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Abstract Nomenclatures resulting from the application of
various procedures are viewed as communication tools
whose optimality can be compared. The traditional, node-
based, branch-based, apomorphy-based, and cladotypic
procedures are compared based on theoretical cases. The
traditional procedure collects several major drawbacks:
endings related to ranks are of low information content on
taxa hierarchy; with respect to procedures using uninominal
species names, in case of a partly unbalanced and/or partly
unresolved phylogeny, the application of the procedure
results into supernumerary names; a traditional taxon
name is prone to be polysemic, depending upon some-
one’s opinion on the rank and composition of the taxon,
and upon conflicting hypotheses on the phylogenetic
position of name-bearing types. Alternative systems vary
in merit. Names of apomorphy-defined taxa are prone to
be polysemic due to possible ambiguity in the formula-
tion of the defining character state. The cladotypic
nomenclatural procedure is similar in that respect, but a
set of rules allow ambiguity to be limited. The main issue
of node- and branch-based procedures is that cases of
synonymy cannot be settled if the inner phylogeny of taxa
cannot be resolved. Cases of irresolvable synonymy can

occur under apomorphy-based and cladotypic procedures,
but the problem can be circumvented by the use of taxa
whose defining character state is not subject to ambiguous
mapping. Node-, branch- and apomorphy-based definitions
as governed by the PhyloCode can produce nonsensical
statements, but this problem can be fixed by the adjunction
of falsifiable assumptions in use under the cladotypic
procedure. Cladotypic definitions must involve a fourth
assumption formulated as ‘cladotypes belong to different
species’ (cladogenesis assumption). The present contribu-
tion suggests that the cladotypic procedure outperforms all
other proposed procedures, producing an optimal formal
lexicon useful for naming and communicating about
species and taxa.
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“When I use a word,” Humpty Dumpty said, in a
rather scornful tone, “it means just what I choose it to
mean—neither more nor less.”
“The question is,” said Alice, “whether you can make
words mean so many different things.”
“The question is,” said Humpty Dumpty, “which is to
be master—that’s all.”
Lewis Carroll, Through the Looking-Glass and What
Alice Found There, 1888

Introduction

A biological nomenclature is a set of names whose referents
are species and taxa. This lexicon is the result of the
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application of a nomenclatural procedure, which is a set of
rules allowing names to be allocated. For a couple of
centuries the traditional nomenclatural procedure (or
Linnaean-Stricklandian according to Dubois 2007b), under
which species names are binomina, ranks are applied to
taxa, and taxa are onomatophore-based (i.e. name-bearing
type-based), was followed. Recently, several alternative
nomenclatural procedures have been developed.

It is well worth investigating which of these procedures
is the optimal one, because more accurate knowledge of
biodiversity could be reached more quickly. The view that
the adoption of an alternative nomenclatural procedure
would be “criminal” (Dubois 2005: 208) could be opposed
by the view that maintaining a less optimal procedure
would be an inacceptable waste of working power. Names
whose meaning is context-dependent could complicate
communication between taxonomists and (between) no-
menclature users, with detrimental consequences to our
capacity to sample and protect extant biodiversity. A
non-optimal procedure would also complicate collection
management. In addition, several projects aiming at exhaus-
tively databasing species and taxa names are currently
developed (e.g. the Zoobank project; Polaszek et al. 2005).
Reliance on a non-optimal procedure might curb the
usefulness of such initiatives. The necessity to bring
taxonomy into the ‘information era’ (e.g. Godfray and
Knapp 2004; Wheeler 2004) makes a comparison of
nomenclatural procedures, and further developments, more
crucial than ever.

Relevant papers already abound, in association to the
development of the PhyloCode (see references in Benton
2007; Cantino and de Queiroz 2007; Lee and Skinner
2007). However, the paucity of comparative studies mainly
relying on theoretical cases in connection with practical
implications prompted me to develop the present account.
In addition, the recent development of an alternative
procedure differing from those governed by the PhyloCode
(namely the cladotypic procedure; see Béthoux 2007a, b)
allows some comparative aspects to be reconsidered.

Thereafter I attempt to compare nomenclatures result-
ing from the application of the various procedures from a
communication perspective. Obviously, many languages
do not avoid ambiguity. The reason is that often the
context helps to resolve ambiguities. In the case of
developing a formal language, an optimal solution
(conforming to optimal communication) should avoid
both ambiguity and synonymy. Ideally, a given taxon
name should designate a unique set of species / a unique
lineage, and a given set of species / a unique lineage
should be designated by a unique taxon name. In
addition, the capacity to retrieve taxonomic hierarchical
information from taxon names would be a substantial
advantage of any biological nomenclature.

Conventions and preliminary discussion

The combination ‘nomenclatural procedure’ is used to
designate a set of rules to be applied for allocating names
to species and taxa, or associating names with definitions, as
opposed to the set of names resulting from the application of
a procedure, which will be termed ‘nomenclatures’.

This contribution is limited to nomenclatural procedures
under which only monophyletic groups should be named,
or only names of monophyletic groups should be kept as
valid. For the sake of simplicity, it is not concerned with
procedures allowing names of paraphyletic taxa to be
maintained (or considered as those of valid taxa), although
it must be noted that names can have paraphyletic or
polyphyletic groups as referents under the cladotypic
procedure (see below).

The term ‘species’ is used to designate lineages that have
not undergone any cladogenetic event. Species that have
experienced cladogenesis will be referred to as taxa
(Béthoux 2007b). In other words, the entity ‘taxon’ is
considered as a special case of the entity ‘species’. The
term ‘traditionalists’ refers to taxonomists who have
acknowledged preference for the traditional procedure.
Node-based and branch-based definitions will be collec-
tively referred to as relation-based; and apomorphy-based
and cladotypic definitions as character state-based. Charac-
ters are referred to by Greek lettering, character states by
roman numbers.

Independence with respect to taxonomic paradigms

The aim of this contribution is to compare those nomen-
clatural procedures complying with paradigms elaborated
by Darwin (1859) and Wallace (1859) (species evolve),
Mayr (1942; species arise by isolation), and by Hennig
(1950, 1966; species are to be grouped based on derived
character states, and only monophyletic supra-specific
groups are ‘natural’). This point is not directly connected
to procedure optimality, but I take the opportunity to
discuss it here.

Some traditionalists (e.g. Dubois 2006b) and non-
traditionalists (e.g. de Queiroz and Gauthier 1992) have
agreed that an explicit reference to ‘lineages’ or ‘ancestry’
as under relation-based and character state-based definitions
presupposes the acceptance of the paradigm of biological
evolution. This has been perceived by traditionalists as
conflating taxonomy (understood as the methods allowing
relations between species to be inferred) and nomenclature
(understood as the rules allowing names to be allocated to
species and taxa). In turn, they argued that a procedure
compliant with any paradigm regarding causal factors
responsible for the existence of species, various possible
patterns of species divergence (i.e. unique or reticulated
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ancestry), and any method allowing relationships between
species to be hypothesized, is preferable (Dubois 2006b,
2007a; Wheeler 2004: 577, but “higher taxon names refer
to monophyletic groups”, p. 574, implying that Hennig’s
paradigm is accepted).

