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And 1f the whole hind quarters from the ilium to the toes, of a half-hatched chicken could be suddenly enlarged, ossified. and fossihized as they
are, they would furnish us with the last step of the transition between Birds and Reptiles; for there would be nothing 1n their characters to prevent

us from referring them to the Dinosauria.

INTRODUCTION

The origin of birds has long been of interest to evolutionary
biologists. Darwin and his colleagues were well aware of the
problem presented by the “embarrassing gap™ between birds
and other amniotes (Desmond 1984). Indeed, because birds
appear so different from other tetrapods. it could be argued that
next to the question of the origin of man, that of the origin of
birds was one of the most serious impediments to a general
acceptance of Darwin’s concept of the transmutation of species.
The precise relationships of birds remain controversial, al-
though the hypothesis that birds are archosaurs is now widely
accepted. One of the goals of this report is to show that this
controversy has much less to do with the evidence than it does
with philosophical issues regarding interpretations of the evi-
dence. I believe that the simplest and most interesting inter-
pretation of the limited evidence available to T. H. Huxley and
his contemporaries was that birds are part of Dinosauria. One
would have hoped that work subsequent to Huxley’s would have
been directed towards determining the precise position of birds
within dinosaurs. However, for reasons that will be discussed
below, this was not to be the case. In fact, Huxley’s views on
bird origins were largely abandoned for much of the twentieth
century, and the phylogenetic relationships of birds remain a
persistent controversy.

Among current hypotheses for the relationships of birds among
amniotes, only three have been supported by shared apomor-
phies and thus can be considered legitimate hypotheses in a
phylogenetic context. Simply stated, these hypotheses are: 1)
birds are the sister-group of mammals; 2) birds are the sister-
group of crocodiles; and 3) birds are dinosaurs. The last two
hypotheses agree that birds are archosaurs. The third could be
divided into competing subhypotheses regarding the precise po-
sition of birds within Dinosauria, but this need not concern us.
The first two hypotheses will be briefly reviewed below, along
with a summary of the history of the third alternative. the prin-
cipal focus of this paper.

Early workers suggested hypotheses. such as that birds were
derived from early pterosaurs (Owen 1875; Seeley 1881), or
from “lizards™' (Vogt 1879, 1880), or from™thecodonts™ (Broom
1913). These and other hypotheses of their kind are ill-advised

' The use of quotation marks around a group name means that in this context
that group 1s paraphyletic. Paraphyletic groups include an ancestor and some (but
notall) of its descendants (e.g., “mammals’ without humans, or “*hzards™ without
snakes, which are more closely related 1o some ““lizards™ than other “hzards™ are).
Monaphyletic groups include an ancestor and all of its descendants, and these are
the only kinds of groups that are considered legitimate for phylogenetic analysis.
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because they violate a basic tenet of evolutionary theory: as
Michael Ghiselin put it (pers. comm.), ““only species speciate,
genera do not generate.” Leaving aside the objection to the idea
that higher taxa can act as ancestors in the usual sense, these
hypotheses suffer for other reasons.

The pterosaur-bird hypothesis never received much attention,
and the bird-"lizard™ proposition deservedly received even less
in that it was based entirely on plesiomorphic resemblances
(such as sharing a long tail). In light of current knowledge, many
apomorphies shared by birds and pterosaurs are most parsi-
moniously interpreted as convergences, which explains why the
similarities between birds and pterosaurs are seldom either de-
tailed or general to both taxa. However, the analysis below
reveals some evidence that could be interpreted as supporting
a somewhat modified version of Owen and Seeley’s hypothesis:
namely, that pterosaurs might be most closely related to the-
ropods as a whole and thus to the subgroup of theropods in-
cluding birds. Martin (1983a:111) cited Scleromochlus as shar-
ing “a remarkably high percentage of the features suggested to
relate birds to coelurosaurs.” Martin evidently was unaware that
Huene (19144, 1948, 1956) thought that Scleronochlus might
be related to pterosaurs. A more explicit restatement of Huene's
hypothesis, including additional corroborating evidence. may
be found in Gauthier (1984) and Padian (1984).

The Thecodont-Bird Hypothesis

One of the oldest and most popular hypotheses for the origin
of birds has been that they evolved from “‘pseudosuchians™
(hereinafter referred to as the “‘thecodont™ ancestry hypothesis).
“Pseudosuchians’ comprise a basal group within the basal group
of archosaurs, the “thecodonts,” from which all other archo-
saurs, including birds, are supposed to have evolved. This hy-
pothesis has been the chief rival of the dinosaur hypothesis for
much of the twentieth century. The ““thecodont™ ancestry hy-
pothesis was proposed by workers who were impressed with two
main objections to the dinosaur hypothesis: 1) “*dinosaurs™ were
either morphologically too specialized or stratigraphically too
late to have given rise to birds; 2) convergence could explain
equally well the similarities shared by “*dinosaurs’™ and birds.

The first objection is not without merit, but it addresses only
part of the issue. 1t emphasizes the dearth of evidence for direct
filial relations of birds among dinosaurs, but it ignores the abun-
dant evidence supporting comnion ancestry. (Just because one’s
cousins are not one’s ancestors does not mean that one is not
related to them.)

The second objection to the dinosaur hypothesis is more sub-
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tle than the first but is equally misguided. It is possible that
birds and ““dinosaurs’ are convergent on one another because
of their bipedal habits, but this is not the same as having evi-
dence to support such a claim. Simply invoking the possibility
of convergence is not enough (e.g., Charig 1976a, b). Both ho-
mology and homoplasy are deductive concepts contingent upon
accepting one of several phylogenetic hypotheses (Rieppel 1980);
the apomorphies supporting the preferred hypothesis are con-
sidered synapomorphies and those supporting alternatives are
considered nonhomologous (e.g., convergent). Thus, without an
alternative hypothesis of relationship, it is not possible to rec-
ognize convergence. Moreover, one must accept a shared apo-
morphy as a potential synapomorphy; to assume otherwise at
the outset simply makes the convergence argument invulnerable
1o test.

For example, one is able to reject the proposition that two
taxa possessing an apomorphic, mesotarsal ankle joint shared
a more recent common ancestor within Archosauria; one need
only observe that a newly discovered sister-taxon of either one
of these mesotarsal archosaurs displays the ancestral condition
(assuming no reversals). Indeed. both the convergence and ho-
mology propositions would agree on the signihcance of finding
a member of the ingroup with the ancestral condition (i.e., con-
vergence). However, if one simply asserts that the mesotarsal
condition arose convergently, this proposition would be im-
mune to new data; that is to say, no matter how many times
newly discovered members of the ingroup were found to possess
mesotarsal joints, one could still say that the crucial lossil (i.e.,
the unknown common ancestor) with the ancestral condition
has yet to be found. There is only one simple and informative
explanation for the mesotarsal joints of the birdlike archosaurs,
and that is homology. There is, however, no limit to how com-
plex an alternative explanation might be: taken to its logical
extreme, it might as well be argued that all 9,000 species of
birds acquired their mesotarsal ankles convergently.

