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PHYLOGENY AS A CENTRAL PRINCIPLE IN TAXONOMY:
PHYLOGENETIC DEFINITIONS OF TAXON NAMES

KEVIN DE QUEIROZ AND JACQUES GAUTHIER

Department of Herpetology, California Academy of Sciences,
Golden Gate Park, San Francisco, California 94118

Abstract.—Defining the names of taxa in terms of common ancestry, that is, using phylogenetic
definitions of taxon names, departs from a tradition of character-based definitions by granting
the concept of evolution a central role in taxonomy. Phylogenetic definitions bear on other
taxonomic principles and practices, including the following: (1) Names cannot be applied to
nonmonophyletic taxa as the result of mistaken ideas about relationships or characters. Such
mistakes do not affect conclusions about the monophyly of taxa but about their content and/or
diagnoses. Because nonmonophyletic taxa can only be named deliberately, they are easily avoid-
ed. (2) Definitions are clearly distinguished from descriptions and diagnoses. Definitions are
ontological statements about the existence of entities that result from the relationships of common
ancestry among their parts; descriptions and diagnoses are epistemological statements about
how we recognize the parts of those entities. (3) By precisely specifying the clade (ancestor)
with which a name is associated, phylogenetic definitions clarify the limits of taxa, and this in
turn clarifies related phenomena such as time of origin and duration. (4) Unlike the case for
character-based intensional definitions and enumerative extensional definitions, phylogenetic
definitions provide an unambiguous criterion for synonymy of taxon names: names are syn-
onymous if they refer to clades stemming from the same ancestor. (5) Because of their relevance
to synonymy, phylogenetic definitions also are relevant to priority, of both names and authorship.
In phylogenetic taxonomy, priority is based not on first use of a name at a particular rank or
rank-group but on first use of a name in association with a particular ancestor. [Definition;

diagnosis; nomenclature; phylogeny; priority; synonymy; taxonomy.]

Such expressions as that famous one of Linnaeus,
and which we often meet with in a more or less
concealed form, that the characters do not make
the genus, but that the genus gives the characters,
seem to imply that something more is included in
our classification, than mere resemblance. I believe
that something more is included; and that propin-
quity of descent . .. is the bond, hidden as it is by
various degrees of modification, which is partially
revealed to us by our classifications [Darwin, 1859:
413-414].

Despite the widespread belief that mod-
ern biological taxonomy is based on our
knowledge of evolutionary history, the de-
velopment of phylogenetic taxonomy re-
mains incomplete. As the principle of com-
mon descent gained acceptance, it took on
a superficial rather than central role in tax-
onomy. Preexisting taxonomies came to be
interpreted as the result of evolution, and
evolutionary principles were developed to
justify long-standing taxonomic practices,
but the principle of descent did not be-
come a central tenet from which taxonomic
principles and methods were derived (Ste-
vens, 1984; de Queiroz, 1988).

In several important respects, the con-
cept of evolution retains this superficial
rather than central role. The definitions of
the names of taxa is one area in which the
concept of evolution has yet to be granted
a central role—a change that would have
important taxonomic consequences. Al-
though the possibility of phylogenetic def-
initions of taxon names, that is, definitions
based on phylogenetic relationships, has
been suggested (e.g., Wiley, 1979, 1989;
Ghiselin, 1984; Ridley, 1986; Rowe, 1987;
de Queiroz, 1988; Gauthier et al., 1988a),
the significance and consequences of
adopting this kind of definition have not
received a detailed treatment. Here we ex-
plore the history of the definitions of taxon
names, the fundamental role that defini-
tions based on ancestry play in phyloge-
netic taxonomy, and some of the conse-
quences of adopting such definitions.

“Phylogenetic taxonomy,” as we use this
term, is concerned with the representation
of phylogenetic relationships, specifically,
with issues related directly to the naming
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of taxa and not with those concerning how
relationships are determined. Consequent-
ly, we assume the goal of representing
phylogenetic relationships as well as some
of the basic principles of the more inclu-
sive discipline called “phylogenetic sys-
tematics,” for example, the principle of
synapomorphy and the untenability of
paraphyletic taxa. The logical bases of these
propositions have been considered thor-
oughly elsewhere (e.g., Hennig, 1965, 1966,
1975; Brundin, 1966; Nelson, 1971, 1974;
Rosen, 1974; Platnick, 1978; Eldredge and
Cracraft, 1980; Wiley, 1981; Ax, 1987; de
Queiroz, 1988). Because we are concerned
with the naming of systems of common
descent, we avoid the term “classification,”
which is best restricted to the recognition
of classes (Griffiths, 1974; Hennig, 1975;
Ax, 1987; de Queiroz, 1988).

Our discussion of phylogenetic taxono-
my concerns the so-called higher taxa,
which, in phylogenetic systematics, are
named clades or monophyletic entities (e.g.,
Hennig, 1966), that is, biological systems
deriving their existence from the process
of common descent (Griffiths, 1974; Hen-
nig, 1975; Ax, 1987; de Queiroz, 1988). The
relevance of our discussion to taxa of the
species category depends on whether one’s
species concept refers to a subgroup of the
category “clades,” in which case the ar-
guments presented here apply to species,
or if it refers to the class of biological sys-
tems deriving their existence from the pro-
cess of interbreeding, in which case these
arguments do not apply to species (see de
Queiroz and Donoghue, 1988). Finally, we
discuss the definitions of taxon names. Def-
initions are given to words, including
names, not to the things that the names
represent, that is, the taxa themselves (Ghi-
selin, 1966a). Because previous authors sel-
dom distinguished between taxa and their
names, they effectively treated definitions
as if they applied to both.

