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Crown clades are an important nexus of study for
paleontologists and neontologists. Associating com-
monly used names with crown clades—the crown
clade convention—draws their meanings closer to the
way they are actually used by the majority of scien-
tists. Molecular, physiological, behavioral, and soft-
tissue data can usually be unambiguously optimized no
deeper than the root of a crown clade, and commonly
used names are applied implicitly to the crown group
far more often than to larger groups including extinct
relatives (Rowe 1988; Bryant 1996, Gauthier and de
Queiroz 2001; Laurin 2002; Joyce et al. 2004; de Queiroz
2007).

The crown clade convention is controversial (Lee
1996; Benton 2000; Anderson 2002; Bateman and
DiMichele 2003; Sereno 2005). Crown clade membership
and diagnosis may differ from those of more inclusive
groups historically associated with the same name. Our
knowledge of phylogeny is imperfect, and changes in
hypotheses may force changes in the membership and
diagnosis of a group.

A recent comment by Martin and Benton (2008; here-
after Martin and Benton) suggests that the crown def-
inition of Crocodylia—the last common ancestor of
Gavialis gangeticus (Indian gharial), Alligator mississippi-
ensis (American alligator), and Crocodylus niloticus (Nile
crocodile) and all of its descendants—should be aban-
doned. They argue that crown clades might not be stable
and that a consistent, stable “traditional” Crocodylia al-
ready exists. The interests of stability and continuity are
best served, they argue, by reverting to this meaning.
But their comment does not actually address the stabil-
ity of crown Crocodylia, which has been remarkably sta-
ble since first published by Benton and Clark (1988), and
literature cited in support of a consistent “traditional”
meaning of Crocodylia reveals no consistency. Here,
we discuss stability in the crown convention, show that
one cannot identify a particular meaning of Crocodylia
as “traditional,” demonstrate that the crown definition
has become the standard meaning for Crocodylia and is

demonstrably not limited to a small number of authors,
and reiterate the reasons why crown clades are highly
beneficial.

STABILITY

Martin and Benton, following Lee (1996), argue that
crown clade membership and diagnosis might change
if a phylogenetic hypothesis changes. This is true, but
all groups (phylogenetic or Linnaean) are prone to in-
stability as our knowledge of phylogeny changes. The
crown convention (and phylogenetic nomenclature in
general) tries to achieve a different kind of stability—
membership and diagnosis may change but underlying
meaning does not (Rowe 1986).

Martin and Benton suggest that crown clades can
become unstable if one of the specifiers dies out. What
would happen to Mammalia, Martin and Benton ask
rhetorically, if monotremes disappeared? The answer
is clear from a careful reading of the phylogenetic
definitions—nothing. Crown clades are defined on the
basis of living taxa but vital status is not part of the
definition. There is a difference between the intent of
a crown clade—to circumscribe least inclusive clades
including historically living members—and the actual
definition of the name, which is based only on species
(Rowe and Gauthier 1992). A philosophical argument
could arise over whether Crocodylia is still a crown
clade if Gavialis becomes extinct (and if Gavialis is basal
to other living crocodylians—this is controversial), but
the kinds of nonfossilizable information we can get
from living animals would be available from collections
or observations made prior to extinction. The intended
meaning remains unchanged.

TRADITION

Taxonomic groupings intended to include living
crocodylians, with or without extinct relatives, have
been used since before 1800, but the particular meaning
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Martin and Benton ascribe to Crocodylia—a group in-
cluding 2 paraphyletic assemblages (“Protosuchia” and
“Mesosuchia”) and a monophyletic Eusuchia but ex-
cluding the paraphyletic “Sphenosuchia” (Fig. 1)—is of
20th-century vintage. Mook (1934) was the first to apply
Crocodylia to a group including eusuchians, mesosuchi-
ans, protosuchians, and nothing else. This group is now
called Crocodyliformes.