However, the position that alternative procedures are
paradigm-dependent does not hold. Just as the traditional
nomenclatural procedure can be minimally altered to
become compliant with the evolutionary/phylogenetic
paradigms (Schuh 2003), alternative procedures can be
altered to make them compliant with alternative paradigms.
For example, definition formulations can be modified to
avoid direct reference to ancestors (Lee 1998; Moore 1998).
A formulation ‘species that are more closely related to B
than to A’, which is basically a branch-based definition,
does not make direct reference to ancestors, as the causal
factor underlying ‘relation’ is not explicitly stated, nor is
the deductive approach allowing this relation to be
hypothesized; yet the formulation can be used under an
evolutionary and phylogenetic framework. Also, discarding
the polarization assumption from the cladotypic procedure
(see below) would allow taxa defined upon plesiomorphies
to be considered as valid, resulting in a procedure
compliant with ‘evolutionary classifications’ (Mayr and
Ashlock 1991). These examples demonstrate that the issue
is not freedom with respect to paradigms, but the practical
merits of the various procedures.

Meaning, definition, and names

Within the framework followed in this analysis, a tradition-
al taxon name designates (or is conceptualized as; or its
referent is) a set of species constituting a monophyletic
assemblage, and to which a rank and an onomatophore (i.e.
a type-taxon or type-species) are associated. From the
literature, it is not evident whether or not taxa associated
with these names are defined. De Queiroz and Cantino
(2001) and Lee and Skinner (2007) suggested that the
mention of a rank and of an onomatophore constitutes a
definition per se. Such a definition would formally be ‘the
taxon whose onomatophore is [onomatophore] and to
whom the rank of [rank] is assigned’. With reference to
the PhyloCode, such definitions involve two specifiers (or
‘elements of definition’), an onomatophore and a rank. But
because ranks have no formal definitions, they cannot be
considered as appropriate specifiers.

Another view is to consider that the meaning of a
traditional taxon name relates to a species composition (i.e.
a list of species, or extensional definition). This aspect is
emphasized by traditionalists who consider instability in
composition as a major issue of alternative nomenclatural
procedures (e.g. Benton 2000, 2007; Nixon et al. 2003). An
exhaustive list of species could be considered as a taxon

definition, species acting as specifiers (such a definition
would equate a node-based definition involving all known
species of a taxon as specifiers; see below). Some authors
suggested that traditional taxa (or their names) could be
defined/delimited/conceptualized after their diagnoses (de
Queiroz and Gauthier 1990; Kojima 2003; Schuh 2003;
among others). Indeed, the composition-based approach is
equivalent to the diagnosis-based one, because a diagnosis
is a list of all character states exhibited by the species of a
given taxon that allows membership to be assessed. The
rank assignment would then be a mere consequence of the
composition of the taxon, and of a previously established
ranking pattern.

However, new species nested at the base of pre-existing
taxa, which are regularly discovered, would pose a problem
to a strict composition-based procedure (‘closed extensional
definition’; Dubois 2007a). Modifications of the taxon
composition, hence of the associated name meaning, are
allowed under the traditional procedure. The possibility to
extend or not extend the range of a taxon, so as to include
or not include a newly discovered basal species, is a direct
consequence of, and demonstrates, the absence of a strict
definition under the traditional procedure. In contrast, under
a strict definition-based procedure, the range of a taxon
cannot be adjusted ad hoc.

For reasons listed above, according to what I see as the
most widely accepted view among traditionalists, and
because of the lack of consensus on the topic, I will
provisionally consider that the meaning of a traditional
taxon name is associated with the composition/diagnosis of
the corresponding taxon (or that a taxon is conceptualized/
delimited based on its composition/diagnosis), or that the
referent of the taxon name is a set of species (assuming that
these names have referents).

Procedures alternative to the traditional one all rely on
definitions (or definitions involving more than a single
specifier). Node- and branch-based definitions aim at
designating a unique lineage from which a number of
species evolved (Cantino and de Queiroz 2007; Sereno
2005). Apomorphy-based and cladotypic definitions aim at
designating the lineage in which a given character state has
been acquired, and the descendants of this lineage (Béthoux
2007a, b; Cantino and de Queiroz 2007; Sereno 2005).
Therefore, unlike under the traditional procedure, compo-
sition of taxa is an outcome of definition and takes no part
in the meaning of taxon names.

In summary, the meaning of a taxon name is based on
different premises under the different procedures. It appears
as simplistic to consider stable composition/diagnosis as the
only evidence of stability: Consistently designating a
unique lineage, or the lineage in which a unique character
state has been acquired, are also possible meanings of the
term ‘stability’.
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Method and material

Method

Throughout the paper, three relevant aspects of nomencla-
tural procedures will be contrasted: recourse to uninominal
vs. binominal species names, recourse to onomatophores
vs. definitions (or single specifier vs. several specifiers),
and use of ranked vs. unranked names.

Optimality will be appreciated based on (1) the capacity
to retrieve hierarchical information, (2) the number of
names necessary and sufficient for referring to species and
taxa, (3) the occurrence of polysemy (defined as the ability
of words to have multiple meanings that are related), (4) the
capacity to resolve cases of synonymy, and (5) the possible
occurrence of nonsensical statements.

Material

Simplified traditional procedure

Discrepancies between the various traditional codes (ICZN,
ICBN, and ICNB), coupled with the persistence of
unresolved issues (i.e. cases of taxa above the family group
under the ICZN; see Alonso-Zarazaga 2005; Dubois
2006a), impose the consideration of a simplified version
of the traditional procedure. Ranks within the genus group
will be limited to the genus, and groups above the family
group will not be considered. The coordination rule (ICZN)
will be ignored. This simplified procedure is similar to the
one developed by Alonso-Zarazaga (2005). To my knowl-
edge the simplification does not have any effect on my
conclusions.

The traditional procedure entails binominal species
names, onomatophores (i.e. name-bearing types), and
ranks. As suggested by Hennig (1966; see also Dubois
2007a: 49), it will be considered that sister taxa should be
of the same rank.

‘Constrained’ apomorphy-based, node-based,
and branch-based procedures

The various definitions governed by the PhyloCode
(Cantino and de Queiroz 2007) will be considered as
belonging to distinct procedures, because they rely on
different approaches (Béthoux 2007a; Forey 2001; and see
below). In the following it will be considered that
definitions use species as taxonomic specifiers (Bryant
1996; Lee and Skinner 2008; Schander and Thollesson
1995). Unless discussed, it will be considered that
PhyloCode-governed definitions involve only two speci-
fiers. Regarding the procedure allowing species to be
named, the PhyloCode will be considered as undetermined,

because its Chapter X, dealing with the species case, states
that a new species must be named under a binominal form
first, but can subsequently be referred to as a binomen or a
uninomen.

Cladotypic nomenclatural procedure

This procedure having been developed only recently, I
provide a brief sketch of it. A taxon name is associated with
a definition involving a unique character state as exhibited
by two reference specimens (termed ‘cladotypes’). The
species to which the cladotypes belong are the cladotypic
species of the taxon. A name is permanently associated
with a definition. The name/definition of a taxon can be
invalid if (1) the defining character state is found to be non-
homologous between the cladotypic species (if so, the
taxon is polyphyletic; homology assumption), (2) the
defining character state is a plesiomorphy (if so, the taxon
is paraphyletic; polarity assumption), or (3) the defining
character state was acquired in a lineage already named (if
so, the taxon name is synonymous with another one;
isolation assumption). A fourth assumption will be added in
this contribution. The cladotypic procedure uses taxon
definitions, uninominal species names, and does not
involve ranks.

Comparative analysis

Ranks and retrieval of hierarchical information

Traditionalists (e.g. Nixon and Carpenter 2000; Schuh
2003) have argued that suffixes associated with ranks allow
one to identify hierarchical relations of a given set of taxa,
based on their names. Benton (2000: 643) argued that ranks
have a utilitarian function by “providing a structure that a
human brain can comprehend”. Dubois (2007a: 27) stated
that “if used consistently [...] the system of nomenclatural
ranks is very useful for the storage and retrieval of
taxonomic and phylogenetic information.” This putative
hierarchical information content of ranked names is
investigated in the following, and the case of non-ranked
procedures is discussed. I consider first the species case,
then that of taxa.

