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Abstract

What we accept as the units to be classified is not just an
expression of our current aims and practices but will also
impact further classificatory research. The launch of Mega-
taxa invites a dispassionate discussion about the units to be
classified and the names associated to them. Specifically, we
must address three challenges.—Challenge 1. Living with
pluralism in biological classifications. Despite the enor-
mous amount of ink spent on this issue, there is little hope
of finding a species concept at the same time satisfactory
from a theoretical point of view and reliable as a guide for
taxonomic practice. This unavoidably causes a degree of
pluralism in biological classification, as the taxonomic units
generally described as species are not necessarily compara-
ble. Also, different users of classification may have different
expectations, better satisfied by alternative solutions rather
than by a consensus classification. The obvious tension be-
tween these different expectations cannot be easily solved by
authority or consensus, or simply hoping in the future avail-
ability of better criteria for species delimitation. - Challenge
2. Managing multiple classifications within one nomencla-
ture system. Changing taxonomy is the source of ambiguity
in the meaning of species names. As a consequence, Lin-
naean names may not be unique and universal labels for the
taxa we recognize. The problem can be solved by specify-
ing taxonomic concepts, i.e. by associating the names to the
contexts in which these are used.—Challenge 3. Managing
the nomenclature for provisionally circumscribed taxa. Mo-
lecular Operational Taxonomic Units (MOTUSs) do not cor-
respond necessarily to conventional taxonomic species and
no simple or universal rule exists to ‘translate’ MOTUs into
Linnaean species. Provisionally recognized MOTUs do not
get a Linnaean name, but are labelled with a formula, in too
many cases following no acknowledged standard and thus
becoming useless for communication purposes. Non-Lin-
naean names, or formulas, for provisionally circumscribed
taxa cannot be rejected, but some international consensus is
needed.
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Introduction

The launch of Megataxa, this ambitious megajournal in
taxonomy, invites a dispassionate discussion on some
critical issues in our discipline. These issues must be
addressed in order to improve current practice both in the
production and in the subsequent management and use of
taxonomic information. These issues are likely to become
even more pressing with the rapid progress in species
description to which Megataxa will obviously contribute.
Discussing the powerful catalytic effect of megajournals
on species description, Zhang (2011) reported that the
new taxa described in one year (2010) in one journal
(Zootaxa) were in the order of 4000, an estimated 20% of
all animal taxa described that year. Even larger numbers
can be expected for the yearly sets of papers describing
at least 100 species required by the editorial policy
of Megataxa. A few similarly encompassing papers
have been published in recent years, often through the
collective effort of numerous researchers (e.g., 100 new
lichen species described in Lumbsch ef al. 2011), but
occasionally also as the work of a single taxonomist (e.g.,
101 and 103 new species of the weevil genus Trigonopterus
described by Alexander Riedel from New Guinea (Riedel
et al. 2013) and Sulawesi (Riedel & Narakusumo 2019),
respectively).

The following discussion will address problems at the
level of the units to be classified and the names associated
with them. I will not discuss criteria for grouping them
into supraspecific taxa, still less the issue of whether
supraspecific taxa must be assigned ranks such as genus,
family, order etc., as in the Linnaean tradition, or not, as
implied by a taxonomy based on phylogenetic principles
(e.g., Grifffiths 1974, 1976, de Queiroz 1988, de Queiroz
& Gauthier 1990, Minelli 1991, O’Hara 1993). Examples
will be mainly, but not exclusively, from zoology.
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Challenge 1. Living with pluralism in biological
classifications

Is strict consensus in taxonomy possible, or desirable?

As noted by Wilkins & Ebach (2013, p. 36), “A natural
taxon is some object that is correctly and properly
represented by a name, which denotes that object in nature,
and is arranged in a natural taxonomy.” But a natural
taxonomy is not something we discover in nature, it is
instead the expression of our worldview: “Over the course
of a century or so, a natural classification went from being
what we observed without theory to what we derived from
theory” (Wilkins & Ebach 2013, p. 35). Indeed, within
the biological community there is a widespread if tacit
consensus on the assumption that the units to be classified
must be, in some sense, “foundational or fundamental”, in
other terms, that they must agree with a specified species
concept. There are, however, several problems with this
assumption.

