2004

POINTS OF VIEW

815

Syst. Biol. 53(5):815–821, 2004
c Society of Systematic Biologists
Copyright 
ISSN: 1063-5157 print / 1076-836X online
DOI: 10.1080/10635150490503026

The Phylogenetic Definition of Reptilia
S EAN P. M ODESTO 1 AND J ASON S. ANDERSON2
1

Department of Biology, University College of Cape Breton, PO Box 5300, Sydney, Nova Scotia B1P 6L2, Canada; E-mail: sean modesto@uccb.ca
2
College of Veterinary Medicine, Western University, 309 E. Second St., Pomona, CA 91766, USA; E-mail: janderson@westernu.edu

Naming taxa is an important endeavor in the documentation of life by systematists, whether it is conducted in the context of traditional rank-based classification or within a phylogenetic framework. Proponents
of the phylogenetic approach distinguish between the
diagnosis of a group and its definition (Ghiselin, 1984;
Rowe, 1987, 1988), and this distinction forms the basis
for a phylogenetically based method of naming taxa formerly referred to as Phylogenetic Taxonomy (de Queiroz
and Gauthier, 1990, 1992, 1994) and now called Phylogenetic Nomenclature (PN; Cantino et al., 1999; Gauthier
and de Queiroz, 2001; Bryant and Cantino, 2002). Emphasis in naming has been placed on ancestry using
phylogenetic definitions, and the widespread adoption
of node- and stem-based definitions (apomorphy-based
definitions have yet to receive as widespread acceptance,
but see Gauthier and de Queiroz, 2001; Anderson, 2002;
Laurin and Anderson, 2004) has led to a proliferation
of new names and definitions. This shift in nomenclatural practice has, unfortunately, fostered a growth in
redundant names and definitions for well-known taxa
(Benton, 2000). The PhyloCode (Cantino and de Queiroz,
2003) has modified the rule of priority as used in other
codes (i.e., International Code of Zoological Nomenclature) to determine which of two or more possible names
with equivalent definitions is valid (Brochu and Sumrall,
2001), or which of several definitions for a given name
is valid (Cantino and de Queiroz, 2003). Unfortunately,
it is now apparent that some of the definitions for wellknown taxon names established early in the emergence
of PN were not devised following conventions now
widely accepted, by either defining groups in an overly
restrictive manner, or via selection of reference taxa without due consideration of the ramifications of differing
tree topologies (Anderson, 2002; Laurin and Anderson,
2004).
It has become evident in broad-scale amniote taxonomy that the first published definition for Reptilia
(Gauthier et al., 1988a), which would have priority under a binding PhyloCode, is problematic because of the
dramatic controversies over the affinities of the specifier taxon Testudines (see Zardoya and Meyer, 2001 for
review of hypotheses for turtle relationships). Recent
morphological and molecular studies have challenged
conventional hypotheses concerning the affinities of turtles, and this has led to unexpected and undocumented
changes in the composition of the well-known taxon
Reptilia, with additional ramifications for the nomenclature of some of its included taxa. We examine the con-

