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Abstract

Species lists are widely used in legislation and regulation to manage and conserve biodiversity. In this paper, we explore the
issues caused by the lack of an adequately governed and universally accepted list of the world’s species. These include lack
of quality control, duplicated effort, conflicts of interest, lack of currency, and confusion in the scientific use of taxonomic
information. If species lists are to fulfill their role efficiently, then the governance systems underlying their creation must
keep pace. Fortunately, modernization of species list governance is now possible as a result of advances in biodiversity
informatics and two decades of experience working to create the backbone of a global species list.
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Introduction

It has been understood for many years that inadequate or
ambiguous taxonomy and nomenclature for species can have
negative impacts on conservation, medicine, and other fields
(“taxonomy as destiny”’, May, 1990; see also Daugherty et al.,
1990; Thomson, 1997; Frankham et al., 2012; Sangster &
Luksenburg, 2014; Gippoliti et al., 2018; Christenhusz, 2020;
Liicking, 2020; Freemann & Pennell, 2021). This happens
in part because taxonomic names are often used as though
they are stable hypotheses, when in fact taxonomies often
have a degree of uncertainty and flux. Changes to species
names or, often more importantly, changes to the concept
of what a name means can have far-reaching implications
for decision-making, regulation, and policy development.
While taxonomic inflation (Isaac et al., 2004) or vandalism
(Rhodin et al., 2015) can exacerbate these problems, even
the normal growth of taxonomic knowledge can cause prob-
lems when not treated carefully. Problems can also occur
when new taxonomic information fails to reach some users or
when different users interpret taxonomic names, knowledge,
or uncertainty in different ways. For some taxonomic groups,
this can lead to multiple variants or competing taxonomies
in different national jurisdictions or regions or even multiple
competing global lists (Neate-Clegg et al., 2021). All of these
problems may have real-world consequences for the conser-
vation of species, regulation of trade, compliance with trea-
ties, conduct of global business and agreements, and for the
many sciences that rely on sound taxonomy for their research.

A key problem is that taxonomists necessarily divide
the complex patterns of variation into simplified, discrete,
and named units (taxa), which governments and the com-
munity then use to manage and understand biodiversity,
one of the most complex systems we know. This has three
consequences (Thiele et al., 2021): firstly, some diversity
necessarily gets lost in the system; secondly, there are some-
times several to many possible taxonomies, none of which is
entirely correct; and thirdly, many users are unaware of these
nuances. A potential solution is to subdivide the taxa even
further into evolutionarily significant units (Moritz, 1994)—
populations or groups of populations definable by measur-
ably different allele frequencies—and use these as the basis
for conservation etc. instead of species. However, dividing
biodiversity into ESUs has all the same problems as dividing
it into species, at a finer scale. Whatever unit is adopted, it
is inevitable that there will be diversity in interpretation of
boundaries, divergences of opinions, and differing interpre-
tations of significance and uncertainty.

An important step towards managing these problems has
been to develop consensus on which taxa to recognize. To
that end, various groups, most notably the Catalogue of Life
(Hobern et al., 2021), have spent more than two decades
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assembling the lists of species to create the basis of a single,
agreed, global list of all the world’s species. Building on that
effort, Garnett et al. (2020) have proposed principles for gov-
erning such a list so that boundary disputes can be resolved
in a way that gives users confidence that it truly represents
a consensus on the most current and accurate taxonomic
information available.

Critically, as also emphasized by Garnett et al. (2020),
the problem with agreed taxonomic lists is rarely a problem
with taxonomy itself. While adequate care and clarity in
taxonomic research are essential for the effective application
of its results, and while taxonomic research, as with all sci-
ences, needs ongoing quality control through adequate peer
review, it must remain a free and unfettered science. Rather
than seek to constrain taxonomy, an appropriately governed
global species list aims to rectify taxonomic and nomen-
clatural confusion, facilitate consensus among taxonomists,
and provide a convenient reference for users.