First, despite the enormous volume of pages
hitherto devoted to discussing this issue, there is no
consensus solution to the so-called species problem
(for a comprehensive discussion of which, see e.g.
Coyne & Orr 2004, Zachos 2016). In particular, there
seem to be little hope of finding a species concept at
the same time satisfactory from a theoretical point of
view and also reliable as a guide in taxonomic practice.
A consequence, to which philosophers of biology have
paid much more attention than biologists, taxonomists
included, is a possible (or necessary?) pluralism in
biological classification. Among the positions expressed
in the last three decades, some authors (e.g., Kitcher
1984, Ereshefsky 1992, 2001) advocate pluralism, others
(e.g., Ghiselin 1987, Hull 1987) reject it. Whenever this
problem surfaces, biologists rarely go beyond defending
their preferred species notion, e.g., the biological species
concept or one of the several varieties of the phylogenetic
species concept proposed thus far.

Current progress in taxonomy cannot be halted
waiting for an improbable agreement on species concepts.
Irrespective of one’s personal view on this problem, we
must accept that practicing taxonomists will adopt different
species concepts, consciously or not. Whatever the cause,
this means that all the taxonomic units generally described
as species are not necessarily comparable, despite the fact
that they are mostly (but far from universally, see below)
labelled with Linnaean binomina.

Second, there are good reasons to accept that
different users of a classification of living beings may
have different expectations that are better satisfied by
alternative solutions rather than by aiming at a consensus
classification that might express a balanced choice among
them. As a consequence, we must address a question

that most taxonomists would probably prefer to ignore,
that is, if we should better struggle for fighting this
latent taxonomic pluralism or, on the contrary, accept
it at face value and look for solutions helping us taking
best advantage, and risking less danger, from an already
present, and possibly growing, pluralism.

In their classic book on plant systematics, Davis &
Heywood (1963) remarked that among living forms there
are many kinds of discontinuities, all of which may be of
interest. However, as noted e.g. by Mishler & Donoghue
(1982, p. 495), in many instances the sets of organisms
delimited by different kinds of discontinuities will not be
the same: “If non-correspondence is prevalent, then strict
biological species will not necessarily have anything in
common but reproductive isolation. It might be argued that
a species concept that unambiguously reflects one aspect
of variation may be preferable to one that ambiguously
reflects several things. But why should we necessarily
pin species names on sets of organisms delimited by
reproductive barriers? Why not choose, for example, to
name morphological units instead?” It is not easy to refute
Mishler & Donoghue’s (1982, p. 500) conclusion, that “a
variety of species concepts are necessary to adequately
capture the complexity of variation patterns in nature.
To subsume this variation under the rubric of any one
concept leads to confusion and tends to obscure important
evolutionary questions,” not to mention failing to satisfy
the needs of many users of classification. A quite obvious
corollary is, that accepting a degree of pluralism in the
choice of taxonomic units makes sense only provided
that the underlying criteria (e.g., the different species
concepts adopted in circumscribing different sets of taxa)
are always evident and possibly stated in explicit terms.

Many taxonomists, most of them perhaps, will
strongly object to any form of pluralism, but pluralism
is already, and solidly, present in current taxonomic
practice. For those who need an articulated analysis of the
philosophical justification for some degree of pluralism,
reading through Conix’s (2019) lucid analysis may be
profitable. His main point is that the legitimacy of a
species classification is determined by a clear decision
about the aims of research and how the classification has
to be operationally obtained.

Irrespectively of the preference for a given species
concept, many taxonomists will agree that “Itis not the role
of classification to make identification of organisms easy
but to reflect the evolutionary history and relationships
of organisms as far as we understand it” (Leavitt et al.
2016, p. 488). But many users of the classification will
definitely expect that the latter will allow easy allocation
of specimens to named species (perhaps, ‘species’)
through diagnostic morphological traits or the availability
of easy and cheap molecular markers.

The obvious tension between

these opposite
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expectations cannot be easily solved by authority or
consensus, or simply hoping in the future availability of
better criteria for species delimitation.