sequences of the application of priority to the nomen
Reptilia as our understanding of early amniote interrelationships has progressed over the past two decades, and
offer a new definition that brings the phylogenetic concept of this taxon name into line with both currently accepted conventions of PN and historical usage. This new
definition corrects an error created by the combination of
the selection of a higher taxon (rather than a species) as
a specifier, and an unexpected topology. We believe that
now is an appropriate time to examine the definitions
established when PN was in its earliest stages, and hope
to correct what we consider to be a poorly formulated
definition upon publication of a binding PhyloCode.
A B RIEF HISTORY OF T AXONOMIC CONCEPTS
FOR R EPTILIA
To understand the motivations of some workers and
their formation of phylogenetic definitions for the nomen
Reptilia, it is important to review the history of this
taxon. Reptilia was erected originally as a Class by
Laurenti (1768) for the inclusion of tetrapods that were
neither mammals nor birds. Amphibians were included
in Reptilia by Owen (1854, 1859) and other authors,
but following Haeckel’s (1866) work that demonstrated
reptiles, birds, and mammals shared a common reproductive strategy (the amniotic egg), frogs, salamanders,
and caecilians were placed unanimously in a separate
taxon, Linnaeus’ (1758) Amphibia. Hence, reptiles were
primarily distinguished from birds and mammals by
poikilothermy and lack of integumentary features such
as hair and feathers (e.g., Zittel, 1902), a concept that
lasted well into the succeeding century. Fossil tetrapods
that satisfied this diagnosis were placed within Reptilia. However, some of the first fossils assigned to Reptilia were recognized by early workers to have conspicuously mammalian characteristics (Owen, 1860, 1884;
Cope, 1878, 1898). Thus, species of the groups Pelycosauria, Dinocephalia, Dicynodontia, and Theriodontia came to be known colloquially as “mammal-like reptiles,” and were eventually placed formally within their
own taxon, Synapsida, which was established as a Subclass of Reptilia (Osborn, 1903). It was recognized early
that synapsids were related more closely to mammals
than to other fossil taxa included within Reptilia (e.g.,
Baur, 1887; Broom, 1914), but most early systematists
had no objection to a paraphyletic Reptilia. This view became entrenched as the classic hypothesis that explained
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the origin of mammals from reptiles (Romer and Price,
1940; Romer, 1966). During the time that paleontologists
were beginning to distinguish fossil synapsids from unequivocal reptiles, Haeckel (1866) distinguished reptiles,
birds, and mammals from other tetrapods (amphibians)
by placing them in a new taxon that he called Amniota, which was ignored as a taxon name (although the
concept was accepted) in many subsequent published
classifications (e.g., Zittel, 1902; Piveteau, 1952; Romer,
1966).
A more testable picture of amniote interrelationships
appeared following the adoption of phylogenetic systematics (Gaffney, 1980; Reisz, 1981; Gardiner, 1982;
Heaton and Reisz, 1986; Gauthier et al., 1988a, 1988b).
The emerging consensus (Gauthier et al., 1988a; Laurin
and Reisz, 1995) divided amniotes into two main groups:
synapsids on one hand, and all remaining amniotes on
the other (Fig. 1a and b). Synapsida was defined as a
stem-based group with Mammalia as its crown (Rowe,
1988), whereas Reptilia was defined as a node-based
group using extant turtles, snakes, lizards, and crocodiles
as reference taxa (Gauthier et al., 1988a). Gauthier et al.
(1988a) recognized a sister-group relationship between
turtles and captorhinids (Fig. 1a), a relationship identified formally as Anapsida, which they defined as “extant
turtles and all other extinct taxa that are more closely
related to them than they are to other reptiles.” In the
Gauthier et al. (1988a) tree, Anapsida is the sister group
of a clade formed by the Carboniferous taxon Paleothyris
and the diapsid groups Araeoscelidia and Sauria (crowngroup diapsids, sensu Gauthier, 1984). The crownbased concept for Reptilia by definition omitted several
Permian and Triassic taxa that, since their respective discoveries during the late 19th and early-mid 20th centuries, were regarded to be basal reptiles (mesosaurids,
millerettids, procolophonians, and pareiasaurs). These
taxa together formed a clade (informally designated
“parareptiles”) that Gauthier et al. (1988a) identified as
the sister taxon of Reptilia.
The Gauthier et al. (1988a) phylogeny was the principal reference for amniote interrelationships and taxonomy until Laurin and Reisz (1995) identified turtles
as the sister taxon of procolophonid “parareptiles.” The
Laurin and Reisz (1995) results expanded the content
of the reptilian crown group by incorporating “parareptiles,” and thereby produced a topology in which Reptilia was divisible into turtles and their fossil relatives
on one side and diapsids and their close relatives on
the other (Fig. 1b). Laurin and Reisz (1995) bestowed
Olson’s (1947) names Parareptilia and Eureptilia on
the former and the latter groupings, respectively, as
stem-based taxa. The other major departure from the
work of Gauthier et al. (1988a) is that Laurin and Reisz
(1995) found no support for a relationship between
Mesosauridae, a group that comprises the oldest known
fully aquatic amniotes, and the other “parareptiles.”
Mesosauridae formed a clade with the augmented reptilian crown, a grouping that was given Huxley’s (1864)
rarely used nomen Sauropsida (Gauthier, 1994; Laurin
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FIGURE 1. Cladograms showing the progression of ideas concerning amniote phylogeny and nomenclature that are in line with traditional ideas for reptile interrelationships (i.e., Diapsida does not include
Testudines). (a) Gauthier et al. (1988a). (b) Laurin and Reisz (1995).
(c) Modesto (1999). The nomenclature shown employs a strict priority
among the phylogenetic definitions for taxon names. Arrows indicate
taxon names for clades.