By the early twentieth century an apparent alternative, the
hypothesis of “thecodont™ origins, became fashionable, and ac-
cepting this thesis required accepting the convergence argument.
The two objections listed above may have set the stage for
acceptance of the “thecodont™ origins hypothesis, but broad
acceptance ol this idea arose with the description of one of the
carliest and most generalized archosaurs, Euparkeria capensis.
Broom (1913) and Heilmann (1926) then had an archosaur that
was so ancient and primitive that it enabled them to derive
birds directly from such a stage in archosaur evolution without
having to pass through dinosaurs.

1f in fact birds were so related, then one would expect to find
evidence that all dinosaurs shared a more recent common ances-
tor with one another than any of them did with birds. Heilmann
(1926) may have recognized this necessity. because he noted
that the dinosaurs then known lacked clavicles. This suggested
that birds, which have clavicles, were plesiomorphic compared
to dinosaurs in this respect. and must have diverged from other,
more primitive archosaurs that retained clavicles. The single
picce of evidence supporting the ““thecodont™ origins hypothesis
was refuted 1n 1936 when clavicles were found in nonavian
dinosaurs (see Part 1V, character 58).

More importantly, the great weight of evidence marshalled
by Heilmann (1926) provides clear evidence that birds are the-
ropod dinosaurs. That 1s to say, even if Heilmann were correct
in concluding that nonavian dinosaurs lacked clavicles, the weight
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of his evidence still favored the thesis that birds are dinosaurs.
Heilmann ultimately rejected the evidence favoring the dinosaur
hypothesis and concluded instead that birds diverged from other
archosaurs prior to the origin of dinosaurs. Heilmann’s decision
appears to have been predicated on a strict interpretation of
Dollo’s law of the irreversibility of evolution. Granted, one
would not expect a hummingbird to evolve back into Archaeop-
teryx, especially by exactly reversing the historical sequence
leading from the latter to the former, but one stretches the point
by concluding that if clavicles were lost then they could never
be regained.

The inadequacies of the “‘thecodont’” ancestry hypothesis are
most clearly seen in its claim that birds arose from an unknown
member of “Thecodontia.”” From a phylogenetic perspective,
“Thecodontia™ and Archosauria are diagnosed by the same syn-
apomorphies. Thus, these taxa are redundant. and when one
says that birds evolved from “‘thecodonts’ one is simply reit-
erating that birds are part of Archosauria. To say that birds are
archosaurs would be true regardless of whether or not they were
most closely related to crocodiles, pterosaurs, ornithischians, or
any other monophyletic group within archosaurs. Thus, the
“thecodont™ ancestry hypothesis cannot be considered a legit-
imate alternative to the mammal-bird. crocodile-bird, or di-
nosaur hypotheses. Moreover, the “thecodont™ ancestry hy-
pothesis is a red herring that has served to deflect interest in
and examination of the legitimate hypotheses of bird origins.

For example, as recently as 1980, Tarsitano and Hecht argued
that birds were derived from “advanced thecodonts™ that lacked
dermal armor and had a birdlike ankle joint. In fact, these and
other attributes apply to Lagosuchus, pterosaurs, and all dino-
saurs, including birds (see Appendix A). Tarsitano and Hecht’s
(1980:176. fig. 9) cladogram correctly depicted birds as part of
this group, but it also made other claims that were unsupported
by evidence. For example, their “Theropoda™ and other **Saur-
ischia™ were shown to be most closely related within this group,
with Lagosuchus as their sister-group, and birds as the sister-
taxon of the Lagosuchus-"saurischian’ group. With the excep-
tion of birds, however, they failed to diagnose these taxa and
thus support their conclusions. A more accurate depiction of
their results would have been a cladogram with an unresolved
multichotomy from the level at which the characters *“‘meso-
tarsus” and “‘unarmored™ arose. This would have established
that “thecodonts™ are a paraphyletic group, and that birds are
part of the unarmored, mesotarsal group of archosaurs. One is
still left with the possibility that birds are more closely related
1o some members of this group than they are to others. Rather
than address this issue, however, Tarsitano and Hecht (1980:
177) opted instead to “await better thecodont material and stud-
1es.” In so doing, they provided an example of how the use of
paraphyletic groups as ancestors can deflect interest from evi-
dence relevant to hypotheses of common ancestry.

In conclusion, because the ““thecodont™ ancestry hypothesis
is at best redundant and at worst a red herring, I recommend
that it be ignored by future workers: discovering phylogenetic
relationships among the birdlike archosaurs is difhcult enough
without the further obfuscation afforded by relying on para-
phyletic groups as ancestors.

The Mammal-Bird Hypothesis

Accordingto Desmond (1975, 1979, 1984). Owen (1841) used
Lamarck’s three criteria of nervous, respiratory, and vascular
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organization to argue that dinosaurs, like birds and mammals,
ascended to the physiological heights on Nature's ladder. Owen
could hardly have been driven to such a conclusion by the scant
remains of the three dinosaurs then known. Indeed, Desmond
argued that by raising these huge saurians to ordinal status,
Owen could argue that the “reptilian type™ had long ago reached
its apex, and that it had subsequently “*degenerated into a sorry
swarm of lizards™ (Desmond 1984:119). Thus, Owen’s Dino-
sauria depended less on evidence than on his abhorrence of
Progressivism; his ulterior motive in recognizing the taxon was
*“t0 add one more nail to the transmutationist coffin™ (Desmond
1979:233).

Owen’s hypothesis received little attention in the post-Dar-
winian era, but it has been revived recently by Gardiner (1982).
1 will not here offer an extensive criticism of Gardiner's work,
which dealt with tetrapod phylogeny in general and not just with
the relationships of birds. Rather, I will confine myself to more
general criticisms and let the evidence discussed below speak
to Gardiner’s (1982:227) claim that the “detailed correspon-
dence between mammals and birds far outweighs™ synapomor-
phy schemes supporting alternative hypotheses.

Gardiner intended to discover the relationships of “various
living tetrapod groups . . . to one another™ (1982:208) through
“consistent patterns of derived characters™ (1982:228). His ac-
tual effort was somewhat less ambitious. however, for he re-
viewed only that evidence consistent with the conclusions of
some pre-Darwinian comparative anatomists. Moreover, he ap-
pears to have overlooked much of the evidence pertinent to
tetrapod classification gathered by comparative biologists in the
post-Darwinian era. Leaving aside these oversights, and certain
misinterpretations of the evidence, Gardiner must be applauded
for summarizing the apomorphies shared by mammals and birds
that are absent in other extant amniotes: his hypothesis at least
marshalled evidence in an explicitly phylogenetic context. unlike
the case of the “thecodont™ ancestry hypotheses.

In view of Gardiner's sedulous pursuit of apomorphies shared
by mammals and birds, it is curious that he uncovered only
four shared apomorphies—the form of the heart, aortic arches,
occipital condyle, and pattern of temporal fenestration—that
might contradict his hypothesized close relationship between
mammals and birds. As Gardiner’s sources for this evidence
reveal, however, his search for contrary evidence came to a
virtual halt at the beginning of the twentieth century. Moreover,
Gardiner claimed that he was unable to find a single unique
feature shared by dinosaurs and birds (1982:222). In view of
the evidence presented below. which summarizes only part of
the relevant information already in the literature, it is difficult
to comprehend his failure in this endeavor. Perhaps the problem
resides in Gardiner's use of the term “unique™? But this cannot
be the case because if one accepts the mammal-bird hypothesis.
then endothermy is unique, but if one accepts an alternative,
such as the crocodile-bird hypothesis, then endothermy is not
unique. Thus, the term “unique™ as used by Gardiner reflects
a conclusion, rather than an observation, and it cannot be a
complete explanation of his oversight.

