy constitutes a paradoxical exception. Although taxa form the common
conceptual backbone of all life sciences, they remain difficult to integrate as stable objects
within digital infrastructures. These difficulties do not result from excessive taxonomic
complexity, but from a more fundamental deficit: the absence of a taxonomic object clearly
defined as a persistent entity.

Stabilised name lists, registers of nomenclatural acts, local taxonomic concepts de-
pendent on usage contexts, or taxonomic backbones based on management classifications
allow pragmatic functioning in the digital world, but at the cost of information fragmen-
tation, loss of cumulability and limited interoperability. Taxa as recognised within these
systems thus appear unstable, ambiguous and difficult to integrate, not because they are
intrinsically so, but because they are confused with their names, their usages or their
successive interpretations.

From this perspective, most current limitations of taxonomic infrastructures appear
not as failures of implementation, but as symptoms of an unresolved ontological ambiguity
regarding the nature of their core objects.

The framework proposed here removes this conceptual lock. By recognising the taxon
as a historically continuous entity of knowledge, distinct from its successive interpretative
states and instituted through a unique taxonomic act, it becomes possible to identify it
explicitly as a full-fledged FAIR digital object [29]. In this context, the assignment of a
persistent identifier is no longer a technical patch intended to artificially stabilise unstable
objects, but the minimal and necessary expression of the ontological reality of the taxon.

PIDs do not create the persistence of taxa; they make it operational. They provide
the explicit anchoring point that allows digital infrastructures to unambiguously link
biological data, taxonomic usages, competing classifications and successive revisions to
a single reference object. The convergence between taxonomy and digital infrastructures
therefore does not rely on adapting taxonomy to computational constraints, but on explicitly
recognising what taxa have always been: persistent scientific objects, now fully compatible
with the requirements of digital interoperability.

Clarifying taxonomic objects as historically continuous entities creates the conditions
under which persistent identifiers can function as genuine reference anchors, rather than as
compensatory devices for conceptual instability. In this sense, the present framework does
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not propose a new technical standard, but delineates the conceptual space within which
future taxonomic systems can remain both dynamic and cumulative.

3.4. Operational Implementation: Articulating Taxonomic Temporal Strings with Existing
Taxonomic Infrastructures

The operational implementation of taxonomic temporal strings can be built on
three complementary mechanisms: (1) assigning a persistent identifier (PID) at the code-
compliant founding act, thereby anchoring the taxon’s identity independently of subse-
quent revisions and applying only to taxa formally instituted through valid publication,
not to provisional entities such as informal clades, operational taxonomic units, or can-
didate species; (2) representing taxonomic treatments (e.g., diagnoses, circumscriptions,
synonymisations, and classificatory repositionings) as dated and attributed assertions or
events, building on existing treatment-centric practices and workflows [30] and compatible
with DiSSCo priorities [31]; and (3) maintaining an explicit separation between string
persistence, as the reference object, and substance dynamics, as the revisable interpretive
corpus, thereby enabling cumulative knowledge management without duplicating taxon
identities. For routine taxonomic practice, the framework therefore distinguishes between
acts that institute a new taxon-level reference object and require a new PID, and acts that
modify nomenclatural usage or the interpretation of taxonomic substance without changing
taxon identity.

Within this framework, taxonomic substance is not a homogeneous block mechanically
transferred between taxonomic temporal strings. A taxonomic temporal string serves as
a persistent reference line to which instantiated taxonomic entities and sufficiently inde-
pendent taxonomic information units can be attached, while remaining cumulative as a
historical record. These include extension-level evidence, intension-level content, including
rank and classificatory properties [2], and name-level, code-governed information. At
the implementation level, two principles are central: first, the attachment of instantiated
taxonomic entities and associated information units to taxon-level PIDs; second, the trace-
ability of their possible reassignment between PIDs through later taxonomic revisions. In
cases such as synonymy or lumping, what is reorganized is therefore not the identity of
the strings themselves, but the attachment and interpretation of some of their associated
components. Shared specimens, diagnoses, or usages do not erase the historical distinctness
of the strings; rather, they become part of a traceable history of reinterpretation. A more
detailed technical implementation remains a separate task. It would require explicit solu-
tions for issues such as the current status of a taxon when the temporal string persists but
its operability varies, the storage of historical taxonomic substance and the reconstruction
of current substance from it, the handling of incomplete and heterogeneous updates, the
reassignment during revision of taxonomic components and treatment-level knowledge
units attached to persistent identifiers, and the concrete insertion of such events into the
taxonomic trajectory.

This approach does not replace existing infrastructures; it organises and extends them.
Nomenclatural registries such as ZooBank [32] and IPNI [33] already provide a backbone for
formally established names and associated identifiers, which can be mapped to, or used to
seed, taxon-level PIDs within the taxonomic temporal string framework. Treatments remain
first-class, citable scholarly artefacts, but are interpreted here as successive, attributable
states along a single taxonomic temporal string. The taxon PID provides the stable anchor
linking biological data, usages, and revisions to one historically continuous reference
object while remaining compatible with FAIR principles and existing Taxonomic Name
Usage infrastructures.
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- Scale of the taxonomic reference space. The orders of magnitude provided by existing
taxonomic and nomenclatural infrastructures illustrate the scale of the taxonomic
reference space. The Catalogue of Life currently integrates more than 2.2 million
accepted extant species [34]. In botany, the International Plant Names Index contains
more than 1.6 million published plant names [33], while the World Checklist of Vas-
cular Plants recognises more than 343,000 accepted plant species and more than one
million synonyms [35]. In prokaryotic nomenclature, the List of Prokaryotic names
with Standing in Nomenclature documents more than 59,000 taxon names [36]. At
higher ranks, global registries such as the Interim Register of Marine and Nonma-
rine Genera record almost 400,000 published genus-level taxa across all organisms,
including fossils [37]. These figures concern mainly taxa currently recognised and
curated in global databases. Persistent identifiers could be progressively assigned to
newly established taxa at the moment of valid publication and subsequently extended
retroactively through curated taxonomic registries and synthesis infrastructures.

