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Ten rules for robust taxonomy in
ecological datasets

Summary

Accurate taxonomy, including species identification and naming,

underpins ecological inference, yet taxonomic information in

ecological datasets is often inconsistently recorded or weakly

standardized.With the increasing integration of ecological datasets

across taxa and regions, datasetswith poor taxonomic practices can

hinder data exchange and propagate errors.We propose 10 rules to

improve the storage andmanagement of taxonomic information in

ecological datasets. These rules draw on our experiences in plant

ecology and taxonomy, but the conclusions may be generalized to

other organisms and disciplines. They emphasize aspects from

species identification to the permanent storage of verifiable records

(e.g. voucher specimens) and include taxonomic standardization,

nomenclature, validation, and updating. We also address the

treatment of morphotypes and incomplete identifications, the use

of automated name-matching tools, and (meta)data standards.

Closer collaboration between ecologists and taxonomists is key to

ensuring more robust datasets. The application of these rules

consumes more time and resources, but they enhance data quality

and interoperability, saving time during data integration and

improving the reliability and scalability of ecological research.

Introduction

Ecological datasets store information ranging from species (e.g.
abundance, demography, traits, and interactions) to ecosystem
levels (e.g. productivity and biomass stocks). With the increasing
availability and quantity of information, ecological datasets have
become invaluable resources for understanding life on Earth
(Heberling et al., 2021). Critical information in any ecological
dataset includes the names of taxa, especially at the species level.
This information is useful for documenting species distributions,
their changes in space and time, and for understanding the factors
driving these changes (Bottin et al., 2020; Alba et al., 2021).
Ecology also relies upon species identifications, and species names
provide access to information, including evolutionary relation-
ships, functional traits, conservation status, sociocultural value, and
economic uses (Patterson et al., 2010). Therefore, accurate species
identification and naming are fundamental to ecological research
(Sandall et al., 2023).

Accurate species identification is often challenging. The under-
lying taxonomy and systematics on which identification relies are
dynamic. Earth has millions of species, and even for flowering
plants, which dominate most ecosystems, thousands of new species
are described each year (Cheek et al., 2020). Many clades remain
poorly studied, particularly in tropical regions, making precise
identification challenging and sometimes impossible (Li
et al., 2025). Even for well-known clades with recently revised
taxonomy, species identification can still be difficult due to subtle
differentiation in morphology, lack of complete evidence for
identification (e.g. flowers or fruits for plants), the lack of
taxonomic resources (e.g. identification keys/guides, taxonomists,
or a combination of these), or the logistical challenges in collecting
samples (Dexter et al., 2010;Gomes et al., 2013; Engel et al., 2021).
Moreover, accepted names reflect our current understanding of
species boundaries, so it is common for taxonomic names to change
as new evidence becomes available (e.g. additional specimens or
new information such as chemistry and DNA data). Taking all
these issues into account can help determine the taxonomic quality
of a dataset and the extent to which it supports or undermines
ecological inferences (Bortolus, 2008; Stropp et al., 2022; Augus-
tine et al., 2024).

Although the challenges related to species delimitation and
identification cannot be easily solved, the standardization of
taxonomic information is more readily achieved (Sandall
et al., 2023). Ecological datasets, however, have adopted
standards more recently and less frequently than datasets in
other biological fields (Michener, 2015; Roche et al., 2015), such
as biological collections that widely adopt the Darwin Core
standard (Wieczorek et al., 2012). There are well-established
ecological examples (e.g. the Long-Term Ecological Research
and the Terrestrial Ecosystem Research Network) that have
successfully adopted data standards, but these examples remain
rare. The lack of consistent taxonomic standardization poses
significant challenges for ecological data managers and users
(Kervin et al., 2013; Feng et al., 2022), particularly when
integrating multiple datasets. It also hinders the use of ecological
datasets for other purposes and fields, including the discovery of
new species (Baker et al., 2017).