In this paper, we make the case for a global effort to cre-
ate and curate an appropriately governed global species
list. Economic and social research required to understand
the costs and benefits of species lists and their governance
remains to be undertaken. We aim to demonstrate the real-
world consequences that sometimes arise in the absence of
consensus and accepted species lists, through a series of
case studies relating to conservation, medicine, and other
fields. We distinguish and illustrate five types of problem:
lack of quality control, duplicated effort, conflicts of inter-
est, lack of currency, and confusion in the scientific use of
taxonomic information. These could have been (and in some
cases have been) alleviated or prevented by a robust, reliable
global species list. Most case studies concern vertebrates or
plants, mainly because knowledge of these taxa, and their
relevance to a wide user base, is relatively high (it will be a
long time before examples can be drawn from most inver-
tebrate groups).

Issues related to list governance: Case
studies

Vandalism and quality control

In the last two decades, there has been an attempt by a small
number of prolific workers to add c. 1800 reptile taxa to
the ¢. 10,000 species currently recognized. The taxonomic
research on which many of these taxa are based has been of
such poor quality and has used such ethically inappropriate
approaches that it has been described as taxonomic vandal-
ism (Kaiser et al., 2013; Wiister et al., 2021). Unfortunately,
among all the sciences, taxonomy is almost uniquely prone
to such vandalism. This is because all names considered
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published within the established rules of taxonomic nomen-
clature, available in zoology or valid in botany (e.g., the
International Code of Zoological Nomenclature; ICZN,
1999; International Code of Nomenclature for algae, fungi,
and plants, ICBN, 2018), are regarded as well-defined taxa
and (potentially) acceptable, independent of their scientific
merit. Meeting these requirements is relatively straightfor-
ward, and taxonomic vandals have become adept at meeting
the letter of the code while often breaching its spirit. Two
problems arise from taxonomic vandalism. The first is taxo-
nomic: which of the taxa so erected are worthy of recogni-
tion? The second is nomenclatural, though not a code issue:
what is the correct name to use when a taxon named through
vandalism becomes widely accepted as a genuine taxon? A
formally governed list of accepted taxa gives the taxonomic
community a formal tool for dealing with such vandalism.

A good illustration of the efficacy of trusted species lists
to address the problem of vandalism is provided by a recent
and ongoing case involving herpetology. Two measures
show promise for effectively foiling the attempt to reshape
reptile taxonomy without the necessary scientific rigor. The
first was a proposal by Kaiser et al. (2013) that the new
names be boycotted by the profession. The second shows
the value of accepted lists. Most reptile taxonomists do
not adopt a new taxonomic hypothesis unless it has been
included on a widely respected global list, the Reptile Data-
base (Uetz et al., 2021). While this list is maintained by
a few individuals, they are advised on contentious taxo-
nomic issues by a 39-member Scientific Advisory Board
and receive information and advice from 17 taxon and geo-
graphical editors as well as numerous other volunteers. The
Reptile Database does not include new names unless and
until they have become accepted by the broader herpetologi-
cal taxonomic community. In this way, despite the vandal
names being formally acceptable under the code, they are
not formally accepted by the community of experts and the
users of these resources. The Reptile Database, by providing
a broad consensus list, has played a key role in limiting the
damage caused by taxonomic vandals in herpetology.

The names of some reptiles have real-world conse-
quences. For example, treatment of snakebite, one of the
world’s most neglected causes of death (Chippaux, 2017),
relies on rapid and accurate identification of the snake
to ensure that the correct antivenin is administered. The
nomenclatural confusion caused by changing the generic
names of potentially harmful snakes, for reasons that lack
scientific merit, could lead directly to the deaths of snake
bite victims. This happened when the antivenin for Indian
saw-scaled viper (Echis spp.) was incorrectly supplied to
West Africa, because the common and generic names were
the same, resulting in a measurable increase in viper-related
deaths in the region (Warrell, 2008).
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Duplicated effort and efficiency: Multiple bird lists
and multiple users