Protosuchians were unknown when Owen (1842;
see Dundee 1989) coined the name Crocodilia. Owen
included thalattosuchians (as did some earlier au-
thors, e.g., Cuvier 1824) and Goniopholis—the only
noncrocodylian crocodyliforms known from more than
isolated teeth at the time—but he also included some
fragmentary dinosaurs. Assuming Owen would have
excluded these had they been better known, Crocodilia
sensu Owen (1842) corresponds not with Crocodyli-
formes, but at most with Mesoeucrocodylia and possi-
bly a subordinate group, such as Neosuchia, depending
on how one resolves the relationships of thalattosuchians
(Fig. 1).

gonversely, though Martin and Benton (p. 177) claim
that “sphenosuchians have always been excluded from
Crocodylia” since the early 20th century, sphenosuchians

@ PSEUDOSUCHIA «——————— Zittel (1890)

were included in most North American vertebrate
paleontology textbooks written after 1960 (Romer
1966; Colbert 1980; Carroll 1988), the Handbuch der
Palioherpetologie series (Steel 1973; Charig et al. 1976),
and several other important reviews (e.g., Kuhn 1968;
Walker 1970). Indeed, this particular meaning of
Crocodylia—coinciding not with Crocodyliformes, but
with Crocodylomorpha—predates the meaning pre-
ferred by Martin and Benton (Nopcsa 1923).

Martin and Benton (p. 176) claim that their partic-
ular meaning of Crocodylia “was the same in stan-
dard textbooks on biological classification” but a lack
of consensus is illustrated by the different meanings of
Crocodylia in the 3 editions of the standard English-
language vertebrate paleontology textbook for much of
the 20th-century—A. S. Romer’s Vertebrate Paleontology.
Crocodylia corresponds with Mesoeucrocodylia in the
first edition (Romer 1933), with Crocodyliformes in the
second (Romer 1945), and minimally with Crocodylo-
morpha in the third (Romer 1966; Fig. 1). The shift from
Mesoeucrocodylia to Crocodyliformes in the second
edition reflects the establishment of Protosuchia (Mook
1934), but sphenosuchians were known prior to 1933.
Changes between the second and third editions reflect
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FIGURE 1. Phylogenetic relationships among pseudosuchian archosaurs showing content of Crocodylia according to various authors. Con-
tent of Crocodylia sensu Owen (1842) depends on resolution of the position of Thalattosuchia. Precise meaning sensu Osborn (1903a,b), cited
by Martin and Benton as corresponding to “traditional” Crocodylia, is vague; Osborn said nothing about the content of Crocodylia other than
exclusion of phytosaurs. Analyses used to construct tree are indicated in Supplementary Material (Appendix S1).
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more than the rootward extension of a name to include
newly described basal fossils.

In fact, it is not entirely clear what “traditional”
Crocodylia means beyond “living crocodylians and
some extinct relatives that look like them.” Martin and
Benton associate the name with Crocodyliformes, but
references cited on p. 176 as following “this traditional
meaning” refer to at least 4 different groups (Fig. 1).
What is described as stability “even if some forms were
moved in or out” (p. 176) amounts to fundamental
changes in diagnosis, first appearance, and content—
the very charges Martin and Benton level against the
crown definition. Decisions to apply Crocodylia to a
given assemblage were arbitrary and subjective, result-
ing in the fluctuating membership and diagnosis that
left Crocodylia without a consistent meaning through
the 20th century.

Martin and Benton refer to the “traditional” meanings
as “stem based” (their appendix) or “total Crocodylia”
(p. 173), but like most groups of organisms following the
Darwinian Revolution, Crocodylia was based on a com-
bination of relationships and similarity. It more closely
approximated an apomorphy-based group. It referred
to animals closely enough related to living crocodylians
and sufficiently similar to avoid being exiled to some
other group. This is why the “traditional” concept is
vague and imprecise—no 2 experts have the same opin-
ion of where the threshold of sufficiency is crossed. A
relationship between crocodylians and sphenosuchians
was understood but their inclusion or exclusion was
based entirely on the significance placed on the level
of similarity. The distinction was both arbitrary and
subjective.

Priority

Martin and Benton (p. 178) state that “Crocodyli-
formes is a junior synonym of Crocodylia” and apply
the definition of Crocodyliformes formalized by Sereno
et al. (2001) to Crocodylia. Although Martin and Benton
state that their argument is not based on “legislation,”
“junior synonym” is an implicit reference to prior-
ity. Priority is meaningless except in the context of
“legislation.”