Here, we provide 10 rules for storing and managing
taxonomic information in ecological datasets. These rules are
presented in a way that can guide researchers in creating or
maintaining databases (Fig. 1). They are primarily designed for
datasets that store information on plant species sampled one or
more times in observational or experimental settings (e.g.
vegetation inventories). They may be generalizable to other
organisms (e.g. animals, fungi) or to any datasets in which
species identification is required (e.g. fossils, pollen, sound
recordings, DNA sequences).
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Rule 1: Identifying species requires planning and
resources

The taxonomic resolution required in an ecological study depends
on its questions. While not all studies require species-level
identification (e.g. quantifying vegetation structure or growth),
there are significant benefits in achieving this (Bevilacqua
et al., 2021), as outlined in the introduction. However, taxonomic
identification to the species level is laborious, beginning with
planning the protocols,materials, equipment, andpermits required
to collect, identify, process, store, and transport voucher specimens.
Establishing early collaboration with taxonomists and using
taxonomic keys and descriptions are crucial but time-consuming
steps (Baker et al., 2017). Moreover, since collecting vouchers for
every individual is rarely feasible (seeRule 2), taxonomic robustness
depends on how consistently morphotypes (see Rule 7 and Box 1)
are recognized and recorded in the field (Krell, 2004). Inconsistent
or erroneous field morphotyping is a common and often
overlooked source of error in ecological datasets (Morrison, 2016).
Setting clear protocols, providing training for the consistent
recognition and labeling of morphotypes across collectors and,
whenever feasible, including taxonomists in field teams are
therefore important elements of project planning (Morri-
son, 2021). Planning ahead, allocating sufficient resources and
time to morphotyping, and obtaining accurate taxonomic
identifications are thus investments that improve data quality and
the long-term value of ecological datasets.

Rule 2: Keep permanent records to verify
identifications

While some taxa can be reliably identified in the field, identifica-
tions should be associated with permanent records. Voucher
specimens (Box 1) stored in physical and/or digital form in
accessible biological collections are ideal because they provide
verifiable evidence (Culley, 2013; Baker et al., 2017; Davis, 2023).
Theoretically, all individuals should be identified using voucher
specimens, particularly in species-rich communities where mis-
identification is more likely and/or where species-level taxonomy is
not well established. However, specimen collection and prepara-
tion are difficult for some groups (e.g. palms, cacti) or not allowed
for protected species (e.g. orchids). In some ecosystems (e.g.
grasslands) and large-scale projects (e.g. national forest inven-
tories), it is unfeasible to sample and permanently store one
specimen per individual. In such cases, having at least one specimen
per morphotype per site is a practical alternative. Additionally,
recording detailed field notes (seeRule 10), storing image vouchers,
and/or tissue samples can facilitate verification of identifications.
Image vouchers are increasingly complementing physical speci-
mens (G�omez-Bellver et al., 2019), particularly through the
emergence of mobile platforms (e.g. iNaturalist and Pl@ntNet)
that store images and support community-based species identifica-
tion and verification (Campbell et al., 2023; Greene et al., 2023).
Since taxonomy changes over time, records must be stored for
future reference, so identifications can be reassessed in the light of

Fig. 1 A workflow for better use and integration of taxonomic-related information into ecological datasets. This schematic represents the 10 rules detailed
in the text, organized for researchers and database managers to use as a practical guide. Rules were grouped by subject, and the workflow concludes with
examples of possible uses that would benefit from more robust, well-documented taxonomic information from the outset.
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new knowledge and technologies (e.g. DNA barcoding or
near-infrared spectroscopy of plant leaves) (Durgante et al.,
2013; Kuzmina et al., 2017; Gaem et al., 2022). AI-assisted plant
identification based on images is advancing rapidly and supports
the identification of many species (Truong & Van der Wal, 2024;
Antonelli et al., 2026).However, AI-assisted identification remains
constrained by a lack of taxonomist-verified training data,
particularly in species-rich tropical floras, reinforcing the need for
systematically storing image vouchers.

Rule 3: Keep records of who did the identifications

The ability to identify species varies between people, and even the
same person may provide different identifications of the same
species over time (Gomes et al., 2013). Trained taxonomists are
the primary authority for accurate species identification, but
access to such expertise may be limited for different reasons (Baker
et al., 2017; Engel et al., 2021). Some ecological studies rely on
parataxonomists (Box 1) who can sort organisms into morpho-
types (Box 1) and provide valuable identifications, which are
effective for many applications. In addition, AI-based tools are
increasingly being used to assist species identification. However,
identifications not made by taxonomists or AI-assisted identifica-
tion based on inadequate training data may lack the precision
required for many species and for purposes such as conservation
planning or studying beta-diversity patterns (Krell, 2004;
Proc�opio & Secco, 2008). Given the importance of species
identifications for downstream analyses, it is important to
document who identified each individual organism, where and
when, so that confidence levels can be assigned, even if the level of
taxonomic training is not always a good proxy for confidence in
identification across all taxa (Gomes et al., 2013). See Rule 10 for
other important field information that should be recorded to
support species identification and the subsequent use and
interpretation of the data.