There are four major global bird lists in common usage
(McLure et al., 2020; Neate-Clegg et al., 2021), and the
fifth produced by North American government agencies
(Integrated Taxonomic Information System, 2021), all of
which have substantial differences in species recognized and
species concepts adopted. What is less well-appreciated is
that each list also has different, highly influential users. For
example, two multilateral environmental agreements—the
Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES) and the Convention on
the Conservation of Migratory Species of Wild Animals
(CMS)—aim to persuade governments to undertake actions
to conserve and protect birds but use different taxonomies
and different names for some species (e.g., white-necked
cranes are Grus vipio under CITES but Antigone vipio under
CMS). The CMS and the ITUCN’s Red List use the same list
(based on Del Hoyo & Collar, 2014, 2016), while CITES
follows the older treatments (Dickinson, 2003, 2005) until it
agrees to update its bird nomenclature standard. Birdwatch-
ers around the world commonly use yet other lists (Gill et al.,
2021; Schulenberg et al., 2021). None of these users consults
the ITIS list (http://www.itis.gov), which contributes to the
Catalogue of Life.

The result is confusion and duplication of effort, with
each user group needing to engage independent taxonomic
expertise to determine which taxonomic arrangement best
suits their needs. The lack of an agreed global list also
encourages the proliferation of multiple local and national
lists, each reflecting the taxonomic philosophies of the indi-
viduals or committees who curate them. Data aggregators
such as the Global Biodiversity Information Facility (GBIF)
are often able to use synonymies to resolve conflicts between
the lists, but communication and collaboration among juris-
dictions are impeded by the existence and wide usage of
multiple lists. While there are currently no detailed estimates
of the cost of duplicated efforts or the work needed to resolve
them, it seems highly likely that a single, well-governed list
of the world’s birds would be cheaper, more accurate, and
more convenient than sustaining multiple lists.

Again, this case study illustrates how effective govern-
ance of species lists can resolve this problem. The Interna-
tional Ornithologist’s Union has recently assembled a Work-
ing Group on Avian Checklists, whose primary purpose is
to produce and maintain an open-access global checklist of
birds that is intended to serve as the benchmark reference
for all avian taxa. The task is well advanced because, for
nearly three decades, ornithological taxonomy has been
exceptionally well served by Avibase (https://avibase.bsc-
eoc.org/avibase.jsp), a site maintained by a single individual.
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Avibase provides information on taxonomy, nomenclature,
and synonymy for all of the ¢. 10,000 bird species and c.
22,000 subspecies, making it possible to understand the
equivalence in concepts among the four major lists. The
same rationale was behind the development of the World
Register of Marine Species, an expert edited online database
of all marine species in which nearly half the species names
are considered synonyms (Appeltans et al., 2012, Costello
et al., 2013).

Conflicts of interest: Giraffes and orangutans

Conservation priorities may change when new species are
described. This is particularly the case when populations of
high-profile, iconic species are split into two or more seg-
regate species: populations previously regarded as part of a
single widespread species may become species in their own
right, thus increasing their apparent value and the case for
their protection. Objectively, loss of a population (before the
split) may be no less significant than the loss of the segregate
species after the split, but the latter is usually deemed more
significant (Mace, 2004). When populations are simultane-
ously reclassified as a species and listed as critically endan-
gered, there is an added urgency as it implies the species has
been neglected until recognized by taxonomists. However,
such rapid acceptance of a taxonomic hypothesis carries
dangers for the reputation of taxonomy—taxonomy cannot
be a tool of conservation if it is to retain legitimacy among
governments and the broader society (Garnett & Christidis,
2007).