In the phylogenetic system, priority is based on defi-
nition. If 2 names refer to the same clade, the first name
to be defined has priority. If a name is given 2 defini-
tions, the first definition has priority. Thus, Crocodylia
sensu Martin and Benton (2008) is a junior objective syn-
onym of Crocodyliformes sensu Sereno et al. (2001) and
a junior objective homonym of Crocodylia sensu Benton
and Clark (1988). Alternative phylogenetic definitions
cannot be applied to these names.

As Martin and Benton acknowledge, rules of priority
under the International Code of Zoological Nomencla-
ture do not apply because Crocodylia has usually been
viewed as an order, and priority in the phylogenetic
system does not formally apply until PhyloCode is of-
ficially launched (Cantino and de Queiroz 2007). But
phylogenetic definitions applied to Crocodyliformes

and Crocodylia have become established and remain
stable. There is every reason to maintain them.

CONSENSUS
Consensus and Common Use

Martin and Benton argue that “common usage”
should be a factor in resolving taxonomic issues. As
an example they cite Sarcosuchus, the so-called “Super-
Croc” from the Cretaceous of northern Africa made
famous in National Geographic (Sereno 2001). Media cov-
erage followed National Geographic in calling Sarcosuchus
a “crocodilian,” even though it is not within the crown
clade and was not referred to Crocodylia in the technical
paper released at the time (Sereno et al. 2001).

One of us (C.A.B.) was involved in the discussions over
what to call Sarcosuchus in the “National Geographic”
article. The editors” decision was based on the pre-
sumption that the public would think it looks like a
crocodylian. Popular magazines try to find a balance
between public understanding and current systematic
practice. As such, they sometimes make decisions that
contradict the scientific community if, in their judgment,
a nod to some sort of lay understanding is needed. Not
all of these decisions are well founded. We disagree that
such a nod was necessary for Sarcosuchus; it is a simple
matter to state that Sarcosuchus is a close extinct relative
of crocodylians—so close, and so similar, that it was
once classified as a crocodylian, though we would now
call it a crocodyliform.

This translates into a disassociation between nomen-
clatural precision and the way taxonomy is reported in
the media. Martin and Benton state that Sterling Nesbitt
was quoted in a newspaper describing a Triassic pseu-
dosuchian as a “crocodilian” but this was editorial error.
Nesbitt was misquoted (Nesbitt S., personal communi-
cation). Misrepresentation of what professionals say
(accidental or otherwise) is perhaps not the best arbiter
of systematic practice.

Scientists frequently diverge from “common usage”
in the interest of accuracy and precision. For example,
Benton (2004; p. 261) states that “birds are derived
theropod dinosaurs” and applies the name Dinosauria
on cladograms accordingly. This means, logically,
that dinosaurs are not extinct. But the most recent
(11th) edition of the Merriam-Webster Dictionary defines
“dinosaur” as “any of a group of extinct long-tailed
Mesozoic reptiles often of huge size.” In this case,
Benton appropriately disregards “common usage” for
the sake of precision.

One could argue that vernacular “dinosaur” and aca-
demic “Dinosauria” are different—the latter is a clade,
and the former refers to the popular beasts, mostly gi-
gantic and (presumably) unfeathered but all toes-up,
from the Mesozoic. One could also argue that including
birds within Dinosauria is commonly accepted in aca-
demic circles and thus qualifies as professional “com-
mon usage.” But Benton (2004) applies Osteichthyes
and Sarcopterygii to monophyletic groups that in-
clude tetrapods, even though Osteichthyes historically

202 YoIelN 80 U }senb Aq 86.9€91//£G/S/8S/2I01ME/0IqSAS/WO0"dNO"0ILSPEDE//:SARY WOl PSPEOjUMO(



540 SYSTEMATIC BIOLOGY

VOL. 58

referred to bony fishes (which is what the name liter-
ally means) and Sarcopterygii included “lobe-finned”
fishes exclusive of tetrapods. Names that meant one
thing have come to mean something else. Common us-
age and tradition are set aside for the sake of clarity and
precision.