THE HISTORY OF DEFINITIONS OF
TAXON NAMES

Aristotelian Definitions

According to Hull (1965:315), “. .. in no
other science is definition as important as

it is in taxonomy.” In this light, it is sur-
prising that the way in which the names
of taxa are defined has changed little over
the last 2,000 years. It also exemplifies the
failure of the theory of evolution to pen-
etrate the core of biological taxonomy. Al-
though other forms of definition have been
suggested, traditionally, taxon names have
been treated as if they are defined by char-
acters possessed by those organisms con-
sidered to be members of the taxa. Under
such character-based definitions, taxa have
been treated as if they are classes of or-
ganisms (Ghiselin, 1969, 1974; Hull, 1976,
1978; de Queiroz, 1988; for explicit exam-
ples see Gregg, 1950; Beckner, 1959; Buck
and Hull, 1966, 1969; Muir, 1968; Suppe,
1974, 1989) in that their characters have
been viewed as intensions, that is, those
properties connoted by the taxon names.
Consequently, traditional definitions of
taxon names have been considered inten-
sional definitions (e.g., Ruse, 1973). Such
definitions have their roots in the Aristo-
telian form of definition, which was sum-
marized by Hull as follows:

In Aristotle’s view three things can be known about
any entity—its essence, its definition, and its name.
The name names the essence. The definition gives
a complete and exhaustive description of the es-
sence. Derivatively, the name is the name of the
entity and the definition a description of it [Hull,
1965:318].

Most modern taxonomists have aban-
doned the notion of essences (but see Kitts,
1983; Bernier, 1984), and many have re-
jected the notion that taxa are classes of
organisms. Nevertheless, elements of the
Aristotelian form of definition have per-
sisted in modern biological taxonomy in
that the names of taxa continue to be treat-
ed as if they are defined by lists of organ-
ismal characters (see the section titled “Def-
inition” in numerous recent taxonomic

papers).

Cluster Concepts: Character-Based
Definitions that Accommodated Evolution

In post-Darwinian times it has become
accepted widely that biological taxonomy
is, or should be, evolutionary. However,
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even disassociated from the notion of es-
sences, the Aristotelian form of definition
proved to be incompatible with the prin-
ciple of evolution (Hull, 1965). As Hull
(1965:318) noted, “. .. what Aristotle was
advocating in modern terms is definition
by properties connected conjunctively
which are severally necessary and jointly
sufficient [for membership in the taxon].”
But evolutionary change may result in loss
or modification, in lineages within a taxon,
of the very characters that supposedly de-
fine the name of that taxon. Given that the
modified lineages remain parts of the tax-
on, it must be concluded that the characters
in question were not necessary and suffi-
cient to define its name (Sober, 1988; see
also Beatty, 1982).

Hull (1965) noted that names can be de-
fined by kinds of (intensional) definitions
other than conjunctive ones, that is, defi-
nitions in which each property in the en-
tire set is necessary for membership (e.g.,
a bachelor is both unmarried and male).
For example, names also can be defined
disjunctively, that is, by sets of properties
not all of which are necessary, without vi-
olating the spirit of Aristotelian definition.
Thus, each property in a definite disjunc-
tive definition may be sufficient by itself,
and only some subset of the properties is
necessary for group membership (e.g., a
sibling is either a brother or a sister). Hull
(1965:323; see also Beckner, 1959; Hull,
1974) argued, however, that ... neither
of these types of definition is appropriate
for defining the names of taxa and, hence,
for delineating taxa. Whether from the
viewpoint of phylogenetic or numerical
taxonomy, taxon names can be defined only
by sets of statistically covarying properties
arranged in indefinitely long disjunctive defi-
nitions” (emphasis in original). The dis-
tinction between definite conjunctive
definitions and indefinite disjunctive
definitions was also made by Beckner (1959)
and by Sneath (1962), who used the terms
“monothetic” and “polythetic” to refer to
the classes of taxa based on these two class-
es of definitions.

Indefinite disjunctive definitions, or
cluster concepts, avoided the problem that
evolution posed for Aristotelian defini-

tions. Because no character or set of char-
acters was necessary for the definition of
a taxon name, and any one of numerous
sets was sufficient, evolutionary change
could occur without invalidating the def-
inition. Nevertheless, cluster concepts, like
Aristotelian definitions, defined taxon
names in terms of characters. Although
such definitions may have been consistent
with evolution, they were not evolution-
ary, which is to say that they made no ref-
erence to common descent or any other
evolutionary phenomenon.

Phylogenetic Definitions

Taxonomists have long suspected that the
characters of taxa are merely manifesta-
tions of a more fundamental phenomenon
(see epigraph). But despite the fact that most
taxonomists subsequent to Darwin have
accepted evolution as that underlying phe-
nomenon, they are only beginning to re-
alize that this concept provides the possi-
bility of an entirely different kind of
definition.

Viewing taxa as wholes, or individuals,
led Ghiselin (1966b, 1974, 1981, 1984) and
Hull (1976, who rejected his earlier treat-
ment of taxa as classes) to conclude that the
names of taxa are proper names and hence
can only be defined ostensively, that is, by
pointing out the entity to which the name
is given. A simple enumeration of includ-
ed subtaxa (pointing out the members or
representatives) does not qualify as an evo-
lutionary ostensive definition, for it makes
no reference to evolution. Furthermore, if
enumeration is viewed as listing a taxon’s
known content with an implicit statement
about common ancestry, it fails to capture
the intended meaning of the name. Simple
enumeration makes no provision for the
discovery of previously unknown repre-
sentatives of a taxon. In order to make the
definitions of taxon names evolutionary,
they must be rooted in the concept of com-
mon ancestry. Thus, an evolutionary os-
tensive definition; hereafter referred to as
a phylogenetic definition, consists of
pointing to a clade, that is, to an ancestor
and its descendants (Ghiselin, 1984). This
can be accomplished, verbally or on a
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Three possible ways of defining taxon names phylogenetically. (a) Node-based definition. (b) Stem-

based definition. (c) Apomorphy-based definition (bar indicates origin of the apomorphy). See text for ex-

planations and examples.

branching diagram, in at least three dif-
ferent ways:

1. By defining the name of a taxon as the
clade stemming from the most recent com-
mon ancestor of two other taxa, hereafter
referred to as a node-based definition (Fig.
1a). For example, Gauthier et al. (1988a:34)
defined “Lepidosauria” as “the most recent
common ancestor of Sphenodon and squa-
mates and all of its descendants.” (For oth-
er examples see de Queiroz [1987], Estes et
al. [1988], Gauthier et al. [1988a, b], and
Rowe [1988].)