Phylogenetic position of species

Under the traditional procedure, the use of a genus name is
mandatory and results in a binomen. This approach allows
one to easily memorize the phylogenetic position of species
because binominals combine information on the member-
ship of species (via the genus name) with species identity
(via specific epithets). Under the cladotypic procedure,
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species names are composed of a single term, which must
be associated with information on authorship, and which
can be preceded by the taxonomic address of the species
(see Dayrat et al. 2004 and references therein; applications
in Béthoux 2007c, 2008; Dayrat 2005; see also Pleijel
1999). The taxonomic address is not a part of the species
name.

Nixon et al. (2003) considered the recourse to taxo-
nomic addresses as a reinvention of the traditional
binominal. I concur with the view that the differences
between the combinations [genus name] [species epithet]
and [least inclusive taxon] [species epithet] are shallow.
Under both cases the first name is likely to change
according to alternative hypotheses on the phylogenetic
position of the species, or on the validity of the genus /
least inclusive taxon. The equivalence of both approaches
is evidenced by the fact that traditional binominals can be
(momentarily) preserved under the cladotypic procedure
(Béthoux 2007c).

Hierarchy of taxa

A ranked nomenclature based on a balanced topology
involving eight genera (Fig. 1a) is proposed (Fig. 1b).
From taxon names only the taxon A-idae includes the
taxon A-inae, itself including the taxon A-ini, and the
genus A; the E-inae include the taxon E-ini, itself
including the genus E; the C-ini include the genus C;
and the G-ini include the genus G. This information can be
retrieved thanks to the inclusiveness principle (i.e. among
two taxa whose names share a ‘nominal root’, one
necessarily includes the other). As for the E-inae, because

there is only one family (A-idae), and because another
subfamily, the A-inae, exists (hence cannot include the E-
inae), the E-inae can only be sister group to the A-inae,
within the A-idae. This information can be retrieved from
a combination of the principles of inclusiveness and
exclusiveness (i.e. a taxon of a given rank cannot include
a taxon of the same rank). However, without a represen-
tation of the topology (Fig. 1a), classification scheme
(shaded frames in Fig. 1b), or taxonomic addresses (see
below), it is impossible to determine where the tribes C-ini
and G-ini and the genera B, D, F and H are nested. The
positions of half of the taxa of a given rank cannot be
determined. In Fig. 1c half of the genera are assigned to
erroneous subfamilies. In Fig. 1d, the subfamilial assign-
ment of the tribes G-ini and C-ini is erroneous. Erroneous
assignments at the levels of tribes and subfamilies are
independent and can be cumulated: In the worst case the
subfamily assignments of only two of eight genera are
correct.

The case of an unbalanced topology is different. A
ranked nomenclature based on the topology presented in
Fig. 2a is proposed (Fig. 2b). Because there is no B-idae,
the B-inae must be included either in the A-idae or the F-
idae. The former option, in contradiction with the initial
topology (Fig. 2a), is followed in Fig. 2c. If no rules govern
the sequence of ranks to be assigned, this topology is
consistent with the set of taxon names, taken isolated, but
inconsistent with the initial topology. Many other incorrect
topologies are possible.

However, if a (fully impracticable) rule formulated as ‘a
taxon which includes more than two species or taxa must
include two taxa of immediate lower rank’ is followed, the

A-inae

(a) (b)
A-ini

C-ini

B

A

E-inae

A-idae

A

B

C

D

I

JM

N

(c)

E

F

G

H

K

L

D

C

E-ini

G-ini

F

E

H

G

A

D

C

B

E

H

G

F

C-ini

A-ini

A-inae

E-ini

G-ini

E-inae

(d) A

B

C

D

E

F

G

H

C-ini

A-ini

A-inae

E-ini

G-ini

E-inae

Fig. 1 Retrieval of hierarchy information based on a ranked
taxonomy using standardized endings, case of balanced topology
representing relationships among eight genera (A–H; I–N are more

inclusive taxa names). Bold lettering in (b) indicates taxa used as
onomatophores; for further explanations, see text
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topology presented in Fig. 2c is incorrect: There should be
a C-inae included in the F-idae (Fig. 2d), but there is none
(Fig. 2b). Topologies presented in Fig. 2c, d can be
discarded. However, there exists (at least) one topology
consistent with the set of taxon names provided in Fig. 2b,
complying with the rule mentioned above, but inconsistent
with the original topology (Fig. 2e).

It must be emphasized here that relative number of taxon
names per rank informs us of the topology. Under a
balanced topology (Fig. 1), there are twice as many taxon
names of a given rank than of the immediate lower rank.
Under an unbalanced topology (Fig. 2), there is one more
taxon name of a given rank than of the next-lower rank.
However, empirical topologies are partly balanced/unbal-
anced, and the relative number of names per rank is no
longer informative. This drastically lowers the information
content of a set of ranked taxon names.

Under rankless procedures using taxonomic addresses,
taxon names do not convey hierarchical information, but
taxonomic addresses do. In the cases presented in Figs. 3

and 4, the hierarchical position of each lineages is made
unambiguous by the use of taxonomic addresses (Figs. 3c
and 4d, respectively). With this device, original topologies
can be recovered exhaustively without recourse to a
complicated process such as for the traditional procedure
facing an unbalanced topology. Taxonomic addresses can
equally be used under rank-based procedures but they
require supernumerary terms for the same hierarchical
information (see below).

The practical issues with indented lists mentioned by
Wiley (1979; followed by Dubois 2007a) can be discussed
here briefly. The author mentioned difficulties with (1)
identifying sister taxa, and (2) representing large classi-
fications in a human-sized medium (i.e. a printed page).
These issues can be overcome easily by the use of several
lists, some being partially developed. In addition, lists
whose development can be modified by users are now
widespread in electronic resources. It is noteworthy that, in
spite of his critics, Wiley (1979) uses indented lists in
nearly all of his examples.

Necessary and sufficient number of names

The number of names necessary for naming (a selection of,
or all) species and taxa is a possible proxy for identifying
the most optimal nomenclatural procedure. Redundancy is
considered as non-optimal, because two persons would
have to know more names than necessary for performing an
efficient communication. This necessity has already been
identified as a desirable aspect of nomenclature (Wheeler
2004: 574). The occurrence of redundant taxon names has
been explored by several authors (e.g. de Queiroz and
Gauthier 1992; Laurin 2005), but interaction between
species names, recourse to ranked names, and topology,
has not been fully explored.

As for hierarchical information, situations are different
under balanced and unbalanced topologies. In the former
case (Fig. 3a), the minimal number of necessary names is
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Fig. 2 Retrieval of hierarchy information based on a ranked taxonomy, case of unbalanced topology representing relationships among six genera
(A–F). Bold lettering in (b) indicates taxa used as onomatophores; for further explanations, see text
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balanced topology involving 8 species; see text for explanations
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identical under traditional and alternative non-ranked
procedures using uninominal species names. It equates the
number of branches (14 in our example, with 6 inner and
8 terminal branches). Cases involving unbalanced topolo-
gies are investigated thereafter.