Current Consensus

Martin and Benton list 74 papers and books published
between 1988 and 2006 to assess the status of the name
Crocodylia. In their appendix 1, they indicate 37 us-
ing the crown definition and 36 using something more
inclusive. From their list, it would appear that equal
numbers of publications used a noncrown meaning of
Crocodylia as did not, and numbers using different
concepts of Crocodylia wax and wane over the 19-year
period. Although Martin and Benton acknowledge a
recent increase in use of the crown definition, there
seems to be no real consensus from the list they provide.
Moreover, they state, the community of crocodyliform
specialists is rather small and the increase in use of
the crown definition might be inflated by a handful of
influential papers.

We identified an additional 383 professional books,
book chapters, monographs, or journal articles pub-
lished from 1988 through 2006 in which the meaning
of Crocodylia could be determined. We also compiled
literature published or available online through 2008
(Supplementary Material, Appendix S1; available from
http:/ /www.sysbio.oxfordjournals.org/). The crown
definition accounts for more than 75% of the deter-
minable uses of Crocodylia since 2000 and 80% during
the 5-year period from 2004 through 2008 (Table 1 and
Fig. 2). Only 28.6% used it from 1988 through 1999.
Martin and Benton concede increasing use of the crown
definition, but the magnitude of the increase was damp-
ened by a limited literature sample.

But the critical point is this: the crown definition
is widely used by evolutionary biologists, herpetolo-
gists, comparative morphologists, and paleobiologists
(Larsson 1998; Blob 2000; Hutchinson 2001; Zug
et al. 2001; Claessens 2004; Olmo 2005; O’Connor 2006;
Tsuihiji 2007; Holliday and Witmer 2007; Sadleir and
Makovicky 2008), and some of the molecular literature
uses the crown definition both implicitly and explicitly
(Harshman et al. 2003; Gatesy et al. 2003; Roos et al.
2007; Viola et al. 2009). These numbers do not reflect
a small clique of crown enthusiasts—they demonstrate
the acceptance of a particular definition in the scien-
tific community and they disprove the suggestion that
crown Crocodylia is merely in circulation within a
restricted circle of crocodyliform systematists.

WHY IT MATTERS

We name clades for precisely one reason—because
we talk about them. At a certain level, the merits of
a specific clade definition do not matter as long as
names are used consistently in the scientific community.

TABLE 1. Numbers of professional publications (published or in
press and available online) using or not using a crown definition of
Crocodylia, 19882008

Noncrown Crown Percent crown
1988 13 1 7.1
1989 16 1 5.9
1990 13 4 23.5
1991 15 2 11.8
1992 7 3 30.0
1993 10 4 28.6
1994 19 8 29.6
1995 9 4 30.8
1996 17 14 45.2
1997 17 10 37.0
1998 11 5 31.3
1999 15 9 37.5
2000 11 24 68.6
2001 7 25 78.1
2002 13 15 55.6
2003 10 17 63.0
2004 7 25 78.1
2005 4 28 87.5
2006 11 34 75.6
2007 7 38 84.4
2008 11 38* 77.6*

*Two of the papers using a crown definition were listed as “in press”
at the end of 2008. Disregarding them, the percentage of papers using
the crown definition drops to 76.6. The percentage from 2000 through
2006 (the last year counted by Martin and Benton) is 73.4.

What matters most is not that the crown definition is
a better definition but that it is the consensus definition
(Fig. 2). But in fact, the crown meaning is highly benefi-
cial beyond its current near-universal acceptance.

Communication and Universality of Meaning

Real confusion has arisen from not distinguishing dif-
ferent meanings of a name. For example, fossils as old as
the Cretaceous have been assigned to Crocodylus (Steel
1973), but molecular divergence estimates suggested a
Neogene split among living species (Densmore 1983).
But the “conflict” had nothing to do with the data but
everything to do with nomenclature: paleontological
“Crocodylus” was a form taxon including any crocodylian
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FIGURE 2. Percentage of papers in which the meaning of
Crocodylia can be inferred that use a crown concept, 1988-2008.
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not obviously belonging to some other genus, and
few pre-Neogene fossils were thought to be within the
crown genus (Brochu 2000).