and Reisz, 1995). Gauthier (1994:137), citing “Laurin and
Reisz (in press),” defined Sauropsida in stem-based fashion as “reptiles plus all other amniotes more closely
related to them than they are to mammals,” whereas
Laurin and Reisz (1995:180) themselves defined this
taxon name as a node-based group, “the last common ancestor of mesosaurs, testudines and diapsids, and all its
descendents.”
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The Laurin and Reisz (1995) analysis supplanted
that of Gauthier et al. (1988a) as the standard view
of early amniote phylogeny. It was slightly modified
by Modesto (1999) who, in work stimulated by new
data on mesosaur anatomy, placed mesosaurs back
in a clade with millerettids, pareiasaurs, and procolophonids (Fig. 1c), thus recovering the original content
of Gauthier et al.’s (1988a) “parareptiles.” Reptilia and
Sauropsida, sensu Gauthier et al. (1988a) and Gauthier
(1994), respectively, shared the exact same content (although not the same definitions), so Reptilia was recognized by Modesto (1999) as the senior synonym because it was the older, more established name. Because
Parareptilia, as defined by Laurin and Reisz (1995), was
equated in both definition and content with Anapsida
(sensu Gauthier et al., 1988a) by Modesto (1999), deBraga and Reisz’s (1996) definition of Parareptilia (“the
most recent common ancestor of millerettids, Acleistorhinus, lanthanosuchids, Macroleter, Procolophonia, and all
its descendents”) was recognized as the valid definition (rendering Parareptilia a subclade of Anapsida).
Anapsida, which in traditional rank-based classifications
grouped several early amniote groups together on the
basis of a plesiomorphy (the absence of temporal fenestrae), is an unfortunate name because it epitomizes a
paraphyletic group to most students of early amniote
phylogeny. Despite its phylogenetic “reinterpretation”
by Gauthier et al. (1988a), this nomen has received little
support in recent phylogenetic studies, as evidenced by
the observation that the clade of mesosaurs and parareptiles (sensu deBraga and Reisz, 1996) is either left unnamed on cladograms (e.g., Berman et al., 2000: Fig. 4) or
Mesosauridae is simply pruned from the amniote tree,
thereby circumventing the problem of Anapsida (e.g.,
Zardoya and Meyer, 2001: Fig. 3). Reisz and Scott (2002)
did use the term Anapsida for the clade of mesosaurs,
millerettids, pareiasaurs, and procolophonids, but these
authors did not include turtles in their analysis because
of the ongoing controversy over turtle relationships.
Reisz and Scott (2002) therefore appear to have associated the nomen Anapsida with the content of the group
that was recognized by Modesto (1999), rather than with
the definition of the nomen created by Gauthier et al.
(1988a) insofar as the specifier taxon “Testudines” was
intentionally omitted from consideration.
The amniote phylogenies of Gauthier et al. (1988a)
and Laurin and Reisz (1995) may be thought of as most
closely reflecting historical views of amniote classification in that turtles represent a lineage distinct from
that comprising other living reptiles. In traditional rankbased classifications, turtles were grouped with several
early reptile groups within Anapsida (Williston, 1917;
Romer, 1966; Carroll, 1988). However, recent morphological and molecular studies suggest that turtles are instead
diapsid reptiles, variously identified as lepidosauromorphs (lizards, snakes, tuataras, and their fossil relatives; Rieppel and deBraga, 1996; deBraga and Rieppel,
1997), or archosauromorphs (crocodiles, birds, and their
fossil relatives; Hedges and Poling, 1999; Kumazawa
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and Nishida, 1999; Zardoya and Meyer, 1998, 2001). We
will not go into further detail about these competing
hypotheses for the diapsid affinities of turtles because
they are beyond the scope of the present work, and
the reader is referred to Zardoya and Meyer (2001) and
Lee (2001) for detailed reviews and treatments of these
hypotheses.
CONSEQUENCES OF D IFFERENT TREE TOPOLOGIES ON
THE NOMENCLATURE OF M AJOR R EPTILIAN CLADES
If the hypothesis that turtles are diapsid reptiles becomes the consensus view among systematists, it creates problems for the nomenclature of the reptilian side
of the amniote tree. Gauthier et al. (1988a: 142) defined
Reptilia as “the most recent common ancestor of extant
turtles and saurians, and all its descendents.” This has
been interpreted to mean Reptilia can be regarded to
be a crown group (Laurin and Reisz, 1995). However,
if a diapsid identity for turtles is accepted, the Gauthier
et al. (1988a) definition renders Reptilia and Sauria (sensu
Gauthier, 1984) as competing names for the exact same
clade. According to priority by date of first publication
of a name, the former nomen should be recognized as
the senior synonym, although the phylogenetic definition of Sauria has priority over that of Reptilia. It seems
apparent to us that no systematist would regard the name
“Sauria” to have priority over the older, more widely
used name “Reptilia.” Of greater concern is the fact that,
if turtles are saurians, Gauthier et al.’s (1988a) definition
for Reptilia is redundant, because it uses Sauria and a
saurian group (turtles) as specifiers. Questions of historical continuity aside, the definition for Reptilia must
be emended because of its now circular construction.
Unfortunately, definitions of Reptilia published subsequent to Gauthier et al. (1988a) offer no viable alternative. The definition provided by Laurin and Reisz (1995:
183, “the most common ancestor of testudines and diapsids, and all its descendents”) and deBraga and Rieppel (1997: 228, “the most common ancestor of diapsids
and all its descendents”), renders Reptilia synonymous
with Diapsida if turtles are nested within Diapsida. The
deBraga and Rieppel (1997) definition is clearly a lapsus calami, because the content outlined in the definition is not consonant with the placement of Reptilia on
their tree; their definition of Reptilia can be rejected for
this reason. The definition of Laurin and Reisz (1995)
suffers the problem of internested specifiers if it is applied to phylogenies in which turtles are diapsids; this
includes most recent studies of reptile interrelationships
(deBraga and Rieppel, 1997; Zardoya and Meyer, 1998;
Hedges and Poling, 1999; Kumazawa and Nishida, 1999;
Rieppel and Reisz, 1999). Lee (2001) is the only recent
worker who espouses a parareptilian origin for turtles.
Given the lack of consensus on the phylogenetic position
of turtles, a phylogenetic definition of Reptilia that is not
sensitive to the lability of this specifier taxon is clearly
desirable.
A corollary problem caused by a diapsid origin for
turtles is that Anapsida (sensu Gauthier et al., 1988: “all
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FIGURE 2. Amniote phylogeny illustrating revised nomenclature
assuming the diapsid identity of Testudines as hypothesized by
Zardoya and Meyer (1998), Hedges and Poling (1999), and Rieppel and
Reisz (1999), and employing strict priority for phylogenetic definitions.
The use of Reptilia here assumes the original crown group definition
for the nomen (Gauthier et al., 1998a), not the definition provided by
Laurin and Reisz (1995).