Naming species

Under the traditional procedure, in case of an unbalanced
topology involving 8 species (Fig. 4a), assuming that spp. 7
and 8 belong to the same genus, spp. 1–6 must be assigned
to their own genus, as a consequence of the rule that sister
taxa must be of the same rank. According to the application
presented in Fig. 4b, 15 names are necessary for referring to
species: ‘sp. 1’–‘sp. 8’ are species epithets (8 names), and
A, C, E, G, I, K and L are names of genera (7 names).
Under a procedure using taxonomic addresses, those genus
names are unnecessary except for L: Using as analogy the
traditional application, the correct combination for sp. 2 is
[L-ida] [sp. 2], for sp. 3 [L-oidea] [sp. 3], for sp. 4 [L-idae]
[sp. 4], and so on (B = L-ida; D = L-oidea; F = L-idae; and
so on). Therefore, the names of genera indicated in bold
lettering in Fig. 4b are unnecessary. As a result, under an
unbalanced topology involving 8 species, the use of such
nomenclatural procedures results in an economy of 6
names. Supernumerary traditional ‘generic’ names are
objective synonyms of the specific epithets, as they
designate the same lineage.

There is no need to develop the case of a poorly resolved
phylogeny (in which the relationships of a number of
species are unknown): It is obvious that the traditional
procedure requires supernumerary generic names for
species incertae sedis (i.e. of unclear position), unless one
accepts that a genus could be paraphyletic. The recourse to
taxonomic addresses prevents the erection of these names
(Dayrat 2005): A taxon can be used as a monophyletic
group but also as a plesion (for the development of this
concept, see Patterson and Rosen 1977; Willmann 1987).

It could be argued that, in order to render species names
unambiguous, mentioning the author and publication year
of a species name is mandatory under taxonomic address-
based procedures (Dayrat et al. 2004; see also Pleijel 1999;
in some cases more information is necessary), which results
in an increase of necessary words. However, under the
traditional procedure (at least as far as the ICZN is
concerned) the general usage is to present those data as
well, at least on the first mention of a species in a given
publication, because the assignment to a genus can vary
according with hypotheses on the position of the species,
and it is then important to retrieve the authorship and
date information. An actual example will demonstrate
that both procedures actually need the same number of
words.

Under the traditional procedure a species is referred to as
Tcholmanvissiella gigantea Gorokhov, 1987 at its first
mention, and simply as Tcholmanvissiella gigantea or T.
gigantea further on. The species is unambiguously referred
to. Under a nomenclatural procedure using uninominal
species names, the species could be referred to as gigantea
Gorokhov, 1987 at its first mention. Alternatively, provided
that the taxon Tcholmanvissiella is defined (Béthoux
2007c), it is also possible to refer to this species as
Tcholmanvissiella gigantea Gorokhov, 1987 at first men-
tion, just like under the traditional procedure. Two options
are then possible: The species could be referred to
permanently as gigantea Gorokhov, 1987, resulting in a
higher number of necessary words, or as Tcholmanvissiella
gigantea or T. gigantea, resulting in a reference equivalent
to that in use under the traditional procedure. If no other
gigantea species is mentioned in the paper, gigantea
suffices. In summary, the first reference to Tcholmanvis-
siella gigantea Gorokhov, 1987, followed by Tcholmanvis-
siella gigantea or T. gigantea, is unambiguous under all
systems, and requires the same number of words.

Naming taxa

According to the convention used in this contribution,
rank-based nomenclature relies on the rule that sister
taxa must be of the same rank. Redundancy as a result
of the consistent application of this principle is prob-
lematic (de Queiroz and Gauthier 1992), as is generally
acknowledged by traditionalists (e.g. Forey 2002). The
extent of this problem might not have been fully
appreciated. Considering the topology presented in
Fig. 4a, one of the possible applications requires that an
‘A-ida’ and an ‘L-ida’ are named, that a ‘C-oidea’ and an
‘L-oidea’ are named, and so on (Fig. 4b). Ten names of
higher taxa (excluding L) are mandatory (black and bold
lettering in Fig. 4b, excluding genera). In contrast, under
non-ranked procedures using taxonomic addresses, 6
names (including L) are necessary and sufficient for
exhaustively naming the taxa (Fig. 4d). This difference is
related to the fact that a number of higher taxon names are
redundant in the case of the traditional application: the
name A-ida is redundant with the name ‘sp. 1’ (and ‘A’),
the name ‘C-oidea’ is redundant with the name ‘sp. 2’
(and ‘C’), and so on.

In addition, if one is willing to improve the information
content of the resulting nomenclature, a total of 27 names
are necessary under the traditional procedure (20 names for
taxa above the genus rank, 7 names for genera, in addition
to 8 specific epithets; Fig. 4b). This is in sharp contrast with
the 6 necessary and sufficient names under a non-ranked
procedure using taxonomic addresses (Fig. 4c; in addition
to 8 specific epithets).
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Connection between retrieval of hierarchical information
and necessary and sufficient number of terms

It could be argued that the applications of ranked and
rankless procedures necessitate the same number of terms.
In our example (Fig. 4), both procedures necessitate 27
terms (compare Fig. 4b and d; in addition to the 8 specific
epithets that convey no hierarchical information). Under the
alternative approach (Fig. 4d), several names are used
several times: the name ‘B’ is used 7 times, accounting for
7 terms; ‘D’ 6 times; and so on; totaling 27 occurrences
(= 6 first + 21 additional occurrences). Under the traditional
procedure (Fig. 4b), 21 names are used only once (A-ida,
A-oidea, C-oidea, A-idae, C-idae, E-idae, ..., E, G, I, K). It
has been demonstrated above that under a totally unbal-
anced topology and a strict (fully impracticable) frame-
work, hierarchical information that can be retrieved from
a traditional nomenclature is incomplete (Fig. 2). On the
other hand, there is only one topology that can be
retrieved from the combination of 27 terms (plus 8 species
names) provided in Fig. 4d: this is given in Fig. 4a.
Assuming that actual topologies are partly unbalanced,
if the number of terms is considered, a rankless and
uninominal procedure maximizes the hierarchical infor-
mation for the same number of terms, in the form of
taxonomic addresses.

However, if taxonomic addresses are used under the
traditional procedure (Fig. 4c), hierarchical information can
be retrieved exhaustively. In our example (frame in Fig. 4c),
the sequences (1) L-inae, L-ini, L, L sp. 8; (2) L-inae, L-ini,
L, L sp. 7; (3) L-inae, L-ini, K, K sp. 6; (4) L-inae, I-ini, I, I
sp. 5; and (5) G-inae, G, G sp. 4 allow us to recover the
topology (G sp. 4 (I sp. 5 (K sp. 6, (L sp. 7, L sp. 8))),
starting from genera: Spp. 7 and 8 are sister groups
(sequences 1 and 2), as both belong to the genus L; K
and L are sister groups because both belong to the L-ini
(sequences 1, 2 and 3); I is more closely related to K and L
than to G, as it belongs to L-inae, but is sister group to

L-ini, as it belongs to its own tribe; and G is more distantly
related as it does not belong to the L-inae; and so on for
other species. The option with sp. 8 located at the base of
the tree (compare Fig. 2a and e) can be discarded, because
sequences 1 and 3 indicate that L, to which sp. 8 belongs,
belongs to a tribe also including K. Step by step, from
terminal taxa to deeper nodes, logical inference leads to the
correct topology.

A complete sequence of ranked taxa to which each species
can be assigned involves six ranks, hence necessitates 48
terms (Fig. 4c; plus 8 species epithets). On the other hand,
under a rankless procedure coupled with uninominal species
names, sequences involving 27 terms (plus 8 species names)
allow one to retrieve the topology provided in Fig. 4a. This
difference is related to the (48–27 =) 21 names that are used
once under the traditional procedure (see above; e.g. A-ida,
A-oidea, A-idae, A-inae, A-ini, A): They convey no
hierarchical information. The complete sequence presented
in Fig. 4c is necessary in the case of a partly balanced/
unbalanced topology.