This sort of confusion can have a profound impact
on operations requiring knowledge of divergence tim-
ing. Olmo et al. (2002) reported anomalously low rates
of chromosomal evolution in crocodylians but this was
partly because the crocodylian calibration did not corre-
spond to the crown group. Because the calibration was
twice as old as the first appearance, rates were half as
fast as they should have been.

The crocodylian circulatory system suggests deriva-
tion from an endothermic ancestor (Seymour et al. 2004).
Summers (2005) suggested that some Jurassic “crocodil-
ians” apparently shared similar semiaquatic ambush
predator lifestyles with their modern relatives but were
larger than their Triassic ancestors, possibly providing
a reason for a decrease in metabolic rate—energetic
costs for endotherms are greater at large body masses,
especially if high levels of activity are not being main-
tained. Summers (2005; p. 834) then states that rates
of mitochondrial evolution “from the Jurassic crocodil-
ians” were high, suggesting a high ancestral metabolic
rate. But the rates he indicates are for crown group
crocodylians, not Jurassic crocodyliforms (Janke et al.
2005). Some estimates reported by Janke et al. (2005)
did put the basal crocodylian divergence in the Late
Jurassic, but more recent mitogenomic estimates are
much closer to the fossil first appearance in the Late
Cretaceous (Roos et al. 2007).

One could argue that such confusion can be avoided
simply by paying attention to what an author means—
in other words, by not taking taxonomy at face value.
But this is true no matter what system is being used. The
labels we place on species (fossil or living) change all
the time whether we adopt the crown convention or not.
The answer is to keep up with the literature and commu-
nicate with colleagues—something the crown conven-
tion facilitates.

Optimization, Prediction, and Bracketing

We agree with Martin and Benton that crown clades
may not hold any special biological importance. They
might not be diagnosed by a particular feature or they
might not delineate an increase in diversity. Their sig-
nificance is operational—phylogeny estimates provide
a clear framework for constraining predictions over the
distribution of molecular, behavioral, or soft-part traits
among extinct organisms, the vast majority of which
cannot be directly observed in fossils (Bryant and Sey-
mour 1990; Bryant and Russell 1992; Witmer 1995).
Crown clades are not a special “class” of clade, they
just happen to be bracketed by taxa that allow us to say
more about their last common ancestor. Basal nodes of
crown clades are the critical landmarks for these con-
straints, and the crown clade convention is an elegant
tool for communicating them.

Martin and Benton object that characters present in
all extant taxa of a crown clade, and therefore inferred

to characterize their last common ancestor, likely did
not arise in that ancestor. This is true (and no less prob-
lematic for the argument that commonly used names
should be associated with nodes diagnosed by “signif-
icant” characters) but misses the point. Phylogenetic
prediction is not intended to enumerate all taxa with a
particular character state but to assess which attributes
might pertain to members of a group with reasonable
certainty.

Martin and Benton also object that we cannot always
place an unambiguous least inclusive bound on a par-
ticular character at the root of a given crown clade. This,
too, misses the point; we are qualitatively assessing pre-
dictions, not drawing fixed conclusions. The ability to
clearly specify what we do not know is just as impor-
tant (if not moreso) than our ability to specify what we
do.

Their example of this “flaw” demonstrates our point
and supports the value of the crown clade convention.
Modern alligatorids (alligators and caimans) lack the
salt-excreting glands found on the tongues of other
living crocodylians (Taplin and Grigg 1989). Between
nonpreservation in fossils and uncertainty over the re-
lationships of gharials, we do not know whether the
condition in Alligatoridae is a secondary loss or ple-
siomorphic absence. If a loss, we do not know where
among stem alligatoroids (fossil nonalligatorids closer
to Alligatoridae than to other extant crocodylian lin-
eages) the glands were lost. We can assess neither the
absence of salt glands in stem alligatoroids nor the
ancestral condition for Crocodylia. But although we
cannot characterize all members of one crown clade
(Crocodylia) as having salt glands, we can certainly
make this characterization for another (Crocodylidae)
and characterize yet another (Alligatoridae) as lacking
them. The crown convention lets us more precisely
express not only what we can predict (presence in
crocodylids, absence in alligatorids) but also what we
cannot (presence or absence in basal).