amniotes closer to turtles than to diapsids”) also becomes
a recursive (and therefore problematic) definition requiring amendment or abandonment. Gauthier’s (1994: 138)
updated definition for Anapsida (“chelonians (turtles)
and all other amniotes more closely related to them than
they are to saurians”) connotes the same meaning as
Gauthier et al.’s (1988a) definition. Despite its phylogenetic reconception by Gauthier et al. (1988a), it is probably best that Anapsida is abandoned as a formal name
in light of its long precladistic usage as the name of a
paraphyletic group of amniotes, and our observation
that most workers associate the taxonomic term “anapsid” with its morphological connotation (the absence of
temporal fenestrae; e.g., Lee, 2001:Fig. 2). Our reasoning
with Anapsida does not necessarily translate to other
taxonomic entities that have been recognized as paraphyletic in traditional classifications, such as Amphibia,
Osteichthyes, and even Reptilia, because it is only with
Anapsida that a single primitive morphological structure
is strongly associated with the name.
A NEW PHYLOGENETIC D EFINITION FOR R EPTILIA
The name Reptilia is one of the oldest names in the
history of classification, and is known to both the general
public (albeit possibly only from the vernacular term
“reptile”) and biologists. The multiple phylogenetic
definitions that have been devised for Reptilia (Gauthier
et al., 1988a; Laurin and Reisz, 1995; deBraga and
Rieppel, 1997) indicate a desire among systematists to
conserve it as a taxonomic entity. These phylogenetic
definitions, however, are not satisfactory for reasons
discussed above. In addition, the view that Reptilia, like
many familiar, established taxon names, should be defined as a crown group is not compulsory (Bryant, 1994;
Lee, 1996; Lee and Spencer, 1997; Sereno, 1999; see
Anderson, 2002 and Laurin and Anderson, 2004 for a
more detailed discussion). The main objective for using
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crown-group definitions is that some workers believe
such definitions are more stable than other phylogenetic definitions. Paleontologists such as Lucas (1992),
Patterson (1993), Lee (1996), Lee and Spencer (1997),
and Benton (2000) have been particularly vocal in their
opposition to crown-group definitions for well-known
names because they appear to have the greatest impact
on classifying fossil taxa. For instance, several basal amniote groups (mesosaurs, procolophonoids, pareiasaurs,
millerettids, captorhinids, “protorothyridids” such as
Paleothyris, and stem diapsids), recognized traditionally
as reptiles, would be regarded as “nonreptilian sauropsids” if one uses a crown-group definition for Reptilia in
conjunction with phylogenies that place turtles within
extant diapsids. Given that the justification for originally
restricting the name Reptilia to crown taxa, increased
stability, is not defensible, the question becomes simply,
“what definition best captures the historical meaning of
the taxon name?” A less inclusive Reptilia (e.g., Fig. 2)
does not seem to be the answer. The removal of “pelycosaurs” and therapsids (the “mammal-like reptiles”
of previous parlance) from Reptilia was accepted long
ago because these taxa clearly form a lineage (leading to
mammals) separate from the other groups of amniotes
(“reptiles”: e.g., Baur, 1887: 104). However, it seems
unlikely that the current biological community will be
receptive to an even less inclusive Reptilia, essentially
a subset of Diapsida, in which traditionally recognized
“reptiles” (including stem diapsids) can no longer be
recognized as reptiles. This situation is similar to the
controversy surrounding the crown-group definition
for Aves, in which many workers reject the idea that
Archaeopteryx is not a bird because it falls outside of a
crown-defined Aves (Chatterjee, 1997; Chiappe, 1995;
Padian, 1997, 2001; but see Gauthier and de Queiroz,
2001). Evidence that most workers are loathe to accept a
less inclusive Reptilia is illustrated in recent cladograms
that portray the interrelationships of basal amniotes