Lastly, it can be argued that under a totally unbalanced
topology the complete sequence is not necessary: In our
example above, the name G-ini was not used to infer
topology. Indeed, names in light gray in Fig. 4b, c can be
removed from taxonomic addresses. The total of necessary
terms then is 38, including A, C, E, G, I, and K (6 terms)
resulting from the mandatory use of the genus rank, and A-
ida, C-oidea, E-idae, G-inae, and I-ini (5 terms) resulting
from the application of the rule that sister taxa should be of
the same rank (the name K is a consequence of both rules).
These 11 terms (in boldface in Fig. 4b, c) are unnecessary
under a rankless procedure coupled with uninominal
species names, which uses (38–11 =) 27 terms (plus
8 species names; Fig. 4d). Therefore, even if taxonomic
addresses are used, under an unbalanced topology, a
rankless procedure coupled with uninominal species names
provides the same hierarchical information with a minimum
number of terms.
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Fig. 4 Necessary and sufficient number of words for naming species and taxa under the traditional procedure, and under a non-ranked procedure
using uninominal species names; case of an unbalanced topology involving 8 species; see text for explanations

180 O. Béthoux



Polysemy

Polysemy is a major problem to avoid in the interests of
optimal communication. According to the concept of
‘polysemy’ in linguistics, a word is judged to be polysemic
if it has at least two related meanings (note that Dubois
2008 uses a narrower version of the concept). The mean-
ings of taxon names being based on different grounds under
the different procedures, this aspect varies accordingly.

Traditional taxon names to which suffixes are attached
are prone to be polysemic, even if based on a unique
phylogenetic hypothesis (e.g. Griffiths 1976: 172). Based
on the topology presented in Fig. 5a, two equally valid
taxonomic treatments are proposed (compare Fig. 5b and
c). The classification provided in Fig. 5c differs from that in
Fig. 5b in that spp. 5–8 are considered as belonging to a
unique genus F, while only spp. 7–8 compose this genus in
the former application. There is no rule allowing this
problem of polysemy to be solved under the traditional
procedure. This problem is related to the use of onomato-
phores, and to the lack of definitions for the various ranks.
Assigning meaning to a taxon name, or identifying its
referent, is merely a matter of context (mostly historical
authority). The frequency of conflicting contemporaneous
nomenclatures based on similar topologies in the literature
may be low. However, there are examples demonstrating

that this could be a serious problem (compare Eggleton et
al. 2007 and Lo et al. 2007 on the way termites should be
named).

If alternative topologies are plausible, the number of
possible meanings increases. A topology alternative to that
provided in Fig. 5a is presented in Fig. 5d. They differ in
the locations of sp. 4 and sp. 8, which are inverted. Positing
that sp. 4 and sp. 8 are the type species of the genera C and
F, respectively, two new classifications are provided in
Fig. 5e and f, corresponding to the ‘ranking pattern’ of
Fig. 5b and c, respectively. According to the classifications
presented in Fig. 5e and f, the genus F now includes spp. 3
and 8, while previously it included spp. 7 and 8 or spp.
5–8 (according to applications presented in Fig. 5b and c,
respectively). Genus C now includes spp. 4 and 7, or spp.
4–7 (according to classifications presented in Fig. 5e and f,
respectively), while it was composed of spp. 3–4 according
to the classifications presented in Fig. 5b and c. Depending
upon the preferred ‘ranking pattern’, the most important
problems concern the F-inae and the genus F, whose
compositions are significantly different.

Taxon names erected under a node-based procedure
cannot be polysemic if a unique topology is considered.
However, if several hypotheses on the relationships of the
specifiers, with respect to other species, are to be
considered, a defined taxon can have a significantly
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Optimality of phylogenetic nomenclatural procedures 181



different composition (Benton 2007; Forey 2002; among
others). This problem is exemplified in Fig. 6 (A–F are
species), illustrating the case in which a unique matrix
provides two equally parsimonious trees. If composition is
considered, the taxon name ‘T’ associated with the node-
based definition <B&G (i.e. ‘the least inclusive clade
containing B and G’) does not designate the same set of
species in the cases presented in Fig. 6a and b: T designates
either the taxon including spp. A–H, or the taxon including
only spp. B and G. This issue is related to the composition
of the corresponding taxon, frequently associated with the
meaning of taxon names under the traditional procedure. A
possible solution to this problem is to select ‘basal’ species
as specifiers (see PhyloCode Recommendations 11.D, E; in
our case, spp. D and E should be preferred). However, such
species cannot be determined under a balanced topology.

On the other hand, since composition is an outcome of
definition under definition-based systems, it might not be
relevant to consider this aspect when investigating polyse-
my issues. Another option is to consider as different two
lineages that gave rise to two different hypothetical
topologies (Bertrand and Härlin 2008; Härlin 2003). A
straightforward way of doing so is to consider the inferred
character states of the designated lineages (Bertrand 2008).
In Fig. 6a, the inference on the diagnostic features of taxon
T primarily takes into account the character states exhibited
by the species D and E, unlike in the case presented in
Fig. 6b where the character states exhibited by species B
and G are the only relevant ones. There are substantial

differences in inferred character states (compare the states
of characters ξ, ο, and π in Fig. 6a and b). Therefore,
names associated with node-based definitions can designate
lineages differing in their traits, this qualifying them as
different entities (Bertrand 2008; Härlin 2003). This issue
of polysemy similarly affects the branch-based procedure.

Now regarding character state-based procedures, assum-
ing that Fig. 7a and b represent two equally parsimonious
phylogenetic hypotheses, node-based definitions involving
species indicated by dashed lines would point out different
lineages. This is not the case under cladotypic definitions,
which consistently indicate the same lineage.

However, the issue regarding the character state inference
is relevant, as exemplified in Fig. 8 (under the cladotypic
procedure; one of the two cladotypic species can be selected
as a unique specific specifier, so that the example is relevant
for the apomorphy-based procedure). A taxon T is defined as
the ‘species that evolved from the metapopulation lineage in
which the character state ‘1’, as exhibited by the species B
and C, has been acquired’. In Fig. 8a, taxon T includes the
species A–H, and its ancestral character states are primarily
inferred from those exhibited by the species D and E. In
contrast, based on an alternative phylogenetic hypothesis
presented in Fig. 7b (assumed to be equally parsimonious
and obtained from the same matrix; unfortunately, no such
matrix was found), taxon T is composed of the cladotypic
species only, hence its ancestral character states are inferred
from those exhibited by these species. This could result into
substantial differences.
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Fig. 6 Variations of the inferred ancestral character states under node-
based procedure, in relation to alternative phylogenetic hypotheses
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Finally, it can be argued that the traditional procedure,
under its phylogenetic application, aims at designating a
single lineage, from which the species considered as
members of the taxon evolved. Inferred character states of
this lineage could equally vary accordingly to various
phylogenetic hypotheses on the basal inner nodes of a
taxon. The case presented in Fig. 8 applies: The character
states of the lineage from which species A–H derived are
primarily inferred either from species D and E (Fig. 7a) or
from species A and G (Fig. 7b).

Therefore, regarding polysemy resulting from differ-
ences in inference of ancestral character states, there are no
substantial differences between the various procedures.

Taxon names erected under a character state-based proce-
dure can be polysemic if the (words used in the) formulation
of the defining apomorphy is (are) ambiguous, and/or if it
happens that a defining character state is actually a complex of
character states or characters. The case has been discussed for
the apomorphy-based procedure (Gauthier and de Queiroz

2001; and references cited therein). There is no rule allowing
the accuracy of apomorphy-based definitions to be improved
(notably, Article 15 of the PhyloCode, dealing with
emendations, provides no framework for apomorphy-based
definitions).