Rule 4: Follow a taxonomic backbone

A taxonomic backbone is an authoritative list of taxon names, their
authors, and status (i.e. as accepted names, synonyms, or
orthographic variants). Using a single backbone provides a
consistent framework that allows names to be compared across
surveys and ensures the integrity of downstream analyses. For
vascular plants, there are global-scale backbones (Costa et al., 2023)
such as the World Flora Online (Borsch et al., 2020). Taxonomic
backbones vary in their content and completeness, how they are
compiled (e.g. by individuals or large community consortia), and
how often they are updated (Greni�e et al., 2023). This means that
the most appropriate backbone should be selected for each study
group and geographical region. Additionally, as backbones can be
continuously updated through taxonomic revisions, the version
used should also be reported. If a backbone is not followed, it is
important to ensure that the taxon names and authors have been
published. For plants, all such names should be in the
International Plant Names Index.

Rule 5: Store full taxonomic information

Although often seen as a detail, it is important to store full scientific
names (i.e. Latin binomial names and their full authors) to avoid
confusion caused by synonyms (i.e. different names for the same
species; see Box 1). Synonyms can be ‘heterotypic’ (i.e. when
different species names are based on different type specimens) or
‘homotypic’ (i.e. when synonyms are based on the same type
specimen, with frequent examples when the limits of genera are
redefined). Much rarer, but more problematic, are ‘homonyms’ (i.e.
species with the same name described by different authors, based on
different type specimens, which actually belong to different species).
Therefore, having full scientific names with their authors is key to
accurate cross-site comparisons and cross-region data integration.
Whenever available or possible, infra-specific names (e.g. varieties,
subspecies) should also be stored, independently of the taxonomic
level at which subsequent analyses will be carried out. Infra-specific
names carry important population information and can also help to
keep the dataset up to date with future taxonomic revisions and
circumscriptions (Borges et al., 2017; Damasco et al., 2021) (also see
Box 2). It is also important to store the rank of the taxon name (e.g.
genus, species, subspecies) and to avoid confusion between accepted
species names and the informal or field names applied to
morphotypes (Box 1 and Rule 7). For extensive datasets, lists in
accessible formats containing the full taxonomic information can be
provided as digital appendices or deposited in online repositories,
fostering data transparency, verification, and reuse.

Rule 6: Use correct taxonomic terminology

Taxonomy has its own terms and conventions ruled by codes such
as the International Code of Nomenclature for algae, fungi,
and plants (Turland et al., 2025), which define taxonomic
terminology and when to use it. Adhering to these codes improves
consistency within ecological datasets and facilitates communica-
tion across disciplines. For instance, there are conceptual and
applied differences between the taxon name qualifiers ‘cf.’ (confer)
and ‘aff.’ (affinis), and between ‘sp.’ (species) and ‘indet.’ (species
indeterminabilis), which should be understood to ensure their
correct use (Sigovini et al., 2016). Ideally, such name qualifiers
should be stored in a dedicated dataset field to ease downstream
name standardization andmatching (see Rule 9). Taxonomic terms
can be provided in full or abbreviated, so it is important to be
consistent in choosing between options and to follow the format
already adopted by biological or ecological data standards as closely
as possible (see Rule 10).

Rule 7: Deal properly with incomplete identifications

Organisms often cannot be identified to a taxonomically
recognized species in ecological surveys, but morphologically
similar individuals can still be grouped into a single putative species.
These entities are commonly called ‘morphotypes’ or ‘morphos-
pecies’ and are critical for many ecological analyses (e.g. for
understanding alpha-diversity). That is, they are not merely
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placeholders for incomplete identifications, but operational
taxonomic units, hypothesized to represent individual species.
Therefore, besides the use of reliable protocols for field
morphotyping (Rule 1), they should be explicitly linked to images
or voucher specimens (Rule 2), particularly in species-rich tropical
forests and in projects involving multiple people performing
morphotyping. Morphotypes should also be explicitly indicated in
a dataset field, such as the one containing the taxonomic ranks of the
individuals or in a separate field. Sequential and unique identifiers
are recommended, for example, Genus sp.1 (e.g. Andira sp.1),