I am not proposing here the development of multiple
parallel taxonomies. My aim here is to call attention to
the fact that for a large number of taxa we cannot hope,
at the moment at least, for a universal consensus on a
given classification because, in so far as distinct research
agendas are pursued and explicitly taken as foundation for
the taxonomic work, different legitimate classifications
will necessarily result. As the examples in the following
section show, this tension is likely to be stronger in groups
on which new classificatory efforts have been produced,
rather than in those the taxonomy of which is crystallized
in a traditional arrangement.

Species taxa based on different species concepts

Species-level taxa as described by different authors are
based on a plurality of species concepts, most often
implicity accepted, but sometimes explicitly declared.

“Most biologists agree that discrete clusters exist
among sexually reproducing organisms, and behave in
their own research as if these groups were real” (Coyne &
Orr 2004, p. 25). This explain the privilege, in delimiting
species, often acknowledged as the reproductive isolation
(biological species concept, BSC), despite the fact that this
condition can actually be demonstrated only in a limited
number of instances, and in any case it does not apply
to uniparentally reproducing organisms: Ghiselin (1984,
p. 213) described uniparentally reproducing organisms
as ‘like heaps of leaves that have fallen off the tree that
gave rise to them’ and Mayr (1987) regarded them as
worth be recognized as a separate type of taxon—the
term ‘agamospecies’ (Cain 1954) was already available
for them.

An idiosyncratic interpretation of the principle of
reproductive isolation as a criterion to separate species
has been applied by Félix et al. (2014) in a paper in which
15 new species of the nematode genus Caenorhabditis are
described. The same group of researchers had previously
performed mating tests to establish biological species
status among numerous samples of these worms and
documented a number of instances of total or partial
reproductive isolation among them. Sixteen populations
were thus interpreted as representing new species;
barcodes based on ITS2 rDNA sequences were obtained
for all of them and for a few previously described, closely
related species (Kiontke et al. 2011). However, at the
time the new species were formally described, these were
not diagnosed based on the barcodes (or other molecular
or morphological characters), but only based on their
reproductive compatibility with other strains. In addition
to providing an example of strict priority reserved for

reproductive isolation in the circumscription of species,
this work is also an example of taxa established on
characters only accessible to the authors, who have
the privilege to breed in their lab the strains specified
as reproductive testers for the specific identity of any
additional strain to be studied in the future. An excerpt
from Félix et al. (2014, p. 7) will clarify the issue.

Caenorhabditis macrosperma Félix, Braendle & Cutter sp.
nov. urn:lsid:zoobank.org:act:DB7D2F62-D33F-4EDA-B8SF-
OFE780C74A53 = Caenorhabditis sp. 18 [in Kiontke et al.
2011]

The type isolate by present designation is JU1857. The species
is delineated and diagnosed by the fertile cross with the type
isolate JU1857 in both cross directions, yielding highly fertile
hybrid females and males that are interfertile and cross-fertile
with their parent strains.

It might be disputed if such a ‘diagnosis’ fully
complies with the requirement of Art. 13.1 of the Code,
that “To be available, every new name published after
1930 must [...] be accompanied by a description or
a definition that states in words characters that are
purported to differentiate the taxon.” In the absence of
other diagnostic criteria, the formal Linnaean name
(Caenorhabditis macrosperma) remains as ‘private’ as
the provisional formula (Caenorhabditis sp. 18).

Of species concepts other than the BSC, the so-
called diagnosability version of the Phylogenetic Species
Concept (dPSC) has been frequently applied in mammals
and birds, especially in clades including emblematic
animals targeted by conservation efforts. According to
this concept, a species is the least inclusive population-
level group of organisms with diagnostic traits by
which it differs from other such clusters (Cracraft 1983,
Wheeler & Platnick 2000). Application of this species
concept has caused a dramatic increase in the number of
species recognized in some groups (“taxonomic inflation”
in the words of Zachos et al. 2013). The first example
was Cracraft’s (1992) revision of the birds-of-paradise.
Within this group, previous authors, arguably using gaps
in morphology as a proxy for reproductive isolation, thus
broadly implying adherence to the biological species
concept, recognized between 40 and 42 species, many
of which polytypic. In his work, Cracraft raised to the
species rank 65 subspecies described by previous authors.
Combined with other changes, this resulted in counting
90 species in the family, only two of which were actually
described by him as new.