and assume diapsid affinities for turtles: most identify
Reptilia as the sister group of Synapsida (deBraga and
Rieppel, 1997: 286; Modesto, 1999:fig. 4b; Rieppel and
Reisz, 1999:fig. 1; Sumida and Modesto, 2001:fig. 1;
Zardoya and Meyer, 2001:fig. 4).
There are two cases in which Sauropsida is used in
preference to, or interchangeably with, Reptilia. Benton
(1991), following his previous usage (Benton, 1990a),
applied Sauropsida to the clade of Diapsida plus Testudines, making his Sauropsida a crown taxon (Benton,
1990b). In his figured phylogeny, Sauropsida is a subset
of the sister taxon to Synapsida, a clade (Sauropsida +
“parareptiles”) that Benton (1991) did not name; Benton
(1991) appears to have adopted the phylogeny of
Gauthier et al. (1988a), but used Sauropsida in preference
to Reptilia. In his concluding remarks, however, Benton
(1991: 327) describes Sauropsida and Synapsida as sister taxa, a statement that is not consistent with the clade
names in his figure. This statement is an error, because the
figured phylogenies in both Benton (1990b) and Benton
(1991) both use Sauropsida as a crown clade, whereas
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later Benton (1997) uses Sauropsida as a total group, as
do Gauthier (1994) and Laurin and Reisz (1995). Benton’s
(1990a, 1990b, 1991, 1997) use of the name Sauropsida
changed as the concept of this group evolved in the literature (personal communication, 2004). Lee (2001) used
the names Sauropsida and Reptilia interchangeably in
his paper; this appears to be due to the fact that Lee
(2001), following deBraga and Rieppel (1997), excluded
Mesosauridae from his consideration of reptilian phylogeny, which resulted in the content of the stem-based
nomen Sauropsida being equated with that of the nodebased Reptilia.
Gauthier et al.’s (1988a) definition for Reptilia has generated uncertainty due to the current controversy over
the phylogenetic position of turtles within the synapsid
sister taxon. Under traditional rank-based nomenclature,
Testudines would merely be considered sedis mutabilis,
and it is doubtful that this uncertainty in the placement of
turtles with respect to squamates, sphenodontians, and
crocodiles would precipitate the growing perplexity of
what is and what is not a reptile that has been wrought
by Gauthier et al.’s (1988a) definition. Our concerns outlined here are not offered as a criticism of the theory and
practice of PN, but as a critique of what time has revealed to be an improperly formed definition devised in
the early stages of PN.
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A definition for Reptilia that is less sensitive to changing tree topologies is clearly desirable, especially one that
retains the spirit of traditional concepts for Reptilia (e.g.,
does not dispense with extinct taxa that consensus has
failed to ally with synapsid amniotes) and the emerging
phylogenetic synthesis of reptilian nomenclature (e.g.,
the widespread recognition of stem [sensu Jefferies, 1979]
reptiles). We offer a new stem-based definition for Reptilia: the most inclusive clade containing Lacerta agilis
Linnaeus 1758 and Crocodylus niloticus Laurenti 1768, but
not Homo sapiens Linnaeus 1758. Species are used as specifiers to avoid the assumption of monophyly that the use
of higher taxa entails (which led to the difficulties of the
original definition), following the suggestions of Article
11.1 of the PhyloCode (Cantino and de Queiroz, 2003).
We have also used three specifier taxa in order to restrict
the application of the nomen, following the suggestion
of Article 11.9 of the PhyloCode. This definition restricts
the name Reptilia to the group that includes all members of the synapsid sister group, regardless of the interrelationships of turtles and other extant nonsynapsid
amniotes (Fig. 3). The new definition is also more consonant with traditional classifications than the crowngroup hypothesis for Reptilia, and consistency with traditional taxonomy is recommended by the PhyloCode
(e.g., Articles 10 and 11; Cantino and de Queiroz, 2003).