Perhaps Gardiner, like Owen, pursued the question of avian
relationships with an ulterior motive. By virtually ignoring evi-
dence determinable in both fossil and Recent taxa, and by stress-
ing instead only part of the evidence determinable exclusively
in extant forms, Gardiner may have revealed his intent: he was
considerably less interested in reviewing all the evidence than

in chastizing post-Darwinian paleontology for what he viewed
as its excessive influence on our views of tetrapod phylogeny.
If Gardiner had been more faithful to his avowed goals as a
comparative biologist, he would have made a more complete
survey of the literature upon which the evidentiary basis of the
traditional view rests. The evidence supporting the traditional
view that birds are archosaurian diapsids is reason enough to
understand why comparative biologists have long held that,
although birds and mammals are “warm in the palm of the
hand.” their immediate common ancestor among amniotes was
not.

The Crocodile-Bird Hypothesis

Few have doubted that birds and crocodiles are one another's
nearest relatives among extant amniotes. But Walker (1972,
1974, 1977) went further by claiming that birds and crocodiles
were most closely related even within archosaurs. Walker (pers.
comm.) subsequently rejected this hypothesis in favor of the
theropod dinosaur hypothesis, but the crocodile-bird hypothesis
has received further attention from Whetstone and Martin (1979,
1981), Martin. Stewart, and Whetstone (1980), and Martin
(1983a). Martin (1983a) listed thirty characters that had been
used to support the crocodile-bird hypothesis, but he accepted
Tarsitano and Hecht's (1980) argument that nearly half of them
are plesiomorphic resemblances. Among the characters that he
did not reject owing to obvious plesiomorphy are the following.

1

~

Bipartite quadrate articulation, with apomorphic attach-

ments anteriorly with the prootic and laterosphenoid and

posteriorly with the prootic (in that the quadrate cotylus

lies at the anterior base of the parocciput):

2) Fenestra pseudorotundum carrying the perilymphatic duct;

3) Foramen aerosum in mandible;

4) Periotic pneumatic cavities in dorsal. central, and rostral
positions;

5) Two pneumatic cavities surrounding the cerebral carotid
arteries;

6) Pneumatic quadrate;

7) Unserrated teeth;

8) Tooth crowns short, bluntly conical, and with triangular
profile;

9) Constriction between crowns and roots of teeth;

Expanded bony root covered with cementum and con-

nected to jaw by periodontal ligaments:

Oval or round resorption pit;

Replacement tooth tilts labially and its main development

takes place within the pulp cavity of its predecessor;

Teeth implanted in open groove at least in young individ-

uals; and

Lingual walls and septa of major tooth-bearing bones formed

by extensions of dense bone.

With the possible exception of a foramen aerosum. at least
some of the pneumatic sinuses in the skull, and characters 10,
13, and 14 among those related to tooth-form and implantation,
these characters do not appear to have been present in Archo-
sauria ancestrally. 1 have observed a foramen aerosum in the
carnosaur theropods Tyrannosaurus and Albertosaurusin a form
essentially identical to that of extant birds (and unlike that of
crocodilians). Other archosaurs are reported to have a croco-
dilelike foramen aerosum. For example, Wellnhofer (1985) has



reported it in pterosaurs and J. Clark (pers. comm.) has observed
this structure in the archaic archosaur Euparkeria. Thus. the
distribution of this character among archosaurs indicates that
it may be the ancestral condition. However, L. Witmer (pers.
comm.) notes that this foramen is absent in Deinonychus. Fur-
ther examination of other archosaurs must be undertaken to
determine the level of synapomorphy, and subsequent history,
of this character.

Martin (1983a) noted that the fenestra pseudorotundum in
birds and crocodiles can be distinguished on developmental
novelties from analogous structures that evolved independently
in mammals on the one hand and squamates on the other (see
Gauthier, Estes. and de Queiroz, in prep.). ldentification of a
fenestra pscudorotundum in fossils is complicated by the ab-
sence of soft anatomical and developmental evidence, and one
is left only with such evidence as can be inferred from the bony
cranium and endocasts. Unfortunately, there are few well pre-
pared braincases preserved in a way that could provide an un-
ambiguous conclusion regarding its presence or absence among
archosaurs. According to Walker (1972, 1974, 1977, pers.
comm.). fenestra pseudorotunda are absent in the extinct rela-
tives of crocodylomorphs, the aetosaurs and parasuchians, so
this fenestra appears to be absent in Archosauria ancestrally.
However, Raath and Walker (pers. comm.) identified a fenestra
pseudorotundum in the theropod Syntarsus. 1 have observed a
small fenestra in the same part of the ear region that might be
the fenestra pseudorotundum in another member of the Sy#-
tarsus clade, Dilophosaurus (see Ceratosauria below). This struc-
ture also appears to be present in one carnosaur, Acrocantho-
saurus, although 1t 1s said to be absent in the carnosaur
Tyrannosaurus (Whetstone and Martin 1979, 1981). However,
L. Witmer (pers. comm.) also examined 7yrannosaurus and
concluded that the fenestra pscudorotundum was present. Wit-
mer and Martin (pers. comm.) used different criteria for rec-
ognition of this character, so further study will be necessary to
resolve this 1ssue. Fenestra pseudorotunda are also reported in
troodontid, ornithomimid, and caenagnathid theropods (¢.g.,
Barsbold 1983; Currie 19864, b), all ol which appear (o be closer
to birds than are either Syurarsus-Dilophosaurus or carnosaurs
(see Coelurosauria below). Whetstone and Martin (1981) ques-
tioned these identifications, and not without reason, for it is
dilficult to distinguish this fenestra from others connected to the
more (e.g., caenagnathid) or less (¢.g., ornithomimid) extensive
periotic pneumatic cavities in the crama of these theropods.
Whetstone and Martin (1979, 1981) were unable to identify a
fenestra pseudorotundum in an ankylosaur ornithischian or in
hadrosaurian ormithopod ornithischans. However, Sues (1980)
and Galton (1983) claimed that it was present at least in or-
nithopods ancestrally. Thus, there appears to be some question
regarding the level(s) at which this synapomorphy arose within
Archosauria. Finally, characters 1. 2, 4, 5, 9, and 13 do not
appear to support an exclusive relationship between crocodiles
and birds within Archosauria, because Currie (19864, b) has
recorded their presence in the theropod Troodon (=Stenony-
chosanrus).