More recently, the diagnosability version of the
phylogenetic species concept has been applied to several
groups of mammals. For example, it has been proposed
to recognize three tiger species rather than one, Panthera
tigris (Linnaeus, 1758), with acknowledging independent
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species status to the Javan tiger P. sondaica (Temminck,
1844) and the Sumatran tiger Panthera sumatrae Pocock,
1929 (Cracraft et al. 1998; Mazak & Groves 2006).
Many more examples are found in Groves & Gubb’s
(2011) book on ungulates, including the splitting of the
klipspringer  Oreotragus oreotragus (Zimmermann,
1783) into eleven species. This trend has found favor
among a number of mammalogists, e.g. Gippoliti et al.
(2013) and Cotterill et al. (2014), but has been strongly
opposed by others, e.g. Frankham et al. (2012), Heller et
al. (2013), Zachos & Lovari 2013) and Zachos (2018).
In specific cases, however, the proposed splitting is
accepted also by mammalogists otherwise very critical of
recognizing species taxa according to the dPSC (Zachos
et al. 2013): this is the case of the African elephants (the
forest elephant Loxodonta cyclotis Matschie, 1900 and
the savanna elephant Loxodonta africana (Blumenbach,
1797); cf. Rohland et al. 2010).

In this plurality of species level taxa recognized with
reference to different species concepts, a special case
is represented by the Least Inclusive Taxonomic Units
(LITUs). According to some adherents to phylogenetic
nomenclature (Pleijel & Rouse 1999), these should
replace the species as the basic unit of classification. In
fact, the difference between a dPSC-diagnosed species
and a LITU is mainly one of nomenclature. A LITU could
be defined as a dPSC-based unit to which a single-word
name (uninominal) has been given instead of a two-word
name (binomen) according to the Linnaean tradition. This
proposal might be described as a way to constructively
react to Mishler’s (1999) plea to stop describing species.
In practice, however, only a very small number of LITUs
have been described (e.g., Pleijel 1999, Pleijel & Rouse
2000), and this effort seems now to be closed. A LITU
described by Pleijel & Rouse (2000) as capricornia has
been recently brought under the discipline of the Code
by placing it into a genus, thus becoming Lizardia
capricornia (de Aratijo Costa et al. 2017).

The prospect of abandoning the species category
has been discussed in a balanced way by LaPorte (2007)
who concludes that the alternatives to the use of ‘species’
proposed in connection with conservation efforts or in the
context of a rank-free systematics have failed to provide a
proper replacement for the species taxon.

Special names for hybridogenetic taxa

The need to use names (or formulae) departing from the
prescriptions of the Code for species-level taxa has been
advocated in some specific cases, as for the hybridogenetic
green frogs of the genus Pelophylax Fitzinger, 1843.
The best known representative of this kind is the so-
called edible frog, described by Linnaeus (1758) as Rana
esculenta. If we ignore local populations of more complex

history and more problematic nature, this frog generally
represents a non self-perpetuating hybrid between
Pelophylax lessonae (Camerano, 1882) and Pelophylax
ridibundus (Pallas, 1771) (Berger 1968, 1983, Dubois
1982, Spolsky & Uzzell 1986). Gametes produced by
the hybrid, however, carry only /essonae or ridibundus
genes; therefore, the survival of the hybrid depends on
the presence of a syntopic population of the other parental
species, the hybrid condition being generated anew at
each generation, hence the term hybridogenesis (Schultz
1969) used to describe the phenomenon. To indicate
that these hybridogenetic amphibians permanently rely
on foreign gametes (i.e., in a sense, they ‘steal” gametes
from them), it has been proposed to call them kleptons
(Dubois & Giinther 1982) rather than species. Their
names are obtained by inserting the word ‘klepton’
between the generic name and the specific epithet.
Hybridogenetic frogs are often accepted as species-level
taxa (e.g. AmpbibiaWeb 1999) and cited with names
such as Pelophylax klepton esculentus (Linnaeus, 1758),
but some authors, including some competent amphibian
taxonomists, reject them, based on the principle that
hybrids, as such, have no separate nomenclatural status in
zoology (cf. ICZN 1999, Art. 1.3.3), thus each individual
of “Rana esculenta” should simply be described as a
hybrid with a genome of Pelophylax lessonae and a
genome of Pelophylax ridibundus (Frost 2019).