Family sp.1 (e.g. Fabaceae sp.1), andUnidentified sp.1. It is helpful
to use a consistent format for the identifiers throughout the dataset
(e.g. use ‘sp.1’ OR ‘sp. 1’). Informal field names for morphotypes
that can be easily confused with existing species names should be
avoided, even if they have meanings that can help morphotyping
individuals (e.g. ‘pilosa’, ‘glabra’, ‘discolor’, ‘hirsuta’, etc.). If these
field names cannot be avoided, they should be stored in a separate
field rather than embedded in the one containing scientific names,
since they can create erroneous name matches while using
automated name-matching tools (Rule 9).

Box 1 Terms and definitions often encountered when working with plant taxonomic data. Terminology was obtained from the International Code of

Nomenclature for algae, fungi, and plants (Turland et al., 2025) and from Judd et al. (2007)

Term/Definition Description

Accepted name Taxon name that complies with the International Code and reflects current taxonomic consensus.
aff. (affinis) Qualifier indicating that a specimen has an affinity to, but is not identical to, a named taxon, suggesting, for example, the

possibility of a new species. For example,Ocotea aff. porosa suggests a species closely related to, but distinct from,
Ocotea porosa.

Author names (and
abbreviations)

Nameof the taxonomistwhodescribedandpublisheda taxon.Nameabbreviations are standardized toensure consistency.
For example, ‘L.’ represents Carl Linnaeus and only him.

cf. (confer) Qualifier indicating that a specimen likely is a known taxon but requires further verification. For example, the designation
Ocotea cf. porosa indicates that a specimen is similar toOcotea porosa.

ex The preposition ‘ex’ in an author citation indicates that a namewas first proposed by one author but was validly published
by a different author (the publishing author).

f. (forma) An infra-specific rank that denotes minor morphological variants within a species. Typically used when differences are
insufficient to warrant recognition at a higher taxonomic level.

Field name An informal nameused in field surveys to refer to the identity of amorphotype. Formal taxonomic and nomenclatural rules
do not govern them.

Fuzzy matching A computational technique for identifying text matches, such as taxon names, while accounting for typos or spelling
variants.

Heterotypic (taxonomic)
synonym

A name that refers to the same taxon as an accepted name but is based upon a different type specimen. Treatment as a
heterotypic synonymrepresents the current taxonomic judgment that it and the acceptedname represent the same taxon
(e.g. species).

Homotypic (nomenclatural)
synonym

A taxon name that shares the same type specimen as the accepted name but is no longer in use.

Indet Abbreviation for ‘indeterminate’, often used when an individual cannot be conclusively identified to a taxon.
Morphospecies or
Morphotype

A provisionally delimited but not formally described species defined based on morphological traits.

Orthographic variant A spelling variant of a taxonnamearising from typographical errors or differences in transliteration. It does not indicate any
taxonomic difference.

Parataxonomist A professional, often with extensive field experience but not necessarily formal training in taxonomy, who assists in the
collection, sorting and identification of individual organisms.

sp. An abbreviation indicating that the species epithet is unknown, unspecified, or not determined (e.g.Ocotea sp.). See
‘Indet’.

spp. Abbreviation used to refer to multiple species in the same genus (e.g.Ocotea spp.). The plural form of sp. (see above).
Subspecies An infra-specific rank that designates an often geographically isolated populationwith a distinguishable set of attributes.1

Synonym A scientific nameassigned to a taxon, but that is no longer the currently acceptedname. This term includes bothhomotypic
and heterotypic synonyms (see above).

Type Designated specimen or illustration that serves as the definitive reference for a taxon name.
Valid publication The formal publication of a taxon name in accordance with the nomenclatural rules, including a taxon description,

designation of a type, in an acceptable medium of dissemination.
Variety An infra-specific rank that designates a population or populations that show minor morphological differences within a

species. This term is only used for plant species.1

Voucher specimen A preserved specimen deposited in a collection (e.g. herbarium or museum) that serves as verifiable evidence for the
occurrence and identification of a taxon.