Martin (1983a) noted that no one has argued that the ancestry
of birds lies within crocodiles. only that they both share an
“‘unknown common ancestor.” Martin (1983a:111) argued that
the crocodylomorph Sphenosuchus 1s not “as similar to birds
as 1s the Crocodilia™; the common ancestor of birds and croc-
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odiles, as so proposed, must lie within Crocodylomorpha. Un-
fortunately, this relationship has not been made explicit; birds
have yet to be placed within a cladogram depicting their precise
relationship among crocodylomorphs. Such an analysis must
eventually be undertaken by the proponents of the crocodile-
bird hypothesis in order to make their hypothesis more ame-
nable to test. For example, in a preliminary phylogenetic anal-
ysis of crocodiles and their extinct relatives, Crocodylomorpha
was diagnosed by 13 synapomorphies (Gauthier 1984). Of these,
only 7 are present in birds, indicating that if birds are croc-
odylomorphs, the former diverged from within the latter after
the acquisition of the hirst seven shared apomorphies but before
the remaining 6 crocodylomorph characters appeared. More-
over, the 14 additional characters diagnostic of true crocodiles
within Crocodylomorpha must have evolved later sull. This
raises questions regarding Martin's interpretations of the level
of synapomorphy of several characters, among them being the
characters in tooth form and implantation cited above. That is
to say, the tooth form unique to crocodiles appeared within
crocodylomorphs only after the evolution of an anterodorsally
inclined quadratojugal that extends to the skull roof, a partial
secondary palate formed by the maxillae, loss of the ventral
process of the squamosal, loss of clavicles, ventromedial elon-
gation of the coracoid, and development of a characteristic wrist
joint involving an elongate and columnar radiale and ulnare.
However, some crocodylomorphs, such as Terrestrisuchus (Crush
1984), possess all six of the characters listed above in addition
to those shared by birds and other crocodylomorphs, indicating
that it is closer to true crocodiles than are birds. The problem
emerges in the presence of sharply pointed, serrated teeth in
Terrestrisuchus that appear to be implanted and replaced as in
Archosauria ancestrally. If, as these data suggest, Terrestrisuchus
and true crocodiles are closer to one another than either is to
birds, then the dental apomorphies shared by birds and part of
Crocodylomorpha must have been acquired convergently. This
class of problems faces several of the supposed bird-crocodile
characters listed above. In order to recognize and come to grips
with such cases of character discordance, however, one requires
a more precisely stated hypothesis than that birds and crocodiles
share “*‘some unknown common ancestor’” (Martin 1983a:111),
because this would be true in any case under the traditional
view that birds are archosaurs.

The Dinosaur Hypothests

Huxley's dinosaur hypothesis lound its roots in Haeckel (1866),
who considered birds to be basically “'reptilian,” and in earlier
work of his own (Huxley 1864, 1867) in which he concluded
that birds were derivatives of “sauropsid reptiles.” Huxley was
joined in supporting a ““dinosaurian’ origin of birds by other
comparative anatomists including Cope (1867), Schmidt (1874),
Marsh (1877), Gegenbaur (1878), Williston (1879), W. K. Par-
ker (1864), T. J. Parker (1882), Baur (1883, 1884, 1885, 1886),
and Darwin (1872). Indeed, Huxley's proposed “dinosaurian
athinities™ of birds gained broad acceptance during the latter
quarter of the nineteenth century, even among the ranks of those
who where “at best indifferent to Darwin™ (Desmond 1984:
132).

In Huxley's 1869 address before the Geological Society, he
described the “‘ornithic peculiarities’” of Dinosauria as opening
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up “‘a very interesting field of inquiry” that inspired him to
devote ““all my disposable leisure during the winter of 1867-8"
to discovering characters shared by “dinosaurs’ and birds that
are not also shared by “lizards’’ and crocodiles. During this time
Huxley also set out to examine critically “‘the matenal in the
British Museum in order to ascertain how far the peculiarities
of Megalosaurus were common to the Dinosauria in general.”
Huxley (1868, 18704, b) cited 35 characters as “‘evidence of the
affinity between dinosaurian reptiles and birds.”™ Of these the
following 17 characters survive critical examination in light of
our current knowledge.

1) The skeleton is hollow and lightly constructed.

2) The cervical vertebrae are elongate.

3) There are more than two sacral vertebrae.

4) The scapula is elongate and narrow.

5) The coracoid is short and rounded.

6) The ilium is prolonged anteroposteriorly.

7) The acetabulum is roofed above by a supracetabular but-
tress of the ilium.

8) The bony contribution of the ilium to the acetabulum is
more or less replaced by membrane.

9) The ischium and pubis are much elongated.

10) The femur has a strong anterior trochanter.

11) The femur has a crest on the ventral face of the outer con-
dyle that passes between the tibia and the fibula.

12) The proximal end of the tibia is produced anteriorly into
a strong crest, which is bent outwardly, or towards the
fibular side.

13) There is a crest on the lateral side of the proximal end of
the tibia for attachment of the fibula.

14) The tibia has a fossa distally for the reception of the as-
cending process of the astragalus.

15) The fibula is gracile compared to the tibia, and its distal
end is much smaller than the proximal.

16) The astragalus is compressed. its articulation with the tibia
1s concave proximally and it has a convex, pulleylike distal
surface, and the disparity in size between the tibia and fibula
1s also reflected in the astragalus being much larger than
the calcaneum.

17) An *‘ascending process™ (the intermedium) more or less
tightly connects the astragalus and tibia.

Only some of these characters can now be considered to have
arisen in the immediate common ancestor of Dinosauria (see
Appendix A). Nevertheless. all of them appeared within the
subgroup of archosaurs containing birds and thus they speak
against the crocodile-bird hypothesis. At first glance, the ex-
planatory powers of the crocodile-bird versus dinosaur hypoth-
eses do not appear to differ greatly in that the former is supported
by 14 shared apomorphies and the latter by 17. One must bear
in mind, however, that the dinosaur hypothesis was formulated
over a century ago with a fraction of the evidence currently
available (see Appendix A). Although the crocodile-bird hy-
pothesis is based on current knowledge, there would have been
no reason to accept it over the dinosaur hypothesis as it stood
in 1870, and there is even less reason to do so now. Huxley
(1870b) mistakenly claimed that the absence of clavicles was
diagnostic of Dinosauria, but this did not deter him from hy-
pothesizing a bird-“‘dinosaur’ affinity. [ doubt that he consid-
ered the matter in this way, but he was correct in his judgement

to the extent that it would have been simpler to accept the
reappearance of clavicles in birds than to accept convergence
as an explanation for each of the seventeen characters listed
above.

In the discussion following Huxley’s presentation before the
Geological Society in 1869, Seeley remarked that he “thought
it possible that the peculiar structure of the hinder limbs of the
Dinosauria was due to the functions they performed rather than
to any actual affinity with birds™ (Huxley 1870a:31). With this
simple declaration arose the issue that was to become the bane
of Huxley’s hypothesis. Seeley suggested convergence as an al-
ternative explanation for the apomorphies shared by *“‘dino-
saurs™ and birds without proposing the requisite alternative
hypothesis of relationship.