The total number of taxa historically instituted through valid taxonomic acts is nec-
essarily larger, as many entities have subsequently been synonymised or reinterpreted,
losing their taxonomic substance while remaining part of the historical record of taxonomic
knowledge. Crucially, the framework proposed here concerns the identity of taxa estab-
lished through valid publication under the relevant nomenclatural codes, not the much
larger universe of name strings circulating in biodiversity data systems. These strings
(including canonical forms, authorship variants, abbreviations, orthographic variants, and
data-processing artefacts) likely reach several tens of millions across biodiversity infrastruc-
tures. By contrast, each taxon identity originates from a specific taxonomic act and persists
through time as a taxonomic temporal string, within which successive reinterpretations
redistribute taxonomic substance without creating new identities.

The taxonomic reference space therefore reflects the cumulative history of taxonomic
acts rather than the fluctuating universe of name usages. In this perspective, it constitutes a
finite set of historically instituted identities (PID-able taxa) that remains technically man-
ageable with contemporary computational infrastructures, thereby grounding taxonomy as
a stable digital reference system.

- Governance and institutional integration. Governance of taxon-level persistent iden-
tifiers would most realistically follow a federated model aligned with existing nomen-
clatural infrastructures. Registries such as ZooBank for zoological nomenclature [32],
IPNI for plants [33], and LPSN for prokaryotes [36] already serve as reference systems
within their respective Codes and could anchor identifiers at the moment of valid
publication. Higher-level biodiversity infrastructures such as the Catalogue of Life or
GBIF would then provide aggregation, resolution, and interoperability layers across
disciplines. In this architecture, identifier governance remains distributed across the
existing taxonomic ecosystem while enabling a coherent global layer of persistent
taxon identities.

In practical terms, implementation could proceed through a staged approach: (1) as-
signing persistent identifiers to newly established taxa at the moment of valid publication;
(2) progressively extending identifiers retroactively through curated taxonomic databases
and registries; and (3) ensuring interoperability across biodiversity infrastructures through
shared identifier resolution services. Within this framework, the nomenclatural Codes
are treated as foundational because they govern the formal institution of taxa and the
regulation of names. They therefore provide the basis for nomenclatural anchoring and
PID assignment, while taxon identity is analysed here at a distinct ontological level.
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4. Conclusions: The Taxon as a Temporal Scientific Object

In this framework, a taxon is a temporal scientific object: its persistent identity is a taxo-
nomic temporal string, its changing content is its taxonomic substance, and its documented
interpretative history is its taxonomic trajectory. The dynamics of taxonomy do not lie in
the repeated creation or destruction of taxa, but in the succession of interpretative states
(descriptions, circumscriptions, diagnoses, usages and classificatory positions) through
which taxonomic substance is revised, challenged and reorganised over scientific time.

Conceiving the taxon as a taxonomic trajectory, ontologically recognised as a taxo-
nomic temporal string, makes it possible to dissociate the identity of the object from the
variability of its content. This distinction resolves persistent confusions between biological
entities, explanatory hypotheses and taxonomic units, and clarifies the register break that
separates populations and lineages from phylogenetic constructs and from taxa. Within
this framework, biological data (morphological, molecular, ecological or phylogenetic) do
not generate taxa by continuity, but feed the substance from which taxonomic decisions are
formulated, discussed and revised.

This ontological clarification renders the integration of taxonomy into contemporary
digital infrastructures both intelligible and operational: taxa, as historically continuous
entities, intrinsically satisfy the conditions required for persistent identification. Persistent
identifiers do not confer artificial stability upon taxa; they recognise and exploit their
inherent persistence. By anchoring taxa as reference objects, taxon-level PIDs add a miss-
ing referential layer alongside existing identifiers for names and taxonomic treatments,
thereby reconciling conceptual stability with cumulative dynamics and providing a coher-
ent framework in which empirical practices, biological theories and information systems
can be articulated.

The ontology proposed here may best be presented through a process of exclusion,
identifying what a taxon is not: neither a logical concept in the classical sense, nor a direct
biological entity (population, species, lineage, or clade), nor a punctual state of knowledge
(a taxonomic treatment), nor a purely nomenclatural artefact (a taxonomic name). What
remains is a historically continuous entity of knowledge whose properties are observed in
practice rather than postulated: identity persistence, historical continuity, irreversibility,
revisability without destruction, relative independence from biological hypotheses, and
traceability of uses and transformations. The ontological framework proposed here merely
renders these properties explicit and coherent.

Thus defined, the taxon is recognised for what it must be above all: a scientific reference
object, designed to enable communication, comparison, cumulative reasoning and collective
revision of knowledge on biological diversity. It is precisely at this level that the paradoxes
of stability are resolved, and that persistent identification becomes evident rather than
artificial: indeed, the minimal, necessary and faithful translation of what the taxon has
always been: a temporal scientific object. By grounding taxa as historically continuous
reference objects, this framework restores taxonomy as a cumulative and autonomous
scientific practice, capable of articulating biological knowledge, phylogenetic hypotheses
and digital infrastructures within a single coherent ontology.
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