Polysemic meanings of cladotypic taxon names due to
ambiguity in character state formulations are framed by
rules governing definition emendation (Béthoux 2007a). An
example is provided in Fig. 9, in which taxon T is initially
defined as the ‘species that evolved from the metapopula-
tion lineage in which character state 1 of character α, as
exhibited by A and B, has been acquired’ (Fig. 9a). A more
exhaustive species sample and a more detailed character
analysis further reveal that character α turns out to be
composed of 3 characters (α′, α″, α‴). A number of new
species exhibit ‘intermediate’ character state combinations.
In all presented cases (Fig. 9b, c) the new definition of
taxon T must involve character state 1 of character α″,
because this character state is subsumed in the original
definition, is derived, shared by A and B (which character
state α‴: 1 is not), and makes T the least inclusive taxon
including A and B (which character state α′:1 does not).
The fact that the new defining character state must be
derived is newly added to the procedure herein. [It is related
to the polarity assumption, added in a later development of
cladotypic nomenclature procedure (Béthoux 2007b); it is,
however, unclear whether or not a plesiomorphic character
state can be subsumed in a derived character state.] In the
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see text for explanations
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case presented in Fig. 9b, T includes D because the
character state supporting the clade (D, A, E, B) (as it is,
α″: 1) is subsumed in the original definition, and is the
character state that makes T the least inclusive taxon
including A and B. On the contrary, in the case presented
in Fig. 9c, T does not include D because the character state
supporting the clade (D, A, E, B) (as it is, β: 1) is not
subsumed in the original definition. This example shows
that rules allowing definition emendation prevent the
polysemic use of names. Indeed, the only possible
alteration is an increase in definition accuracy.

Synonymy

Occurrence of taxon names that have the same referent (i.e.
are synonymous) is a problem common to all procedures,
though with differences. Under the traditional procedure, we
have seen earlier that the mandatory use of genera and the
application of the rule that sister taxa should be of the same
rank result in names synonymous with species epithets/names.
These cases could be referred to as ‘hierarchical synonymy’.
In addition, intersected with the problem of polysemy, cases of
‘subjective synonymy’ can occur. Interestingly, this problem
is shared by the apomorphy-based procedure, as it is also
undermined by ambiguity: Names of taxa sharing a ‘similar
but different’ composition or a ‘similar but different’
formulation of the defining apomorphy are ‘subjective
synonyms’. Regarding the traditional procedure, such cases
are solved subjectively, because the rank given to a taxon is
subjective. There is no solution for the case of subjective
synonymy under apomorphy-based procedures. As a result,
polysemy and synonymy cases are inherent to nomenclatures
that would result from the application of these procedures.

Under relation-based procedures, a large number of
species pairs can be used to designate a lineage that
underwent numerous cladogenetic events (Benton 2000).
Assuming a totally resolved phylogeny, cases of synonymy
can be resolved unambiguously (de Queiroz and Gauthier
1990). However, a plausible case is that relationships
between various specifiers cannot be resolved due to a lack
of appropriate information (such cases are frequent with
fossil species). As a consequence, it might not be possible
to assess whether two taxon names are synonymous or not
(de Queiroz and Gauthier 1990). This issue is exemplified
in Fig. 10. Using a node-based procedure, and based on the
topology presented in Fig. 10a, the lineage indicated by a
bold line can be defined as <A&C (i.e. A, C, their common
ancestor and its descendants), <A&D, <B&C, or <B&D
(following the convention of Article 9 of the PhyloCode).
The respective taxon names are objective synonyms. Based
on an alternative phylogenetic hypothesis (Fig. 10b), the
lineage from which the same species diverged can be
defined as <A&B, <A&C, or <A&D. If the relationships of

B with respect to A and the clade (C, D) cannot be resolved
(Fig. 10c), it cannot be assessed whether or not names
associated with the definitions <B&A, <B&D, and <B&C
are synonyms of the names associated with the definitions
<A&C and <A&D. In other words, in such a case, if the
position of one specifier is uncertain, the synonymy of three
definitions (B can be paired with 3 other species) with 2
other possible definitions (<A&C, <A&D) cannot be
ascertained. This is clearly problematic, as the application
of such procedure could result in a great number of taxon
names whose status would be uncertain. I fail to see how
this could be a “strength” of relation-based systems (de
Queiroz and Gauthier 1990: 317).

This problem can be reduced by the use of derived
species as specifiers (Sereno 2005; as opposed to Phylo-
Code Recommendations 11.D, E). For example, based on
the topology presented in Fig. 10d and using a node-based
procedure, one could prefer pairs involving A or B and E or
F, because it is less likely that these species will happen to
be nested in a polytomy at the base of the tree, or end up as
sister species. However, lower probability of this issue
occurring is insufficient for guaranteeing a nomenclature
under which all cases of synonymy could be resolved. In
addition, such species cannot be selected in case of a
balanced topology.

This issue of irresolvable cases of synonymy leads us to
the most fundamental problem with relation-based proce-
dures. In the case presented in Fig. 10e, defining well-
supported taxa—composed of (A,B,C), and of (A,B,C,D,E,
F)—is problematic. The lineage from which the species A,
B, C, D, E and F derived can be defined by 12 node-based
definitions involving two species (Awith D, E, or F; B with
D, E, or F; C with D, E, or F; D and E; D and F; E and F),
and it is impossible to assess which are synonymous (for
example, one of them might define a clade including A, B,
C and a third species only). Similarly, the lineage from
which A, B and C derived can be defined by nine branch-
based definitions involving two species, and it is impossible
to demonstrate which are synonymous.

The recourse to multiple specifiers, aiming at ‘buffering’
definitions (Lee 1996; see also Wyss and Meng 1997), does
not solve this problem. Regarding the case presented in
Fig. 10f, the internal phylogeny of the clade including
species A, B and C is unknown. The taxon including A, B
and C, named T, could be defined as <A&B&C. A new
species D, presumably sister to T, is discovered (Fig. 10g).
A taxon T′ is defined as <A&D (among other possibilities).
If the relationship of D as sister to T is no longer supported
(Fig. 10h), it cannot be determined whether T and T′ are
synonyms. The branch-modified node-based approach
advocated by Wyss and Meng (1997) is not better at
solving this problem: assuming that X, A, B, C and D are
all recent species, the equivalence of the definitions
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>A&B&C∼X and >A&B&C&D∼X cannot be assessed in
the case presented in Fig. 10h.

It must be noticed here that the recourse to multiple
specific specifiers has been criticized by Bertrand and
Härlin (2006), who rightfully stated that all specific
specifiers of a relation-based definition must be present in
a phylogenetic analysis, so that the location/composition of
the corresponding taxon can be assessed. In turn, Cantino
and Olmstead (2008) argued that some ‘knowledge’ of a
group should allow a taxonomist to determine the extent of
a relation-defined taxon in the absence of some of its
specifiers. I challenge Cantino and Olmstead (2008) to
determine where the lineage defined as <B&C&D and
named T (see Fig. 10i) is in the case presented in Fig. 10j,
where D is missing. Recourse to character states diagnostic
of T is excluded, as they are not supposed to be necessary
for the application of relation-based definitions (otherwise
we would be talking about a traditional-like diagnosis-
based procedure, or a cladotypic procedure). Based on this
example, I support Bertrand and Härlin (2006) and consider
that using more than 2 specific specifiers in relation-based
procedures should be discouraged.