The assertion of convergence was to be heard time and again
in the ensuing years {(e.g., Mudge 1879; Dollo 1882, 1883; Dames
1884; Parker 1887; Furbringer 1888: Osborn 1900). What made
matters worse was the rise of the ““thecodont™ ancestry hypoth-
esis in the early part of the twentieth century (e.g.. Broom 1913;
Heilmann 1926); this hypothesis appeared to dignify the oth-
erwise bald assertion of convergence. The error was compound-
ed even further when the convergence argument was applied
not only to bird origins but to the question of dinosaur mono-
phyly as well. Pandora’s box had been opened; if an erect, bi-
pedal posture and gait arose convergently in dinosaurs and birds,
then what was to forbid multiple evolutions of such adaptively
significant characters? The demise of the dinosaur-bird hypoth-
esis went hand in hand with the demise of dinosaur monophyly;
if one accepted the nonparsimonious reasoning behind the hy-
pothesis that birds were “‘derived independently” from *‘thec-
odonts.” then why not accept the even less parsimonious hy-
pothesis that each of the remaining dinosaurian groups were
“derived independently” from *‘thecodonts™ as well? [ see noth-
ing that would forbid the multiple evolution of “dinosaurian™
characters, but what evidence indicated that this did in fact take
place? Although a few researchers advocated the dinosaur hy-
pothesis (e.g., Boas 1930), the “‘unknown ancestor,” coupled
with the convergence argument, enthralled most systematists
(e.g.. Simpson 1946; de Beer 1954; Romer 1966).

There was renewed interest in the origin of birds in the 1970’s,
beginning with the publications of Galton (1970), Walker (1972),
and Ostrom (1973). Galton (1970) stressed one of the characters
initially employed by Huxley (18704, b)—a reversed pubis—to
suggest that birds were “‘derived” from ornithischian dinosaurs.
Uponntroduction to Ostrom’s (1973) evidence, Galton rejected
the ornithischian hypothesis (e.g., Bakker and Galton 1974).
Martin (1983a) suggested that the presence of a predentary bone
in Hesperornithes and its inferred presence in Ichthyornis may
be further evidence of an ornithischian-bird relationship. The
absence of a predentary bone in Archaeopteryx and all other
birds speaks against Martin’s conclusion; even if ornithischians
were the sister-group of birds, it would still be simpler to accept
a predentary bone as diagnostic of a taxon including only Ichtfy-
ornis and Hesperornithes.

Just as Euparkeria spurred interest in the “‘thecodont™ an-
cestry hypothesis, Ostrom’s finds of a new and strikingly birdlike
theropod, Deinonychus antirrhopus (Ostrom 1969a, b, 19745,
1976b}), revitalized the dinosaur hypothesis. Ostrom’s (1973,
1974a, 1975a, b, 1976a) hypothesized *‘coelurosaurian’ ances-
try of birds could be viewed as an extension of Huxley’s pro-



posal, since the theropod Megalosaurus figured prominently in
Huxley's arguments. The two hypotheses differed, however, in
that Huxley looked at “*dinosaurs™ in general as “intermediate”
between “‘reptiles’™ and birds, while Ostrom sought the ancestry
of birds among “*coelurosaur theropods™ alone and skirted the
question of dinosaur monophyly.

Early workers found lavorable comparisons between birds
and “coelurosaurs,”™ and these comparisons were ably reviewed
by Heilmann (1926). Although Heilmann has been considered
the champion of the ““thecodont™ hypothesis, his closing com-
ment (1926:185) upon hnishing his comparisons between birds
and “‘coelurosaurs’ was: “We have therefore reasons to hope
that in a group of reptiles closely akin to the Coelurosaurs we
shall be able to find an animal wholly without the shortcomings
here indicated for a bird ancestor.”

After Heilmann (1926), a few authors advocated a special
bird-"coelurosaur™ connection (e.g.. Lowe 1935, 1944a, b;
Holmgren 1955). As Ostrom (1976a) noted. however, their ideas
received little attention because they saddled themselves with
burdens—most notably avian polyphyly —that inspired others
to reject their ideas out of hand (c.g., Simpson 1946; de Beer
1954). Ostrom’s resurrection of the ““coelurosaur™ hypothesis
met with wider acceptance (e.g., Bakker and Gatton 1974; Thul-
born 1975, 1984; Thulborn and Hamley 1982), although his
hypothesis was not without critics (e.g., Walker 1977; Tarsitano
and Hecht 1980; Martin 19834). Many of the criticisms were
centered on the interpretation of certain anatomical details in
imperfectly preserved fossils. Perhaps more troubling was the
continued reliance on the part of Ostrom’s critics on the “‘the-
codont™ hypothesis and its henchman, convergence.

Ostrom considered birds to have “evolved [rom coeluro-
saurs.” However, in a phylogenetic perspective Ostrom’s use of
“coelurosaur™ is no more informative than the name Therop-
oda, because both names are diagnosible by the same synapo-
morphies (see Introduction to the Basic Taxa. below). Thus. the
“coelurosaur’ hypothesis was no more precisely stated than was
the crocodile-bird hypothesis, in that it merely claimed that
birds and ““theropods’ shared an unknown comymon ancestor.,
In [ailing to let his hypothesis accurately reflect the structure of
his evidence, Ostrom opened himself to a variety of criticisms,
most of which were only misinterpretationsinvited by the obfus-
cation of paraphyly. It is inappropriate to consider each of these
criticisms at this time, and the reader is referred to the character
discussions below for examples of the problems stemming from
treating paraphyletic and monophyletic taxa as if they possessed
the same properties (i.e., a unique history involving origin, di-
versification, extinction, etc.).

Another result of Ostrom’s vague conclusions regarding the
relationships of birds to other theropods was that some workers
mistakenly concluded that birds and theropods might be sister-
groups (e.g., Tarsitano and Hecht 1980; Thulborn and Hamley
1982). The imprecision in Ostrom’s proposition was rectified
by Padian (1982), who extracted the relevant evidence from
Ostrom’s works and arrayed 1t in an explicitly phylogenetic
context. Padian’s provisional reanalysis demonstrated that birds
arc more closely related to some “‘coelurosaurs™ than they are
to others; the conclusion that birds and theropods are sister-
groups could not be extracted from Ostrom’s evidence. On the
contrary, birds are deeply imbedded within Theropoda, just as
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humans are deeply imbedded within the phylogenetic nexus of
Mammalia.

Bakker and Galton (1974) integrated the hypotheses of Os-
trom and Huxley and resurrected the concept of dinosaur mono-
phyly. Their method of analysis was somewhat more rigorous
than the Simpsonian “evolutionary systematics™ of Ostrom,
although they were also hampered by such paraphyletic taxa as
“thecodonts™ and ““prosauropods.”™ The essence of Bakker and
Galton’s (1974) argument was as follows.

1) Dinosaurs (including birds) shared apomorphies not also
shared by ““thecodonts™ and were therefore monophyletic.,
“Prosauropods’ were a primitive grade of dinosaurs that
bridged the gap between ornithischian and “‘saurischian™
dinosaurs.

All dinosaurs, like modern birds, were active endotherms;
the behavioral and physiological apomorphies shared by di-
nosaurs are important; Dinosauria should therefore be ac-
corded Class status.