1On the specific cases of ‘subspecies’ and ‘variety’, the code regulates the hierarchy, establishing that a subspecies ranks above a variety. However, it does
not provide biological criteria for distinguishing them.
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Rule 8: Keep track of identification changes

Taxonomic revisions can lead to changes in species boundaries,
with previously recognized species being merged or a single species
being split into multiple species, sometimes by elevating infra-
specific ranks to species level (Borges et al., 2017; Damasco
et al., 2021). So, although checking taxonnames against a backbone
is advised (Rule 4), both the original identifications (i.e. names as
first identified or provided), and any subsequent name changes
should also be stored. This additional information allows the
updating of the taxonomy (e.g. synonyms or orthography) without
losing track of those changes, and it also allows safe switching
between backbones (Richard-Bollans et al., 2026). If original
names were corrected for synonyms or typographical errors (see
Rule 9), the history of name changes should be recorded within the
dataset itself (e.g. original, corrected, and accepted names).
Moreover, it is not uncommon to find synonyms and their
accepted names in the same sample of an ecological dataset (e.g. an
inventory plot). They may belong to the same species, or they may
indicate two different morphotypes that were correctly distin-
guished in the field but not associated with the correct species,
risking their lumping during taxonomic standardization. Some
cases cannot be solved, but keeping the complete history of name
changes, including who identified them and when (Rule 3),
facilitates tracking taxonomic updates. Storing dataset copies after
major changes in repositories with persistent identifiers (e.g.
Zenodo, Dryad) is recommended to ensure reproducibility.

Rule 9: Use name-matching tools carefully

Several computational tools are available tomatch species names to
a taxonomic backbone (Greni�e et al., 2023). These tools are useful
for checking for typos and updating your taxonomy (e.g. new
synonyms). However, matching names, particularly fuzzy match-
ing, carries risks (Greni�e et al., 2023). First, automated name
matching should rely on a taxonomic backbonewith good coverage
for the groups of interest, to avoid false positive fuzzy matches (e.g.
Myrcia grandifolia vs Myrcia grandiflora). When calculating name
distances, taxonomic ranks (e.g. var., subsp.), name qualifiers (i.e.
cf., aff.), and author names should be consistently included or
excluded in both input and reference names. Fuzzy matching tools
often use fixed proportions of maximum string distance (e.g.
Levenshtein distance), which can result in omission or commission
depending solely on the length of the input name, particularly for
matches including author names. The manual inspection of the
output of those tools is recommended to avoid erroneous name
matches in the dataset.

Rule 10: Provide rich metadata and follow data
standards

Recording comprehensive information associated with organisms
is useful for improving species identifications, as well as
biogeographic, taxonomic, and ecological knowledge (Baker
et al., 2017; Miralles et al., 2020). For instance, field notes

Box 2 Common mistakes in the management of taxonomic information

1. Scientific names without author names

Scientific names lacking author names can lead to ambiguous namematches (Rule 5).QueryingArtemisia rupestris in theWorld Flora Online returns eight
possible names published by different authors for different species (Richard-Bollans et al., 2026). For example, Artemisia rupestris L. is a subshrub under
active pharmacological study, whileArtemisia rupestrisAll. is now a synonymofArtemisia umbelliformis Lam., the Alpine ‘genep�ı’ used in G�en�epi liqueur.
So, for a record of Artemisia rupestris without the author’s name, it is difficult to assign the currently accepted species.

2. Ignoring infra-specific names

Where species boundaries are complex (e.g. in species complexes), infra-specific names can improve resolution for accurate name-matching. For example,
Protium heptaphyllum (Aubl.) Marchand, a hyperdominant species in Amazonia (ter Steege et al., 2020), has been recognized as a species complex
(Damasco et al., 2021). Two taxa within this complex, Protium cordatumHuber and Protium guianense (Aubl.) Marchand, were originally recognized as
separate species, but they were subsequently reduced to infra-specific rank within Protium heptaphyllum (Aubl.) Marchand for decades, as P.
heptaphyllum subsp. cordatum (Huber) Daly and P. heptaphyllum var. puberulum Engl., respectively. Recent molecular and morphological evidence
(Damasco et al., 2021) confirmed that these entities are indeed distinct species with overlapping distributions. Therefore, records omitting prior infra-
specific names would prevent assignment to their correct species as taxonomy evolves (Rule 5).

3. Failing to preserve voucher specimens and/or images

Generawithhistorically complexcircumscription, suchasLicaniaAubl., themost species-richgenus in theChrysobalanaceae, present significant challenges.
This genus was redefined, and eight genera are now recognized (Sothers et al., 2016). Consequently, historical records identified to the genus level as
Licania sp. can no longer be confidently assigned to a current genuswithout a voucher for confirmation (Rule 2), as these newgenera also have overlapping
distributions.