2. By defining the name of a taxon as all
those entities sharing a more recent com-
mon ancestor with one recognized taxon
than with another, hereafter referred to as
a stem-based definition (Fig. 1b). For example,
Gauthier et al. (1988a:27) defined “Lepi-
dosauromorpha” as “Sphenodon and squa-
mates [Lepidosauria] and all saurians shar-
ing a more recent common ancestor with
them than . .. with crocodiles and birds.”
(For other examples see Gauthier et al.
[1988a, b].)

3. By defining the name of a taxon as the
clade stemming from the first ancestor to
possess a particular synapomorphy, here-
after referred to as an apomorphy-based def-
inition (Fig. 1c). For example, “Tetrapoda”
is usually defined implicitly as the first ver-
tebrate to possess digits (i.e., hands and
feet rather than fins) and all of its descen-
dants.

All three classes of phylogenetic defi-
nitions are firmly rooted in the concept of
common ancestry in that this concept is
fundamental to the meaning of taxon
names. Although the apomorphy-based
phylogenetic definition makes reference to

a character, it differs fundamentally from
a character-based intensional definition. In
contrast with the latter, the character used
in an apomorphy-based phylogenetic def-
inition is simply a means of specifying an
ancestor. The definition does not imply the
presence of the character in all organisms
of the taxon, for these characters may be
lost in some descendants of the specified
ancestor. Thus, it is neither necessary nor
sufficient for an organism to possess the
character in order to be considered part of
the taxon; what is both necessary and suf-
ficient is being descended from the spec-
ified ancestor.

The use of phylogenetic definitions lib-
erates biological taxonomy from a 2,000-
year-old tradition of basing the definitions
of taxon names on characters. Because of
the antiquity of this tradition and the im-
portance of definitions in taxonomy (Hull,
1965), one might expect the adoption of
phylogenetic definitions to have far-reach-
ing consequences for other taxonomic
principles, practices, and conventions.

PROPERTIES OF PHYLOGENETIC DEFINITIONS

Relationship to the Concepts of Monophyly,
Paraphyly, and Polyphyly

Traditional definitions of taxon names
take the same form, that is, lists of char-
acters, regardless of whether the taxa are
monophyletic, paraphyletic, or polyphy-
letic. Although the definitions of these
three classes of taxa are stated in terms of
common ancestry (e.g., Hennig, 1966; Far-
ris, 1974), the classes themselves are nev-
ertheless characterized by different classes
of characters: synapomorphies in the case
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of monophyletic taxa, symplesiomorphies
in the case of paraphyletic taxa, and con-
vergences in the case of polyphyletic taxa
(Hennig, 1965, 1966, 1975). For any given
taxon, however, both the patterns of com-
mon ancestry that would place it in one of
the three classes of taxa and the apomor-
phic, plesiomorphic, or homoplastic status
of its characters.can be recognized only in
the context of an accepted phylogeny.
Consequently, under character-based def-
initions of taxon names, nonmonophyletic
taxa can be named accidentally. If phylo-
genetic relationships are unknown (the
synapomorphic, symplesiomorphic, or ho-
moplastic status of the characters is ig-
nored or uncertain) or if notions of phy-
logenetic relationships are in error
(symplesiomorphies or homoplasies are
mistaken for synapomorphies), then para-
phyletic or polyphyletic taxa can be named
accidentally even by those wishing to avoid
them.

Under phylogenetic definitions, names
will never be defined as referring to non-
monophyletic taxa as the result of mis-
takes; the associations must be deliberate,
and this holds regardless of potential mis-
takes about phylogenetic relationships (see
below). Consequently, the very definitions
of their names give warning of paraphylet-
ic and ‘polyphyletic taxa. The names of
paraphyletic taxa must be defined as mono-
phyletic taxa from which a part or parts
have been removed, that is, as incomplete
systems of common ancestry. For example,
“Reptilia,” traditionally the name of a
paraphyletic taxon, might be defined as
“the most recent common ancestor of
Mammalia and Aves and all of its descen-
dants except Mammalia and Aves.” On the
other hand, the names of polyphyletic taxa
must be defined as sets of two or more
separate systems of common ancestry. For
example, “Haemothermia,” the name of a
diphyletic taxon, might be defined as “the
most recent common ancestor of mono-
tremes and therians and its descendants
(=Mammalia) and the most recent common
ancestor of paleognaths and neognaths and
its descendants (=Aves).” The incomplete
nature of paraphyletic taxa and the com-

posite nature of polyphyletic taxa are thus
revealed directly by the manner in which
their names are defined. In contrast, defi-
nitions of the names of monophyletic taxa
contain no phrases excluding certain de-
scendants of the specified common ances-
tor from the taxon, nor do they require
conjunctions linking separate systems of
common ancestry.

The relevance of these considerations to
phylogenetic taxonomy is that because
names can only be associated with non-
monophyletic taxa deliberately, such as-
sociations are easily avoided. Furthermore,
phylogenetic definitions can be worded so
that they necessarily refer only to monophy-
letic entities. This does not mean that mis-
takes cannot be made; however, such mis-
takes will be seen for what they are, that
is, mistakes about phylogenetic relation-
ships, diagnostic characters, or included
taxa. They will never result in the conclu-
sion that a name originally defined as re-
ferring to a monophyletic taxon actually
refers to a paraphyletic or polyphyletic
group.