Challenge 2. Managing multiple classifications
within one nomenclature system

Taxonomic concepts

As stated in the Preamble to the International Code of
Zoological Nomenclature, “The objects of the Code are to
promote stability and universality in the scientific names
of animals and to ensure that the name of each taxon is
unique and distinct”. However, universality and stability
of nomenclature do not imply that the valid name for a
species must remain unchanged forever: it will depend
instead on the taxonomic context in which it is embedded,
and this context has been changing since Linnaeus, and
continues to change to date.

Changing taxonomy is indeed the source of standing
ambiguity in the meaning of species names. To use an
example first discussed in Minelli (2019), the small-
size populations of the European red deer living in the
Mediterranean islands of Sardinia and Corsica (and in
North Africa) are generally regarded as taxonomically
distinct from the European continental form, but some
authorities (e.g., Groves & Grubb 2011) credit them
of distinct species status, while others (e.g., Zachos
et al. 2013) regard the distinction as subspecific. As a
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consequence, ‘Cervus elaphus’ in the sense of Groves &
Grubb (2011), from which the insular and North-African
Cervus corsicanus Erxleben, 1777 is excluded, is not the
same as ‘Cervus elaphus’ in the sense of Zachos et al.
(2013), which includes C. e. corsicanus (Erxleben, 1777)
alongside C. e. elaphus Linnaeus, 1758. It cannot be
denied that this is an example of taxonomic pluralism—of
an accepted, ‘legitimate’ pluralism. Taxonomic groups for
which two or more, conflicting taxonomies coexist are all
but rare and a re-visitation of their species diversity from
new (molecular, integrative) perspectives often increase,
rather than reduce, the conflict.

As a consequence, in the absence of further
qualifications, Linnaean names may become semantically
instable because of changing taxonomies and thus fail to
be the unique and universal labels for taxa prescribed by
the Code and needed by all users of nomenclature (Minelli
2019). To be sure, this does not mean that Linnaean taxa
and Linnaean nomenclature must be rejected! But we
must seriously address the problems that emerge, as soon
as we need to aggregate in the same data base, or even
simply in a list of synonyms, information from multiple
sources that use the same Linnaean name for differently
circumscribed taxa. The problem can be solved by paying
attention to the context in which a name is used by an
author in a particular work, i.e., by specifying taxonomic
concepts (Berendsohn 1995), i.e. the precise meanings
of names in the different sources and the semantic
relationships among them: for example, e.g., “Cervus
elaphus Linnaeus (1758) sensu Groves and Gubb (2011)”
is part of “Cervus elaphus Linnaeus (1758) sensu Zachos
etal (2013)”.

The impact of changing taxonomy on species-level
nomenclature has been exhaustively explored in the
case of birds. The over 1.5 million taxonomic concepts
available in the literature for this group (Lepage et al.
2014), in which ca. 10,000 species and 22,000 subspecies
are currently recognized, have been organized in the
exemplary database Avibase (Lepage 2019).

Open nomenclature

Another issue originates from the fundamental distinction
between species discovery (with formal description and
naming) and the subsequent use of species names when new
specimens are identified (Collins & Cruickshank 2012).

Strictly speaking, scientific nomenclature as ruled by
the Codes applies to the names of taxa, but this is not
the same as the use of these names by vast majority of
users, professional biologists included. Indeed, Art. 1.1 of
the zoological Code (ICZN 1999) states that “Zoological
nomenclature is the system of scientific names applied to
taxonomic units (taxa; singular: taxon) of extant or extinct
animals”.