At times, there is an uncomfortably close association
between taxonomy and conservation objectives. An example
is the Tapanuli orangutan. In 2017, an orangutan population
south of Lake Toba in Sumatra was newly described as a spe-
cies, Pongo tapanuliensis (Nater et al., 2017) at about the
same time as plans emerged for a large hydro-electric dam in
the area. The new species was almost immediately accepted
by the Primate Specialist Group of the IUCN and listed as
Critically Endangered on the IUCN Red List (Nowak et al.,
2017). Its plight was then used powerfully in advocacy and
to generate conservation funds. However, designation of the
Tapanuli orangutan as a species is controversial (see Stanton
et al., 2019 and references therein), having been based on
differences in the skull and teeth of a single male compared
to 37 individuals from other orangutan populations, and dis-
similarities in mitochondrial DNA (Nater et al., 2017). There
is evidence of an exchange of male orangutans between the
Tapanuli population and other populations (Nater et al.,
2011), with only the more sedentary females being isolated.
Mitochondrial DNA is inherited along female lineages and
may diverge despite substantial interbreeding by dispersing
males (Ghirotto et al., 2020). Because some co-authors of
the paper describing the Tapanuli orangutan were members
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of the [IUCN’s Primate Specialist Group, which arbitrates the
taxonomy used by the [IUCN Red List, there is at least a per-
ception of a conflict of interest in this decision. An adequately
governed global list would overcome these apparent conflicts
of interest by ensuring independent oversight and review of
candidate taxonomies before acceptance onto the list.

A contrasting example concerns giraffes. The most recent
taxonomic treatment of giraffes recognizes three extant
species (Burgin et al., 2020; Petzold et al., 2020) divided
into ten subspecies (Petzold et al., 2020). Other treatments
recognize eight (Groves & Grubb, 2011) or nine separate
species (for a review see Bercovitch, 2020 and references
therein). However, the IUCN currently recognizes a single
extant species divided into nine subspecies, a treatment cur-
rently followed by more than 80% of academic publications
(Bercovitch, 2020). Many populations of giraffes are highly
imperiled and would be listed as critically endangered if
considered species, potentially attracting more conservation
funds. In this case, the relevant IUCN specialist group has
opted for a conservative approach, in contrast to the primate
specialist group.

Independent oversight and management of taxonomic
lists, and a clear separation between decisions on taxonomy
and conservation management, would ensure that standards
are applied as consistently as possible, reducing the chances
for anomalies such as these. This would ensure that users
of mammal taxonomy can be confident that the taxonomy
accepted for conservation management represents the con-
sensus of a broad expert base, rather than reflecting the
views of a small number of individuals, some of whom may
have apparent or real competing interests.

Nomenclatural and taxonomic currency: Silverfish,
deathwatch beetles, and rust fungi

Taxonomic knowledge is not stable and unchanging. Inter-
pretations that at one point in time are widely accepted may
be revised, and new insights are continuously added. Keep-
ing the taxonomy of lists up-to-date is important for practical
uses, such as biodiversity conservation, pest control, animal
and plant health including human health, and import and
export of biological materials. The practical uses of taxon-
omy for these purposes may be hampered by the use of out-
dated information. Moreover, taxonomic revisions often go
hand in hand with the changes to names, and because names
are the main keys for indexing and managing taxonomic
information, the failure to adequately manage nomenclatural
changes often has far-reaching consequences. Two common
pest species demonstrate the difficulty that can be caused by
even minor changes in the names of taxa.

Silverfish in the family Lepismatidae include cosmo-
politan peridomestic pests such as the common silverfish
Lepisma saccharina and Ctenolepisma longicaudata. A
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2018 ruling by the International Commission on Zoologi-
cal Nomenclature (Opinion 2427; ICZN, 2018) determined
that generic names based on “-lepisma,” which had been
treated as grammatically feminine, are neuter. Under the
rules of nomenclature, this means that the endings of the
species names need to be changed, i.e., for silverfish, to L.
saccharinum and C. longicaudatum. The problem is that
many organizations are unlikely to notice (or understand the
reasons for) these changes: ICZN rulings take a long time
to permeate the community, and they do so unevenly. This
is likely to lead to different spellings being used simultane-
ously in different communities, leading in turn to ambigu-
ous or incomplete results from computer-based searches.
Although computer algorithms that accommodate variant
spellings usually deal with common misspellings and the
natural ways that people misspell, abstruse changes in taxo-
nomic names (as from -a to -um at the end of the name of a
pest species) are unlikely to be corrected by general-purpose
algorithms when searching for, e.g., pesticide approvals and
compliance notices, leading to partial or incorrect results.