I

—
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Bakker and Galton’s paper inspired considerable controversy
{(e.g., Thulborn 1975; Charig 19765h). The most telling criticisms
were directed to the second and third points. To be sure, the
link between Bakker and Galton’s evidence and the conclusion
of endothermy was a bit tenuous. The question of categorical
rank of Dinosauria is trivial; current methods of establishing
taxonomic rank rely entirely upon the authonty of a system-
atist’s subjective notion of what constitutes an ideal Class, Or-
der, etc., and such Platonic and typological notions are anach-
ronistic at best. Charig’s (19765) criticisms of Bakker and Galton’s
second point were for the most part trenchant and insightful.
However, although some of Thulborn’s (1975) and Charig’s
(1976b) criticisms of the evidence supporting dinosaur mono-
phyly were factually accurate, for the most part they did not
bear on the question of dinosaur monophyly.

Most criticisms of the resurrected Dinosauria hypothesis fell
into onc of three classes: 1) saurischians and ornithischians are
too different to be monophyletic, 2) some of the alleged dinosaur
characters were in fact present in some ““thecodonts,” and 3)
the rest of the characters are functionally related and they could
have been acquired convergently. The first class of criticisms is
beside the point. One may be dilferent from one’s siblings, yet
still share the same parents; the differences between bats and
whales do not preclude their being mammals any more than the
differences between the postdentary bones of Ophiacodon and
{Tomo indicate nonhomology. Criticisms in the second class
only indicate that some “thecodonts™ are closer to dinosaurs
(including birds) than are others; thus. “Thecodontia™ is para-
phyletic. Such evidence may not support dinosaur monophyly,
but it does not speak against it either. The third class of criticisms
leveled at Bakker and Galton’s evidence for dinosaur mono-
phyly is exemplified by a quote from Charig (19765.79): *Most
of these dinosaurian character-states were obviously adapta-
tions to the fully improved (*fully erect’) posture and gait of the
dinosaurs . .. which could easily have evolved several times
over. in slightly dilferent ways, in response to similar functional
requirements.”

We have now come full circle; the exchanges between Huxley
and Seeley, and between Bakker and Galton on the one hand
and Charig and Thulborn on the other, demonstrate that the
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dinosaur controversy has not altered on this issue in over a
century. This controversy has nothing to do with evidence, al-
though it must be admitted that until Hennig 1966, it was not
widely understood that ancestry, rather than overall similarity
or dissimilarity, must be the basis of phylogenetic classification.
Consequently, there islittle to be gained from taking the position
that the problems will be solved by finding more fossils. There
are, after all, many more fossils now available than there were
in Huxley’s time, and they still have not forestalled the old
objections. The implications are clear: if our understanding of
bird origins is to progress. we ought to rid ourselves of typo-
logical thought, namely, paraphyletic “Thecodontia™; reserve
hypotheses of convergence for cases of character discordance,
without which there is nothing for the concept of convergence
to explain; and remember that although the world has no ob-
ligation either to be simple or informative, our hypotheses had
better be both (Beatty and Fink 1979). By following these pre-
cepts, issues in archosaur phylogeny can be brought into sharper
focus.

Knowledge of theropod anatomy has increased vastly since
Buckland described AMegalosaurus in 1824. Unfortunately, this
knowledge has not been translated into a deeper understanding
of theropod phylogenetic relationships. This circumstance re-
flects, in part, that Theropoda has yet to be diagnosed on the
basis of synapomorphies. Indeed. most workers have been con-
tent to define “theropods™ as “‘primitive dinosaurs™ or “‘car-
nivorous saurischians’; which is to say that theropods are those
saurischians that are not sauropodomorphs, and saurischians
are those dinosaurs that are not ornithischians. In order to bring
these 1axa into the phylogenetic system, and thereby address the
question of the phylogenetic relationships of birds. it will first
be necessary to determine which, if any. phylogenetic entities
within Dinosauria might be parts of Saurischia and Theropoda.

MATERIALS AND METHODS

For the most part, the specimens examined are listed in the
Introduction to the Basic Taxa. However, the materials consti-
tuting the core of the analysis were Segisaurus, Dilophosaurus,
casts of the skull of Ceratosaurus, and several undescribed spec-
imens in the collections of the University of California Museum
of Paleontology (UCMP); Coelophysis in the collections of the
Museum of Northern Arizona (MNA), UCMP. and American
Museum of Natural History (AMNH); Procompsognathus in
the collections of the Staatliches Museum fiir Naturkunde, Stutt-
gart (SMNS); Compsognathus in the collections of the Bayer-
ische Staatssammlung fiir Palaontologie und historische Geo-
logie, Munich (BSP); and the comparative osteological collections
of extant birds housed in the UCMP, the Museum of Vertebrate
Zoology, University of California, Berkeley (MVZ). the Cali-
fornia Academy of Sciences (CAS), and the University of Mich-
igan Museum of Zoology (UMMZ). These data were supple-
mented by photographs and notes on virtually every taxon
referred to nonavian theropods compiled by Samuel Welles and
Robert Long. Information on character ontogenies was derived
from the literature and from cleared and double-stained series
of Alligator, Gallus, and Podiceps occidentalis (UMMZ), in ad-
dition to late embryos and juveniles of a few passerines (CAS
and pers. coll.), and the hindlimbs of three tinamou embryos

(MVZ). These data were supplemented by that derived from
skeletons of a hatchling Pterocnemia (MVZ) and a juvenile Ap-
teryx (UMMZ).

For the purposes of this work. ontogenies will be divided into
four stages: embryos, juveniles. subadults. and fully adult/ma-
ture individuals. Embryos refer to prehatching individuals; ju-
veniles include stages from hatchlings to nearly full-grown spec-
imens (i.e., subadults); subadults are those individuals that are
near to maximum size as is indicated by some, but not all, of
the developmental events marking the cessation of growth (i.e.,
senility). As used here, the term “*fully adult” makes no reference
to sexual maturity, which may or may not be coincident with
this stage in skeletal ontogeny. Individuals that have reached
the terminal stage of ontogeny are referred to variously as fully
adult, fully mature, or as having attained maximum aduli size.
Subaduits may also be near or at maximum adult size, but they
do not display the full suite of developmental events in the
skeleton that mark the cessation of growth. The cessation of
growth in theropods may be recognized by the following events
in the skeleton: fusion between the axial intercentrum and at-
lantal centrum, and fusion of this compound structure to the
axial centrum; fusion of neural arches to centra; fusion of the
vertebral components of the sacrum: full ossification of distal
tarsal II; and, at least in nonavian theropods aside from ratites,
fusion of the scapula and coracoid. Some of these events may
precede others; however, any specimen in which all of them are
present is here considered to have attained maximum adult size.
By this definition, there are few nonavian theropod fossils that
have achieved maximum adult size (e.g.. the type specimens of
Symtarsus rhodesiensis and Ceratosaurus nasicornis). There are
also few specimens that could be considered juveniles, and even
these few represent approximately half-grown individuals (e.g..
the type specimen of Compsognathus longipes and, contrary to
Howgate's 1984 view, the Eichstitt specimen of Archaeopteryx
lithographica).