For example, Gauthier et al. (1988a) de-
fined the name “Lepidosauromorpha” as
all saurians sharing a more recent common
ancestor with lepidosaurs than with
archosaurs. They considered Lepidosau-
romorpha to include lepidosaurs, kueh-
neosaurs, Paliguana®, Saurosternon*, Palae-
agama*,and Younginiformes, as illustrated
in.Figure 2a (an asterisk after a taxon name
indicates that evidence for monophyly is
lacking). Now suppose that the true phy-
logenetic relationships of Younginiformes
are as illustrated in Figure 2b; this taxon
is the sister group of the clade stemming
from the most recent common ancestor of
Lepidosauria and Archosauria. Under tra-
ditional definitions of taxon names, one
might conclude that Lepidosauromorpha
is paraphyletic, because it now appears that
Archosauria is descended from the most
recent common ancestor of the taxa orig-
inally considered to be lepidosauromorphs
(Fig. 2b). But according to the phylogenetic
definition as stated, this is not so. The def-
inition of “Lepidosauromorpha” does not
contain a phrase excluding any descen-
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FiG.2. Phylogenetic definitions and monophyly. (a) Phylogenetic relationships within Sauria, with bubble
encircling Lepidosauromorpha as its name was defined by Gauthier et al. (1988a). (b) Hypothetical change
in ideas about the relationships of Younginiformes (Y), which seems to imply paraphyly of Lepidosauromorpha
when the content rather than the definition is considered. (c) The actual limits and monophyly of Lepido-
sauromorpha under the revised relationships according to the definition as stated. See text for additional
discussion. Abbreviations: A, Archosauria; Y, Younginiformes; Pa, Palaeagama*; S, Saurosternon®; Pi, Paliguana*;

K, Kuehneosauridae; L, Lepidosauria.

dants of the specified common ancestors;
‘therefore, this name must refer to a mono-
phyletic taxon. And, because it is defined
with respect to Archosauria, one must con-
clude not that Lepidosauromorpha is para-
phyletic, but that Younginiformes is not
part of it (Fig. 2c).

By granting the principle of descent a
central role in biological taxonomy, phy-
logenetic definitions reorient questions
away from the monophyletic, paraphylet-
ic, or polyphyletic status of taxa to their
content and diagnoses. The concepts of
monophyly, paraphyly, and polyphyly
were formulated in an era when the evo-
lutionary world view had been accepted
biit was granted the role of little more than
an after-the-fact interpretation of the order
already manifest in taxa (see de Queiroz,
1988). Largely as a result of Hennig’s writ-
ings (e.g., 1965, 1966, 1975), the role of the
concept of evolution in biological taxon-
omy began to change—from that of a su-
perficial interpretation to that of a central
tenet (de Queiroz and Donoghue, 1988,
1990). But Hennig did not take this per-
spective to its logical conclusion, that is,
adopting phylogenetic definitions of taxon
names and stating these definitions in such
a way that all taxa necessarily would be
monophyletic. And because taxon names
have continued to be defined with respect
to characters rather than ancestry, it was
meaningful not only for Hennig, but also
for systematics up to the present time, to
inquire about whether these names re-
ferred to monophyletic entities.

The use of phylogenetic definitions will
effectively initiate a new era in biological
taxonomy. In this era there will be, in one
sense, no existing taxa (named entities), for
the names have not yet been tied explicitly
to the entities through phylogenetic defi-
nitions. Once these names are tied to the
entities by their definitions as complete
systems of common ancestry, all taxon
names can be worded so that they refer to
monophyletic entities by definition. Conse-
quently, the concepts of paraphyly and
polyphyly will become superfluous and in-
teresting primarily in a historical context.
The significant question no longer will be
whether a taxon is monophyletic, paraphy-
letic, or polyphyletic; instead (as in the ex-
ample of Lepidosauromorpha, above) the
significant questions about any taxon will
concern its content and its diagnostic char-
acters (see below).

As one manifestation of granting the
principle of descent the role of a central
tenet in taxonomy, phylogenetic defini-
tions acknowledge that common ancestry
is fundamental to the existence of the
things being named. Accepting this prop-
osition provides the basis for stable and
unambiguous phylogenetic meanings of
taxon names in the context of changing
ideas about the details of phylogeny, both
in terms of relationships and in terms of
the precise level at which particular char-
acters exist as synapomorphies. This sta-
bility and clarity derives from the fact that,
for any two organisms, common ancestry
at some level is certain, whereas the precise
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content of a taxon and its diagnostic char-
acters are not.

Metataxa

The relevance of phylogenetic defini-
tions to metataxa—taxa based on plesio-
morphy but for which evidence of para-
phyly, and monophyly, is lacking
(Donoghue, 1985; Gauthier et al., 1988a)—
is similar to that concerning paraphyletic
and polyphyletic taxa. Although it is pos-
sible to define the name of a metataxon
phylogenetically, there would be little rea-
son for doing so. Metataxa require uncer-
tainty about relationships of common de-
scent, and, therefore, the phylogenetic
definitions of their names require ambig-
uous statements about these relationships.
Using a phylogenetic definition, the name
of a metataxon must be defined as a com-
mon ancestor and all, or maybe only some,
of its descendants. Like the concepts of
paraphyly and polyphyly, the metataxon
concept is the product of an era in which
phylogenetic relationships had become
important considerations, but characters,
rather than phylogenetic relationships,
continued to be granted primacy in the
definitions of taxon names. Indeed, the very
fact that paraphyly, polyphyly, and meta-
taxaare important concepts is evidence that
taxon names continue to be treated as if
they are defined by characters rather than
by phylogenetic relationships. If the use
of phylogenetic definitions becomes pre-
dominant, then the metataxon concept, like
those of paraphyly and polyphyly, will be-
come superfluous except in a historical
context.