This is different from the subsequent use of names as
applied to specimens other than the original type material.
Very often, even in the case in which there is no reason
to presume that a still undescribed taxon is involved, the
identification of a specimen with a named species must
remain tentative, especially if the material can only be
studied morphologically. Think for example of a species
in which reliable species-level identification is possible
only on characters of the male genitalia, but only females
or juveniles are available.

In such cases, the identification of a specimen
may remain uncertain even in the hands of a specialist,
including the author of the species to which a specimen
can be tentatively referred.

To avoid conveying a possibly (or probably) wrong
message by using an unflagged Linnaean name, informal
and not standardized formats are used (e.g., Lumbricus cf.
rubellus). Despite the fact that the relationship between
the names of taxa formed according to the rules of the
Code and these formulas applied to individual specimens
are generally clear, these names depart from pure
Linnaean binomina and are thus collectively called open
nomenclature (Richter 1948, Matthews 1973, Bengtson
1988, Minelli 2019). A comprehensive analysis of the
problem, with suggestions for expressing in a standardized
way the different causes and degrees of uncertainty in
naming specimens not definitely matching with a named
taxon, is provided by Sigovini et al. (2016).

Challenge 3. Managing the nomenclature for
provisionally circumscribed taxa

Popular issues in biodiversity studies relate to the number
of species known thus far, and those waiting description.
However, the precise figures currently circulating conceal
a lot of problems, at least two of which are relevant to the
issues discussed in this paper. One of these issues is due to
the heterogeneity of taxonomic units bearing a binomial
name (discussed above), the other is the fact that the formal
description and naming of a large and broadly increasing
number of hypothesized new species, the existence of
which is reported in the scientific literature, is postponed
indefinitely. These hypothesized but undescribed species
form a very large part of a set of taxonomic entities known
as cryptic species. Of the many (not necessarily congruent)
definitions of cryptic species found in the literature
(for a list, see Struck et al. 2018), let’s follow Bickford
et al. (2007), according to whom two or more species
deserve be called ‘cryptic’ if they are currently classified,
or have been classified in the past, as a single nominal
species because of the apparent lack of morphological
distinguishing traits. Morphological differences between
molecularly identified species are sometimes missing,
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even in cases in which the divergence between two species
has been reconstructed as very old. For example, in the
lichen genera Melanelixia and Melanohalea phenotypic
differences to be used as diagnostic at the species level
may be absent even millions of years after the initial
divergence (Leavitt ef al. 2012, 2013).

In recent years there has been lively discussion on the
nature of cryptic species, their significance for the study
of evolution and biodiversity and their possible taxonomic
treatment, much less on how to ensure that information
about each of them can be publicly shared until a decision
is eventually taken about their validity, followed, if this is
the case, by formal description and naming. According to
Korshunova et al. (2017), the status of cryptic species does
not describe a natural phenomenon, but only a temporary
problematic formalization of species delineation.

This status of the taxonomy of a group may well
be temporary, but the prevalence of the phenomenon is
impressive, witness the following picture, based on a
survey of 606 publications issued before June 2016, in
which cryptic species are mentioned (Struck et al. 2018).
Of those papers, less than one in five contains formal
descriptions of the hypothesized species, although in
some instances (no percentage is given by Struck et al.) a
regular taxonomic treatment may have been published in
a separate paper. As expected, the vast majority of these
papers (84.2%) included molecular data but less than one
half of them (42.7%) examined morphological data, alone
or combined with molecular information. Three quarters
of the papers included an estimate of genetic divergence.
Most critically, 35.5% based cryptic species designation
on a single molecular marker, most frequently plastidial
or mitochondrial.