The methods employed here are essentially those of Gauthier
et al. (in prep.). Following the procedure of Maddison et al.
(1984). a1 least 1wo outgroups were employed to identify 84
apomorphic characters distnibuted among 2 or more of the 17
basic taxa (18 including outgroup) that were the subjects of this
analysis (see Introduction to the Basic Taxa, Fig. 7, and Ap-
pendix B). These data were then analyzed with Swofford’s Phy-
logenetic Analysis Using Parsimony (PAUP) program installed
in the University of Michigan’s Terminal System. The analysis
was two-part; the first run included only the comparatively well
known taxa whose interrelationships were the principal foci of
this analysis (viz., Ornithischia, Sauropodomorpha, Ceratosau-
ria, Carnosauria, Ornithomimidae, Deinonychosauria. and
birds), and the second run included all taxa, including those for
which we have relatively little information owing to incomplete
preservation. The first run yielded a single cladogram depicting
the most parsimonious interpretation of the phylogeny of the
seven well-known dinosaur taxa (Fig. 8). This cladogram re-
quires 94 evolutionary events to account for the distribution of
84 apomorphies among the seven taxa, thus yielding a consis-
tency index of 89%; that is to say, the single tree so obtained
represents a highly corroborated hypothesis of relationship.
However, the second run, which included both the better known
and less well known theropods, resulted in numerous, equally



parsimonious trees. Nevertheless. the sister-group relationship
among the seven well-known taxa were consistent across all
possible trees. The multiple trees obtained in the second run
resulted from the missing data in the 10 less well known taxa.
For example, let us say that Coelurosauria includes only three
taxa: deinonychosaurs, birds, and Hulsanpes perlei. Only three
of the 84 characters under review were determinable for fful-
sanpes, and although these data indicate that it is a coelurosaur,
they are moot on the point of its precise alfinities within this
taxon. The PAUP analysis is so constructed that it considers all
possible positions that Hudsanpes could have among coeluro-
saurs (viz., it could be the sister-group of birds. deinonycho-
saurs, or a deinonychosaur-bird group) and thus yields three
equally parsimonious cladograms for these three taxa. Of course,
none of these cladograms is actually supported by any evidence
observable in Hulsanpes. Thus, when one considers the added
possibilities allowed by the very incomplete remains of the 10
less well known taxa, the source of the numerous possible trees
becomes apparent. However, two critical points must be borne
in mind: first, the relationships among the seven taxa for which
there is more complete information remained unchanged, and
second, the overwhelming majority of possible trees were in fact
uninformative. Consequently, they were collapsed into a single
consensus tree incorporating multichotomies stemming from
the levels supported by observable characters (Fig. 9). The con-
sensus tree required 99 evolutionary events to account for the
distribution of 84 apomorphies among the 17 basic taxa, thus
yielding a consistency index of 85%.

Following Gauthier et al. (in prep.), the classification used in
this work was constructed according to the following five con-
ventions.

1) Only monophyletic taxa including an ancestor and all of
its descendants are recognized, and in no case will a demon-
strably paraphyletic taxon be considered in this analysis. An-
cestry, rather than overall similanty, must be the basis for a
phylogenetic system. The single exception to this convention is
the metataxon.

2) A new category, the metataxon. is emiployed for taxa for
which there is no positive evidence for or against recency of
common ancestry. Following the suggestion of M. Donoghue,
metataxa are provisionally allowed in the classification and their
uncertain status i1s denoted by an asterisk following the name.
For example, as will be argued below, the monophyly or para-
phyly of the five fossil skeletons and a single feather impression
referred to the earhiest bird, Archaeoptervx lithographica®, has
yet to be firmly established, and it is therefore accorded meta-
taxon status.

3) Certain wadely used names are standardized by restricting
them to taxa whose monophyly among extant amniotes is firmly
established. Accordingly, Archosauria is standardized by lim-
iting this taxon to all the descendants of the most recent common
ancestor of extant birds and crocodiles. And Aves is likewise
restricted to all the descendants of the most recent common
ancestor of Ratitae, Tinami, and Neognathae.

4) Although the spelling of current taxonomic names is re-
tained, no formal categorical ranks are recognized and hierar-
chical relationships within taxa are expressed instead by branch-
ing diagrams. Categorical ranks such as Class, Order, Family,
and Genus, will not be recognized in this work.

5) Except to preserve binomials, no redundant names will be
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recognized. Thus, although drchaeopteryx lithographiea* 1s re-
tained, redundant taxa conveying nothing further about phy-
logenetic relationships, such as Archaeopterygidae, Archacop-
terygiformes, or Saururae will be ignored.

INTRODUCTION TO THE Basic TAxA

This section defines and diagnoses the theropod taxa that are
the subjects of the present analysis (For diagnoses and defini-
tions of the other basic taxa, Sauropodomorpha and Ornithi-
schia, and the outgroup taxa, see Appendix A). These diagnoses
are not definitive; the basic taxa are assumed to be monophy-
letic, and the characters are listed merely to show that there is
at least some basis for the assumption of monophyly in each
case.

Several workers have described the conventional groupings
of *Carnosauria”™ for large theropods and **Coelurosauria™ for
small theropods as inadequate in view of the observed variation
among Theropoda (e.g., Colbert and Russell 1969; Ostrom
1969b). Accordingly, modern classifications emphasize less in-
clusive taxa, typically ranked as **families.”” and these units will,
for the most part, serve as the basic taxa of this analysis. In a
phylogenetic context, “Coelurosauria™ and “Theropoda™ are
redundant in that they have traditionally been diagnosed by the
same synapomorphies. Huene (19145) onginally defined *Coe-
lurosauria™ on the basis of plesiomorphic resemblances, such
as their small size and long necks. In other words, they are
theropods that are not carnosaurs. However, because Huene
based the concept on ““coelurids,” some of which have synapo-
morphies of a particular subgroup of Theropoda that includes
birds, Coelurosauria will be retained in a modified form (see
below).

A principal goal of this work is an examination of the phy-
logenetic relationships within Theropoda, with particular atten-
tion to the relationships among the better known theropods here
included in Ceratosaunia (n. comb.), Carnosauna (n. comb.),
Ornithomimidae (n. comb.), Deinonychosauria, and birds. For
the sake of completeness, the distribution of the characters dis-
cussed will also be noted in less well known taxa such as Pro-
compsognathus triasicus*, Liliensternus liliensterni*, Ornitho-
lestes hermanni*, Coelurus fragilis*, Compsognathus longipes,
Microvenator celer*, Saurornitholestes langstont®, Hulsanpes
perlei, Elmisauridae*. and Caenagnathidae. As the use of the
asterisk indicates, several of these taxa have not been adequately
diagnosed; they may indeed be different from other theropods,
but until they are diagnosed on the basis of characters relevant
to the question of monophyly (i.e., synapomorphies), their status
as phylogenetic entities must remain suspect. The position of
these generally poorly known taxa are not so critical to the goals
of this analysis. and the reader is referred to the literature for
more information (Marsh 1881a, Osborn 1903, 1917; Ostrom
1970, 1978, 1981; Sues 1978; Osmolska 1981. 1982; Barsbold
1983; Welles 1984).