FIGURE 3. Amniote phylogeny illustrating revised nomenclature assuming diapsid identity of Testudines as hypothesized by Zardoya and
Meyer (1998), Hedges and Poling (1999), and Rieppel and Reisz (1999), employing the revised phylogenetic definition for Reptilia suggested
in the text. Arrows indicate taxon names for clades. Sources for skeletal reconstructions, from top to bottom: Dimetrodon from Romer and Price
(1940); Procolophon from deBraga (2003) with permission from the National Research Council of Canada; Scutosaurus modified from Lee (1997);
Mesosaurus original reconstruction by S. P. Modesto; Captorhinus (= Eocaptorhinus) from Heaton and Reisz (1980) with permission from The
Paleontological Society; Paleothyris from Carroll (1969) with permission from The Paleontological Society; Araeoscelis reproduced from Reisz et al.
(1984) with permission from R. R. Reisz and the Society of Vertebrate Paleontology; and Hesperornis from Marsh (1880).
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Our new definition creates a logically consistent nomenclatural system, with the well-known taxa Reptilia and
Synapsida forming stem-based components of a “stemnode triplet” (Sereno, 1999) with the node-based Amniota. Whereas our definition is equivalent to Gauthier’s
(1994) for Sauropsida (“reptiles plus all other amniotes
more closely related to them than they are to mammals,”
p. 137), we believe that the use of the well-known Reptilia is preferable to the more obscure Sauropsida because
it captures the traditional meaning of the taxon being
named, as the concept has evolved.
CONCLUSION
The idea of extending the rule of priority to phylogenetic definitions is a recent one. In the years following the
publication of Gauthier et al. (1988a) and the definitions
for many long-established taxon names found therein,
investigators of amniote phylogeny have published their
own definitions for the same and new taxa. This has led
to a superfluity of definitions. For example, Reptilia has
four definitions of which we are aware (Gauthier et al.,
1988a; Gauthier, 1994; Laurin and Reisz, 1995; deBraga
and Rieppel, 1997), Diapsida has five (Gauthier et al.,
1988; Laurin, 1991; Gauthier, 1994; Laurin and Reisz,
1995; deBraga and Rieppel, 1997), and Parareptilia has
three (Laurin and Reisz, 1995; deBraga and Reisz, 1996;
deBraga and Rieppel, 1997). In some cases later authors
refer to the definitions created in previous publications,
but proceeded to draft their own definitions without
providing an explanation as to why earlier definitions
required replacement, nor did later authors provide justifications for why their definitions represented improvements over the earlier definitions. We anticipate that
the adoption of the PhyloCode will end this practice,
and hope it will lead to more critical initial definition
formulations.
Some systematists have criticized the tenets of PN
on the grounds that it disposes traditional rank-based
systematics and replaces it with a system that has led to
unwieldy numbers of names for groups and unsubstantiated promises of taxonomic stability (Benton, 2000;
Dyke, 2002). There are advantages and drawbacks to
both systems (Bryant and Cantino, 2002). We recognize
that the multiplication of names in PN is a thorny problem because of the nearly inexhaustible number of potentially namable clades, but we wonder if anyone truly
laments the diminished art of suffix conformation that
is demanded by mandatory taxon ranking in traditional
rank-based systematics? It is our opinion that most of
the criticisms of PN will be addressed upon publication
of the PhyloCode, by ensuring a standard for the establishment and usage of definitions among all workers
using PN.
ACKNOWLEDGMENTS
This study was supported in part by a Carnegie Museum of Natural
History Rea Postdoctoral Fellowship to S.P.M. and a Natural Sciences
and Engineering Research Council of Canada Postdoctoral Fellowship