Nonpreservable traits can obviously be predicted in
fossils beyond phylogenetic relationships. Stable iso-
tope geochemistry, for example, holds great promise
in determining whether a fossil crocodyliform lived
in fresh or salt water (Amiot et al. 2007, Wheatley and
Koch 2008), which might indicate the capacity to tolerate
excess environmental salt (such as lingual salt glands).
Direct observation always gives greater confidence than
inference. But phylogenetic bracketing, in the absence
of actual preservation, provides a stronger prediction
than we might make from modern analogy or raw spec-
ulation. Linking names to crown clades increases their
utility for expressing the boundaries of our predictions.

CONCLUSIONS

The crown definition of Crocodylia is the standard
meaning both within and beyond the crocodyliform
systematics community. It forms a robust framework
around which new discoveries can be assessed and con-
troversies can be expressed. It clarifies communication
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not only of what we know but of what we do not.
Martin and Benton invoke stability and tradition to up-
hold an alternative, but they have not demonstrated any
instability with crown Crocodylia nor have they demon-
strated the presence of a consistent “tradition” that gives
us something tangible to stabilize. Indeed, they have not
revealed any benefit to offset the risk of confusion by ar-
bitrarily selecting one of several historical concepts and
applying it in a phylogenetic framework in place of an
explicit definition used widely across a broad spectrum
of disciplines.

Arguments that unstable content and diagnosis are
a fundamental problem with the crown convention (or
with phylogenetic nomenclature in general) disregard
the kind of stability phylogenetic nomenclature is trying
to achieve. Of course, diagnoses, membership, and other
properties will change under phylogenetic nomencla-
ture. They will also change in the Linnaean system—this
is a consequence of an imperfect understanding of the
natural world. If names are defined with respect to phy-
logeny, we at least maintain some constancy of mean-
ing even as our understanding of evolutionary history
grows (de Queiroz and Gauthier 1990, 1992).

Any decision to name a clade is arbitrary. We can
place whatever name we want at whatever node we
want or we can name none of them. Selection of one
“traditional” meaning out of many is no less arbitrary
than the crown convention. Group names based on
both relationship and similarity are reliant on subjective
opinions of whether a fossil is similar enough to a living
relative, or whether a particular character state is suf-
ficiently important, to justify inclusion in a group. The
“tradition” Martin and Benton wish to preserve is both
arbitrary and subjective.

Ultimately, every taxonomic decision is a cost/benefit
analysis. Every new name increases the volume of infor-
mation we use. We gain by knowing more about the his-
tory of life but have to expend energy in both knowing
and applying this information. Knowing more trumps
working harder, so we accept the cost. In the case of
the crown convention, we sacrifice vague traditional
meanings and content, usually in the form of fossils
historically classified within particular groups. But we
gain universal meaning for clades that can be accessed
by the full brunt of available data and discard worth-
less semantic discussions over trivia—which feature
has enough significance to claim ownership of a name,
whether it is significant enough to warrant elevation to
a particular rank, and so on. Given a choice between tra-
dition and precision, we choose precision—and based
on the numbers of papers using different definitions of
Crocodylia, the scientific community concurs.

We are left to ask why the particular content of
Crocodylia preferred by Martin and Benton should be
regarded as the traditional meaning at the expense of
the many others that have been in use for more than
2 centuries. We also ask why clearly defined, precise,
unambiguous, and consistent names and meanings
that have become thoroughly entrenched in the litera-
ture over the past 20 years—names and meanings for

which a clear and demonstrable consensus exists, such
as Crocodyliformes and crown group Crocodylia, and
names that bring benefits beyond their universality—
should be abandoned, in spite of all we gain from their
use, for the sake of a “tradition” with neither clarity nor
universal meaning.

SUPPLEMENTARY MATERIAL

Supplementary material can be found at: http://
www.sysbio.oxfordjournals.org/.
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