Under character-state-based procedures, with all species
of a taxon exhibiting the defining character state, a strongly
supported lineage can be referred to, irrespective of our
knowledge of its internal phylogeny (Fig. 11a, b). However,
character-state based procedures are not immune to the
problem of irresolvable cases of synonymy. A series of
examples involving spp. A–G will allow this issue to be
investigated (Fig. 11c–j). The taxon name ‘T1’ is associated
with a definition involving character state 1 as exhibited by
B (apomorphy-based definition) / A and B (cladotypic
definition); and ‘T2’ is associated with a definition
involving the same character state but as exhibited by F
(apomorphy-based definition) / E and F (cladotypic
definition). All outgroups exhibit character state 0. Based
on the topology presented in Fig. 11c, T1 and T2 refer to
distinct taxa because, assuming a parsimonious distribution
of character state changes, their respective species specifiers
acquired the defining character state from different ances-
tors. Now the new species G and H, exhibiting the defining
character state, are discovered and are sister to (A, B, C)
and (D, E, F), respectively (Fig. 11d). The most parsimo-
nious mapping of character state changes determines that

A DB C(a) (b) (c)A DB C A DB C

A DB C E F A DB C E F(d) (e)

(i) BAX

T?
T?

(j) E CECX

T

A B D

T?

F F

A B C
(f)

A B C
(g)

DX X A B C
(h)

DX

T T
T’

Fig. 10 Irresolvable cases of
synonymy under relation-based
procedures. X and A–F are spe-
cies; for further explanations,
see text
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reversals occurred in C and D, and that the character state 1
was acquired in a lineage ancestral to A, B, E and F.
Therefore, the names T1 and T2 are synonyms.

If the position of G and H with respect to one of the
species not exhibiting the defining character state is
uncertain (Fig. 11e), the conflict underlying the polytomy
must be investigated. Conflicting (fully resolved) trees
could be those presented in Fig. 11d, f and g (conflicting
sets of trees could be any combination of these trees). If G
is found to be more closely related to (A, B) than is C, and
H more closely related to (E, F) than is D (Fig. 11f), T1 and
T2 refer to distinct taxa (this configuration is equivalent to
that in Fig. 11c). If G and C are found to belong to a
monophyletic clade as well as H and D (Fig. 11g), T1 and
T2 are synonyms. Then, if the trees presented in Fig. 11d

and g are the only trees responsible for the polytomy
presented in Fig. 11e, it can be demonstrated that T1 and T2
are synonyms because they are in both conflicting cases.
However, if the tree presented in Fig. 11f is involved, an
irresolvable case of synonymy occurs.

Likely, if a polytomy involves all species specifiers, and
two species that exhibit two different character states
(Fig. 11h), the conflict resulting in the polytomy must be
investigated. Among numerous possibilities, the polytomy
can be the result of conflict between trees presented in
Fig. 11i and j, or Fig. 11c and j. If C is found to be nested
within (A, B) and D within (E, F) (Fig. 11i), or if C is found
to be nested within (E, F) and D within (A, B) (Fig. 11j), T1
and T2 are synonyms. Then, if the trees presented in
Fig. 11i and j are the only trees responsible for the

(a)

T (0 1) T (0 1)

(b)

A DB C E F
0 10 11 1

T2 (0 1)T1 (0 1)
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T2 (0 1)T1 (0 1)

H
1 (g)

D E F
0 1 1

A GB C
101 1

T2 (0 1)
T1 (0 1)

H
1

Fig. 11 Synonymy cases under character state-based procedures. Gray, species specifiers of apomorphy-based definitions; dashed lines, species
specifiers of cladotypic definitions; for further explanations, see text
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polytomy presented in Fig. 11h, it can be demonstrated that
T1 and T2 are synonyms. On the other hand, if the trees
presented in Fig. 11c and j are involved, an irresolvable
case of synonymy occurs.

In summary, in cases of unresolved relationships, the
forest of parsimonious trees must be investigated so as to
determine if conflicting mappings of acquisition of the
defining character state occur. From a practical point of
view, taxon names whose associated definitions involve a
character state whose acquisition cannot be properly
mapped will be ignored. It must be emphasized that in the
problematic case presented in Fig. 11h, there is still a
supported clade including spp. A–F. Arguably, it is
supported by a least one character state change, on the
basis of which taxon T3 could be defined. It might not be
determinable whether T1, T2 and T3 are synonyms, but we
are left with a workable option with T3. This trick cannot
be used under relation-based procedures.

Nonsense and falsifiable assumptions

Schander and Thollesson (1995) have demonstrated that
nonsensical definitions can be made under the branch-
based procedure. This is acknowledged in the PhyloCode
(Article 11.8, Example 3) and discussed by Lee (1996),
who argues that the recourse to only two specifiers solves
the problem. The example provided in Fig. 12 demon-
strates that this is not the case. Based on the topology
presented in Fig. 12a, the taxon including species B, C,
and D is branch-defined as >B∼A. Two formulations are
allowed under the PhyloCode (Note 9.4.1): >B∼A is ‘the
clade consisting of B and all organisms or species that
share a more recent ancestor with B than with A’, or ‘the
most inclusive clade containing B but not A’. If a
subsequent phylogenetic analysis demonstrates that A, C
and D belong to a monophyletic group excluding B
(Fig. 12b), the two possible formulations have different
connotations. The first is nonsensical, because there are no
species sharing a more recent common ancestor with B
than with A. The second formulation designates the taxon

composed of B only. However, according to the glossary
of the PhyloCode, a clade is defined as “an ancestor and
all of its descendants” (see also article 1.1: “taxa may be
clades or species, but only clade names are governed by
this code”; my emphasis). In other words, it is composed
of at least two daughter species. Therefore, if a clade
includes only B it cannot be a clade. Hence the definition
is nonsensical. Still, if a clade can be a single species, such
situations would define species. This is in contradiction
with Article 21.1 of the PhyloCode, which states that “this
code does not govern the establishment or precedence of
species names”.

A ‘non-unclehood’ assumption could be associated with
branch-based definitions in order to fix this problem.
Definitions could then take the form: all species that are
more closely related to [species 1] than to [species 2],
assuming that [species 1] is not a sister species of a lineage
from which [species 2] evolved. This type of definition
appropriately designates the lineage including spp. B–D in
Fig. 12a: they are all species that are more closely related to
B/sp. 1 than to A/sp. 2. In contrast, the assumption is not
fulfilled in the case presented in Fig. 12b: B/sp. 1 is the
sister species to a lineage from which A/sp. 2 derived. This
alternative branch-based procedure is similar to the clado-
typic procedure in that names could be considered as
invalid for taxa if assumption(s) are not fulfilled.

Indeed, the apomorphy-based procedure, as governed by
the PhyloCode, can also result in nonsensical statements: A
taxon defined after a character state that turns out to be a
plesiomorphy of the specific specifier would not be a clade,
i.e. does not exist under the phylogenetic paradigm. Users
of the PhyloCode as currently elaborated cannot deal with
this issue, as invalidation of apomorphy-based taxa is not
considered. A solution is to incorporate the polarity
assumption in use under cladotypic taxonomy.

A node-based definition can also turn out to be
nonsensical if the internal species specifiers turn out to be
a unique species: The formulation ‘the least inclusive clade
containing sp. 1 and sp. 1’ is nonsensical because the word
‘clade’ implies at least two species (otherwise a species
would be defined, against the aim of the PhyloCode, see
above). Interestingly, this issue applies to cladotypic
definitions as well: ‘the lineage in which character state
‘X’ as in sp. 1 and sp. 1 has been acquired’ is species 1.
But, according to Béthoux (2007a), species should not be
defined upon character states, but according to a formula-
tion derived from the metapopulation lineage species
concept (de Queiroz 2005). A new assumption is to be
developed, applicable to both node-based and cladotypic
definitions, derived from the statement that “two cladotypes
belonging to two distinct species should be designated for
each taxon definition” (Béthoux 2007a: 412). A proposed
formulation for this fourth assumption, which could be

(a) (b) A DB CA DB C

Fig. 12 Nonsensical statement under branch-based definitions,
examples with cases involving 4 species. The taxon under scrutiny
is defined as >B∼A (i.e. as ‘the clade consisting of B and all
organisms or species that share a more recent ancestor with B than
with A’, or as ‘the most inclusive clade containing B but not A’); for
further explanations, see text
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referred to as the cladogenesis assumption, is: cladotypes
belong to distinct species (for node-based definitions:
internal specifiers are distinct species).