4. Not checking the names before the analyses

Due to its large distribution range and historical taxonomic revisions,Myrcia splendens (Sw.)DC. has 177 synonyms. Any ecologicalwork using this species
across its full geographic range should always recognize that multiple synonyms may be present in the data, reinforcing the need to follow the most up-
to-date taxonomic backbone (Rule 4) and to use name-matching tools correctly (Rule 9) before analysis.
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reporting the growth form, habitat, phenological state, associated
species (e.g. symbionts) and any other information that is lost or
altered during specimen preparation (e.g. size, color, odor) can be
important for identification (Sullivan & Nazaire, 2022). Locality
information can also help taxonomists relocate individuals in the
field if there is any suspicion that a morphotype is a species new to
science. It is advisable, therefore, to provide information on the
identification and/or position of individuals in the field (e.g. tag
numbers in vegetation plots) and on the sampling locality,
including geo-coordinates, elevation, habitat type and condition
(e.g. disturbances, successional stage, human impacts), wider
environmental conditions (e.g. soil, topography) (Moonlight
et al., 2021). Such information should also be added to the
metadata of the voucher specimens, so that each specimen is
permanently and unambiguously linked to the individual, sample,
and census event fromwhich it originated. Althoughpresented here
in the final rule, metadata collection should begin at the start of
fieldwork, since it underlies recommendations made in the
previous rules. And while recording detailed notes increases the
time and requires additional effort in the field, it enhances the
scientific value of the dataset not only for taxonomy but also for
gathering evidence of species autecology.

Furthermore, following established data-sharing standards is
recommended for storing data and metadata (Michener, 2015).
Although not an ecological standard per se, the Darwin Core
standard (DwC; Wieczorek et al., 2012) is widely used and offers
dedicated fields that accommodate many of the recommendations
made above, such as ‘identifiedBy’ for recording who made the
identifications (Rule 3) and ‘identificationQualifier’ for storing
name qualifiers (Rule 6). The standard also facilitates the storage of
information on habitat, field notes, associated taxa, etc. (see full list
of fields at https://dwc.tdwg.org/terms). Standards specific to
ecological data also exist, such as the EcologicalMetadata Language
(EML; Fegraus et al., 2005), VegX (for vegetation plots; Wiser
et al., 2011), and AusTraits (for plant traits; Wenk et al., 2024),
although these are less widely adopted thanDwC. But regardless of
the standard adopted, even a partial alignment will greatly improve
data integration and long-term reuse.

Conclusions

Taxonomic information plays a vital role in ecology. The 10 rules
presented here, if applied as a general guide, will improve data
confidence and quality and lead to better ecological inferences.
Although simple in principle, the rules proposedhere are not always
easy to implement and applying them is time- and resource-
consuming. These practical constraints help explain why integrat-
ing rigorous taxonomic practices into ecology has been a long-term,
persistent challenge. Davidson (1952) argued decades ago that
ecologists need a deeper engagement with taxonomic principles to
validate their ecological conclusions. Collaboration with taxono-
mists, ideally from the early stages of project planning and
sampling, helps not only to ensure consistent morphotype
delimitation and accurate species identification, but also the
correct application of taxonomic nomenclature and formatting.
Engaging taxonomists in ecological research also strengthens the

generation of the robust and comprehensive scientific knowledge
needed to address pressing questions, such as how ecosystems are
responding to the ongoing climate and biodiversity crises (Baker
et al., 2017). This interdisciplinary collaboration also values the
essential work of taxonomists, which often goes unrecognized.
However, the persistence of taxonomic issues in ecological datasets
shows that previous calls have been insufficient to drive systemic
change. Broader structural solutions, such as the creation of
minimum information checklists for ecology (e.g. MIBBI; Taylor
et al., 2008) and editorial policies mandating minimum standards
for scientific publication, could help translate these calls into
widespread practice. Collaboration among taxonomists, ecologists,
and computer scientists to develop and refine new tools will help
make ecological datasets taxonomicallymore robust, but ultimately
taxonomic knowledge and workforce remain central to ensuring
the accuracy of any new technology, including AI-assisted species
identification (de Carvalho et al., 2007; Engel et al., 2021).
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