VOL.

53

to J.S.A. We thank Dr. Luo Zhexi for comments on an early version
of the manuscript. This discussion was improved from the critical
reviews of Drs. François Lutzoni, Mike Benton, and an anonymous
reviewer.

R EFERENCES
Anderson, J. S. 2002. Use of well-known names in phylogenetic nomenclature: A reply to Laurin. Syst. Biol. 51:822–827.
Baur, G. 1887. On the phylogenetic arrangement of the Sauropsida. J.
Morph. 1:93–104.
Benton, M. J. 1990a. Phylogeny of the major tetrapod groups: Morphological data and divergence dates. J. Mol. Evol. 30:409–424.
Benton, M. J. 1990b. Vertebrate palaeontology: Biology and evolution.
Unwin Hyman, London, 377 pp.
Benton, M. J. 1991. Amniote phylogeny. Pages 317–330 in Origins
of the higher groups of tetrapods: Controversy and consensus
(H. P. Schultze and L. Trueb, eds.). Cornell University Press,
Comstock.
Benton, M. J. 1997. Vertebrate palaeontology, 2nd ed. Stanley Thornes,
London.
Benton, M. J. 2000. Stems, nodes, crown clades, and rank-free lists: Is
Linnaeus dead? Biol. Rev. 75:633–648.
Berman, D. S., R. R. Reisz, D. Scott, A. C. Henrici, S. S. Sumida, and
T. Martens. 2000. Early Permian bipedal reptile. Science 290:969–
972.
Brochu, C. A., and C. D. Sumrall. 2001. Phylogenetic nomenclature and
paleontology. J. Paleontol. 75:754–757.
Broom, R. 1914. On the origin of mammals. Phil. Trans. R. Soc. B206:1–
48.
Bryant, H. N. 1994. Comments on the phylogenetic definition of taxon
names and conventions regarding the naming of crown clades. Syst.
Biol. 43:124–130.
Bryant, H. N., and P. D. Cantino. 2002. A review of criticisms of phylogenetic nomenclature: Is taxonomic freedom the fundamental issue?
Biol. Rev. 77:39–55.
Cantino, P. D., H. N. Bryant, K. de Queiroz, M. J. Donoghue, T. Eriksson,
D. M. Hillis, and M. S. Y. Lee. 1999. Species names in phylogenetic
nomenclature. Syst. Biol. 48:790–807.
Cantino, P. D., and K. de Queiroz. 2003. PhyloCode: A phylogenetic
code of biological nomenclature. Available at http://www.ohiou.
edu/phylocode/ (last accessed on 12/06/2003).
Carroll, R. L. 1969. A Middle Permian captorhinomorph, and the interrelationships of primitive reptiles. J. Paleont. 43:151–170.
Carroll, R. L. 1988. Vertebrate paleontology and evolution. W. H.
Freeman and Company, New York.
Chatterjee, S. 1997. The rise of birds. Johns Hopkins University Press,
Baltimore.
Chiappe, L. 1995. The first 85 million years of avian evolution. Nature
378:349–354.
Cope, E. D. 1878. The theromorphous Reptilia. Am. Nat. 12:829–
830.
Cope, E. D. 1898. Syllabus of lectures on the Vertebrata. University of
Pennsylvania, Philadelphia.
deBraga, M. 2003. The postcranial skeleton, phylogenetic position, and
probable lifestyle of the Early Triassic reptile Procolophon trigoniceps.
Can. J. Earth Sci. 40:527–556.
deBraga, M., and R. R. Reisz. 1996. The Early Permian reptile Acleistorhinus pteroticus and its phylogenetic position. J. Verte. Paleontol.
16:384–395.
deBraga, M., and O. Rieppel. 1997. Reptile phylogeny and the interrelationships of turtles. Zool. J. Linn. Soc. 120:281–354.
de Quieroz, K., and J. A. Gauthier. 1990. Phylogeny as a central principle
in taxonomy: Phylogenetic definitions of taxon names. Syst. Zool.
39:307–322.
de Quieroz, K., and J. A. Gauthier. 1992. Phylogenetic taxonomy. Ann.
Rev. Ecol. Syst. 23:449–480.
de Quieroz, K., and J. A. Gauthier. 1994. Towards a phylogenetic system
of biological nomenclature. Trends Ecol. Evol. 9:27–31.
Dyke, G. J. 2002. Should paleontologists use “phylogenetic” nomenclature? J. Paleontol. 76:793–796.