Relationship to Characters

Some properties of phylogenetic defi-
nitions are clarified by considering their
relationship to characters. It is sometimes
said that characters are diagnostic (or de-
scriptive) of taxa rather than defining (e.g.,
Ghiselin, 1966a, b, 1984, 1985; Hull, 1976;
Wiley, 1979; Beatty, 1982; Ridley, 1986; So-
ber, 1988). The difference between defi-
nition and diagnosis is that between an
entity itself and the evidence for its exis-
tence, that is, between ontology and epis-

temology. This distinction is obscured by
traditional definitions of taxon names,
because traditional definitions take the
same form as descriptions and diagnoses,
that is, lists of characters (Ghiselin, 1966a).
From an essentialist’s perspective, charac-
ter-based intensional definitions make on-
tological (as well as epistemological) state-
ments in that they are viewed as descriptions
of a taxon’s essence, and the essence is that
from which the taxon derives its existence.
When the essentialist underpinnings are
removed, however, character-based defi-
nitions confuse ontology and epistemolo-
gy. The taxon seems to exist solely because
its organisms have characters by which we
recognize them as belonging to the taxon.

Adopting phylogenetic definitions clar-
ifies the distinction between definition and
diagnosis. Here the definitions of taxon
names are ontological statements in that
they refer to monophyletic entities (clades),
which are presumed to exist under the cen-
tral tenet of common descent independent
of our ability to recognize them. Mono-
phyletic taxa, that is, named clades, are not
concepts (contra Levtrup, 1986) but real
things—systems deriving their existence
from common ancestry relationships
among their parts (Griffiths, 1974; Hennig,
1975; de Queiroz, 1988). Phylogenetic def-
initions are of little use, however, unless
the critical relationships can be deter-
mined. This is one role of characters. And
after the relationships have been estab-
lished and the taxon names defined, char-
acters also permit the determination of
which entities fit a definition, that is,
whether a given specimen is a represen-
tative of the taxon in question (see Hull,
1976). Just as symptoms are used to diag-
nose a disease (which often has an unseen
underlying cause), so characters are used
to diagnose taxa (Ghiselin, 1984).

Thus, in the previous example, the
change in ideas about the relationships of
Younginiformes does not change the def-
inition of “Lepidosauromorpha” or its
monophyletic status. It does, however,
imply changes in ideas not only about
included taxa but also about diagnostic
characters. One possibility is that the char-
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acters formerly thought to support a closer
relationship of Younginiformes to Lepi-
dosauria than to Archosauria actually di-
agnose a more inclusive taxon of which
Archosauria is a part. Perhaps derived
characters formerly thought to be absent
in archosaurs are determined to be present
in a modified form. In this case the char-
acters in question turn out to be irrelevant
to determining which entities fit the def-
inition of the name “Lepidosauromorpha.”
This name is defined as all saurians sharing
a more recent common ancestor with Lepi-
dosauria than with Archosauria, even if
the characters thought to be diagnostic of
this taxon actually apply to a more inclu-
sive clade.

Alternatively, the conclusion that cer-
tain derived characters are diagnostic of
Lepidosauromorpha may remain un-
changed, but now it is concluded that
younginiforms do not possess these char-
acters. Younginiforms are extinct, and the
characters in question may have involved
poorly preserved parts of the body. Per-
haps new specimens or further preparation
has revealed that the characters once
thought to be present are in fact absent.

A strength of viewing characters as di-
agnostic rather than defining of taxon
names is that it avoids certain problems for
the traditional form of definition caused
by plesiomorphy and homoplasy. How can
Tetrapoda, for example, be defined by the
presence of limbs if some tetrapods (e.g.,
snakes) lack them? One possibility is to use
cluster concepts in which none of the de-
fining characters is necessary for taxon
membership. Another possibility is to con-
sider the absence of limbs to be a modified
form of the character “limbs present” (e.g.,
Platnick, 1979). The solution is simpler and
more straightforward under. phylogenetic
definitions. Here the absence of limbs in
snakes in no way compromises the name
Tetrapoda, defined as the clade stemming
from a particular limbed ancestor. Because
snakes are among the descendants of this
ancestor, they are tetrapods whether they
have limbs or not. The absence of limbs in
snakes only makes it more difficult to es-
tablish their tetrapod ancestry.

Relationship to Taxon Limits and
Origination Times

By precisely specifying the clade (ances-
tor) to which a name refers, phylogenetic
definitions clarify ambiguities about the
limits of taxa that are perpetuated under
traditional, character-based definitions.
One of these concerns the discovery of new
taxa. Under the traditional form of defi-
nition, it was generally considered pref-
erable to base the definition of a taxon name
on several characters, presumably because
having more characters constitutes.better
support for that taxon. However, the dis-
covery of organisms possessing some but
not all of the defining characters of a taxon
posed problems. Are these organisms part
of that taxon? Are all of the characters de-
fining, or only some of them, and if the
latter, which ones? Thus, for example, the
discovery of monotremes led to a debate
about whether these animals were mam-
mals or representatives of some separate
taxon (Gould, 1985). That this debate oc-
curred implies that the limits and hence
the defining characters of “Mammalia”
were called into question. Similar prob-
lems continue to the present day, especial-
ly in paleontology where organisms with
new combinations of characters are dis-
covered regularly (see Rowe, 1988).

Phylogenetic definitions in no way di-
minish the significance of such interme-
diate forms, but they focus attention away
from purely definitional issues to phylo-
genetic ones. For example, in the case of
Archaeopteryx, the interesting issue is not
whether these fossils truly can be called
birds; rather, it is their phylogenetic rela-
tionships. Given that these relationships
have been determined, then the question
of whether Archaeopteryx is a bird depends
entirely on how “bird” is defined (e.g.,
Thulborn, 1984; Gauthier, 1986). Thus, if
Archaeopteryx is the sister group of all other
known feathered vertebrates and “‘birds”
is defined as the most recent common an-
cestor of paleognaths and neognaths and
its descendants, then Archaeopteryx is not
a bird. But, if “bird” is defined as the first
feathered vertebrate and its descendants or
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as all archosaurs sharing a more recent
common ancestor with extant birds than
with crocodylians, then Archaeopteryx is a
bird. And although it may be more tradi-
tional, convenient, or useful to adopt one
of the various possible definitions of “bird”
and hence settle the issue of whether Ar-
chaeopteryx is or is not part of this taxon,
the choice is a definitional rather than a
biological issue.