The more inclusive basic taxa may be newly recognized, or
they may differ in diagnosis and content from concepts em-
ployed by other researchers. Some of the synapomorphies I
consider diagnostic of the basic taxa could only have been rec-
ognized as such after the completion of the analysis; they are
added now for the sake of completeness and in no case would
the monophyly of any of the basic taxa depend on such deter-
minations.
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Elmisauridae* Osmolska, 1981

TemproraL RANGE.—late Crelaceous.
INcLUDED Taxa.— Chirostenotes pregracilis*, Macrophalangia canadensis*, and
Elnusaurus rarus®.

Diagnosis.—Based on personal observation of Macropha-
langia* and Chirostenotes*, and on published descriptions of
these taxa in Gilmore (1924), Sternberg (1932), and Osmolska
(1981). These taxa are represented by scant and often noncom-
plementary remains. Indeed, none of the referred taxa have been
adequately diagnosed. and they are so poorly known that Os-
molska (1981) suggested that they might be synonymous. Ac-
cording to Currie (pers. comm.), however. Elmisaurus* and
Chirostenotes* are sympatric in Alberta in the late Cretaceous.
Currie and Russell are in the process of describing a partial
skeleton, including hands and feet, of Chirostenotes*. Prelimi-
nary results indicate that Chirostenotes* and Macrophalangia*
might be based on the same species. This conclusion is tentative
because there appear to be two “"morphs,” and it is not yet clear
if these morphs result from sexual or taxonomic differences. To
further complicate matters, each of the apomorphies shared by
elmisaurids* is either matched in some other theropods, or it
could be considered part of a transformation series that is taken
to extreme in some group of theropods (e.g., proportions of
manal digit [ approach those of ornithomimids). More evidence
will be necessary to address these issues, but for the present
Osmolska's Elmisauridae* will be accepted as a metataxon. Fol-
lowing is a list of apomorphies shared by elmisaurids*; as sug-
gested above, these apomorphies may or may not prove to be
synapomorphies.

Metacarpal I elongate and slender: relatively elongate first
and second phalanges of manal digit I1I: metatarsus elongate
and narrow; metatarsal 111 pinched between metatarsals Il and
1V, the latter two contacting one another proximally in front of
11T (similar modifications of the hands and tarsus are present in
ornithomimids, troodontids, and ornithurine birds).

Caenagnathidae Sternberg, 1940

Temporar RANGE. —late Cretaceous.
INcLUDED TAXA.— Caenagnathus collinsi, C. sternbergi, and Owviraptor philo-
ceratops.

DiaGgnosis.—No one doubts the monophyly of these pecu-
liarly specialized theropods (Osborn 1924h; Osmolska 1976:
Barsbold 1983). Caenagnathids were once thought to be related
to ornithomimids because both share edentulous, beaklike snouts,
but more recent work suggests otherwise (Barsbold 1983, and
see below). Caenagnathids have highly modified skulls, and there
is very little information regarding their postcranial skeletons.
Several new specimens have been discovered. but they have yet
to be completety described and illustrated (Osmolska 1976;
Barsbold 1983). Barsbold is currently engaged in a revision of
this taxon based on new material including as many as three
species of Oviraptor, and an adequate diagnosis of this taxon
must await his findings.

Currie (pers. comm.) has informed me that Caenagnathus
(known only from cranial material) and Chirostenotes* (known
only from postcranial material) might represent the same species.
Moreover, Wilson and Currie (pers. comm.) have suggested that
Microvenator® might be a caenagnathid. These hypotheses are
only tentative, but they are included because Currie and Wil-

son’s observations indicate that Microvenator*, elmisaurids*,
and caenagnathids might be monophyletic; such possibilities
should always be borne in mind when dealing with metataxa.

Ceratosauria Marsh, 1884H (n. comb.)

TEMPORAL RANGE.—late Triassic to late Jurassic,

INcLUuDED TAxA. — Ceratosaurus nasicornis, Svatarsus rhodestensis, Coelophysis
bauni, Segisaurus hallt*, Sarcosavrus woodr*, Dilophosaurus wetherelli (including
UCMP 37302, 37303, and 77270), and some undescribed forms represented by
UCMP 129618 (referred to Coelophysis by Padian, in press), UCMP 128659, and
MNA V, 2623 (referred to Syntarsus by T Rowe, pers. comnn.).

DiaGNosis.—The initial basis for recognition of the mono-
phyly of this taxon stemmed from Welles’s (1984) observation
that one specimen referred to Dilophosaurus (UCMP 77270)
possessed a uniquely modified trochanteric shelf (=modified
anterior trochanter: see photograph of Sarcosairus woodi* in
Charig 1976b). T. Rowe later observed this apomorphy in Segi-
saurus*, and we have since observed this and other shared apo-
morphies in all taxa here included in Ceratosauria.

The presence of the trochanteric shelf in only some ceratosaur
specimens 1s perplexing. However, Colbert, Rowe, and Raath
(pers. comm.) have separately observed the presence of two
femoral types among the large series of Coelophysis and Syn-
tarsus, arobust form in which the trochanteric shelfis developed
in the form characteristic of ceratosaurs. and a gracile form in
which the trochanteric shelf is less modified and more like that
seen in dinosaurs ancestrally. Dimorphism in femoral form,
along with other differences in proportions, have been attributed
to sexual dimorphism.

Although it has appeared elsewhere in theropods, another
synapomorphy of Ceratosauria is the fusion between distal tar-
sals 2 and 3 and their respective metatarsals (T. Rowe, pers.
comm.; Raath 1969). Rowe (pers. comm.) has discovered ad-
ditional synapomorphies of Ceratosauna. including the shape
and prominence of the supracetabular shelf, a fibular groove on
the proximal end of the lateral side of the fibula (e.g., Gilmore
1920, fig. 65C), and a prominent groove on the ventrolateral
side of the fibular condyle of the femur. Rowe (pers. comm.)
also nated that, with the possible exception of Segisaurus*, all
ceratosaurs have a narrower pubis than is seen in other thero-
pods aside from birds. Because Coelophysis is one of the earliest
theropods, its narrow pubis was thought to be diagnostic of
Theropoda. However, this apomorphy is diagnostic of most, if
not all, ceratosaurs, and a relatively broader pubis appears to
be the ancestral condition for Theropoda (e.g.. A/losaurus, Mad-
sen 1976).

A more complete discussion of the evidence supporting
monophyly of Ceratosauria will be presented elsewhere (Rowe,
in prep.).

Carnosauria Huene, 1920 (n. comb.)

TeMPORAL RANGE.—late Jurassic to late Cretaceous

INCLUDED TAXxA.—Allosaurus fragihs, 1crocanthosaurus atokensis, Ind
matlevi, Alectrosawrus olsem, Dryptosaurus aquilungus, Albertosa
gus, A hibratus, A. lancensis, Aloramus remotus, Daspletosaurus torosus
suchus raptorius, Tarbosawrus bataar, and Tyrannosaurus rex
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DiaGgNosis. —Based primarily upon the series of A/losaurus
Jragilis as described by Madsen (1976) and {/bertosairus libra-
tus as described by Lambe (1917) and Russell (1970). These
data were supplemented by personal examination of A//osaurus













































































































