A similar example, for a different taxonomic reason, is
the recent reclassification of globally important wood-boring
pest beetles (including the death watch beetle) from the fam-
ily Anobiidae to the family Ptinidae (Bell & Phillips, 2012).
Consequently, all biosecurity documentation that regulates,
for example, against the importation of pest species belong-
ing to the Anobiidae is now out of date. If an entomologist
correctly identifies a beetle in a timber shipment as belonging
in Ptinidae, biosecurity actions that are designed to protect
against Anobiidae (e.g., EPPO, 2020; USDA, 2014) may not
be triggered.

Occasionally, nomenclatural changes are substantial
and wholesale within a taxonomic group, rather than occa-
sional and ad hoc. An example comes from fungi, which
have caused special nomenclatural problems due to their
sometimes very complex life cycles. For example, many
rust fungi have a sexual stage with a distinctive morphology
on one host, and one or more asexual phases, usually with
very different morphologies, found on other hosts. Because
the life cycle stages could not be easily connected, for more
than 150 years, different life cycle stages were given differ-
ent valid names, even though they were the same species.
The advent of molecular biology changed all this by allow-
ing links between different stages to be proven genetically.
Accordingly, the rules were changed to ensure that every
fungal species is correctly assigned only one name. After
some confusion (Redhead, 2010), working groups for all taxa
affected have successfully implemented this change, result-
ing in wholesale nomenclatural changes in some of the most
important groups of fungi for agriculture and biosecurity.

Given the rising costs incurred by invasive species
(Diagne et al., 2021) standardization to a single source of
taxonomic information could lead to very substantial savings
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by ensuring that the names of pest species are clear to all
users. This has been partially achieved in the marine com-
munity through the establishment of a sub-database within
WoRMS called WRiMS (World Register of introduced
Marine Species) to manage introduced species information
(Costello et al., 2021). Again, this has real-world conse-
quences: multi-million-dollar mistakes are possible (or even
likely) if the names of biosecurity-relevant species are not
correctly controlled, and multi-million-dollar savings are
possible if they are.

Confusions in applying taxonomy in science

In the previous sections, we have discussed how the lack of a
well-governed species list has practical implications outside
of science. However, taxonomy is also frequently used in a
range of scientific fields. Just as with non-scientists, scien-
tists in these fields may lack the expertise needed to arbitrate
between different treatments, select the most up-to-date spe-
cies list, and avoid nomenclatural confusion. This means that
the same kinds of problems that affect non-scientific users
also affect scientific users. For example, Isaac et al. (2004)
and Faurby et al. (2016) have shown that variation in taxo-
nomic opinions can have a strong effect on key analyses used
in a range of ecological and evolutionary studies.

Critically, these problems are becoming more severe
as science becomes increasingly reliant on digital data
including biodiversity databases. Taxonomic names are key
indexing terms for biodiversity data, and nomenclatural and
taxonomic confusion are likely to impact the quality of the
data that users retrieve from these databases. Multiple taxo-
nomic treatments are often aggregated into one database,
and different taxonomic sources are likely to be categorized
together even if they were derived from different or com-
peting taxonomies. A single, accepted, authoritative, global
taxonomic list would provide a potential solution to all these
problems.