Because phylogenetic definitions pre-
cisely specify the limits of taxa, they also
clarify questions about times of origin and
consequently about temporal durations,
both of which are susceptible to confusion
under traditional definitions (Rowe, 1988).
Under character-based definitions, dis-
crepancies in the ages assigned to a taxon
can result, even in the absence of conflict-
ing data, from inconspicuous differences
in the definition of the name. What ap-
pears to be the same taxon as judged by its
name and many, perhaps most, of its “de-
fining” characters, may in fact be two dif-
ferent taxa in terms of the common ances-
tors implied by slightly different sets of
characters. For example, Mammalia of some
authors is based solely on the character
dentary-squamosal articulation between
cranium and mandible, whereas other au-
thors base a taxon of the same name on this
and additional characters (Rowe, 1988).
Given that some of the additional charac-
ters arose before or after the dentary-squa-
mosal articulation, as indeed it apears they
did (Rowe, 1988), then the name “Mam-
malia” does not always refer to the same
clade (Fig. 3). Because these different clades
form a nested series, their ages must differ.
Therefore, estimates of the age of Mam-
malia may differ given the same hypoth-
esized relationships and known fossils
simply because certain fossils will be con-
sidered mammals according to some defi-
nitions of “Mammalia” but not others.

The general problem described above
was recognized by Hennig (1965, 1981; see
also Jefferies, 1979; Lauterbach, 1989). In-
deed, three different meanings of a taxon’s
time of origin recognized by Hennig rep-
resent special cases of the three classes of
phylogenetic definitions identified in this
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F1G. 3. Ambiguities in the boundaries of taxa un-
der character-based definitions of taxon names. If dif-
ferent authors define the name “Mammalia” with re-
spect to different sets of the characters (indicated by
bars in diagram), then “Mammalia” will refer to dif-
ferent clades, some more inclusive than others. There-
fore, the three fossils will be mammals according to
some definitions but not according to others.

paper. These are (1) the time at which cer-
tain lineages represented by extant organ-
isms last shared a common ancestor (Hen-
nig’s * group, Jefferies’s crown group,
Lauterbach’s monophylum sensu stricto; a
special case of the node-based definition),
(2) the time at which the stem lineage of
that clade separated from its sister group
(Jefferies’s total group, Lauterbach’s pan-
monophylum; a special case of the stem-
based definition), and (3) the time at which
the “typical” characters of the extant rep-
resentatives of the clade arose in its stem
lineage (a special case of the apomorphy-
based definition). A given name could be
defined in any of these three ways, but
each would refer to a different ancestor
and, therefore, to a more or less inclusive
clade. This fact has important conse-
quences for various time-related phenom-
ena, such as estimates of the origination
times and durations of taxa and the cali-
bration of molecular clocks.

Phylogenetic definitions avoid such am-
biguities concerning the limits of taxa, be-
cause the ancestors in question are clearly
specified. This is not to say that different
authors cannot use the same name to refer
to different clades. However, phylogenetic
definitions of the same name as used by
different authors should reveal whether
that name refers to the same or to different
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Iguania
Gekkota
Amphisbaenia
Serpentes
Scincomorpha
Anguimorpha

FiG.4. Synonymy under phylogenetic definitions.
“Lacertilia” (defined as the clade stemming from the
most recent common ancestor of Iguania, Gekkota,
Scincomorpha, and Anguimorpha) and “Squamata”
(defined as the clade stemming from the most recent
common ancestor of Lacertilia, Serpentes, and Am-
phisbaenia) refer to the same ancestor (circle) if the
relationships among these taxa are as illustrated.
Therefore, “Lacertilia” and “Squamata” are synony-
mous.

ancestors, and if they do not, this suggests
possible disagreements concerning phy-
logenetic relationships (see Synonymy, be-
Iow).

Synonymy

The issue of taxonomic synonymy,
whether different names refer to the same
entity, is clarified by phylogenetic defini-
tions. Under character-based and enumer-
ative definitions, synonymy often is a mat-
ter of degree. When the definitions of
different names are identical in terms of
characters and included taxa, then syn-
onymy seems obvious, but how closely
must they correspond if they are not iden-
tical? And what criteria are to be used in
deciding this issue? Under traditional def-
initions of taxon names, the answers to
these questions are not straightforward. In
contrast, phylogenetic definitions provide
a nonarbitrary and unambiguous criterion
for synonymy: names are synonymous if
and only if they refer to clades stemming
from the same ancestor.

For example, suppose that (1) “Squa-

mata” is defined as the most recent com-
mon ancestor of Lacertilia, Serpentes, and
Amphisbaenia, and its descendants; (2)
“Lacertilia” is defined as the most recent
common ancestor of Iguania, Gekkota,
Scincomorpha, and Anguimorpha, and its
descendants; and (3) the relationships
among these taxa are as shown in Figure
4 (Estes et al., 1988). Without considering
phylogenetic relationships, the definitions
of the two names seem to indicate that
“Squamata” refers to a more inclusive clade
than does “Lacertilia.” This is contradicted
by the phylogenetic relationships. The def-
initions of both “Squamata” and “Lacer-
tilia” refer to the same ancestor—the one-
at the base of the diagram (Fig. 4). There-
fore, given the definitions stated and the
relationships illustrated, these names are
synonymous. That the two names previ-
ously may have been viewed as referring
to different clades is accounted for by a
mistake about the content of Lacertilia,
namely, that Serpentes and Amphisbaenia
were thought not to be parts of it.

Of course, phylogenetic definitions can
clarify issues of synonymy only in the con-
text of relevant knowledge about phylo-
genetic relationships. The situation is
greatly simplified by, but it is not depen-
dent on, there being a single accepted phy-
logeny. Thus, in Figure 5a, the name de-
fined as the clade stemming from the most
recent common ancestor of A and D is syn-
onymous with the name defined as the
clade stemming from the most recent com-
mon ancestor of B and E, even though the
relationships of C are controversial. Syn-
onymy also would obtain if the definitions
of one, the other, or both names included
reference to C as one of the descendants
of the specified ancestor.