The correspondence between the unit taxa delimited
according to different criteria is probably intractable
if the precise identity of the type material of the
species recognized according to a traditional Linnaean
classification cannot be determined. In any case, it may
require a lot of additional work. Following a study of 414
samples of Xanthoparmelia lichens from western North
America, Leavitt et al. (2011) admitted that the genetic
clusters inferred from their study based on six nuclear loci
cannot be readily aligned with traditional taxonomy. An
exhaustive study involving the genetic characterization of
the type material of all the Linnaean species potentially
involved will hardly be completed soon (if ever), together
with the formal description and naming of the hitherto
unrecognized taxa deemed worth of recognition, for many
of which morphological and chemical diagnostic traits
will not be available. Therefore, the authors propose, as a
temporary solution, to adopt provisional names for the 21
genetic clusters obtained by a suitable cutting level of their
molecular tree. The taxonomic diversity hypothesized by
the author was indeed very poorly covered by the named

Linnaean taxa. Only in two instances was there a one-
to-one correspondence between Linnaean taxon and
molecularly hypothesized lineage (X. mexicana and X.
stenophylla corresponding to A2 and B3, respectively),
more often one Linnaean species corresponded to multiple
lineages, in other cases no Linnaean name was available
for a lineage. Most disturbing, however, are the instances
in which a molecular lineage includes a ‘mix’ of named
and probably also unnamed Linnaean species.

Indeed, taxonomic units inferred from molecular
distances, best described as MOTUs (Molecular
Operational Taxonomic Units) (Floyd et al. 2002), do
not correspond necessarily to conventional taxonomic
species, as first stressed by Blaxter et al. (2005) and
confirmed by a large number of studies on animal, fungal
and plant taxa using a diversity of molecular markers and
diversity of species delimitation criteria. Moreover, no
simple or universal rule exists to ‘translate’ MOTUs into
Linnaean species and time-consuming and not necessarily
exhaustive effort is necessary to place in the standard
Linnaean classification the MOTUs that eventually
deserve to be acknowledged as species, nevertheless
this should be regarded as a necessary effort (Trontel] &
Fiser 2009; Pérez-Ponce de Ledon & Nadler 2010; Minelli
2017b).

The fact that provisionally recognized MOTUs do
not get a Linnaean name, but are simply labelled with a
formula, is not a problem per se, but in too many cases
the formulas found in papers and data bases are useless
for communication purposes. The real problem (critically
discussed by Schindel & Miller 2010, Pante et al. 2015,
Morard et al. 2016, Minelli 2017a, 2019) is that it is
generally impossible to trace these formulas from a paper
to another or from a database to another. In the absence
of a sentence specifying that the taxon provisionally
called ‘Lumbricus sp. A’ in a given paper is the same as
the ‘Lumbricus sp. A’ mentioned in another paper, even
among the papers of the same author(s), there is no reason
to expect that the identical formula will actually refer to an
identical taxon. These provisionally labelled ‘dark taxa’
(to use a term informally introduced by Roderick Page,
http://iphylo.blogspot.com/2011/04/dark-taxa-genbank-
in-post-taxonomic.html) thus remain unrecognizable and
as much as useless (Samyn & De Clerck 2012, Ryberg &
Nilsson 2018).

The problem, however, is not due to the fact that these
formulas do not comply with the rules of the Codes, but
to the lack of the standardization required for effective
communication. Non-Linnaean names, or formulas, for
provisionally circumscribed taxa (somehow comparable to
the candidatus status in bacteriology) require international
agreement on a few point points (cf. Schindel & Miller
2010, Morard et al. 2016, Minelli 2017a, 2019), the most
important of which are the requirements that each non
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Code-compliant name or formula remains permanently
associated with source information (author and year for
the names or formulas introduced in a publication, and
equivalent information, in a format to be specified, for
those first used as database entries) and material vouchers
are preserved and retrievable.

Conclusions

Standardization of practice must not be pushed so far,
that useful information is lost. This implies that we live
with some degree of pluralism, both in the list of taxa
we recognize, and the names we use for them. However,
this will work only in so far as we complement the Code
with internationally agreed provisions for handling both
the names for taxonomic units that cannot be correctly
handled under the Codes and the plurality of taxonomic
concepts that are associated with the same Linnaean
names. These needs are likely to increase, rather than
disappear, with the forthcoming advances in taxonomy.
The earlier we recognize these problems and adopt viable
solutions, the better for taxonomy as well as for the users
of classifications and names of taxa.

While managing current practice, we must also be
aware that any choice about what we accept as the units
to be classified is just an expression of our current aims
and practices. Whichever the choice, it will also impact
on further classificatory research (Conix 2019).
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