Discussion

The benefits of an accepted list of the world’s species and
other taxa, readily accessible and used by workers in bio-
diversity conservation, management, legislation, medicine,
and other fields, are best appreciated by understanding the
detrimental impacts of the lack of such a list. These impacts
stem from issues around coordination, trust, and currency.
A lack of coordination in developing global lists of spe-
cies, both by producers and users, leads to duplicated effort
and inefficiencies: list providers waste funding and effort by
duplicating each other’s work, and cooperation between users
is compromised when they rely on different lists (Costello
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etal., 2013). A well-governed global list of the world’s spe-
cies could solve both these issues.

Better coordination would also build trust: a clear, prag-
matic, broad-based, and well-coordinated effort to build a
single global list of accepted species would increase trust by
all parties that the list is well-founded and trustworthy. How-
ever, for taxonomy to be trusted, it must also be independent
of its users. As Conix et al. (2021) outline, users have a
role in setting some of the boundaries of taxonomy, where
there are choices on principles to be adopted, but should
have no role in the basic task of species delineation. These
roles are sometimes confused, particularly when taxonomy
is shaped by conservation imperatives or desires, even if
the shaping is done for highly ethical reasons. Ultimately,
confusion between taxonomy and conservation, and a lack
of trust that the one is independent of the other, can dam-
age the reputation of both, not least because it can lead to
attacks from those with objectives other than conservation,
or even legitimize pressure on taxonomists from those with
development and other agendas.

Finally, a well-governed global list would resolve some of
the problems discussed in this paper because it guarantees
currency, within reason. Problems may arise when users rely
on outdated taxonomic information or lists, but also when
they rely too heavily on the very latest research before this
has been tested, assessed, and accepted. These problems are
particularly acute when multiple competing treatments are
available. Keeping abreast of, and assessing, new taxonomic
research needs to be devolved to specialists who can bring
together information from their fields of knowledge transpar-
ently and equitably. Aggregating this collective knowledge
into a single list means it can be rapidly disseminated to
all users. If users trust a list, they will be disinclined to go
to other taxonomic sources. A smoothly operating system
would see the list updated at timely intervals, which would
reduce legal loopholes for illegal trade, minimize quarantine
breaches on the basis of anachronistic nomenclature, and
allow rapid determination of the correct taxonomic names
in a wide range of use cases.

We should note that the creation of a global list is not
entirely without risk. While we think that huge benefits
would arise from institutions and agreements like CITES,
CMS, the IUCN, and government checklists underpinning
legislation such as the US Endangered Species Act agreeing
on a single list of species, we also acknowledge that there are
some dangers inherent in doing so. Anything to do with pri-
mary science must be free from the imposition of preferred
taxonomic lists; academic freedom is paramount in science.
No author must ever be discouraged to publish taxonomic
work that goes against an accepted list or taxonomic con-
sensus of the day. Importantly, this implies that scientific
journals and their editors must not impose a specific tax-
onomy on authors submitting taxonomic and nomenclatural
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manuscripts to them. For other scientific endeavors, it may
be appropriate that journals do suggest conformity with
global lists for clarity and it should be expected that authors
use a current taxonomy as found in well-managed global
lists or recent scholarly sources (Costello & Wieczorek,
2014; Garnett et al., 2020; Kaiser et al., 2013). However, sci-
entific journals must remain the playing field of taxonomic
discussions and debates, and only further downstream in the
process should various taxonomic suggestions be funneled
into a single list to be used by the relevant stakeholders.

In many ways, the assembly of a global list and the devel-
opment of processes to govern areas of disputation holds
promise to complete the work started by Carl Linnaeus. Lin-
naeus not only developed the hierarchical system of clas-
sification still in use today, he also standardized scientific
names and provided an extremely practical and useful means
for communicating knowledge of biodiversity. He intended,
in fact, to create and publish in his lifetime a single enu-
meration and classification of all living species on Earth.
The task, of course, was vastly larger than he comprehended
and has been carried on by generations of taxonomists since
his death. Achieving Linnaeus’ vision of a seamless and
complete list of the world’s known species will provide the
means to communicate far more effectively than we can
today about many aspects of biodiversity that have universal
interest to biologists, conservationists, industry, medicine,
and the general public.
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