Certain differences among competing
phylogenetic hypotheses render questions
of synonymy unresolvable. Suppose, using
the previous example, that two different
names are defined under the alternative
phylogenetic hypotheses (Fig. 5b, c): one
for the clade stemming from the most re-
cent common ancestor of A, B, C, D, and E
and the other for the clade stemming from
the most recent common ancestor of A, B,
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FI1G. 5. Synonymy in cases of uncertain phylogenetic relationships. (a) The name of the node-based taxon
stemming from the most recent common ancestor of A and D is synonymous with the name of the node-
based taxon stemming from the most recent common ancestor of B and E, despite uncertainty about the
relationships of C. (b, c) Names of node-based taxa defined with respect to the most recent common ancestors
of A,B,C,D,and Eand of A, B, and C are synonymous under one of the possible resolutions of the relationships
of C (b), but not the other (c). Circles indicate ancestors specified by the definitions.

and C. According to one of the two hy-
potheses the names are synonymous (Fig.
5b), but according to the alternative they
are not (Fig. 5c). Accepting one of these
hypotheses and rejecting the other re-
solves the issue of synonymy, but if the
relationships are considered unresolved
and both hypotheses are retained, the issue
of synonymy cannot be resolved. This
situation should be viewed as a strength
rather than aweakness of phylogenetic def-
initions. It emphasizes that synonymy can
be resolved only in the context of the rel-
evant phylogenetic information.
Although the implicit phylogenetic
meaning of taxon names is generally clear
when only extant organisms are consid-
ered, ambiguities often arise when consid-
ering fossils (e.g., Patterson and Rosen,
1977; Jefferies, 1979; Hennig, 1981; Lau-
terbach, 1989). For example, there is no dis-
agreement about the content of Amniota
when only extant organisms are consid-
ered. In this context, the phylogenetic def-
inition of “Amniota” might be stated as the
most recent common ancestor of Mam-
malia, Chelonia, Archosauria, and Lepi-

dosauria, and its descendants (a node-based
definition of the crown group). Neverthe-
less, the implicit meaning of “Amniota,”
as this name is most commonly used, is the
clade stemming from the first vertebrate to
possess an egg with an amnion (an apo-
morphy-based definition). In the extant bi-
ota, the content of Amniota under these
alternative definitions is identical; how-
ever, if extinct organisms are also consid-
ered, then these two definitions may refer
to different clades, one more inclusive than
the other. In other words, the amniote egg
may have arisen prior to the most recent
common ancestor of extant amniotes. A
stem-based definition of the “total” group
(Jefferies, 1979) is also possible; for exam-
ple, Gardiner (1982, 1983) implicitly de-
fined “Amniota” as Recent amniotes and
all organisms that are more closely related
to them than to extant amphibians. Re-
gardless of which definition of “Amniota”
is favored, the different possibilities illus-
trate a general point: although it is usually
possible to identify a series of ancestors as
being implicitly associated with the name
of a traditional taxon (e.g., Fig. 4), the pre-
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cise ancestor in this series often will be
ambiguous. Furthermore, although there
exists an awareness of these distinctions,
traditional practice has been to use the same
name for both crown and “total” clades
(e.g., Jefferies, 1979; Hennig, 1981; Lauter-
bach, 1989). Given the ambiguity resulting
from associating the same name with clades
stemming from different ancestors in a lin-
eage, it seems preferable to give a different
name to the crown clade on the one hand
and the “total” clade on the other.

As can be seen from the preceding dis-
cussion, there necessarily will be ambi-
guities about synonymy during the tran-
sition to a system based on phylogenetic
definitions. Associations of names with
particular ancestors have heretofore been
implicit rather than explicit, and the forms
of definition currently in use often render
such associations ambiguous. This situa-
tion should encourage the redefinition of
taxon names in explicit phylogenetic terms;
however, due consideration should be giv-
en to diverse criteria, including implicit
associations with ancestors, current and
historical usage, alternative names, prior-
ity (see below), and utility to the greatest
number of biologists.

Priority

The consequences of phylogenetic def-
initions for synonymy bear on another is-
sue, priority, which is often resolved in a
phylogenetically unsatisfactory way under
traditional taxonomic conventions. In the
traditional system (e.g., ICZN, 1985), pri-
ority is tied to categorical ranks. This sit-
uation can lead to drastic changes in the
meanings of names (i.e., the ancestors with
which the names are implicitly associated)
as the result of simple changes in rank.
Thus, combining several taxa of the same
rank into a single one requires that the
oldest name is the valid one for that taxon.
This practice can result in changing the
ancestor with which the name is implicitly
associated to that of a more inclusive clade.
Similarly, partitioning a single taxon of a
particular rank into several taxa at that same
rank often results in restricting the origi-
nal taxon’s name to a less inclusive clade.

The problem of changing the clades with
which names are associated is aggravated
by trying to achieve a phylogenetic tax-
onomy within the traditional Linnean sys-
tem. This results from attempts to elimi-
nate paraphyletic taxa, which are often
accompanied by changes in ranks associ-
ated with particular names in order to sat-
isfy the convention of mandatory catego-
ries. For example, the taxa Agamidae* and
Chamaeleonidae have traditionally been
assigned the rank of family, and it has been
suggested that Agamidae* may be para-
phyletic with respect to Chamaeleonidae
(Estes et al.,, 1988; Frost and Etheridge,
1989). If the relationships are as illustrated
in Figure 6, then “Agamidae” is paraphy-
letic according to its traditional definition.
Nevertheless, one might interpret this
name as having an implicit association with
ancestor A, the most recent common an-
cestor of its included subtaxa (u-w). “Cha-
maeleonidae,” on the other hand, is im-
plicitly associated with ancestor C.