There is an obvious connection between nonsensical
statements and falsifiable assumptions: the former can be
avoided by the adjunction of the latter. Cladotypic
definitions, which basically mix node- and apomorphy-
based definitions, require the assumptions to be applied to
both these definitions (cladogenesis and polarity assump-
tions, respectively, and isolation assumption, required for
all; plus the homology assumption, unique to cladotypic
definitions).

Node-based, branch-based and apomorphy-based defini-
tions require different sets of assumptions to avoid the
occurrence of nonsensical statements. This constitutes a
strong argument favoring the view that procedures governed
by the PhyloCode are to be kept distinct. In my opinion, each
type of definition should be associated with a distinct code.

Discussion

Binominal vs. uninominal species names

In cases of balanced topologies, the application of binomi-
nal or uninominal species names results in the same number
of necessary and sufficient names for referring to species.
In contrast, in cases of unbalanced topologies, the manda-
tory use of genus names results in supernumerary names,
synonymous with species names. In cases of unresolved
topologies involving species, a consistent application of the
binominal procedure is logically impossible, because genus
names are supposed to carry out phylogenetic information,
which is lacking. The use of uninominal species names
requires fewer or the same number of words.

Although the differences between binominal and
uninominal species name approaches are superficially
trivial, there is one crucial discrepancy: Under the former
the genus name, on which indexing should be logically
based as it is the first word in the species name, is prone
to vary according to conflicting phylogenetic hypotheses.
This requires permanent updating of species name lists,
which are usually not free of authoritarian decisions. In
this respect, procedures involving uninominal species
names are more appropriate, because such names are
decoupled from phylogenetic information, hence are
more stable. There might be no better example of the
instability of binominal species names than the Drosoph-
ila melanogaster vs. Sophophora melanogaster case (see
van der Linde et al. 2007 and associated comments). Had
the species name been melanogaster Meigen, 1830 in the
first place, there would have been no case to argue about.
An appropriately designed database would allow a species

name to be associated with multiple taxonomic addresses,
according to multiple hypotheses on the phylogenetic
position of the species. This would avoid indelicate
authoritarian decisions.

The last but not least criticism of binominal species
names is that they do not provide independence between
taxonomy and nomenclature (clamored for by traditional-
ists; e.g. Dubois 2008), because assignment to a genus is
primarily based on a phylogenetic hypothesis.

Ranks vs. no ranks

Assuming a balanced topology, the hierarchical information
carried out by traditional endings associated with ranks is
low, but the number of names necessary and sufficient for
naming taxa and species is equivalent to that necessary
under alternative procedures. Assuming an unbalanced or
partly unbalanced topology, the hierarchical information
carried out by traditional suffixes can be maximized if all
taxa are named, and if a full set of ranked names are applied
to monotypic taxa. But this option is impracticable.
Improving the hierarchical information content is in conflict
with lowering the number of necessary names (or terms).

In contrast, rankless procedures need a minimal number
of names for referring to taxa, and hierarchical information
can be recovered accurately from full taxonomic addresses
that use the same number of terms as a full traditional
nomenclature (Fig. 4), and fewer terms than taxonomic
addresses based on a traditional nomenclature. Indeed, the
fact that supraspecific taxon names are used several times
under non-ranked procedures indicates a higher information
content: Species that are the result of more (identified)
cladogenetic events are indicated by longer taxonomic
addresses, in contrast to a traditional nomenclature, under
which each species is associated with the same number of
higher taxon names (but see Fig. 4c).

As a conclusion regarding ranks, it must be emphasized
that despite about 40 years of discussion, the community of
cladists has been unable to develop a consistent and widely
accepted ranking procedure (see references to various
procedures in Wiley 1979). This comment applies also to
the community of taxonomists who acknowledged the
validity of the paradigm of biological evolution, and who
accepted that taxonomy must be based solely on common
descent (a community which has been in existence for
about 150 years). Criticism by Colless (1977) and Mayr
and Ashlock (1991) still holds and conflicts with Hennig’s
(1966) proposition: Sister taxa or taxa exhibiting a similar
evolutionary divergence could be of the same rank. Both
approaches are currently in use. Clearly, there is no
agreement among traditionalists on how to apply ranks, or
even why, because conflicting aims have been associated
with this aspect.
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Onomatophores vs. definitions

The recourse to onomatophores (or a single ‘element of
definition’, or specifier) results in taxon names prone to be
polysemic (or names having several referents), depending
upon someone’s opinion on the composition of a taxon, and
upon hypotheses concerning the phylogenetic position of
the onomatophore. As a consequence, the meaning of a
traditional taxon name is not evident by itself and requires
the mention of a previous contribution, of a composition
list, or of a diagnosis; in other words, the meaning (or the
identification of the referent) is highly context-dependent.

Merits of the various definition-based procedures

The major problem with relation-based procedures is that
they are inappropriate for defining well-supported lineages
whose inner phylogeny is unknown. It must be added that
relation-based procedures suffer from an inherent contradic-
tion: In order to limit the problem of polysemy, ‘basal’
specifiers should be selected, while ‘apical’ specifiers should
be selected so as to limit the occurrence of irresolvable
synonymies. The most significant issue affecting the
apomorphy-based procedure is that taxon definitions are
prone to be polysemic due to ambiguity in the formulation of
the defining character states. As under the traditional
procedure, problematic cases of ‘subjective synonymy’ can
occur. Currently available procedures governed by the
PhyloCode can result in nonsensical statements.

In contrast, under the cladotypic procedure, some cases
of synonymy that are problematic under relation-based
procedures can be solved, or circumvented, and polysemy
due to ambiguous character state formulation can be
minimized. A given taxon name consistently designates
the lineage in which a unique character state has been
acquired.

Conclusion

The traditional procedure collects three major drawbacks:
Use of binominal species names, use of ranks, and use of
onomatophores. The hope that the Linnaeist taxonomic
community is composed of “99% of good traditional
taxonomists” (Nixon and Carpenter 2000: 114) is futile,
as there is no ‘better behaved’ application of the traditional
procedure. Based on personal experience I argue that
updating traditional works, mainly by taking authoritative
‘Humpty Dumpty’ decisions, is a Sisyphean task. Actually,
the historical background is the only impediment to anyone
erecting a genus (or a family, or a phylum) for each known
species, or synonymizing all known genera (or families, or
phyla). Published contributions arbitrarily oscillate between

these extremes. Consequently, alternative approaches might
be preferable. The three procedures governed by the
PhyloCode do not appear as the most appropriate chal-
lengers. The present contribution suggests that the clado-
typic procedure outperforms any of the other procedures
proposed so far.

Because cladotypic taxon names are associated with
hypotheses, nomenclature could become an experimental
science. This might be highly profitable in terms of
reputation, and funding, which is an urgent problem to
solve (Wheeler 2004).

Finally, I can only agree with Dubois (2003, 2007a,
2008) who has repeatedly clamored for the investment of
working power in sampling and protection of the extant
biodiversity. But in contrast to that author it is my belief
that, rather than maintaining a cost-ineffective procedure, a
better strategy is to rapidly adopt an optimal one that has
the potential to save a vast amount of working power in the
short term.
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