2004

POINTS OF VIEW

Gaffney, E. S. 1980. Phylogenetic relationships of the major groups
of amniotes. Pages 593–610 in The terrestrial environment and the
origin of land vertebrates (A. L. Panchen, ed.). Academic Press,
London.
Gardiner, B. 1982. Tetrapod classification. Zool. J. Linn. Soc. 74:207–
232.
Gauthier, J. A. 1984. A cladistic analysis of the higher systematic
categories of the Diapsida. Ph.D. Thesis, University of California,
Berkeley.
Gauthier, J. A. 1994. The diversification of the amniotes. Pages 129–159
in Major features of vertebrate evolution (D. R. Prothero and R. M.
Schoch, eds.). Paleontological Society, Knoxville.
Gauthier, J. A., and K. deQueiroz. 2001. Feathered dinosaurs, flying dinosaurs, crown dinosaurs, and the name “Aves.” Pages 7–41 in New
perspectives on the origin and early evolution of birds: Proceedings
in honor of John H. Ostrom (J. Gauthier and L. F. Gall, eds.). Peabody
Museum of Natural History, Yale University, New Haven.
Gauthier, J. A., A. G. Kluge, and T. Rowe. 1988a. The early evolution of
the Amniota. Pages 103–155 in The phylogeny and classification of
the tetrapods, volume 1: Amphibians, reptiles, birds (M. J. Benton,
ed.). Clarendon Press, Oxford.
Gauthier, J. A., A. G. Kluge, and T. Rowe. 1988b. Amniote phylogeny
and the importance of fossils. Cladistics 4:105–209.
Ghiselin, M. T. 1984. “Definition,” “character,” and other equivocal
terms. Syst. Zool. 33:104–110.
Haeckel, E. 1866. Generelle morphologie der organism. Reimer, Berlin.
Heaton, M. J., and R. R. Reisz. 1980. A skeletal reconstruction of the
Early Permian captorhinid reptile Eocaptorhinus laticeps (Williston).
J. Paleont. 54:136–143.
Heaton, M. J., and R. R. Reisz. 1985. Phylogenetic relationships of captorhinomorph reptiles. Can. J. Earth Sci. 23:402–418.
Hedges, S. B., and L. L. Poling. 1999. A molecular phylogeny of reptiles.
Science 283:998–1001.
Huxley, T. H. 1864. Lectures on the elements of comparative anatomy.
Churchill, London.
Jefferies, R. S. P. 1979. The origin of the chordates—a methodological essay. Pages 443–477 in The origin of major invertebrate groups
(M. R. House, ed.). Academic Press, London.
Kumazawa, Y., and M. Nishida. 1999. Complete mitochondrial DNA
sequences of the green turtle and blue-tailed mole skink: Statistical evidence for archosaurian affinity of turtles. Mol. Evol. 16:784–
792.
Laurenti, J. N. 1768. Classis Reptilium. Specimen medicum, exhibens
synopsis Reptilium emendatum, cum experimentis circa venena
et antidote Reptilium Austriacorum. J. Thom., Nob, et Trattnern,
Vienna.
Laurin, M. 1991. The osteology of a Lower Permian eosuchian from
Texas and a review of diapsid phylogeny. Zool. J. Linn. Soc. 101:59–
95.
Laurin, M., and J. S. Anderson. 2004. The meaning of the name
Tetrapoda in the scientific literature: An exchange. Syst. Biol. 53:68–
80.
Laurin, M., and R. R. Reisz. 1995. A reevaluation of early amniote phylogeny. Zool. J. Linn. Soc. 113:165–223.
Lee, M. S. Y. 1996. Stability in meaning and content of taxon names: An
evaluation of crown-clade definitions. Proc. R. Soc. Lond. B 263:1103–
1109.
Lee, M. S. Y. 1997. Pareiasaur phylogeny and the origin of turtles. Zool.
J. Linn. Soc. 120:197–280.
Lee, M. S. Y. 2001. Molecules, morphology, and the monophyly of diapsid reptiles. Contr. Zool. 70:1–18.
Lee, M. S. Y., and P. S. Spencer. 1997. Crown-clades and taxonomic stability: When is an amniote not an amniote? Pages 61–84 in Amniote
origins (S. S. Sumida and K. L. M. Martin, eds.). Academic Press, San
Diego.
Linnaeus, C. 1758. Systema Naturae per Regna tria Naturae, secundum classes, ordines, genera, species, cum characteribus, differentiis, synonymis, locis. Editio decima, reformata. Laurentii Salvii,
Stockholm.

821

Lucas, S. G. 1992. Extinction and the definition of the class Mammalia.
Syst. Biol. 41:370–371.
Marsh, O. C. 1880. Odontornithes: A Monograph on the Extinct Toothed
Birds of North America. U.S. Geological Exploration of the Fortieth
Parallel. Clarence King, geologist-in-charge. Government Printing
Office, Washington, D.C.
Modesto, S. P. 1999. Observations of the structure of the Early Permian
reptile Stereosternum tumidum Cope. Palaeontol. Afr. 35:7–19.
Olson, E. C. 1947. The family Diadectidae and its bearing on the classification of reptiles. Field. Geol. 11:1–53.
Osborn, H. F. 1903. On the primary subdivision of the Reptilia into two
subclasses, Synapsida and Diapsida. Science 17:275–276.
Owen, R. 1854. The principle forms of the skeleton and of the teeth.
Blanchard and Lea, Philadelphia.
Owen, R. 1859. On the orders of fossil and recent Reptilia and
their distribution in time. Rep. Br. Ass. Advmt. Sci. 1859:153–
166.
Owen, R. 1860. On some reptilian fossils from South Africa. Quart. J.
Proc. Geol. Soc. Lond. 16:49–63.
Owen, R. 1884. On the skull and dentition of a Triassic mammal (Tritylodon longaevus) from South Africa. Quart. J. Proc. Geol. Soc. Lond.
40:146–152.
Padian, K. 1997. Avialae. Pages 39–40 in Encyclopedia of dinosaurs (P. J.
Currie and K. Padian, eds.). Academic Press, San Diego.
Padian, K. 2001. When is a bird not a bird? Pages 119–122 in Rise of the
dragon (H. Gee, ed.). The University of Chicago Press, Chicago.
Patterson, C. 1993. Naming names. Nature 366:518.
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