Such being the case, uniting “Agami-
dae” and Chamaeleonidae into a single
family would eliminate a paraphyletic tax-
on. If this is done, then according to tra-
ditional, rank-based notions of priority
(e.g., ICZN, 1985), the name of the clade
stemming from ancestor A will be “Cha-
maeleonidae,” because this is the older
name in the family group (Frost and Eth-
eridge, 1989). Given the desirability of sta-
ble phylogenetic meanings of names, this
action has the undesirable consequence of
changing the association of a name from
one clade to a more inclusive one. The name
“Chamaeleonidae,” which was formerly
associated with the clade stemming from
ancestor C, is now associated with that
stemming from ancestor A, the ancestor
with which “Agamidae” was formerly as-
sociated.

It might be argued that the association
of “Agamidae” with ancestor A is unjus-
tified—that it is preferable to consider
“Agamidae,” the name of a paraphyletic
taxon, to have had no implicit phyloge-
netic definition. This does not, however,
solve the problem of the change in the
clade with which “Chamaeleonidae” is as-
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sociated. Furthermore, the name “Acro-
donta” (Cope, 1864) already has been used
for the clade stemming from ancestor A
(Estes et al., 1988). Acrodonta, however, is
considered to be assigned a rank above the
family level in traditional taxonomies.
Therefore, “Acrodonta” would be replaced
by “Chamaeleonidae,” simply because the
former is not a name of the family group.

From the preceding example, it can be
seen that the traditional practice of deter-
mining priority according to ranks is ob-
fuscatory from the perspective of phylo-
genetic taxonomy. The associations of names
with particular clades change as the result
of arbitrary decisions about categorical
ranks, and names applied to monophyletic
entities are rejected simply because they
are not of the appropriate rank. Given that
a rank-based concept of priority confuses
the associations of names with particular
clades, a phylogenetic concept of priority
should not be based on ranks.

In phylogenetic taxonomy, the concept
of priority should not be based on first use
of a name at a given rank or group of ranks,
but on first use of a name in association
with a particular clade (ancestor). Thus, to
continue with the same example, “Agam-
idae” and “Chamaeleonidae” would re-
main associated with the same ancestors
(Arand C, respectively).If the relationships
are as illustrated (Fig. 6), then Chamae-
leonidae would be considered a subgroup
of Agamidae rather than a separate taxon
of the same rank. The names are not syn-
onymous, and the former “paraphyly” of
Agamidae is seen as a mistake about its
content. Alternatively, because the name
“Acrodonta’” has already been used for the
more inclusive clade, “Agamidae,” a name
formerly associated with a paraphyletic
group, might be. abandoned in favor of
“Acrodonta” (Estes etal., 1988). If the name
“Acrodonta” did not exist, it might be pref-
erable to coin a new name for this clade
rather than using “Agamidae.” Any one of
these alternatives is reasonable from a phy-
logenetic perspective, because none of
them changes the associations of names
with particular clades (ancestors).

The principle of coordination (ICZN,

Acrodonta
| 1
"Agamidae” Chamaeleonidae
u v w X y z

Fi1G. 6. Changes in the clade with which a name
is associated under the traditional, rank-based crite-
rion of priority. If “Agamidae” and Chamaeleonidae
are combined into a single taxon assigned the rank
of family, the name of this family is “Chamaeleoni-
dae” because this is the older name in the family
group. The result is a change in association of the
name “Chamaeleonidae” from the clade stemming
from ancestor C to that stemming from ancestor A.

1985), which deals with priority of au-
thorship rather than of the name itself, is
another nomenclatural rule that settles is-
sues of priority in a phylogenetically un-
satisfactory way. According to the princi-
ple of coordination, all names in a given
rank-based group (e.g., genus group, fam-
ily group) are credited to the first author
to use any name in the group based on the
same nomenclatural type. Thus, although
Cope (1886) coined the name “Iguaninae”
for a particular taxon of squamate reptiles,
his insight is credited to Bell (1825) merely
because Bell coined “Iguanidae” and both
names belong to the family group (de
Queiroz, 1987). This rule would be un-
problematical if it applied only to situa-
tions in which the differences in the names
involved only differences in categorical
ranks and their associated suffixes, for
example, if the family Iguanidae had been
lowered in its entirety to subfamily rank.
The rule applies, however, even if the
names refer to different entities, for ex-
ample, when “Iguanidae” refers to a more
inclusive taxon than does “Iguaninae.”
From the viewpoint of conveying an au-
thor’s association of a name with a partic-
ular taxon, this rule confuses matters,
whether in phylogenetic or in Linnean
taxonomy. It reflects an overemphasis on



320

SYSTEMATIC ZOOLOGY

voL. 39

categorical ranks. As in the case of priority,
authorship in phylogenetic taxonomy
should not be based on the first use of a
name in a particular rank-based group, but
on implicit or explicit association of a name
with a particular clade (ancestor).

CONCLUSION

Since Hennig's (e.g., 1965, 1966) influ-
ential writings and their popularization,
phylogenetic systematics has enjoyed con-
siderable success and made great progress.
In contrast, phylogenetic taxonomy, that
branch of systematics concerned with rep-
resenting the relationships uncovered by
phylogenetic analysis, has lagged behind.
The development of phylogenetic taxon-
omy has been hindered in part by the im-
plicit or explicit assumption that it is to be
achieved within the traditional Linnean
framework. This assumption is one ex-
ample of a general phenomenon in which
existing taxonomic practices are taken for
granted and the evolutionary world view
is overlaid upon them as a superficial in-
terpretation. But if the Darwinian Revo-
lution is ever to occur in biological tax-
onomy (Patterson, 1978; de Queiroz, 1988;
O’Hara, 1988); then the role of the prin-
ciple of descent must change. It must
change from an after-the-fact interpreta-
tion to a central tenet from which the prin-
ciples and methods of taxonomy are de-
duced. The principle of phylogenetic
definitions exemplifies this change. Pre-
viously, taxa were considered to be defined
by characters and only interpreted after-
the-fact as products of evolution. Under
the principle of phylogenetic definitions,
evolutionary considerations enter directly
into the definitions of their-names. Just as
the concept of synapomorphy granted the
principle of common descent a central role
in systematic analysis, so the concept of
phylogenetic definitions grants this con-
cept a central role in taxonomy.
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